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Preface

The present volume contains the abstracts of the invited talks and the selected contributed oral
or poster presentations submitted to the International Conference on XTATIXTIKH ¢YXIKH
held at Rhodes in Greece, from July 7 - 11, 2014.

The Conference is organized in the following three Areas to cover all the Topics of Statistical
Physics:

Area A: Foundations and Theoretical aspects of classical, quantum and relativistic statistical
physics and thermodynamics. Mathematical aspects and methods, formalism, rigorous results,
exact solutions, connections with the methods of high energy physics, string theory, mathe-
matical statistics and information theory, classical, quantum and relativistic transport theory,
Boltzmann and Fokker-Planck kinetics, nonlinear kinetics, dynamical systems, relaxation
phenomena, random systems, pattern formation, fractal systems, solitons, chaotic systems,
strongly correlated electrons, soft quantum matter, mesoscopic quantum phenomena, frac-
tional quantum Hall effect, low dimensional quantum field theory, quantum phase transitions,
quantum information and entanglement, power laws, etc.

Area B: Applications to Physical Systems: quantum systems, soft condensed matter, liquid
crystals, plasmas, fluids, surfaces and interfaces, disordered and glassy systems, percolation,
spin glasses, structural glasses, jamming, critical phenomena and phase transitions,fluids
and interfacial phenomena, molecular and ionic fluids, metastable liquids, hydrodynamic
instabilities, turbulence, growth processes, wetting, surface effects, films, crystals, confined
systems, surfaces and interfaces, chemical reactions, cold atoms, etc.

Area C: Applications to non-Physical Systems: Interdisciplinary applications of statistical
physics, networks and graphs, applied networks, biophysics, genomics, environments, climate
and earth models, seismology, linguistics, econophysics, social systems, traffic flow, algorithmic
problems, complex systems, etc.

The Conference is organized in Symposia/Sessions dealing with general aspects and applica-
tions.

Furthermore topical workshops on Anomalous Diffusion, Kappa Plasmas, Econophysics,
Sociophysics, Complex Networks, Biophysics, Environmental Statistical Physics, Quantum
Computation and Quantum Information have been organized as parallel events.

G. Kaniadakis and A.M. Scarfone
(Editors of the Abstract Booklet)
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Geometrical characterization of blocks in frac-
tured media

R. Rosenzweig!, V.V. Mourzenko?, J.-F. Thovert?,
P.M. Adler?

LGeological survey of Israel, Malkhe Israel, Jerusalem, Israel
2JUPMC Metis, Paris cedex and Institut Prime - CNRS, Futuro-

scope Chasseneuil Cedex, France

The problem of the division of the three dimensional space
by randomly distributed flat polygons is of interest in random
geometry. It has also some practical interest since when
fractures are sufficiently dense, they partition fractured media
into blocks. The determination of the statistical properties of
these blocks is important for the oil industry, for instance ;
the oil which is initially located in the porous medium, may
flow into the fractures and this transfer is controlled by the
block geometry. This problem has been so far only addressed
by double porosity models. The major purpose of the present
contribution is to determine the geometrical properties of
these blocks as a preliminary work to the transfer problem
just described. This problem has not been addressed in
the literature, except for infinite fractures which correspond
to the case of finite fractures with a very large density.
Fractures of various shapes and of various densities are
generated isotropically with random positions. The blocks are
determined after the fractures are triangulated ; the triangles
are oriented in a consistent way. Therefore, each solid block
Then, the
neighbors of a given triangle are identified. When this is done

is limited by several triangulated plane faces.

for all the triangles, the independent connected components
of the triangles are identified by a pseudo-diffusion algorithm.
Each independent component corresponds to a block. The
block density corresponds to the number of blocks per unit
volume. Then, measurements are performed on each block
such as the volume, the surface and the number of faces.
The dimensionless density rho which is equal to the average
number of intersections of a fracture with other fractures,
varies between 1 to 150, for three shapes, namely squares,
rectangles with an aspect ratio of 4 and 20-gons which are
very close to disks. Some of the results can be summarized
as follows. The block density is a power law of rho which is
independent of the fracture shape with an exponent equal to
4. The fraction of volume occupied by blocks follows a power
law as well until it gets close to 1. Somewhat unexpectedly
the mean block volume and the mean surface area of the
blocks start increasing with rho and decrease for large rho
where they follow the predictions for infinite fractures. The
average number of faces of a block increases until it reaches 6
as predicted for infinite fractures.

[1] P.M. Adler, J.-F. Thovert, V.V. Mourzenko, Fractured
porous media, (Oxford University Press, 2012).

Transport of molecular fluids through three-
dimensional porous media

P.M. Adler, A. Pazdniakou
UPMC Metis, Paris cedex, France

The main purpose of this study is to extend the analysis
which has been made for the double layer theory (summarized
by [1]) to situations where the distance between the solid

International Conference on XTATIXTIKH ¢YXIKH 1

walls is of the order of several molecular diameters. This
is of a large interest from a scientific viewpoint and for
various engineering applications.  The main challenge is
that on the nano-scale the molecular structure of the fluid
must be taken into account since the flow is affected by the
molecular interactions which cause fluid density variations
It is worth

mentioning that the Navier-Stokes equation is still able

in the vicinity of the solid walls for instance.

to describe fluid flow correctly for geometries where the
distance between the walls is intermolecular interactions at
the nano-scale. The intermolecular forces and their influence
on fluid structure and dynamics can be taken into account by
using the mesoscopic scale models based on the Boltzmann
equation [2]. The numerical methods derived from these
models are less demanding in computational resources than
conventional molecular dynamics methods and therefore long
time evolution of large samples can be considered. Three
types of fluid particles are considered, namely the anions, the
cations and the solvent. They possess a finite diameter which
should be at least a few lattice units. The collision frequency
between particles is increased by the pair correlation function
for hard spheres. The lattice Boltzmann model is built in
three dimensions with 19 velocities; it involves two relaxation
times. The particle distribution functions are discretized
over a basis of Hermite polynomial tensors. Electric forces
are included and a Poisson equation is simultaneously solved
by a successive over-relaxation method. The numerical
algorithm is detailed; it is devised in order to be able to
address any three-dimensional porous media. It involves the
determination of the densities of each particle species, of the
overall density and of the equilibrium distribution function.
Then, the electric forces are determined. Collision operators
are applied as well as the boundary conditions. Finally, the
propagation step is performed and the algorithm starts a
new loop. The influence of parameters can be illustrated by
systematic calculations in a plane Poiseuille configuration.
The drastic influence of the ratio between the channel width
and the particle sizes on the local densities and the velocities
is systematically shown. The differences with the classical
double layer theory are illustrated. Finally, the results of
systematic calculations on three-dimensional porous media
are presented and discussed.

(1] A. Gupta, D. Coelho and P.M. Adler, J. Colloid Interf.
Science 319, 549 (2008).

[2] U.M.B. Marconi and S. Melchionna, J. Chem. Phys. 131,
014105 (2009).

Optimal High Dimensional M-estimation

M. Advani, S. Ganguli

Stanford University

Modern Statistics has entered the era of high dimensional
data, meaning the dimensionality P of the data may be of
the same order as the number of samples N. Examples of this
modern regime span the gamut from bio-informatics to market-
ing. Unfortunately, high dimensional data carries with it the
curse of dimensionality: it is exceedingly difficult to analyze
high dimensional data by estimating large probabilistic mod-
els. We develop analytical methods and algorithms to combat
this curse for a large class of regularized regression problems.
Maximum likelihood (ML) and maximum a posteriori (MAP)



2 SHERATON RHODES RESORT - RHODES, GREECE

estimation are ubiquitous methods for solving this regression
problem. We consider instead the optimal tractable estimator.
Intriguingly, we find the optimal function is neither ML, nor
MAP, but involves a smoothed version of ML and MAP, where
the degree of smoothing depends on the ratio P/N. The opti-
mal loss function enjoys substantial improvements in squared
error relative to ML and MAP. These results indicate that
widely cherished procedures for analyzing data must be mod-
ified in the high dimensional setting, and the analytic theory
we develop allows explicit calculation of this modification for
a large class of problems.

Specifically, we consider the regression problem of estimating
an unknown vector w®. The data obeys y; = XiTw0 + €,
where y; are outputs, X is a design matrix of inputs, €;, w? are
noise and coefficients drawn from arbitrary distributions f(e)
and g(wP) respectively. We consider the class of M-estimators,
which have the form

N

W = argmin D ooy =Y Xijws) + Y ol(w;)
J

i=1 j=1

where p is the loss function and o is a regularizer. Note that
p=—1Inf, 0 x —Ing corresponds to MAP estimation.

We recast this problem using Statistical Physics and apply the
replica method to derive the asymptotic means squared error
|l — wO||? as N, P — oo for arbitrary convex M-estimators
and arbitrary noise and co-efficient distributions. Intriguingly,
we apply variational calculus to optimize over all possible
M-estimators for a large class of noise and co-efficient distribu-
tions, deriving popt and oopt and find they are systematically
modified and smoothed in a manner depending on the ratio

P/N: higher dimensionality necessitates more smoothing.

[] D. Bean et. al., PNAS 110, 14563 (2013).

[2] S. Ganguli and H. Sompolinski, Phys. Rev. Lett. 104,
188701 (2010).

[3] D. Donoho and A. Montanari, arXiv:1310.7320 (2013).

Unviversal behavior of the Shannon and Rényi
mutual information of quantum critical chains

F.C. Alcaraz
Univ. S. Paulo, IFSC, Sao Carlos, Sp, Brazil

Quantum entanglement measures have been frequently used
recently to detect quantum phase transition in many body
quantum systems. Measures like von Neumann and Rényi
entanglement entropy, concurrence and quantum discord are
among the most frequently used ones, see for example. One
of the important reasons for the success of these measures in
detecting quantum phase transition and ultimately finding the
universality class of the system is the simplicity of calculating
them with numerical techniques such as density matrix
renormalization group (DMRG). Since at the critical point
one can usually describe the system with a conformal field
theory (CFT) it is natural to look for observables that can be
related to the important quantities in CFT. This program has
been carried out in one dimension with significant detail by
relating the von Neumann and Rényi entanglement entropy
of a bipartite system to the central charge of the underlying
field theory, see for example. Although these quantities can
be calculated relatively easily by numerical calculations they
have been out of reach from experimental point of views.
Recently another measure, the Shannon entropy, has been
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introduced to quantify quantum phase transition which is
based on specific measurements in the system. We report on
this talk our results that indicate that the Shannon and the
Rényi mutual information shared by subsystems of quantum
critical chains at their ground states are also measures that
could detect the universality class of critical behaviour of
the quantum chain. Although this quantity depends on the
basis the ground state is expressed our results indicate that
there is special basis that we call conformal basis in which
its leading behavior is basis independent. On these basis,
as happens with the entanglement entropy, its finite-size
behavior has depends on the conformal anomaly c¢ of the
underlying conformal field theory governing the long distance
physics of the quantum chain. We studied analytically a
chain of coupled harmonic oscillators and numerically the
Q-state Potts models (Q = 2,3 and 4), the XXZ quantum
chain and the spin-1 Fateev-Zamolodchikov model. The
Shannon mutual information is a quantity easily computed,
and our results indicate that for relatively small lattice sizes
its finite-size behavior already detects the universality class of
quantum critical behavior.

Binary versus non-binary information in real time
series: empirical results and maximum-entropy
matrix models

A. Almog, D. Garlaschelli
Instituut-Lorentz for Theoretical Physics, Leiden Institute of
Physics, University of Leiden, The Netherlands

The dynamics of complex systems, from financial markets to
the brain, can be monitored in terms of time series of activity
of their fundamental elements (such as stocks or neurons
respectively). While the main focus of time series analysis
is on the magnitude of temporal increments, a significant
piece of information is encoded into the binary projection
(i.e. the sign) of such increments. Previous analyses, mainly
in the field of finance, have indeed documented various forms
of statistical dependency between the sign and the absolute
value of fluctuations, e.g. sign-volume correlations and the
leverage effect. Other studies have also documented that the
binary projections of various financial and neural time series
exhibit nontrivial dynamical features that resemble those
of the original data. All these results suggest that binary
projections indeed retain a non-trivial piece of information
about the original time series, and call for a deeper analysis
of the problem.

In this paper we first provide a robust empirical evidence of
novel relationships between binary and non-binary properties
of real financial time series. To this end, we use daily closing
prices of S&P500 stocks over the period 2001-2011. We show
that the average daily increment and average daily coupling
of an empirical set of multiple time series are strongly and
non-linearly related to the corresponding average increment
of the binary projections of the same time series. Building on
this evidence, we then introduce a formalism to analytically
characterize random ensembles of single and multiple time
series with desired constraints.

Our approach leads to a family of analytically solved null
models that allow us to quantify the amount of information
encoded in the chosen constraints, i.e. the selected observed
properties of the binary projections of real time series.
Different choices of the constraints lead to different stochastic
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processes, a result that allows us to relate known stochastic
processes to the corresponding ‘target’ empirical properties
defining the ensemble of time series spanned by the process
itself. After applying the approach to the financial time series
in our analysis, we compare the informativeness of various
measured properties and show that different properties are
more relevant for different time series and temporal windows.
Finally, and most importantly, we show that our approach
is able to reproduce and mathematically characterize the
observed non-linear relationships between binary and non-
binary properties of real time series.

[1] A. Almog, D. Garlaschelli, arXiv:1404.7275 (2014).

[2] T. Squartini, D. Garlaschelli, New J. Phys. 13, 083001
(2011).

[3] M. MacMahon, D. Garlaschelli, http://arxiv.org/abs
(2013).

Study of ion acoustic dressed solitons within the
theoretical framework of the Tsallis statistical
mechanics

R. Amour, M. Tribeche

Faculty of Sciences-Physics, Theoretical Physics Laboratory,
Plasma Physics Group, University of Bab-Ezzouar, U.S.T.H.B,
Algeria

Over the last few years, a great deal of attention has
been paid to nonextensive statistic mechanics based on the
deviations of Boltzmann-Gibbs-Shannon (BGS) entropic
measure. A suitable nonextensive generalization of the BGS
entropy for statistical equilibrium was first recognized by
Renyi and subsequently proposed by Tsallis [1], suitably
extending the standard additivity of the entropies to the
nonlinear, nonextensive case where one particular parameter,
the entropic index q, characterizes the degree of nonexten-
sivity of the system considered (q=1 corresponds to the
standard, extensive, BGS statistics). This nonadditivity
entropy of Tsallis and the ensuing generalized statistics
have been employed with success in plasma physics [2]-[4].
The aim of this communication is to study the ion acoustic
dressed solitons within the theoretical framework of the
Tsallis statistical mechanics. For this, we have considered a
plasma consisting of cold ions, electrons obeying of the Tsallis
distribution and positrons. We have then investigated the
effect of nonextensive parameter (a parameter quantifying
the degree of nonextensivity of electrons) on small amplitude
ion acoustic dressed wave and compared the result with the
KdV soliton and exact soliton solution of the fourth order
pseudo-potential. For this purpose, we have included the
effect of fourth-order nonlinearity of electric potential in the
expansion of the Sagdeev potential of our model of plasma
and we have integrated the resulting energy equation with
proper boundary condition required for a soliton structure.
This procedure gives soliton solution in terms of coefficients
of nonlinearities of second order, third order and fourth order
of electric potential in the expansion of the Sagdeev potential.
Using the Taylors series expansion of Mach number in terms
of soliton velocity and keeping the terms up to second order
of velocity, this exact solution reduces to nonsecular dressed
soliton solution [5]. Our result reveal that the amplitude
and the width of the core and cloud structures, KdV soliton,
dressed soliton and the small amplitude exact soliton solution
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are significantly modified by the nonextensive effects. In
particular, it is noted that as the electrons deviate from their
thermodynamic equilibrium, the amplitude and width of all
structures increase. The spatial patterns of the dressed soliton
are significantly modified by the nonextensive effects. As the
nonextensive parameter q decrease in our model of plasma,
the amplitude and width of dressed soliton increase. It is also
found that for a given value of nonextensive parameter, the
amplitude of the KdV as well as dressed soliton increases.

[] C. Tsallis, J. Stat. Phys 52, 479 (1988).

[2] L. Liyan and J. Du, Physica A 387, 4821 (2008).

[3] R. Amour and M. Tribeche, Phys. Plasmas 17, 063702
(2010).

[4] M. Tribeche, L. Djebarni, and R. Amour, Phys. Plasmas
17, 042114 (2010).

[5] R.S. Tiwari, A. Kaushik, and M.K. Mishra, Phys. Lett. A
365, 335 (2007).

Predator population depending on lemming cycles

E.I. Anashkina, O.A. Chichigina

Faculty of Physics, Lomonosov Moscow State University, Moscow,

Russia

In this work we present a model to describe the time evo-
lution of a predator population in some region (for example,
Arctic fox in the Canadian tundra), whose diet is based on
small rodents called lemmings. Lemmings are known for the
wide fluctuations in the number of individuals, reaching peak
abundance in some areas every three to five years. The causes
of population fluctuations are unclear, although some combi-
nation of predation, food quantity and quality, weather, mi-
grations, or genetic change in individuals which belong to the
population, is probably involved.

The main purpose of our work is to describe how the mean
number of predators and the probability of their extinction
depend on the periodicity of lemmings cycles.

Lemming density can be described, from the mathematical
point of view, as a pulse sequence (anomalous increase). Pulses
occur only at years of peak population density. This pulse pro-
cess is random, but it can present some regularities because
of the presence of memory. There is some delay after each
pulse, during which the next anomalous increase of population
is impossible, for example, because of the lack of important
resources (for example, food). After this period there is some
constant probability that a new peak occurs. As a result cy-
cles with random period take place, and lemming density can
be described with the help of dead-time-distorted Poisson pro-
cesses. In our model amplitudes of pulses are not constant,
following the Gaussian distribution (only positive values make
sense).

To describe the changes in predator population we use a
Langevin equation with a term of multiplicative noise

N{t) = a + by/NDE() (1)

where N(t) is the predator density, £(¢) is the pulse noise,
i.e. random variations in lemming density, a is a negative
constant, which account for the predator decrease in the
absence of lemmings, and b is a positive constant, i.e. effect
of lemming variations on the predator.

We solve Eq.1 analytically for long times (asymptotic solution)
and compare results with those obtained numerically. We
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extend our numerical analysis to short and intermediate
times, comparing our findings with results obtained in the
presence of pulse noise with fixed amplitude.

[1] O.A. Chichigina, D. Valenti, B. Spagnolo, FNL 5, 1243
(2005).

[2] O.A. Chichigina, Eur. Phys. J. B. 65, 347 (2008).

[3] A.V. Kargovsky, E.I. Anashkina, O.A. Chichigina, Phys.
Rev. E 87, 042133 (2013).

[4] M. Predavec, C.J. Krebs, K.D.R. Hyndman, Oecologia 126,
216 (2001).

Inference of optimality in constrained thermody-
namic processes with prior information

P. Aneja, R.S. Johal
Deptt. of Physical Sciences, Indian Institute of Science Education
and Research (IISER), Mohali, Knowledge city, Manauli, India

Bayesian methods have been used in many different areas
of research. The choice of an appropriate prior distribution
has been a crucial issue in Bayesian analysis. The uncertainty
in the system parameters due to incomplete information is
captured by deriving a prior probability distribution, or,
simply called a prior. Bayesian approach in heat engines was
first proposed in [1] and then further applied in quantum and
classical models of heat engines [2,3]. We used this Bayesian
approach to infer the optimal characteristics for a constrained
thermodynamic process in which entropy remains conserved
[4]. The inferred characteristics for the reversible model of
heat engine with incomplete information show correspondence
with the optimal behavior of the system with complete infor-
mation. The universal feature of efficiency beyond the linear
term, 1 & ne/2 + nc2/8, is also inferred within this approach,
where 7). is Carnot efficiency. What will be the form of prior
if the constraint equation cannot be solved analytically? To
answer this question, we perform the inference using spin-1/2
systems as finite reservoirs [5]. A general form of prior is
derived for the entropy conserving process as well as for
energy conserving process. The analytical as well as numerical
estimates of thermodynamic quantities for this model show
good agreement with the corresponding optimal values. The
significance of taking into account the prior information
can be seen from the results with uniform prior in far from
equilibrium regime, where informative prior (based on prior
information) gives better results than uniform prior which in-
volves minimal information. However, near-equilibrium, both
types of priors are equally good. Another thermodynamic
process i.e pure thermal interaction is also analysed within
this inference based approach. The results for estimated
entropy production are in good agreement with optimal case.
Further in this work, we find an intuitive interpretation of
the prior such that the particular choice of prior implies
the uniform density for the quantity being conserved in the
process. Thus we have proposed that certain thermodynamic
processes can be estimated quite accurately by a subjective
inference procedure. It seems striking that upon quantifying
ignorance of thermodynamic control parameters in a process,
one obtains estimates which are very close to the observed
behavior, which is actually the optimal one and seen in the

case of complete information.
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Clausius inequality and H-theorems for Ulam’s
redistribution problem

S. Apenko

Lebedev Physical Institute, Moscow, Russia

We discuss the possibility of deriving an H-theorem for the
nonlinear discrete time evolution known as Ulam’s redistribu-
tion of energy problem [1]. In this model particles are paired
at random and then their total energy is redistributed between
them according to some probability law. This dynamics is
actually the same as in random exchange models, studied
in econophysics, when transactions are assumed to occur by
binary ‘collisions’ between agents, who e.g. exchange money
in the same way as particles in a gas exchange their energy.
The evolution for Ulam’s problem with arbitrary redistribu-
tion law is given by a nonlinear equation for the distribution
function, similar to one used in [2], but it appears more useful
to represent this evolution as a combination of two processes
in terms of a two-particle distribution function [3]. The
first process is a linear evolution of two-particle distribution
during the collision (with factorised initial condition) while
the second one is just its reduction back to a factorized
Then
information theory approach leads to a general inequality

form, which corresponds to new random pairing.

for the Ulam’s problem, which has the form of Clausius
inequality for the entropy change during one step of evolution
with some additional ‘heat’ transfer term. This inequality
suggests that it is possible to view the system as an open one,
interacting with some external agent, or device, similar to
Maxwell’s demon, that actually performs the redistribution.
Clausius inequality then indicates that this interaction may
be interpreted as some special kind of thermalization.
However, only for a special set of redistribution laws, given by
symmetric beta distributions, for which equilibrium solutions
are given by gamma distributions [4], the inequality obtained
leads to a proper H-theorem. The H-functional in this case
differs from the usual entropy by an additional term that
vanishes only for the uniform redistribution law. The relative
entropy (Kullback-Leibler distance to equilibrium) for this
kind of redistribution decreases monotonically just as for an
ordinary stationary Markov process, despite the nonlinearity
of the evolution equation (compare with [5]). But for other
redistribution laws our approach suggests that the final state
of evolution has some features of a non-equilibrium steady
state, with constant production of some kind of ‘heat’ in each
irreversible act of redistribution. This probably makes the
search for a possible general H-theorem much more difficult.

[1] D. Blackwell and R.D. Mauldin, Lett. Math. Phys. 10, 149
(1985).
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Memory improves precision of cell sensing in
fluctuating environments

G. Aquino®', L. Tweedy', D. Heinrich?, R.G. Endres®

Hmperial College London

?Leiden Institute of Physics, Leiden University, Leiden, The
Netherlands, and Center for NanoScience (CeNS), Ludwig-
Maximilians-Universitat, Munich, Germany.

3Imperial College London

The survival and function of cells and organisms crucially
depend on precise sensing of the environment. When searching
for nutrients or avoiding toxins the bacterium Escherichia
coli can detect differences in concentration as low as 3nM [1],
amounting to approximately 3 molecules per cell volume. T
cells can detect single copies of foreign antigen [2] to quickly
launch an immune response, while axonal growth cones
accurately detect very few molecules of guidance cues (e.g.
netrins, slits and ephrins) to follow molecular gradients while
seeking their synaptic target [3]. Such high precision appears
to be remarkable since sensing and signaling in a cell is
affected by many sources of noise [1]. However, what level of
precision do we expect from theory? In this work, we analyze
the effect of cell memory, e.g. from slow biochemical processes,
on the precision of sensing by cell-surface receptors. We
derive analytical formulas, which show that memory signifi-
cantly improves sensing in weakly fluctuating environments.
However, surprisingly when memory is adjusted dynamically,
the precision is always improved, even in strongly fluctuating
environments. In support of this prediction we quantify the
directional biases in chemotactic Dictyostelium discoideum
cells in a flow chamber with alternating chemical gradients.
The precision of directional cell sensing was found to be
determined by a combination of external cAMP sensing and
internal bias of unidentified origin. Since internal biases not
aligned with the external gradient are expected to reduce the
sensing precision, as confirmed by theoretical modeling [5], the
purpose of internal biases remained unclear.While increasing
the heterogeneity at the population level (at the expense of
precision) is a possibility, our work suggests that in a dynamic
environment the internal bias represents memory for filtering,
leading to an actual increase in sensing precision. Wolpert’s
”no free lunch theorem”, used as a metaphor here, states
that to optimally estimate, search, etc., prior assumptions
are necessary [4,1]. Indeed, our two active sensing strategies
are based on such priors (memory), updated dynamically.
Active sensing strategies are widespread in biology, including
integral feedback control in bacterial chemotaxis , olfactory-
and phototransduction , as well as kinetic proofreading.
The latter is a form of error correction mechanism believed
to significantly enhance the specificity in DNA replication,
protein synthesis, homologous recombination and T-cell
signaling . The striking similarity between our proposed
strategies, macroscopic engineering solutions, and learning by
Bayesian inference in humans hint toward universal problem
solving strategies in nature.

[1] Mao H, Cremer PS, Manson MD, Proc. Natl. Acad. Sc
100, 5449 (2003).
[2] Sykulev Y et al., Immunity 4, 565 (1996).
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Key player countries in FP7 collaboration net-
work

M. Tsouchnika, P. Argyrakis
Aristotle University of Thessaloniki

The Framework Programmes promote and fund collabora-
tion projects in which European research institutions and
companies participate. It is a well-known strategy developed
by the European Commission to enhance research and
technology advances in its member countries, while aiming
for social, economic and technological convergence. In past
work, several research groups attempted to assess the FP5
and FP6 effectiveness, using largely statistical methods, and
Here, we study the data of FP7, which
is the recently concluded programme, following the network

network analysis.

approach. Specifically, we first construct the collaboration
network of the institutions (universities, research facilities,
companies etc.) of the FP7 accepted proposals. Each
institution is a network node and each collaboration between
two institutions is a network link. We aggregate the data at
the level of institute, city, region and country and thus we
get a total of four scales, which reveal a more comprehensive
picture of the network. We first determine the basic network
properties in all four scales, and compare them to those of
the accepted FP6 proposals network that were studied in
previous studies. The comparison of the two snapshots of
the same network provides useful information on how this
network of collaborations evolved in time. Furthermore, we
notice that all previous publications focused exclusively on
the set of the accepted proposals, which were implemented as
projects, out of the set of all submitted proposals. The set of
rejected proposals, however, may involve potentially valuable
information complementary to that of the accepted ones.
Therefore, it would be interesting to examine the network
of collaborations formed by the rejected proposals, too, and
subsequently compare it to that formed by the accepted
ones. Any differences, or lack thereof, between these two
networks in the four scales, could be useful in further assessing
the effectiveness of the FP Programmes. Focusing on the
country scale, we study a selection of structural properties
of these networks and compare them to find any possible
differences. We use Minimum Spanning Trees and a variety
of centrality indices on the country scale of the two networks
to determine the countries that serve as the most influential
and significant nodes, in each case. Our results show that
there are indeed some interesting differences between the two
networks, especially on the country scale.

[l] A. Garas and P. Argyrakis, Europhysics Letters 84, 68005
(2008).

[2] Almendral J. A., Oliveira J. G., Lopez L. and Mendes J. F.
F., Physica A 384, 675 (2007).

[3] Y. Caloghirou, A. Tsakanikas, and N. S. Vonortas, Journal
of Technolog 26, 153 (2001).
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Variational principle in the theory of partial
distributions and matrices.

E.A. Arinshteyn

Tyumen St University. Russia

We suggest to present thermodynamic potential as a func-
tional of partial densities and correlations instead of that of
energy of particles in an external field and their interactions.
It allows one to solve the problem of the limited convergence
radius and low accuracy of a virial expansion.

As the partial densities are functional derivatives of thermody-
namic potential with respect to potentials of interaction, the
transition from the old functional variables to the conjugate
(new) ones is carried out using the Legendre transformation.
As the result of extremal properties of this transformation,
the thermodynamic potential and the correlation functions are
determined simultaneously by solving an uniform variational
task. This allows one to use direct variational methods and
provides the thermodynamic consistency of used models.

The existence of several minima of the thermodynamic po-
The global
minimum is absolutely stable. Other minima correspond to

tential implies the existence of several phases.

metastable phases. A phase transition occurs when two or
more minimal values of the functional of a variational problem
(the thermodynamic potential) are equal. Local stability of a
minimum is expressed by a system of the integrated conditions
having the meaning of positivity of generalized susceptibilities.
As a simple example of application of the variational method,
the surface energy of a liquid as a functional of the unary
density of a transitive layer is found. We obtain nonlocal ex-
pansion of surface energy in density deviations at distances
determined by the radius of direct correlations of volumetric
phases.

Another applications are a model of crystal, a quasicrystal
model of liquid and a model of the liquid-crystal transition.
We also suggest a method of consecutive approximations for
the definition of kernels of the integral transformation that
provides transition to new variables.

Thermodynamic potential of a quantum system is functional
of the effective interaction potential determined by the Mat-
subara operator. The conjugate variables are partial density
matrices. Thus, the suggested method is applicable to both
classical and quantum systems.

[1] E.A. Arinshtein, Theor. Math. 124, 972 (2000).

[2] E.A. Arinshtein., Theor. Math. 130, 972. (2001).
[3] E.A. Arinshtein., Theor. Math. 141, 1461 (2004).
[4] E.A. Arinshteyn., J. Stat. Phys. 144, 831 (2011).

Geographic location, network patterns and pop-
ulation distribution of rural settlements in Greece

A. Asimakopoulos', E. Mogios', D.G. Xenikos?

!Hellenic Telecommunications Organisation SA, Maroussi, Greece

2School of Appl. Mathematical and Physical Sciences, National

Technical Univ. of Athens, Zografou, Greece

Our work addresses the problem of how social networks
are embedded in space, by studying the spread of human
population over complex geo-morphological terrain. In
recent statistical research, there is considerable effort to
project human communication characteristics onto inter-city
mobility and migration patterns or on the growth dynamics
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of individual cities. Introduction of geo-reference terrain data
to the theoretical models could elaborate more general issues
on how networks grow on the background of spatially variable
fields.

We report for the first time approximate scaling relations on
the spatial distribution of human population in the northern
Mediterranean land terrain. We focus on human population
with occupations that strongly relate to the geomorphology
of the landscape, and thus consider rural communities with
economies based on agriculture and livestock. We restrict
our research to villages or small cities up to a few thousand
inhabitants, in mountainous areas in Greece, to avoid large
discrepancies in the land use or in the demographic charac-
teristics that arise from the proximity to the sea or to an
extended metropolitan area.

Regarding the location of the communities, we study terrain
parameters like altitude, slope, curvature and orientation. The
mountainous terrain presents a familiar tree-like structure,
derived from the water routes (streams and rivers) that define
valleys and land plateaus. It then appears that the population
generally avoids flat land plateaus and river beds, preferring
locations slightly uphill, away from the plateau edge.

The geographical distribution of the communities is quantified
in reference to the road network. We find that the cumulative
distribution of the number of communities N increases as
N =~ d'*, where d is the road distance from the regional
prefecture capital, or as N ~ ¢0-8% with ¢ the road distance
away from the regional road network that connects the
prefecture capitals. The population distribution can be also
quantified: The road distance per resident decreases with the
community population P he resides as D ~ 1/P1-4.

The above statistical results can be used in both applied
and theoretical studies. We routinely use them in telecom-
munications planning, to expand broadband services via
optical fiber technologies and serve population networks
in rural communities. More generally, such quantitative
results regarding the structure of population networks could
relate human occupations and communication needs to the
characteristics of the geographical fractal profile that underlies
the corresponding population settlements.

(1] G.F. Frasco, J. Sun, H.D. Rozenfeld, and D. ben-Avraham,
Phys. Rev. X 4, 011008 (2014).

[2] F. Simini, M.C. Gonzélez, A. Maritan, and A.-L. Barabdsi,
Nature (London) 484, 96 (2012).
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Information filtering networks

T. Aste', T. Di Matteo?, G. Massara', N. Musmeci?

1UCL, London, UK
?King’s College London, UK

Filtering information out of big complex data has become
one of the major tasks and a crucial bottleneck in present
scientific and industrial endeavors. Indeed, the continuous
increase in the capability of automatic data acquisition and
storage is providing an unprecedented potential for science.
However, the ready accessibility of these technologies is
posing new challenges concerning the necessity to reduce
data- dimensionality by filtering out the most relevant and
meaningful information with the aid of automated systems.
In complex datasets information is often hidden by a large
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degree of redundancy and grouping the data into clusters of
elements with similar features is essential in order to reduce
complexity [1]. In this task we are facing the problem of
catching simultaneously two complementary aspects:

i) reduce the complexity and the dimensionality of the data by
identifying clusters which are associated with local features;
ii) keep the information about the emerging global organiza-
tion that is responsible for cross-scale activity. It is therefore
essential to detect clusters together with the different hierar-
chical gatherings above and below the cluster levels.

We have proposed a method [1] that provides both clustering
subdivision and hierarchical organization without the need
of any prior information, without demanding supervision
The method is based
on the construction of a networks associated with relevant

and without requiring thresholding.

information shared among the variables. This network can be
used to reduce the complex interweaved dependency structure
between variables unwinding the backbone network of relevant
relations [1,2,3]. Network-theoretic tools can be then used
to analyze the overall data-structure extracting content and
reducing complexity.

In this presentation, several possible ways to build financial
networks with different topological properties are reviewed
and the corresponding different kinds and levels of informa-
tion content filtered out by the networks are discussed and
compared. A new computationally-efficient method [4] that
improves the planar maximum filtered graph method [1,2]
is also introduced. Clustering techniques that make use of
planarity properties are discussed [1] and applications to drug
repurposing [5] and quantification of risk and strategies for
portfolio selection are presented.

[1] W.M. Song, T. Di Matteo and T. Aste, PLoS ONE 7, e31929
(2012).

[2] T. Aste, T. Di Matteo and S. T. Hyde, Physica A 346, 20
(2005).

[3] M. Tumminello, T. Aste, T. Di Matteo, R.N. Mantegna,
PNAS 102, 10421 (2005).

[4] G. Previde Massara, T. Di Matteo, and T. Aste, To be
published 0, 0 (2014).

[5] R. Gramatica, T. Di Matteo, S. Giorgetti, M. Barbiani, D.
Bevec, T. Aste, PLOS ONE 9, 84912 (2014).

From correlations between assets prices to mod-
eling of economic interactions and back

T. Aste', W. Barfuss', G.P. Massara', T. Di Matteo?

1UCL, London, UK
?King’s College London, UK

Financial data are complex and multidimensional with several
variables - returns of stock prices, for instance - evolving
simultaneously in an inter-dependent manner. In order to
model, forecast and valuate quantities in this complex system
the underlying network of interactions between variables must
be extracted. When the process is modeled with multivariate
(log)normal distributions, in principle, we should have an
exact way to generate a interaction model form the measured
covariance matrix C. Indeed, the inverse of the covariance
matrix J = C~! should provide the interaction structure
that generates such correlations. However, in practice, the
measured covariance C is imprecise and therefore its inversion
produces noisy, unrealiable results [1]. It is therefore essential
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to filter out the most reliable and relevant part of the
covariance matrix C, discarding the unreliable part, operating
the inversion on the relevant part only. This is the essential
idea around a novel method, we named ‘LoGo [2], that inverts
only the relevant part of the covariance matrix producing in
this way an interaction structure J which is less affected by
noise (but still keeps the essential property of being positively
defined). When combined with network-filtering techniques
[3,4] this method shows a powerful capability to reveal the
relevant economical interactions underneath the collective
fluctuations of financial market variables.

(1] W.M. Song, T. Di Matteo and T. Aste, Physica A 370, 156
(2006).

[2] W. Barfuss, G.P. Massara, T. Di Matteo and T. Aste, To
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PNAS 102, 10421 (2005).

Dimensional Transition Point in Thermodynamic
Properties of Maxwell-Boltzmann Gases

A. Aydin, A. Sisman

Energy Institute, Istanbul Technical University

Considering the developments in nanoscience and nanotech-
nologies in recent years, studying thermodynamic properties
of low-dimensional systems and nano structures becomes an
important necessity. In such systems, thermodynamic limit is
not valid since the domain is confined. Thus, proper way to
study thermodynamics at nano scale is to consider finite-size
effects.

Thermodynamic properties are represented by summations
over momentum states by definition. In the thermodynamics
of macro systems, it is conventional to replace summations
by integrals for several reasons like obtaining analytical
expressions and decreasing the calculation burden. However,
reducing domain size to nano scale causes an ascending
divergence from continuum approximation in thermodynamic
functions.

When domain size is not much larger than the most probable
de Broglie wavelength of particles, wave nature of particles
makes thermodynamic properties size and shape dependent
[?, 7, ?]. Therefore, behaviors of thermodynamic properties
are considerably different than the classical picture. For this
kind of systems, it is not appropriate to calculate thermo-
dynamic properties by using integrals based on continuum
approximation. One should either calculate thermodynamic
state sums numerically or search for a better analytical
approximation than continuum one.

To represent the confinement magnitudes of nano domains,
dimensionless inverse scale factor « is defined as half of the
most probable de Broglie wavelength divided by domain size.
In this study, for rectangular domains having three and
lower dimensions, single particle partition functions are
derived analytically for Maxwell-Boltzmann statistics by
using Poisson summation formula (PSF). It is seen that there
is a critical value of a for which there is a transition from
This is
This critical point has

high dimensional representation to the lower one.
called dimensional transition here.
a unique value of a* = 1.23547. For a < o™, the first two
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terms of PSF give sufficient representation for the behavior of
thermodynamic state functions. Conversely, for a > a* the
first term of summation (ground state mode) represents the
behavior properly. Error of the analytical equations is under
1% even at the critical point.

Thermodynamic properties such as free energy, entropy,
internal energy, chemical potential, heat capacity and pressure
of a Maxwell-Boltzmann gas are derived by considering
dimensional transitions. It is seen that the derived expressions
give very precise results for thermodynamic properties of
Maxwell-Boltzmann gases at nano scale in comparison with
those of exact summations.

[1] A. Sisman and I. Muller, Phys. Lett. A 320, 360 (2004).
[2] W.S. Dai and M. Xie, Phys. Rev. E 70, 016103 (2004).

[3] C. Firat, A. Sisman and Z.F. Ozturk, Energy 35, 814
(2010).

Current and efficiency of Brownian particles in
entropic barriers

F. Nutku, E. Aydiner

Department of Physics, Istanbul University, Istanbul

The particle transport phenomena in entropic barrier
systems, induced by unbiased non-equilibrium fluctuations,
play a crucial role in many physical and biological systems.
Therefore, recently, there has been an increasing interest in
the transport properties of entropic barrier systems because
of potential applications. In order to reveal the physical
mechanism of transportation in the barrier systems, the
energetics of these systems have been investigated in a few
seminal theoretical studies. Firstly, Magnasco [1] showed
that a Brownian particle which is subjected to external
fluctuations can undergo a nonzero drift while moving under
The basic idea

of Magnasco is that efficiency can be optimized at a finite

the influence of an asymmetric potential.
temperature.  Based on energetic analysis of Magnasco,
energy conversion and particle current for energetic ratchet
and entropic barrier systems have been investigated in detail
[2-7]. Reguera et al. [8-10] used mesoscopic non-equilibrium
thermodynamic theory to derive the general kinetic equation
of a system and analyze in detail the case of diffusion
in a domain irregular geometry in which the boundaries
induces entropic barrier when approaching the dynamics by
Ai et al. [11] showed that
the convenient coupling of thermal noise and asymmetry in

coarsening of the description.

the boundaries of a tube can leads to a net current under
asymmetric unbiased forces and in the presence of symmetric
unbiased periodic force accompanied with a low external load
such as friction [12]. The previous works on efficiency and
current of Brownian particles are based on the consideration
of the entropic barriers under temporal forces. However zero
mean oscillating forces in entropic barrier systems may also
induce fficiency and current in which Brownian particles can
be rectified by thermal noise as well as temporal forces. In
this study, considering the temporarily unbiased force and
different forms of oscillating forces, we investigated current
and efficiency of Brownian particles in an entropic tube
structure and presented numerically obtained results. We
showed that different force forms raise to different current and
efficiency profiles in different optimized parameter intervals.
We found that an unbiased oscillating force as well as an
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unbiased temporal force leads to current and efficiency which
are depending on these parameters. We also observed that
the current and efficiency caused by temporal and different
oscillating forces have maximum and minimum values at
different parameter intervals.

[1] M.O. Magnasco, Phys. Rev. Lett. 71, 1477 (1993).

[2] F. Takagi and T. Hondou, Phys. Rev. E 60, 4954 (1999).
[3] K. Sumithra and T. Sintes, Physica A 297, 1 (2001).

[4] D. Dan and M.C. Mahato and A.M Jayannavar, Physica A
296, 375 (2001).

[5] D. Dan and A.M. Jayannavar, Phys. Rev. E 65, 037105
(2002).

Casimir Force of an Ideal Bose Gas in Bose-
Einstein Condensation Phase for Different
Trapped Potentials

Aydiner E.
Department of Physics, Istanbul University, Istanbul

It is known that the confinement of the vacuum fluctuation
of the electromagnetic field between two plates gives rise to a
long-ranged Casimir force [1]. The similar effect was found
quantum particle systems confined to restricted geometries.
Martin and Zagrebnov [2] showed that the Casimir effect
caused by thermal fluctuation of a perfect Bose gas in slab
geometry and they also obtained the asymptotic expression of
the grand potential with a universal Casimir term. This study
was extended by Gambassi and Dietrich [3], who obtained the
relationship between the thermodynamics Casimir effect in
the Bose gas slabs and the critical Casimir forces, and scaling
function for the Dirichlet boundary condition.

Recently, there has been an increasing interest in the Casimir
effect because of potential applications. The Casimir effect of
an ideal Bose gas was also studied at finite temperatures with
or without traps for the Dirichlet boundary condition. The
Casimir force of a weakly interacting dilute Bose-Einstein
condensation (BEC) confined by a pair of parallel plates with
Dirichlet and periodic boundary conditions was investigated
at zero and finite temperature by using the field-theoretical
method. In addition, it has been noted in these studies that
the quasiparticle vacuum in a zero-temperature dilute weakly
interacting BEC should give rise to a measurable Casimir
With the help of the steepest descent method, the
Casimir effect induced by the fluctuations of an imperpect

force.

Bose gas contained between two infinite parallel plane was
investigated by Napiorkowski and Piasecki. They obtained
Casimir force of the imperfect Bose gas in the case of different
boundary condition. Casimir effect and scaling function of
a perfect Bose gas trapped in a generic power-law potential
and confined between two slabs have been obtained based on
grand potential of a perfect Bose gas for various boundary
conditions. Biswas et al. presented an analytical theory for
the Casimir force for interacting Bose gas. In a recent study,
Napiorkowski et al. obtained Casimir force and discussed
critical behavior of the d-dimensional imperfect (mean-field)
In this study I
will give analytical solution of Casmir force for ideal Bose

Bose gas confined in a slit-like geometry.

gas in Bose-Einstein condensation phase for quartic and
magneto-optical potentials [4,5].

(1] H.B.G. Casimir, Proc. K. Ned. Akad. 51, 793 (1948).
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[2] P. A. Martin and V.A. Zagrebnov, Europhys. Lett. 73, 15
(2006).

[3] A. Gambassi and S. Dietrich, Europhys. Lett. 74, 754
(2006).

[4] E. Aydiner, Phys. Rev. E x, x (2014).

[5] E. Aydiner, Submitted Paper x, x (2014).

Statistics of erosion events in rocky coasts and
percolation theory

A. Baldassarri', B. Sapoval®

ISC - CNR, Rome, Italy
2PMC - Ecole Polytechnique, Palaiseau, France

This work describes a new approach to the statistics of rocky
coasts erosion events. In general two quantities measured
on the field may define large erosion events: the horizontal
eroded area at the cliff top and the maximum local retreat,
i.e. the eroded depth of penetration.

Measures from the field [Marques, 2008] suggest that both
these quantities are distributed as power laws, for large sizes,
defining two different decay exponents. Moreover, a power
law relation, characterized by a third exponent, is observed
between the two quantities. This observation points to a
geometrical property of cliff failures, indicating that their
shape is statistically similar for different failure magnitudes.
Power laws are familiar in the physics of critical systems. The
corresponding exponents satisfy precise relations and they are
proven to be universal features, common to many different
class of systems. Following the approach typical of statistical
physics, we propose a scaling hypothesis resulting in a relation
between the three exponents under study. It means that
the three exponents are not independent quantities and that
there is a constraint between the decay of the frequency as
a function of the magnitude of the erosion events and their
geometry. Given the difficulties to obtain reliable data on the
field, the existence of such a relation could be important for
the analysis of field data.

From a different point of view, we develop a numerical
model [Sapoval, 2004] of marine erosion, based on a simple
feedback mechanism between erosion and damping, that yields
numerical values for the exponents. Despite the minimal
definition of the model, its behavior is strikingly close to the
real statistics, and the exponents resulting from extensive
numerical simulations fairly agree with the ones measured on
the field.

These results suggest that the mathematical theory of
percolation, which lies behind our simple model, can possibly
be used as a guide to decipher the physics of rocky coast
erosion and could provide precise predictions to the statistics
of cliff collapses.

Quite interestingly, our model seems to relate percolation, a
model at the basis of the physics of wetting and infiltration
of fluids in materials, to the large scale erosive action of
the oceans on continents. Percolation theory has been
previously invoked for the description of the irregular large
scale geometry of rocky coasts, in terms of their fractal or
conformal properties [Boffetta, 2008]. Here, we show how the
coastal erosive dynamics could represent an other, important
hook to corroborate such a link.

[1] B. Sapoval, A. Baldassarri and A. Gabrielli, Phys. Rev.
Lett. 93, 98501 (2004).
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[2] F.M.S.F. Marques, Nat. Hazards 8, 1161 (2008).
[3] G. Boffetta, A. Celani, D. Dezzani and Seminara, Geophys.
Res. 35, 1 (2008).

Growth in the global products network

F. Baldovin!, M. Caraglio', A.L. Stella!, M. Zanlorenzi>
!Dipartimento di Fisica e Astronomia ‘G. Galilei’ and Sezione
INFN, Universita di Padoval!

?Dipartimento di Fisica e Astronomia ‘G. Galilei’, Universitd di

Padova

Recent works based on exportation database [1,2] have
been able to establish the structure of networks of products
proximity and complexity. We study evolution dynamics
on such networks in order to characterize global parameters
capable to influence economical growth rates. We discuss
conditions which favor optimal growing rates under different

economic scenarios.

(1] C.A. Hidalgo, B. Klinger, A.-L. Barabdsi, R. Hausmann,
Science 317, 482 (2007).

[2] A. Tacchella, M. Cristelli, G. Caldarelli, A. Gabrielli L.
Pietronero, Scientific Reports 2, 723 (2012).

[3] F. Baldovin, M. Caraglio, A. Stella, M. Zanlorenzi,, Work
in progress (2014).

Taming Complexity: Controlling Networks

A.-L. Barabdsi
Center of Complex Networks Research, Northeastern University

and Division of Network Medicine, Harvard University.

The ultimate proof of our understanding of biological or
technological systems is reflected in our ability to control
them. While control theory offers mathematical tools to steer
engineered and natural systems towards a desired state, we
lack a framework to control complex self-organized systems.
Here we develop analytical tools to study the controllability
of an arbitrary complex directed network, identifying the set
of driver nodes whose time-dependent control can guide the
systems entire dynamics. We apply these tools to several
real networks, finding that the number of driver nodes is
determined mainly by the networks degree distribution. We
show that sparse inhomogeneous networks, which emerge in
many real complex systems, are the most difficult to control,
but dense and homogeneous networks can be controlled via
a few driver nodes. Counter-intuitively, we find that in both
model and real systems the driver nodes tend to avoid the hubs.
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Stability Dynamics in Pattern formation for a
nonlocal population dynamics

F. Barbosa!, A.L.A. Penna?,
Lopes®, F.A. Oliveira®
IFB, Instituto de Fisica Universidade de Brasilia

R.M.S. Ferreira®, K.

2Universidade de Brasilia

3Instituto de Fisica Universidade de Brasilia

The processes of self-organization in populations are currently

of great importance to understand the patterns of growth, mi-
gration, interaction and evolution in ecological systems. A
fundamental understanding of these processes is the dynamic
nature of the pattern-no-pattern transition, which needs to be
better investigated. In this paper we propose a most general
equation to study pattern formation for one-species population
and their limit domains in systems of length L. we derive an
iterative method to resolve the population equation. Based on
this we have established a precision control function and the
total number of individuals that shows as the system can dy-
namically reach a self-organized state or not. We use a nonlocal
equation for one-species to study the evolution of a population
density U(z,t) in the form:

oU(z,t) = a/ga(xfml)U(ml,t)dm
ot Q

/

’

- bU(x,t)/QgB(x—x')U(x’,t)dx. (1)

Where a and b are the growth and competition constants,

respectively.  To accomplish this we include nonlocality
in both the growth (go(x — CC/) and competition terms
(9p(x — x/)) where the integral kernels are now depend
on characteristic length parameters o and 8. We say that
a pattern exists if the stationary solution U(z,t — oo) is
nonuniform. We introduce a new order parameter p which
measures the pattern-no-pattern transition for the population
system.  This order parameter can be defined from the
numerical or analytical knowledge of the population density
function U(z,t). We show that this new parameter has an
analogy with classical order parameter in thermodynamics
and critical phenomena physics(Eg. the order parameter
density of the liquid-vapor phase transition). We show that
for the population density the number of peak, its position
and intensity can be determined in the parameter space
(e, B). For a number of maxima n > 3 the density can be
approximated by wave functions in space which are very
similar to memory effects in optical phenomena. In this way,
the nonlocality in space [1] is similar to nonlocality in time
[2]. Consequently, it is possible to make an analogy with
the phenomena of peak-adding in self-pulsation of laser with
feedback [3].

] JJAR. da Cunha, A.L.A. Penna and F.A. Oliveira, Phys.
Rev. E 83, 015201 (2011).

[2] L.C. Lapas, R. Morgado, M.H. Vaintein, J.M. Rube and
F.A. Oliveira, Phys. Rev. Lett. 101, 230602 (2008).

[3] L. Junges, J.A.C. Gallas, Optics Comm. 285, 4500 (2012).

’LoGo’ - From local correlations to a sparse
estimate of the global inverse covariance matrix

W. Barfuss', T. Aste?, G. Previde Massara?, T. Di
Matteo®

!Department of Physics; University of Erlangen-Nuremberg
2Department of Computer Science, University College London
3Department of Mathematics, King’s College London

Modern data are often complex: multidimensional and
highly interdependent. @ The modelling of these complex
systems requires the extraction of the underlying interaction
graph G = (V,€).
by a stationary probability distribution we identify the

Assuming that the data is describable

multivariate Gaussian distribution as one particular result of
a maximum Entropy ansatz. In theory for these Gaussian
distributions the key to the interaction graph is the inverse
of the covariance matrix J = ™! pointing to the area of
Gaussian Markov Random Fields [1] where zero entries in J
correspond to non-adjacent nodes in the interaction graph
which both correspond to conditional independence. However,
in practice we have no access to the real covariance matrix 3
and consequently have to work with its maximum likelihood
estimate, the sample covariance matrix S. But due to noise
and the finiteness of time series S is inhering errors we need
to address. Furthermore, from the principle of parsimony we
want to introduce parameters (i.e. non-zero entries of the
inverse covariance matrix J) to our model only if the data
requires them [2]. We summarise these challenges with the
following two sub-problems: a) Choosing the set of edges £
of the underlying graph G = (V,€) and the zero/non-zero
pattern of J, respectively. b) Assigning values to the chosen
non-zero entries of J . We propose the following approach to
deal with these problems: 1) starting from filtering techniques
[3] applied to the covariance matrix, we filter out the most
reliable information resulting in a set of edges £ that form a
decomposable graph; 2) we exploit the fact that for Gaussian
Markov Random Fields the associated probability function
factorises in a neat and handy way and use the circumstance
that marginal Gaussian distributions have covariance matrices
which are sub-matrices of the global covariance matrix; 3) this
allows us to invert the sample covariance matrix locally and
compose these local parts to a sparse global estimate of J [4].
This method of inverting S is exact given that the underlying
graph G is decomposable which is advantageous because it
will not introduce new errors while at the same time it uses
less information of S than the standard inversion process
which makes it more stable to initial errors of S. Finally, we
use these theoretical findings to construct improved filtering
algorithms

(1] H. Rue and L. Held, Chapman & Hall 104 (2005).

[2] A.P. Dempster, Biometrics 28, 157 (1972).

[3] M. Tumminello, T. Aste, T. Di Matteo and R.N. Mantegna,
PNAS 102, 10421 (2005).

[4] S.L. Lauritzen, Oxford: Clarendon 17, 308 (1996).
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Nonequilibrium quantum phase transitions in the
XY model: comparison of unitary time evolution
and reduced density matrix approaches

S. Ajisaka, F. Barra, B. Zunkovic
Universidad de Chile

We study non-equilibrium quantum phase transitions in

XY spin 1/2 chain in the framework of C star algebras
developed by Ruelle, Aschbacher, Pillet, etc. We show that
the well-known equilibrium quantum phase transition at
magnetic field h = 1 persists also in the non equilibrium
setting as long as one of the reservoirs is set to absolute zero
temperature. In addition, we find non-equilibrium phase
transitions associated to discontinuities in the imaginary part
of the correlation matrix for any two different temperatures of
the reservoirs at h = 1 and h = he = |1 — 42|, where 7 is the
anisotropy and h the magnetic field strength. In particular,
two non-equilibrium quantum phase transitions coexist at
h=1.
We show that that the mathematical setup corresponds
physically to the picture advocated by Landauer as a proper
description for the non-equilibrium steady state of mesoscopic
systems. We use these non-equilibrium phase transitions to
test the utility of two models of reduced density operator,
namely Lindblad meso-reservoir and modified Redfield
equation. The first method considers that there is zone of
the boundaries where the interaction with the environment
occurs.  The environment is modeled through Lindblad
operators and the system density matrix evolves according
to the Lindblad equation. We show that the non equilibrium
quantum phase transition at A = 1 related to the divergence
of magnetic susceptibility is recovered in the meso-reservoir
approach, whereas it is not recovered using the Redfield
master equation formalism. However none of the reduced
density operator approaches could recover all the transitions
observed by the C* algebra. We show in a simpler example,
namely a periodic chain of non-interacting fermions coupled
to a soured and a drain, that although some observables
such as occupation per site and particle current are correctly
predicted, the none-equilibrium steady states derived in the
meso-reservoir approach differ form the one obtained by the
Landauer picture in the interaction zone. In addition we also
study the quantum mutual information in all regimes and find
a logarithmic correction of the area law in the non-equilibrium
steady state independent of the system parameters. We
also study thermalization properties of the meso-reservoir
approach.

[1] S. Ajisaka, F. Barra and B. Zunkovic, New J. Phys. 16,
033028 (2014).

[2] S. Ajisaka and F. Barra, Phys. Rev. B 87, 195114 (2013).
[3] S. Ajisaka F. Barra, C.M. Monasterio and T. Prosen, Phys.
Rev. B 86, 125111 (2012).

Credit Default Swaps networks and systemic risk

M. Puliga!, G. Caldarelli!, S. Battiston®
IMT Luccal

Univ of Zurich?

The financial crisis has made clear that we need empirical
measures of systemic risk that are able to capture some pre-
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cursors of systemic events such as the building- up of financial
instability. At the same time, financial networks play an
important role in financial stability. The network of derivative
contracts, in particular the network of Credit Default Swaps
contracts plays an important role in systemic risk. There has
been a growing interest in networks constructed from time
series of financial indicators building on a stream of works that
has already a long tradition. An important question concerns
to what extent these networks are suitable candidates to
provide measures of the building up of instabilities in financial
markets.

In this paper, we start from the time series of Credit Default
Swaps (CDS) spreads that are considered to reflect more
directly the default probability of the related institutions. In
particular, our dataset encompasses a total of 176 top firms
in the financial sector in the period from 2002 to 2011. To
broaden the robustness of the results, we compare 5 different
methods among the most commonly used in the literature to
construct networks from time series (e.g., linear and non-linear
correlation, Granger causality and -draw-up). We study the
evolution of these networks over time and we observe a
structural change at the very onset of the crisis, end of 2008,
but not before. We then take the networks as a proxy of the
possible interdependencies among the institutions over which
the CDS are issued and we carry out a stress-test analysis by
applying the computation of Group DebtRank in the case of
a small shock hitting all the institutions. Group DebtRank is
a measure introduced in a previous work that estimates the
impact on the whole system due to a shock hitting several
nodes of a financial network. Similarly to the topological
analysis, we observe a clear increase of Group DebtRank
from the end of 2008, but not before. We finally couple the
shock used in Group DebtRank to a macroeconomic indicator
reflecting the potential loss of financial products depending
on house prices in the US. In this case, we find a clear build
up of the values of Group DebtRank during the several years
before 2008.

Overall, the results suggest that networks constructed from
CDS time series are not able to capture, alone, the building
The results
also suggest that incorporating appropriate macroeconomic

up of systemic risk in the financial system.

indicators in the network measures could be a promising way
to detect instabilities.

(1] Haldane ea., Nature 469, 35 (2011).

[2] Battiston et al, Sci Rep 2, 541 (2012).
[3] Roukny et al, Sci Rep 3, 1 (2013).

[4] Bonanno et al, PRE 046130, 17 (2003).
[5] Tumminello et al, JEBO 75, 1 (2008).

Transient states and congestion in simple dynam-
ical models on networks

A. Bazzani', E. Andreotti?, F. RossiZ, S. Rambaldi?

1Dept.
INFN sezione di Bologna

of Physics and Astronomy University of Bologna and

2Dept. of Physics and Astronomy University of Bologna

The complex networks have been extensively used to cope
with the problem of extracting relevant information from the
big data-base that new technologies allow to collect on complex
systems. Biological systems, social systems and economics are
the main application research fields. Statistical Physics has
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developed suitable methods to characterize the equilibrium or
states and the existence of phase transitions. Recently the data
base have been enriched by dynamical properties of the consid-
ered systems opening the possibility of studying the transient
states and the transitions to critical states . As a consequence
there has been new motivations to study stochastic dynamical
systems on network-like interactions structures. Being inspired
by the traffic dynamics we propose a class of models defined
on a network topology whose nodes are characterize by a state
z € [0, 1] which evolves according

ik =Y me()(eg,2k) — Y k()@ (wn, x5)
i P

where 7 € [0, 1] is a stochastic random matrix which defines

the weights of the network links (i.e.7y; weights the directed
link between the nodes j and k and ), m; = 1). The func-
tions ®(n;,ny) define the ’particles’ flows on the link j — &
which is a nonlinear function of the node states (and possible
of the node features) and satisfies the conditions

¢(0,z5) =0 lirn1 d(xj,xk) =0

Tp—> cj—1

x

and for any value xj there exists a critical point such that
0¢/dz; = 0, which corresponds to a local maximum for the
x; state. According to our assumptions when the state of
a node tends to 1, the node is congested and it prevents
other particles from entering in the node. This gives rise to
a congestion spreading in the network following a backward
cascade. We have studied the existence of equilibrium points
for the average dynamics and their stability, the transition
probabilities to congested states and the statistics of the first
congestion time and the effect of a delay time for the prop-
agation of the information on the network on the dynamics
in congested states. We have also considered possible local
strategies to control the congestion development and the
congestion spreading in the system. These results have been
applied to the study of traffic congestion formation on a road
network using the traffic data recorded by 300 magnetic spires
in the road network of Emilia Romagna region in Italy. The
theoretical model suggests the existence of new observables
that may forecast the development of traffic congestion.

[1] A. Mazloumian, N. Geroliminis, D. Helbing, Phys. Trans.
R.S.A. 368, 4627 (2010).

[2] N. Berglund, Markov Processes 19, 459 (2011).

[3] A. Bazzani, B. Giorgini, S. Rambaldi and G. Turchetti,
ACS 10, 255 (2007).

Tension-induced binding of semiflexible biopoly-
mers

P. Benetatos', A. von der Heydt?, A. Zippelius®?®
'Department of Physics, Kyungpook National University, Repub-
lic of Korea
2Institute for Theoretical Physics, Georg-August University of
Goettingen, Germany
3Institute for Theoretical Physics, Georg-August University
of Goettingen and Max Planck Institute for Dynamics and
Self-Organization, Germany
Many cellular processes, such as cell motion, adhesion
or mytosis, require the reorganisation of the cytoskeleton.
This remodeling is achieved with transient or reversible

cross-linkers, which bind and unbind stochastically with
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characteristic on- and off-rates. Besides thermal unbinding,
which in vitro can be controlled by temperature, mechanical
forces are known to affect cross-link unbinding. C. Heussinger
in Ref. (1) studied the bending of a bundle of actin filaments
and showed that unbinding is a cooperative phenomenon,
characterised by an energy barrier. The goal of our present
work is to investigate theoretically the effect of the polymer
tension on the collective behaviour of the reversible cross-
links. We use a model of two parallel-aligned, weakly-bending
wormlike chains with a regularly spaced sequence of binding
sites subjected to a tensile force. Our model is a generalisation
of the model with permanent cross-links which was presented
in Ref. (2). Reversible cross-links attach and detach at
the binding sites with an affinity controlled by a chemical
potential. In a mean-field approach, we calculate the free
energy of the system and we show the emergence of a free
energy barrier which controls the reversible (un)binding. The
tension affects the conformational entropy of the chains which
This
competition gives rise to a sudden increase in the fraction of

competes with the binding energy of the cross-links.
bound sites as the polymer tension increases. In the strong
stretching limit, we show that this transition is related to the
cross-over between weak and strong localisation of a directed
polymer interacting with an effective square potential well in
the transverse direction. The observed scaling of stretching
force with cross-link strength and chemical potential can be
explained with that simple model of a directed polymer in
In Ref. (2) we show that

the tensile stiffness of the pair of polymers increases with the

an effective confining potential.
number of cross-links. Our new finding of a force-induced
first-order transition in the number of cross-links implies a
sudden force-induced stiffening of the polymers. Apart from
its relevance to cytoskeletal bundles, our model also bears
some resemblance to the denaturation of DNA which is known
to be affected by external stretching forces as discussed in
Ref. (3).

(] C. Heussinger, Physical Review E 83, 050902(R) (2011).
[2] A. der Heydt, D. Wilkin, P. Benetatos, and A. Zippelius,
Physical Review E 88, 032701 (2013).

[3] D. Marenduzzo, A. Maritan, E. Orlandini, F. Seno, and A.
Trovato, J. Stat. Mech.: Th-E 04, L04001 (2009).

Fractional entropy and space distillable metric of
nonlocal states

V. Berec

Institute of Nuclear Sciences Vinca, University of Belgrade

Field of algebraic topology has undergone an essential
evolution in attaching algebraic objects to topological spaces
starting from simple graph models associated to vertices and
edges in terms of Laplacian matrices, leading to higher-order
dimensional structures modified through simplices or cliques,
finalizing with an elegant mature representation of nonlocal
hypergraph states. Speaking about quantum entropy aspect,
the properties of Laplacian graph matrices when restricted
to quantum states are recently elucidated [Braunstein at
al.  (2006), Berec (2014)].
between given extremes of a hypergraph nonlocality encoded

However, the exact relation

through system sets of specific oriented structures and
entropy properties of ordered structure of a system as a
whole is still poorly understood. A direct repercussion was
inferring global properties from systems local information
which lead to monotonicity of information in central limit
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theorem establishing, further, a framework for quantifying
complexity from information geometry in the context of a
classical probability theory (at the same time providing that
the entropy does not increase on average under stochastic
local operations with classical communications). In this work
we present new families of stochastic complex information
modules encoded in the hypergraph states which are defined
by the fractional entropy descriptors. To each hypergraph
state it is assigned a specific fractional entropy statistics,
derived from its probability of occurrence. Combinatorial op-
timization is utilized via covering and matching number of an
appropriate hypergraph. To further illustrate the divergence
in the complexity of classical and quantum representation of a
hypergraph nonlocality, we outlined specified measure realized
via Bures metric [Braunstein at al. (1994)], used to quantify
degree of purity and the extent to which information is
altered by changing the topological space of hypergraph sub-
structures, which we call space-distillable metric (assignable
to n-dimensional hypergraph). Mapping the properties of
different hypergraph states to n-dimensional Hilbert space
we have investigated application of space-distillable metric
of complexity to tensor - product dependent networks. We
further illustrate our model with applications in the design of
approximation algorithms for scalable quantum information
system.

[1] S.L.Braunstein, S. Ghosh and S. Severini, Ann. Comb. 10,
291 (2006).

[2] V. Berec, arXiv1405.1700 (2014).

[3] S.L. Braunstein and C.M. Caves, Phys. Rev. Lett. 72,
3439 (1994).

Resonant hybrid quantum bit processing with
proton channeling

V. Berec

Institute of Nuclear Sciences Vinca, University of Belgrade

Research in the field of induction-generation of mutual
quantum correlations - entanglement, implies accurate
control, manipulation and transfer of quantum information
units qubits addressable for modeling and implementation in
quantum computers. On the other hand, particles, such as
photons, electrons (spin qubits) that coherently interact with
each other, can retain their interaction features in the scope
of entanglement pairs (so-called bipartite entanglement).
Here we present a new method for controlling an hybrid
electron-nuclear spin system using the superfocused proton
beam in MeV energy regime [1]. The features and benefits
of hybrid quantum bits (qubits) based on the coupling of
electron spin to nuclear spins in the solid state environment of
isotopic pure 29Si nanocrystal are investigated and exploited
for production of a new type of memory unit for quantum
processing in silicon. The nuclear spins system in case is
locked via the hyperchanneled proton beam in a desired state
or precisely manipulated to oscillate between ml = +1/2
and ml = 1/2 state on the nanosecond time scale. This
approach can provide a fast and efficient way of controlling
nuclear spin qubits and also could enable the generation of
switchable spin-based quantum gates by addressing isolated
electron spin. The anisotropic hyperfine coupling which allows
strong mixing of quantum states is achieved by the control
mechanism of spin qubit based on the proton pulse sequence
through nanosilicon crystal channel. These analyses are
based on direct induction of superfocused proton beam-atom
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entanglement and coherent control of qubits quantum state
for times which can exceed seconds allowing precise qubit
manipulation, and single qubit measurement. The newly
proposed control mechanism is based on the anisotropy
of the hyperfine interaction induced in the resonance with
optimal CP superfocused field [2, 3], allowing generation and
manipulation over arbitrary quantum gates while addressing
only the electron spin.

Using proton highly precise and coherent channeling regime
we have obtained efficient pulse shaping separator technique
for engineering quantum gates, introducing a method for
control of a nuclear spins coupled via anisotropic hyperfine
interactions in isolated electron spin manifold, without radio
waive (RW) pulses.

We suggest, that presented method which combine field of ion
channeling with quantum state engineering can be efficiently
implemented in experimental synchrotron light sources with
the aim to facilitate preservation and efficient transfer of
experimentally observed quantum particles states contributing
to the overall background noise reduction.

[ V. Berec, J.S. Braunstein, submitted arXiv1311.3234
(2013).

(2] V. Berec, PloS one 7(9), e45254 (2012).

(3] S. Petrovié, N. Neskovié, V. Berec, M. Cosi¢, Phys. Rev.
A 85 (3), 032901 (2012).

Microscopic models for the study of economic
inequality, tax evasion and welfare measures

M.L. Bertotti, G. Modanese

Free University of Bozen-Bolzano

We formulate a family of models for the description of
the micro-processes of money exchange, taxation and re-
distribution in a closed market society. These models are
expressed by systems of nonlinear differential equations of
While traditional
treatments of these subjects in mainstream economics rely

the kinetic discretized-Boltzmann kind.

on the assumption of a representative rational agent, our
approach fits in with a complex system perspective. Society
is described as an ensemble of individuals divided into a
finite number of income classes; the individuals exchange
money through binary and ternary interactions, the total
wealth being a conserved quantity. The ternary interactions
represent taxation and redistribution processes: they express
the subtraction, in correspondence to each binary transfer, of
an amount whose percentage (tax rate) depends on the income
classes of the individuals involved in the interaction; and
they define the redistribution (possibly weighted according
to a means-tested welfare system) of this amount to all
individuals. The frequencies with which the interactions
occur as well as other parameters can be tuned to provide
a probabilistic representation as realistic as possible. E.g.,
we can fix the probability that in an encounter between two
individuals the one who pays is the rich or the poor, we
can postulate that the exchanged amount depends on saving
propensity, etc. We show the emergence from the interplay of
the individual interactions of observable collective patterns:
all computational simulations suggests that after a sufficiently
long time the solutions of the equations reach an equilibrium
state corresponding to an income distribution, which depends
on the total wealth and on the interaction parameters, but not
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on the specific initial distribution. Distributions arising from
initial conditions for which the majority of individuals belong
to lower income classes exhibit fat tails as do the real world
ones. An excellent fit for these distributions obtained through
computational simulations is provided by the k-generalized
distribution introduced by Kaniadakis. We also consider the
occurrence of tax evasion and explore its effect on the income
distribution and the inequality index of the society. We also
investigate the behavior of the Gini index in dependence on
taxation rates gap and welfare means-testing. Concerning
tax evasion, our findings support the idea that a fair fiscal
policy and individual correctness contribute to the overcoming
of economic inequalities. The models under study provide
a flexible tool which could lead to the identification of

parameters and policies producing desirable trends.

[1] M.L. Bertotti and G. Modanese, Physica A 390, 3782

(2011).
[2] M.L. Bertotti and G. Modanese, Eur. Phys. J. B 85, 261
(2012).
[3] M.L. Bertotti and G. Modanese, submitted

ArXiv:1403.0015 (2014).
[4] M.L. Bertotti and G. Modanese, submitted (2014).

Evolution, information and entropy of multiplex
networks

G. Bianconi
School of Mathematical Sciences, Queen Mary University of
London, UK

A large variety of complex systems, from the brain to
social networks and complex infrastructures, are formed by
several networks that coexist, interact and coevolve forming
a network of networks. Modeling such multilayer structures
and characterizing the information encoded in them is crucial
in order to understand their dynamics and predict their
evolution. In this talk I will present recent works on statistical
mechanics of multiplex networks. Multiplex networks are
formed by N nodes linked in different layers by different
networks. I will present models that generate multiplexes
with different types of correlations between the layers, and
evaluate in the context of weighted multiplex network what
is the information present multiplex networks structures
that cannot be extract if one consider single layers taken in
isolation.

Non conventional fluctuation - dissipation ap-
proach in Geophysical Fluid Dynamics

M. Bianucci
Istituto di Scienze Marine ISMAR-CNR

Here we introduce a dynamic approach for the study of
the geophysical fluid dynamics phenomena characterized by
a small interaction between the variables of interest and
the rest of the system. The approach is similar to the one
developed some years ago [M. Bianucci, R. Mannella, P.
Grigolini and B.J. West From dynamics to thermodynamics:
Linear Response and statistical mechanics, Phys. Rev. E 51,
3002 (1995)] to derive statistical mechanics of macroscopic

variables on interest starting from microscopic dynamics with
no need of the standard ad hoc statistical assumption, as, for
example, the fixed given temperature and/or the Gaussian
fluctuations of the mean velocity. These assumption in fact
implicitly introduce Thermodynamics in the system fixing the
value of the temperature as an external imposed parameter.
The novelty of the cited approach for deriving statistical
mechanics is that the diffusion and the friction terms, and
consequently the temperature, are obtained as functions of
dynamical properties of the irrelevant system (that plays the
role of a thermal bath). Here we apply the same procedure to
a completely different context, i.e. geophysical fluid dynamics.
For example a particular case could be the complex ocean
- atmosphere interaction, where, changing all the scales, the
role of the “microscopic” system is played by the atmosphere,
while the ocean (or some ocean variables) plays the role of
Thus the chaotic and
divergent features of the fast atmosphere dynamics remains

the macroscopic system of interest.

only in the decaying properties of the correlation functions
and of the response function of the atmosphere variables,
while the exponential separation of the perturbed (or close)
single trajectories does not play a direct role. The general
theoretical framework is always the Zwanzing projection
method, used to obtain a Fokker-Planck Equation for the
probability distribution of the variables of interest, under
some general assumptions. However it must be stressed that
in the cited papers aiming at deriving thermodynamics from
microscopic dynamics, the underlying microscopic systems
are generally Hamiltonian, while in the present approach
the models considered as microscopic systems underlying
the large scale geophysical fluid dynamics are usually not
Hamiltonian (often dissipative). Remarkable is the fact that
the non Hamiltonian starting model leads to non-standard
fluctuation-dissipation relations between the irrelevant system
(for example the atmosphere), and the system of interest (for
example ocean variables). Finally we illustrate an example
of application of this approach to the study of the ENSO
phenomenon.

[1] M. Bianucci, R. Mannella, Phys. Rev. E 51, 3002 (1995).
[2] M. Bianucci, Phys. Rev. E 70, 1 (2004).

[3] G. Burgers, F-F. Jin, G.J. va, Geophys. Res. Lett. 32,
L13706 (2005).

[4] S. Lakshmivarahan and Y. Wang, J. Nonlinear Sci. 18, 75
(2008).

[5] T.N. Palmer, Proc. Ind. Natn. Sc. 60, 57 (2004).

Statistical Power Law due to Reservoir Fluctua-
tions and the Universal Thermostat Independence
Principle

T.S. Bir6, P. Van, G.G. Barnafoldi, K. Urméssy
MTA Wigner RCP, Budapest, Hungary

Energy fluctuations in a subsystem - reservoir couple [1], also
expressed in terms of thermodynamical uncertainty relations
[2], lead to Tsallis distribution with ¢ =1 — 1/C for ideal gas
reservoirs, with C' being the heat capacity of the total system
[3]. For stable materials C > 0, and this allows only for ¢ < 1
Tsallis entropy formula.

Particle number fluctuations in the reservoir, either achieved
naturally in a huge, inhomogenous heat bath or artificially by
averaging the statistics over repeated events in high energy
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experiments, lead to further effects. For ideal fermionic and
bosonic reservoirs the binomial and the negative binomial
distributions of the particle number, n, in the reservoir
combined with the microcanonical ideal gas statistical factor,
(1 — w/E)™, lead exactly to Tsallis power-law behavior with
the parameters T = E/(n) and ¢ = (n(n — 1))/(n)2. For the
binomial distribution this means ¢ = 1 — 1/k, for the negative
binomial one ¢ =1+ 1/(k + 1).

These results also can be viewed as an approximation for
arbitrary particle number distributions in the reservoir up to
subleading (second) order in the canonical expansion w < E.
For non-ideal systems the general expansion to second order
delivers ¢ = 1 — 1/C + AT?/T?, a combined result with
the heat capacity and the variance of the temperature of
finite heat bath. These quantities seem to act against each
other. Here the variance of the temperature is meant for the
estimator 1/S’(E) of the thermodynamical temperature, the
latter defined by 1/T = (S/(E)).

Finally we demonstrate that a deformed entropy K(S) can
be constructed and used for demanding gx = 1 in the
same approximation, i.e. using a canonical expansion with
vanishing second order term. This requirement we call
Universal Thermostat Independence Principle (UTI) [4].
The final entropy formula contains the Tsallis, Renyi and
Gibbs-Boltzmann expressions as particular cases. Surprisingly
there is another limit, that of huge reservoir fluctuations,
CAT?/T? — oo, when the low-probability tails, formally
canonical to this entropy formula, approach the Gompertz
distribution, exp(1 — %), also met in extreme value statistics.

] T.S. Biro, P. Van, Phys. Rev. E 83, 061147 (2011).

[2] J. Uffink, J. van Lith, Found. Phys. 29, 655 (1999).

[3] T.S. Biro, Physica A 392, 3132 (2013).

[4] T.S. Biro, P. Van, G.G. Barnafoldi, EPJ A 49, 110 (2013).

Scaling analysis as a tool study the effects of load
on hand tremor movements in essential tremor

S. Blesi¢!, D. Stratimirovié?, S. Milanovié?

Mnstitute for Medical Research, University of Belgrade, Belgrade,
Serbia
2Faculty of Dentistry, University of Belgrade, Belgrade, Serbia

We have used the Wavelet Transform (WT) and the
Detrended Fluctuation Analysis (DFA) methods to analyze
hand tremor movements in essential tremor (ET), in two
different recording conditions (before and after the addition
of wrist-cuff load). Essential tremor (ET) is one of the most
common movement disorders of neurological type, and has
substantial consequences to persons’ everyday life. In spite
of frequency of the occurrence of this neurological disorder,
the mechanisms underlying the tremor in ET are not fully
understood. Two major components are believed to play a
role in ET development, either alone or in combination - a
mechanical-reflex component, or peripheral component, which
is influenced by body mechanics, and an oscillatory, or central
component, presumably involving neuronal networks in the
brain.

The tremor power spectra (PwS) usually display more than
one typical peak frequency. It has recently been proposed
that this structure manifests the existence of multiple sources
of tremor. Following this proposition, we have analyzed
time series of tremor movements comprised of peak-to-peak
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(PtP) intervals, and extracted from regions around the first
three main frequency components of power spectra. We
have compared these time series in two different recording
conditions. Thus, we have tried to assess the existence of
multiple sources of ET by way of examining the effects of load
on ET.

Our study confirms that weight loading can help distinguish
between different spectral components of ET. Scaling behav-
ior in the region of main frequency component of recorded
tremors changes in two ways when the load is added: the
calculated WT scalegrams and DFA functions are displaying
a change of slope and a shift in a position of crossover region.
The observed existence of dynamical separation of tremor
components upon the addition of load may indicate the first
frequency component as the one affected by peripheral reflex
mechanisms. We also conclude that the observed change in
scaling, connected with a change of a position of the crossover
point, could be associated with the emergence (with load) of a
movement control mechanism that interferes with the existent
pathology in ET. Future studies should aim at broadening and
resolving the question of biological significance of observed
WT and DFA results, in comparison with healthy subject
behavior, or with other pathological tremor data.

(] S. Blesic et al., Physica A 390, 1741 (2011).
[2] N. Sapir et al., Phys. Rev. E 67, 031903 (2003).
[3] P.R. Burkhard et al, Neurophysiol. Clin. 32, 119 (2002).

Exploring the Applications of Fractional Calcu-
lus: Hierarchically-Built-Polymers

A. Blumen, M. Dolgushev

Theoretical polymer physics, University of Freiburg, Germany

Expressions involving fractional derivatives have a long
history in the theory and modelling of viscoelastic materials,
going back to the nineteen thirties. Quite early it was realized
that dynamical aspects of polymeric materials may often be
modeled using fractional operators. In this respect polymers
are very challenging [1], since, through changes in their
chemical structure, in the medium surrounding them, and
in their density in solution they can display vast dynamical
domains in which anomalous behaviors occur [2].  The
classical approaches to model such behaviors are connected
to the theory of generalized Gaussian structures (GGS) [2].
Furthermore, the GGS theory is naturally related to fractional
generalized Langevin equations of non-Markovian nature [3].
As an example, we take now the stiffness of polymers into
account and extend the GGS formalism to semiflexible
tree-like structures; among them are dendrimers and reg-
ular hyperbranched structures [4]. Semiflexibility leads to
restrictions on the bonds orientations, modeled through
constraints on the bonds’ lengths and on the angles between
adjacent bonds. In fact, we are able to deal with arbitrary,
locally defined stiffness parameters t¢;, where each t; is
related to 6;, the angle between the pertinent bonds at the
junction i. Under these conditions we obtain analytically the
distribution functions and the potential energies for arbitrary
semiflexible treelike polymers (STP). Now, it turns out that
the structure of the potential energy for STP is very simple,
given that its corresponding matrix is sparse. This allows us
to readily determine the mechanical and dielectric relaxation
of semiflexible treelike macromolecules. For this we present
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(besides the known results for chains) also our findings for
stars, for dendrimers, for dendrimers built from stars, and
for Vicsek fractals. Moreover, given that we can fix locally
the values of the t; at each junction point 7, we can readily
treat STP whose stiffness parameters are inhomogeneous and
even random. Anomalous behavior manifests itself in the
intermediate frequency region of mechanical relaxation forms,
which are different for distinct semiflexible architectures.
Furthermore, the model [4] can be extended to also include
dihedral constraints. Remarkably, also in this, more complex
situation one can obtain semianalytic results, as we show for
linear chains [5].

[1] I.M. Sokolov, J. Klafter, and A. Blumen, Physics Today
55(11), 48 (2002).

[2] A.A. Gurtovenko and A. Blumen, Adv. Polym. Sci. 182,
171 (2005).

[3] A. Mura, M.S. Taqqu, and F. Mainardi, Physica A 387,
5033 (2008).

[4] M. Dolgushev and A. Blumen, J. Chem. Phys. 131, 044905
(2009).

[5] M. Dolgushev and A. Blumen, J. Chem. Phys. 138, 204902
(2013).

A Field Theoretic Approach To The Electric
Double Layer

K. Bohinc', L. Lue?

!Faculty of Helath Sciences, University of Ljubljana, Slovenia

?Department of Chemical and Process Engineering

Interactions between charged objects in electrolyte solutions
are of fundamental importance in technological and biological
systems [1]. These interactions can be heavily altered by
the presence of multivalent ions that possess a spatially
distributed charge. In the first approximation, we restrict our
consideration to rod-like multivalent counterions. Mean field
theory is not able to describe such highly charged systems
[2], and the correlations within highly charged particles
needs to be taken into account. We extend and employ
a self-consistent field theory that has been shown to be
accurate from the weak to the intermediate through to the
strong coupling regimes [3,4,5]. The pressure between equally
charged surfaces is calculated. Numerical results show that
close to the charged surface, the counterions are oriented
parallel to the surface, whereas at distances greater than half
of the counterion length, they are randomly oriented. Due to
the restriction of the orientations of the rod-like counterions
at the surfaces, the counterion density at the charged surface
decreases to zero. For large surface charge densities, the force
between like charged surfaces becomes attractive, as a result
of charge correlations. Zwitterionic counterion systems are

also examined [5].

] A. Yu. Grosberg, T. Nguyen, and B.I. Shklovskii, Rev.
Mod. Phys. 74, 329 (2002).

[2] M.M. Hatlo, K. Bohinc, and L. Lue, J. Chem. Phys. 132,
114102 (2010).

[3] K. Bohinc and L. Lue, Chin. J. Polym. Sci. 29, 414 (2011).
[4] K. Bohinc, J. Grime, and L. Lue, Soft Matter 8, 5679
(2012).

[5] K. Bohinc, J. Rei, J.F. Dufreche, and L. Lue, J. Phys.
Chem. B 117, 10846 (2013).

Works of art as multilayer networks

T. Bonch?', I. Yevin?, T. Khabibullin?, A. Koblyakov®
1Russian New University
2Moscow Institute of Physics and Technology

3Moscow State Conservatory

As it is well known, multilayer networks describe complex
systems where multiple various links between nodes connect
the elements of complex systems. The purpose of our
presentation is to show that art works can be described as
complex systems of this type.

A literary text consists of words so it is possible to build
a network between these words, as the network arises out
Rhythmic

and rhyme relationships between words of the poem form

of the appearance of the words in the text.

additional layers in the net. Masucci and Rodgers have built
a network of semantic correlations between words in the novel
“1984” by George Orwell [1].
relationships between personages of the novel has a different

Obviously, the character of

nature compared to the character of the connections between
words appearing in the text, so the personages’ network
forms a separate layer. We have calculated the Pearson
correlation coefficient for the personages’ networks in literary
texts: “Anna Karenina” by L. Tolstoy, “The Adventures of
Huckleberry Finn” by M. Twain, “David Copperfield” by
Charles Dickens, “Les Miserables” by V. Hugo, “The Iliad”
by Homer, and The New Testament. It was found that all
these networks were disassortative [2], therefore personages’
networks of the literary texts are not social networks.

For a random partition of the plane into disjoint contiguous
units, it is possible to make a scale-free network where the
units become nodes and the common borders between the
units become their connections [3]. For the Cubists paintings
by Picasso, Braque, Mondrian and others, these units are
triangles, squares and rectangles, though it is possible to
define other geometric and non-geometric figures as these
units. We have calculated the main indicators of the network
model for the Portrait by Picasso (1926), as well as for several
paintings by Mondrian and by Malevich [3]. The second
network layer in these paintings forms a network where nodes
are connected if their units are of the same colour. Melody
is converted into a network system, when the musical notes
of various lengths are taken for the nodes of the network
[4]. Music has evolved from ancient single-voice melodies to
two-voice lines which appeared in the 10th century, followed
by chords and finally by multi-voice melodies of the 20th
century music. We have studied Prelude in A major by
Chopin to describe correlations between melodic, harmonic
and rhythmical structures of the music. In our approach, the
same notes in different octaves belong to different network
layers. Each of these structures can be represented as a net-
work and the musical piece as a set of interdependent networks.

[1] A.P. Masucci and G.J. Rodgers, Phys. Rev. E 74, 026102
(2006).

[2] LA. Yevin, T.F. Khabibullin, N.D. Shuvalov and I.O.
Vasyukov, Complex Systems 3, 38 (2012).

[3] M.K. Hassan, M.Z. Hassan, and N.I. Pavel, New J. Phys.
12, 093045 (2010).

[4] X. Liu, C. Tse and M. Small, Physica A 389, 126 (2010).
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Anomalous diffusion in reaction-diffusion systems

J.P. Boon, J.F. Lutsko, C. Lutsko

University of Brussels

In many physical, chemical, biological systems particles,
molecules, cells, move in a seemingly random sequence of
steps, but one often observes that their trajectories are such
that their mean squared displacement deviates from the
classical linear diffusion law and that the normal Gaussian
structure of the dispersion is deformed or replaced by a
different distribution, two features that are the signatures of
anomalous diffusion. This is also the case when the diffusing
the diffusion-
reaction (R-D) steady state is most often not exponential

particles are subject to reactive processes:
as classical R-D equations would predict. Such behaviors
have been observed and measured in particular in biological
systems where particles diffuse and undergo reactions in
complex media.

We consider a Master Equation approach based on a Marko-
vian random walk model generalising Einstein’s equation
with a reactive term wherefrom we show how the mean
field formulation leads to a generalized nonlinear Reaction-
Diffusion equation with non-classical solutions. Steady states
solutions exhibit either a long range power law behavior
showing the relative dominance of sub-diffusion over reaction
effects in constrained systems, or conversely a concentration
distribution with finite support describing situations where
diffusion is slow and extinction is fast. The analytical steady
state solutions are compared with experimental data obtained
by measurements performed in the Drosophila wing disc where
morphogens are produced by a subset of cells wherefrom they
diffuse and are degraded thereby forming a concentration
gradient whose profile shape appears crucial for subsequent
cell differentiation.

The sub-diffusive nonlinear reactive steady state profile
with infinite support reproduces very well the experimental
data indicating slow degradation combined with extended
sub-diffusion.  Profiles with finite support would exhibit
stronger sensitivity to input flux changes, and it seems that
such profiles with finite support have not been identified in
morphogen gradient formation. This observation may suggest
that extreme sensitivity excludes this type of profile in natural
morphogen gradient formation because degradation is too fast
with respect to diffusion in order to establish the necessary
gradient wherefrom cell differentiation eventually emerges.

[1] J.P. Boon, J.F. Lutko, C. Lutsko, Phy. Rev. E 85, 021126
(2012).

Braided statistical physics with anyons

G. Brennen, A. Babatunde, S. Singh

Macquarie University

In systems with physics constrained to two dimensions,
point like particles named anyons can occur which have more
general statistics than bosons or fermions. Beyond mere
possible existence they were found to be a good description
for low lying quasi-particle excitations of topologically ordered
phases such as fractional quantum Hall systems, Majorana
edge modes of nanowires, and two dimensional spin liquids.

Recently there has been experimental progress in preparation
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and control of these systems with the goal to observe anyonic
statistics. This is further motivated by the discovery that
braiding some types of non-Abelian anyons provides for
naturally fault tolerant quantum computing. As experiments
are not yet able to manipulate anyons individually, it would
be beneficial to reveal their exotic braiding properties on
a macroscopic scale. In particular, we are interested in
the ground states and transport properties of anyons that
can have direct observable consequences. @ We introduce
a quasi-1D ladder model to capture some of the essential
physics of anyons in and out of equilibrium. First, using
a new numerical simulation algorithm for matrix product
states with built-in anyonic symmetry we report on ground
state phases of itinerate non-Abelian anyons on the ladder.
In the 1D case, prior work showed that such systems with
Heisenberg like dynamical interactions together with hopping
exhibit spin-charge separation. We show additional phases
appear when purely topological braiding interactions on a
ladder are also allowed.

Second, we investigate the role of disorder on the propagation
of both Abelian and non-Abelian anyons. It has been known
for more than five decades that randomised local potentials
can suppress diffusion of quantum particles a phenomenon
known as Anderson localisation. This mechanism is based
on randomisation of phases that correspond to individual
particle histories and consequent destructive interference. We
model this using a discrete time anyonic quantum walk in a
disordered topological background. In particular, we consider
a walker that braids around islands canonically arranged on
a line, where the number of static anyons at a given island
assumes a random value. For the Abelian anyons this causes
the walker acquiring random discrete phases which, as we
demonstrate, leads to localisation. For the non-Abelian ones
we resort to numerical treatment. A continuous time anyonic
Hubbard model, studied numerically with the matrix product
state approach, concludes that Ising non-Abelian anyons do
not localise.

(] S. Singh, R. Pfeifer, G. Vidal and G.K. Brennen, Phys. Rev.
B 89, 075112 (2014).

[2] L. Lehman, D. Ellinas and G.K. Brennen, J. Comp. 10,
1634 (2013).

[3] V. Zatloukal, L. Lehman, S. Singh, J.K. Pachos, G.K. Bren-
nen, arXiv:1207.5000 (2014).

The asymmetric simple exclusion process on
chains with a shortcut revisited

N. Bunzarova', N. Pesheva?, J. Brankov'

!Bogoliubov Laboratory of Theoretical Physics, Joint Institute
for Nuclear Research, Dubna, Russian Federation
?Institute of Mechanics, Bulgarian Academy of Sciences, Sofia,

Bulgaria

Novel features of the totally asymmetric simple exclusion
process (TASEP) have been found on networks with nontrivial
geometry. In the approach advanced in our work [1] each
macroscopic segment of the network is considered in a
stationary phase determined by its injection and ejection
rates. The only mean-field type approximation used neglects
the correlations between different chain segments.  This
allows one to treat the coupling between each two connected

segments as coupling to reservoirs with certain effective rates.
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We consider TASEP on open networks consisting of three
consecutively coupled macroscopic chain segments with a
shortcut between the tail of the first segment and the head
of the third one.
molecular motors along twisted filaments. Two versions of the

The model describes directed motion of

shortcut are studied. The first one, suggested in [2], describes
a zero-length shortcut allowing for a particle at the last site
of the first segment to jump with a given probability directly
to the first site of the third segment, provided the latter is
empty. The second version of the shortcut represents a chain
of arbitrary length running in parallel to the second segment.
Particles choose with equal probability between the second
segment and the shortcut. For the zero-length shortcut we
obtain unexpected results which revise the findings of [2]
in the case of maximum current through the network [3].
Our theoretical analysis shows that the shunted segment can
exist in low-density and high-density phases, as well as in a
coexistence (shock) phase. Surprisingly, the main quantitative
parameters of the linear density profile in the case of a shock
phase are determined by a positive root of a cubic equation,
the coefficients of which linearly depend on the probability
of choosing the shortcut. Numerical simulations demonstrate
that the behavior of the model with a shortcut of arbitrary
length is qualitatively similar. In finite-size networks with
head and tail chains of equal length, and equal injection
and ejection rates at their external ends greater than one
half, the local density distribution and the nearest-neighbor
correlations in the middle chain correspond to a shock phase
with completely delocalized domain wall. Within the domain
wall theory, the main parameters of the shock phase can be
expressed in a universal way through the shortcut current.
Upon moving the shortcut from the central position to
the head or tail of the network, these profiles take shapes
typical of a high- or low-density phase, respectively [4]. The
unexpected conclusion is that a shortcut in the bulk of a
single lane may create traffic jams.

[] J. Brankov, N. Pesheva and N. Bunzarova, Phys. Rev. E
69, 066128 (2004).

[2] Y.-M. Yuan et al, J. Phys. A 40, 12351 (2007).

[3] N. Bunzarova, N. Pesheva and J. Brankov, Phys. Rev. E
89, 032125 (2014).

[4] N.C. Pesheva and J.G. Brankov, Phys. Rev. E 87, 062116
(2013).

Nonlinear Stochastic Dynamics of Quantum and
Laser Systems

A.V. Glushkov, V.V. Buyadzhi, V.B. Ternovsky, P.A.
Zaichko

Odessa State University - OSENU

We present the results of studying the dynamical chaos
regime in dynamics of quantum (atomic ensembles) sys-
tems, generation of a laser with absorbing cell and chaotic
self-oscillations in the backward-wave tube on the basis of
numerical analysis by means a complex of advanced quantum
methods and chaos-geometric algorithms (Glushkov et al).
We analyze the temporal dependences of the output signal
amplitude, phase portraits, statistical quantifiers for a weak
chaos arising via period-doubling cascade of self-modulation
and for developed chaos at large values of the dimensionless

length parameter. Our approach combines together the

non-linear analysis methods to dynamics, such as the wavelet
analysis, multi-fractal formalism, mutual information ap-
proach, correlation integral analysis, false nearest neighbour
algorithm, the Lyapunov exponent’s analysis, surrogate data
method, memory matrix formalism etc. In table we present
our calculation data on the Lyapunovs exponents’ (Ai- Ag)
for two self-oscillations regimes in the backward-wave tube:
i). the weak chaos (normalized length: L=4.24); ii) hyper
(developed) chaos (L=6.1). The correlations dimensions are
respectively as 2.9 and 6.2 and the Kolmogorov entropy
values are 0.261 and 0.742.
agreement with the similar data [3] and confirms a conclusion

Our analysis is in very good

about realization of the chaotic features in dynamics of the
backward-wave tube. The presented example has shown
high perspectives of a combined quantum geometry and
chaos theory methods to studying a chaotic dynamics of the

complicated quantum and laser systems.

(1] A.V. Glushkov et al, J. Appl. Spectr. 74, 305 (2007).

[2] A.V. Glushkov et al, Phys. Scripta T135, 014022. (2009).
[3] A.V. Glushkov et al, Dyn. Systems-Th. and Appl. 1 (Lodz
Univ.), BIF-110 (2011).

Statistical physics under

nanoconfinement

of charged liquids

S. Buyukdagli

University Lille I, Interdisciplinary Research Institute

Water mediated electrostatic interactions between charged
macromolecules and ions are omnipresent in various nanoscale
systems.  From the charge selectivity of biological ionic
channels to energy storage in supercapacitors, these inter-
actions are at the heart of many biological and industrial
processes. An accurate formulation of electrostatics at finite
temperature is thus necessary to understand and optimize the
functioning of these systems. Despite their importance, for
several decades, the understanding of electrostatic interactions
has been limited to mean-field dielectric continuum models
such as the Poisson-Boltzmann (PB) formalism that bypass
electrostatic correlations and the charge structure of the
water solvent. The talk will focus on newly developed
integral equation theories that aims at overcoming these two
limitations by incorporating charge correlations and solvent
charge structure into the current formulation of electrostatics.

The first part of the talk will be devoted to correlation

Regime A1 Ao
Weak chaos | 0.261 0.0001
Hyperchaos | 0.514 0.228
Regime A3 A4
—  Weak chaos | -0.0004 | -0.528
Hyperchaos | 0.0000 | -0.0002
Regime As A6
Weak chaos - -
Hyperchaos | -0.084 | -0.396

Table 1: Numerical parameters of the chaotic self-oscillations
in the backward-wave tube: A1 — Ag are the Lyapunov expo-
nents in descending order (our calculation data).
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effects in dielectric continuum liquids. I will introduce a
self-consistent (SC) calculation scheme that allows to take
into account charge fluctuations in confined Coulomb liquids.
First, I will characterize electrostatic correlation effects on the
ionic selectivity of membrane nanopores. Then, I will couple
the SC scheme with hydrodynamic transport equations in
order to compute the ionic currents induced by a potential
gradient at the extremities of the nanopore. By comparison
with electrophoretic ion transport experiments, I will show
that correlation effects associated with the confinement of
the liquid can solely explain the reduced ionic conductivities
of biological alpha-Hemolysin pores. Within the framework
of this correlation-corrected ion transport theory, I will
illustrate the possibility to control via charge fluctuations
the electrophoretic translocation of DNA molecules through
membrane nanopores.

In the second part of the talk, I will present a solvent-explicit
formulation of electrostatic interactions that overcomes the
mean-field and the dielectric continuum approximations. The
proper consideration of the discrete charge composition of
solvent molecules will be shown to result in two coupled
integral equations that incorporates on the same footing
non-local electrostatic interactions and charge correlations.
By comparison with experimental capacitance data, I will
show that the solvent-explicit formalism can explain the
particularly low differential capacitances of carbon-based
materials in terms of the solvent-electrode correlations,
improving the agreement of previous mean-field theories with
experiments by an order of magnitude.

[1] S. Buyukdagli, C.V. Achim, and T. Ala-Nissila, J. Chem.
Phys. 137, 104902 (2012).

[2] S. Buyukdagli and T. Ala-Nissila, Europhys. Lett. 98,
60003 (2012).

[3] S. Buyukdagli and T. Ala-Nissila, Phys. Rev. E 87, 063201
(2013).

[4] S. Buyukdagli and T. Ala-Nissila, J. Chem. Phys. 140,
064701 (2014).

The rise of China in the international trade
network: a community core detection approach

Z. Zhou, F. Cerina, A. Chessa, G. Caldarelli, M. Ric-
caboni

IMT Alti Studi Lucca

By viewing the international trade system as an interdepen-
dent complex network, this paper uses community detection
and community core detection techniques to examine both the
global dynamics, i.e., communities disappear or reemerge, and
the regional dynamics, i.e., community core changes between
community members, in the ITN over the period from 1995 to
2011. We find that the Asia-Oceania community has displayed
rich dynamics both internally and externally. That is, the
Asia- Oceania community was present during 1995-2001 and
was led by Japan, and then it disappeared and was integrated
with the America community during 2002-2004, and finally
it reemerged during 2005-2011 and was led by China. With
a model of weight-driven preferential attachment both inter-
and intra-communities, we are able to explain the dynamics
observed in the Asia-Oceania community. Each period a node
will be selected and by chance it may increase its edge weight
with an inter-community node (if the edge already exists;
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otherwise a new edge will be established). It will then increase
its edge weight with an intra-community node. Outside its
own community, the selected node prefers to increase its edge
weight with the node with high external strength. Inside its
own community, it prefers to increase its edge weight with
the node with not only high internal strength, but more
importantly, high external strength. Owur simulation results
show that the global dynamics, i.e., communities disappear
or reemerge can be generated by this model setting. In
light of the model, the interpretation of the dynamics in
the Asia-Oceania community can be that, the community
collapsed after China entered the WTO and built strong trade
relationships with other communities, especially with the
external cores, i.e., the United States and Germany, and China
became regionally attractive due to the preference of external
strength and restored the Asia-Oceania community and
emerged as the community leader. We find some supporting
evidence in the trade data. In particular, the behavior of the
ratio of the inter-community trade to the intra-community
trade between the Asia-Oceania community and the America
community coincides with the disappearance and reemergence
of the Asia-Oceania community. Within the community,
China surpassed Japan after 2003 in terms of both inter-
and intra-community trade. In our simulation, the external
strength can only be increased by chance. In reality, however,
it can be achieved by a series of strategic moves in trade policy.

(] D. Garlaschelli, Physica A 355, 138 (2005).
(2] L. Mariella, Physica A 355, 138 (2005).
[3] L. Mariella, Physica A 355, 138 (2005).

Self healing networks

G. Caldarelli
IMT Lucca Institute for Advanced Studies, Italy

We discuss a simple model of self-healing for complex net-
works; in particular, self-healing capabilities are implemented
through distributed communication protocols that exploit
redundant links to recover the connectivity of the system. We
analyze the effect of the level of redundancy on the resilience
to multiple failures. As a metric for the resilience, we measure
the fraction of nodes still served after a given levels of network
damage. We first resort to numerical simulations to study the
effects of redundancy on healing performances under different
connectivity patterns: from planar grids, to small-world, up to
scale-free networks. Finally, we discuss some recent analytical
results allowing to characterise the phase diagram for square
grid and for Erdos-Renyi graphs.

[1] W. Quattrociocchi, G. Caldarelli, A. Scala, PLoS ONE 9,
87986 (2014).

[1] P. Ballister, B. Bollobas, G. Caldarelli, W. Quattrociocchi,
A. Scala, Percolation and Self-Healing, in preparation
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Discord and information deficit in the XX chain

N. Canosa', R. Rossignoli?, L. Ciliberti’

'Depto. de Fisica-IFLP, FCE, Universidad Nacional de La Plata
- CONICET, Argentina

2Depto. de Fisica-IFLP, FCE y Fac.
Nacional de La Plata - CIC, Argentina

de Ing., Universidad

The investigation of quantum correlations in mixed states has
recently attracting strong attention. While in bipartite pure
states such correlations can be identified with entanglement,
it was recognized that separable (nonentangled) mixed states
It has been
shown that for the mixed-state based quantum algorithm of

may still exhibit useful quantum correlations.

Knill and Laflamme, an exponential speedup over classical
algorithms can in fact be achieved without entanglement. This
has turned the attention to alternative measures of quantum
correlations for mixed states, which are able to capture the
quantumness of such mixed states. The aim of this work [1]
is to analyze in detail the quantum correlations of spin 1/2
pairs in chains with XX-type first neighbor couplings in a
transverse field, at both zero and finite temperature, through
the analysis of the behavior of quantum correlations measures
such as the quantum discord, the geometric discord, and
the one-way information deficit, as well as other generalized
measures [1].  Such model is particularly interesting for
both quantum information and condensed matter physics,
exhibiting distinct features such as eigenstates with definite
magnetization along the field axis and a special critical
behavior. It is first shown that incontrast with entanglement
discord-type measures exhibit common features such as a
non-zero value for all separations L at all temperatures T' > 0].
Exact asymptotic expressions for the decay with L and T will
be provided, on the basis of the exact treatment based on
the Jordan-Wigner fermionization . Nonetheless, we will also
show that important differences between the quantum discord
on the one side, and the geometric discord and information
deficit on the other side, do arise in the minimizing local
spin measurement. While in the quantum discord the latter
is always orthogonal to the transverse field (even at strong
fields if T > 0), in the geometric discord and information
deficit it exhibits a perpendicular to parallel transition as the
field increases, at a field lower than the T" = 0 critical field
Be. Such transition in the minimizing measurement is present
at all temperatures and separations, and is shown, to be a
signature of the transition from a Bell state to a separable
aligned state of the dominant eigenstate of the reduced state
of the pair. This difference indicates a distinct response of the
minimizing measurement in these quantities to the onset of
quantum correlations.

[1] L. Ciliberti, N. Canosa, R. Rossignoli, Phys. Rev. A 88,
012119 (2013).

[2] R. Rossignoli, N. Canosa, L. Ciliberti, Phys. Rev. A 82,
052342 (2010).

[3] R. Rossignoli, N. Canosa, L. Ciliberti, Phys. Rev. A 84,
052329 (2011).

[4] N. Canosa, L. Ciliberti, R. Rossignoli, Int. J. Mod. Phys.B
27, 1345033 (2012).

Entropy production in systems described by
nonlinear Fokker-Planck equations

G.A. Casas, F.D. Nobre, E.M.F. Curado
Centro Brasileiro de Pesquisas Fisicas and National Institute of
Science and Technology for Complex Systems, Rio de Janeiro,

Brazil

The H-theorem, and consequently the second law of thermo-
dynamics, which states that the entropy of an isolated system
always increases for irreversible processes, leads to the interest-
ing phenomenon of entropy production. Within the statistical
definition of entropy, the entropy production depends directly
on the time derivative of the corresponding probability; for
this purpose one may use, e.g., the Boltzmann, or Fokker-
Planck equations in the case of continuous probabilities, or
the master equation, when dealing with discrete probabilities.
Most investigations in the literature are concerned with the
production of Boltzmann-Gibbs entropy [1] and so, one makes
use either of the standard master equation, or of the linear
Fokker-Planck equation. The applicability of linear differential
equations in physics is usually restricted to idealized systems,
which are valid for media characterized by specific conditions,
like homogeneity, isotropy, and translational invariance, with
particles interacting through short-range forces and with
a dynamical behavior described by short-time memories.
However, it is very common, particularly within the realm
of complex systems, to find physical systems that do not
fulfill these requirements, e.g., those presenting one (or
more) of the following properties: spatial disorder, competing
interactions, long-range interactions, long-time memories. In
such cases, the associated equations have to be modified,
and very frequently, nonlinear terms are considered in order
to take into account such effects. Among these equations
one could mention the nonlinear Fokker-Planck equations
In the
present work we study the entropy time rate of systems

that are intimately related to anomalous diffusion.

described by nonlinear Fokker-Planck equations — which
are directly related to generalized entropic forms. Both
entropy production, associated with irreversible processes,
and entropy flux from the system to its surroundings, are
studied [2].
forms are considered, and particularly, the flux and production

Some examples of known generalized entropic

of the Boltzmann-Gibbs entropy, obtained from the linear
Fokker-Planck equation, are recovered as particular cases.
Since nonlinear Fokker-Planck equations are appropriate for
the dynamical behavior of several physical phenomena in
nature, like many within the realm of complex systems, the
present analysis should be applicable to irreversible processes
in a large class of nonlinear systems, such as those described
by Tsallis [3] and Kaniadakis [4] entropies.

[] T. Tomé, Braz. J. Phys. 36, 1285 (2006).

[2] G.A. Casas, F.D. Nobre and E.M.F. Curado, Phys. Rev. E
86, 061136 (2012).

[3] C. Tsallis, J. Stat. Phys. 52, 479 (1988).

[4] G. Kaniadakis, Physica A 296, 405 (2001).
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Temperature inversion in a system with long-
range interactions

L. Casetti', S. Gupta?, T.N. Teles?

!Dipartimento di Fisica e Astronomia, Universit di Firenze
2Laboratoire de Physique Theorique et Modeles Statistiques,
Université Paris-Sud

3INFN, Sezione di Firenze

Temperature inversion due to velocity filtration, a mechanism
originally proposed by Scudder to explain the heating of
the solar corona, is demonstrated to occur also in a simple
paradigmatic model with long-range interactions, the Hamil-
tonian mean-field (HMF) model.
either as a system of globally coupled point particles moving

The model can be seen

on a circle or as a system of fully coupled (mean-field) XY
spins. The dynamics of such a model, as of most systems
with long-range interactions, is characterized by the presence
of quasi-stationary states. The latter are out-of-equilibrium
states that occur during relaxation of an isolated long-range
interacting system to equilibrium. Due to a fast “violent”
relaxation on times of O(1), a generic initial condition reaches
a QSS. These states persist for very long times, diverging
with the number of degrees of freedom N as N® with a > 1.
Then, finite-N effects drive the system to equilibrium. The
lifetime of a quasi-stationary state is thus effectively infinite
in the thermodynamic limit N — oo.

Using molecular dynamics simulations, we show that if the
system is perpared in an initial state where the velocity
distribution is given by a kappa distribution, the system
typically settles into an inhomogeneous quasi-stationary state
in which the velocity distribution has suprathermal tails
(that is, the tails present in the initial condition survive
the violent relaxation), and the temperature and density
profiles are anticorrelated: denser parts of the system are
colder than dilute ones. Since the dynamics of systems with
long-range interactions is effectively described by the Vlasov
equation, on the timescales corresponding to the lifetimes of
the quasi-stationary states, we argue that this phenomenology
is explained by the velocity filtration mechanism and that
the appearance of temperature inversions may be a generic
property of long-range interacting systems.

Moreover, a weaker temperature inversion (i.e., occurring
only where the density gradient is larger, but not in the whole
system) can be observed also starting from initial conditions
that do not have suprathermal tails, like water-bag and even
Maxwellians, provided they are not the true equilibrium ones.
Velocity filtration does not seem able to explain this latter
phenomenon and a different dynamical mechanism is proposed.

[] L. Casetti and S. Gupta, Eur. Phys. J. B 87, 91 (2014).
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Protein translocation in narrow pores: inferring
bottlenecks from native-structures

F. Cecconi, M. Chinappi?, C.M. Casciola®, M. Bacci*
Mstituto dei Sistemi Complessi CNR (Italy)

2Center for Life Nano Science Sapienza, Istituto Italiano di
Tecnologia (IIT)

3Dip. Ingegneria Meccanica e Aerospaziale, Universita‘ di Roma
”Sapienza”

4Department of Biochemistry, University of Zurich

In voltage driven translocation experiments (Kasianowicz
et al. 1996), an applied voltage across two electrolytic cells
connected through a nanopore induces the migration of
proteins and other macromolecules across the nanopore.
The macromolecule engaging the pore produces detectable
ion current variations that can be very informative on the
physical and chemical properties of the passing species. This
kind of analysis is a simple extension of the Coulter method
for counting and sizing particles suspended in electrolyte
While this
experimental technique is announced to work for the fast and

solutions by measures of electrical resistance.

cheap sequencing of nucleic acids, its effective applicability to
protein molecules is still under debate and intensive research.
An increasing accumulation of experimental data (see, Nivala
et al. 2013, Bayley and coworkers 2013) supports the view
that large protein translocation across narrow pores occurs via
a multistep process involving a sequence of dynamical bottle-
necks (stall events). These events can be considered, to some
extent, the fingerprint of the passing molecule. Our computer
simulations on a coarse-grained model of the protein-pore
system confirm the multistep scenario which results from the
tight coupling between the simultaneous unfolding process
and translocation dynamics. Moreover our results strongly
indicate a tight relationship between: i) the stall events of the
transport dynamics, ii) the ascending ramps in the free-energy
profile G(Q) of a translocation reaction coordinate Q, and iii)
the regions of the protein richer in ”backward native-contacts”
(i.e. native non-bonded interactions among those aminoacids
that have not yet entered the pore). We thus can argue that
the sequence and nature of such bottlenecks might have a
simple and univocal interpretation in terms of the structural
properties of the protein native-state. Therefore, inference
on the presence of a multistep translocation dynamics of
proteins can be done from the knowledge of their native-state
topology (Bacci et al 2013). In a possible inverse scenario,
we guess that the straightforward correlation between stalls
and protein structural elements would allow to distinguish
protein motives and domains from the detection of stalls in
the translocation dynamics.

(1] J. Nivala, D.B. Marks and M. Akeson, Nat. Biotech. 31,
247 (2013).

[2] D. Rodriguez-Larrea and H. Bayley, Nat. Nanotech. 8, 288
(2013).

[3] HW. de-Haan and G.W. Slater, Phys. Rev. Lett. 110,
048101 (2013).

[4] M. Bacci, M. Chinappi, C.M. Casciola, F. Cecconi, Phys.
Rev. E 88, 022712 (2013).

[5] J.J. Kasianowicz, E. Brandin, D. Branton, D.W. Deamer,
PNAS U.S.A 93, 13770 (1996).
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Percolation in multiplex networks with overlap

D. Cellai', E. Lépez®®, J. Zhou', J.P. Gleeson' and G.
Bianconi*

'MACSI, Department of Mathematics and Statistics, University
of Limerick, Ireland

2CABDyN Complexity Centre, Sad Business School, University
of Oxford, UK

3Physics Department, Clarendon Laboratory, University of
Oxford, UK

4School of Mathematical Sciences, Queen Mary University of
London, UK

Multilayer, interdependent and multiplex networks have
gained a lot of attention in recent years for their applications
in social sciences, large-scale infrastructures, neuroscience,
etc. In particular, it has been shown that such networks can
describe the resilience of large coupled infrastructures (power
grids, Internet, water systems, ) to failures, by studying
percolation properties under random damage. A feature
common to many empirical cases, such as in transportation
networks, social networks and epidemiology, is the high
occurrence of edge overlap, i.e. node pairs connected on
different layers. In spite of this important observation,
however, the theory has been lacking a formalism to deal with
overlap. Here we give a general theoretical approach that
includes edge overlap in percolation of multiplex networks.
Percolation is not only a simple model of robustness and
stability, but it also constitutes a fundamental step in dealing
with more complex models and even dynamical processes
occurring on the network. We apply this formalism to the case
of 2 and 3-layer Poisson graphs and investigate the resulting
critical phenomena. Numerical simulations show excellent
agreement with the theory. We show that the presence of a
critical value of edge overlap in a duplex can both change
the order of the phase transition from hybrid first order to
second order, and improve the robustness of the system. We
also show that in multiplexes with more than two layers the
observed critical phenomena become remarkably complex,
including the presence of high order multicritical points.
On one hand, there may occur first order phase transitions
between percolating phases with different strengths. On
the other, it emerges that overlap of edges which does not
involve all the layers can also change a continuous phase
transition to a discontinuous one, making system reliability
less predictable. This is a feature that may be relevant in the
design of large-scale infrastructures.

[1] D. Cellai, E. Lépez, J. Zhou, J.P. Gleeson and G. Bianconi,
Phys. Rev. E 88, 052811 (2013).

Discontinuous phase transition in a core contact
process

H. Chae, S.-H. Yook, Y. Kim

Department of Physics and Research Institute for Basic Sciences,

Kyung Hee University, Korea

To dynamically understand the resilience of a complex
network under random damage, a model for core contact
process on complex networks is suggested. From a mean-field
rate equation, it is analytically shown that the infection in
the model depends both on infection rate A and initial density

po of infected nodes. To describe the transition between
absorbing phase and active phase, density of infected nodes at
time t — 00, ps(A, po) = p(t = 00, A, po), is used as the order
parameter. In the absorbing phase ps = 0 and in the active
phase ps > 0. The phase transitions in the model are also
shown to be discontinuous from the mean-field theory. It is
shown that there are three types of transition natures in mean-
field level. The first type, which occurs as X increases with a
given p,, is a discontinuous hybrid transition with exponent
B = 1/2, ie., ps(A) — p* o< (A= A*)1/2 for A\ — A\*T. Here
A* is a threshold rate and p* is the density of infected nodes
for A\ = A*T. The second type, which occurs as A increases
with a given p,, is also a discontinuous hybrid transition with
exponents § = 1, i.e, ps(\) — p& o< (A—A%) for A — AT, Here
A} is a threshold rate and p} is the density of infected nodes
for A — A;'*‘. The third type which occurs as p, increases with
a given A is a discontinuous transition. Furthermore, by using
a heterogeneous mean-field theory, the model on annealed
networks is shown to have the same physical properties as
those from the mean-field theory. From the numerical sim-
ulations we also show that the model on quenched networks
has the same properties. Since the cluster structure in the
active phase of the model is nearly the same as those in the
k-core percolation, the model is a dynamical version of the
k-core percolation as the SIR model is a dynamical version
of ordinary percolation. From these results, we also discuss
the stability of various networks under core infection processes.

(1] H. Hinrichsen, Adv. Phys. 49, 815 (2000).

[2] S.N. Dorogovtsev, A.V. Holtsev, and J.F.F. Mendes, Phys.
Rev. Lett. 96, 040601 (2006).

[3] P. Grassberger, Math. Biosci. 63, 157 (1983).

Scaling analysis of negative differential thermal
resistance

H.-K. Chan', D. He?, B. Hu®

!Department of Physical and Theoretical Chemistry, School of
Chemistry, University of Nottingham, Nottingham, UK
2Depaurtment of Physics, Xiamen University, Xiamen, China.

3Department of Physics, University of Houston, Houston, USA

Negative differential thermal resistance (NDTR), the coun-
terintuitive phenomenon of decreasing heat flux for increasing
temperature difference, is the operational mechanism of
various model thermal devices such as the thermal transistor
and the thermal-memory device, where those devices are
made up of one-dimensional nonlinear lattices such as the
Frenkel-Kontorova (FK) model, the ¢* model and the
Fermi-Pasta-Ulam (FPU) model.
system-independent scaling analysis, that negative differential

Here we show, via a

thermal resistance can be artificially generated for any one-
dimensional heat flow with a temperature-dependent thermal
conductivity, where the general condition for the occurrence
of negative differential thermal resistance is given by an
inequality with three scaling exponents: nins < —(1+n3). In
this inequality, the scaling exponent n1 € (—o0, +00) describes
a particular way of varying the temperature difference, and
the scaling exponents ng and ns3 describe, respectively, the
dependence of the thermal conductivity on an average tem-
perature T = (T +7_)/2 and on the temperature difference
AT =T, —-T_ >0, where Ty > 0and T_ > 0 are respectively
the boundary temperatures at the higher-temperature and
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lower-temperature ends of an one-dimensional system. The
scaling analysis to be presented here is general in a way that
it is applicable to any possible temperature dependence of
a system’s thermal conductivity, even applicable to cases in
the nonlinear response regime where the thermal conductivity
could also be a function of the applied temperature difference.
For cases with a temperature-dependent thermal conductivity
(n2 # 0), negative differential thermal resistance can always
be generated with a suitable choice of the scaling exponent n;
such that this inequality is satisfied. The results explain the
illusory absence of a regime of negative differential thermal
resistance in certain nonlinear lattices (for example, the
Fermi-Pasta-Ulam model) and predict new ways of generating
negative differential thermal resistance, where such predictions
have been verified numerically. The analysis will provide
insights for a designing of thermal devices, and for a manipu-
lation of heat flow in experimental systems, such as nanotubes.

[1] HK. Chan, D. He and B. Hu, Phys. Rev. E 89, 052126
(2014).

[2] L. Wang and B. Li, Phys. Rev. Lett. 99, 177208 (2007).
[3] L. Wang and B. Li, Phys. Rev. Lett. 101, 267203 (2008).
[4] N. Li, J. Ren, L. Wang, G. Zhang, P. Hanggi and B. Li,
Rev. Mod. Phys 84, 1045 (2012).

[5] C.W. Chang, D. Okawa, A. Majumdar and A. Zettl, Science
314, 1121 (2006).

Isothermal collapse of self-gravitating Brownian
particles

P.-H. Chavanis, C. Sire

Laboratoire de Physique Theorique de Toulouse

Systems with long-range interactions are numerous in
Nature. Some examples include self-gravitating systems and
two-dimensional vortices in geophysical and astrophysical
flows. Systems with long-range interactions display a very
intriguing thermodynamics marked by the inequivalence of
statistical ensembles and a great diversity of phase transitions.
If the system is isolated, one must use the microcanonical
ensemble. This is the correct description of stellar systems
such as elliptical galaxies and globular clusters for which the
energy is approximately conserved. However, if the system
is in contact with a thermal bath imposing its temperature,
one must use the canonical ensemble. This is the correct
description of a system of self-gravitating Brownian particles.
These particles are subjected to a friction force, a stochastic
force, and they also interact gravitationally. This could model
the dynamics of dust particles in the solar nebula. In that
case, the particles experience, in addition to gravity, a friction
with the gas and a stochastic force due to ordinary Brownian
motion or to turbulence. To simplify the problem we consider
a limit of strong friction & — +oco in which the dynamics
of the particles is overdamped so that inertial effects can be
neglected. In the mean field approximation, which becomes
exact in a proper thermodynamic limit N — +4oco0, the
evolution of the spatial density of particles p(r,t) is governed
by the Smoluchowski-Poisson system. If the system is enclosed

within a “box”

in order to prevent its evaporation, it can be
in equilibrium at sufficiently high temperatures. However,
below a critical temperature kpT. = GMm/(2.52R) (where
R is the radius of the box, m the mass of the particles, M the

total mass of the system and G the constant of gravity), there
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is no statistical equilibrium state anymore and the system
undergoes gravitational collapse. This is a two-stages process.
There is first a self-similar collapse leading to a finite time
singularity: the central density becomes infinite in a finite
time but remains integrable at » = 0. Then, in a post-collapse
regime, the system forms a Dirac peak (a concentration of
mass) at the center of the system. We show that these regimes
of pre- and post-collapse can be described analytically. We
also discuss the analogies between self-gravitating Brownian
particles, the chemotaxis of bacteria in biology, and the
Bose-Einstein condensation.

[I] C. Sire and P.-H. Chavanis, Phys. Rev. E 66, 046133
2] C. Sire and P.-H. Chavanis, Phys. Rev. E 69, 066109

[3] P.-H. Chavanis and C. Sire, Phys. Rev. E 83, 031131

Statistical mechanics of two-dimensional Euler
flows and minimum enstrophy states
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The formation of large-scale vortices in geophysical and
astrophysical flows (e.g. Jupiter’s Great Red Spot) in a
These

coherent structures can be understood in terms of a statistical

remarkable property of two-dimensional turbulence.

mechanics of the incompressible 2D FEuler equation. In
the Miller-Robert-Sommeria (MRS) theory, the statistical
equilibrium state is obtained by maximizing a mixing
entropy while conserving all the constraints of the inviscid
dynamics, namely the energy, the circulation, and an infinite
number of Casimir integrals equivalent to the moments of
the fine-grained vorticity. Of course, the conservation of an
infinite number of constraints leads to technical difficulties.
It is also physically abusive since we expect that forcing
and dissipation will destroy some of the inviscid invariants.
We consider a simplified thermodynamic approach of the
incompressible 2D Euler equation based on the conservation
Statis-
tical equilibrium states are obtained by maximizing the

of energy, circulation, and microscopic enstrophy.

Miller-Robert-Sommeria (MRS) entropy under these sole
constraints. We assume that these constraints are selected
by properties of forcing and dissipation. We find that the
vorticity fluctuations are Gaussian while the mean flow is
characterized by a linear w — 1 relationship. Furthermore,
we prove that the maximization of entropy at fixed energy,
circulation, and microscopic enstrophy is equivalent to the
minimization of macroscopic enstrophy at fixed energy and
circulation. This provides a justification of the minimum
enstrophy principle from statistical mechanics when only the
microscopic enstrophy is conserved among the infinite class
of Casimir constraints. Relaxation equations towards the
statistical equilibrium state are derived. These equations can
serve as numerical algorithms to determine maximum entropy
or minimum enstrophy states. @ We use these relaxation
equations to study geometry induced phase transitions in
rectangular domains. In particular, we illustrate with the

relaxation equations the transition between monopoles and
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dipoles predicted by Chavanis and Sommeria (1996). We
argue that saddle points of entropy can be long-lived and
play a role in the dynamics because the system may not
spontaneously generate the perturbations that destabilize
them.

[1] P.-H. Chavanis and J. Sommeria, J. Fluid Mech. 314, 267
(1996).

[2] P.-H. Chavanis, Eur. Phys. J. B 70, 73 (2009).

[3] A. Naso, P.H. Chavanis, and B. Dubrulle, Eur. Phys. J. B
77, 187 (2010).

Photonic Simulation Of The Dirac Equation In
Metamaterials
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The Dirac equation provides a description of relativistic
quantum mechanics for an elementary spin-1/2 particle, which
predates the discovery of positron, an anti-particle of electron
in high energy physics, and also has extensive applications in
condensed matter systems such as graphene and topological
insulators [1]. It is one of the milestones in the development
of modern physics. Recent years it is realized that it is also a
key to understand the topological phases from one- to three-
dimensional systems and from insulators to superconductors
or superfluids. On the other hand, the Maxwells equations
form the foundations of classical electrodynamics and modern
optics. Modern techniques and material sciences make it
possible to precisely control photonic transport in artificial
optical materials or metamaterials [2], which attracts great
interests in the field of optics. Photonic technology available
now is reaching the stage to illustrate unusual ways for photon
manipulation such as negative refraction, electromagnetic
cloaking, structure-induced coherence, and mimicking pho-
tonic black holes. Here we propose to link the metamaterials
to topological phenomena in condensed matter systems and
We find that the
one-dimensional Maxwells equations can be written in the

the relativistic quantum mechanics [3].

compact form which has the identical mathematical structure
of the 1D Dirac equation. We perform a proof-of-principle
photonic simulation of 1D Dirac equation in metamaterials by
means of the full wave numerical simulation and microwave
experiment. For the first time we successfully implement
the band inversion of the Dirac equation. It is noted that
with the band inversion chirality of electromagnetic wave in
metamaterials changes from the right-handed to left-handed
triad, which determines a matter-antimatter correspondence.
Furthermore we utilize designing metamaterials to observe
experimentally the topological phases and excitations in one
dimension. This paves the way to investigate the topological
phenomena in condensed matter systems and the Dirac-like
particles in high-energy physics in a photonic simulator with
controlled experimental parameters. Meanwhile we can also
make use of the solutions of the Dirac equation to understand
exotic phenomena observed in metamaterials.

[1] S.Q. Shen, Springer-Verlag 174, 1 (2012).
[2] J.B. Pendry, Phys. Rev. Lett. 85, 3966 (2000).

[3] W. Tan et al, Sci. Rep. 4, 3842 (2014).

Subsidization of Production and Financialization
of Trade in Agricultural Commodities: two
symptoms of the same disease?

G.L. Chiarotti', M. d’Errico?, A. Laio?, C. Tebaldi®
ISC-CNR, Rome. Italy
2SISSA - Trieste

3Univ. Bocconi - Milano

Agricultural subsidies represent a major cost in agricultural
policy. Their world-wide annual impact is as large as 365
billions USD, [1].
criticized as an example of distortionary policies which limit

These government programs are often

the beneficial effects of competition on the selection of good
investment opportunities and support inefficient industry
protection [2]. Simultaneously, a growing body of literature,
see e.g. [3], is criticizing the integration of agricultural
commodity and financial markets for the opposite reason: the
overflow of capital invested in the commodity markets feeds a
destabilizing speculation and a tightening of market regulation
is then claimed in order to protect ”real” producers. While
the empirical evidence of international food price spikes and
volatility driven by financial markets is robust, its mechanics
is still under debate.

This paper builds a stylized equilibrium model of production,
trade and consumption of a given agricultural commodity
that, among other findings, rationalizes these contradictory
perspectives as a spillover of the inability of capital markets
to promote efficient liquidity risk-sharing.

Within this framework we rationalize the subsidization of
production and the financialization of trade as two effects with
a common origin: capital markets are segmented and liquidity
risk is not shared between long-term producers, short-term
intermediaries and financial investors. In this case, investment
flow is biased toward informed short-term trading at the
expense of long-term financing of commodity production. A
key observation emerging from the model is that the creation
of a market for contingent securities, e.g. a future contract,
improves production risk-sharing but tightens the liquidity
Within our model,

financialization of commodity markets can be understood as

constraints on long-term producers.

the growth in the volatility of aggregate production driven
by an increase in the investment flow toward the short-term
future market. The dynamic version of the model accounts for
the osbserved large negative autocorrelation of the commodity
price returns. The subsidization of production could then
be rationalized as the public transfer forced by the scarcity
of long-term investments. Our results suggest that the
“time to produce” should be considered a fundamental order
parameter in designing more efficient market regulations

aimed at improving liquidity risk sharing.

(1] J.-P. Chavas, Eur. Rev. Agr. Econ. 38, 383 (2011).
[2] D.A. Sumner et. al., Am. J. Agr. Econ. 92, 403 (2010).
[3] O. Orhangazi, Cambr. Jour. Econ. 32, 863 (2008).
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Bootstrapping topological properties of complex
economic networks

G. Cimini', T. Squartini', A. Gabrielli*2
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The reconstruction of a network’s statistical properties when
only partial information is available represents one of the
outstanding and unresolved problems in the field of statistical
physics of networks (Clauset2008, Mastromatteo2012). Yet,
addressing this issue can bring to many concrete applications.
A paramount example is the case of financial networks,
where nodes represent financial institutions and edges stand
for the various types of financial ties—such as loans or
derivative contracts. These ties result in dependencies among
institutions and constitute the ground for the propagation of
financial distress across the network. The resilience of the
system to the default or the distress of one or more nodes
depends on the topological structure of the whole network
(Battiston2012).
the information that regulators are able to collect on mutual

In contrast, due to confidentiality issues,

exposures is very limited.

Typically, the analysis of systemic risk has been pursued
by reconstructing the network using Maximum Entropy
algorithms, that however have the drawback of assuming
that the network is fully connected—which also leads to
systemic risk’s underestimation (Mastromatteo2012). More
refined methods (Mastromatteo2012) allow to obtain network
reconstructions with arbitrary level of heterogeneity, but the
density of connection must be specified ex ante and is not
recovered by the algorithm. In order to overcome these prob-
lems, we propose a novel approach named bootstrapping (BS)
method, which uses the limited topological information on the
network to generate an ensemble of networks according to the
exponential random graph (ERG) model (Park2004)—where
the unknown parameters that define it are replaced by known
intrinsic node-specific properties that we call fitnesses. The
estimation of the network’s topological properties is then
carried out within the ERG-induced ensemble.

We then study how the accuracy of the BS method depends
upon the size of the subset of nodes for which the infor-
mation is available, by focusing on those properties that
are commonly used to describe a network: density of links,
assortativity, hierarchy. To validate our method, we use
synthetic networks generated through the fitness model, as
well as real instances of economic systems: 1) the network of
trades among countries, and 2) the network of loans of the
E-mid interbank money market. We find that the method is
remarkably robust with respect to the number of nodes used
for calibration, leading (in many cases) to estimates of the
networks properties within an error of 5% with the knowledge
of a percentage as small as 10% of all nodes.

[1] A. Clauset, C. Moore, N. Newman, Nature 453, 98 (2008).
[2] I. Mastromatteo, E. Zarinelli, M. Marsili, J. Stat. Mech.
2012, P03011 (2012).

[3] S. Battiston, M. Puliga, R. Kaushik, P. Tasca, G. Caldarelli,
Sci. Rep. 2, 451 (2012).

[4] P. Mistrulli, J. Bank. Finance 35, 1114 (2011).

[5] J. Park, M. Newman, Phys. Rev. E 70, 066117 (2004).
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Short and long-range correlations between words
in texts: Universality versus cultural effects
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Papageorgiou®
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2Department of Mathematics, National Technical University of
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3Department of Physics, University of Athens, Greece
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A text consists of words which can be common words like
articles, pronouns, conjunctions or less common words that
specifies the topic(s) discussed in the text. However, a text is
not only a bag of words. To get a meaningful text, the words
should be arranged in a particular linear sequence. But, what
are the rules governing that sequencing of words in order to
have a text with meaning? In more physical terms, what are
the forces acting on the words and putting these at order when
we are writing a text? One can say that there are two kinds of
forces: the first is the grammatical and syntax rules which act
mainly at short ranges i.e. at nearby words and the second
is the meaning or the topic(s) of the text (meaning field)
which influence the word ordering at all scales and induce
long-range correlations between words. At the same time,
due to the source of the text (the author) the word sequences
have strong randomness and unpredictability which are
intermixed with the order coming from the above-mentioned
correlations. The question addressed in this work regards the
detection, quantification and further understanding of these
multi-scale correlations in the presence of strong randomness.
We are interested in the specific characteristics of these
correlations (fractal or multifractal symmetry) and focus on
their universality examining the effects of language family.
The parallel texts of ten European languages extracted from
the proceedings of European Parliament are mapped to
word-length series to enable their mathematical analysis.
In quantitative linguistics, the length of words has been
considered a key feature whose systematic study can reveal
important aspects of language structure and text typology.
In this work, the short-range correlations in the analysis of
word-length sequences are quantified through the n-gram
relative entropy defined as the subtraction of the n-gram
entropy of the real sequence from the corresponding entropy
of the shuffled sequence. We have found non-zero bigram
and trigram relative entropies being larger in Germanic
languages w.r.t. Romanic ones. The long-range correlations
have been studied through autocorrelation and multifractal
analysis. Persistent non-zero values of the autocorrelation
function are detected exhibiting a power law deterioration
with exponents close to 0.5 for the scale 10 to 100 words.
The shuffled autocorrelations fluctuate about zero revealing
the dynamical origins of word ordering patterns. In harmony
with these findings, fractal analysis of the sequences show
multifractal behavior especially at the scales 10-200 words
with the Germanic languages indicating more multifractality.

[1] P. Grzybek, Contributions to the 31, 15 (2006).

[2] M. A. Montemurro and D. H. Zanette, PLoS ONE 6, 19875
(2011).

[3] M. Ausloos, Phys. Rev. E 86, 031108 (2012).

[4] M. Kalimeri et al, Int. J. 22, 1250223 (2012).
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[5] K. Kosmidis, A. Kalampokis and P. Argyrakis, Physica A
370, 808 (2006).

Model-aided hybrid metrology and characteriza-
tion of surface nanoroughness

V. Constantoudis, G. Boulousis, K. Ellinas, E. Gogolides
Institute of Nanoscience and Nanotechnology, NCSR Demokritos,

Aghia Paraskevi, Greece

The investigation of the surface roughness of films is one of
the areas where statistical physics meets nanotechnology. In
nanotechnology, the roughening of a film surface at nanoscale
attributes to it new properties enabling new applications.
At the same time, the surface roughening of films is a
typical non-equilibrium statistical process which has been
investigated with the whole spectrum of the concepts and
methods of the statistical physics of far from equilibrium
systems (scaling analysis and exponents, universality classes,
dynamic phase transitions, emergence of self-organization,
Monte Carlo and molecular dynamics techniques, nonlinear
partial differential equations, networks etc.).

A critical step to the proper application of the methods
of statistical physics to nanoroughening processes is their
comparison with experimental measurements. During the last
decades, the explosion of scanning probe/electron microscopy
techniques multiplied the experimental roughness data.
However, in most cases these measurement data are strongly
biased by the applied measurement technique. For example
the measurements from Atomic Force Microscopy bear the
limitations of the used probe dimensions, whereas the images
acquired from Scanning Electron Microscope lack direct
height information for the images nanostructures.

To overcome these biases and get more reliable roughness
measurments, in this work we propose a model-aided
hybrid/holistic approach to the characterization of the
nanoroughness of film surfaces, combining in a synergetic
manner the measurement data from Atomic Force and

Scanning Electron Microscopes (AFM and SEM respectively)
along with a model reconstruction of rough surfaces. In
particular, the hybrid approach is implemented by obtaining
the height distribution function from AFM topographies
(given the high accuracy in AFM height measurements)
and the autocorrelation function or Fourier transform of the
surface morphology from SEM images (given the high spatial
resolution in SEM images). These functions are then used
as input to an algorithm to generate random surfaces having
similar roughness metrics to the real surface. These output
surfaces may be finally employed to measure hybrid roughness
parameters, such as the active surface area and the statistical
parameters of the distributions of surface slopes. The latter
parameters may be critical in many applications where rough
surfaces are used to control wetting behaviour, bioadhesion or
tribological properties. As an example, we apply the hybrid
approach to the estimation of the ratio of the real to the nomi-
nal surface of a sample of cyclic olefin etched in oxygen plasma.

[1] J. Foucher, Proc. SPIE Advanced, 7971 (2011).
[2] Y.Z. Hu and K. Tonder, Int. J. Mach. Tools 32, 83 (1992).
[3] C.A. Mack, Appl. Optics 52, 1472 (2013).

Condensation of large fluctuations in a thermo-
dynamical system

F. Corberi', M. Zannetti!, G. Gonnella?
1Dipartimcnto di Fisica E.R. Caianiello, Universitd di Salerno,
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2Dipartimento di Fisica, Universita di Bari, Italy.

We consider the large-deviation function (rate function) of
the fluctuations of extensive variables in a thermodynamic
system. By computing it in some solvable model we show the
widespread occurrence of non-analyticities, a feature due to
the underlying phenomenon of condensation of fluctuations.
Similarly to the more often considered phenomenon of
condensation on average (as it is observed, for instance, in
the Bose-Einstein condensates) condensation of fluctuations
occurs when the contribution of a single mode (usually the
one with zero wavevector) to a a large fluctuation becomes
macroscopic. This interesting issue is however conceptually
distinct from condensation on average, and can be observed
even in systems with trivial average properties. Indeed, one
stricking feature is that, contrary to what happens on average,
condensation of fluctuations may occurr in a classical system
even in the absence of interactions or external constraints.
We investigate this surprising phenomenon, in and out of
equilibrium, in the context of simple models of classical
statistical mechanics, like the Gaussian model or the Spherical
model, chosen as paradigmatical non-interacting or interacting
systems where explicit calculations can be carried over. It
is shown that condensation of fluctuations is responsible for
the non-analiticity of the large deviation function of extensive
observables. The explanation of this phenomenon emerges
from the mapping between large deviation events in the given
system and typical events in a dual system subjected to an
appropriate bias. It is shown that the bias in the companion
system induces a mean-field-like effective interaction which,
in turn, is responsible for the condensation transition which is
mirrored in properties of fluctuations in the original system.
Phase diagrams with a condensed and a normal phase,
covering both the equilibrium and the off-equilibrium regimes,
are derived for observables representative of generic behaviors.
These show a rich phenomenology, with the interesting
property of re-entrant phase-transitions. The difference in
the experimental protocols required to observe the two facets
of condensation, in the fluctuation spectra or on average
quantities, is highlighted, and possible experimental settings
are proposed.

(] F. Corberi et al., J. Phys. A: Math. Th 46, 0420011 (2013).
[2] F. Corberi et al., Europhysics News 44, 2 (2013).

[3] C. Chamon, F. Corberi et al., J. Stat. Mech. P08015
(2011).
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Maximum Entropy Principle and Path Depen-
dence
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In spite of its indisputable practical role, it is widely
acknowledged that the range of applicability of the Maximum
Entropy Principle (MEP) is rather limited.
non-Markovian and non-extensive systems, whose potential

Nonergodic,

configurations grow sub-exponentially with the number of
elements or system size, are clearly out of the area of the
Statistical
systems displaying any kind of memory, path dependence

applicability of the MEP in its classical form.

or strong internal interactions are candidates to exhibit this
non-exponential growing of the phase space behaviour. The
question if these systems are describable with a generalised
MEP is a hot topic of research. Recent advances on the
field of non-extensive statistical dynamics, in particular,
the generalisation of the entropy functional ((c,d)-entropy)
provided in (Hanel and Thurner,2011) offer a clear theoretical
framework on how the MEP could be extended to non-ergodic
systems.

In this talk we will start reviewing how Boltzmann’s fun-
damental definition of statistical entropy S = klog(W) is
related to the multiplicities of independent random processes.
Crucially, for these kind of systems, this relation provides a
straightforward way leading to the usual MEP, where the
specific functional to be maximised is the well-known Shannon
Entropy. This entropy functional is the only satisfying the
four Khinchin’s axioms for the entropy. It can be shown
that the removal of the 4th Khinchin axiom (assumption
of independence) naturally leads to a generalised entropic
functional depending on two general parameters, (c,d), whose
particular values encompass almost all generalised entropies
defined in the past. Under this framework, the MEP is
perfectly generalisable and consistent (Hanel,Thurner and
Gell-Mann,2014).
performed in an analogous way to the classical derivation

The generalisation of the principle is

of the MEP based on Shannon’s entropy from Boltzmann
entropy, when independence of random events is assumed.
Consistently, this latter case appears as a particular case of
the generalised MEP.

We finally apply the generalised MEP above presented to well
known simple systems exhibiting path dependence. Indeed,
we show that the statistical properties of Dirichlet-type
systems can be exactly derived from the generalised MEP. In
particular, for the first time we are able to use a generalised
MEP to exactly predict the time-dependent distribution
functions of simple path-dependent random processes, such as
the Chinese Restaurant Process.

[1] R. Hanel and S. Thurner, Europhys. Lett. 93, 20006 (2011).
[2] R. Hanel, S. Thurner and M. Gell-Mann, Proceedings of the
N 109, 19151 (2012).

[3] R. Hanel and S. Thurner, Entropy 15, 5324 (2013).

[4] R. Hanel, S. Thurner and M. Gell-Mann, (Submitted)
(2014).
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Country Development as a Complex Dynamical
System: Weather-Like Forecasting
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Which will be the growth of the Gross Domestic Product and
the competitiveness of China, United States, and Vietnam in
next 3, 5 or even 10 years? Despite this kind of question has
a large societal impact and an extreme value for economic
policy making, how to provide a scientific basis for economic
predictability is still a very challenging problem.

Recent results of a new branch — Economic Complexity —
set basis for a framework to approach such a challenge and
provide new perspectives to cast economic forecast into the
framework of forecasting the evolution of a dynamical system
as in the case of weather dynamics. Here we argue a recently
introduced non-monetary metrics for country competitiveness
(fitness) allows for quantifying the hidden growth potential
of countries by the comparison of this measure of intangible
assets with monetary figures such as GDP per capita.

This comparison defines the fitness-income plane where we
observe that country dynamics present strongly heterogeneous
patterns of evolution. The flow in some zones is found to be
laminar while in others a chaotic behavior is instead observed.
These two regimes correspond to very different predictability
features of the country evolution: in the former regime we
find strong predictable pattern while the latter scenario
is characterized by a very low predictability. In such a
framework, the usual tool used in Economics of regressions is
no more the appropriate one to deal with such a heterogeneous
scenario and new concepts, borrowed from dynamical systems
theory, are needed. ~We therefore propose a data-driven
method - the selective predictability scheme - where to assess
future evolution of countries we adopt a strategy similar to
the methods of analogues firstly introduced by Lorenz. In
detail we show the existence of at least four different zones
in the fitness-income plane, each zone has specific patterns
of evolution with precise economic interpretations. This new
scheme also draws new perspectives in the assessment of the
Rather than
substituting GDP-based measures with new synthetic and

wealth, development and success of nations.

somehow holistic indicators such as human development index
and genuine progress indicator, a more scientific approach
would correspond to introduce new dimensions, i.e. variables,
to traditional monetary figures as done for fitness to properly
grasp those intangible assets a country owns and cannot be
merely measured or reduced into income terms.

(1] A. Tacchella et al., Scientific Rep. 2, 723 (2012).
[2] M. Cristelli et al., PLoS ONE 8(8), 70726 (2013).
[3] M. Cristelli et al., Working Paper (2014).

Entropies of deformed binomial distributions

H. Bergeron!, EM.F. Curado?, J.P. Gazeau', L.M.C.S.
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In most of the realistic models in Physics one must take
correlations into account; events which are usually presented
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as independent, like in a binomial Bernoulli process, are
These
perturbations lead to deformations of the mathematical

actually submitted to correlative perturbations.

independent laws. As a matter of fact, the deformation of
the Poisson distribution upon which is based the construction
of Glauber coherent states in quantum optics leads to the
so-called nonlinear coherent states. In order to study these
kind of correlations we have introduced a generalization
of the binomial distribution associated with a sequence of
positive numbers that can be symmetric or asymmetric, i.e.,
it preserves or not the symmetry win-loss. The analysis of the
nonnegativeness of the formal expressions was a key-point to
give them a statistical interpretation in terms of probabilities.
We present an approach based on generating functions that
solves the previous difficulties: the constraints of nonnegative-
ness are automatically fulfilled, a complete characterization
in terms of generating functions is given and a large number
of analytical examples becomes available. We analyze three
canonical examples of the symmetric generalization: a) a
case based on a so-called g-exponential function; b) a case
based on the Lambert function and Abel polynomials and c)
a case based on Hermite polynomials. Interestingly, despite
the fact that our symmetric distributions do not in general
fulfill the Leibniz triangle rule, in fact, only the example
(a) satisfies this rule strictly, we are able to show that for
the other non trivial examples the rule is asymptotically
verified. We have analyzed numerically these examples and
we have also explored analytically the extensivity property
of the corresponding BG entropy and other entropic forms,
We found
numerically and also analytically that for examples (a) and

when the number of events tends to infinite.

(c) the Boltzmann-Gibbs entropic form is extensive when
the number of events tends to infinity but for the example
(b) the Boltzmann-Gibbs entropy is not anymore extensive.
The extensive entropy in this case is Rnyi entropy, with
values of the Rnyi parameter q between zero and one. In the
case (b) the Boltzmann-Gibbs entropy is proportional to the
square-root of the number of events when this number tends
to infinity.

[1] H. Bergeron, E.M.F. Curado, J.P. Gazeau and Ligia M.C.S.
Rodrigues, J. Math. Phys 54, 123301 (2013).

[2] H. Bergeron, E.M.F. Curado, J.P. Gazeau and Ligia M.C.S.
Rodrigues, J. Math. Phys. 53, 103304 (2012).

[3] H. Bergeron, E.M.F. Curado, J.P. Gazeau and Ligia M.C.S.
Rodrigues, Nankai Series 11, 265 (2013).

Dynamics of Trust in Networks and Systemic Risk
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The financial crisis of 2007-2008 has motivated a vast amount
of research in the realm of systemic risk. The focus has been
on creating measures of systemic risk through appropriate
network topological properties, which can act as early-warning
signals for disaster, as well as on truthfully understanding
the underlying mechanisms of contagion in financial markets,
which can be amplified by diversification and leverage and
mitigated with transaction taxes. In some of these studies,
the proposed models and frameworks were tested against
historical data, showing for example that reality is not
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consistent with models assuming rational expectations.

After Lehman Brothers filed for bankruptcy in September
2008, the worsening of overall trust and confidence in the
interbank market drove financial markets towards a credit
freeze, corroborating the idea that this sentiment plays a
major role in sparking and propagating disruptive events.
Moreover, it is highly sensitive to expectations about what
other people expect, which is one of the fundamental feedback
loops for self-fulfilling prophecies. This notion of trust is
already part of a few stylized network models. However,
most analyses of the crisis so far have not taken this variable
into account. We believe this is mostly due to the difficulty
involved in surveying and measuring this sentiment at high
frequency.

Based on intuitive assumptions about the confidence one
has in each other, we build a network model to capture the
features of the aggregate behaviour of the agents in terms
of trustworthiness and links. In particular, we look into the
propagation and amplification of negative events. We keep
our model as simple and tractable as possible, while a number
of parameters, such as panic and sensitiveness to difference
(homophily), allows for a realistic landscape. In contrast to
more static approaches, our model incorporates the dynamics
of the trust and inter-agent networks simultaneously, with a
mutual feedback between links and agents trustworthiness.
Losing trust is a faster phenomena than building trust, trig-
gering panic avalanches which cause sudden disintegrations of
the network for specific parameter values. Our findings are
supported by numeric simulations and mathematical analysis.
This research project is part of the pan-European initiative
CRISIS.

(1] S. Battiston et al, Scientific Rep. 2, (2012).

[2] J.-P. Bouchaud, J. Stat. Phys. 151, 567 (2013).

[3] P. Sieczka, D. Sornette and J.A. Holyst, Eur. Phys. J. B
82, 257 (2011).

[4] F. Caccioli et al, arXiv1210.5987 (2012).

[5] F. Corsi, S. Marmi and F. Lillo, SSRN 2278298 (2013).

Statistical analyses of the numerical modelling of
geomagnetically induced currents in a Brazilian
transmission line.

C. da Silva Barbosa, G.A. Hartmann, K.J. Pinheiro,
A.R.R. Papa
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Magnetic storms are caused by disturbances in the
magnetosphere-ionosphere system, as result of solar activity.
Rapid changing currents in this system cause geomagnetic
field temporal variations, which induce electric currents in
conducting materials at the Earths surface (Pirjola, 2007).
These currents, known as geomagnetically induced currents
and that propagate in electric power transmission grids,
pipelines, telecommunication cables and railway systems
might cause problems in transformers. The understanding of
GICs effects for different space weather conditions and risk
analysis have been a matter of recent concern and debate
in the scientific community, especially due to our increasing
dependence on electricity and communication systems. The
well-known power failure in the Hydro-Quebec system in
March 1989, for example, affected human installations over
a period of about 30 hours (Bolduc, 2002). The modelling
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and prediction of GICs in electric networks may avoid such
hazards. The calculation of GICs requires a model of electrical
conductivity in the region of study, direct measurements or
model of the geomagnetic field, computation of the electric
field and network model of the power grid. High-voltage power
systems are more vulnerable to GIC flows, especially where
they offer low resistance for the electrical current compared
to the ground. GICs are usually larger in high latitudes since
auroral regions induce large east-west electric fields at the
Earths surface, amplifying these currents up to 100 Ampres.
That is the reason why effects of space weather disturbances
on high latitudes are more frequently explored. However,
there has been a growing perception that GICs might also
affect technological systems in low latitude regions. That is
the reason why GICs have been recently measured and/or
modelled in middle and low latitude countries such as Brazil
(Trivedi et al., 2007). Methods of statistical physics could
be applied to evaluate possible risks from electric system is
subject to large GIC (Langlois, 1996). In this work, we used
the plane wave model to calculate the geoelectric field and
geomagnetically induced currents during the period 7-10th
November 2004. We compare our results with data registered
directly in the line (Trivedi et al, 2007). A statistical analysis
has been applied to validate our model. We calculated the
distribution of the amplitudes of the geomagnetically induced
currents obtained from the numerical model and compare
it with the distribution of the amplitudes experimentally
measured in the line. The probability of the Brazilian power
grid be subject to high geomagnetically induced currents is
analyzed.

[1] R. Pirjola, J. Atmospher 69, 1305 (2007).

[2] Trivedi, Adv. Space Re 36, 2021 (2005).

[3] Bolduc, . J. Atmos. Sol. Ter 64, 1793 (2002).
[4] P. Langlois, J. Ggeomagneti 48 1033 (1996).

Stochastic Processes on interdependent networks

G. D’Agostino
ENEA

Modern life in countries of advanced level of development
relies on the coordinate functioning of several interdependent
infrastructures. Due to their vital role, these infrastructures
are often referred to as ”critical”. The protection of critical
infrastructures aginst natural hazards or antropic attacks
represents an important activity of both the European Union
and the United States.

Modeling, Analysis and Simulation of such complex system
may be achieved by different approaches among which High
Level Abstraction Models play an important role due to
their promptness in providing results and their capability to
outline emergent behaviors. One of the most promizing of
such approaches comes from Complexity Science. Standalone
Critical Infrastructures can be modelled by that paradigm as
networks; consequenly, Interdependent Critical Infrastructures
need to be treated as ”Network of Networks” (NoN’s).

Stochastic processes arise naturally on networks as concep-
tualization of different processes such as the epidemics (for
both humans and animals); the gossip propagation; the fault
accumulation and propagation on physical infrastructures;
diffusion processes and other randomic activities. The same
processes need to be modelled for networks of networks. The
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present contribution will be focussed on Fault propagation and
synchronization stability of interdependent infrastructures
that can be abstracted to Diffusion and epidemic stochastic
processes on NoN’s. Inoperable I/O markov Models (IIM)
represent useful tools to deal with disturbance propagation
Here The are
extended here to general Markov processes on networks of

on networks and interdependent networks.

networks. Among the different approach to deal with stochas-
tic processes on network of networks, present contribution
focuses on topological issues and especially on the spectral
properties (of the laplacian and the adjacency matrix) that
determine the epidemic threshold and the sinchronizability of
the network of networks.

The concept of ”Model Network of Networks” is introduced
as a natural extention of ”model networks” to the case of
interdependent systems. The proper definition of a Model
Network of Networks requires three basic ingredients: the
model networks of each component network; the macroscopic
topology of the system (where networks are treated as single
entities) and a linkage strategy that tells which nodes of which
networks are allowed to be connected. We have constructed
several model Pairs of Network of different component
network linked by different linkage strategies. The Spectral
analyses of the resulting graphs provide evidence of emergent
behaviors in large NoN’s.

(] J. Martin Hernandez et al, Physica A 404, 92 (2014).
[2] H. Wang et al, Phys. Rev. E 88, 022801 (2013).
[3] G. D’Agostino et al, Adv. Complex 15, 1 (2012).

Equilibrium and Dynamic Properties of Strongly
Confined Liquids

C. Dasgupta®, S. Saw', S.M. Kamil?

!Department of Physics, Indian Institute of Science, Bangalore,
India

2School of Natural Sciences, Shiv Nadar University, Gautam
Budh Nagar, India

Equilibrium and dynamic properties of strongly confined
binary mixtures of simple liquids are studied using molecular
dynamics and Monte Carlo simulations. We find that
confinement of binary mixtures by a non-preferential repulsive
wall causes, in addition to the well-known spatial modulation
of the total density, a spatial modulation of the concentrations
of the two components near the wall. When a repulsive wall
is present, the local density of the liquid is depleted near
the wall and and an interface similar to that between the
liquid and its vapor is created. The Guggenheim adsorption
relation quantifies the concentrations of the components of a
binary mixture near a liquid-vapor interface and qualitatively
states that the majority or minority component enriches the
interface for negative or positive mixing energy, respectively,
if the surface tensions of the components are not very different
We find that the Guggenheim relation
remains valid for wall-induced interfaces at all temperatures

from each other.

and densities for systems with negative mixing energy. For
systems with positive mixing energy, the Guggenheim relation
remains valid at low densities, but it is violated at state
points where correlations in the liquid are strong. This
observation is validated from a calculation of the density
profiles of the components of the mixture using classical
density functional theory. Our results are relevant to recent
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experiments on vapor-deposited glasses [1] in which variations
in the concentrations of different components of the glass near
the substrate and the interface with the vapor significantly
affect the physical properties of the glass.

The spatially resolved dynamics of the confined liquid is found
to oscillate in phase with the density modulation near the
wall and to approach that of the bulk liquid far away from
the wall.
wall faster than that in the bulk, whereas structured walls,

Unstructured walls make the dynamics near the

such as those with a crystalline arrangement of particles,
We show that that the local
dynamics in systems with density modulation induced by

slow down the dynamics.

an external potential can be substantially different from
that in systems in which a similar density modulation is
induced by the presence of confining walls. These results
indicate that mode-coupling theories [2,3] in which the effects
of confinement on the dynamics are expressed entirely in
terms of the confinement-induced density modulation do

not provide a complete description of the physics of the system.

[] S.F. Swallen et al., Science 315, 353 (2007).
[2] S. Lang et al., Phys. Rev. Lett. 105, 125701 (2011).
[3] S.K. Nandi et al., Phys. Rev. E 84, 061501 (2011).

Emergence of Periodic and Aperiodic Two-
Dimensional Patterns through De-mixing

M. Choudhuri!, A. Datta', A.N. Sekar Iyengar®
!Surface Physics and Materials Science Division, Saha Institute
of Nuclear Physics, Kolkata, India

2Plasma Physics Division, Saha Institute of Nuclear Physics,
Kolkata, India

A two dimensional (2D) binary film of thiol capped Au
nanoparticles (AuNPs) and amphiphilic stearic acid (StA) is
self assembled on the water surface of a Langmuir Blodgett
trough. The morphology of this film is studied with a
Brewster Angle Microscope (BAM) which resolves the film
at the scale of few micrometers. The StA molecules form a
monomolecular thin film while the AuNPs are found to self
organize as a two dimensional network/ pattern of enclosed
and connected micro-spaces of AuNP clusters in this StA
template. The pattern is studied while varying the surface
pressure ™ = y9 — v , where yo(v) is the surface tension of
pure (monolayer-covered) water, which can in turn be readily
controlled by compressing/expanding the film between the
trough barriers. The network of AuNP clusters so formed
through de-mixing was found to have extensive coverage in
the template for concentration of AuNPs by weight, p >
10% and m > 10mNm~!. The 2D dynamics of this network
which emerges from competing lipophilic interactions between
AuNPs on the one hand and AuNP-StA tails on the other
has been studied over a long time scale at constant w. The
pattern lowers the number of nodes/connections (n), evolving
gradually (> 2 hrs) to a state characterized by larger coherent
structures and with greater in plane thickness of the AuNP
threads. The pattern changes over to this lower n state, where
the pattern consists of almost perfect circles minimizing the
line tension of the network. In the higher n state (at short
times) the mean square (ms) fluctuation of BAM intensity
varies as F2(l) = 1% with @ ~ 1.2 over the length scales
| < 6um and wavy undulations about a flat plateau for length
scales between 6um — 400pum. For the lower n state (at
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long times), the ms fluctuation shows a single slope behavior
wherein o ~ 0.5 at all length scales. The ms fluctuation at
small times is similar to that for a periodic wave with some
randomness. The scale free behavior at large times indicates
emergence of aperiodic self affine behavior from the initial
quasi-periodicity.

[1] V.M. Kaganer, H.M. Ahwald, Rev. Mod. Phys. 71, 779

(1999).

[2] C.M. Knobler and R.C. Desai, Ann. Rev. Phys. Chem 43,
207 (1992).

[3] M.K. Bera, M.K. Sanyal, S.P, Europhys. Lett. 78, 56003
(2007).

[4] M. Brust, M. Walker and D. Bethell, J. Chem. Soc. Chem.
C, 801 (1994).
(5] D. Hanig, D. Mabius, Thin Solid Films 64, 210-211 (1992).

Finite size effects on computer calculations of
supercooled liquids

N.C. de Sena', M.A. Amato?

lInstituto de Fisica, Universidade de Brasilia and Instituto
Federal de Brasilia, Campus Gama

2Instituto de Fisica and Centro Internacional de Fisica da Matéria

Condensada, Universidade de Brasilia

Super-cooled liquids are out-of-equilibrium systems in which
a material remains in the liquid phase at temperatures lower
then its melting point. At even lower temperatures, these ma-
terials stop flowing, passing through the glass transition, so-
lidifying to an amorphous glassy phase. Computer simulations
of these systems have been done, and a problem that remains
opened is how the system size influences the outcome. In this
work, we present a numerical study concerning the effects of
changing the system size for two different potentials in 2- and
3-dimensions: the Kob-Andersen model (Kob and Andersen,
1995) for a binary mixture

o=t [(22) - ()] w

with a,8 € {A,B} and €44 = 1.0, eap = 1.5, egp = 0.5,
oaa = 1.0, oap = 0.80, opp = 0.88 and cutoff distance
2.5043; and the power law repulsive interaction

T'[i ’r'[i k q T'ﬂ 20
o(52) =<| (52) *@Z_}C“(m) @

if rag/Aag < xc, @ (rag/)\ag) = 0 otherwise, used by (Kar-

makar and Procaccia, 2012), where € is the energy scale, x. is
the length for which the potential vanishes with ¢ derivatives
and, again, o, € {A,B} and Ag4 = 1.0, Agap = 1.18 and
ABp = 1.4. The coefficients coy are

(=1t (k + 291 7= (k20 3)
(2q — 201201 (k — 2)11(k + 20)°° '

Cop =

The parameters chosen were z. = 1.3854, k = 10 and ¢q = 2,
following the reference. As a first step we have reproduced the
previous results in the literature, and we are implementing
the numerical routine to use CUDA programs for the GPU
computing of these potentials with an even larger number of
particles.
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[1] W. Kob and H.C. Andersen, Phys. Rev. E 51, 4626 (1995).
[2] S. Karmakar and I. Procaccia, Physical Review E 86,
061502 (2012).

[3] H.J.C. Berendsen et al, J. Chem. Phys 81, 3684 (1984).

Order parameter profiles in presence of topologi-
cal defect lines

G. Delfino
SISSA, Trieste, Italy

Field theory is the natural tool to describe universal
properties of statistical systems. Away from criticality,
large distance correlations are determined by the low energy
behavior of the underlying field theory, and a main role is
played by the analytic structure of the matrix elements of
local fields in the complex energy plane. Singularities on this
plane have a physical meaning, simple poles being associated
to bound states and branch cuts to the opening of scattering
channels. In contrast with these well understood ’dynamical’
singularities, additional (’kinematical’) singularities have
traditionally been considered as unwanted features consistent
theories should be free of.

We point out that kinematical singularities at zero energy are
instead essential to account for the non-locality of the order
parameter field with respect to topological excitations, and
that they determine the order parameter profiles in statistical
systems with boundary conditions leading to the presence of
topological defect lines.

The simplest example is provided by phase separation in
two dimensions, for which the interface separating different
phases corresponds to the trajectory of a kink. While the only
available exact derivation of the order parameter variation
across the interface concerned the lattice Ising model, we
show how the kinematical singularity of the order parameter
field accounts for two-dimensional phase separation in a
general, exact and simple way. In more detail, the kinematical
singularity determines the jump of the order parameter across
the interface, while regular terms contribute to the interface
internal structure, in particular to its branching properties.
Field theory also provides the fundamental and exact de-
scription of wetting in two dimensions. In particular, for
the case of phase separation in a wedge, which provides the
basic example of how the geometry of the substrate modifies
adsorption properties, we determine the passage probability
for the interface and exhibit the fundamental origin of the
contact angle as well as of the wetting transition condition.
The role of kinematical singularities in higher dimensions is
illustrated by the (n+1)-dimensional n-vector model. With
suitable boundary conditions this model exhibits topological
defect lines corresponding to the propagation in imaginary

Ising kinks for n=1, XY
We argue the form of the

time of topological excitations:
vortices for n=2, and so on.
kinematical singularities needed to account for the variation
of the order parameter. The result we obtain in this way
reproduces that known for n=1, but should be exact also for
n > 1.

[] G. Delfino, J. Phys. A 47, 132001 (2014).

[2] G. Delfino, J. Viti, J. Stat. Mech. P10009 (2012).

[3] G. Delfino, A. Squarcini, Ann. Phys. 342, 171 (2014).
[4] G. Delfino, A. Squarcini, arXiv1403.1138 (2014).

[5] G. Delfino, A. Squarcini, J. Stat. Mech. P05010 (2013).
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Quorum Sensing: correlation in the bacterial

world

D. Delle Side', V. Nassisi’, P. Alifano?, C. Pennetta', E.
Giuffreda!, A. Tala?, M.S. Tredici?

!'Dipartimento di Matematica e Fisica Ennio De Giorgi, Universita
del Salento and INFN Section of Lecce, Lecce Italy
?Dipartimento di Scienze e Tecnologie Biologiche ed Ambientali,

Universia del Salento, Lecce Italy

Bacteria are known to coordinate at a colony level a

diverse array of physiological activities that are presumably
productive only when groups of cells act in concert. This
fascinating process, that eventually leads bacteria colonies to
act as multicellular organisms, is known as Quorum Sensing
(QS)[1]. From a biochemical point of view, QS is mediated by
means of some small molecules called autoinducers, secreted
by bacteria as a function of the colony growth. By sensing
the concentration of such autoinducers, bacteria are able
to estimate their density and initiate costly processes, that
would be useless if started only by isolated individuals.
Evidently, this mechanism implicitly results in a biological
example of correlation. In effect, bacteria use the autoin-
ducers to influence the behavior of the colony, inducing gene
expression or repression as a function of their density. In
particular, bioluminescence[2], i.e. the property of some living
organisms to transform chemical energy into visible light, is a
phenomenon mediated by QS, widely diffused among bacteria.
By means of Petri dishes spotted with the bioluminescent
Vibrio sp. PS1, a Vibio harveyi related strain, we show that
in conditions of high temperature (30+1°C) and dry environ-
ment, bioluminescence is affected by QS-induced correlation.
In particular, the distribution of the activation times of the
bioluminescent activity in bacteria, proportional to their
radiant flux, shows a fat tail for large times[3]|, which is well
approximated by the Gumbel distribution of extreme value
statistics. This happens despite no extremal process is known
to take place. Furthermore, we found that this behavior is
in accordance with the rule suggested by Bramwell for the
occurrence of the Gumbel distribution in spatially averaged
physical observables[4]. It is possible, indeed, to relate the
total energy radiated by the bioluminescent bacteria, which is
proportional to Gumbel’s cumulative distribution function, to
the logarithm of the bacterial growth curve, described by the
Gompertz model[5].
This circumstance suggests an interesting relation between
bacterial growth and bioluminescent emission. In effect, it
is possible to relate the position and scale parameters of the
Gumbel distribution (m and s) with the biological parameters
characterizing the growth of the colony under exam, i.e. the
mazimum specific growth rate pmaez and the lag time A.
‘We present experimental evidence on this relation, trying to
elucidate the complex inter-relationships between bacterial
bioluminescence, QS and growth rates.

(] C.M. Waters and B.L. Bassler, Annu. Rev. Cell Dev. 21,
319 (2005).

[2] K.H. Nealson and J.W. Hastings, Microbiol. Rev. 43, 496
(1979).

[3] D. Delle Side et al, Appl. Phys. Lett. 103, 253702 (2013).
[4] S.T. Bramwell, Nature Phys. 5, 443 (2009).

[5] M.H. Zwietering, I. Jongenburger, F.M. Rombouts, and K.
van 't Riet, Appl. Env. Microbiol 56, 1875 (1990).
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Penner Matrix Models Inspired by Interacting
RNA

P. Bhadola, N. Deo
Department of Physics and Astrophysics, University of Delhi,

India

The nonlinear Penner type external interaction
U(9) = o5 Tita (W™ H)iTrllog é7] i introduced and studied in
the random matrix model of homo Ribo Nucleic Acid (RNA).
The Penner interaction originally appeared in the studies of
moduli space of punctured surfaces and has been applied here
(for the first time) in addressing the problem of interacting
RNA folding. An exact analytic formula for the generating
function is derived using the orthogonal polynomial method.
The partition function derived from the generating function
for a given length enumerates all possible interacting RNA
structure of possible topologies as well as the pairing. A
numerical technique is developed to study the partition
function and a general formula is obtained for all lengths.
The asymptotic large length distribution functions are found
and show a change in the critical exponent of the secondary
structure contribution from L=3/2 for large N (size of matrix,
N > L, where L is the length of the RNA chain ) to L=1/2 for
small N and double peak. This observation in the nonlinear
model is similar to that observed in the unfolding experiments
on RNA with osmolytes and monovalent cations.

Preliminary results on biological networks for an enzyme will
be briefly discussed.

[1] H. Orland, A. Zee, Nucl. Phys. B [FS]620, 456 (2002).

[2] G. Vernizzi, Henri Orland, A. Zee, Phys. Rev. Lett. 94,
168103 (2005).

[3] P. Bhadola, I. Garg and N. Deo, Nucl. Phys. B [FS]870,
384 (2013).

[4] P. Bhadola and N. Deo, Phys. Rev. E 88, 032706 (2013).

Distribution of the positions of the scouts in a
population of invaders with contact interactions

C. Deroulers
Univ Paris Diderot-Paris 7

Invasion is a common phenomenon in many biological or
ecological processes. In particular, our motivation is the
invasion of healthy tissues by tumour cells, which happens in
some brain tumours called diffuse gliomas, but also when a
tumour has started its metastatic transformation. Our aim
is to get quantitative predictions about the invaded area (or
volume), e.g. the statistical distribution of the position of the
furthest individual (a cell in the context of tumours) from
the source of invaders, or from the center of the expanding
population if there is no source.

In the context of diffuse glioma, this information is crucial
for the success of surgery and finally the survival of the
patient. Indeed, it is commonly believed that isolated tumour
cells left by the surgeon because they are undetectable with
standard imaging techniques (e.g. MRI) are responsible for
tumour regrowth, then death of the patient. In the context of
ecology, this information may guide the fight against a newly
introduced invasive species.

We address this question in the framework of cellular au-
tomata (or individual-based models) where agents perform

random walks with excluded volume and contact interactions,
and proliferate. In particular, we study some kinds of
exclusion processes with contact interactions that have been
proven relevant for migrating tumour cells[1,2].

First, we establish, in two space dimensions, approximate
analytic equations for the density of invaders which take
nearest-neighbour correlations due to contact interactions into
account. These equations take the form of coupled partial
differential equations for the density and the intensity of
correlations. We show, by careful comparison to stochastic
simulation results, that including the correlations in this
continuous space limit significantly improves the quality of
the analytic approximations. They may also help to measure
the intensity of interactions in experiments[3].

Then, we give (approximate) analytic predictions regarding
the distribution of the furthest invader and the geometrical
parameters of the convex hull of all invaders, as a function of
the time allowed for invasion and of the nature and intensity
contact interactions. They are successfully compared to
stochastic simulations.

(1] C. Deroulers, M. Aubert, M. Badoual and B. Grammaticos,
Phys. Rev. E 79, 031917 (2009).

[2] E. Khain, C.M. Schneider-Mizell, M.O. Nowicki, E.A.
Chiocca, S.E. Lawler and L.M. Sander, Europhys. Lett. 88,
28006 (2009).

[3] G. Ascolani, M. Badoual and C. Deroulers, Phys. Rev. E
87, 012702 (2013).

Connectivity of confined dense networks

J. Coon', C. Dettmann?, O. Georgiou®
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We consider random geometric graph models relevant to
wireless mesh networks. Nodes (wireless devices) are placed
randomly in a domain with a uniform distribution, since
in many cases it is not desirable to specify the locations in
advance. Uses include vehicular networks, sensor networks
for environmental monitoring, and also ad-hoc networks for
disaster recovery and military applications.

Pairwise connections are made independently with probability
a specified function of the distance between the pair of nodes,
either the commonly studied unit disk model (a step function
from one to zero at a fixed range) or soft connection functions
such as exp(—r"), as derived in more practical Rayleigh
fading models. Here the path loss exponent 7 ranges from
about 2 in uncluttered to 6 in cluttered environments. In a
more general anisotropic model, the connection function also
depends on the orientation of the nodes.

The probability that the network is (k-)connected is estimated
as a function of density using a cluster expansion approach.
This leads to a double integral over the domain which can
then be estimated in the high density limit to obtain an
expression involving a sum of boundary components: bulk,
faces, edges and corners. At the very highest densities the
connectivity is dominated by the sharpest corners, but in
general several boundary components are required for an
accurate estimate of the connection probability.

For connectivity, we find that the disconnection probability is
at a first approximation given by the probability of a single
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isolated node. Similarly, network resilience is quantified by
k-connectivity, the property of connection when any k£ — 1
nodes are removed. We assume that this is given by the more
tractable probability of minimum degree k. Numerical tests
show that this approximation holds very well, but only for
the more practical soft connection functions. Thus, incorrect
choice of connection function may lead to qualitatively
incorrect results.

Anisotropic connection (beamforming) enhances connectivity,
but only when the path loss exponent 7 is less than the spatial
dimension. In the presence of boundaries, a multi-lobed
radiation pattern is required, for example with 14 lobes to
mitigate the effects of a cubical corner.

Random geometric graphs and the effects of boundaries,
soft connection functions and anisotropy are thus of major
practical importance in the design of effective low-cost systems.

[1] J.P. Coon, C.P. Dettmann and O. Georgiou, J. Stat. Phys.
147, 758 (2012).

[2] O. Georgiou, C.P. Dettmann and J.P. Coon, EPL 103,
28006 (2013).

[3] O. Georgiou, C.P. Dettmann and J.P. Coon, arxiv
1310.7473 (2013).

On the spatial distribution of the Italian primary
school-size
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3Department of Physics, Yeshiva University, New York, USA

An increasing interest in social phenomena has been devoted
in physics in the last decades. Growing literature has shown
complexity features of cities, firms, or social groups. As
well as other social complex systems, schools feature power
law distributions, fat tails and properties incomprehensible
An Italian official dataset with
N = 17,871 primary schools allows us to look at the Italian

using orthodox theories.

schooling system from a novel complex perspective, conveying
information on the number of classes and students enrolled,
and locations. We introduce a definition of school-size z;
as the number of students currently enrolled in the school 1
and we show that the PDF can be well approximated by a
lognormal distribution. However, we find that the lognormal
prediction does not fit appropriately the tail parts of PDF.
Similarly to firms, data suggest that there are too many small
schools on the left side and lesser in the upper tail which
exponentially decays. In particular, despite the fat lower tail
has been particularly targeted in the past years by political
interest and lawful attempts, no rising of the size of the
schools in the lower quantiles has been obtained.

The biggest puzzle of the school-size PDF is the two-peak
shape. We test bimodality finding that the italian primary
school-size distribution is very likely to be a mixture of two
laws governing small schools in the countryside and bigger
The bimodality
source is addressed in the paper by introducing a new

ones in very dense regions, respectively.

spatial interaction analysis. Motivated by the absence of any
territorial constraint in school choice, according to the law
n. 275/99, we introduce a measure of the average spatial
interaction intensity between a school and the surrounding
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ones in different Italian regions. We find that interactions
are very weak, on average, for small schools, especially
for countryside-based regions. This pattern involves small
villages, with only one school, whose closeness coincides with
the proximity of schools.

Despite the free choice, primary students generally do not
move across cities to attend a school. As a result, school
density and school-size are prevalently driven by the popu-
lation density and, in turn, by the geographical features of
the territory. Fat lower tail and bimodality are then natural
characteristics of the Italian school organization that from
the aftermath of the World War IT has been aimed to spread

education within the country.

[] A. Belmonte, R. Di Clemente and S. V. Buldyrev, Sci. Rep.
to be published, TBD (2014).

[2] X. Gabaix, Q. J. Econ. 114, 739 (1999).

[3] M.H.R. Stanley et al., Econ. Lett. 49, 453 (1995).

[4] D. Fu et al., Eur. Phys. J. B 57, 127 (2007).

[5] R.L. Axtell, Science 293, 1818 (2001).

Dependency structure and scaling properties of
financial time series are related

T. Di Matteo!, R. Morales!, N. Musmeci!, T. Aste?
'King’s College London
2University College London

There are two main elements that define the complexity of
financial time series: the first is multifractality [1], which is
associated to the behavior of each single variable and the way
it scales in time; the second is the structure of dependency be-
tween time series, associated with the collective behavior of the
whole set of variables [2,3]. So far, these two manifestations
of complexity have been investigated separately. In this talk
I will point out that -in fact- they are related [4]. I will first
introduce a graph-theoretic approach to extract clusters and
hierarchies in an unsupervised and deterministic manner, with-
out the use of any prior information [2] showing that applica-
tions to financial data-sets can meaningfully identify industrial
activities and structural market changes [5]. I will then show
new empirical observations of a deep interplay between cross-
correlations hierarchical properties and multifractality [4]. In
particular the degree of multifractality displayed by different
stocks is found to be positively correlated to their depth in the
hierarchy of cross-correlations.

(1] T. Di Matteo, Quant. Fin. 7(1), 21 (2007).

[2] W.-Min Song, T. Di Matteo, T. Aste, PLos One 7(3),
31929 (2012).

[3] F. Pozzi, T. Di Matteo and T. Aste, Scientific Rep. 3, 1665
(2013).

[4] R. Morales, T. Di Matteo, T. Aste, Scientific Rep. 4, 4589
(2014).

(5] N. Musmeci, T. Aste, T. Di Matteo, submitted, (2014).
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Biomimicri, Imitation and Learning As A Method
For Developing Cognitive Agents
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There is experimental research showing that Newborn infants
ranging in age from 0.7 to 71 hours old were tested for their
ability to imitate 2 adult facial gestures: mouth opening and
tongue protrusion. At least one of the explanations of this
early imitation for babies less then 3 days old is that it is
instrumental, geared to better interact with the care providers.
Later on, when babies begin to grow they use imitation to
evaluate the consequences of actions, e.g. if a behavior or
action and its consequences are rewarding, the child is very
likely to imitate the same behavior or action, otherwise will
stay away from it. It is conceivable that both animal and
human knowledge and behavior may include a concatenation
of: observation, evaluation, imitation, evaluation, and learn-
ing. Once the results of certain behavior have been shown to
be good or bad, this information becomes part of what has
been learned. Once a sufficient number of lessons have been
learned, all these lessons become part of the animal or human
toolbox to navigate through life. This is only a simplified view
of the results of the studies of child development theorists, but
it is a simplified model that may explain in layman language
what happens. This view could help to develop man-made
entities able to evolve independently in a way akin to what
happens in nature. These man-made entities may take the
form of software programs, of small hardware devices (e.g.
robots) or both. To avoid costly mistakes we must model our
man-made entities before we build them. For the purpose
of modeling and simulation, structurally and architecturally
simple entities can be identified with autonomous cognitive
agent.
we believe that at various points in time natural evolution

We followed the philosophy of biomimicri because

happened because of the actions of entities unable to deal with
crisp values and unable to express computationally complex
mathematical formulas. We show how structurally simple
agents can observe, evaluate, imitate, and iteratively evaluate
and imitate and, in so doing, act to their own survival and
evolutionary advantage. Our talk will describe this stream
of our research, based on biomimicri, and in particular on
the ability to imitate and learn. Our goal is to develop
simple cognitive agents able to learn, imitate, and evaluate
the results of this imitation. We have already achieved good
results with the simple task of crossing a highway avoiding

the incoming vehicle traffic.

[1] A.N. Meltzoff and M.K. Moore, Newborn infants imit 54,
702 (1983).

[2] A. Bandura, D. Ross and S.A. Ross, J. Abnormal 63, 575
(1961).

[3] A. Bandura, Social Learning Theo, (Prentice Hall 1977).
[4] M. Wooldridge, An Introduction to M Book, John Wiley
& Sons (2009).

[5] A. M. Uhrmacher, D. Weyns, Multi-Agent Systems, (CRC
Press 2009).

Critical Casimir Forces

S. Dietrich

Max Planck Institut fiir Intelligente Systeme, Germany, and
Institut fiir Theoretische Physik IV, Universitdt Stuttgart,

Germany

Long-ranged correlations in a fluid near its critical point
lead to clearly identifiable effective forces acting on confining
walls. The corresponding universal scaling functions are
discussed for different boundary conditions and geometries.
The theoretical predictions are compared with high precision
experimental data for He* and He3/He* wetting films near
the superfluid phase transition as well as with synchrotron
scattering data from classical binary liquid mixtures. Direct
measurements and applications for colloidal suspensions are
discussed.

Understanding the nature of climate transitions
from paleoclimatic data

P.D. Ditlevsen

Centre for Ice and Climate, Niels Bohr Institute, University of

Copenhagen

It is taken for granted that the limited predictability in
the initial value problem, the weather prediction, and the
predictability of the statistics are two distinct problems.
Lorenz (1975) dubbed this predictability of the first and the
second kind respectively. Predictability of the first kind in a
chaotic dynamical system is limited due to the well-known
critical dependence on initial conditions. Predictability of the
second kind is possible in an ergodic system, where either
the dynamics is known and the phase space attractor can be
characterized by simulation or the system can be observed
for such long times that the statistics can be obtained from
temporal averaging, assuming that the attractor does not
change in time. For the climate system the distinction
between predictability of the first and the second kind is
fuzzy. On the one hand, the predictability horizon for a
weather forecast is not related to the inverse of the Lyapunov
exponent of the system. On the other hand, turning to
climate change predictions, the time scales on which the
system is considered quasi-stationary, such that the statistics,
say mean surface temperature, can be predicted as a function
of an external parameter, say atmospheric greenhouse gas
concentration, is still short in comparison to slow dynamics
such as the oceanic overturning. On these time scales the state
of these slow variables still depends on the initial conditions.
The non-linear nature of the problem furthermore opens the
possibility of multiple attractors, or multiple quasi-steady
states. As the paleoclimatic record shows, the climate has
been jumping between different quasi-stationary climates.
Such a jump happens very fast when a critical tipping point
has been reached. The question is: Can a tipping point be
predicted? This is a new kind of predictability (the third
kind). If the tipping point is reached through a bifurcation,
where the stability of the system is governed by some control
parameter, changing in a predictable way to a critical value,
the tipping is predictable. If the sudden jump occurs because
internal chaotic fluctuations, noise, push the system across a
barrier, the tipping is as unpredictable as the triggering noise.
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In order to hint at an answer to this question, an analysis of
the Dansgaard-Oeschger climate events observed in ice core
records is presented. The result of the analysis points to a
fundamental limitation in predictability of the third kind.

[1] P.D. Ditlevsen and S. Johnsen, Geophys. Res. Lett. 37,
L19703 (2010).

[2] P.D. Ditlevsen, Geophys. Res. Lett. 26, 1441 (1999).

[3] P.D. Ditlevsen, Contemporary Phys. 50, 511 (2009).

The entanglement temperature for the N-
dimensional quantum walk

A. Romanelli, R. Donangelo
Universidad de la Republica, Facultad de Ingeniria

Our studies suggest that if a quantum dynamics develops in
a composite Hilbert space (i.e., the tensor product of several
subspaces), then the behavior of an operator that belongs
only to one of the subspaces may camouflage the unitary
character of the global evolution. The entanglement between
the position and coin state of a N-dimensional quantum
walker is shown to lead to a thermodynamic theory. The
entropy, in this thermodynamics, is associated to the reduced
density operator for the evolution of chirality, taking a partial
trace over positions. From the asymptotic reduced density
matrix it is possible to define thermodynamic quantities,
such as the asymptotic entanglement entropy, temperature,
Helmholz free energy, etc. We study in detail the case of
a 2-dimensional quantum walk, in the case of two different
initial conditions: a non-separable coin-position initial state,
and a separable one. The resulting entanglement temperature
is presented as function of the parameters of the system and
those of the initial conditions.

[1] A.Romanelli, Phys. Rev. A 85, 012319 (2012).
[2] A. Romanelli, Phys. Rev. A 81, 062349 (2010).
[3] A. Romanelli, Phys. Rev. A 80, 042332 (2009).

Angular correlations of x-rays scattered from
nano particles and biomolecules in solution

S. Doniach!, D. Mendez', T.J Lane!, J. Sung', D.
Ratner?

1Stanford University, Stanford CA, USA

2SLAC National Accelerator Laboratory, Menl Park, CA USA

In 1977 Z. Kam [1] showed theoretically that angular
correlations of x-rays scattered from internally ordered objects
such as proteins in solution could yield detailed information
about the internal structure of the scattering particles. We
will show that advances in x-ray sources and detectors have
now made this possible at atomic resolution [2].

For an ensemble of O{10°} simple metallic nano parcels
exposed to a micro-focussed synchrotron radiation x-ray
beam we have been able to extract angular correla-
tions of the data as a function of azimuthal angles
around the the powder rings for wide-angle scattering
C(a1,92,0q1,02) = (ngings) — (ng){ngy). For a simplified
model of the internal structure for a 20nm silver nano particle
as an fcc lattice confined to a sphere, the correlations may be
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thought of as resulting from double bragg scattering resulting
from self-interference of pairs of x-rays scattered from the
same nano-particle. These may be estimated both for auto-
correlations within a give ring subtending scattering vector
q1, and for inter-ring correlators between rings subtending
vectors q1 and g2.

We demonstrate that the intrinsic background noise resulting
from independent scattering events from different particles
can be averaged to effective convergence by averaging over
~ 103 independent x-ray shots through different parts of the
sample [3]. The resulting correlator angles 64, 4, are in accord
with the fcc lattice of metallic silver.

We will discuss how these measurements can provide
atomic resolution constraints on atomic models of biological
molecules such as DNA and proteins. Application of this
Correlated X-ray Scattering (CXS) approach to time resolved
measurements of chemical reactions of biomolecues using
x-ray free electron lasers (xFELs) will allow atomic resolution
snapshots of changing molecular conformations taken in
the timescale of the ~10’s of femtoseconds duration of an
xFEL pulse. These time scales are too short for appreciable
atomic motions to take place, so that the capture of structure
before the molecule is dstroyed by the x-ray pulse becomes
possible [4].
series of such measurements can place constraints on the

We will discuss how a pump-probe time

spectrum iof intermediate molecular conformations obtained
from Markov State Modeling of the kinetics of biomolecules[5].

(] Z. Kam, Macromolecules 10, 927 (1977).

[2] D. Mendez et al, Phil. Trans. Roy Soc june 9 issue, tbd
(2014).

[3] R.A. Kirian et al, Phys. Rev. E 84, 011921 (2011).

[4] J.C.H.Spence eta al, Rep. Prog. Phys. 75, 102601 (2012).
[5] G.R. Bowman et al, JACS 133, 664 (2010).

Pattern Formation on Networks: a Continuous

Time Random Walk approach

I.C. Donnelly', B.I. Henry', C.N. Angstmann®, T.A.M.
Langlands?
LUNSW Australia

2University of Southern Queensland

Motivated by the recent explosion of network science, we
consider pattern formation on networks including Turing Pat-
terns, both stationary and oscillatory, as well as chemotaxis.
We characterise pattern formation on networks as a build up
of concentration on specific vertices. We highlight similarities
and differences between pattern formation mechanisms in the
continuum and on networks. A generalised master equation
(GME) governing these mechanisms may be derived using a
Continuous Time Random Walk (CTRW) approach. Such an
approach is particularly useful when modeling non-Markovian
processes such as anomalous diffusion. We also consider the
application of modeling the development of prion-like diseases
on the white matter transport network in the brain.

The network model we consider allows for reactions of
particles on vertices and diffusion of particles between
vertices. The CTRW incorporates two separate processes;
first a particle waits on a vertex for some time taken from
a waiting time probability density before jumping to a
neighbouring node. The jump process is governed by a jump
probability density. The precise incorporation of reactions
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into the CTRW model for networks is nontrivial, as, even in
the spatial continuum case, reaction and diffusion processes
become entwined. The resultant GME provides a fundamental
description of reactions, diffusion and forcing on networks.
Time- and vertex-dependent forces and edge weights may be
incorporated by including a bias in the jump density.
Anomalous diffusion is an ubiquitous phenomena observed
in physics, biology, chemistry and sociology where the mean
squared displacement of the system scales sublinearly with
time. Such phenomena can by trivially incorporated using
the CTRW approach by using a heavy tailed waiting time
density, instead of the commonly used exponential waiting
time density. We will show how this affects the dynamics of
the system in a range of cases including Turing patterns and
chemotaxis.

We conclude be investigating a range of applications including
the spread of prion-like diseases in the brain. Such diseases
are caused by misfolded proteins spreading through the brains
white matter transport network in a subdiffusive manner and
locally catalysing other healthy proteins to misfold. These
misfolded proteins build up in stationary plaques on neurons,
causing them to malfunction. We will show how anomalous
diffusion affects the observed buildup of plaques in the brain.

[1] C.N. Angstmann, I.C. Donnelly, B.I. Henry, Phys. Rev. E
87, 032804 (2013).

[2] C.N. Angstmann, I.C. Donnelly, B.I. Henry, T.A.M. Lang-
lands, Phys. Rev. E 88, 022811 (2013).

Random field Ising model with finite connectivity

F. Doria', D. Dominguez', R. Erichsen', S. Magalhaes?,
M. Gonzéles®

LUFRGS - Universidade Federal do Rio Grande do Sul

2UFF - Universidade Federal Fluminense

3Universidad Estatal del Sur de Manabi

The random field Ising model (RFIM) has been attracting
intense interest of researchers since its introduction by Larkin
[1] more than four decades ago. From theoretical point
of view, the reason comes from that this disordered model
presents an impressive richness of static and dynamic behavior
behind its apparently simplicity [2]. From the experimental
one the interest comes from that random field (RF) type
phenomenology can be found in a variety of distinct scenarios
as vortices in superconductors , disordered Cerium systems
and ferro-electric systems [3]. However, much of the interest
in the random field Ising model for both theoretical and ex-
perimentalists can also be directly traced from the remarkable
proposition by Fishman and Aharony that this model could
be generated in a real diluted Ising anti ferro-magnetic field
[4]. Moreover, variations of the applied magnetic field would
adjust the strength of the random field. As consequence, it
also allows to confirm theoretical predictions as, for instance,
that the ferromagnetic (FM) phase is suppressed by the ran-
dom field for a dimension d.t with the results of the simulation.

] A.L Larkin, Sov. phys JETP 31, 784 (1970).

[2] D.P. Belanger, A.P. Young, J. Magn Magn. Mat 100, 272
(1991).

[3] W. Kleeman, J. Adv. Dieletrics 2, 124001 (2012).

[4] S. Fishman, A. Aharony, J. Phys. C 12, L729 (1979).

[5] D.P. Belanger, World Scientific , (1998).

The Square-Well Model within the Mean Spher-
ical Approximation as a Reference System in
Variational Calculations for Liquid Metals

N.E. Dubinin, V.V. Filippov, N.A. Vatolin
Institute of Metallurgy of the Ural Branch of Russian Academy of

Sciences, Russia

The variational method of the thermodynamic perturbation
theory is widely used in structure and thermodynamics
calculations for liquid and amorphous metals. Recently, the
square-well model (SW) was suggested as a reference system
in the variational calculations for simple liquid metals for the
first time [1]. It was found that the SW-variational procedure
gives a lower upper bound of the Helmholtz free energy (HFE)
In [1] the SW
system was taken within the random phase approximation
(RPA). It is a shortcoming of the work [1] since the SW-RPA
solution leads to unphysical behavior of the structure factor

than the hard-sphere-variational procedure.

at some sets of the SW parameters. Progress in this area can
be achieved by using more accurate theories of liquids, such
as the mean spherical approximation (MSA). Here, we use
the SW-MSA reference system for which the semi-analytical
approach developed in [2,3] is applied. Thermodynamics and
structure of pure liquid alkali metals are studied. It is found
that the Helmholtz free energy has not a global minimum
as a function of all three SW parameters. For this reason,
we suggest a minimization with respect to the hard-core
diameter only at fixed SW width and SW depth. Its values
are determined from the characteristics of the effective pair
potentials calculated in the framework of the Animalu-Heine
pseudopotential approach which used here for describing the
metals under consideration. Results obtained in local HFE
minimums for each metal under consideration agree better
with experiment than ones obtained earlier [1] with the
SW-RPA reference system.

This work is supported by the Program of UD RAS (grant
12-T-3-1022) and Russian Program of Scientific Schools (grant
3354.2014.3).

[ N.E. Dubinin, A.A. Yuryev, N.A. Vatolin, J. Non-
Equilibrium Therm. 35, 289 (2010).

[2] N.E. Dubinin, V.V. Filippov, N.A. Vatolin, J. Non-Crystal.
Sol. 353, 1798 (2007).

[3] N.E. Dubinin, V.V. Filippov, O.G. Malkhanova, N.A. Va-
tolin, Cent. Eur. J. Phys. 7, 584 (2009).

Superdiffusion as a result of mechanical work

Krasnova A.K.*?, O.A. Chichigina®, A.A. Dubkov®

1 Lomonosov Moscow State University

2Schmidt Institute of Physics of the Earth of the Russian
Academy of Sciences

3Lobachevsky State University

Superdiffusion (fast diffusion) is usually considered as a
result of Lévy statistics. The process, in a sense, is more
random than normal diffusion. It sounds paradoxical, but
such deterministic external influence as mechanical work can
lead to superdiffusion. It is possible only for systems having
sources of the randomness where the mechanical energy can
be quickly transformed into the energy of chaotic motion.

Dispersing Dbilliards satisfy the following strong chaotic
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properties: a) the central limit theorem holds; b) correlations
decay exponentially; c) the particle flow is ergodic with
mixing. As a result, one can define the canonical ensemble
and such parameters as temperature, pressure, diffusion
coefficient, mechanical work, etc. for this type of billiards
and apply the theory of two-dimensional ideal gas. A quite
natural generalization of the classical billiards is a system
with oscillating boundaries. The unlimited linear growth of
particle velocity in these systems is called the Fermi accel-
eration phenomenon. As is well known, Fermi acceleration
leads to anomalous transport in periodical Lorenz gas with
stochastically oscillating scatterers. A periodic Lorentz gas is
a system containing a set of heavy discs (scatterers) embedded
at sites of an infinite lattice. Particles move freely among
these discs.

In our paper, we consider diffusion in Lorenz gas with random
distribution in space of periodically moving scatterers. These
periodic oscillations of scatterers can be interpreted as the
mechanical work. This work expends on the increase of the
internal energy. As is shown, the consequence of periodic
oscillations of the scatterers is that the diffusion coefficient is
in three times higher than for stochastic scatterers motion of
the same intensity. It should be emphasized that this type of
superdiffusion can be described by a standard approach, anal-
ogously to the normal diffusion in the ideal gas. In this case
the diffusion coefficient will increase linearly with time as a re-
sult of heating provided by the mechanical work. The method
proposed does not require complicated argumentation, and the
final results are in a good agreement with the results of direct
numerical simulations. This approach can still be useful for in-
vestigation of particles motion in complex landscapes, like the
anomalously fast motion of metal clusters on graphite surfaces.

[1] A. Loskutov, O. Chichigina, A. Krasnova, I. Sokolov, EPL
98, 10006 (2012).

[2] A. Loskutov, O. Chichigina, A. Rjabov, IJBC 18, 2863
(2008).

[3] A. Krasnova, O. Chichigina, Moscow Univ. Bul. 67, 48
(2012).

Isomorphs, hidden scale invariance, and quasiu-
niversality

J.C. Dyre

Roskilde University, Denmark

This presentation first establishes an approximate scaling
property of the potential-energy function of a classical liquid
with good isomorphs (a Roskilde-simple liquid) [1]. This
pseudo-homogeneous property makes explicit thatand in
which sensesuch a system has a hidden scale invariance. The
second part of the paper gives a potential-energy formulation
of the quasiuniversality of monatomic Roskilde-simple liquids,
which was recently rationalized in terms of the existence of a
quasiuniversal single-parameter family of reduced-coordinate
constant potential-energy [2]. The new formulation involves a
quasiuniversal reduced-coordinate potential-energy function.
Consequences of this are discussed.

Background: Simple liquids are traditionally defined as sys-
tems of spherically symmetric particles interacting via pairwise
additive forces. It is now known, however, that a number of
such systems like the Gaussian core model, the Lennard-Jones
Gaussian model, the Jagla and related discontinuous-force
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models, and other models exhibit quite complex behavior. On
the other hand, van der Waals molecular liquids are generally
regular and simple in their properties. In view of these
facts we recently with Ingebrigtsen and Schrder suggested
defining instead liquid simplicity from the property of strong
correlations between equilibrium virial and potential energy
fluctuations in the NVT ensemble [3]. In practice there is
considerable overlap between the two definitions, for instance
the Lennard-Jones liquid and related systems are simple in
both senses. One notable difference is that realistic systems
are only simple in the present meaning of the term in part of
their phase diagramsimplicity does not apply near the critical
point or at gas states (where different kinds of simplicity
apply, of course). With regard to real liquids, it appears
that most or all van der Waals bonded and metallic liquids
are simple, whereas covalently bonded, hydrogen-bonded,
and strongly ionic liquids are generally not simple because
directional and competing interactions tend to weaken the
virial potential-energy correlations. Roskilde-simple liquids
are characterized by having isomorphs in their thermodynamic
phase diagram. An isomorph is an equivalence class of the
following equivalence relation: two state points are isomorphic
if all pairs of physically relevant microconfigurations of the
state points, which trivially scale into one another, have
the same configuration-space canonical probability. Among
pair-potential liquids only inverse-power law (IPL) systems
have exact isomorphs, but all Roskilde-simple liquids have
isomorphs to a good approximation. Simple liquids simple
properties derive from the fact that the existence of isomorphs
implies that their thermodynamic phase diagram is effectively
one-dimensional instead of two-dimensional for all properties
that are isomorph invariant. Examples of such properties
are:  Newtonian and Brownian reduced-unit dynamics,
reduced-unit static structure factors of any order, the excess
entropy, the isochoric heat capacity. For any simple liquid
solidification defines an isomorph in the phase diagram; this
implies invariance along the melting curve of, e.g., excess
entropy, reduced viscosity, reduced heat conductivity, reduced
diffusion constant, etc., as well as invariance of the Lindemann
melting criterion.

(1] J.C. Dyre, Phys. Rev. E 88, 042139 (2013).

[2] J.C. Dyre, Phys. Rev. E 87, 022106 (2013).

[3] T. Ingebrigtsen, T.B. Schrder and J.C. Dyre, Phys. Rev.
X 2, 011011 (2012).

IRIS observations of O IV and Si IV Lines in the
Solar Transition Region and diagnostics of the
k-distribution

J. Dudik?, E. Dzifcakova?, G. Del Zanna', H. Mason®, L.
Golub?®

'DAMTP, CMS, University of Cambridge, UK

2 Astronomical Institute, Academy of Sciences of the Czech
Republic

3Harvard-Smithsonian Center for Astrophysics, MA, USA

The observations of the solar transition region O IV and
Si IV lines by the Interface Region Imaging Spectrograph
(IRIS, Pontieu et al., 2014) show unusual line intensities
ratios. The formation of these lines were investigated for both
Maxwellian and non-Maxwellian conditions characterized by
a k-distribution with a high-energy tail. We have investigated
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the formation of the O IV, Si IV and S IV lines. To do that,
we utilized the state-of-art atomic data that will be part of
the upcoming CHIANTTI version 8. The O IV 1401.16A line
is formed at higher temperatures than the neighboring Si
IV1402.77A line. This is true for all values of & considered.
Taking into account the slope of the differential emission
measure (DEM) in the transition region, the Si IV line
can be formed predominantly at very low temperatures of
log(T/K) — 4 even for weakly non-Maxwellian situations. In
contrast, the O IV 1401.16A line will be formed at such low
T only under extremely non-Maxwellian situations of k~2-3
or in regions characterized with very steep DEM slopes. If
the values of k diagnosed by Dzifcakova and Kulinova (2011)
are correct, the Si IVlines will be formed in different parts of
the transition region than the O IV line, a situation possibly
discernible by the IRIS instrument.
are predicted to have lower O IV intensities compared to the

The synthetic spectra

purely Maxwellian transition region. No direct diagnostics of
k was found using O IV line ratios, due to close wavelengths
of these lines, which are formed from upper levels having
similar energies.

The usefulness of the O IV lines for density diagnostics depends
on the ratio considered. The O TV 1404.78A /1399.77A ratio
is particularly useful, as it is only weakly dependent on
temperature and k, except for extremely non-Maxwellian
situation of k~2 and very low log(T/K)—4, where the
density sensitivity is lost. However, the O IV 1404.78A line is
blended with the S IV1404.81A transition. The contribution
of this blend can be estimated using the S IV1406.02A line.

It is also found that photoexcitation of the Si IV lines
by photospheric and/or chromospheric radiation cannot
be neglected. @ We recommend using realistic spectra to
calculate the photoexcitation contribution to these lines.
The O IV lines are not found to be sensitive to photoexcitation.

[1] E. Dzifcakova, A. Kulinova, Astron. & Astrophys. 531,
122, (2011).

[2] De Pontieu and 87 coauthors, Solar Physics 289, 2733
(2014).

[3] Landi et al., ApJS 763, 86, (2013).

Phylogenetics as Quantum Computing: Con-

cepts, Tools, Simulations

D. Ellinas®, P.D. Jarvis?

! Technical University of Crete School of Electronic and Computer
Engineering

2University of Tasmania School of Mathematics and Physics

This work puts forward a novel application of the discipline of
quantum computation-information to the field of evolutionary
phylogenetics.  Phylogenetics’ main task is to construct
ancestral relationships (phylogenies), inferred by analyzing
statistical data, collected for various (morphological or
genotype) kinds of characters or traits, possessed by selected
groups of biological organisms (taxa). This amounts to
construction of phylogenetic trees with appropriate branching
patterns and evolutionary lengths, that successfully reproduce
statistical trends of alignments of sequences of certain charac-
ters. Various evolutionary models that compete by adjusting
their tree vertex transition probabilities, to accomplish this
computationally NP-hard task, are then assessed by some
statistical estimation such as maximum likelihood measure. In

this work a quantum simulation of phylogenetic evolution and
inference, is introduced in terms of trace preserving positive
maps (a.k.a. quantum channels) operating on quantum
density matrices defined for quantum systems with Hilbert
space CN, which encoding states of biological taxa with
N characters. Simulation of elementary operations such as
speciation (branching of trees) and phyletic evolution along
tree branches, are put forward utilizing conditional control-
not unitary gates and quantum channels with unitary or
complex matrix Kraus generators. Basic evolutionary models
(Jukes-Cantor JC, Kimura two-parameter, three-parameter
K2, K3, binary symmetric model B, and the Felsenstein
model), are simulated and associated to quantum circuits.
Specifically, the so called group-based phylogenetic models
(JC, K2, K3, B), are associated to quantum walks (QW), with
unitary Kraus generators (random unitary channels), and
the Felsenstein model is related to post-measurement states.
Simulation of iterative cherry growing and cherry pruning
basic processes in a phylogenetic trees is provided and its dual
character is shown in terms of the state-observable duality in
the quantum setting. The central problem of phylogenetics
i.e. the statistical estimation of free parameters of stochastic
matrices implementing the stochastic evolution of characters
along tree branches is addressed by formulating an analogous
quantum maximum likelihood estimation problem for the free
parameters of quantum channels operating along branches.
Final remarks concern the role of quantum computation simu-
lation of phylogenetics in issues of computational complexity.

(1] D. Ellinas and J.D. Jarvis, Quantum Simulation, TUC
preprint, 4 (2014).

[2] M. Arndt, T. Juffmann and V. Vedral, HFSO J. 3, 386
(2009).

[3] C. Semple and M. Steel, ”Phylogenetics”, Oxford, OUP
(2003).

Ornstein-Uhlenbeck limit for the velocity process
of an N-particle system interacting stochastically

B.V. Ribeiro!, Y. Elsekns?®

nstituto de Fisica, Universidade de Brasilia
?Equipe turbulence plasma, CNRS Aix-Marseille Université,

Campus Saint-Jérome

We consider a 3-dimensional N-particle system with mass
m and no potential energy. The interaction is modeled as
random momentum exchange between particles, obeying
conservation of energy. The dynamics of the system is given
by a single stochastic differential equation for a D = 3N
dimensional velocity vector (V) driven by a D-dimensional
Brownian noise term. A quick look at this evolution equation
shows us that a single component of V evolves independently
of the remaining directions according to an one dimensional
Ornstein-Uhlenbeck process driven by a single noise term
along the same direction (corresponding to a particle moving
in “white noise” with friction) , when this component is
small enough. Our interest, however, is to study the limiting
process for the components of V when these are of order one.
Let A be the noise amplitude and kg7'/2 be the total energy
per degree of freedom. We thus consider the component V; of
V and the component AB; of the noise term driving V. Call
U1 the Ornstein-Uhlenbeck process driven by the noise AB;
in a viscous bath with friction rate mA2/(kgT). We prove

7-11 July 2014



Yo 2014

that Vi converges in probability to this U; as N — oo. The
proof easily extends to any finite number n

[1] M. Kiessling, C. Lancellotti, J. Stat. Phys. 123, 525 (2006).
[2] B.V. Ribeiro, Y. Elskens, J. Stat. Phys. 153, 626 (2013).
[3] D.R. Brillinger, J. Theor. Probab. 10, 429 (1997).

Sudden changes and freezing of the correlations
between two qubits in cavity QED network under
thermal dissipations

V. Eremeev!, N. Ciobanu?, M. Orszag?

Facultad de Ingeniera, Universidad Diego Portales, Santiago,
Chile

2Facultad de Fisica, Pontificia Universidad Catolica de Chile,
Santiago, Chile

Quantum correlations play a fundamental role in quantum
computation and quantum information processing, where
entanglement is usually considered a popular measure of such
correlations. However, more general measures such as entropic
quantum discord and geometric quantum discord have shown
to capture non-classical correlations including the completely
separable systems, e.g. DQC1 model. Recently, we proposed
a scheme [1] for generation and protection of long-stable
entanglement and quantum discord (QD) by the effects of
the thermal environments considering the model [2] of two
atoms (qubits) interacting with the fields of cavities and
fibre with dissipations to thermal reservoirs. In the present
study we discuss the generalization of the mentioned model,
considering a versatile study of the classical and quantum
correlations quantified by entropic and geometric measures
for different conditions of the system under evolution for large
number of total excitations. As results of our investigation,
we discover various interesting phenomena in this system,
such as sudden transitions in the dynamics of the classical
and quantum correlations, effects of freezing of the quantum
correlations, entanglement sudden-death (ESD) and revivals,
etc [3]. In particular, we find that the thermal reservoirs act
detrimentally on the freezing of correlations, but fortunately
it is possible to restore the effect of freezing by an efficient
coupling of the fibre connecting the two cavities with the
remote qubits. Furthermore, for certain initial conditions, we
find double sudden transitions in the dynamics of the Bures
geometrical quantum discord (GQD) [4], while the classical
correlations and the entropic quantum discord evidence
only one sudden transition. The second transition of GQD
tends to disappear at a critical temperature, so freezing
these correlations. As well we discuss some ideas of the
experimental realization of the proposal. We conclude that
by controlling the dissipation mechanisms one may engineer
the quantum correlations with multiples sudden changes
and freezing periods in the temporal evolution, effects which
A kind of thermal critical
effects in this model are expected like in other systems [5].

can find practical applications.

Hence, in the proposed research we demonstrate the existence
of some interesting phenomena for quantum information
applications, which also may bright more light on the fun-
damental understanding of the mentioned effects in the case
of quantum open systems with thermal channels of dissipation.

[1] V. Eremeev, V. Montenegro and M. Orszag, Phys. Rev. A
85, 032315 (2012).
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[2] V. Montenegro and M. Orszag, J. Phys. B 44, 154019
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[3] V. Eremeev, N. Ciobanu and M. Orszag, arXiv: quant-ph
1402, 2152 (2014).

[4] D. Spehner and M. Orszag, New J. Phys. 15, 10300 (2013).
[5] T. Werlang, C. Trippe, G.A.P. Ribeiro and G. Rigolin,
Phys. Rev. Lett. 105, 095702 (2010).

Nonlinear Electron-Phonon Interaction Mecha-
nism Explains the Exotic Superconducting Phase
in a Graphene Bilayer

V. Eremeev!, E. Mufioz?

!Facultad de Ingenierfa, Universidad Diego Portales, Santiago,
Chile

2Instituto de F{’ sica, Pontificia Universidad Catélica de Chile,

Santiago, Chile

In this communication we propose a different physical
approach to obtain the ”exotic” effects in superconductivity
We show that the results
and conclusions presented in this paper can be interpreted,

demonstrated recently in [1].
with excellent agreement, by the existing microscopic
model, published by one of us in [2] and proposed as a
more general theory of unconventional superconductivity in
materials (different from BCS-like) based on the concept of
electron-multiphonon interaction for the electron pairing.
We will present briefly the main results of this model and
applying it for the case of the graphene bilayer one reproduces
perfectly - qualitatively and quantitatively the phenomena
demonstrated in [1], so proving a very good congruence
between two different models which in fact leads to the
same physical effect - unconventional superconducting phase.
Our model is mainly based on the possibility of creation
of the Cooper pairs in some materials via the processes
of many phonons exchange between the electrons. The
approach is limited to the two-phonon processes - scattering,
absorption and emission, which are qualitatively sufficient to
evidence interesting superconducting effects different from
These

processes can occur in some particular condensed systems,

the conventional superconductivity in BSC theory.

e.g. in multiband materials, doped compounds, etc. The
role of the multiphonon processes or anharmonicity in the
superconductivity of different materials (semiconductors,
MgB2) was studied periodically in literature [3-5]. To the
best of our knowledge, such studies followed in particular one
objective - to explain the high-temperature superconductivity
alternatively to the BSC theory, without evidencing any
?exotic” superconducting phase, like increasing of the pairing
gap in some range of temperatures or occurrence of gapless
superconductivity for some specific conditions. The curious
result obtained in the model of the two-phonon superconduc-
tivity [2] has been evidenced by us as an unconventional effect
of the enhancement of the pairing gap with the increasing of
the temperature from the absolute zero, as appear in Fig.3 of
[2] which is very similar to the one shown in Fig.2a of [1]. The
main conclusion of our research, is that the effects obtained
in [1] intrinsically by some phenomenological assumptions,
considering as a priori justification the attractive potential,
Eq.(2), which is a principal ingredient for the superconduc-
tivity pairing, could be obtained by an alternative approach
built on the self-consistent microscopic theory of nonlinear
electron-phonon interaction. We acknowledge the Fondecyt
projects no. 114099 and no.1141146.
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Statistical Mechanics Approach for the Detection
of Multiple Wireless Sources via a Sensor Network

S. Evangelatos, A. Moustakas
University of Athens

Anderson localizati [1] is a complex quantum interference
phenomenon which occurs in a disordered medium (usually
disordered lattices) and turns the extended states of a metal
(ballistic or diffusive) into the exponentially localized states
of an insulator. The recent activity, which includes the
related metal-insulator transition, is mainly due to the various
choices of disorder which depend on the symmetry, e.g. the 10
symmetry classes of localization, [2] the 3 basic, orthogonal,
unitary with magnetic field B and symplectic with spin-orbit
coupling, the 3 chiral, and the 4 Bogolyubov-de Gennes
(BdG) for superconductivity [3]. The topological insulators
in 2D (e.g. the quantum Hall effect in the presence of B
and the quantum spin Hall effect with spin-orbit coupling)
are manifested via the appearance of several spectral gaps
and topological invariants for the quantized conductivity.
There is also current intense activity for topological p-wave
superconductors which utilize the BdG Hamiltonians.

I shall review appropriate methods to study Anderson local-
ization, especially in 1D and quasi-1D disordered systems,
by finding the level-statistics from numerical diagonalization
and obtaining the Lyapunov exponents from transfer matrix
techniques. These methods can be combined with finite-size
scaling theory in order to obtain the asymptotic behavior. I
will mostly discuss Hamiltonians with off-diagonal disorder
(random hoppings) for N coupled chains which belong to one
of the 3 chiral classes, where at zero energy an even-odd effect
is observed with a diverging density of states p(E) which
depends on the parity of N. I shall also focuse on the density
of states and the localization length and discuss the observed
spectral singularities approaching £ = 0.

Finally I will introduce ladder Hamiltonians in the Majorana
fermion basis related to the Su-Schrieffer-Heeger model[4]. 1
will present preliminary results concerning various models of
topological insulators and disordered p-wave superconductors
and check immunity of Majorana fermions to Anderson
I shall study the disordered
Kitaev toy model[5] and its quasi-1D extensions presenting

localization due to topology.

results for the density of states and the localization length.
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[2] M.Z. Hasan and C.L. Kane, Rev. Mod. Phys. 82, 3045
(2012).

[3] A. Altland, M.R. Zirnbauer, Phys Rev. B 55, 1142 (1999).
[4] W.P. Su, J.R. Schrieffer, and A.J. Heeger, Phys. Rev. B
22, 2099 (1980).
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Immunity of Anderson localization due to Topol-
ogy

S.N. Evangelou
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Anderson localization [1], is a complex quantum interference
phenomenon which occurs in a disordered medium (usually
disordered lattices) and turns the extended states of a metal
(ballistic or diffusive) into the exponentially localized states
of an insulator. The activity, which includes the related
metal-insulator transition, is mainly due to the various choices
the 10

symmetry classes of localization [2] the 3 basic, orthogonal,

of disorder which depend on the symmetry, e.g.

unitary with magnetic field B and symplectic with spin-orbit
coupling, the 3 chiral, and the 4 Bogolyubov-de Gennes
(BdG) for superconductivity.
in 2D (e.g.
and the quantum spin Hall effect with spin-orbit coupling)

The topological insulators
the quantum Hall effect in the presence of B

are manifested via the appearance of several spectral gaps
and topological invariants for the quantized conductivity.
There is also current intense activity for topological p-wave
superconductors which utilize the BAG Hamiltonians [3].

I shall review appropriate methods to study Anderson local-
ization, especially in 1D and quasi-1D disordered systems,
by finding the level-statistics from numerical diagonalization
and obtaining the Lyapunov exponents from transfer matrix
techniques. These methods can be combined with finite-size
scaling theory in order to obtain the asymptotic behavior. I
will mostly discuss Hamiltonians with off-diagonal disorder
(random hoppings) for N coupled chains which belong to one
of the 3 chiral classes, where at zero energy an even-odd effect
is observed with a diverging density of states p(E) which
depends on the parity of N. I shall also focuse on the density
of states and the localization length and discuss the observed
spectral singularities approaching £ = 0.

Finally I will introduce ladder Hamiltonians in the Majorana
fermion basis related to the Su-Schrieffer-Heeger model [4]. I
will present preliminary results concerning various models of
topological insulators and disordered p-wave superconductors
and check immunity to Anderson localization due to topology.
I shall study the disordered Kitaev toy model [5] and its
quasi-1D extensions presenting results for the density of states
and the localization length.
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[2] M.Z. Hasan and C.L. Kane, Rev. Mod. Phys. 82, 3045
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Quantum Gibbs ensemble Monte Carlo

R. Fantoni', S. Moroni?
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Notwithstanding the quantum-classical isomorphism made
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manifest by the path integral formulation of quantum
statistical physics and the recognition that the path integral
is a tremendously useful mathematical tool to extract exact
numerical statistical properties of quantum fluids when com-
bined with the Monte Carlo (MC) method, the development
of MC methods for classical fluids is still more complete than
for quantum fluids, today. Putting aside the well known
sign problem for fermions another important aspect is the
development of new path integral MC methods able to
investigate a given fluid in different statistical ensembles.
Recently a new approach to continuous space path integral
MC simulation was devised by Massimo Boninsegni [3] which
makes use of the ”worm algorithm” (WA) previously employed
to study lattice models. This new approach is formulated
in the grand canonical ensemble, unlike the conventional
one of Ceperley and Pollock [2] formulated in the canonical
ensemble, and does not suffer from the very unfavorable
scaling of required computer time with system size, since
the winding number does not become ”topologically locked”
in the large system size due to the allowance of an open
world-line, the worm. This makes it particularly useful for
the studies of critical phenomena.

MC simulations in the Gibbs ensemble (GEMC) of Athanas-
sios Panagiotopoulos [1] have now been successfully used
for several years to study first order phase transitions in
classical fluids. For temperatures far below the critical point,
satisfactory results for the phase coexistence densities can be
obtained. Near the critical point, however, finite size effects
become significant, and finite size scaling has proved to be
important. According to the GEMC method, the simulation
is performed in two boxes each of which contains any two
coexisting phases. Equilibration in each phase is guaranteed
by moving particles in the respective box. Equality of
pressures is satisfied in a statistical sense by expanding the
volume of one of the boxes and contracting the volume of
the other. Chemical potentials are equalized by transferring
particles from one box to the other.

We present a new path integral MC method, based on the WA,
to study the gas-liquid coexistence line of a quantum fluid of
bosons, which is the full quantum analogue of the classical
GEMC method of Panagiotopoulos. As an illustrative applica-
tion we apply our new algorithm to the He in two dimensions.

[1] A.Z. Panagiotopoulos, Mol. Phys. 61, 813 (1987).

[2] D.M. Ceperley, Rev. Mod. Phys. 62, 279 (1995).

[2] M. Boninsegni et al., Phys. Rev. Lett. 96, 070601
(2006).

Statistical early-warning indicators based on
Auto-Regressive Moving-Average processes

D. Faranda', B. Dubrulle', F.M. Emanuele Pons®

LCEA Saclay, CNRS URA, Gif Sur Yvette France
?Dipartimento di Statistica, University of Bologna, Italy

We address the problem of defining early warning indicators
of critical transition. To this purpose, we fit the relevant
time series through a class of linear models, known as
Auto-Regressive Moving-Average (ARMA(p,q)) models. We
define two indicators representing the total order and the total
persistence of the process, linked, respectively, to the shape
and to the characteristic decay time of the autocorrelation

function of the process. We successfully test the method
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to detect transitions in a Langevin model and a 2D Ising
model with nearest-neighbour interaction. We then apply the
method to complex systems, namely for dynamo thresholds
and financial crisis detection.

Many experimental or natural systems undergo critical
transitions - sudden shifts from one to another dynamical
regime. In some instances, e.g. global changes in climate
science, species extinction in ecology, spin glasses, it is of
crucial importance to build early warning indicators, i.e.
estimates of the transition threshold based on finite time-series
corresponding to situations where the bifurcation did not
happen yet. The statistical approach to this issue traditionally
involves so-called indicators of criticality. They are based on
specific properties of ideal statistical systems (such as the
Langevin or Ising model) near the transition: critical slowing
down, modifications of the auto-correlation function or of
the fluctuations, increase of variance and skewness, diverging
susceptibility, diverging correlation length. However, it is
known that, in some complex systems, these indicators fail to
detect the transition: in spin glasses, no diverging correlation
length has been found so far, and one has to resort to definer
statistical tools (such as four point dynamical susceptibility)
to detect transitions. In addition, traditional early warning
indicators may be inapplicable in datasets containing a small
number of observations, which is usually the case in several
applications where the experiment is unique (as in financial
or climate time series), difficult to repeat or to sample for
a long time (as for atmospheric measurements, laboratory
turbulence, etc). This suggests that indicators based on
single statistical properties may not be sufficient for detecting
transitions in complex systems, so that one should rather
consider all the information contained in the finite-time series.

[] D. Faranda, F.M.E. Pons, B. Dubrulle, to appear: Journal
of Physics A; arXiv:1402.2885 (2014).

[2] D. Faranda, V. Lucarini, P. Manneville, J. Wouters, Chaos
Solit. Fract. Online, 00 (2014).

[3] M. Scheffer, S. Carpenter, J.A. Foley, C. Folke, B. Walker,
Nature 413, 591-596 (2001).

Application of the Confined Quantum Field
Theory in the Statistical Physics and reverse
entropy

M. Fassihi
Amir-Kabir Tehran

Confined Quantum Field Theory solves some fundamental
problems in physics like the conflict between the theory of the
relativity and the quantum field theory. Concerning statistical
physics is its simple description of superconductivity and
super fluidity, which is a transition from disorder to order
movement of the conducting electrons.

Reverse entropy; Entropy in the information theory defined
basically in this way. If it comes to us a sequence of numbers
how by the knowledge on the numbers we received are we able
to predict the next coming number. The entropy is a measure
for this prediction. In another word if there exist a pattern in
the sequence. Of course the concept of entropy comes origi-
nally from physics, more closely from the thermodynamics.
The elements in the thermodynamics that originally were
used to defined entropy was not of course numbers but was
quantities as temperature and different type of energies. At
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the beginning these quantities were defined macroscopically.
In another word information about the individual atoms or
electron was not essential and could be ignored. To get a
better understanding and control of a physical process we
must always go to the atomic level. Historically atomic and
subatomic knowledge came under the name of quantum.
Under the twenties centuries quantum as it was formulate gave
a diffuse picture of the dynamics behavior of the elements of
physics. Many experiments were miss-interpreted, for example
single photon experiment by Feynman. These confusions
were reflected deeply in the bases of quantum theory which
literally admits that an exact knowledge of the dynamics of
the elements of the physics is impossible and establish this
statment as a physical law and not a weakness of quantum
theory. (These questions being discussed in articles with titles
Confined Quantum field Theory, Application of Confined
Quantum Field Theory in the statistical physics, Application
of the Confined Quantum Field Theory in high energy physics,
Feynman vs. Confined Quantum Field Theory, Complex
Science and in an article concerning learning physics with the
title why the light changes in direction entering the water).
Reverse entropy in physics means that we give a pattern to
some numbers of atoms that are distributed in a random way.
To do this we need a stronger theoretical base and standard
quantum theory is not able to help us. The theory that can
help us in this way is exactly Confined Quantum Field Theory.

(1] M. Fassihi, Catalytic Oxidation 1, 142 (1991).
[2] B. Kasemo, Chem. Phys. Lett voll. 211, 60 (1987).
[3] M. Rinnemo, M. Fassihi, Chem. Phys. Lett. 211, 1 (1993).
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A detailed understanding of the interface between coexisting
fluid phases requires us to model physics at different length
scales.  First, there is a microscopic range spanning the
molecular size to the bulk correlation length, which deter-
mines the surface tension . This range is often associated
with an intrinsic interfacial density profile, which describes
how the density changes across an instantaneous interfacial
configuration. Second, there is a mesoscopic range from the
bulk correlation length to the system size. At this scale, the
interface resembles a taut drumskin described by a height
variable, and one often considers the intrinsic density profile
to be a sharp kink from liquid to gas. The capillary wave
fluctuations of the interface are characterized by a parallel
correlation length and a roughness, which are much larger
than the bulk correlation length, and indeed diverge in
the absence of pinning fields (gravity, walls or finite size).
Almost all the controversies surrounding the physics of fluid
interfaces arise directly from the difficulty of joining these two
descriptions. This problem is often forced by supposing that

the intrinsic profile rigidly shifts with the undulations of the
interfacial fluctuations.

In this work, we show that this concept of a rigidly shifted in-
trinsic interfacial profile is inconsistent with two very different
recent developments in the theory of interfacial phenomena.
The first one, called the Intrinsic Sampling Method (ISM) [1,2]
allows one to obtain a precise intrinsic profile computed by
Molecular Dynamics. The second is the derivation of a non-
local interfacial Hamiltonian from a continuum microscopic
model a la van der Waals, which accurately models the energy
of long wavelength interfacial configurations [3,4]. Here we
present results of an extensive Molecular Dynamics simulation
of the structure and fluctuations of a liquid-gas interface, close
to its triple point, in a system with cut-off Lennard-Jones
interactions. The equilibrium density profile, averaged and
(shape dependent) constrained intrinsic density profiles
together with the fluctuations of the interfacial shape are
extracted using the ISM. The correlation between fluctuations
in the interfacial shape and in the intrinsic density show that
the latter is not due to rigid translations of some underlying
profile, as is most commonly assumed. Instead, over the
whole range of wavelengths from the system size down to the
molecular diameter, we see wave-vector dependent behaviour
in good agreement with a non-local interfacial Hamiltonian
theory specifying the shape dependence of the intrinsic profiles.

(] E. Chacén and P. Tarazona, Phys. Rev. Lett. 91, 166103
(2003).

[2] P. Tarazona and E. Chacén, Phys. Rev. B 70, 235407
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Enrique, J. Phys. Cond. Mat. 18, 6433 (2006).

Dynamical theory of spin noise and relaxation:
prospects for real time NMR measurements

T.R. Field

McMaster University

The dynamics of a spin system is usually calculated using the
density matrix [1]. However, the usual formulation in terms of
the density matrix predicts that the signal will decay to zero,
and does not address the stochastic dynamics of individual
spins. Spin fluctuations are to be viewed as an intrinsic
quantum mechanical property of such systems immersed in
random magnetic environments, and are observed as ”spin
noise” in the absence of any radio frequency (RF) excitation
[2]. Using stochastic calculus we develop a dynamical
theory of spin noise and relaxation whose origins lie in the
component spin fluctuations [3]. This entails consideration
of random pure states for individual protons, and how these
pure states are correctly combined when the density matrix
is formulated. Both the lattice and the spins are treated
quantum mechanically. Such treatment incorporates both the
processes of spin-spin and (finite temperature) spin-lattice
relaxation.  Our results reveal the intimate connections
between spin noise and conventional spin relaxation, in terms
of a modified spin density (MSD), distinct from the density
matrix, which is necessary to describe non-ensemble averaged
properties of spin systems. With the prospect of ultra-fast

digitization, the role of spin noise in real time parameter
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extraction for (NMR) spin systems, and the advantage over
standard techniques, is of essential importance, especially
In this
presentation we outline prospects for harnessing the recent

for systems containing a small number of spins.

dynamical theory in terms of spin noise measurement, with
attention to real time properties. Indeed, we argue that such
a dynamical theory is the only possibility for tracking NMR
parameters in real time - any ensemble average technique
necessarily fails. With regard to experimental relevance, for
a population of size N, (transverse) spin noise scales as its
square root v/N, as compared to the FID which scales as €N,
where ¢ is the (dimensionless) Boltzmann parameter and is
typically small (at lab field strengths). Thus, there exists
a critical value of the population below which spin noise
becomes the dominant effect. For low field / high temperature
this critical value is large, and here a spin noise dominated
regime acquires extra significance, experimentally. While our
results are shown for simulated data, it should be appreciated
that corresponding results have been obtained successfully
in the context of scattering [4]. The issues at stake in NMR
experiments are the filtering of additive noise and ability to
digitize fast enough to apply the stochastic volatility technique.

[1] A. Abragam, The Principles of Nuclear Magnetism, (Claren-
don Press, Oxford, 1961).

[2] T.R. Field and A.D. Bain, Appl. Magn. Reson. 38, 167
(2010).

[3] T.R. Field and A.D. Bain., Phys. Rev. E 87, 022110 (2013).
[4] T.R. Field, Electromagnetic Scattering from Random Me-
dia, (Oxford University Press, 2008).

Growing Layer Capacity in the Multilayer Parti-
cle Deposition Process
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Suppose we have a strip L(n) of width 2n + 1
and infinite height consisting of sites (x,r) with
z € {-n,...,—2,-1,0,1,2,...,n} and » € NT. Dur
ing the deposition process particles arrive randomly at each
site = according to independent Poisson processes N¢(z).
Particles are deposited in the lowest possible layer but the
horizontal distance between any two particles must be at least
2. When a particle cannot be deposited in a certain layer it
will try to deposit in the layer above. Once a lattice site is
occupied, the particle stays there during the entire process.
The model can be formulated more precisely in the following
way:

1. The state-space is F := (L, NT){0:1},

2. The process k¢(z,r) = 1 if there is a particle at (x,r) at
time t and O otherwise.

3. When a particle arrives at site x at time ¢, it will
be deposited at the height of site z which is defined as
kt(y,r) = 0,Vyen, }, where neighborhood
set N, consists of site z and the sites with distance 1 from it.

h¢(z) := min{r :

At the start of the process the heights of all sites are 0, or
ho(z) = 0, V. But after some time there will be a difference
between the height at the border sites (—n and n) and all
the other sites because the neighborhood N, for border
sites is smaller than at sites in the middle. For example,
No = {-1,0,1} whereas N, = {n — 1,n}. The growth rate of
the height at the border sites is thus 2/3 of that of other sites.
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This results in a lower expected value for h¢(n) than h¢(0).
When border site heights tend to lag behind with respect to
the heights of other sites it will in turn affect the process
at the next-border sites (—(n — 1) and (n — 1)) because in
effect particles who are dropped on these sites now only see
a neighborhood of two sites instead of three. Indeed, after a
while the particles of the border sites are deposited too low to
be able to interfere with them.

So, after a while the next-border sites will start lagging behind
too and will in turn affect their neighbors in the same way. At
a certain point in time only the last 3 center sites {—1,0,1}
are not yet affected by the above described boundary effect.
The process continues at the center essentially as if it were
a three-site system which has already been analyzed in a
previous paper by Fleurke and Van Enter.

In this talk it is shown that for each system with n > 1 the
above described boundary effect results in a higher average
deposition rate in higher layers than in lower layers.

[1] S.R. Fleurke, A.C.D. van Enter, Proc. AMCME, 150 (2013).
[2] S.R. Fleurke, C. Kuelske, J. Stat. Phys. 136, 285 (2009).
[3] S.R. Fleurke, C. Kuelske, J. Stat. Phys. 139, 417 (2010).

Large deviations, fluctuation theorems and model
systems
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There is a current interest in fluctuating small systems in
contact with heat reservoirs and driven by external forces.
This focus is driven by the recent possibilities of direct
These
techniques also permit direct experimental access to the

manipulation of nano systems and bio molecules.

probability distributions for the work or heat exchanged with
the environment. Moreover, these single molecule techniques
have also yielded access to the so called fluctuation theorems,
which relate the probability of observing entropy-generated
trajectories, with that of observing entropy-consuming
trajectories. Altogether, there is a general renewed theoretical
interest in small non equilibrium systems.

Reviewing and supplementing the work of Saito and Dhar,
we derive the large deviation function for the harmonic
chain driven at the end points by heat reservoirs at different
temperatures. We formulate the problem in terms of Langevin
equations and carry out a standard path integral calculation
in combination with a transfer matrix method. The large
deviation function is given in terms of the transmission
Green’s function or end-to-end propagator for the chain and
is consistent with the Gallavotti-Cohen fluctuation theorem.
We also give a proof of the fluctuation theorem on the basis
of the Fokker-Planck equation for the heat. We make contact
with a single particle model suggested by Derrida and Brunet
and also discuss the case of two particles some detail. We
support our findings with numerical simulations.

We extend the work of Kannan et al. and derive the cumulant
generating function for the alternating mass harmonic chain
consisting of N particles and driven by heat reservoirs. The
transmission Greens function exhibits a two band structure
arising from the acoustical and optical branches of the
phonon dispersion law. We discuss the cumulant generating
function and present a closed expression independent of N
in the large N limit, in accordance with the absence of local
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thermodynamic equilibrium.

We consider a harmonically bound Brownian particle coupled
to two distinct heat reservoirs at different temperatures. We
show that the presence of a harmonic trap does not change
the large deviation function from the case of a free Brownian
particle discussed by Derrida and Brunet and Visco. Likewise,
the Gallavotti-Cohen fluctuation theorem related to the
entropy production at the heat sources remains in force.

‘We derive the integral fluctuation theorem proposed by Seifert
within a Fokker-Planck framework and show that it is a
consequence of the Gallavotti-Cohen symmetry.

[1] K. Saito and A. Dhar, Phys. Rev. Lett. 104, 040601 (2010).
[2] V. Kannan and A. Dhar and J.L. Lebowitz, Phys. Rev. E
85, 041118 (2012).

[3] H.C. Fogedby and A. Imparato, J. Stat. Mech. P05015
(2011).

[4] H.C. Fogedby and A. Imparato, J. Stat. Mech. P04005
(2012).

Two dimensional gas of hard needles: a simula-
tion study
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Molecular dynamics (MD) simulation of anisotropic hard
objects such as ellipsoids and spherocylinders has been
It has been
shown the alignment of non-spherical molecules can lead

the subject of exploration in past decades.

to a diversity of phases, mainly orientational in nature, in
liquid crystals. Despite the profound insight obtained via
tremendous Monte Carlo (MC) simulations of the static
phases, many dynamical, transportational and structural
properties namely kinetic arrest and glassy behaviours have
only been poorly understood. In spite of employment of other
simulation techniques like Brownian dynamics and theoretical
approaches such as kinetic theory, density functional and
hydrodynamics equations approach, event-oriented MD
remains as an efficient tool for probing the dynamical aspects
of hard gases of non-spherical objects. Among elongated and
anisotropic hard bodies, infinitely thin needles have received
The first MD simulation attempt

were carried out for a three dimensional gas of hard needles

quite notable attention.

by Frenkel and Maguire. In this talk the dynamics of a two
dimensional gas of hard needles is simulated by event-oriented
molecular dynamics method. Excluded volume makes the
problem nontrivial. We have computed various quantities
such as translational and rotational diffusion constants and
intermediate self scattering function. Their dependence on
density have been extensively explored. Despite there is no
positional ordering in the system, notrivial behaviour in the
rotational degree of freedom is observed. Moreover, we have
seen slowing down in the angular part of the motion. It is
shown that above a certain number density of the needles, the
rotational mean squared displacement exhibits a three stage
regime including a plateau. Regarding the temporal behaviour
of the system, our results show that many of the temporal
autocorrelation functions both translational and angular
exhibit a sort of slow dynamics and multi step relaxation.

The most interesting feature of our simulation is the existence

of three regimes in the angular mean squared displacement.
This can be attributed to slow dynamics. Our findings
show relaxing the translational degrees of freedom does not
smear out angular slow dynamics. Density dependence of
translational and rotational diffusion coefficients has been
obtained and compared to three dimensional results. In 2D
dependence of the translational diffusion coefficient on density
qualitatively resembles to 3D. Rotational diffusion constant
exhibits an algebraic decay but with a larger exponent than in

3D. Comparison to the existing results in the literature is done.

(] D. Frenkel and J.F. Maguire, Mol. Phys. 49, 503 (1983).
[2] A. Chrzanowska, J. Chem. Phys 120, 2857 (2004).
[3] Y. Kantor and M. Kardar, Phys. Rev. E 79, 041109 (2009).

Description of conflicting traffic flows by totally
asymmetric simple exclusion processes

M.E. Foulaadvand, A. Saeidi

Zanjan university, Iran

Modelling a vast variety of non equilibrium phenomena has
constituted the subject of intensive research by statistical
physicists. In particular, vehicular dynamics has been one
of these fascinating issues. While the existing results in
highway traffic needs further manipulations in order to
find direct applications, researches on city traffic seem to
hae more feasibility in practical applications. Recently,
notable attention have paid to controlling traffic flow at
intersections and other designations such as roundabouts.
In this respect, we intend to study another aspect of traffic
flow at intersections. In principle, the vehicular flow at an
intersection can be controlled via two schemes. In the first
scheme the traffic is controlled without traffic lights. In the
second scheme, signalized traffic lights control the flow. In
the former scheme, approaching car to the intersection yields
to the traffic in its perpendicular direction by adjusting its
velocity to a safe value to avoid collision. The basic question
is that under what circumstances the intersection should be
controlled by traffic lights?
features of this problem, we construct a simple stochastic

In order to capture the basic

model. The vehicular dynamics is represented by asymmetric
simple exclusion process (ASEP). The intersection point is
the place where two chains representing the streets interact
with each other. It is a well-established fact that a single
static impurity can strongly affect the characteristics of
ASEP both in closed and open boundary condition. In
addition, the characteristics of ASEP in the presence of
moving impurities has been studied and shown to exhibit
disorder-induced phase transitions. Besides relevance to
traffic flow, the investigation of ASEP in the presence of small
amount disorder has recently revealed the existence of novel
aspects of the interplay of disorder and drive. In our model,
the effect of the perpendicular chain can be interpreted as
a single dynamic site-wise disorder which to our knowledge
has not been investigated. Two perpendicular chains interact
with each other via the intersection point. Using Monte Carlo
simulations and numerics, we have obtained the dependence
of each chain current on its own and on its perpendicular
chain density. It is verified that the chains can maintain large
currents up to rather a high density. Interaction of two chains
can effectively be considered as a dynamic impurity. For
some values of global densities in the chains, the interaction
of chains leads to formation of high density region behind
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the intersection point which is segregated from a low density
region afterwards. By scanning of the phase space, we have
obtained the model’s phase diagram. Two phases of jamming
(density segregated) and regulated (uniform density) flows are
identified.

[1] M.E. Fouladvand, Z. Sadjadi and M.R. Shaebani, J. Phys.
A: Math. Gen. 37, 561 (2004).

[2] T. Chou and G. Lakatos, Phys. Rev. Lett. 93, 198101
(2004).

[3] M. E. Foulaadvand and Mehdi Neekamal, Eur. Phys. Lett.
80, 60002 (2007).

Degree-corrected blockmodel: Benchmark graphs
for testing community detection algorithms

P. Fronczak, A. Fronczak, M. Bujok
Faculty of Physics, Warsaw University of Technology, Warsaw,
Poland

Of particular interest in recent years has been the community
structure in networks [1,2]. As a community (module or
block), one understands a group of nodes that is densely
connected internally but sparsely connected externally. To
name a few, communities may be groups of related individuals
in social networks, sets of web-pages on the same topic,
biochemical pathways in metabolic networks, and groups of
countries in the world trade network that signed regional
trade agreements. The above examples show that the group
membership is related to the function of a node in the
network. For this reason, aside from the small-world effect
and scale-free degree distributions, the community structure
is considered one of the most important topological properties
of complex networks, yet this structure is not fully understood
and not well captured by network models.

We develop an exponential random graph approach [3,4]
to networks with community structure [5]. To this end we
mainly built upon the idea of blockmodels. We consider both,
the classical blockmodel and its degree corrected counterpart,
We show
that in the degree-corrected blockmodel, node degrees display

and study many of their properties analytically.

an interesting scaling property, which is reminiscent of what
In Ref.
[7], the authors argued that the self-similarity of real-world

is observed in real-world fractal networks [6,7].

complex networks with power-law degree distributions results
from the scaling property of the node degrees, which arises
when the networks undergo a renormalization procedure
that coarse-grains their nodes into boxes (blocks). It is
remarkable, that the scaling property reported by Song et
al. is similar to the scale-transformation observed in the
degree-corrected blockmodel. The scaling feature comes as
a surprise, especially that in this study, contrary to what
is suggested in the literature, the scaling property is not
attributed to any specific network construction procedure. It
is an intrinsic feature of the degree-corrected blockmodel. A
short description of Monte Carlo simulations of the models is
also given in the hope of being useful to others working in the
field.

[1] S. Fortunato, Phys. Rep. 486, 75 (2010).

[2] M.E.J. Newman, Nature Physics 8, 25 (2012).

[3] J. Park, M.E.J. Newman, Phys. Rev. E 70, 066117 (2004).
[4] A. Fronczak, arXiv:1210.7828 (2012).
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[5] P. Fronczak, A. Fronczak, M. Bujok, Phys. Rev. E 88,
032810 (2013). [6] C. Song, S. Havlin, H.A. Makse, Nature
(London) 433, 392 (2005). [7] C. Song, S. Havlin, H.A.
Makse, Nature Phys. 2, 275 (2006).

International trade network:
and globalization puzzle

fractal properties

P. Fronczak, M. Karpiarz, A. Fronczak
Faculty of Physics, Warsaw University of Technology, Warsaw,
Poland

The gravity model of trade is one of the most recognizable
empirical models in economics. Drawing from Newton’s
law of gravity, the gravity model relates trade volume, Tj;,
between two countries, ¢ and j, positively to the product of
their GDP’s, i.e.
distance, r;;, between them. The simplest form of the gravity

equation for the bilateral trade volume is T;; = GQTi_o?j ,where

QiQ;, and negatively to the geographic

« is the distance coefficient, which is calculated fronlm] the real
data analysis and G is a constant. The model successfully
explains trading patterns, but the growing in time distance
coefficient, «, seems to indicate that the role of distance
increases over time. It stands in sharp contrast to the
common perception of the globalization process, i.e, that due
to declining communication and transport costs, distance
becomes less and less important. This, in essence, captures
the notion of the so-called distance puzzle. Many explanations
for this puzzle have been proposed in the literature. However,
since the price of the solutions is the significantly increased
complexity of the model, which contrasts with the simplicity
of the original model, none of these explanations has been
wholly satisfactory. =~ We argue that the « coefficient is
strictly related to the fractal dimension of the international
trade network (ITN) and the changes of both quantities are
strongly correlated. It is commonly accepted that the uneven
spatial distribution of socio-economic activity can have a
fractal dimension, that is, it can repeat itself at different
levels of spatial aggregation. In most cases, the conjecture
about the fractal character of studied objects (e.g. transport
systems, or wealth and population distribution) is usually
based on scaling laws observed therein. However, it must
be stressed that the existence of a dependence following a
power law does not necessarily imply the existence of a fractal
structure. Taking above into account, a number of observed
spatial fractal socio-economic systems drops drastically.
Here, we propose the two distinct methods, both exploiting
spatial properties of ITN, which allow to estimate its fractal
dimension. The first one is a box counting method - a classical
tool for the analysis of the dimension of fractal objects. The
second one exploits the simple decision-based model which is
somehow related to the recently introduced radiation model
for mobility and migration patterns. Having found evidence
of ITN fractality, we show that it can shed light on the origin
of the globalization puzzle.

[] T. Squartini and D. Garlaschelli, arXiv:1304.3252 (2013).
[2] M. Batty and P. Longely, Fractal Cities (Academic Press,
San Diego 1994).

[3] F. Simini, et al., Nature 484, 96 (2012).
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Stability condition for diffusion of artificial lan-
guage with linguistic neutrality

R. Fujie
The University of Tokyo

Since the dynamics of language death was shown as a
simple model by Abrams and Strogatz [1], language dynamics
has attracted the interest of many statistical physicists in
While several
researchers found that different languages can stably coexist

the context of complex adaptive systems.

in bilingual systems [2] and multi-language systems [3], the
question of the mechanisms of the coexistence is still open.
The ways to communicate between native speakers of different
languages are to learn and use the language of the other or for
both of them to learn and use a third language. The former
causes an inequality between native speakers and second
language speakers. Thus, to pursue the latter, some tried
to introduce artificial languages. For example, Esperanto
was created as an international auxiliary language with the
aim of equal second language for all people in the world.
The Esperanto movement holds onto the ideal of linguistic
neutrality, i.e. Esperanto should not be anyon’s native
language. However, native speakers appeared as Esperanto
spread among people. It is feared that this emergence of
native speakers will destroy the linguistic neutrality. The
question we have to consider here is whether Esperanto can
spread while maintaining linguistic neutrality, i.e. whether
the society with no native Esperantists but many second
language speakers of Esperanto is able to exist stably.

The aim of this study is to validate the possibility of the
diffusion of an artificial language with linguistic neutrality
based on the framework of the evolutionary game theory. I
modeled the three-language (A, B, and E) system including
bilinguals by the replicator-mutator equation [4]. Each
speaker is assumed to have his/her own native language and
second language, and to prefer to use the native language. I
also assume that languages A, B, and E are linguistically very
distant each other, so that successful communication is only
possible when the interaction takes place in one language.
When the communication successes between native speakers
(or between second language speakers), both get payoffs
equal to 1. On the other hand, when it successes between
a native speaker and a second language speaker, they get
payoffs 1 + v for the native speaker and 1 — v for the second
language speaker; v denotes the inequality parameter, i.e.
the difference of gains between native and second language
speakers. Bilingual speakers always pay the learning cost
cx (X € {A, B, E}) for their second language.

From the results of the linear stability analysis and numerical
simulations, I obtained the phase diagram of the inequality
parameter v and the learning cost for E, cg. According
to this phase diagram, the condition for the spread of an
artificial language E with maintenance of linguistic neutrality
was revealed. In addition, I showed that bilinguals and
monolinguals could coexist in two-language system if one

imposes a large cost on monolinguals.

[1] D.M. Abrams and S.H. Strogatz, Nature 424, 900 (2003).
[2] X. Castello, V.M. Eguluz, and M. San Miguel, New J. Phys.
8, 308 (2006).

[3] R. Fujie, K. Aihara, and N. Masuda, J. Stat. Phys. 151,
289 (2013).

[4] M.A. Nowak, N.L. Komarova, and P. Niyogi, Science 291,
114 (2001).

Statistical physics approach to quantifying differ-
ences in myelinated nerve fibers: application to
aging detection

A. Gabrielli', C.H. Comin, L.F. Costa?, J.R. Santos, D.
Corradini, W. Morrison, C. Curme, H.E. Stanley®, D. L.
Rosene?

stituto dei Sistemi Complessi (ISC) - CNR, Dipartimento di
Fisica, Univ. ”Sapienza”, Rome, Italy

2Institute of Physics at Sdo Carlos, University of Sdo Paulo, Sao
Carlos, Brazil

3Center for Polymer Studies and Department of Physics, Boston
University, Boston (MA), USA

4Boston University, School of Medicine, Department of Anatomy
and Neurobiology, Boston (MA), USA

The nervous system is a complex network allowing the
transmission of signals between interconnected neurons across
distances which vary from fractions of millimeters to meters.
Axons following similar paths are often bundled together,
forming nerves in the peripheral nervous system and tracts in
the central nervous system. The proper functioning of such
tracts depends on axon characteristics such as size, density
and spatial organization. The axons populating different
tracts or bundles change during development and aging as well
as a consequence of pathology and environmental influences.
It is therefore important to have a means for to discern which
features best characterize the observed differences. Typically,
studies of differences observed in nerve fibers are limited to
one or just a few geometrical properties, chosen to measure an
evident and already observed difference. This methodology
presents several problems, as some of the differences may be
subtle and not easily identified by visual inspection and hence
not chosen for quantification, restricting the identification
of potential differences. We present here [1] a new method
to uncover which features of axons are most affected by an
underlying biological process. We consider a large set of
candidate features representative of diverse types of possible
differences in axons (e.g. density, shape of axons, spatial
order, etc.) and then use the feature selection technique to
identify which combinations of such features yield the best
discrimination between axons of two distinct groups. This
approach enables the identification from the list of candidate
features, of the set of features that, when taken together,
best discriminates between groups in a general dataset. We
apply this methodology to characterize changes observed with
normal aging in the myelinated nerve fibers of the fornix
[2] of young and old rhesus monkeys. Previous studies [3]
have shown that the axon density declines with age. Our
methodology shows that density related features, in particular
the fraction of occupied axon area and the effective local
density, which measures how closely axons are packed, are the
best discriminating features between the young and old age
groups. These features are shown to be better than simple
density alone, which provides an accuracy of only 75% when
assigning samples to their age groups. Furthermore, we show
that using the combination of fraction of occupied axon area
and effective local density is enough to characterize the age
group separation in the samples observed, with an accuracy
of 90%, and that the addition of other features adds little to
the accuracy.

[I] C.H. Comin et al., Scient. Rep. 4, 4511 (2014).

2] D. Gaffan, J. Com. Phys. Psicol 86, 1100 (1974).

[3] A. Peters, C. Sethares, M.B. Moss, J. Comp. Neurol. 518,
3962 (2010).
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Reconstruction real economic and finantial net-
works from partial information: WTW and e-Mid
cases

A. Gabrielli,
N. Musmeci?,

S. Battiston?, G. Caldarelli®,
M. Puliga®, T. Squartini®

G. Cimini!,

Hstituto dei Sistemi Complessi (ISC) - CNR, Rome, Italy
2University of Zurich, Switzerland
SIMT Alti Studi di Lucca, Italy

4King’s College London, UK

In this talk we present a novel method to reconstruct global
topological properties of a complex network starting from
limited information on the graph connectivity features. The
method is applied to both binary and weighted networks
without assuming any a priori global structure of the topology
of the unknown node-node connections. In the binary case we
assume to know for all the nodes a non-topological quantity
that we interpret as a sort of fitness to create connections
to other nodes. Moreover, we assume to know the degree,
i.e. the number of connections, only for a subset of the
nodes of the network. In addition to that, in the case of
weighted network case we assume to know also the strength
of each node but to ignore the single weights of links. We
then use apprpriate fitness models of networks [1], calibrated
on the subset of nodes for which degrees are known, in
order to generate, through a maximal likelihood argument,
ensembles of networks which describe as better as possible
the topological properties of the real network studied. Here,
we focus on the reconstruction of the topological properties
that are strictly relevant for processes of contagion and
distress propagation in networks [2] and risk management,
i.e. network density, nearest neighbor binary and weighted
connectivity and k-core structure, and we study how well
these properties can be estimated as a function of the fraction
of the nodes of the network for which we assume to know the
degree and which are used for the calibration of the ensembles
of artificial networks we use to mimic the real one [3]. Finally,
we also study how well the resilience to distress propagation
in the network can be estimated using our method. We
perform a first test on ensembles of synthetic networks
generated with the Exponential Random Graph model and
weighted generalizations, which allows to apply common
tools from statistical mechanics. This permits to evaluate
the level of approximation in the reconstruction due only to
the partial knowledge of the node degrees. We then perform
a second test on empirical networks taken from economic
and financial contexts: the Internationa Trade Network
(ITN) or binary World Trade Web and the e-Mid electronic
market for Interbank Deposits. This further step permits
to evaluate also the part of the error in the reconstruction
due to the use of fitness models to mimic this kind of real
networks. In both cases, we find that a subset as small
as 10% of nodes can be enough to estimate the properties
of the network along with its resilience with an error of 5—10%.

[1] D. Garlaschelli, M. Loffredo, Phys. Rev. Lett. 93, 188701
(2004).

[2] G. Caldarelli, A. Chessa, A. Gabrielli, F. Pammolli, M.
Puliga, Nature Physics 9, 125 (2013).

[3] N. Musmeci, S. Battiston, G. Caldarelli, M. Puliga, A.
Gabrielli, J. Stat. Phys. 151, 720 (2013).

International Conference on XTATIXTIKH ¢YXIKH 47

Critical behavior of the system with a small-world
property

Gadjiev B.R., T.B. Progulova

International University for Nature, Society and Man Dubna

We study the critical behavior of the systems with small world
properties. For the construction of the free energy functional
for the system with small world properties, we define the sym-
metry of regular subgraph and construct integer basis for a
given irreducible representation. As the symmetry of a regular
graph, we take one of the discrete subgroups of the Galilean
group.

Then the structure of systems disorder we classify at the level
of the corresponding generalized entropy. Classification of gen-
eralized entropies allows using various distribution functions
for describing distribution of weak disorder in the system [1].
This allows us to classify the different systems with small world
property.

With a nonlocal interaction taken into account a free energy
functional of the system can be presented in the form

F[n] = Fo[n] + Fr[n], where

Foln] = /drdt/d dt’ {;ang; t)g (ryt, 7', 1)
on(r',t'/)  10n(rt) o on(r' )
< Tar Taoor TS
and

Frn] = —/Rdrdt/Rdr/dt/V (n(r,t),u(r',t)). (4)

The equation of motion for the order parameter is derived
from the stationary principle Gateaux derivative §F'[n,h] = 0
for any h.

We show that if a structure has a small-world effect the
equation of motion for the major parameter is an integro-
differential equation [2]. When the structures are strongly
inhomogeneous the space and time dependencies of the
order parameters are described by a fractional differential
equation. Linearization of the equation of motion for the order
parameter made it possible to define a non-linear dispersion
law. Within the framework of the renormalization group
method this property taken into account makes it possible to
obtain a critical indexes dependence on the parameter of the
system complexity. We show that a small world property of
systems taken into account leads to a new class of universality.
Based on fMRI data, we construct the brain functional
network [3]. We determined the degree distribution and other
characteristic functions of network. By using the maximum
likelihood method, we have shown that degree distribution of
the network is described g-exponential distribution. We try
to describe some properties of these networks using our results.

(1] R. Hanel, S. Thurner, and M. Gell-Mann, PINAS 108, 6390
(2011).

(2] B. R. Gadjiev, J. Phys.: Conf. Ser. 284, 250 (2011).

[3] O. Sporns, BioSystems 85, 55 (2006).
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Fundamental energy limits in the physics of
small-scale computing systems

L. Gammaitoni
NiPS Laboratory, Dipartimento di Fisica - Universita di Perugia,
Ttaly

Is it possible to operate a computing device with zero energy
expenditure? This question has been addressed during the
second half of last century by a number of scientists and has
led to a version of the second principle of thermodynamics
that, assuming the Shannon information as a special form
of the Gibbs-Boltzmann entropy, establishes that necessary
condition to operate a computing device with zero energy
dissipated is that the computing process does not decrease
information[1,2]. This result, often invoked as ”Landauer
principle”, has been recently put under experimental test[3]
with the aim of exploring the limits in low power compu-
tation. It is a well-known fact that in the last forty years
the semiconductor industry has been driven by its ability to
scale down the size of the CMOSFET devices, and to increase
computing capability density up to a point where the power
dissipated in heat during computation has become a serious
limitation[4]. Thus the fundamental limits in computing are
rapidly becoming a strategic issue for the development of
future ICT.

In modern computers information is processed through binary
switches, usually realized with transistors, i.e. microelectronic
devices. Thus binary switches represent a paradigmatic
example of ”small scale physical systems” employed in the
process of information.

In order to take into account a realistic representation of the
switch dynamics we assume a single-dof dynamical model for
the switch that is coupled to a thermal bath at temperature T.
Although the switch is isolated, exchanges of heat QQ between
the switch and the thermal bath are possible. Moreover, due
to the coupling with the thermal bath a fluctuating force (t)
appears. At thermal equilibrium the Fluctuation-Dissipation
theorem links (t) and the dissipative force. According to this
description the switch dynamics can be described in terms
of a Langevin equation, where the fluctuating force appears
together with a dissipative term.

In this talk we discuss the role of switching procedure with
reference to the fundamental limits in minimum energy
dissipation. We show that the minimum energy depends on
the switching procedure and test this result with micromag-
netic simulations of a nanoscale switch realized with single
cylindrical element of permalloy (NiFe). Finally we establish
a relation between minimum energy and switching error
probability[5].

[1] J. von Neumann, Fourth University of Illinois lecture, in
Theory of Self-Reproducing Automata, A.W. Burks, ed., p.
66. Univ. of Illinois Press, Urbana (1966).

[2] R. Landauer, IBM J. Res. Dev. 5, 183 (1961).

[3] A. Berut et al, Nature 483, 187189 (2012).

[4] K. Bernstein et al, Proceedings of the IEEE 98, 2169 (2010).
[5] L. Gammaitoni, arXiv:1111.2937; L. Gammaitoni, Nanoen-
ergy Lett. 5, 10 (2013).

Reciprocity and optimal scales of weighted net-
works

D. Garlaschelli

University of Leiden

In directed networks, reciprocal links have dramatic effects
on dynamical processes, network growth, and higher-order
While the
reciprocity of binary networks has been extensively studied,

structures such as motifs and communities.

that of weighted networks is still poorly understood, implying
an ever-increasing gap between the availability of weighted
network data and our understanding of their dyadic proper-
ties. Here we introduce a general approach to the reciprocity
of weighted networks, and define quantities and null models
that consistently capture empirical reciprocity patterns at
different structural levels. We show that, counter-intuitively,
previous reciprocity measures based on the similarity of
mutual weights are uninformative. By contrast, our measures
allow to consistently classify different weighted networks
according to their reciprocity, track the evolution of a
network’s reciprocity over time, identify patterns at the level
of dyads and vertices, and distinguish the effects of flux
(im)balances or other (a)symmetries from a true tendency
towards (anti-)reciprocation. =~ We also address the more
general problem that the analysis of weighted networks suffers
from two long-standing problems of arbitrariness. On one
hand, the definitions of topological properties introduced
for binary graphs can be generalized in non-unique ways to
weighted networks. On the other hand, even when a definition
is given, there is no natural choice of the (optimal) scale of
link intensities (e.g. the money unit in economic networks).
Here we show that these two seemingly independent problems
can be regarded as intimately related, and propose a common
solution to both. Using a formalism that we recently proposed
in order to map a weighted network to an ensemble of binary
graphs, we introduce an information-theoretic approach
leading to the least biased generalization of binary properties
to weighted networks, and at the same time fixing the optimal
scale of link intensities. We illustrate our method on various
social and economic networks. We show that our approach
provides a straightforward generalization of any network
measure defined on unweighted networks. All these measures
are well established for unweighted networks but have hitherto
proven difficult to define for weighted networks.

[] T. Squartini, F. Picciolo, F. Ruzzenenti, D. Garlaschelli,
Scientific Rep. 3, 3357 (2013).

[2] D. Garlaschelli, S.E. Ahnert, T.M.A. Fink, G. Caldarelli,
LNCS 8238, 346 (2013).

[3] D. Garlaschelli, S.E. Ahnert, T.M.A. Fink, G. Caldarelli,
Entropy 15, 3148 (2013).
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The generalized Bose-Fermi distribution: general
formalism and applications to the enhanced
reconstruction of weighted networks

D. Garlaschelli

University of Leiden

We derive a class of generalized distributions, unifying the
Bose and Fermi ones, that describe any system where the
first-occupation energies or probabilities are different from
subsequent ones, as in the presence of thresholds, saturation,
or aging. The distributions adequately characterize a number
of physical systems and have important applications to the
analysis of weighted networks. First, they completely describe
the structural correlations of weighted networks, which turn
out to be stronger than expected and to determine significant
This shows that the null behavior of
weighted networks is different from what was previously

topological biases.

believed, and that a systematic redefinition of weighted
properties is necessary. Second, they provide an enhanced
method to reconstruct real-world weighted networks from
purely local information. Whenever the whole structure of
a network is unknown, one must resort to reconstruction
methods that identify the least biased ensemble of networks
A chal-
lenging case, frequently encountered due to privacy issues in

consistent with the partial information available.

the analysis of interbank flows and Big Data, is when there
is only local (node-specific) aggregate information available.
For binary networks, the relevant ensemble is one where
the degree (number of links) of each node is constrained
to its observed value. However, for weighted networks the
problem is much more complicated. While the naive approach
prescribes to constrain the strengths (total link weights) of
all nodes, recent counter-intuitive results suggest that in
weighted networks the degrees are often more informative
than the strengths. This implies that the reconstruction of
weighted networks would be significantly enhanced by the
specification of both strengths and degrees, a computationally
hard and bias-prone procedure. Here we solve this problem
by introducing an analytical and unbiased maximum-entropy
method that works in the shortest possible time and does not
require the explicit generation of reconstructed samples. We
consider several real-world examples and show that, while the
strengths alone give poor results, the additional knowledge
of the degrees yields accurately reconstructed networks.
Information-theoretic criteria rigorously confirm that the
degree sequence, as soon as it is non-trivial, is irreducible to
the strength sequence. Our results have strong implications
for the analysis of motifs and communities and whenever the
reconstructed ensemble is required as a null model to detect
higher-order patterns.

[1] D. Garlaschelli, M.I. Loffredo, Phys. Rev. Lett. 102,
038701 (2009).

[2] R. Mastrandrea, T. Squartini, G. Fagiolo, D. Garlaschelli,
New J. of Physics 16, 043022 (2014).

[3] R. Mastrandrea, T. Squartini, G. Fagiolo, D. Garlaschelli,
http://arxiv.org1402.4171, (2014).
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A complex network approach for rating of socio-
economic indicators. The UN EGDI case study.

N. Amoroso', E. Garuccio!, S. Nicotri?, E. Tinelli', R.
Bellotti’?, S. Stramaglia®

!Dipartimento Interateneo di Fisica - Universitd degli Studi di
Bari, Italy

2Istituto Nazionale di Fisica Nucleare Sezione di Bari, Italy
3Dipartimento di Fisica ”M. Merlin” Universita degli studi di
Bari Aldo Moro, INFN sezione di Bari

In recent years two struggling positions have risen regarding
the use of composite indicators as reliable tools for policy
makers. Simplicity is probably the mainstay for their use,
on the contrary several studies recently have demonstrated
possible misleading conclusions deriving from the underlying
uncertainty. In this paper we present an alternative point of
view, eventually mediating between the previously mentioned
opposite schools of thinking. The presented analysis was
performed on the UN data used for the e-Government survey
2012, thus the focus is on the e-Government Development
Index (EGDI). In the current work we propose a comparison
between standard approaches for data mining with a complex
network framework. The underlying motivation of this study
is the possibility of capturing data characteristics and relevant
features on the basis of topological considerations which
standard approaches cannot unveil. According to this we used
the EGDI data to explore the similarities among the different
member states. Correlations between nations were used to
build a weighted network whose properties and communities
were then investigated.  The network communities were
adopted as a reference for the development of a new weighted
indicator. In fact, we propose to assign a continuous score as
a performance index, intended as a membership ranking to be
assigned to all member states beside the EGDI index studied
in the present case. The performance index of each nation
belonging to a determined community was calculated firstly
detecting the remaining most similar community members and
then averaging the related EGDIs. The average was weighted
over the relative correlations in order to give consider as
major contributions those yielded by most correlated nations.
The proposed methodology offers two different possibilities
to modify the ranking concept. The first proposes the use of
the identified communities as rating classes; within them the
nations are marked with a plus or minus if the relative EGDI
is higher or lower than the proposed weighted indicator. The
second suggests instead the adoption of a plus and the minus
signs along with the original rating. The main result of the
proposed methodology is the definition of a new concept of
ranking. Moreover, the complex network framework naturally
involves the possibility to incorporate temporal evolution
through network dynamics and as a consequence it could
be favorably used with data sets whose size is ineluctably

increasing over time.

(1] H.B.K. Moene, and F. Willumsen, J. Developme 97(1), 1
(2012).

[2] V. Aquaro et al, Physica A 389, 1721 (2010).

[3] N. Basalto et al, Physica A 379, 635 (2007).
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Instabilities in granular fluids at moderate densi-
ties

V. Garzé!, P.P. Mitrano?, C.M. Hrenya?

!'Departamento de Fisica, Universidad de Extremadura, Badajoz,
Spain

?Department of Chemical and Biological Engineering, University
of Colorado, Boulder, Colorado, USA

Although hydrodynamics is frequently used to describe rapid
granular flows, there are still some open questions about the
domain of validity of this description. One of them lies in the
transition from kinetic theory to hydrodynamics beyond the
quasielastic limit. The reason of this concern resides in the
fact that the inverse of the cooling rate (which measures the
rate of energy loss due to collisional dissipation) introduces
a new time scale not present for elastic collisions (ordinary
fluids). The variation of the (granular) temperature over this
new time scale is faster than over the usual hydrodynamic
time scale. However, as the inelasticity increases, it is possible
that the system could lack a separation of time scales between
the hydrodynamic and the pure kinetic excitations such that
there is no aging to hydrodynamics or, in the language of
kinetic theory, there is no normal solution at finite dissipation.
Needless to say, to definitively address the validity of hydro-
dynamics for dissipative systems, the complete spectrum of
the (linearized) Enskog-Boltzmann collision operator must
be known. More specifically, knowing this spectrum allows
one to see if the hydrodynamic modes (density, velocity, and
temperature) decay more slowly than the remaining kinetic
excitations at large times. On the other hand, the complex
mathematical structure of the above collision operator
makes an exact solution to the (inelastic) Enskog kinetic
equation intractable, even for studying the relaxation of small
spatial perturbations of the homogeneous cooling state. An
alternative route is to compare the (approximate) theoretical
solutions to the Enskog equations (which are obtained by
assuming the validity of a normal solution) with molecular
dynamics (MD) simulations.

In this talk we give some insight into the above problem by
determining the critical length scale L. for the onset of insta-
bilities in freely cooling flows of granular fluids at moderate
densities. To get L., we will perform a linear stability analysis
of the Navier-Stokes (NS) granular hydrodynamic equations
[1] where the explicit form of the transport coefficients is
obtained from a solution of the Enskog equation [2]. The the-
oretical predictions for L. are tested against MD simulations
in flows of strong dissipation and moderate volume fractions.
We find excellent agreement between MD and kinetic theory
for the onset of velocity vortices, indicating the applicability
of NS hydrodynamics to monodisperse [3,4] and polydisperse
[5] granular flows even for strong inelasticity and finite density.

] V. Garzé, Phys. Rev. E 72, 021106 (2005).

[2] V. Garz6, J.W. Dufty and C.M. Hrenya, Phys. Rev. E 76,
031303 (2007).

[3] P.P. Mitrano, S.R. Dhal, D.J. Cromer, M.S. Pacella and C.
M. Hrenya, Phys. Fluids 23, 093303 (2011).

[4] P.P. Mitrano, V. Garz6, A.M. Hilger, C.J. Ewasko and C.M.
Hrenya, Phys. Rev. E 85, 041303 (2012).

[5] P.P. Mitrano, V. Garzé and C.M. Hrenya, Phys. Rev. E
89, 020201 (R) (2014).
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Approaches to Derivation of the Boltzmann
Kinetic Equation

V.I. Gerasimenko
Institute of Mathematics of NAS of Ukraine

In the talk the possible approaches to the rigorous derivation
of the Boltzmann kinetic equation with hard sphere collisions
from underlying dynamics are considered. In particular, a for-
malism for the description of the evolution of infinitely many
hard spheres within the framework of marginal observables
governed by the dual BBGKY hierarchy in the Boltzmann-
Grad scaling limit is developed. The limit dynamics is
described by the set of recurrence evolution equations, namely
The links of the dual

Boltzmann hierarchy for the limit marginal observables and

by the dual Boltzmann hierarchy.

the Boltzmann kinetic equation with hard spheres collisions
are established. We prove that the mean value functional
of the constructed limit additive-type marginal observables
is equivalent to the mean value functional determined by
the one-particle marginal distribution function governed by
the Boltzmann equation. In the general case of the limit
k-ary-type marginal observables the corresponding mean
value functionals are equivalent to the mean value functional
determined by the k times product of a one-particle marginal
distribution function, i.e. the property of the propagation of
initial chaos takes place.

Also we give consideration to one more approach of the
description of the kinetic evolution of hard spheres in
terms of a one-particle distribution function governed by
the non-Markovian generalization of the Enskog kinetic
equation and the Boltzmann-Grad asymptotic behavior of its
non-perturbative solution is established. We note that within
the framework of the perturbation theory a particular case
of this approach reduces to the Bogolyubov’s method of the
derivation of the Boltzmann equation.

Moreover, we consider the problem of the rigorous description
of the kinetic evolution in the presence of initial correlations
of a system of particles with hard spheres collisions. The
developed approaches give an opportunity to derive the kinetic
equations with initial correlations that may characterize the
condensed states of large particle systems.

The obtained results are applied to the description of the ki-
netic evolution of interacting stochastic Markovian processes,
modeling the microscopic evolution of soft active matter.
We note that the developed formalism to the description of
the collective behavior within the framework of the marginal
observables is in fact the best mathematically fully consistent
formulation for systems of mathematical biology.

[] V.I. Gerasimenko, I.V. Gapyak, Kinet. Relat. Models 5,
459 (2012).

[2] V.I. Gerasimenko, Yu.Yu. Fedchun, J. Coupled Syst. Mul
1, 273 (2013).

[3] V.I. Gerasimenko, arXiv:1308.1789, (2013).
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Spitzer identities and Wiener-Hopf factorisations
through fast Hilbert transform - Application to
the pricing of exotic derivatives

G. Germano, D. Marazzina®, G. Fusai®
LUniversity College London
2Politecnico di Milano

3Universit4d del Piemonte Orientale and Cass Business School

Spitzer identities are closed expressions for the z-transform
(or moment generating function) of the characteristic function
of a stochastic process X (t) with independent and identically
distributed increments. For instance, if pps(z,n) is the proba-
bility density function of the maximum M = max, X (nAt) of
X (t) monitored on a discrete grid of points in time, then
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where ®(¢, q) = 1—q¥ (&, At) and W(&, At) is the characteristic
function of X (t).
The application of Spitzer identities has been difficult because

it requires the factorisation of a complex function into its +
and - parts. The same operation is required for the solution
of linear integral equations of convolution type with constant
limits of integration,

b
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this is known as a Wiener-Hopf equation if a = —oco or b =
+00, and as a Fredholm equation if both integration limits are
finite.

We express the factorisation through the Plemelj-Sokhotski
formulas
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in terms of the Hilbert transform
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and compute the latter by two fast Fourier transforms
combined with a sinc function expansion, which provides
exponential convergence of the error with the number of
grid points. We bind from above the computational cost
of the inverse z-transform using the Euler summation, a
convergence-acceleration technique for alternating series.
The resulting methods can be used to solve many disparate
problems in engineering mathematics, mathematical physics,
etc., from diffusion in the presence of barriers to the scattering
of electromagnetic waves. We present an application in
finance, the pricing of exotic (i.e. path-dependent) derivatives,
such as barrier, lookback, Bermudan, occupation time, quan-
tile or step options, when the underlying is modelled as an
exponential Lévy process, showing the two equivalent solutions
based on a Spitzer identity or on a Wiener-Hopf-type equation.

[] F. Spitzer, Trans. 82, 323 (1956).

[2] J.H.B. Kemperman, Ann. Math. 34, 1168 (1963).

[3] J.B. Lawrie, I.D. Abrahams, J. Eng. 59, 351 (2007).

[4] G. Fusai, G. Germano, D. Marazzina, Operations Research,
submitted (2014).
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Fokker-Planck
system analysis

equation and thermodynamic

U. Lucia!, G. Gervino?®
1Dipartimento Energia, Politecnico di Torino, Italy
2Dipartiment0 di Fisica and INFN Torino, Universitd di Torino,

Italy

Stochastic differential equations are important tools in
modelling complex systems in physics, chemistry, biology and
The non-linear Fokker-Planck
equation or forward Kolmogorov equation is currently success-

even finance and economics.

fully applied in order to describe in a phenomenological way
anomalous correlated diffusion. The resulting distribution-
dependent stochastic equation is then used for a deep analysis
of irreversibility and it gives an excellent approximation near
the free energy minimum, just as Boltzmann’s definition of
entropy follows from finding the maximum entropy state.
Under certain conditions on the drift and diffusion coefficients,
the stationary solution of a Fokker-Planck equation of the
type that we consider here satisfies a variational principle:
it minimizes a certain convex free energy functional over an
This
free energy functional decreases in time for any solution

appropriate admissible class of probability densities.
of the Fokker-Planck equation. It is then possible to de-
scribe in suitable mathematical terms the evolution and
the probability density for stochastic processes associated
with their stochastic differential equations, stressing their
time-dependence in which randoness plays a crucial role.
The solution of the stochastic differential equation leads to
information on the probability transition function of the
stochastic processes but it also allows to find out peculiar
stationary distribution conditions and time evolution function
of the irreversible complex system under investigation. A
link between Fokker-Planck dynamics and the free energy
functional is presented and discussed: the approach has
been particularly successfull to describe metastability and
hysteresis phenomena. The fundamental role of dissipation
analysis in metastable systems is investigated and discussed.
A link between Fokker-Planck equation applied to dissipation
and entropy generation is developed and a statistical approach
for irreversible phenomena application coming from the
preliminary results of this research is suggested. The major
novelty of our approach is that this formulation enables us to
reveal an appealing, and previously unexplored,relationship
between the Fokker-Planck equation and the associated free
energy functional. Namely, we point out that the dynamics
may be regarded as a gradient flux, or a steepest descent, for
the free energy.

(1] U. Lucia, Physica A 393, 256 (2014).
[2] U. Lucia, Physica A 392, 3513 (2013).
[3] U. Lucia, Chem. Phys. Lett. 583, 209 (2013).

Thermodynamic instabilities
heavy-ion collisions

in high energy

G. Gervino', A. Lavagno?, D. Pigato?
L Universitadi Torino, Italy

2Politecnico di Torino, Italy

One of the very interesting aspects of high energy heavy-ion
collisions experiments is a detailed study of the thermody-
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namical properties of strongly interacting nuclear matter
away from the nuclear ground state. In this direction, many
efforts were focused on searching for possible phase transitions
in such collisions. In this contribution, we investigate the
possible thermodynamic instability in a warm and dense
nuclear medium where a phase transition from nucleonic
matter to resonance-dominated A-matter can take place.
Such a phase transition is characterized by both mechanical
instability (fluctuations on the baryon density) and by
chemical-diffusive instability (fluctuations on the isospin
concentration) in asymmetric nuclear matter. Similarly
to the liquid-gas phase transition, the nucleonic and the
A-matter phase have a different isospin density in the mixed
phase. In the liquid-gas phase transition, the process of
producing a larger neutron excess in the gas phase is referred
to as isospin fractionation. A similar effects can occur in
the nucleon-A matter phase transition due essentially to a
A~ excess in the A-matter phase in asymmetric nuclear
matter. In this context, we study the hadronic equation
of state by means of an effective relativistic mean field
model with the inclusion of the full octet of baryons, the
A-isobar degrees of freedom, and the lightest pseudoscalar
and vector mesons. These last particles are considered in the
so-called one-body contribution, taking into account their
effective chemical potentials depending on the self-consistent
interaction between baryons. The main goal is to investigate
how the constraints on the global conservation of the baryon
number, electric charge fraction, and strangeness neutrality,
in the presence of A-isobar degrees of freedom, hyperons, and
strange mesons, influence the behavior of the EOS in a regime
of finite values of baryon density and temperature. Moreover,
we show the relevance of A-isobars for different coupling
constants and how their presence influences several particle
ratios and strangeness production for different parameters
sets, compatible with experimental constraints. Finally, we
will investigate the presence of thermodynamic instabilities in
a hot and dense nuclear medium where phases with different
values of antibaryon-baryon ratios and strangeness content
may coexist. Such a physical regime could be in principle
investigated in the future high-energy compressed nuclear
matter experiments where will make it possible to create
compressed baryonic matter with a high net baryon density.

[1] A. Lavagno, Phys. Rev. C 81, 044909 (2010).
[2] A. Lavagno, D. Pigato, Phys. Rev. C 86, 024917 (2012).
[3] A. Lavagno, Eur. Phys. J. A 49, 102 (2013).

Time Operator, Age and Mixing of Markov chains

I. Gialampoukidis, I. Antoniou

Aristotle University of Thessaloniki, Greece

Extending the Time Operator, originally introduced for highly
unstable Dynamical Systems, to regular Markov Chains allows
to relate the Mixing Time with Internal Age. We construct an
exact mixing time formula for two-state regular Markov chains
as a function of the initial distribution and the chosen accu-
racy €. The evolution of the distance of initial distributions
from equilibrium is compared to the evolution of Shannon en-
tropy and more general entropy functions, namely the Rényi
entropies and the Tsallis entropies. These results are illus-
trated with several examples.

The self-adjoint operator with spectral projections the con-

ditional expectations E: on the Hilbert space of fluctuations
is called the Time Operator of the stochastic process Xi,t =
1,2,...:

oo
T=> t(E©E 1) (1)
t=1
The Time Operator T of a two-state regular Markov Chain
Xi¢,t = 1,2,... has been constructed explicitly. The internal
Age of a two-state regular Markov Chain X;,t = 1,2,... is
the Rayleigh quotient (expectation) of the Time Operator T
of Xt—:

Age(Xt) - 4HXt — ||2 (2)

We define the mixing time t,,;5(€) as the minimal time ¢ such
that the differences t — Age(X¢) become constant. For times
tly related to the differences t — Age(Xy).

The evolution of probabilities of any initial distribution p(0) =

p= ( Z(I) )7 with po + p1 = 1 is given by the formula:
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where v is the second eigenvalue of the stochastic tran-
sition probability matrix W = {wgr},kA = 0,1 and
Peq = ( Peq,0 ) is the equilibrium probability distribution.

Peq,1
The mixing time of any initial distribution p is defined in

terms of the family of p-norms ||.|p, the family of Rényi
Entropies and the family of Tsallis Entropies which include
the Shannon Entropy and the Boltzmann-Gibbs Entropy
correspondingly.

[] I. Gialampoukidis, K. Gustafson and I. Antoniou, Chaos
Sol. Fract. 57, 62 (2013).

[2] A. Renyi, 4th Berk Symp MSP 1, 547 (1961).

[3] C. Tsallis, J. Stat. Phys. 52, 479 (1988).

Stochastic oscillator with a random mass

M. Gitterman

Bar Ilan University, Israel

The simplest, the most general and the most used model of
the harmonic oscillator. This model is used for the description
of different phenomena in physics, chemistry, biology and
social science. However, this model requires an improvement
In order to describe the real phenomena, one has to add some
random forces to the appropriate equation. These noises
may have an internal origin or an external one, and they
enter the equations additively or multiplicatively, respectively.
Additive noise arises from non-zero temperatures or from very
rapid dynamics of certain degrees of freedom. Multiplicative
noise arises from the stochastic nature of external fields
and boundary conditions. Oscillator equations may contain
random frequency, random damping or random mass. The
first two cases have been intensively studied. The main
aim of this talk is the detailed analysis of the oscillator
with random mass.. As a simple physical example one can
mention Brownian motion with adhesion. Usual Brownian
motion describes a particle subject to a dynamic systematic
force, proportional to velocity, and an additive random force
exerted on the Brownian particle by the molecules of the
surrounding medium. Brownian motion with adhesion means
that the molecules of the surrounding medium not only

randomly collide with the Brownian particle, which produce
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its well-known zigzag motion, but they also stick to the
Brownian particle for some (random) time, thereby changing
its mass, which is described by an additional multiplicative
random force in the corresponding dynamic equation. The
fluctuations of mass are modeled as a dichotomous noise, and
the first two moments of coordinates show non-monotonic
dependence on the parameters of oscillator and noise. In the
presence of an additional periodic force an oscillator with
random mass is characterized by the stochastic resonance
phenomenon, where the appearance of noise increases the
input signal. In the absence of additive white noise

[1] M. Gitterman and D. Kessler, Phys. Rev. E 81, 022137
(2013).

[2] M. Gitterman, Physica A 391, 3033 (2012).

[3] M. Gitterman, World J. Mech. 2, 113 (2012).

Chaos-geometric attractor and quantum neural
networks approach to simulation of chaotic evo-
lutionary dynamics of complex systems

A.V. Glushkov, A.V. Loboda, A.A. Svinarenko, G.P. Pre-
pelitsa

Odessa State University - OSENU!

Most important, the fundamental issue in the description of
the dynamics of the statistically complex system is its ability
to forecast its future evolution, i.e. predictability of behavior.
Now for the analysis of time series of fundamental dynamic
parameters there are developed and implemented a variety
of methods, in particular, the nonlinear spectral and trend
analysis , the study of Markov chains, wavelet and multifractal
analysis, the formalism of the matrix memory and the method
of evolution propagators etc. Most of the cited approaches
are defined as the methods of a chaos theory. Nonlinear
simulation and forecasting chaotic evolutionary dynamics
of the large statistical systems can be effectively performed
using the concept of compact geometric attractors. In our
paper we present a new approach to analyze and predict the
nonlinear dynamics of these systems based on the concept of
geometric attractors, chaos theory methods and algorithms
for quantum neural network simulation. In terms of the
modern theory of neural systems, and neuro-informatics,
the process of modelling the evolution of the system can be
generalized to describe some evolutionary dynamic neuro-
equations (miemo-dynamic equations). Imitating the further
evolution of a complex system as the evolution of a neural
network with the corresponding elements of the self-study,
self-adaptation, etc., it becomes possible to significantly
improve the prediction of evolutionary dynamics of a chaotic
system. We have developed a software package for numerical
modeling of the dynamics of the photon echo neural network.
It has the following key features: multi-layering, possibility
of introducing training, feedback and controlled noise. The
results of the PC simulation of dynamics of the quantum
multilayer neural networks with the input rectangular,
sinusoidal pure soliton and noisy soliton-like pulses sequence
allow to make conclusion about sufficiently high-quality
processing the input signals of very different shapes and
complexity. A stochastic resonance effect is discovered in our
PC experiment for noisy soliton-like pulse input. Using phase
space information on the evolution of the processes in time
and results of the neural network modelling techniques can be
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considered as one of the fundamentally new approaches in the
construction of global nonlinear models of the most effective
and accurate description of the structure of the corresponding
attractor and in further optimal simulation of the statistically
complex evolutionary processes.

(1] A.V. Glushkov A.V. et al, Atm. Environment 42, 7284
(2008).

(2] A.V. Glushkov et al, Prog. Theor. Chem. Phys 18, 541
(2008).

[3] A.V. Glushkov et al, Adv. Space Res. 42, 1614 (2008).

[4] A.V. Glushkov et al, Stoch. Env. Res. Risk. Ass 22, 777
(2008).

Global mechanisms in the Earth atmosphere
models, energy and angle momentum balance
and teleconnection: Statistical and dynamical
modelling

A.V. Glushkov, V.F. Mansarliyskii, N.G. Serbov, P.A.

Zaichko
Odessa State University - OSENU

The satellite data and data of observing the radio-waveguide
parameters (especially in the low troposphere layers) by
means of radio-technical devices (in the ultra short-wave
diapason) is the informative basis of the modern atmosphere
long-term forecasts. As any water quantities in atmosphere
are formed on the basis of the cycle- and front-genesis (or
in the convective non-stability lines) one can introduce the
corresponding model on the basis of thermodynamics and
hydromechanics of the corresponding processes. For example,
physics of these processes can coincide with the a soliton
mechanics, which has the long-periodical basis of the energy
support. The action mechanics of such a soliton defines the
key thermo-hydro-dynamical parameters of the atmosphere
ultra-short-wave radio-waveguide. We present principally new
non-linear statistical and dynamical methods of monitoring
and modelling the Earth system low-frequency scale processes
on the basis of observing some summated contributions of
low frequency oscillations for geophysical factors. They base
on the energy and angle moment balance relations with
stochastic elements and new scheme for calculation of the
macro-turbulence regime in typical atmospheric processes
(Glushkov et al, 2006), which are known as atmospheric
circulation forms. The balance analysis allows to predict the
large-scaled atmospheric transformations and teleconnection
phenomena and to give their quantitative description. We
carried out a series of PC experiments at the Pacific ocean
region in order to study global mechanisms in the atmospheric
models and check the seasonal sequences of the conservation
(or disbalance) of the Earth atmosphere angle momentum
and to provide new predictors for the long-termed and super
long-termed forecasts of the low frequency atmospheric
processes. The current function (complex velocity) fields
are calculated for typical atmospheric circulations forms.
The experiments allowed quantitatively defining a direct link
between an atmospheric turnover and atmospheric circulation
forms through the front divider position and typical low
frequency process of conservation of the angle moment
balance. Besides, we have adapted the modified theory of the
macro-turbulence for possible using the atmosphere radio-
waveguides as a special effective predictors in the long-termed
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plan. The results of analysis for the temporal variation of
the North-Atlantic and Southern oscillations (NAO and SO)
and their effect on the spatiotemporal distribution of precip-
itation in the FEurope during 1960-2010 years on the basis
of non-decimated wavelet decomposition method are listed too.

[1] A.V. Glushkov et al, J. Hydr. 322, 14 (2006).

[2] A.V. Glushkov, et al, Q. J. Royal Met. Soc. 132, 447
(2006).

[3] A.V. Glushkov , et al, Adv Space Res. 42, 1614 (2008).
[4] A.V. Glushkov, et al, Stoch. Env. Res. Risk. Ass. 22, 777
(2008).

Effective temperature in an active matter system
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4International School for Advanced Studies (SISSA), Trieste, Italy

Active matter refers to systems driven out of equilibrium by
internal or external energy sources. They are characterized
by many peculiar properties not present in their passive
counterparts, like clustering, anomalous diffusion, giant
fluctuations [1,2]. For these systems an open question is the
coherent definition of an effective temperature [3,4].

In our work we consider a two-dimensional system of active
dumbbells [?], each made by two beads kept together by a
spring, and interacting through a Weeks-Chandler-Anderson

(WCA) potential. They are immersed in an implicit solvent
modeled by the Langevin equation. The activity is modeled
by a constant force acting on the principal direction of
the dumbbell.

characterization of the behavior of simple bacteria and tries

This model wants to be a coarse-grained

to study them from a statistical point of view.

The aim of our study is to use tracers, mechanically coupled
with the dumbbells through the WCA potential and not
coupled to the thermal bath, to test the notion of effective
temperature and the use of different methods to measure it
through the presence of the tracer.

We first analyzed the diffusive properties of our model in the
absence of tracers, always in a regime without clustering.
For a single active dumbbell we analytically calculated the
diffusion coefficient for its center of mass together with
the displacement induced by a pulling force, arriving to a
definition of an effective temperature through the fluctuation
dissipation relation. Then we calculated numerically the above
quantities for systems with different densities, temperature
and activities. We found non trivial non monotonic behavior
of diffusion and mobility when the activity is varied, at fixed
density. The Einstein relation results verified in terms of an
effective temperature not depending on the density.

On the other hand, we calculated the effective temperature
of the active system by introducing spherical tracers and
studying their velocity distribution. The tracer velocity
distributions result to be gaussian and from that a temper-
ature can be evaluated. We also considered a version of the
fluctuation dissipation relation for the tracers, giving another
estimate of the effective temperature. We found that these

effective temperatures, for high values of the masses of the
tracer, converge to the value of the effective temperature
previously calculated in the system without tracer. This
suggests that the study of the dynamics of tracers, more
accessible experimentally than that of the non-equilibrium
system itself, is a convenient way to analyze non-equilibrium
systems.

(] M.C. Marchetti et al, Rev. Mod. Phys. 85, 1143 (2013).
[2] G.P. Saracco, G. Gonnella, D. Marenduzzo, E. Orlandini,
Phys. Rev. E 80, 051126 (2009).

[3] L.F. Cugliandolo, J. Phys. A 44.48, 483001-483041 (2011).
[4] D. Loi, S. Mossa, L.F. Cugliandolo, Phys. Rev. E 77,
051111 (2008).

[5] G. Gonnella, A. Lamura, A. Suma, Int. J. Mod Phys C
(2014).

Financial herding of three agent groups under
the impact of exogenous noise

V. Gontis, A. Kononovicius

Institute of Theoretical Physics and Astronomy, Vilnius Univer-

sity, Lithuania

Socio-economic sciences face complexity right from the start
as they are intrinsically complex at many different levels.
Financial markets are among the most interesting examples of
such complexity. There is no direct way to gain insights into
the nature of microscopic interactions in financial markets.
Agent based modeling framework, which may provide qualita-
tive and quantitative understanding of the financial markets,
is very ambiguous with scarce empirical evidence. Looking
for the ideal agent based approach we would consider as a
primary necessity to build bridges between microscopic, agent
based, and macroscopic, phenomenological, modeling [1].
Following this trace of thought it is rational to combine two
origins of the noise: exogenous one, related to the information
flow, and endogenous one, arising form the complex stochastic
dynamics of agents.

From the agent, market trader, point of view there are two
fundamental dilemmas: a) to follow rational, based on long
term fundamental values, thinking or to speculate counting
on sophisticated strategies tracking much more rapid price
movement tendencies and b) dilemma to buy or sell stocks if
agent already has chosen to acts as speculating chartist. If
dilemma (a) considers choice between common sense rational-
ity and heterogenous rationality, then dilemma (b) considers
heterogenous rationality as irrelevant for the macroscopic
outcome of the whole macroscopic system and simplifies it
to the alternatives buy or sell stocks. Such simplification of
possible agent’s choices can be considered as herding process
in three groups of agents [2]. Herding is one of the behavior
peculiarities considered in behavioral finance [3].

In this contribution we consider a three state agent based
herding model of the financial markets. The derived set of
stochastic differential equations describes underlying macro-
scopic dynamics of agent population and log price of the asset
in financial market. The obtained stochastic process is then
subjected to the exogenous noise, which shapes instantaneous
return fluctuations. We test both Gaussian and g-Gaussian
noise as a source of the short term fluctuations. The resulting
model of the return in the financial markets with the same set
of parameters reproduces empirical probability and spectral
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densities of absolute return observed in New York, Warsaw
and NASDAQ OMX Vilnius Stock Exchanges.
confirms the prevalent idea in behavioral finance that herding

Our result

interactions may be dominant over agent rationality and
contribute towards bubble formation.

[1] A. Kononovicius, V. Gontis, V. Daniunas, Int. J. Adv. Int.
Syst. 5 (1-2), 111-126 (2012).

[2] A. Kononovicius, V. Gontis, EPL 101, 28001 (2013).

[3] A.V. Banerjee, The Quart J. of Econ 107(3), 797-817
(1992).

Modeling the interplay between protein and lipid
aggregation in supported membrane

P. Gonzalez de Prado Salas®, P. Tarazona?

!Departamento de Fisica Teorica de la Materia Condensada
Universidad Autonoma de Madrid, Spain

2Centro de Investigacion de Fisica de la Materia Condensada and
Instituto de Ciencia de Materiales Nicolos Cabrera, Universidad

Autonoma de Madrid, Spain

We present a theoretical model that deals with the complex
interplay between lipid species segregation in a bilayer
membrane and the self aggregation of protein attached to
one of the lipid species. This model is an extension of a
previous one [1,2] used to study the filaments and bundles
formed by the self-aggregating cytoskeletal protein FtsZ, a
protein found in prokaryotes and which is one of the key
characters in bacterial reproduction. Recent experiments
with FtsZ mutants covalently attached to maleimide lipids
found a new range of structures that required new ideas to
understand them, like the interplay between torsion and an
specific anchoring of the protein filaments.

However, this model was not able to reproduce the unexpected
polymorphism observed under conditions in which the com-
position of the lipid membrane produces the segregation of
two phases with different composition; at low temperatures or
high concentrations of linker lipid. Under these circumstances
the lipid bilayer has to be treated like an active component
of the system, rather than as a passive substrate. Biological
membranes are very complex, and lateral segregation of lipids
and proteins into domains of different sizes and life times
play an important role in signaling pathways, endocytosis,
cell polarity and migration, neuronal growth and a variety of
disease settings.

In order to look into this new phenomena, we expanded our
model by including a lipid bilayer with two lipid components.
In contrast to previous models that consider the membrane
only as a passive element for the planar confinement of
the proteins, ours describes the system including dynamic
interactions between protein monomers, the interactions
between lipid components, and also a mixed term considering
both protein-lipid interactions.

Our preliminary results helped us to understand the ex-
perimental results, and suggest that lipid segregation may
affect the length and curvature of protein filaments and that
the dynamic behavior of the lipids and proteins might have
different time scales, giving rise to “memory effects”.

This simple model that considers a dynamic protein assembly
on a fluid and active lipid surface is a starting point which
can be further refined with additional elements. In this way it
could be easily applied to other biologically relevant situations
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in which the interplay between protein and lipid aggregation
are both needed to fully describe the system [3].

[] P. Gonzalez de Prado Salas, M. Encinar , M. Valez and P.
Tarazona, Soft Matter 9 (26), 6072 (2013).

[2] P. Gonzalez de Prado Salas et al, Soft Matter 10 (12), 1977
(2014).

(3] B. Head, H. Patel and P. Insel, BBA 1838(2), 532 (2014).

Liquid-crystal patterns of rectangular particles in
a square nanocavity

M. Gonzilez-Pinto, Y. Martinez-Ratén, E. Velasco
Universidad Autonoma de Madrid

Hard rectangular particles in two dimensions have attracted a
lot of interest in recent years, due to their ability to form exotic
nematic phases (1) and their peculiar nature of the crystal
phase near close-packing (2). in Using density-functional
theory we analyze liquid-crystal patterns and phase behaviour
in a fluid of hard rectangular particles of lenght L and width
D confined in a two-dimensional square nanocavity (3).
Patterning in the cavity is governed by surface-induced order
as well as capillary and frustration effects and depends on
the relative values of the particle aspect ratio and the cavity
size H. Ordering may be very different from bulk behaviour
when the cavity size is a few times the particle length. Bulk
and confinement properties are obtained for different particle
aspect ratios, k = L/D = 1,3 and 6.

In bulk the isotropic phase is always stable at low packing
fractions and nematic, smectic, columnar, and crystal phases
can be stabilized at higher densities depending on the particle
size. In the confined fluid surface-induced frustration leads
to fourfold symmetry breaking in all phases (which become
twofold symmetric). The restricted-orientation approximation
used in our theoretical approximation prevents director
distortion by construction, so that frustration in the director
orientation is relaxed by the creation of domain walls (where
the director changes by 90 °); this configuration is necessary
to stabilize periodic phases at high density. For square
particles, k = 1, the crystal becomes stable, with commen-
surate transitions taking place as the cavity size is varied.
These transitions involve structures with different number
of peaks in the local density. For more anisotropic particles
the commensurate transitions involve columnar phases (with
different number of columns) for Kk = 3 or smectic structures
(with different number of layers) for k = 6. In the latter case,
at lower densities there is a symmetry-breaking isotropic to
nematic transition exhibiting nonmonotonic behavior with
cavity size.

Apart from the present application in a confinement setup,
our model can be used to explore the bulk region near
close packing in order to elucidate the possible existence of
disordered phases at close packing. Finally, results involving
relaxation dynamics (using dynamic density-functional
theory) from different structures and phase transitions are
also presented, and an application involving the growth of a
bacteria along its longitudinal direction is shown.

(1] H. Schlacken et al., Mol. Phys. 93, 777 (1998).

[2] A. Donev et al., Phys. Rev. B 73, 054109 (2006).

[3] M. Gonzéilez-Pinto, Y. Martinez-Ratén, E. Velasco, Phys.
Rev. E 88, 032506 (2013).
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Molecular motors operating in viscoelastic cy-
tosol: anomalous vs. normal transport and its
efficiency

I. Goychuk

Institute for Physics and Astronomy, University of Potsdam,

Potsdam, Germany

Discovery of anomalously slow passive subdiffusion of vesicles,
RNA messengers and other submicron particles in living cells
provokes a number of intriguing questions. In particular,
how do molecular motors like kinesins actively transport such
freely subdiffusing particles? Is motor-mediated transport
Can the

same motors in the same cells realize both normal and

normal or it also becomes anomalously slow?

anomalous transport and under which conditions?  We
answer these intriguing questions [1] within a non-Markovian
generalization of standard Markovian continuous diffusion
model of molecular motors with two conformational states
by taking into account slowly decaying memory effects
caused by the viscoelasticity of cytosol considered as a
highly crowded complex polymeric fluid. Influence of such
complex medium is characterized by a memory friction
with fractional friction coefficient and by thermal fractional
Gaussian noise which are related by fluctuation-dissipation
relation. Long-time memory cutoff corresponding to maximal
temporal range of subdiffusion makes the integral friction
coefficient finite. Large enhancement of such efficient friction
coefficient reflects largely enhanced macroscopic viscosity of
cytosol for submicron particles with respect to one of its
water constituent. In this study, we rely upon and develop
further general approach to anomalous Brownian motors
[2-5] which is based on Generalized Langevin Equation with
power-law decaying memory kernel, thermal 1/f noise, and
approximate multi-dimensional Markovian embedding of such
profoundly non-Markovian dynamics within a generalized
Maxwell-Langevin model of viscoelasticity [3,4]. The approach
has a firm statistic-mechanical foundation with vivid physical
interpretation making it especially attractive in biophysical
applications [3].
the transport can be both normal and anomalously slow,

For realistic parameters, we show that

depending on the amplitude of binding potential of the motor
protein to microtubule and external loading force acting
on the motor, turnover frequency of motor enzyme and the
cargo size (determining relevant fractional friction coefficient).
Strikingly enough, our anomalous Brownian motor can
operate as perfect ratchets with the motor steps completely
synchronized with the enzymatic turnovers, if the cargo is not
too large and the motor operates sufficiently slow. Thereby we
show how a power stroke operating mechanism can overcome
subdiffusional restrictions caused by macromolecular crowding
in living cells. Such active molecular transport can be highly
efficient despite subdiffusion.

[1] Goychuk, Kharchenko, Metzler, PLoS ONE 9, in press
(2014).

[2] I. Goychuk, Chem. Phys. 375, 450 (2010).

[3] I. Goychuk, Adv. Chem. Phys. 150, 187 (2012).

[4] I. Goychuk, Phys. Rev. E 80, 046125 (2009).

[5] V. Kharchenko and I. Goychuk, New J. Phys. 14, 043042
(2012).

laPENSOcosi: unveiling political opinion struc-
ture with a web-experiment

P. Gravino''?, C. Saverio', S. Alina®, S.V. Domenico
Pietro!, L. Vittorio!*®

!Sapienza University of Rome, Physics Department, Italy

2 University of Bologna, Physics Department, Bologna, Italy
3ISI Turin, Italy

In the United States hundreds of millions of dollars are yearly
spent for presidential campaigns, but the very mechanisms
through which public opinion can be succesfully shifted are
Available data have been studied
seeking for universals and experiments have been proposed

largely ununderstood.

aiming at highlighting different mechanisms influencing voters
opinions on candidates. However, comprehensive and focused
While in fact
political elections outcomes constitute precious databases

databases of political opinions are lacking.

to investigate voters behavior, the very voters opinion
could be hidden by many different factors, as for instance
tactical voting and limitations imposed by the election rules.
Moreover, the electoral system usually allows the expression
of a single positive vote per elective assembly, thus individuals
are called to compress all their interpretation of the political
landscape in a single preference. Most importantly, voters are
bound to express positive votes, so that only approval and
not disappointment can be directly expressed.

Here we propose an experiment aiming at overcoming these
limitations, providing a more complete picture of the citizens
perception and allowing in this way a quantitative analysis of
the complex structure of individuals opinions. In particular,
following a general trend emerged in the last few years,
where web-games are adopted as interesting laboratory
to run experiments in the social sciences, we propose a
web game/experiment in which people are directly called to
express their opinions on political subjects. The data gathered
with the laPENSOcosi experiment reflect the general negative
sentiment the italian population has towards its political class.
More interestingly, we found that opinions follow a power
law distribution, with a negative exponent whose absolute
value decreases with the level of optimism, but that remains
almost constant across different political orientations. This
result strongly recall a well known law linking stimuli and
perception, i.e., the Weber-Fechner law. This law has been
observed in several situation involving physical perceptions,
e.g. for light brightness or for noise intensity, but also in
other context, e.g. for numerical cognition and recently in
subjective perception on the quality of a service. The presence
of a Weber-Fechner-like law in political perception is a novel
aspect. This finding could foster other experiments in this
direction and can have a profound impact on the way models
of opinion dynamics are constructed.

(] M. Buchanan, Science 306, 799 (2004).

[2] J. Antonakis, O. Dalgas, Science 323, 1183 (2009).

[3] A. Chatterjee, M. Mitrovi/c and S. Fortunato, Scientific
Reports 3, 1049 (2013).

[4] A. Todorov, A.N. Mandisodza, A. Goren and C.C. Hall,
Science 308, 1623-1626 (2005).

[5] C. Borghesi and J.-P. Bouchaud, EPJ B 75, 395-404 (2010).
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Rigorous results on first-passage times for
surface-mediated diffusion

D. Grebenkov!, J-F. Rupprecht?, O. Benichou?, R.
Voituriez®

YLaboratory of Condensed Matter Physics, CNRS - Ecole
Polytechnique, France

2Laboratoire de Physique Theorique de la Matire Condens,

University Paris-6, France

We present an exact calculation of the mean first-passage
time (FPT) to a target on the surface of a 2D or 3D
In this
model, a molecule alternates phases of surface diffusion on the

spherical domain by surface-mediated diffusion.

domain boundary and phases of bulk diffusion, with diffusion
coefficients D1 and D2 respectively. Random durations of
each surface (adsorbed) phase are exponentially distributed,
with a given desorption rate. The process is stopped when
the molecule arrives on the target on the surface (either
from the bulk or from the surface). Two mean FPTs are
introduced, for molecules started on the surface, and for the
molecules started in the bulk. These mean FPTs satisfy two
coupled diffusion PDEs with mixed boundary conditions.
The spherical symmetry allows one to benefit from specific
relations between the eigenbases of the Laplace operators in
the bulk and on the surface in order to reduce these coupled
PDEs to an integral equation. We then provide two analytical
solutions of this integral equation: an exact solution that
requires an inversion of an explicitly given matrix, and a very
accurate approximate solution which is fully explicit. These
solutions are provided for normal and biased diffusion (in the
presence of a radial force) for a variety of simple domains
such as disk, annulus, sector, sphere, and even rectangles. In
particular, the mean FPT is obtained in a general annulus
with an arbitrary number of regularly spaced targets on a
partially reflecting surface. Our method is applicable to
extended targets of arbitrary size that goes beyond the narrow
escape limit. In the framework of this minimal model of
surface-mediated reactions, we show analytically that the
mean reaction time can be minimized as a function of the
desorption rate from the surface. As a consequence, an
intermittent exploration may enhance search and reaction, as
compared to pure surface diffusion or pure bulk diffusion. In
fact, we determine conditions on the D2/D1 ratio under which
surface diffusion, bulk diffusion, or intermittent diffusion is
optimal. This analytical approach opens a way to under-
stand intermittent search processes (such as e.g. facilitated
diffusion) in natural systems and puts forward a general
mechanism of enhancement and regulation of chemical and
biological reactivity. Higher-order moments and the proba-
bility distribution of the first-passage time can also be derived.

[1] O. Benichou, D.S. Grebenkov, P. Levitz, C. Loverdo, R.
Voituriez, Phys. Rev. Lett. 105, 150606 (2010).

[2] O. Benichou, D.S. Grebenkov, P. Levitz, C. Loverdo, R.
Voituriez, J. Stat. Phys. 142, 657 (2011).

[3] J.-F. Rupprecht, O. Benichou, D.S. Grebenkov, R. Voi-
turiez, Phys. Rev. E 86, 041135 (2012).

[4] J.-F. Rupprecht, O. Benichou, D.S. Grebenkov, R. Voi-
turiez, J. Stat. Phys. 147, 891 (2012).
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Recent developments in multifractal analysis of
data with application to finance

D. Grech

Institute of Theoretical Physics, University of Wrocaw

Possible reasons for the appearance of false multifractal
signals in real records of data will be discussed. Particular
emphasis will be given to the influence of random fluctuations,
finite size effects (FSE) as well as the influence of broad data
distributions on multifractal records. Detailed semi analytical
formula linking the amount of such false multifractal bias
with persistency level in data, its length and maximal
fluctuation moment order ¢ used to amplify the ratio of
respective small and large fluctuations in time series will be
provided. An implementation of proposed corrections for
calculations of the actual threshold of multiscaling phenomena
in complex systems will be shown in the examples taken
from real multifractal financial data. A study is performed
within MFDFA. It is found this effect is quite important
for shorter or persistent series. It is linear with respect to
autocorrelation exponent ~. Its strength decays according
to power law with respect to the length of time series L.
The obtained formulas are significant in any interdisciplinary
application of multifractality, including physics, financial data
analysis or physiology, because they allow to separate the
true multifractal phenomena from the apparent (artificial)
multifractal effects.They should be a helpful tool of the first
choice to decide whether we do in particular case with the
It will be
shown how to draw proper conclusions regarding multiscaling

signal with real multiscaling properties or not.

properties of complex systems from the multifractal analysis
based on interpretation of the observed Ah (generalized
Hurst exponent spread) or Aa (Holder exponent spread) in
multifractal techniques used so far.

In particular, we will analyze also quantitatively the correc-
tions to the spread of the generalized Hurstexponent profile
h. These will allow to extend the previously found formulas
describing the level of artificial multiscaling in finite signals
for large g to an arbitrary narrower range of ¢ moments used
in MFDFA technique in distinct applications by a number
of authors. Examples of the implementation of proposed
corrections to real multifractal financial data will be provided
at the end.
broad data distributions on multifractal findings. It will be

Finally I shall discuss the naked influence of

indicated that the latter effect is crucial for extraction of
?real” multiscaling phenomena within MFDFA and for some
financial markets it entirely suppresses multifractality caused
be different autocorrelation nature of data at distinct time
scales.

(1] G. Pamula, D. Grech, EPL 105, 50004 (2014).
[2] D. Grech, G. Pamula, Physica A 392, 5845 (2013).
(3] D. Grech, G. Pamula, Acta Phys. Pol. A 121, B34 (2012).



58 SHERATON RHODES RESORT - RHODES, GREECE

Fokker-Planck approach to propagation of light
in one-dimensional disordered photonic crystals

A.A. Greshnov
Toffe Institute, St Petersburg, Russia

Influence of disorder on propagation of light in one-
dimensional nominally periodic structures is studied analyti-
cally using statistical approach based on a Fokker-Planck type
equation. A variety of the models with short-range disorder
has been considered, allowing for both independent and cor-
related fluctuations of the refractive index and layer widths
within a period. In order to describe evolution of the elec-
tromagnetic wave along a structure under the conditions of
small dielectric contrast n and disorder amplitudes statisti-
cally we introduce slowly varying angle variable ¥ and derive
the Fokker-Planck equation for the distribution function of this
variable [1], which can be rewritten in the stationary case (i.e.
in the limit of a long sample) as

2
(144 sin® \1/)3—1;— [a(G+sin\p)—5 cos \1/—% sin 2\1:} F=
(1)
where J is a stationary flow, and relations between the
Greek letters «, B8, v and amplitudes of the fluctuations are
given in Ref. [1]. Practically, we need only solution of the
homogeneous equation, Fy (which can be found again in Ref.
[1]), and, using it, general answers for the light localization
length and density of the optical modes [2] are readily
obtained, which can be made explicit in the particular cases
of purely geometric disorder, disorder with equal dielectric
fluctuations, uncorrelated dielectric component, and for the
limiting case of small disorder amplitudes as compared to
dielectric contrast of a photonic crystal 7. Our derivation
shows that initial region of dependence of light localization
length £ on a disorder parameter ¢ is universal, provided that
the latter is defined in a proper way, see Ref. [1]. However,
this universality disappears at 6 ~ /7, and subsequent
behaviour is specific to a model. Interestingly, in most of the
models, except for a particular case of the purely geometric
disorder, £(d) is a non-monotonic function, and indeed this
fact can be explained by crossover between weak disorder
regime describable by graceful suppression of the reflecting
properties of a photonic crystal and strong disorder regime,
when periodic component of the refractive index can be
almost fully neglected. In addition, we have checked practical
consistency of the theory by comparison with the numerical
computations carried out for non-small values of the dielectric
contrast. Also, good agreement with the experimental data of
Ref. [3] managing small contrast three-dimensional photonic
crystals has been achieved. This work was partially supported
by NSH-5062.2014.2.

[1] A.A. Greshnov, M.A. Kaliteevski and R.A. Abram, Solid
State Commun. 158, 38 (2013).

[2] A.A. Greshnov, M.A. Kaliteevski, R.A. Abram, S. Brand
and G.G. Zegrya, Solid State Comm. 146, 157 (2008).

[3] V.N. Astratov, A.M. Adawi, S. Fricker, M.S. Skolnick, D.M.
Whittaker and P.N. Pusey, Phys. Rev. B 66, 165215 (2002).

Modelling the integer quantum Hall effect at fi-
nite temperature in the quantum wells, quantum
dots and graphene

A.A. Greshnov, Y.M. Beltukov
Toffe Institute, St Petersburg, Russia

The quantum Hall effect (QHE) is nice example of a phe-
nomenon where disorder produces deterministic result with
the precicion limited by our tools of measurement, the feature
honoured by the two Nobel Prizes. Another Nobel Prize,
awarded in 2010, was shared by the QHE with other exciting
electronic phenomena in graphene, where it was used to prove
monoatomic structure and, amazingly, is observable at 300K
[1]. However, theoretical background for description of the
QHE at finite temperatures is not very rich, to put it mildly.
The trivial part of our knowledge is that the QHE is being
smeared when temperature is increased due to dephasing
introduced by the electron-phonon and electron-electron
interactions, and less trivial fact originating from the concept

_g.of scaling is a power dependence of the transition widths
7

between adjacent plateaus of the QHE on the temperature
with some exponent k, which is believed to be fixed for a
certain class of universality [2]. Unfortunately, scaling theory
of the QHE gives no quantitive information, even on the
value of k, and, surprisingly, no numerical calculations of
conductivity in the QHE regime taking into account real
inelastic processes were available until recently [3].

In this talk we present a theory suitable for description of
the integer QHE at finite temperatures, which takes into
account the electron-phonon interaction, and numerical results
for the temperature and filling factor dependencies of the
conductivity tensor components for three material systems:
semiconductor quantum wells (QWs), quantum dots (QDs)
and graphene. We start up with the exact eigenfunctions
of the two-dimensional electron gas in the short-range or
long-range disorder potential and high magnetic field, found
implicitly using high-efficient method of kernel polynomials
[4], and use them to calculate transition rates between the
one-particle electron states, which determine conductivity via
Kubo formula. We have obtained interesting results for all
three kinds of the studied systems. In the case of QWs with
the short-range disorder, our calculations give the value of
Kk close to 0.4, in agreement with most of the experiments,
while for the long-range disorder it is significantly smaller.
For the QDs we have shown possibility to increase the maxi-
mum temperature for observation of the QHE using strong
confinement potential of the QDs, up to 7'~ 50 — 100K . The
most exciting results refer to graphene, for which we were
able to reproduce the room-temperature integer QHE taking
into account strictly two-dimensional (atomic) confinement
for both electrons and phonons. Our study was supported by
MK-718.2014.2.

[I] K.S. Novoselov et al., Science 315, 1379 (2007).

[2] B. Huckestein, Rev. Mod. Phys. 67, 357 (1995).

[3] A.A. Greshnov, Y.M. Beltukov, Semiconductors 48, 228
(2014).

[4] A. Weie, G. Wellein, A. Alvermann, H. Fehske, Rev. Mod.
Phys. 78, 275 (2006).
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Emergence of Complexity from Cooperative
Interaction

P. Grigolini

Center for Nonlinear Science, University of North Texas, USA

Here we illustrate one of the possible perspectives that
we guess will expand and generate a unifying vision of
complexity in the next few years. (1) The fall of reductionism.
According to Schweber [Schweber, 1993] the triumph of
renormalization group theory makes reductionism superseded
On the other hand
renormalization group theory affords the most advanced

by the study of emergent phenomena.

theoretical understanding of phase transitions, which, in turn,
led the investigators to go beyond the single unit pictures
while emphasizing the collective and cooperative behavior.
(2) Emergence of intelligence and cognition. The results of
the research work on sets of cooperating animals are changing
the concept itself of organism. The communality of interest
and minimal conflict leads to a definition of organism, called
organismality [Queller, 2009] extending from the ordinary
concept to human society. The cooperative action of many
units, at the same time, is thought to be equivalent to gener-
ating the intelligence of a Turing machine [Rosenfeld, 2013].
(3) Game theory. The essential role of cooperation raises
the important issue of explaining its origin, in spite of the
advantages that a single individual may derive from defection,
this being a compelling motivation for game theory in finite
populations [No. wak, 2004]. The study of collective behavior
and evolutionary games is becoming increasingly popular
and the authors of this field are currently addressing the
challenge of establishing a connection with neurophysiology
and sociology [Perc, 2013].(4) Criticality in the brain. On the
other hand, the study of brain dynamics remains of central
interest [Werner, 2013] with the key hypothesis that the brain
This brings
us back to the phase transition issue under the important

is a complex system operating at criticality.

condition of a finite number of interacting units. (5) Inter-
disciplinary research. Advances in game theory must take
into account that behavioral psychology yields experimental
evidence [Kearns, 2012] on the social nature of human brain
thereby substantiating the conjecture of the existence of the
group mind [McDougall, 1928], which is an explanation of
the emergence of cooperation resting on psychology. The
growing networks of links between disciplines seem to obey
the same cooperative processes as those hypothesized to be
at the basis of emergence of intelligence [Villa, 2013]. (6)
Progress in Statistical Physics.Science of Complexity will not
rest on traditional physics, and we argue that physics has to
be extended and generalized so as to properly cope with the
non ergodic nature of complex systems [Burov,2010;Aquino,
2010].

[] S.S. Schweber, Physics Today November, 34 (1993).

[2] D.C. Queller, J.E. Strassmann, Philosophical Transa 364,
3143 (2009).

[3] S. Rosenfeld, Gene Regulations an 7, 23 (2013).

[4] M. Nowak, Nature 428, 646 (2004).

[5] M. Perc, CSF 56, 1 (2013).
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Sine-Gordon Breathers generation in driven long
Josephson junctions

C. Guarcello, B. Spagnolo
Dipartimento di Fisica e Chimica, Group of Interdisciplinary

Physics Universitd di Palermo and CNISM, unitd di Palermo, Italy

The exclusive generation of breathers in Josephson junctions
(JJ) is computationally investigated. The analyzed system is
a long JJ (LJJ) stimulated by an external driving signal. The
electrodynamics of a LJJ is ruled by the sine-Gordon (SG)
equation. This is a partial differential equation for the JJ
order parameter ¢, that is the phase difference between the
macroscopic wave functions describing the superconducting
The SG model used is
perturbed including a damping term, setted to work in

condensate in the two electrodes.

underdamped regime, and an applied bias current. Different
SG travelling wave solutions are well-known: plasma waves,
kink and antikink, N-soliton
solutions, stationary or moving breathers.

one-soliton solutions, i.e.
In particular, a
breather is a bound pair of a kink and an antikink oscillating
with an internal frequency w. Considerable amount of the-
oretical and computational studies, about breathers in LJJ,
exists, despite of the absence of experimental works devoted
to their detection. Many impediments affect experimental
observation of breathers in LJJ. First, an efficient generation
and entrapment is necessary, and second, a breather doesnt
manifest itself as clear mean voltage difference or magnetic
flux through the junction. This work is devoted to establish
an efficient experimental setting to generate a SG breather in
a LJJ, exploiting a well-known phenomenon, the nonlinear
supratransmission (NLS). Due to the nonlinearity of the
medium, that is the junction, energy transmission is possible
also irradiating the system with a signal of frequency in
ranges usually forbidden. In our model, one end of the
junction is driven by a sinusoidal pulse of amplitude A and
frequency w lower than the plasma frequency of the JJ. To
well reproduce a meaningful experimental signal, that is no
abrupt variations during the switching on/off regimes, the
driving amplitude is smoothly increased/reduced according
to Gaussian profiles. In a 2D parameters space (A,w), a
region with absence of NLS, that is without energy flowing
into the system, is evident. Otherwise every combinations
of SG solutions are generated and propagate along the
junction. When this occurs, in correspondence of specific
(A,w) values, creation of only breathers is also detectable.
The analysis is improved varying the damping parameter,
the duration of the driving pulse and the applied bias
current. To check the robustness of the generated breathers,
a Gaussian noise source is inserted into the perturbed SG

model, and the percentage of surviving breathers is calculated.

(1] D.W. McLaughlin and A.C. Scott, Phys. Rev. A 18, 1652
(1978).

[2] F. Geniet and J. Leon, J. Phys. Cond. Matt. 15, 2933
(2003).

[3] G. Augello, D. Valenti and B. Spagnolo, Eur. Phys. J. B
70, 145 (2009).

[4] S. Johnson and A. Biswas, Commun. Theor. Phys. 59,
664 (2013).
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A two-order parameter model for the analysis of
phase transitions

G. Gubceac, A.A. Barsuk, F. Paladi
State University of Moldova, Faculty of Physics and Engineering,
Department of Theoretical Physics

The main propose of this report is to present the analysis of
phase transitions in the presence of an intermediate state by
using the model with two order parameters. The parametric
modelling of phase transitions and analysis of the role of an
intermediate liquid state in irreversible relaxation processes
at low temperatures were performed. As an example, one
can consider the systems with two stable states L1 and
C that means liquid and crystalline, respectively, and the
third one - intermediate fluid state, namely L2 [1]. Such
L2 state has been experimentally discovered in supercooled
liquids [2].
three control parameters in the Landau-type kinetic general

The model includes two order parameters and

potential of 6! degree, and has been developed to study
the impact of heterogeneity on phase transitions in the
presence of an intermediate fluid state [3]. We noticed that
the presence of the intermediate liquid state may indeed
enhance the nucleation rate, and, furthermore, an increase
in the heterogeneity of system accelerates the transition
dynamics. In the previous work, analytical solutions were
also obtained according to the Descartes-Euler method for
solving polynomial equations. Depending on the values of
its control parameters, the potential has one, two or three
possible minima, and the problem dealt with the construction
of the equilibrium phase diagrams. It is also worth mentioning
that the previously obtained results are general and suggest
a complete set of different transition scenarios in the entire
parameter plane with two control parameters [4].

In general, the largest and smallest values of order parameter
for the bifurcational analysis correspond to minima of free
energy functional F, while the intermediate value corresponds
to an unstable state (F has a local maximum or saddle point),
and these three extrema are identified with the crystalline and
two liquid phases [5]. In case of a single - component glass
which can be characterized in terms of the pressure P and
volume V| the relation between P and V could be obtained
using the equation P(V,T,z,y) = —(0F/0V)7 . Note that
P(V,T,z,y) can be derived from experimental data and this
equation may be further used to determine the V-dependence
of F(V,T,z,y). Then F can be applied to get the entropy
S = —(0F/0T)v,4,y, and in this way specific heats and other
thermodynamic quantities for the system may be defined; see,
for example, the well-known handbook Statistical Physics of
L.D. Landau and E.M. Lifshitz.

[1] F. Paladi, Physica A 389 (10), 1986 (2010).

[2] F. Paladi, M. Oguni, Phys. Rev. B 65 (14), 144202 (2002).
[3] G. Nicolis, C. Nicolis, Physica A 351, 22 (2005).

[4] Barsuk A.A., Gamurari V., Gubceac G., Paladi F., Physica
A 392(9), 1931 (2013).

[5] P.J. Ortoleva, J. Phys. Chem. B 101 (41), 8324 (1997).

Work distribution and uctuation-dissipation
relations for systems driven by external Levy
noises

E. Gudowska-Nowak!, L. Kusmierz', M.J. Rubi?

! Jagiellonian University in Krakow, Poland

2Dept. Fisica Fonamental, University of Barcelona

Superlinear and sublinear diffusional transport and nonexpo-
nential relaxation kinetics are ubiquitous in nature and have
been observed and analyzed in a number of systems ranging
from hydrodynamic flows and plasma physics to transport
in crowded environment inside cells and price variations in
economy. Usually, a starting point of description of systems
exhibiting anomalous transport properties involves use of
continuous time random walk (CTRW) and fractional differ-
ential diffusion equations of the Fokker-Planck type (FFPE).
Although both concepts turnt to be extremely powerfull in
applications, there is still lack of full understanding of their
links with first principles of mechanics and thermodynamics
[1]. Among various problems addressed in this field in recent
years is the origin of superdiffusive transport in momentum
space investigated in a number of studies. In particular, based
on the Langevin model with linear friction proportional to
velocity and non-Gaussian noise, superdiffusive transport in
velocity space for a magnetized plasma has been analyzed
[2,3]. Resulting FFPE has been further shown to describe
the evolution of the velocity distribution function of strongly
nonequilibrium and hot plasmas obtained in tokomaks. On
the other hand, anomalous transport is also relevant for
analysis of signal transmission and detection in biological
systems [1]. In this field Brownian-ratchet models provide
mechanisms by which operation of biomolecular motors is
investigated. In recent analysis it has been shown that the
minimal setups of simple ratcheting potentials and additive
white symmetric Lévy (non-Gaussian) noise are sufficient to
produce directional transport and inversion of currents can
be obtained by considering a time periodic modulation of the
chirality of the Lévy noise [4,5].

Here we continue this line of research and analyze ther-
modynamic energetics of a linear system subject to Lévy
fluctuations. We assume that the motion of a test particle
is described by a stochastic differential equation (SDE). We
study fluctuation-dissipation relations for a linear system
coupled to thermal bath and subject to independent deter-
ministic and random forces. At the level of a corresponding
Langevin equation, inclusion of thermal bath is modeled
by white Gaussian noise, whereas external random force is
represented by Cauchy noise term. Additionally, the system
is perturbed by a deterministic time-dependent force field.
By use of generalized susceptibility which is a function of the
unperturbed equilibrium system, we relate the correlation
between spontaneous fluctuations with the response of the
system to external drivings.

[1] J. Klafter, S.C. Lim, R. Metzler, Eds., Fractional Dynamics
1 (2011).

[2] B. Dybiec, E. Gudowska-Nowak, J. Stat. Mech. P05004
(2009).

[3] B. Dybiec, J.M. Parrondo, E. Gudowska-Nowak, EPL 98,
50006 (2012).

[4] L.Kusmierz, W. Ebeling, I.M. Sokolov, E. Gudowska-
Nowak, Acta Phys. Pol. B 44, 859 (2013).
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The transition to synchronisation on hierarchical
networks

N. Gupte, S. Gopalakrishnan
Dept. of Physics, Indian Institute of Technology, Madras, India

We study the transition to synchronisation in branching hier-
archical lattices using the evolution of Chate Manneville maps
placed on a triangular lattice. Connections are generated
between the layers of the traiangular lattice assuming that
each site is connected to its neighbours on the layer above
with equal probability. The maps are diffusively coupled,
and the map parameters increase hierarchically, depending
on the map parameters at the sites they are coupled to in
the previous layer. Thus the system forms clusters, with
the cluster with the largest number of connected sites being
called the maximal cluster. The system shows a transition
to synchronisation which is second order in nature, with
associated critical exponents. However, the V-lattice, which
is a special realisation of this lattice, and where the maximal
cluster is V-shaped and contains the largest number of sites
which can be seen in the lattice realisations, shows a transition
to synchronisation which appears to be discontinuous. This
raises the possibility of the transition belonging to the class of
explosive synchronisation with the explosive nature depending
on the nature of the substrate.

We compare our results with those seen for explosive perco-
lation transitions seen on these networks [1],[2], where the
transmission of packets has been considered. Each node can
accommodate a limited number of packets, depending on its
capacity, and the packets hop from node to node, following the
links between the nodes.The traffic flow in these models can
be represented by the site percolation problem.The transition
to percolation on the regular clusters seen here was seen to
be continuous, with a full set of critical exponents whereas a
transition to explosive percolation was seen on the V-lattice,
with continuous transitions being seen for the usual clusters.
The load bearing versions of these networks also show that
the V-lattice shows power-law behaviour for the failure rates,
with sigmoidal failure rates for the other realisations. The
distribution of lengths of the avalanches for the V lattice
also scales as a power law, unlike the behaviour of the usual
realisations which are multimodal Gaussians. These lead to
the belief that the V-lattice is the critical realisation of these
networks, for these cases. The asymmetric nature of the
links on the V-lattice is a major factor leading to criticality.
We speculate on whether a similar structure can lead to
critical cascading behaviour in the case of the synchronisation
transition, as well as in real life applications.

[1] A.D. Kacchvah N. Gupte, Phys. Rev. E 86, 026104 (2012).
[2] A.D. Kachhvah and N. Gupte, Phys. Rev. E 83, 036107
(2011).

[3] A.D. Kacchvah and N. Gupte, Pramana 77, 873 (2011).

Self-avoiding walks and related models under
compression

A.J. Guttmann, N.R. Beaton and I. Jensen
The University of Melbourne

Many lattice models, such as self-avoiding walks, self-avoiding
polygons, self-avoiding bridges, and simpler models like Dyck
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paths, have generating functions A(z) = > anz™, (where
the coefficient a, gives the number of such objects of size
n) with algebraic singularities. The coefficients thus behave
as an ~ Bup"n9. This remains true when such models are
considered in a half-space, with their origin anchored in
the surface. In this situation, each such object achieves a
maximum height h. If we associate with each such object a
fugacity y conjugate to the height h of the object, this can
model the behaviour of such objects subject to a stretching
force (y > 1), no force (y = 1) or a compressive force (y < 1).
We find that, for all the models considered, the critical
behaviour is different in the three regimes. When there is
no force (y = 1), the usual algebraic singularity is observed.
For y > 1, — the stretched regime— we find the generating
function has a simple pole, but the radius of convergence
1/p(y) decreases as y increases.

For the compressive case however, we find, in all cases, that
ap ~ C’u",u?ang, where p(y) = p(1), and typically o = 1/2
or 1/3. In the case of Dyck paths this result can be proved
(1] (we find ¢ = 1/3).
obtain estimates of p, p1, o and g by careful numerical work.

In the other cases mentioned, we

‘We discuss these results, and the newly developed numerical
methods whereby they are obtained.

This behaviour is reminiscent of that found by Oweczarek,
Prellberg and Brak [2] for self-interacting partially directed
self-avoiding walks in the collapsed phase. They conjectured a
similar behaviour for interacting self-avoiding walks in general,
in the collapsed phase. That is to say, they conjectured that
the partition function of such walks of length L should
behave as Qp ~ qougufa L9, and argued that log p1(7T) is
proportional to a temperature dependent surface free-energy,
while o should be close to 1/2. Duplantier [3] pointed out
that such behaviour was observed even earlier, in the case
of dense two-dimensional polymers, and further calculated
various critical parameters.

(1] B. McKay, private communication (2014).

[2] A.L. Owczarek, T. Prellberg and R. Brak, Phys. Rev. Lett.
70, 951 (1993).

[3] B. Duplantier, Phys. Rev. Lett. 71, 4274 (1993)

Sessile drop evaporation from
conducting surfaces

isolating and

J.A. Haaland!, G. Kleppe!, @. Frette?, V. Frettel

1Stord/Haugesund College, Haugesund, Norway
2Department of physics and technology, University of Bergen,

Norway

There has been a continual interest in understanding the
evaporation of sessile drops. This apparently simple problem,
with a number of important applications, has repeatedly
posed new challenges and lead to surprising results. As an
example, Ristenpart and coworkers (2007) found that the
flow pattern (the circulation) inside an evaporating drop
can be reversed through a sufficient change in the substrate
conductivity. In a seminal paper, Deegan and coworkers
(1997) demonstrated that such flow patterns can explain the
formation of ring-shaped ‘coffee stains’, for cases where a
pinned evaporating drop contains dispersed material. Several
authors have emphasized the role of substrate conductivity,
whereas variations in substrate temperature have been
investigated by Sobac and Brutin (2012).
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We have studied experimentally the evaporation of sessile
drops at cold (unheated) surfaces. We obtain evaporation
rates as functions of time by placing a substrate plate
with the drop on a balance with readability 0.1 mg. The
evaporation process depends on a continuous heat flow from
the surroundings to the drop and the plate it rests on - by
conduction, radiation, and convection. There is a temperature
gradient in the plate towards the droplet. The temperature
of the droplet remains lower than that of the surroundings
throughout the evaporation process. A proper description
depends on a decomposition of the needed heat flow into
the various contributions. In our experimental setup, the
heat flow as a function of time is measured through the
evaporation rate. Furthermore, we have restricted the role
of heat conduction to the drop by using a thick slab of a
material with very low conductivity between the substrate
plate and the balance.

We have investigated the evaporation of water droplets
with three different materials used for substrate plates:
Poly-Methyl-Methacrylate (PMMA) plate, Aluminum (Al)
alloy plate and Al foil. Surface areas were from 2 x 2cm? to
10 x 10 cm?, initial droplet masses from 0.05g to 0.4 g. Photos
from above were used to determine drop area, as function of
time. Wetting conditions vary; typically we observe spherical
cap shape for drops at PMMA and more oblate shape for
droplet water at Al-surfaces. The drops at Al substrates are
pinned.

The instantaneous evaporation rates of droplets from Al
plates are about twice as large as for PMMA plates. This
precludes a description with diffusion of water vapor a
On the other hand, had conduction
through the substrate plates been the limiting mechanism,

limiting mechanism.

the difference between the cases should have been much larger.

[1] W.D. Ristenpart et al, Phys. Rev. Lett. 99, 234502 (2007).
[2] R.D. Deegan et al, Nature 389, 827 (1997).
[3] B. Sobac and D. Brutin, Phys. Rev. E 86, 021602 (2012).

Relativistic diffusion

Z. Haba

Institute of Theoretical Physics, University of WrocAaw

Diffusion of relativistic particles is discussed. It is shown
that relativistic invariance imposes strong restrictions on the
form of the relativistic diffusion. A relativistic diffusion must
be formulated in the phase space. Its non-relativistic version
coincides with the Krammers diffusion. We discuss diffusions
which equilibrate to Juttner, quantum Bose-Einstein and
Fermi-Dirac distribution as well as distributions resulting
from non-extensive statistical physics. The equilibrium is

It is shown that
the classical Boltzmann entropy leads to linear diffusions

determined by the maximum of entropy.

whereas quantum entropies require non-linear relativistic
diffusion equations. We derive the relativistic diffusions as
an approximation of an interaction with a random environ-
ment. We apply Kubo approach relating short time random
dynamics with long time diffusion. In such an approach the
diffusion generator is defined as an expectation value of the
square of the Liouville operator. The relativistic invariance
determines in the unique way the coefficients of the second
order derivatives of the diffusion generator. We confirm
this observation by an explicit calculation of the diffusion

generator in an environment of random electromagnetic fields
(photons) and random gravitational waves. The coefficients
of the first order derivatives depend on dynamics and are not
universal. However, the principle of the detailed balance can
determine the part of the diffusion generator which describes
the approach to the equilibrium. We apply relativistic
diffusion to astrophysics and cosmology. We approximate
the effect of the interaction of an unknown matter (dark
matter) by the relativistic diffusion using the fact that it is
uniquely determined. The energy-momentum of the diffusion
is not conserved. In order to preserve the energy-momentum
we introduce the compensating energy-momentum of the
fluid of the dark matter. The diffusion of massless particles
We treat

inhomogeneities in a description of the structure formation as

in a homogeneous universe is exactly soluble.

a perturbation of the homogeneous soluble case. We suggest
that the structure formation in cosmology can be treated on
the basis of non-linear relativistic diffusion in an analogous
way as the well-known description of the structure formation
in chemical reactions based on non-linear reaction-diffusion
equations.

(1] Z. Haba, Physica A 390, 2776 (2011).
[2] Z. Haba, J. Phys. A 46, 155001 (2013).
[3] Z. Haba, Class. Quant. Grav. 31, 075011 (2014).

Transparently controlling chaos-assisted quantum
transport and localization

W. Hai

Department of Physics and Key Laboratory of Low-dimensional
Quantum Structures and Quantum Control of Ministry of

Education, Hunan Normal University, China
Presentation: Oral

The contradiction between chaos-assisted quantum tunneling
and chaos-related localization has been found before some
years. One hand, it is known that Anderson localization (AL)
was related to disorder, and chaos can substitute for disorder
in Anderson’s scenario, leading to dynamical localization
[1]. Such a dynamical localization was first directly observed
in a system that is classically chaotic [2]. Recently, we
further found that the high-chaoticity could replace higher
disorder and aids AL in a driven optical lattice system. On
the other hand, Lin and Ballentine have proved that the
tunneling rate can be highly enhanced due to the periodic
modulation associated with classical chaos [3]. Subsequently,
many theoretical and experimental works demonstrated that
classical chaos enhances quantum tunneling rate drastically
[4], even without a barrier to tunnel through. Why can chaos
promote tunneling and localization which are totally contrary
phenomenon?

In this paper, we will give an answer to this interesting
question. We study the chaos-related quantum transport
of single particles in one-dimensional tilted optical lattices
consisted of some amplitude-modulated laser standing waves
and a time-dependent linear potential. We aim at applying
the transparent control method based on the combined modu-
lation and exact solutions [5] to investigate the dependence of
the different chaotic characteristics on manipulating quantum
transport for single particles in the optical lattices with any

number of sites. Setting different combined modulations
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to the lattice depth and tilt, we emphatically study the
quantum transport crossing the chaotic sea of classical phase
space. Combining analytical and numerical calculations,
the previous perplexity on chaos-assisted tunneling or
localization is cleared, namely chaos may aid or suppress
quantum tunneling, depending on the selected parameter
regions. Different parameter regions are shown in which
chaos assists tunneling or aids localization. Several schemes
for transparently controlling particle to rapidly transport
and to localize at some given places in the phase space are
provided, by adjusting the controllable parameters to change
between the different regions. The results of single particles
can be extended to some two-level many-body interacting
systems, and could be applied to explore the corresponding
manipulation schemes of quantum information transport and

processing.

[1] S. Fishman, D.B. Grempel and B.E. Prange, Phy. Rev.
Lett. 49, 509 (1982).

[2] F.L. Moore et al., Phys. Rev. Lett. 73, 2974 (1994).

[3] W.A. Lin and L.E. Ballentine, Phys. Rev. Lett. 65, 2927
(1990).

[4] O. Bohigas, S. Tomsovic, D.Ullma, Phys. Rep. 223, 43
(1993).

[5] W.H. Hai and Q. Chen, Phys. Rev. A 87, 023403 (2013).

Decoherence in the quantum walk on the line
with two entangled particles

S.D. Han, E. Aydiner

Department of Physics, Istanbul University, Istanbul

The discrete-time quantum walk, the quantum version of
classical random walks, were first introduced in 1993 [1] and
have since then been a topic of research within the context
of quantum information and computation [2]. Some of the
algorithms in quantum information has been shown to have
a successful implementation using quantum walks. Several
systems have been proposed as candidates to implement
quantum walks. These proposals include atoms traps in
optical lattice, cavity quantum electrodynamics and nuclear
magnetic resonance in solid substrates. However, all these
proposed implementations face the obstacle of decoherence
due to environmental noise and imperfection. Decoherence in
the quantum walks has been considered recently for example
in Refs [3-5]. Numerical simulations of the effect of different
kinds of measurements have shown that the quantum walk
properties are highly sensitive to decoherent events. So far
decoherence in quantum walk has been discussed with one
particle. However the decoherence in a quantum walk with
two or more entangled particles may contain rich physics
more than single particle. Two particles in a system can be
interacting or non-interacting. For more particles quantum
dynamics will live in a composite Hilbert space. The particles
can be considered separable or non-separable in Hilbert
space. The quantum walk definition is very easy for separable
systems but for non-separable systems may be entangled. In
this case maximally entangled coins are considered to define
discrete-time quantum walk process. In this study we consider
a quantum walk on the line with two separable and entangled
particles. Firstly we will give brief introduction for discrete
and continuous time quantum walk formalism with one and
multi-particles. Secondly we consider two unitary operators to
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represent our quantum equivalence of a coin and then we have
two walkers. There are many features that can be explored
including the notion of superposition and entangled states.
Entanglement can be studied in the coin degree of freedom
as well as in the particle degree of freedom. In this part we
will present numerical results of the decoherence in quantum
walk for a several decoherence mechanisms such as absorption
traps, broken links and different boundary conditions. We
will discuss the decoherence for different coin operators and
the results are compared.

(1] Y. Aharonov, L. Davidovich, N. Zagury, Phys. Rev. A 48,
1687 (1993).

[2] J. Kempe, Contemp. Phys. 44, 307 (2003).

(3] A. Romanelli et al., Physica A 347, 137 (2005).

[4] V. Kendon, Math. Struct. Com. S 17, 1169 (2007).

[5] M. Gonulol, E. Aydiner, O. Mustecaplioglu, Phys. Rev. A
80, 022336 (2009).

A Monte Carlo Method for Two-Phase Flow in
Porous Media

M. Vassvik!, I. Savani', S. Sinha?, A. Hansen'

! Norwegian University of Science and Technology

2University of Oslo

The flow of a single fluid in a porous medium is well
understood today. However, when this single fluid is replaced
by two or more immiscible fluids, the situation becomes very
For three
decades, the instabilities caused by one fluid invading the pore

complex and correspondingly less understood.

space of another have been studied and a rich phase diagram
has been revealed characterized by the wetting properties of
the fluids with respect to the pore walls, their viscosities and
the speed at which the invasion happens.

The situation when two immiscible fluids flow simultaneously
in the porous medium has been much less studied. At very
slow flow rates, typically one of the fluids will be held in place
by capillary forces whereas the other one percolates and is
then free to flow. At higher flow rates, both fluids will flow
and the interfaces between them will change continuously.
This simultaneous flow will reach steady state where the
macroscopic quantities characterizing the flow will have well
defined average values that remain unchanged or change
slowly compared to the time scale associated with the flow at
the pore level.

In Hansen and Ramstad (2009), it was proposed that a sta-
tistical mechanics describing steady-state flow of immiscible
fluids in porous media could be built based on knowledge
of the configurational probability, where configurations are
defined by the distribution of interfaces between the two fluids
in the porous medium. It was speculated that a Monte Carlo
algorithm based on the configurational probability could be
constructed which would be much more efficient numerically
than time integration of the position of the interfaces.

Based on Sinha et al. (2013), we derive the configurational
probability for two-phase flow in porous media. We find that
it is inversely proportional to the inverse total flow rate in the
porous medium.

We construct a Monte Carlo algorithm based on this proba-
bility and compare it to time integration of the same system.
We find the Monte Carlo method to be significantly more
efficient than time integration.
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Lastly, we discuss the theoretical ramifications of the existence
of a configurational probability for this system in terms of
developing a pseudo-thermodynamics for the macroscopic
variables describing the fluids, see e.g. Knudsen and Hansen
(2002).

[1] A. Hansen and T. Ramstad, Comp. Geosci. 13, 227 (2009).
[2] S. Sinha, A. Hansen, D. Bedeaux and S. Kjelstrup, Phys.
Rev. E 87, 025001 (2013).

[3] H.A. Knudsen and A. Hansen, Phys. Rev. E 65, 056310
(2002).

Digital Society and Economy 4.0 - The Ultimate
Challenges for Complexity Science

D. Helbing

ETH Zurich

The digital revolution is changing human history. The
invention of the steam engine turned agricultural society
(?economy 1.0”) into industrial society (”economy 2.0”), and
wide-spread education turned it into service society (”economy
3.07).
World Wide Web, and Social Media are transforming service

Now, the invention of computers, the Internet, the

societies into digital societies (”economy 4.0”). With comput-
ers reaching the level of human brainpower in about 10 years,
with intelligent service robots, and the Big Data tsunami,
50 percent of jobs in the industrial and service sectors will
be lost within the next 20 years. And most of our current
institutions will fundamentally change: the way we educate
(MOOCS Massively Open On-line Courses and personalized
education), the way we do research (Big Data analytics), the
way we move (self-driving Google cars) or transport goods
(drones), the way we go shopping (take Amazon and eBay),
the way we produce (3D printers), but also our health system
(personalized medicine), and most likely politics (participation
of citizens) and the entire economy as well (with the makers
community, the emerging sharing economy, and prosumers,
i.e. co-producing consumers). Financial business, which
used to be the domain of banks, is increasingly replaced by
algorithmic trading, Paypal, Bitcoin, and Google Wallet,
etc. Moreover, the biggest share of the insurance business
is now in financial products such as credit default swaps.
Even wars seem to change from conventional battlefield wars
to cyberwars. How will this change our society? And what
contributions can complexity science make to contribute to a
better world?

[1] D. Brockmann and D. Helbing, Science 342, 1337 (2013).
[2] D. Helbing, Nature 497, 51 (2013).

3] D.
lives  with

Helbing et al, How to save human
(2014).
http://papers.ssrn.com/sol3/papers.cfm?abstract_id=2390049
[4] R. Carvalho, et al, PLoS One 9, 90265 (2014).

[5] D. Helbing Economics 2.0: The Natural step towards

a self-regulating, participatory market society (2013), see

complexity science Preprint

How much opinion content do literary texts have?
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By studying the frequency of word usage, previous studies
in different languages have reported evidence that words
with a positive emotional content are more frequently used.
Also, the correlation between word polarity and information
content has been studied, reporting that positive words carry
less information. These previous studies have used different
corpora in several languages, mainly taken from Web-based
content (online forums, blogs, Twitter, etc.). Our goal in
the present work is to assess the opinion charge of a literary
work as well as to looking for possible pattern after analyzing
the statistics of the time series obtained after replacing each
word in the text by its opinion polarity value. Therefore, we
focus on single-author works, for which the writing dynamics
clearly differs from the Web-based one. Thus, our approach
supplements the previous studies based on a high number of
authors in the opinion online forum, and then, this allows to
compare the behavior of an ensemble of authors on shorter
texts versus the longer texts produced by single authors under
more scrutiny.

Our analysis is comprised of two approaches: (i) the study
of the word frequency distribution (ranking of words) to
compute an average value of the polarities and the objectivity;
and, (ii) the substitution of every word in the text with its
corresponding entries for opinion polarity in the SentiwordNet
database (SWN), to compute for each series its empirical
cumulative distribution functions (CDFs) to assess which
polarity distribution (positive or negative) exhibits higher
relative probability. However, since SWN provides polarity
values for the different usage of the words and the information
about the context is lacking, we develop an algorithm to
compute the polarity values of a word considering the different
cases provided in SWN.

The input data is comprised of 37 ebooks in English language
downloaded mainly from the websites of the Gutenberg
Project (http://www.gutenberg.org/) and the Project

There
was not a particular strategy to select the titles, other than

Gutenberg Australia (http://gutenberg.net.au/).

considering well-known works as well as some that have been
considered polemic or which treated polemic topics; and
the selected books were first published at different epochs,
therefore giving diversity in time.

[] D. Garcia, A. Garas and F. Schweitzer, EPJ Data Science
1, 3 (2012).

[2] .M. Kloumann, C.M. Danforth, K.D. Harris, C.A. Bliss
and P.S. Dodds, PLoS ONE 7, 29484 (2012).

[3] P.S. Dodds, K.D. Harris, I.M. Kloumann, C.A. Bliss and
C.M. Danforth, PLoS ONE 6, €26752 (2011).

https://www.jstage.jst.go.jp/article/eier/10/1/10-D2013002/ _article

[6] T. Grund, C. Waloszek and D. Helbing, Sci. Rep. 3
1480 (2013) (on the evolution of the ”homo socialis” or: why
humans are social)
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Entanglement generation is not necessary for
optimal work extraction
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Energy storage and its subsequent extraction has always
been a central topic of thermodynamics, due to its obvious
fundamental and practical importance. On the other hand,
entanglement is a key feature of quantum mechanical systems.
It is one of the cornerstones of quantum information theory
and it proved to be important in different physical phenomena
as, to name a couple, quantum phase transitions or fractional
quantum Hall effect.

In quantum thermodynamics, entanglement is also connected
Indeed, a
classical result on work extraction is the no-go theorem called

to work extraction from multipartite systems.

Thomson’s formulation of the second law of thermodynamics:
no work can be extracted from a thermal state via cyclic
Hamiltonian processes. It is extended to finite quantum
systems by introducing the concept of passive states, those
not capable of giving out energy during any cyclic Hamiltonian
process [1]. Thermal states are passive, while not all passive
states are thermal. Indeed, several copies of states of the
latter type may contain population inversions, allowing for
some work extraction. On the other hand, thermal states do
not share this ability of ”activation” since any combination
(tensor product) of thermal states is a thermal, thus passive,
state. One can, however, get some work out of a set of
locally thermal states by initially correlating them, the
microcanonical state being a prominent example. But in all
cases entangling operations are needed to extract the stored
work [2].

On the other hand, that an entangling operation is needed
for a process does not imply that entanglement is generated
during its execution. The scope of this work is to clarify these
connections.

We consider reversible work extraction from identical noninter-
acting quantum systems [3]. From an ensemble of individually
passive states, work can be produced only via global unitary
(and thus entangling) operations. However, we show here
that there always exists a method to extract all possible
work without creating any entanglement during the process,
at the price of generically requiring more operations (i.e.,
additional time). We then study faster methods to extract
work and provide a quantitative relation between the amount
of generated multipartite entanglement and extractable work.
Our results suggest a general relation between entanglement
generation and the power of work extraction. Moreover, the
task of population exchange is essential in other processes as
diverse as dynamical polarisation of spins in NMR physics or
operation of quantum thermal machines (see, e.g., [4,5]), etc.,
so our results have implications also beyond the problem of
)

[1] W. Pusz and S.L. Woronowicz, Commun. Math. Phys. 58,
273 (1978).

[2] R. Alicki and M. Fannes, Phys. Rev. E 87, 042123 (2013).
[3] K.V. Hovhannisyan, M. Perarnau-Llobet, M. Huber, and
A. Acn, Phys. Rev. Lett. 111, 240401 (2013).

[4] L.J. Schulman, T. Mor, and Y. Weinstein, Phys. Rev. Lett.
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[5] N. Linden, S. Popescu, and P. Skrzypczyk, Phys. Rev.
Lett. 105, 130401 (2010).

The kappa-Weibull Distribution and Weakest-
Link Scaling
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The times between consecutive earthquakes are referred to as
earthquake recurrence intervals (ERI). The ERI probability
distribution is a topic of continuing research interest, since
it is a key element for earthquake risk assessment. Various
probability distributions have been proposed as potential ERI
models including the Gaussian, lognormal, Poisson, gamma,
and the Weibull models. Some proposals are purely based on
statistical evidence, others are obtained in the framework of
numerical simulations, such as the epidemic type aftershock
sequence (ETAS) model, whereas others are based on the
principle of universality and notions borrowed from the
theories of self-organized criticality and of critical phenomena.
We present a different theoretical approach that develops a
connection between the weakest-link scaling theory and the
ERI distribution of tectonic earthquakes [1]. This is based on
the fact that tectonic earthquakes result from the interplay
of a driving force (plate motion) with mechanical defects
(faults) on the Earths crust. The latter is composed of brittle
material (rock), and the experimental evidence supports the
Weibull strength distribution model. On the other hand, the
Weibull distribution is typically obtained at the limit of a very
large system (as measured in terms of links or representative
elementary volumes RVEs).

We propose an extension of the weakest-link theory for finite-
size systems [2] that leads to a generalization of the Weibull
probability distribution into the so-called kappa-Weibull
distribution [3].
finite-size systems, whereas it tends to the classical Weibull

The latter has a power-law right tail for

model for large systems. We discuss the impact of the power-
law tail on the ERI hazard rate. We show that the power-law
tail is able to better explain the tail of some data-based
ERI distributions. We also show that the recurrence interval
distribution of avalanches in simulated fiber bundle models is
in good agreement with the kappa-Weibull model. We also
present statistical analysis based on the Kolmogorov-Smirnov
test [4] and the Akaike Information Criterion to investigate
the agreement of empirical ERI distributions from Cretan and
South California seismic catalogues with different theoretical
models including the Weibull and kappa-Weibull models.
We suggest that the kappa-Weibull distribution may also
be relevant in the description of the strength statistics of
quasibrittle materials.

(] D.T. Hristopulos and V. Mouslopoulou, Physica A 392,
485 (2013).

2] D.T. Hristopulos,
arXiv:1308.1881 (2013).
[3] F. Clementi, M. Gallegati and G. Kaniadakis, Eur. Phys.
J. B 57, 187 (2007).

[4] A. Clauset, C. Shalizi and M. Newman, SIAM Review 51,
661 (2009).
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Stochastic Local Interaction Model for Scattered
Spatial Data

D.T. Hristopulos

Technical University of Crete

We propose a Stochastic Local Interaction (SLI) model for
incomplete (scattered) data in D-dimensional spaces. The
SLI model incorporates concepts from statistical physics and
machine learning. We use the idea of local interactions from
statistical physics to impose correlations between neighboring
points. From the field of machine learning we import kernel
functions to implement local interactions between incomplete
data distributed on regular grids or on irregular sampling
networks. We employ kernel functions with locally adaptive
bandwidth which is learned from the sampling spatial distri-
bution [1]. The bandwidth is selected so as to allow mostly
local contributions. The SLI model is sufficiently general
for application in both the physical position space (i.e., in
Euclidean space of dimension less than or equal to three) and
higher-dimensional, abstract feature spaces provided a notion
of distance is defined.

SLI is based on an explicit joint probability density function
The SLI model
extends previous work on Spartan spatial random fields [2,3]

determined from the local interactions.

which were based on a scalar field determined in continuum
space to explicitly discrete sampling configurations. This is
achieved by handling the irregularity of the sampling locations
in terms of kernel functions with appropriately adjusted local
bandwidth. The SLI precision matrix is explicitly derived
from the local interactions and thus its calculation does not
require the inversion of the covariance matrix, which is the
main computational bottleneck for spatial models [4].

The prediction of missing data is based on maximizing
the joint probability density function of the data and the
prediction. The SLI model derives its computational efficiency
from the local nature of the interactions. This allows for the
likelihood function to be efficiently calculated and maximized.
The model can be used for the interpolation and simulation
of large data sets. In addition, it is possible to incorporate
the SLI model in the Bayesian statistical framework. We will
present applications of the model to different real and simu-
lated data sets and we will investigate its performance using
various statistical cross validation measures. We will also
consider the role of the kernel function in the cross-validation
performance of the model.

[1] T. Hofmann, B. Schlkopf, A.J. Smola, Ann. Stat. 36, 1171
(2008).

[2] D.T. Hristopulos, SIAM J. Sci. Comput. 24, 2125 (2003).
[3] D.T. Hristopulos and S.N. Elogne, IEEE Trans. Signal P
57, 3475 (2009).

[4] G. Jona Lasinio, G. Mastrantonio and A. Pollice, Stat.
Meth. Appl. 22, 97 (2013).

Functional relation between fluctuation and node
degree in coupled stochastic dynamical systems

W.-S. Son, D.-Uk Hwang, J.-Ho Kim

National Institute for Mathematical Sciences, Rep. of Korea

Recently there have been growing interests for inferring the
network structure from measuring nodal time series. The
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source of these interests arises from many scientific areas.
Examples are interacting proteins or genes, complex brain
networks, ecological food webs, etc.

In this regard, recently Wang et al. (2009) showed that
from collective dynamics of oscillator network system that in
the presence of noisy, the time averaged fluctuation of each
node scales with node degree in coupled stochastic dynamical
systems. We extend the approaches for obtaining functional
relation to the weighted network whose link weight is depen-
dent on the node degree such as proportional to 1/k®, wherek
is degree of the node. The functional relation was measured
in various network, such as Erdos Renyi randgom graphs,
Watts-Strogatz small world networks, Barabasi-Albert scale-
free networks, and configuration models, by using consensus
dynamics, Rossler system, and Kuramoto oscillators. For the
network with strong heterogeneity in degree distribution, we
find that the theoretical result derived from the approaches
in Wang et al. (2009) shows disagreement with numerical
results especially in the case of when [ is larger than 1
and configuration model irrespective of dynamical models.
We found that this disagreement comes from neglecting
fluctuation from first neighbor, which is marginal in previous
studies. However, in our cases, the the contributed fluctuation
from its neighbor becomes significant. In this respect, we
propose novel approaches using the average of higher order
moments and improve the accuracy of functional relation
between noisy fluctuation and node degree by exploiting
Fourier transformation. Our analytic results compensate
previous disagreement significantly in lower degree nodes,
and predict numerical results precisely. Also, we investigate
the functional relation of noisy fluctuation versus node input
strength. And more realistic situations where the dependence
of interaction on degree are randomized, we can observe the
influence coming from lower degree nodes, and confirm that
this kind of fluctuation can give erratic results when one try
to infer characteristics of network from nodal time series.

We conclude that this novel approach should be considered
when one inferring network from nodal time series, especially
when the interaction between nodes are dependent on their
degrees.

(1] W.-X. Wang, Q. Chen, L. Hwang, Y.-C. Lai, M.A.F. Harri-
son, Phys. Rev. E 80, 016116 (2009).

[2] W.-S. Son, D.-U. Hwang, Physica D 275, 1 (2014).

[3] J. Ren, W.-X. Wang, B. Li, Y.-C. Lai, Phys. Rev. Lett.
104, 058701 (2010).

Geometry-induced superdiffusion and velocity
anomaly in driven crowded systems

P. Illien, O. Benichou, G. Oshanin, R. Voituriez

Laboratoire de Physique Theorique de la Matiere Condensee,

Universite-Pierre-et-Marie-Curie, Paris, France

Determining the dynamics of a driven tracer particle (TP)
in a crowded medium constitutes a recurrent question of non
equilibrium statistical physics. Examples of such situations
include self-propelled particles in crowded environments,
Another
important application is given by active microrheology, which

such as molecular motors or motile living cells.

monitors the response of a medium whilst in the presence of
a TP manipulated by an external force, and which is used to
analyze different systems such as colloidal suspensions, glass
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forming liquids, fluid interfaces or live cells.

Behavior beyond the force-velocity relation was recently
addressed numerically by Winter et al., who studied via
Molecular Dynamics simulations the dynamics of an exter-
nally driven TP in a glass-forming liquid.

It was recognized that whilst the TP moves ballistically, the
variance of the TP position along the force direction grows
surprisingly in a superdiffusive manner with respect to time.
Very recently, we reproduced such superdiffusive fluctuations
analytically in a simple discrete model in which the tracer
performs a random walk biased by an external force, in a
dense bath of particles performing symmetric random walks
constrained by hard-core interactions. This description then
relies on two paradigmatic models of statistical mechanics:
the symmetric and asymmetric exclusion processes. In our
model, the motion of the TP is mediated by successive
visits of vacancies, whose density is denoted as po. It was
found that in 2D and quasi-1D systems such as stripes or
capillaries there exists a long-lived superdiffusion induced by
the anomalous return statistics of the vacancies to the TP
position, crossing-over to a diffusive behavior after a time ¢y«
which scales as 1/ p%. These predictions were confirmed by nu-
merical simulations, and were qualitatively extended to more
complex continuous systems, such as Lennard-Jones particles
or granular fluids. We also showed that the behavior of the
mean itself of the TP position displays a striking anomaly in
confined geometries, which apparently has been left aside up
to now. Indeed, a scaled form of the mean-position is found
which, very surprisingly, after a long-lived plateau drops to a
lower ultimate value. The transition from the “high” velocity
to the “low” velocity takes place after a time comparable
to tx. However, it can be shown that the cross-over from
superdiffusion to diffusion and the velocity anomaly are not
controlled by the same criteria.

[1] O. Benichou et al, Phys. Rev. Lett. 111, 260601 (2013).
[2] D. Winter, J. Horbach, P. Virnau, K. Binder, Phys. Rev.
Lett. 108, 028303 (2012).

[3] P. Illien et al, Phys. Rev. Lett. 111, 038102 (2013).

[4] O. Benichou et al, J. Stat. Mech. 2013, P05008 (2013).

Thermal fluctuations and stability of a metallic
particle levitated by the Casimir effect near a
solid-liquid interface

N. Inui

Graduate School of Engineering, University of Hyogo, Japan

The Casimir force arising from a change in zero-point
vacuum can be repulsive [1]. It enables levitation of a small
metallic particle in liquid. For example, the Casimir force
acting on a gold sphere immersed in bromobenzene can be
repulsive near a silica plate. However, this levitation is not
stable, because the Casimir force changes from repulsive to
attractive as the separation decreases. In liquid, the position
of a particle is constantly changed by bombardments from
surrounding molecules, and the particle fluctuates about the
equilibrium position. When the gold particle is very close to
the silica plate, the Casimir force changes from repulsive to
attractive, and the particle eventually adheres to the surface.
Accordingly, the Brownian motion of a levitated particle is
important in considering the stability of levitation.

The distribution function of a levitated particle is highly im-
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portant. However, calculating it is not easy. If the levitation
height is considerably smaller than the particle radius, the
proximity force approximation (PFA) is valid, and the Lifshitz
formula between parallel plates, which has been used in many
studies, is applicable. On the other hand, if the levitation
height is larger than the particle radius, recently developed
calculation methods such as finite-difference frequency-domain
and geometric optics approximation for the configuration
between a sphere and a plate are required. In this study, the
scattering-matrix formulation is employed to determine the
Casimir force [2]. The Casimir force is linearly proportional
to the particle radius within the PFA, and the gravitational
force is proportional to the cube of the radius. Thus, the
levitation height decreases with the radius. The estimated
levitation height, for example, is 82 nm for a 500-nm radius
gold particle [3].

The time evolution of the particle distribution starting
from an equilibrium position, where the Casimir force was
balanced with gravitational force, is considered by solving
the Langevin equation by using the Monte Carlo method.
The levitated particle can move both upward and downward;
however, because a potential barrier exists near the surface,
the distribution is asymmetric, and the gold particle is more
frequently found above the starting position. The escape
rate from a metastable position is calculated by solving
the Fokker-Plank equation.
expressed by a simple function; therefore, we used the finite

The Casimir force cannot be

element method, in which the space is divided into a set of
small segments and the distribution of particles is expressed
by a linear combination of trigonometric functions. The
duration of levitation increases as the particle radius increases
up to approximately 2.3 pm. As an example, we show
that a 1-u m-diameter gold particle can be levitated for a
considerably long time by the repulsive Casimir force at room
temperature. These numerically obtained escape rates agree
well with the Kramers’ escape theory.

The levitation of a nanoparticle can be realized not only
near a liquid-solid interface but also near gas-liquid and
liquid-liquid interfaces. Herein, we discuss the stability of
quantum levitation near a liquid-liquid interface.

(1] J.N. Munday, F. Cappasso and V.A. Parsegian, Nature,
457, 170(2009).

[2] R. Zandi, T. Emig and U. Mohideen, Phys. Rev. B 81,
195423 (2010).

[3] N. Inui and K. Goto, Phys. Rev. E 88, 052133 (2013).

Financial regulations and bank credit to the real
economy
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The modelling of interbank markets has typically focused
on them in isolation. This leaves unanswered questions
concerning the impact of financial regulation on real economic
performance. We present a new agent-based model focusing
on the linkage between the interbank market and the real
economy with a stylised central bank acting as lender of last
resort. Using this model we address the tradeoff between

stability and economic performance for different structures of
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the interbank market. We also explore the efficacy of recent
regulatory changes using our richer model. The results of our
model provide some support to the concerns raised by critics
of the recent tightening of regulatory capital requirements
under the new Basel framework. While low ceilings on
leverage ratios can protect banks from idiosyncratic as well
as systemic risk, they do have an anti-competitive effect
which hurts borrowers in the real economy, especially in
times when the demand for bank credit is high. At the same
time, relaxed leverage ceilings can make banks particularly
vulnerable to systemic failure in times when demand for bank
credit is low, so while counter-cyclical leverage constraints,
as proposed by some observers, might encourage the banking
system to extend cheaper credit to the real sector it also
exposes it to greater systemic risk especially when it is already
vulnerable to such risk. Other results include the possibility
that greater bank connectivity can have a non-monotonic
effect on bank stability, first increasing the risk of contagion
and then decreasing it. Bank prots (resp: defaults) tend
to increase (resp: decrease) with interbank connectivity
when leverage ceilings are low, to decrease (resp: increase)
with connectivity when leverage ceilings are high and to be
U-shaped (resp: inverse U-shaped) in connectivity under
medium default ceilings. These relationships can be explained
by taking into account the dual nature of the risk-sharing role
of the interbank market, either as stabilising or a source of
contagion, and then accounting for the effect of leverage on
individual banks’ riskiness. Under conditions of low leverage,
individual banks are already relatively safe (especially when
the real economy is not too small relative to the banking
sector).
further and makes them even safer. However, when banks

Expanding interbank lending diminishes risk even

are individually risky, then expanding interbank exposure can
lead to contagion.

[] G. Iori et al, J. Economic 61, 525 ((200).

[2] Porter at al, Department of Econom 14/04, 1-43 (2014).
[3] G. Iori, G. De Masi, O. Precup, G. Gabbi and G. Caldarelli,
J. Economic 32, 259 (2008).

Mathematical model for hit phenomena and its
application to analyze popularity of weekly TV
drama
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A mathematical model for the hit phenomenon in entertain-
ment within a society has been presented as a stochastic pro-
cess of interactions of human dynamics in the sense of many-
body theory in physics[1]. In the model, we write down the
equation of intention of individual persons in the society as

dléit) _ ; ceAg(t) + ; di; L; (t) + ; ;pijk[j(t)]k(t)
(1)

where d;j, hji, and f;(t) are the coefficient of the direct com-

munication, the coefficient of the indirect communication, and
the random effect for person i, respectively. We consider the
above equation for every persons in the society. The advertise-

ment and publicity effects are include in A¢ (t) which is treated
as an external force. The index & means the multi media expo-
sure. The advertisement and publicity effects are mainly come
from the broadcast of the drama itself and the recorded view-
ing are also considered using the digital TV system in Japan.
In the model we use only the time distribution of advertise-
ment budget as an input. Word-of-mouth (WOM) represented
by posts on social network systems like blog or twitter is used
as observed data which can be compared with the calculated
results of the model. The unit of time is a day.

Using the mean field approximation, we obtain the following
equation used in the calculation. The detailed derivation is
shown in ref.[1].

= 2; ceAe(t) + DI(W) + PI*(H)  (2)

Using this equation, our calculations for the Japanese
motion picture market have agreed very well with the actual
residue distribution in time[l]. The other example of the
application of our model is the Japanese local events[2].
In this study we apply our mathematical model for hit
phenomena for weekly TV drama in Japan. We calculate
more than twenty weekly drama as example of analysis
where we adjust the parameters for first three terms. For
the rest of terms, we predict the intention of society for
4th to 10th term.

the counts of the observed blog posting.

The calculation agrees very well with
Since the model
is based on the stochastic process, it will be possible to
extend the model to many other social phenomena in the real
society. Therefore, the mathematical model of hit phenomena
we presented will be applicable to many marketing prob-
lem where the time-dependence of the popularity is significant.

(] A. Ishii et al, New J. Phys. 14, 063018 (2012).

[2] A. Ishii, T. Matsumoto and S.Miki, Prog. Theor. Phys. :
S 194, 64 (2012).

[3] A. Ishii, K. Furuta, T. Oka, H. Koguchi and K. Uchiyama,
Front. Aritifi 255, 267 (2013).

[4] A Tshii, H Koguchi and K. Uchiyama, Lect. Notes 126, 159
(2013).

[5] Y. Kawahata, E. Genda and A. Ishii, Springer Lecture Not
8253, 656 (2013).

Network analysis of inter-firm payment flows
using real monetary transaction records between
firms
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To understand a firm’s economic activity, it is important to
investigate not only the firm itself but also the structure of in-
teractions on an inter-firm network. We analyzed empirically
network structures formed by monetary transactions between
firms. The dataset we used is compiled from individual
transactions in records of bank transfers in 2012, which is
provided directly by three financial institutions in Japan, not
via public open data supplied from the Bank of Japan. The
data contains information on money flow (annual transaction
volumes), and we can directly observe the money flow from a
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buyer to a supplier. The network is consisted of 115,025 nodes
representing firms and 2,149,120 directed edges representing
transactions between firms. The directed edge stands for flow
of money, and the direction of edge is from buyer to supplier.
We found that distributions of indegree and outdegree follow
power law distribution, showing directed scale-free networks.
We also found that the amount of annual transaction volumes,
which can be regarded as the weight of the edge, follows
power law distribution. We calculated the average degree of
the nearest neighbors and found that larger degree nodes tend
to be connected with smaller degree nodes. This indicate that
the network has a negative degree-degree correlation.

We can obtain the significant information of each firm by
using the correlation betweeen the PageRank and the financial
evaluation of each firms. To evaluate financial condition
of each firm, we can use two different measurements. One
is to use published accounting and financial data, that is
measuring the valuation of the firm itself. These measures are
composed of accounting-based measurements (revenue, asset,
debt, and so on) obtained from financial statements. Credit
rating, the risk of default by non-fulfillment of an obligation
of debt repayment can also be used as financial evaluation of
each firm. The other is to use customer profitability data,
that is a evaluation of the firm value as customer. Customer
profitability is measured by using 36 months accounting data
archived internally by the financial institutions, that is focal
company of this study. We calculate customer profitability
by summing up the each revenue excluding the expense
associated with the specific customers over 36 months.

The low PageRank with high financial evaluation means
that the firm should be connected to more firms in business
The high PageRank with
low financial evaluation means the possibility of the chain

and banks should support it.

bankruptcies around the firm.

[] E. Viegas et al, Complexity 19, 2236 (2013).

[2] T. Ohnishi, H. Takayasu and M. Takayasu, Progr. Theor.
179, 157 (2009).

[3] H. Watanabe, PLOS ONE 9, 91704 (2014).

Exact finite-size corrections and corner free
energies for the c=-2 universality class
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We consider (a) the partition functions of the anisotropic
dimer model on the rectangular (2M — 1) x (2N — 1) lattice
with free and cylindrical boundary conditions with a single
monomer residing on the boundary and (b) the partition func-
tion of the anisotropic spanning tree on an M x N rectangular
lattice with free boundary conditions. We express (a) and (b)
in terms of a principal partition function with twisted bound-
ary conditions. Based on these expressions, we derive the exact
asymptotic expansions of the free energy for both cases (a) and
(b). We show that the exact asymptotic expansion for the free
energy for these models can be written as

F = S fou + 2N f1s + 2M fos + fo + Z %, (1)
p=1
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where S = M X N represents the area of the lattice, fpuk
is the free energy per unit, fis and fos are the free energies
per unit edge length in the horizontal and vertical directions
respectively. All coefficients in the expansion (1) are expressed
through analytical functions. In general, the coefficients fyyik,
f1s and fa25 are non-universal, but the coefficient fy is supposed
to be universal, depending only on the shape of the system and,
possibly, the nature of the boundary conditions.

In some two-dimensional geometries, the value of fp is known
to be simply related to the conformal anomaly number ¢ of
the theory. Cardy and Peschel have shown that corners on the
boundary induce a trace anomaly in the stress tensor. This
gives rise to a term in fo proportional to In S, where S is the
area of the domain. Later, Kleban and Vassileva have shown
that in rectangular geometry in addition to corner contribution
proportional to In S the term fy contains a term depending on
the aspect ratio, namely, the term fp contains the universal
part funiv given by

Funie = =5 S + 21 [n(g)n(¢")] - (2)
Here c¢ is the central charge, ¢ = exp(—27¢),

q" = exp(—2m/€), € is the aspect ratio and 7 the Dedekind

eta function.

We confirm the conformal field theory prediction for the

corner free energy of these models (2), and find the central

charge is ¢ = —2.

[1] J.L. Cardy and I. Peschel, Nucl. Phys. B 300, 377 (1988).
[2] P. Kleban and I. Vassileva, J. Phys. A 24, 3407 (1991).
[3] H.W. Bléte, J.L. Cardy, M.P. Nightingale, Phys. Rev. Lett.
56, 742 (1986).

The effect of censorship and community on
emergence of monopoly

G.R. Jafari
Department of Physics, Shahid Beheshti University, Iran

Social networks can be described as networks with complex
topology, in a sense that they are expected to exhibit a
power-law behavior, if their development is according to the
preferential attachment model of Barabasi-Albert. BA model
assumes availability of nodes degree information for each new
node introduced to the system. However, in real social net-
works, the nodes do not have complete information about the
degree of other nodes. This is due to the fact that the origin
of the information is not very clear. The information may
root in either cultural reasons or government’s obstruction of
information flow (censorship). Another important player is
the media or advertising systems. They can make someone
look more powerful than they actually are. In this work, we
are controlling these factors in our model with the rate of
information diffusion (r), where r = 0 represents a random
graph, and r = 1 represents the Barabasi-Albert model.
However in the general case, the diffusion factor can be
smaller or larger than unity. We state that when information
flow is obstructed (r1) the topology of the network begins to
change. In the extreme case where r > 1, scale-free networks
tend to random networks. Hence, one could easily get the
impression on how the media shapes the structure of social
networks.

The results show a random graph r = 0,and a BA network
r = 1, have the same clustering coefficient. The networks with
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a low information rate r ~ 0.05 have the highest clustering
coefficient. This means that the censorship would make the
people of the community become closer to each other. When in
a community censorship is widespread, that community would
not be controllable as expected. This means that the number
of driver nodes that need to be governed in order to control
the community becomes too much. This makes the process
of control costly and expensive. By destroying the nodes and
links, our results show that transparent networks would be in
a more stable state. In the end, I focus on the collective effect
of other nodes on the growth dynamics of the BA model.
This is achieved by solving the BA equation in a fractional
space, resulting in a characteristic time scale (7). At times
before 7*, the node degrees grow more rapidly, where at times
after this threshold the collective effects slow down the node
degree growth. To state clearer, at first the community helps
elevate the people, but later after passing the threshold time,
the community plays a negative role in the growth process
of the community members. This is readily observed in reality.

[1] A. Shirazi, A. Namaki, A.A. Roohi and G. Jafari, JASSS
16, 1 (2013).

[2] R. Albert, J.H., Barabasi A.L., Nature 406, 378 (1999).
[3] R. Albert, A. Barabasi, Rev. Mod. Phys. 74, 47 (2002).

Feynman checkerboard picture and neutrino
oscillations

P. Jizba!, F. Scardigli®

!Physics Department, Faculty of Nucler Sciences and Physical
Engineering (FNSPE), Czech Technical University in Prague,
Czech Republic

2Yukawa Institute for Theoretical Physics, Kyoto University,

Japan

In the first part of this talk I will explain some essentials
of Feynman’s checkerboard (also chessboard) picture (FCP).
In its essence the FCP represents a relativistic quantum ran-
dom walk in 141 dimensions. The latter was devised by R.P.
Feynman in 1950’s in order to describe an evolution of a mas-
sive Dirac particle and provide a novel explanation of the ge-
ometrical origin of spin. In mathematical terms the underly-
ing (Euclidean-space) stochastic process for the FCP can be
viewed as a specific form of a Poisson process in which the
direction of motion and helicity are simultaneously changed
at random Poisson distributed points. I will also point out
a non-trivial (time-scale dependent) scaling of the underlying
random walk.

After this prologue I will report on our recent works [1,2] where
we elucidated how the checkerboard picture can be equiva-
lently rephrased in the framework of superstatistics paradigm
known from complex dynamical systems. I will namely argue
that a doubly stochastic process with two vastly separated time
scales (much longer and much shorter than particle’s Compton
wave length) can give rise to the genuine FCP when properly
marginalized according to superstatistics prescription. In addi-
tion, the superstatistics framework allows for a straightforward
generalization to 142 and 143 dimensions.

In the second part of my talk the Feynman checkerboard
paradigm will be applied to two-(Dirac)fermion mixing [3].
From this, the phenomenologically observed neutrino oscilla-
tions will emerge as an important byproduct. The Euclidean
formulation of the checkerboard picture will prove instrumen-

tal in guiding one’s intuition about the underlying inner work-
ings of neutrino mixing. In particular, the mixing can be en-
visaged as resulting from a probability bias of the transitions
in the turning points between states with opposite helicities in
the guiding Poisson stochastic process.

In the final part, I will present modifications needed in the FCP
to include mixing of massive scalar (Klein-Gordon) particles
and their oscillations. This will be also briefly discussed with
the help of the Feschbach-Villars representation of the Klein-
Gordon equation. Results obtained are pertinent for scalar or
pseudoscalar meson oscillations, e.g., n — n’ oscillations.

[1] P. Jizba and F. Scardigli, Eur. Phys. J. C 73, 2491 (2013).
[2] P. Jizba and F. Scardigli, Phys. Rev. D 86, 025029 (2012).
[3] P. Jizba and H. Kleinert, Phys. Rev. E 82, 085016 (2010).

Label Uncertainty, Irreversibility and Thermal
Efficiency

R.S. Johal', R. Rai?, G. Mahler®

!'Department of Physical Sciences, Indian Institute of Science
Education and Research Mohali, India

2Department of Applied Sciences, University Institute of Engi-
neering and Technology, Panjab University, India

3Universitat Stuttgart, Institut fiir Theoretische Physik, Germany

There are many physical situations where one has to infer un-
der incomplete information. Statistical inference has emerged
as a powerful tool in recent years with applications in many
diverse areas of research, such as particle physics, cosmology
and astrophysics, machine learning and so on. Inference or
inductive reasoning is intimately tied with the epistemic or
subjective interpretation of probability. This was also the
earliest meaning that was ascribed to the notion of probability
which was called by Bernoulli as the “art of conjecturing”
or later interpreted as the degree of rational belief. In this
presentation, we apply the problem of inference to the process
of work extraction from two finite, constant heat capacity
reservoirs, when the final thermodynamic coordinates of the
process are not fully specified. First we discuss the case when
the values of final temperatures have been specified but it
is not known as to which reservoir a specific value refers to.
This scenario is termed as label uncertainty. Given a pair of
possible values, we find the estimate by invoking Laplace’s
principle of insufficient reason which assigns equal probabili-
ties for the occurance of different values, in the absence of any
evidence to the contrary. The estimates for thermal efficiency
indicate that the uncertainty about exact labels, reduces
the maximal efficiency below the Carnot value, its minimum
value being the well known Curzon-Ahlborn value. Thus we
obtain the latter efficiency from a novel perspective. We map
the inferred properties of the incomplete model to a model
with complete information but with an additional source of
thermodynamic irreversibility. In the second part, we make an
average estimate of the efficiency, assuming this time that even
the values of the temperatures are not available. This may
be achieved by averaging over a uniform prior distribution.
It is found that if the labels are known with certainty but
just the values of temperature are unknown, then in the
near-equilibrium limit the efficiency scales as 1/2 of Carnot
value. On the other hand, if there is maximal uncertainty in
the labels alongwith the uncertainty in value, then the average
estimate for efficiency drops to 1/3 of Carnot value. The
connection of these inferences with certain optimal results
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from the finite-time models of heat engines will be pointed out.

[I] R.T. Cox, Am. J. Phys. 17, 1 (1946).

[2] P.S. Laplace, translated by S.M. Stigler, Stat. Sc. 1, 364
(1986).

[3] R.S. Johal, R. Rai, G. Mahler, LANL arXiv 1305.6278, v1
(2013).

Evolution equations for modelling the medico—
demographic state in population

A.A. Lushnikov, A.I. Kagan, Yu.S Lyubovtseva, A.D.
Gvishiani

Geophysical Center of the Russian Academy of Sciences

This presentation surveys a collection of demographic models,
that can be used for the statistics of the medico-demographic
state of population. The models describing the time evolution
of the medico-demographic indicators of population: popu-
lation size, population age distributions, fertility, mortality,
etc. The evolution of population is considered to be driven
by birth—death processes, migration and deceases. For each
models a respective set of evolution equations is formulated.
These equations include kinetic parameters that have the
meaning of the transition rates and whose values are linked
to the characteristics of current medico-demographic state.
We consider a number of evolution demographic models
of different levels the lowest of which includes uni—gender
population, where, in addition, newborns appear irrespective
of the population distribution over ages. Then we introduce
more sophisticated models that distinguish the ages of the
members of community and their gender. Next we study the
model of migration, which takes into account the exchange
of population between several localities. We also consider
the situations, where infections and deceases affect the
medico-demographic state and thus the evolution of the
population. Of special interest is the evolution model of
the marriage-divorce process. In this case we show how to
formulate the model in terms of the probability to find exactly
a given number of families in a finite—sized population group.
The steady—state solution to this equation is shown to be
expressed in terms of special functions.

Then we describe a linear model of population dynamics.
In this model the Malthus process of population growth is
reformulated in terms of the probability w(n,t) to find exactly
n individuals at time t assuming that both the birth and the
death rates are linear functions of the population size. The
master equation for w(n.t) is solved exactly. It is shown that
w(n,t) strongly deviates from the Poisson distribution and is
expressed in terms of Laguerre’s polynomials. The asymptotic
analysis of the distribution is presented.

After that we show how the parameters of the evolution
models are linked to the standard medico-demographic
indicators. The basic idea is to replace the standard medico—
demographic set of characteristics by the set of constants
entering the birth-death equation of the evolution models. We
also demonstrate that the set of the models considered above
is enough for modeling any medico-demographic situation.
The results of our study are illustrated by some numerical
examples.

[1] W. Lutz, J. Populatio 20, 125 (2003).
[2] A. Hastings, Population Biology University of Oxford,
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150 (2003).
[3] R. Schoen, Demographic Research New York, Springer,
318 (2008).

Non-trivial discontinuous percolation model in
cluster aggregation processes

B. Kahng, Y.-S. Cho

Seoul National University

Recently interest of discontinuous percolation transitions
(DPT) has been boosted by the cascading-failure model in
multi-layer networks and the explosive percolation model with
competitive dynamics. For the former model, the PT arises
through fragmentation processes. The control parameter of
this PT is taken as the number of intentionally removed links
alone, which is different from the standard control parameter,
the number of actually removed links including not only the
number of links intentionally removed but also the number
of links successively removed by cascading dynamics. More-
over, the order parameter is the fraction of nodes belonging
to the mutually connected component in multi-layer networks.
Due to this difference, the DPT can be induced. If the stan-
dard control and order parameters are used, then a contin-
uous PT would be induced. For the latter model, the PT
arises through cluster aggregation processes under the suppres-
sive effect. Starting from a fixed number of isolated nodes,
at each time step, a link is added between two unconnected
nodes following a given rule so-called the Achlioptas process,
which brings out the suppression effect against the growth of
the largest cluster. This explosive percolation model shows a
drastic PT in finite-sized system and thus was regarded as a
DPT model, but after extensive researches, it turns out to be
continuous in the thermodynamic limit. However, when the
model is modified as the spanning cluster-avoiding model in
Euclidean space, a DPT can take place, but it is trivial as the
percolation threshold locates at unity and the order parame-
ter is increased in all the way up to unity. Hence, it is timely
demanding to introduce a non-trivial DPT that takes place
at a finite threshold through the cluster aggregation process.
Here, we introduce a stochastic model and solve analytically
the increase of the order parameter using the Smoluchowski
equation. Moreover, we provide the necessary condition under
which a DPT takes place at a finite threshold, and by which
we classify existing percolation models into several types, ex-
hibiting continuous PT, trivial DPT, or nontrivial DPT. We
anticipate this theoretical framework for the DPT to serve as
a platform for further research on abrupt phase transitions in
non-equilibrium systems.

[] Y.S. Cho and S.M. Hwang,Science 339, 1185 (2013).

[2] Y.S. Cho, B. Kahng and Ki, Phys. Rev. E 81, 030103
(2010).

[3] S.V. Buldyrev and Parshani, Nature 464, 1025 (2010).
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Market bubbles and crashes from the point of
view of statistical physics

T. Kaizoji

International Christian University

In the last few decades, the asset markets have been
frequently visited by bubbles and the subsequent crashes.
The increasingly frequent market crashes have attracted the
attention of the general public. Although many academics,
practitioners and policy makers have studied questions related
to collapsing asset price bubbles, the questions, how asset
bubbles come about, why it persists, and what causes a crash,
have been the greatest myths. What is the origin of bubbles?
Why are asset prices deviated away from fundamental value?
In this talk we propose a new model to explore a mechanism
of a bubble and its subsequent collapse. We consider a stock
market that the two contrary types of investors coexist. One
is arbitragers who invest based on their fundamental value
they predict, whereas another is noise-traders whose invest-
ment is driven by expectations about what other investors
predict, rather than expectations on their fundamentals.
Our model shows that coexistence of the two contrary types
of investors in the asset market is the key to understand a
mechanism of stock market bubble and its subsequent crash.
To model the interaction among noise-traders, Ising model
is applied.The market price of the risky asset is determined
by the noise-traders sentiment. Firstly, we demonstrate that
as the conformity effect among noise traders (the extent
that each noise-trader is influenced by the decisions of other
noise-traders) is strengthened, noise traders begin to follow
the herd, and the noise-traders herding behavior destabilize
the risky-asset price, and the deviation of the risky asset price
from the fundamental price has been enlarging in a long run.
Enhancing the noise-traders bullish sentiment gives cause
to a bubble, and their positive feedback trading prolongs
bubble.
phase transition in Ising model. In the second half of bubble,

Generation of bubble is described as second-order

run up of risky asset price come to an end as the noise-traders
sentiment approaches to a limit of the bullish sentiment,
that is, almost all the noise-trader s demand for the risky
asset are buyers of the risky asset. For the noise-traders
excess demand for the risky asset price is little or nothing.
Thirdly, we demonstrate that decreasing the expected price
momentum leads necessarily to market crash. The market
crash is equivalent to the first-order phase transition. Finally,
we demonstrate that after a crash, the noise-traders sentiment
approaches to a limit of the bearish sentiment, the process of
generating a bubble begins again.

[1] T. Kaizoji, Physica A 287, 493 (2000).

[2] W.A. Brock and S.N. Durlauf, RES 68, 235 (2001).

[3] C. Peterson, and J.R. Anderson, Complex Systems 1, 995
(1987).

Geometric aspects of a non-extensive entropy

N. Kalogeropoulos

Weill Cornell Medical College in Qatar, Cornell University

Relying on our previous work, we are searching for a local
invariant in the configuration / phase space of a system of
many degrees of freedom described by the Tsallis entropy

which can effectively describe the underlying dynamical
behaviour.

For the case of the Boltzmann/Gibbs/Shannon entropy such
a quantity is the Ricci tensor of the configuration / phase
space. Relying on developments of the last fifteen years on
optimal transportation, we suggest the use of the generalised
Bakry-Emery-Ricci curvature for that goal.

In this framework, we provide an isoperimetric interpretation
of the non-extensive (entropic) parameter.

(] N. Kalogeropoulos, Eur. Phys. J. B 87, 56 (2014).
[2] N. Kalogeropoulos, arXiv:1404.0174 (2014).
3] J. Lott, C. Villani, Ann. Math. 169, 903 (2009).

Entropic forces between polymers and repulsive
surfaces

Y. Kantor
Tel Aviv University

In a single molecule stretching experiment one end of a
polymer is grafted to a flat stage while the other end is
attached either to the tip of an atomic force microscope, or
to a microneedle, or to a bead held by a magnetic field or
by optical tweezers. When a complex biological molecule
is strongly deformed its force-extension curve is dominated
by the details of its energy landscape. However, for small
deformations, and especially for homogeneous polymers, the
entropy plays an important role. Recently, the accuracy
of the experiments reached a point where deformations
smaller than the equilibrium size of the polymer Rp and
the corresponding forces can be measured. The number of
configurations of a polymer is reduced in the presence of an
obstacle, and the resulting loss of entropy produces repulsive
forces. In the small deformation regime the polymer partially
envelops the probe to which it is attached, and therefore the
shape of the probe inevitably influences the outcome of the
experiment. We examine the purely entropic contribution to
The elastic

response of a flexible polymer attached to the rounded tip of a

force-displacement relations in such situations.

probe with radius of curvature R, differs qualitatively for large
and small values of the ratio s = Rg/R. The scaled compliance
(inverse force constant) S/R%, is anisotropic, and quite large
in the direction parallel to the surface when s ~ 1 [1]. When
a polymer attached to a sharp (scale-free) tip approaches
a plate, then for separation h < Rp the polymer-mediated
force between the tip and the plate is F' = AkgT/h. The
amplitude A is universal and can be related to exponents
governing the anomalous scaling of polymer correlations in
the presence of obstacles [2, 3]. Its numerical value can
be found from the solution of diffusion equation for ideal
polymers, and by the means of e-expansion for polymers in
good solvents. If one end of an infinite ideal polymer is held
near a repulsive surface, then the monomer density is related
to the electrostatic potential near a conducting surface of a
charge placed at the point where the polymer end is held
[4]. Pressure of the polymer on the surface is then related
to the surface charge density distribution in the electrostatic
problem. Pressure distribution near sharp tips resembles (but
is not identical with) the behavior of an electric field near a
conductor.

(1] R. Bubis, Y. Kantor, M. Kardar, Europhys. Lett. 88, 48001
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(2009).

[2] M.F. Maghrebi, Y. Kantor, M. Kardar, Europhys. Lett.
96, 66002 (2011).

[3] M.F. Maghrebi, Y. Kantor, M. Kardar, Phys. Rev. E 86,
61801 (2012).

[4] Y. Hammer, Y. Kantor, Phys. Rev. E 89, 22601 (2014).

Hedging against Default Risk in a Heterogeneous
Leveraged Market

A K. Karlis', G. Galanis?, S. Terovitis?, M. S. Turner!

LCentre for Complexity Science, University of Warwick, UK

2Department of Economics, University of Warwick, UK

The existence of power-laws in finance and economics has

widely been discussed since the seminal studies of Mandelbrot
and Fama about the non-Gaussianity and the extremely
anomalous “variability” of financial prices. A considerable
amount of research in Financial Economics over the last
twenty years has strengthened and expanded the links between
(Financial) Economics and Statistical Mechanics. These links
have taken the form of both theoretical and computational
tools, such as heterogeneous agent-based models. The inves-
tigation of the latter class of models has allowed the study
of emergent phenomena, which are impossible to understand
within the rational representative agent framework. The
heterogeneity of the interacting agents is a key feature in
these models and in many cases is the source of the observed
complexity [1-3].
Our work discusses the use of interest rate as a hedging tool
against the default risk of heterogeneous hedge funds. To
accomplish this, we use the framework of Thurner, Farmer
and Geanakoplos, which describes a market with two assets
(one risky and one riskless), HFs, noise traders, investors
and a commercial bank. Here the heterogeneity stems from
the different precision of the signal received from the market
by each HF. Our model extends the one discussed in Ref.
[4] by focusing on the survival statistics (failure function)
of the HFs which are used by the commercial bank in
order to charge an interest on the loans that it extends to
the HFs. We show that the failure function of the HFs is
qualitatively different when observed on the micro and the
macro level. Specifically, the failure function of all HF's decays
exponentially on the micro-level, indicating thus a constant
default rate. However, on the aggregate level, we prove that
the failure function tends to a power-law, with an exponent
such that the variance becomes infinite (heavy-tail). This
leads to the underestimation of the default risk of the best
informed HF's, while the converse is true for the HF's receiving
the least precise signal. Moreover, we show that there is a
heterogeneous effect of hedging on the market, whereas the
market as a whole becomes more unstable. Thus, hedging
against default risk through charging interest rates, results
into a feedback effect, increasing risk itself.

[1] W. Brock, C. Hommes and F. Wagener, J. Econ. Dyn. Con.
33, 1912 (2009).

[2] T. Lux, J. Econ. Behav. Org. 33, 143 (1998).

[3] M. Levy, J. Econ. Dyn. Con. 32, 137 (2008).

[4] S. Thurner, J. D. Farmer and J. Geanakoplos, Quant. Fi-
nance 12, 695 (2012).
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A universal mechanism for long-range cross-
correlations

F.K. Diakonos', A.K. Karlis?, P. Schmelcher®
!Department of Physics, University of Athens, Greece
?Department of Physics, University of Warwick, UK

3Zentrum fiir Optische Quantentechnologien, Universitat Ham-

burg, Germany

Complex systems usually consist of several dynamical com-

ponents interacting in a non-linear fashion. Cross-correlations
are then used in order to explore the inter-dependence
in the time evolution of these components measured in
terms of specific quantities characterizing each component.
Of special interest is the case of long-range (power-law)
cross-correlations (LRCC), which, being scale-free, may be
associated with the appearance of characteristics of criticality
in the dynamics of the considered complex system. Such a
behaviour has been observed in a broad range of systems,
arising in disciplines as diverse as physics, biology and
economics [1]. All these findings indicate that the presence
of power-law cross-correlations is a quite general property of
the dynamics of complex systems. Even more, very recently
geometry-induced power-law cross-correlations have been also
observed in a coarse-grained description of the dynamics of an
ensemble of non-interacting particles propagating in a Lorentz
channel [2]. This clearly poses the question of the origin and
mechanisms of cross-correlations in particle systems.
Up to now the theoretical treatment of cross-correlations is
based on statistical approaches and their microscopic origin
is to a large extent unclear. I will present a dynamical
mechanism leading to LRCC [3] and show specifically that
intermittent dynamics, characterized by long intervals of
regular evolution (laminar phases) interrupted by short
bursts of abrupt evolution (irregular phases), obeyed by each
component separately, generates LRCC between the different
components, even if they do not interact with each other. It
will be demonstrated that the emergence of LRCC is of geo-
metrical origin: in a system with a large number of particles
the ensemble of their intermittent trajectories forms a random
fractal set in time. The two-point correlation function of
this set can be identified with the cross-correlation function
between intermittent trajectories of different particles, which
appear in the set with probability one. In addition, I will
provide strong evidence that a sufficient condition for the
emergence of such scale-free LRCC is the divergence of the
mean length of the laminar phase in the intermittent dynamics
of each component. As a final remark, the emergence of
power-law cross-correlations in the absence of inter-particle
interactions is a very welcome feature in the context of critical
phenomena, since it could explain universality aspects.

(] B. Podobnik, D. Wang, D. Horvatic, I. Grosse and H. E.
Stanley, EPL 90, 68001 (2010).

[2] A.K. Karlis, F.K. Diakonos, C. Petri and P. Schmelcher,
Phys. Rev. Lett. 109, 110601 (2012).

[3] F.K. Diakonos, A.K. Karlis and P. Schmelcher, EPL 105,
26004 (2014).
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Computational Social Sciences: studies of in vivo
sociality

K. Kaski
BECS, Aalto University School of Science, Finland and CABDyN
Complexity Center, Said Business School, Oxford University, UK

Over the past decade Network Theory approach has turned
out to be a powerful methodology to investigate complex
systems of various sorts by giving us through data analysis,
modeling, and simulation a deeper insight into the structure,
function, and response of these systems. In todays society
human social interactions happens increasingly through
ICT, the events of which leave behind digital ”footprints”,
forming large datasets. Analysing such a dataset of mobile
phone communication-logs gave us a proxy of social network
that confirmed the Granovetterian picture for the network
structure, i.e. being modular showing communities with
strong internal ties and weaker external ties linking them.
Yet the same dataset allows us to look at the nature of social
interaction in more detail and from a different perspective,
namely Dunbarian egocentric perspective, due to it having
demographic data in the form of gender and age information of
the individual service subscribers. With this we have got even
deeper insight into the gender and age-related social behavior
patterns and dynamics of close human relationships. Our
analysis results demonstrate sex differences in the gender-bias
of preferred relationships that reflect the way the reproductive
investment strategies of both sexes change across the lifespan,
in particular women’s shifting patterns of investment in
reproduction and parental care. These empirical findings
inspired us to take the next step in network theory, namely
developing models to catch some salient features of social
networks and processes of human sociality in them. One of
our first models, based on network sociology mechanisms
for making friends, turned out to produce many empirically
observed Granovetterian features of social networks, like
meso-scale community and macro-scale topology formation.
We are currently extending the modeling approach towards
Dunbarian egocentric picture by including the fact that dyadic
social interactions take place at different levels or contexts.
To summarize we believe that the network theory approach
to social systems combined with computational data analysis,
modeling, and simulation, can open up a new and quantitative
perspective for studying and even predicting collective social
phenomena.

Variational wavefunction for multi-species spinful
fermionic systems - application to superfluids and
superconductors

G. Kastrinakis
Institute for Electronic Structure and Laser (IESL)-FORTH,

Heraklion, Crete, Greece

We introduce a new fermionic variational wavefunction W,
generalizing the Bardeen-Cooper-Schrieffer (BCS) wavefunc-
tion, which is suitable for interacting multi-species spinful
systems and sustaining superfluidity. Applications include
quark matter, nuclei, neutron stars, superconducting grains,
cold atoms, graphene, and the high temperature supercon-
ductors. E.g. in solid state physics, electrons in different

bands with different dispersion relations and effective masses,
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correspond to different fermion species.

A wide class of Hamiltonians, comprising interactions and
hybridization of arbitrary momentum dependence between
different fermion species, can be treated in a comprehensive
manner. This is the case, as both the intra-species and
the inter-species interactions are treated on equally rigorous
footing.  This is accomplished via the introduction of a
The index

Moreover, it

new quantum inder attached to the fermions.
is consistent with known fermionic physics.
allows to consider a multitude of heretofore unaccounted
for fermion-fermion correlations. These correlations allow ¥
to take a comprehensive account of the generic momentum
dependence of both the intra-species and the inter-species
interactions.

We have derived the finite temperature version of the theory,
thus obtaining the renormalized quasiparticle dispersion
relations, and we discuss the appearance of charge and
spin density wave (CDW/SDW) order.
of order may be present irrespectively of the existence of

These two types

superconductivity in the system (opposite to what happens
with more conventional treatments of CDW/SDW).

We present numerical solutions for two electron species in
2 dimensions. Based on these solutions, we show that, for
equivalent spin up and down fermions, the Fermi occupa-
tion factor (per spin) equals 1/2 deep in the Fermi sea.
This constitutes a unique experimental prediction of the
theory, both for the normal and superfluid states. Inter-
estingly, this result, obtained in the thermodynamic limit,
is consistent with Fermi occupation factor inequalities for
finite systems of electrons, derived (in a different context) [2,3].

[] G. Kastrinakis, arXiv:0901.2487; to appear in Annals of
Physics (2014).

[2] Borland and Dennis, J. Phys. B 5, 7 (1972).

[3] Altunbulak and Klyachko, Commun. Math. Phys. 282,
287 (2008).

1/f noise from the nonlinear transformations of
the variables

B. Kaulakys, M. Alaburda, J. Ruseckas

nstitute of Theoretical Physics and Astronomy, Vilnius Univer-

sity, Lithuania

The origin of the low-frequency noise with power spectrum
1/f8 (also known as 1/f fluctuations or flicker noise), observ-
able for about eighty years in different systems, from physics to
financial markets, still remains a challenge. Different models
and theories have been proposed for explanation of this ubig-
uitous phenomenon. Recently, the stochastic model of 1/fﬁ
noise, based on the nonlinear stochastic differential equations

dx = <n - %) 22Nt + 2" dW, (1)

where z is the signal with 1/f# spectrum, 1 # 1 is the nonlin-
earity exponent, A is the exponent of the steady-state distribu-
tion Pss ~ ™, 8= 1+(\—3) /2(n — 1), and W; is a Wiener
process (Brownian motion), has been proposed and analyzed
(1, 2]. Eq. (1) may be derived from the point process model [1],
from scaling properties of the signal [3] or from the agent-based
herding model [4]. Note that special cases of Eq. (1) are: (i) an
equation with the additive noise (n = 0) and nonlinear drift,
i.e., the Bessel process of order N = 1 — A, (ii) the order N
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squared Bessel process when n = 1/2 and N = 2(1 — X), (iii)
special exponential restrictions of the variable z in Eq. (1)
yield Constant Elasticity of Variance (CEV) process or (iv)
Cox-Ingersoll-Ross (CIR) process (when n = 1/2) [4]. On the
other hand, we will show that processes with 1/f5 spectrum
may yield from the nonlinear transformation of the variable

z=1/y’ (2)

of the widespread processes y, e.g., from the Brownian
motion, Bessel or similar familiar processes. Here we employ
the self-similarity property of the nonlinear transformation
(2) of Eq. (1) [5], relating the parameters of the equations
(1) for = and for y variables: ny, = 1 — §(ny, —1) and
Ay = 1 =60 —1), and By = Bz + (1+9)/0(nz —1).
Therefore, from the N-dimensional Wiener process yielding
the Bessel process with index v = N/2 —1 = —1,-1/2, 0,
and 1/2 as a result transformation of the variable (2) with the
appropriate § = —1/2, 1/2, 1, 3/2 and 2 one can obtain 1/f#
noise processes.

[1] B. Kaulakys and M. Alaburda, J. Stat. Mech. 2009, P02051
(2009).

[2] J. Ruseckas and B. Kaulakys, Phys. Rev. E 81, 031105
(2010).

[3] J. Ruseckas and B. Kaulakys, Chaos 23, 023102 (2013)); J.
Stat. Mech. P06005 (2014).

[4] J. Ruseckas, B. Kaulakys, and V. Gontis, EPL 96, 60007
(2011).

[5] J. Ruseckas and B. Kaulakys, Phys. Rev. E 84, 051125
(2011).

Data-driven Seed Selection for Spread of Influ-
ence in Temporal Social Networks

R. Michalski, P. Kazienko, T. Kajdanowicz, P. Brodka
Wroclaw University of Technology

The problem of finding optimal set of humans for influencing
others in the social network extracted from data about
human social activities has been widely studied. Because it is
NP-hard, some heuristics were proposed to find sub-optimal
solutions. Still, one of the commonly used assumption is
the one that seeds are chosen on the static network, not the
dynamic one. This static approach is in fact far from the
real-world networks, where new nodes may appear and old
ones dynamically disappear in course of time. The main
purpose of this research is to analyse how the results of
one of the typical models for spread of influence - linear
threshold - differ depending on the strategy of building the
social network used later for choosing seeds. To show the
impact of network creation strategy on the final number of
influenced nodes - outcome of spread of influence, the results
for various approaches were studied, both static and temporal
with different granularities, i.e. various number of time
windows. Social networks for each time window encapsulated
dynamic changes in the network structure. Calculation of
various node structural measures like degree or betweenness
respected these changes by means of forgetting mechanism
- more recent data had greater influence on node measure
values. These measures were, in turn, used for node ranking
and their selection for seeding. All concepts were applied to
experimental verification on several real datasets. The results

revealed that temporal approach is always better than static
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and the granularity in the temporal social network strongly
influences the number of finally influenced nodes.

Based on the analysis of datasets authors found that the
behaviour of nodes is correlated with network measures. As
a result, new theoretical model of preferential presence is
introduces. It takes account of the correlation of network
measures and the presence of a node in the dynamic network.
The use of this model may simplify further work with artificial
networks, since modelling the user presence still requires
some preliminary assumptions and this model may make this
assumptions more realistic.

Additionally, the research revealed that the stability of
network measures may be used to determine the window
size used for generation the temporal social network used for
seeding and this window size may result with better outcomes
of the spread of influence process.

(] N. Masuda and P. Holme, F1000prime reports 5, (2013).
(2] F. Karimi and P. Holme, Physica A 392, 3476 (2013).

(3] E. Even-Dar and A. Shapira, Inf. Process. Lett. 4, 184
(2011).

Thermodynamics of bosonic in the

canonical ensemble

systems

S. Kessal, S.K. Mehdi
SNIRM Laboratory, USTHB University, Algiers, Algeria

For many-particle quantum systems (bosons and fermions),
calculating the canonical partition function is a very hard
task. This is due to the difficulty to manage the indistin-
guishability of identical quantum particles. For this raison,
the use of the canonical ensemble is avoided. As the grand
canonical partition function is more tractable, thermodynamic
quantities are calculated using the grand canonical ensemble.
The results deduced from these two ensembles are supposed
to be the same, at least in the thermodynamic limit. But
during the last two decades, this equivalence has been subject
to a renewed interest [1,2]. It has been shown first, that the
microcanonical and the grand canonical ensembles are not
equivalent for the calculation of the ground state population
in the Bose Einstein condensate. Later, the equivalence
between the microcanonical and the canonical ensembles has
been studied deeply . In particular, it has been proved that
these ensembles are equivalent only when the microcanonical
entropy is a concave function of the energy. For systems of
interacting spins, it has been shown that the equivalence is
realized only for short range interactions. In a previous work
[3], we have shown that statistical ensembles are not always
equivalent, particularly for quantum systems with bounded
energy spectrums: the relative discrepancy between canonical
and grand canonical mean energies can reach 17% for such
system, and this relative discrepancy does not vanish in the
thermodynamic limit. For this kind of systems, the use of
the canonical ensemble is then mandatory when the particle
number is constant if we want to obtain precise results for
thermodynamic quantities.

In this work, we present a study of thermodynamic properties
of bosonic systems in the frame of the canonical ensembles
(systems with fixed number of particles in contact with a
thermal bath of fixed temperature). We consider bosonic
systems with a bounded energy spectrum. We calculate
the canonical partition function for a general spectrum with
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energies €; (i = 1,N). We use this general form to obtain
the partition function expression for systems with bounded
spectrum of equally spaced energies. Then we determine the
thermodynamic properties (mean energy and heat capacity)
of these systems. We plot these quantities as functions of
temperature. The heat capacity goes always to zero for both
high and low temperatures. We notice that there is not
equipartition energy theorem for bosonic systems when the

energy spectrum is bounded.

[1] H. Touchette, EPL 96, 500010 (2011).

[2] M. Kastner, Phys. Rev. Lett. 104, 240403 (2010).

[3] S.K. Mehdi, N. Daoudi, S. Kessal, Acta Phys Polon B 44,
1459 (2013).

Effect of potential barrier on correlation charac-
teristics of steady-state Levy flights in bistable
potential

A.A. Dubkov, A.A. Kharcheva

Lobachevsky State University

The study of relaxation processes and anomalous diffusion
in nonlinear dynamical systems subjected to the Lévy noise
is of interest for several reasons. From the nonequilibrium
statistical physics point of view such systems represent
paradigmatic examples of non-Brownian processes in the
systems far from equilibrium. Also, it has been demonstrated
that such systems can be used as “minimal” models for the
description of such diverse phenomena as anomalous transport
in turbulent plasmas, abrupt climatic changes, population
dynamics, etc.

Specifically, investigations of superdiffusion induced by Lévy
noise in different potential profiles remain an open problem in
statistical physics. Such type of anomalous diffusion is called
Lévy flights and can be described by Fokker-Planck equation
with the fractional space derivative. Some results in this area
were obtained by analytical calculations and a lot of other
only by numerical simulations. Analytical calculations of
temporal characteristics of Lévy flights meet some difficulties
because Markovian theory of first-passage times assumes
the presence of some boundary conditions which are not
so evident for discontinuous Markovian process having long
jumps.

It should be emphasized that, unlike the normal diffusion,
the stationary probability density functions for Lévy flights
are bimodal, and, starting with the quartic potential, there
is a confinement of Lévy flights, i.e., the variance of particle
displacement is finite. In principle, one can find the correlation
function and the power spectral density of Lévy motion in a
steady state and such time characteristic as the correlation
time.

[1-2] and
the form of stationary probability density function recently

Using the method previously developed in Refs.

found in Ref. [3], from the fractional Fokker-Planck equation
we obtain the exact equation to calculate the correlation
time of steady-state Lévy flights in the bistable symmetric
quartic potential. This equation can be solved exactly by
Fourier transform only in the case of Lévy index a« = 1
(Cauchy noise). As our analysis shown, the correlation time
of stationary Lévy flights decreases with increasing both noise
intensity and the steepness of a potential according to a power
law. A comparison with the result for monostable quartic
potential [2] is performed, and a role of potential barrier on
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this temporal parameter is revealed.

(1] A.A. Dubkov, A.N. Malakhov and A.I. Saichev, Radiophys.
Quant. Elec 43, 335 (2000).

[2] A.A. Dubkov and B. Spagnolo., Eur. Phys. J. ST 216, 31
(2013).

[3] O.Yu. Sliusarenko et al, Eur. Phys. J. ST 216, 133 (2013).

Molecular dynamics simulation of self-diffusion of
gases and liquids in conditions of phase transition

G.V. Kharlamov, S.V. Zhilkin

Novosibirsk State Technical University

Diffusion simulation of gases and liquids by direct numerical
simulations methods has both theoretical and practical value.
On the one hand it gives the chance to check up theories and
hypotheses which are used in the physics of liquids and gases.
On the other hand, it allows receiving new information about
diffusion mechanisms in the conditions of vapor - liquid phase
transition. Such information is important for studying of
nanoparticles production from supersaturated vapor by vapor
condensation [1, 2]. In this work, the self-diffusion coefficients
in molecular systems of Lennard-Jones particles have been
The time
dependences of velocity autocorrelation functions of particles

calculated by the molecular dynamics method.
were calculated. Then the self-diffusion coefficients were
calculated using the Green-Kubo formulae. The calculations
were made in a wide range of density and temperature of the
systems. Special attention was given to the simulations of the
systems in the region of vapor - liquid phase transition. The
time dependences of the velocity autocorrelation functions
of molecules depended on density and temperature of the
system. For low density systems exponential dependences
of the autocorrelation functions were observed and the
self-diffusion coefficients correlated with conclusions of the
Chapman-Enskog theory. The autocorrelation function of
diphase systems consisted of two parts with strongly different
relaxation times [3]. The first part was an exponential one. It
was connected with the diffusion of the molecules in vapor.
Another part corresponded to the molecular diffusion in liquid
droplets. In homogeneous systems a universal dependence
of the reduced diffusion coefficients (in relation to the
Chapman-Enskog self-diffusion coeflicients) on density was
found out. Deviations from this dependence were observed in
a phase transition region with the liquid droplets in the vapor
or the vapor babbles in the liquid. Thus, the formation of the
droplets in the vapor lead to decrease of the reduced diffusion
coefficients, but the formation of the vapor babbles in the
liquid leads to increase of the reduced diffusion coefficients
in comparison with these in homogeneous systems under the
same conditions. The comparison of the calculations results
with experimental data on diffusion in gaseous and liquid
argon has shown good agreement.

[] G.V. Kharlamov, A.A. Onischuk, S.V. Vosel, P.A. Purtov,
Coll. Surf. 379, 10 (2011).

[2] G.V. Kharlamov, A.A. Onischuk, P.A. Purtov, S.V. Vosel,
A.V. Bolesta, J. Surf. 8, 197 (2010).

[3] V.Ya. Rudyak, G.V. Kharlamov, A.A. Belkin, High Temp.
39, 264 (2001).
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Studying interaction dynamics of chaotic systems
within a non-linear prediction statistical method:
Application to neurophysiology

A.V. Glushkov, O.Yu. Khetselius, S.V. Brusentseva
Odessa State University - OSENU

Many diseases of the nervous system, including epilepsy and

Parkinson’s disease associated with abnormal synchronization
large groups of neurons in the brain. A sign of Parkinson’s
disease is the synchronization of neurons in the ranks of
the thalamus and basal ganglia. Standard deep electrical
deep brain stimulation has been found empirically, the
mechanism of its effect has not yet been elucidated, and it
has restrictions, such as those associated with side effects.
Confirmation that the tremor caused synchronous neuronal
activity in nuclei of the thalamus and basal ganglia, would
presumably result in a softer therapies with fewer side
effects. In this connection of the relevance of the problem of
determining the nature of the links between different areas of
the brain and the muscles of patients. Paper is devoted to an
employing a variety of techniques for characterizing dynamics
of the nonlinear neuro-physiological systems identifying the
presence of chaotic elements. To analyze measured time
histories of the neurophysiological system responses the
phase space of these systems was reconstructed by delay
embedding. The mutual information approach, correlation
integral analysis, false nearest neighbour algorithm, Lyapunov
exponent’s analysis, and surrogate data method are used for
comprehensive characterization. The correlation dimension
method provided a low fractal-dimensional attractor thus
suggesting a possibility of the existence of chaotic behavior.
Statistical significance of the results was confirmed by testing
for a surrogate data. We also present the concrete numerical
results regarding the ensembles fluctuations of spontaneous
Parkinsonian tremor of a few patients. Information about
the activity of the brain was presented recordings of local
potentials (LP) of the four deep electrodes implanted in the
thalamus and basal ganglia. The data were obtained at the
Department of Neurosurgery, University of Cologne and the
Institute of Neurosciences and Biophysics, Juelich (Germany).
Our results show that the time series is resulted from the
low-dimensional chaos. The embedding dimension for the
time series is AN = 6. Also, the correlation dimensions were
calculated using the algorithm of Grassberger and Procaccia.
Our data show that the Kaplan-Yorke dimensions, which are
also the attractor dimensions, are smaller than the dimensions
obtained by the algorithm of false nearest neighbours. The
first two Lyapunov’s exponents are positive for the time series
under consideration.

[1] A.V. Glushkov et al, Nonlin. Proc. Geoph. 11, 285 (2004).
[2] A.V. Glushkov et al, Atm. Env. 42, 7284 (2008).

[3] O. Khetselius, et al, Dyn. Systems. Th. and Appl. 1 (Lodz
Univ.), LIF139 (2013).
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Non-linear prediction statistical method to fore-
casting evolutionary dynamics of environmental
systems: Atmospheric pollutants dynamics

A.V. Glushkov, O.Yu. Khetselius, Y.Ya.
O.N. Grushevsky
Odessa State University - OSENU

Bunyakova,

During the last two decades, many studies treated chaos
theory with respect to various dynamical systems. It is
naturally that an attention of urban ecologists was attracted
the new methodology. Nevertheless, the studies of chaos that
was applied to time series of atmospheric pollutants are few
in number, and their outcomes are ambiguous. In a whole,
the use of chaos theory and non-linear short-range forecast
of atmospheric pollutants are in principle possible, but time
series of air constituents are by no means always chaotic. The
aim of our present study is (1) to identify the concentration
space-temporary evolution dynamics for CO2, CO, NO2 , SO2
in the atmosphere of industrial cities (2) to reveal the possible
chaos in the hourly time series at several sites in Amsterdam
(The Netherlands), Gdansk (Poland) and Odessa (Ukraine)
during the 2003-2009 (3) to forecast the concentrations of
these pollutants using the non-linear prediction method (4) to
present a new, efficient approach to quite exact forecasting the
atmospheric pollutants evolutionary dynamics (new Geomath
technology). To identify the chaos in the time series, we
combine the methods as follows: (1) To determine time delays,
the concept of mutual information is used; (2) To determine
attractor dimensions, we apply both the correlation integral
method and the false nearest neighbours algorithm; (3) To
refine the obtained results, we use surrogate data sets; (4)
We evaluate Lyapunov exponents as the dynamic invariants
of chaotic system. In spite of the fact that the correlation
integral method provides the relatively small attractor
dimensions, both the surrogate data method and the false
nearest neighbours algorithm assert that the more reliable
dE for all datasets is 6.
dimension is comparatively large, but still indicates the

Such a value for the embedding

presence of low-dimensional chaos in the studied time series.
Also, two positive Lyapunov exponents validate the previous
outcome. The sum of positive Laypunov exponents is the
Kolmogorov entropy which is in turn inversely proportional
to the predictability limits. In our case, these limits vary
from about three to four days. Using the results of previous
analysis, we apply the non-linear prediction method and
compare the predicted values with both last one hundred data
and nine hundred random data in the series. As an example,
the real and predicted concentrations of CO2, CO, NO2 , SO2
etc in Gdansk, Amsterdam and Odessa regions are presented.
Our results can be considered as an first example of quite
satisfactory short-range forecast for the air pollutants in the

above cited industrial cities.

(1] A.V. Glushkov et al, Nonlin. Proc. Geoph. 11, 285 (2004).
[2] A.V. Glushkov et al, Atm. Environment 42, 7284 (2008).
[3] A.V. Glushkov et al, Dyn. Systems-Th and Appl. 1 (Lodz
Univ.), VIB140 (2013).
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Critical analysis of holographic critical systems

D.V. Khveshchenko
UNC-Chapel Hill

Quantum many-body theory has long been seeking to
expand its toolbox of computational techniques, thus allowing
one to describe and classify a broad variety of non-Fermi
liquid states of strongly correlated fermions. Of a particular
interest are the examples of emergent critical behavior, as
well as spectroscopic and transport properties of the incipient
s-, p-, and d-wave charge/spin density waves and orbital
current-type instabilities in itinerant (anti)ferromagnets,
quantum spin liquids, compressible (composite fermion’)
Quantum Hall states, etc. Recently, the focus has also
been on the d > 1-dimensional zero density (’neutral’)
Dirac/Weyl systems characterized by the presence of isolated
points (’nodes’) or lines (‘arcs’) of vanishing quasiparticle
energy. The intrinsic complexity of these systems has long
been recognized, prompting the use of such sophisticated
techniques as renormalization group, 1/N- and e-expansions,
Keldysh functional integral and quantum kinetic equation,
supersymmetric diffusive and ballistic o-models, etc. In spite
of all the effort, however, the overall progress towards a
systematic classification of various ’strange’ metallic (com-
pressible) states that are often indiscriminately referred to as
’higher dimensional Luttinger liquids’ has been rather slow.
In that regard, the recently proposed notion of a (broadly
defined) holographic correspondence could provide a sought-
after powerful alternative technique. Specifically, its widely
used 'bottom-up’ version could potentially offer an advanced
phenomenological framework for discovering new and classi-
fying the already known types of NFL behavior. However,
despite a recent flurry of applications of the broadly defined
('non-AdS/non-CFT’) holographic correspondence to a variety
of condensed matter problems, the status of this intriguing,
yet speculative, approach remains largely undetermined. We
discuss the previously made holographic predictions and advo-
cate for a compelling need to systematically contrast the latter
against the results of alternate, more conventional, approaches
as well as experimental data. It is also proposed to extend the
list of computed observables and utilize the general relations
between them as a further means of bringing the formal holo-
graphic approach into a closer contact with the physical realm.

(] D.V. Khveshchenko, Phys. Rev. B 86, 115115 (2012).
[2] D.V. Khveshchenko, EPL 104, 47002 (2013).
[3] D.V. Khveshchenko, arxiv.org (2014).

Complete set of phase transition natures in
generalized heterogeneous k-core percolation on
random networks

Y. Kim, H. Chae, S.-H. Yook

Department of Physics and Research Institute for Basic Sciences,

Kyung Hee University, Seoul, Korea

We study heterogeneous k-core percolation with general
mixture of the threshold k with ks, > 2 on random networks
to find the complete set of phase transition natures in the
mean-field level. Based on the local tree approximation,
the scaling behaviors of the percolation order parameter,

Pso(p), are analytically obtained for general distributions of

the threshold k. The analytic calculations predict that the
generalized heterogeneous k-core percolation is completely
described by the series of continuous transitions with or-
der parameter exponents 8, = 2/n, discontinuous hybrid
transitions with By = 1/2 or Sa4 = 1/4, and three kinds
of multiple transitions, which first show the continuous
transition with 81 = 2 or B2 = 1, or discontinuous hybrid
transition with By = 1/2 and later the hybrid transition
with By = 1/2.
continuous transition precisely and to confirm the analytically

To decide the universality class of a

suggested transition natures numerically, the simulations of
the generalized heterogeneous k-core percolations are also
carried out. Since heterogeneous k-core percolation considers
only the maximal cluster, we use the fluctuation of the order
parameter as the susceptibility x(p). We use the finite-size
scaling ansatz Poo(p,N) = N A/PF[(p — p*)N'/?] and
x(®, N) = NY/7G[(p — p*)N'/?], where p* is the hetero-
geneous k-core percolation threshold. Using the finite-size
scaling ansatz of the order parameter and the susceptibility,
the critical exponents 8, v, and 7 of a continuous transition
are obtained to compare with the analytically predicted
transition natures, and the analytically predicted transition
natures are confirmed by numerical simulations. Especially,
the exponents of the series of continuous transitions are shown
to satisfy the hyperscaling relation 28, + vn = vp.

(] D. Cellai, A. Lawlor, K.A. Dawson and J.P. Gleeson,, Phys.
Rev. E 87, 022134 (2013).

[2] G.J. Baxter, S.N. Dorogovtsev, A.V. Goltsev and J.F.F.
Mendes, Phys. Rev. E 83, 051134 (2011).

[3] D. Cellai, A. Lawlor, K.A. Dawson and J.P. Gleeson, Phys.
Rev. Lett. 107, 175703 (2011).

A path integral formalism for non-equilibrium
Hamiltonian statistical systems

R. Kleeman

Courant Institute of the Mathematical Sciences

In the past two years a new approach to non-equilibrium
Hamiltonian statistical systems has been proposed and tested
by the author and co-worker B. Turkington. This assumes
that the non-equilibrium probability density for coarse-grain
variables can be well approximated by an element of the
manifold of quasi-stationary maximum entropy densities in
the manner of Zubarev. When subjected to the Liouvillian
operator such approximate densities are transformed to a
density generally outside the approximating manifold. The
discrepancy between such a transformed density and a new
approximating manifold member can then be quantified using
their relative entropy.

Summing a series of such discrepancies in time results in an
action functional for any trial path through the manifold.
Curiously the associated Lagrangian has the same form as
that of a particle moving in a curved space with a metric
tensor given by the Fisher information matrix and also in an
external electromagnetic field whose form can be calculated
easily from the fine-grain Hamiltonian dynamics and the
quasi-stationary density manifold.

The path action described above was used by Turkington
to define a variational principle for identifying optimal
The method has
been tested using direct numerical simulations by Kleeman

approximating densities at a fixed time.
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and Turkington in detail using a spectrally truncated
Burgers-Hopf turbulence model. It gives excellent results for
states moderately removed from equilibrium. In particular
it reproduces well the equilibration behaviour of all spectral
modes of the system.

In the talk to be presented the theoretical development out-
lined above is extended and it is argued that a path integral
approach is required. A generalized Boltzmann principle is
used to weight manifold paths with the exponential of the path
action. The likelihood of a manifold member at a particular
time is termed a consistency distribution and is analogous
to a quantum wavefunction. Interestingly the Lagrangian is
not in general of Onsager-Machlup form and this difference
is fundamental to the equilibration process and derives from
the informational discrepancy mentioned above. At large
times when the system is close to equilibrium however the
path integral approaches one of Onsager Machlup form. The
associated thermodynamics then is interestingly of a generic
Oettinger form. As is well known such non-equilibrium
thermodynamical formulations work well for a large range of
practical physical systems.

[[] Kleeman, J. Stat.
(2014).

[2] Kleeman and Turkington,
arXiv:1206.6545 (2014).

[3] Turkington, J. Stat. Phys 152, 569597 (2013).

Phys Submitted, arXiv:1307.1102

CPAM In press,

Quantum Annealing of Hopfield Model

S. Knysh', V.N. Smelyanskiy?

1SGT, NASA Ames Research Center
2NASA Ames Research Center

Quantum adiabatic annealing algorithm minimizes Ising cost
function: the ground state of —% >y Jij6i65 — T35, 67 is
closely tracked as transverse field I' is brought down to zero
from a large value. Success is guaranteed by keeping the rate
I' « AEAT near the bottlenecks of the algorithm, where the
instantaneous ground state is separated from excited states
by a small gap AFE; AT is the width of the region where the
gap has comparable values. Initially optimistic (polynomial)
empirical scaling of complexity for Exact Cover problem [1]
was found to cross over to exponential behavior for large
problem sizes in subsequent studies [2]. We perform a rigorous
analysis of the complexity of a simple model: a Hopfield
network (with finite rank J;; = %Zk:l pfl(k)ﬁj(.k)) with
only p = 2 Gaussian-distributed patterns {51@)}. Mean-field
analysis finds second order phase transition at I'c = 1 with
critical exponents 8 = 1/2, v = 1, zv = 1/2. Hyperscaling
relations predict scalings of the gap at the critical point
and the width of the critical region as N~—1/3 and N—2/3
respectively; also confirmed with rigorous methods. ‘Spin
glass’ phase (I' < 1) is analyzed as follows: Using path-
integral formulation, low-energy spectrum maps to that of
a quantum-mechanical particle in a random potential on a
ring. The key to the complexity of algorithm is the evolution
of this random potential with I" and its classical limit I' = 0
in particular. This classical potential is analyzed rigorously
in ‘thermodynamic’ limit N — oo, where it is described
by a continuous random process and maps to Langevin
dynamics in the vicinity of the global minimum. The classical

3/2

random potential increases on average as away from the
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global minimum but exhibits infinitely many ‘dips’. Finite
transverse field creates ‘quantum’ O(I'3/2) corrections which
give rise to a series of global bifurcations. Consecutive ratios
T'y+t1/Tn approach a universal distribution as ' — 0. A
finite system will contain O(log N) bottlenecks with the
gap given by the tunneling exponent O(exp[fc(FN)?’/‘l]).
These tunnelings correspond to flipping O(I'N) spins and
become progressively easier towards the end of the algorithm
as a consequence of the form of classical potential. This
contrasts with the phenomenological model conjectured in
[3]. This general mechanism may be relevant for NP-hard
Sherrington-Kirkpatrick model having a polynomial gap at
the critical point [4].

(] Farhi et al., Science 292, 472 (2001).

[2] A.P. Young, S. Knysh, V.N. Smelyanskiy, Phys. Rev. Lett.
104, 020502 (2010).

(3] B. Altshuler, H. Krovi, J. Roland, PNAS 107, 12446 (2010).
[4] N. Read, S. Sachdev, J. Ye, Phys. Rev. B 52, 284 (1995).

Methodology for Deployment of Optimally Dis-
tributed Solar Monitoring Networks

A. Kolovos!, A. Zagouras?, L. Nonnenmacher?, C.F.M.
Coimbra?

!SpaceTimeWorks LLC, San Diego, CA, USA

2Department of Mechanical and Aerospace Engineering, Jacobs
School of Engineering, Center for Energy Research and Center
for Renewable Resource Integration, University of California San
Diego, La Jolla, USA

We propose an adjustable framework to select locations
for solar measuring stations based on spatial feature coher-
ence, statistical criteria of optimality, and epistemic-based
stochastic knowledge synthesis. Specifically, first the Optimal
Cluster Selection (OCS) methodology is applied to yield
the optimum-—in terms of clustering validity metrics-number
of irradiance measuring stations (MS). OCS improves MS
placement by determining a structured station network
scheme on the basis of cluster analysis, and adheres to
statistical coherence features [1]. This stage provides us with
a selection of possible different ways of configuring MS within
the emerged optimal clusters. Consequently, the OCS results
are wired to a Bayesian Maximum Entropy (BME; e.g., [2])
engine which applies advanced geostatistical methodologies to
determine the optimal spatial MS distribution from the set of
possible ones.

Our clustering algorithm of choice is Adaptive Affinity
Propagation [3]; we focus on the derived clusters of coherent
solar variability in the domain of Southern California. In an
initial step, we compute the irradiance at all MS locations
by using the surrounding values of the satellite modeled
data grid. Using stochastic prediction, irradiance is then
computed on all grid nodes on the basis of the MS modeled
irradiance data from the first step. In a third step, we
compute the mean square error R between the predicted node
values and the satellite-derived ones. Given all possible MS
spatial configurations, the optimal candidate for adaptation
is selected as the one with minimum R. Scoring by R enables
selection of the immediately next optimal candidate in case a
selection is unfeasible due to factors such as natural obstacles
or anomalies.

We use solar irradiance data from cloud segmented images
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derived from satellite observations. The long term mean
absolute error of the modeled data has been found to be
around 13% with regards to ground true measurements. In
the presence of nontrivial data uncertainty, BME is employed
to analyze this information in a stochastic space-time analysis
framework. BME is uniquely known among geostatistical
methodologies for its ability to incorporate rigorously both
accurate and uncertain (soft) types of data, in addition to a
variety of information types (e.g., [4]-[5])-

In overview, our work combines the strength of new and
established cross-disciplined research to benefit renewable
energy monitoring and generation. By going beyond the
narrow boundaries of a specialized application, we aim to help
specialists across the spectrum of the renewable energy indus-

try for planning, decision-making, and policy implementations.

[] A. Zagouras, R.H. Inman and C.F.M. Coimbra, Solar En-
ergy 102, 173 (2014).

[2] G. Christakos and X.Y. Li, Math Geol 30, 435 (1998).

[3] K. Wang, J. Zhang, D. Li, X. Zhang and T. Guo, Acta
Automat. Sinica 33, 1242 (2007).

[4] A. Kolovos, J.M Angulo, K. Modis, G. Papantonopoulos,
J.-F. Wang and G. Christakos, Envir. Monit. Assessm. 185,
815 (2012).

[5] A. Kolovos, A. Skupin, M. Jerrett and G. Christakos, Envir.
Sci. And. Techn. 44, 6738 (2010).

Controlling the Dynamics of Herding Dominant
Financial Markets

A. Kononovicius, V. Gontis

Institute of Theoretical Physics and Astronomy, Vilnius Univer-

sity, Lithuania

Social cooperation, emergence of social norms, formation
of financial bubbles and sudden flash-crashes, or even mass
panic may be caused by endogenous dynamics and certain
general features of human behavior [1]. These phenomena
cannot emerge from the concept of ideally rational agent. In
actual socio-economic systems agents are boundedly rational
and have to rely on other agents. This gives a rise to the
importance of coupling and interactions between the agents,
which suggests that it might be possible to influence the
collective behavior of the socio-economic systems.

One of the suitable frameworks to test this idea is known
as agent-based modeling [2]. This framework introduces a
generalized concept of an agent, which is meant to be used in
place of the interacting parts of the modeled system. Interac-
tions between those agents are also generalized and simplified.
After this simplification only statistically relevant, in terms
of zero-intelligence or bounded intelligence, behavioral details
are retained. Consequently the resulting models appear to
be simple, but are able to reproduce certain sophisticated
features observed in real-life systems.

There is a simple agent-based herding model proposed by
Alan Kirman, which is based on the herding behavior in
ant colonies, but is actively used to model socio-economic
interactions. An interesting extension of this model is to
allow certain agents to be controlled, their state being set
externally. We have already examined their influence in a
generic scenario [3] and now we test the extended model in
the agent-based financial market scenario. In doing so we first
consider two distinct views of the financial markets - long term

fundamental vs speculative trading dynamics and also short
term buy vs sell dynamics. After considering the two different
views we explore the model, where both dynamics are present.
In these possible artificial financial market scenarios we test
different collective behavior control strategies. Namely we
use inflexible agents who occupy only predetermined state
(similar concept was used by Galam and Jacobs in modeling
opinion dynamics [4]) and random agents who switch the
occupied state randomly (this strategy was used by Biondo
and others in different artificial financial market setup [5]).

(1] J.P. Bouchaud, J. Stat. Phys. 151, 567 (2013).

[2] R. Conte et al., EPJ ST 214, 325 (2012).

[3] A. Kononovicius, V. Gontis, Physica A 405, 80 (2014).
[4] S. Galam, F. Jacobs, Physica A 381, 366 (2007).

[5] A.E. Biondo et al., Phys. Rev. E 88, 062814 (2013).

Simulating Faulty Quantum Search Algorithm
With Quantum Walks

D. Ellinas, C. Konstandakis

Technical University of Crete Department of Electronic and

Computer Engineering

Faulty diffusion quantum search, is a form of quantum
search that results when the diffusion operator of the original
Grover’s search algorithm is, under some realistic conditions,
modified by a randomizing unitary matrix. The aim of this
work is twofold: first to show that the faulty search can in
fact be cast into a form of quantum random walk (QW), and
second, to investigate the consequences of this equivalence
between quantum search and QW, especially concerning the
physical aspects of the resulting equivalent model, and its
computational capabilities. The main tool for achieving such
equivalence is the so called oracle algebra. Oracle algebra
is a SU(2) Pauli matrix like algebra, determined generically
for any characteristic function (oracle), which specifies the
marked items (vectors) in the database vector space. On
the other hand the necessary mathematical proof is to show
that the faulty search map is equivalent to a QW map, with
its ”walker” and ”coin” systems coupled in the appropriate
way, so that each search query to be equivalent to a QW
step. This proof is in fact provided by first identifying the
faulty search map with a positive trace preserving map on
density matrix, and then showing that this map can be
turned into a unitary transformation U, however acting on an
extended Hilbert space. This is a 2D dimensional extension
and amounts physically to the introduction of an auxiliary
spin system. The extra spin system identified as being the
”coin system, together with the initial quantum search system
identified now as being the ”walker” system of a QW, provide
the quantum search-quantum walk equivalence, that was
aimed. The quantum entanglement developed between these
two systems provide the ground for the quadratic speed up
of the diffusion rate for the QW or the analogous quadratic
reduction of the search time in the equivalent search problem.
Further the unitary transformation U describing effectively
the QW in the extended space is shown to be generated by
a Hamiltonian operator physically describing a multi-particle
long-range interaction quantum mechanical system. This
system effectively simulates the initial faulty search. In more
detail, the ensuing QW describes a process of Brownian
motion, driven by a quantum channel type of transformation
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with two unitary Kraus generators, which are generating
erratic rotations of Bloch vector around an axis. Search
queries are equivalent to collisions in the QW picture, while
quadratically less queries imply quadratically less collisions,
until the state vector of the quantum ”walker” becomes the

marked vector of search algorithm.

[1] D. Ellinas and C. Konstandakis, J. Phys. A: Math. Th. 46,
415303 (2013).

[2] D. Ellinas and C. Konstandakis, QCMC AIP Conf.Proc.
1363, 73 (2011).

[3] L. Grover, Phys. Rev. Lett. 80, 4329 (1998).

The Impact of Heterogeneous Threshold Distri-
bution on Cascades in the Threshold Model with
Multiple Initiators

P. Karampourniotis, S. Sreenivasan, B.K. Szymanski,
G. Korniss
Rensselaer Polytechnic Institute, Troy, NY, USA

Session co-organizer for: Workshop 4 (Sociophysics), Session:
Statistical Physics of Social Networks

It has long been known through empirical studies that in
a population of socially interacting individuals where each
individual node holds an opinion from a binary set, a small
fraction of initiators holding opinion opposite to the one held
by the majority can trigger large cascades and eventually
result in a dominant majority holding the initiators’ opinion.
Some recent studies have investigated such phenomena in the
context of the adoption of scientific, cultural, and commercial
products. One of the simplest models that capture adoption
dynamics, irrespective of context, is the threshold model (TM)
[1-5]. According to the threshold model, an individual changes
its opinion only if a critical fraction of its neighbors have
already adopted the new opinion. This required fraction of
new adoptees in the neighborhood is designated the adoption
threshold ¢.
However, the threshold model (TM) with uniform threshold
does not capture the complex nature of social influencing
We found that for
sufficiently large spread in the threshold distribution, the

when multiple initiators are present.

tipping point in the social influencing process (i.e. the fraction
of initiators needed for global cascades [5]) disappears and
crosses over to a smooth transition governed by the size of
initiators. Specifically, we studied cascades in the TM when
nodes are assigned a threshold value drawn from the normal
distribution with varying mean threshold ¢ and standard
deviation o. We analyzed both synthetic and empirical
networks using different sizes of initiators. We observed a
non-monotonic change in the cascade size for varying o that
for small initiator sizes follows Watt’s cascade condition. In
addition, we found that, unlike the case of uniform thresholds,
for large enough o, a critical initiator size beyond which
cascades become global ceases to exist. Thus, there is an
important qualitative change from a sharp transition to a
continuous change in the behavior of the cascade size vs. the
fraction of initiators.

Supported in part by ARO, ARL NS-CTA, ONR, and DARPA
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A  kappa-modified Schamel equation for ion
acoustic waves in superthermal plasmas
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The presence of energetic particles in plasmas, resulting in

long-tailed distributions, is an intrinsic element in many space
and laboratory plasma observations. The spectral index,
kappa (), for which the kappa distribution is named, acts
to modify the effective thermal speed in the distribution
function. At low values of k, distributions exhibit strong
superthermality - by this we mean that there is an excess in
the superthermal component of the distribution compared
to that of a Maxwellian. At very large values of kappa, the
distribution function approaches a Maxwellian distribution.
Another commonly observed phenomenon in both space and
laboratory plasmas is that of particle trapping, whereby
some of the plasma particles are confined to a finite region of
phase space where they bounce back and forth. In space, for
example, electron phase-space holes in both the upward and
downward current region of the aurora have been observed [1].
In addition, many laboratory observations of the free expan-
sion of plasma into a vacuum have recorded the propagation
of holes, solitons, and rarefaction waves. Particle trapping is
a nonlinear effect, and was first included in analytical models
of electrostatic structures by Bernstein, Greene and Kruskal
(BGK) [2], and later Schamel [3] developed a pseudopotential
method for the construction of equilibrium solutions, and also
described the dynamics of ion acoustic waves modified by
resonant (trapped) electrons.
Motivated by these observations, we have undertaken an
investigation of the propagation of ion acoustic waves in
nonthermal plasmas in the presence of trapped electrons,
both analytically and numerically. An unmagnetized
collisionless electron-ion plasma is considered, featuring
a non-Maxwellian-trapped electron distribution, which is
modelled by a (kappa) distribution function combined with a
Schamel distribution. The effect of particle trapping has been
considered, resulting in an expression for the electron density.
Reductive perturbation theory has been used to construct
a kappa-Schamel equation, and examine its behaviour. A
solitary wave solution is presented and its dynamics discussed.
The chief modification due to the presence of particle trapping
is stronger nonlinearity, while enhanced superthermality
affects the amplitude and width of solitons adversely.

(1] L. Andersson, R.E. Ergun, D.L. Newman, J.P. McFadden,
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Modelling electrostatic solitary waves and shocks
in non-Maxwellian plasmas: soliton existence and
propagation characteristics from first principles

I. Kourakis

Queen’s University Belfast

Space plasmas are often characterized by the presence of ener-
getic particles in the background, e.g. due to various electron
acceleration mechanisms [1]. This phenomenon is associated
with a power-law dependence at high (superthermal) velocity
values, modeled by a kappa-type distribution function, which
reproduces observed data more efficiently than the standard
Maxwellian distribution approach [2]. It has been shown from
first principles that this ubiquitous superthermal feature of
plasmas may alter the propagation characteristics of plasma
modes, and modify the plasma screening properties [3, 4].
The effect of excess superthermality on the characteristics of
electrostatic nonlinear plasma modes is reviewed, from first
principles. A kappa distribution function [1] is employed
to model the deviation of a plasma constituent (electrons,
in general) from Maxwellian equilibrium. An excess in
superthermal population modifies the charge screening
mechanism, affecting the dispersion laws of both low- and
higher frequency modes substantially. Various experimental
observations or/and Space observation data may thus be
interpreted as manifestations of excess superthermality [2].
Focusing on the features of nonlinear excitations (shocks,
solitons), we [5] have investigated the role of superthermality
in their propagation dynamics (existence laws, stability
profile) and dynamical profile [3], via a series of theoretical
and numerical investigations. Recent advancements are briefly
reviewed. The relation to other nonthermal plasma theories
is briefly discussed.
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An actin fractal compartmentalizes the surface of
mammalian cells

D. Krapf

Department of Electrical and Computer Engineering, Colorado

State University

A broad range of membrane proteins display anomalous
diffusion on the surface of mammalian cells. This behavior can
be explained in terms of transient binding with a heavy-tail
distribution of sojourn times, viscoelastic properties of the
membrane, and obstructed diffusion induced by a fractal
structure. Several studies show that a variety of membrane
proteins are organized by intracellular components. Evidence
for barriers to diffusion has been provided using both
single-particle tracking and optical tweezers, which show
that transmembrane proteins undergo hop diffusion, between

periods of temporary confinement in nanoscale domains.
Even though these methods provide strong evidence for
obstructed diffusion, a fractal structure inducing anomalous
diffusion in the cell membrane has never been visualized due
to experimental challenges. In particular, the membrane
compartments exhibit a dynamic behavior which contributes
to the complex diffusion of membrane proteins, and the
resolution needed to observe such structures is beyond the
optical diffraction limit. In this talk, I will describe recent
experiments where we image the actin cortex with 40 nm
resolution in 2 second time frames for continuous periods
over more than one minute, while we simultaneously track
individual membrane proteins that interact with the actin
cytoskeleton. These experiments are performed with actin
binding peptides labeled with photo-activatable fluorophores
and different potassium channels labeled with quantum dots
in live human embryonic kidney cells. Our results using
dynamic super-resolution imaging and image processing show
that the actin cortex introduces barriers to the motion of
membrane proteins leading to a compartmentalization of
the plasma membrane and antipersistent effects observable
in the protein trajectories. We find that plasma membrane
proteins are transiently confined within domains defined by
the actin cortex. Furthermore, our results show that the
actin-induced compartments are scale free and that the actin
cortex itself forms a self-similar fractal structure. Thus, we
see that this structure introduces compartmentalization in
time scales from milliseconds to several seconds and leads to
subdiffusion over a broad time scale as expected from diffusion
in a percolation cluster. These results present a breakthrough
in our visualization of the plasma membrane and our under-

standing on how the actin cortex interacts with the cell surface.

[1] A.V. Weigel, B. Simon, M.M. Tamkun and D. Krapf, PNAS
108, 6438 (2011).
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Communities and classes in symmetric fractals

M.J. Krawczyk
Faculty of Physics and Applied Computer Science, AGH Univer-

sity of Science and Technology, Cracow, Poland

Networks constructed to describe complex systems are
analysed in terms of community structure or other properties
which may give some useful information about connections
between particular system elements. In the presented work
we analyse selected examples of Lindenmayer systems [1],
which display some kind of symmetry. Namely, we construct
the networks for the Sierpinski triangle and the Koch curve.
The network symmetry allows us to indicate groups of similar
nodes (classes), which may be used instead of original nodes
to represent the analysed system [2, 3]. Any two nodes
belong to the same class if they have the same number of
neighbours which belong to the same classes. In general,
classes identification procedure takes into account not only the
number of in- and out-degrees, but also weights of the links.
Even though we take explicitly into account only nearest
neighbours of each node, in fact the procedure preserves
information about connections with further neighbours. It is
the case as the class of any node depends on the classes of
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its neighbours, which in turn depend on the classes of their
neighbours and so on. The representation of the network
by classes allows to reduce the system size, while preserving
information on any static measure defined on the nodes.
Analysis in terms of community structure is made using the
method proposed by our group [4], which is based on the
assumption that any two nodes are likely to belong to the
same community if they share a common neighbour. In this
method a set of differential equations is used to determine the
time evolution of the weights of the links. The latter evolve
due to interactions between nodes in the whole network. As
a result we obtain a division of the whole set of nodes into
communities. As a criterion to accept a division we use the
calculated value of the modularity [5]. Yet the method of
the community indication for analysed systems, causes the
overlapping nodes being classified as singular communities.
Such a situation does not reflect the network structure, as
those nodes can be tightly connected with the remaining
nodes of the system. To remove this fault of the method we
Then, for the
obtained matrix, we repeat the calculation several times. The

add some noise to the connectivity matrix.

obtained histograms indicate the frequency of nodes originally
identified as forming singular communities being connected
with remaining communities of the system. The subsequent
analysis of the obtained histogram profiles allows for a
reconstruction of the connections between communities. Also,
our method allows for proper identification of communities
which differ in size. The question we addr

[1] P. Prusinkiewicz, A. Lindenmayer, Springer Science+Bus
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What are the main drivers of the Bitcoin price?
Evidence from wavelet coherence analysis

L. Kristoufek
Academy of Sciences of the Czech Republic

Bitcoin is a potential alternative currency to the standard
fiat currencies (US dollar, the Euro, Japanese Yen, etc.)
with various advantages such as low or no fees, a controlled
and known algorithm of the currency creation, and an
informational transparency of all transactions. Of course,
where an upside is there usually is a downside as well. During
its increasing popularity and public attention, the Bitcoin
system has been accused and labelled as an environment for
organized crime and money laundering, and it has been a
target of repeated hackers attacks causing some major losses
to the bitcoins owners. However, it needs to be noted that
none of these downsides is completely remote to the standard
cash currencies either.

Here, we focus on various possible sources of the price
movements, ranging from fundamental to speculative and
technical sources, and examine how the interconnections
behave in time but also at different scales (frequencies). To
do so, we utilize continuous wavelet analysis and specifically
the wavelet coherence which is able to localize correlations
between series, its evolution in time and across scales. It
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needs to be stressed that both time and frequency aspects
are important for the Bitcoin price dynamics as the currency
has undergone a wild evolution in recent years and it would
be naive to believe that the driving forces of the prices have
remained unchanged during its existence. We show that indeed
both time and frequency characteristics of the dynamics are
worth the investigation and various interesting relationships
are uncovered.

First, even though Bitcoin is usually labelled as a purely
speculative asset, we find that standard fundamental factors
— usage in trade, money supply and price level — play a role
in Bitcoin prices in the long term. Second, from the technical
standpoint, the increasing prices of Bitcoin motivate users to
become miners. However, the effect is found to be vanishing
in time as the specialized mining hardware components have
driven the hash rates and difficulty too high. Nonetheless, this
is a standard market reaction to an obvious profit opportunity.
Third, the prices of bitcoins are driven by investors’ interest
in the crypto-currency. The relationship is most evident in
the long run but during the episodes of explosive prices, the
interest drives the prices further up, and during rapid declines,
it pushes them further down. Fourth, Bitcoin does not seem
to be a safe haven investment. And fifth, even though the
USD and CNY markets are tightly connected, we find no clear
evidence that the Chinese market influences the USD market.

[1] L. Kristoufek, Scientific Rep. 3, 3415 (2013).
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Optimal bounds on critical or tricritical points of
nonlinear globally coupled systems with additive
noise

R. Kiirsten', U. Behn?
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We consider an infinite array of globally coupled overdamped
anharmonic oscillators subject to additive Gaussian white
noise introduced in [1], which is closely related to the mean
field p*-Ginzburg-Landau model. We prove the existence of a
well-behaved critical manifold in the parameter space which
separates a symmetric phase from a symmetry broken phase.
Given two of the system parameters there is an unique critical
value of the third [2]. There are no re-entrance transitions.
Due to the global coupling a mean field description is exact.
In the stationary state the mean field is determined by the
stable fixed points of a self-consistency map (SCM) [3].
The phase transition condition can be expressed in terms
of the first derivatives of the SCM. Derivatives of the SCM
are, up to a factor, equal to cumulants of the probability
distribution. Showing that the kurtosis is negative we proof
that the critical control parameter a. is bounded by its limit
In these limits the

mechanism of symmetry breaking differs. For weak noise the

values for weak and for strong noise.

distribution is almost Gaussian and the symmetry is broken
as the whole distribution is shifted in either the positive
or the negative direction. In this case the kurtosis reaches
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asymptotically zero. For strong noise there is a symmetric
double-peak distribution and the symmetry is broken as
the weights of the peaks become different. The qualitative
behavior is the same for higher order saturation terms ¢",
where n > 6 is even. The critical point is calculated for strong
and for weak noise, these limits are bounds for the critical
point. Introducing an additional, competing, nonlinearity
leads to richer behavior. Then the parameter space divides
in three regions, a region with a symmetric phase, a region
with a phase of broken symmetry and a region where both
phases coexist. The region of coexistence collapses into one
of the others via a discontinuous phase transition whereas
the transition between the symmetric phase and the phase of
broken symmetry is continuous. The tricritical point where
the three regions intersect, satisfies an additional condition
on the third derivative of the SCM. Exploiting inequalities on
the cumulants we find optimal bounds for the tricritical point
which are assumed in the limits of weak and of strong noise.
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Two interdependent binary opinion networks

F. Kusmartsev!, K. Kuerten?

L Loughborough University
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We have proposed a model, which is a generalisation of
our previous work ( see, for details Refs[1,2], where two
binary social networks are strongly interacting. We study a
time evolution dynamics of such a complex network, which
may describe the process of the presidential election, where
two party, A and B are competing. The complex network
consisting of two sub-networks, A and B. The network A
consists of agents who are voting for the party A, while the
network B of agents voting for the party B. During the
election process both agents, A and B, have a chance to
influence the vote of the chosen agent. As the result of this
interaction the agent makes a choice to vote for the party A
or for the party B. The time evolution consists of many steps,
where at each step all agents of the network have a chance to
make their choice coming out of their interaction with other
social agents. The process is continued until a some fixed
point is reached.

We show that the evolution of such two competing parties
system or two interdependent binary networks is well de-
scribed by some class of models usually used to simulate
strongly correlated electrons. In terms of these models the
giving votes for the party A or the party B corresponds to the
spin up or spin down flipping of orientations of the electrons
which may sit on the nodes of the networks. Specifically we
have considered the case when the nodes of the network are
occupied or not. We fixed the connection between the nodes
of the network and in general considered an arbitrary cases
where there are K connections. Specifically, for more details
we have focused on the case when each node is connected to
three other nodes. We determined what is important to win
the election campaigne and define the criterion of the winning.
It is mostly related to the initial stands of the votes before the
election started and the type of the interaction between the
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agents. However it is important to note that there is a strong
diversity of opinions in such a complex networks although in
many cases the result of the election is well predefined by the
initial stand of the votes.
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Temporal M-peak in ’dragon-king’ dynamics on a
real-life financial market
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For one-and-half decade, physicists have been intensively
studying structural and topological properties of complex
networks in order to understand the mechanisms responsible
for the evolution of real-world complex systems and their
miscellaneous consequences. Arguably, one of the most exclu-
sive among these, is the condensation phenomenon, together
with a A-transition (or temporal A-peak) associated with
this phenomenon — which hitherto have never been observed
in a real-world network. By the term ‘temporal A-peak’ we
understand here the temporal shape of a short-range order
parameter resembling the Greek letter A\. This terminology is
in analogy to the A-peak of the heat capacity vs. temperature
formed by the A-transition between the normal I *He and
superfluid II “He components. Here, we demonstrate the
first evidence for such a real-life condensation phenomenon
with an associated A-transion, together with a preceeding
phase of nucleation growth. Furthermore, we here investigate
in empirical and phenomenological ways, a complete phase
diagram for these intriguing dynamic phase transitions in
real-world complex networks. In other words, we fill a void in
merging empirical and phenomenological characterisation of
the dynamical phase transitions in complex systems by identi-
fying three of them on real-life financial markets. We extract
and interpret the empirical, numerical, and semi-analytical
evidences for the existence of these phase transitions, by
considering the Frankfurt Stock Exchange (FSE), as a typical
example of a financial market of a medium size. Using
the canonical object for the graph theory, i.e. the Minimal
Spanning Tree (MST) network, we observe: (i) The initial
phase transition from the equilibrium to non-equilibrium
MST network in its nucleation phase, occurring at some
critical time. Coalescence of edges on the FSE’s transient
leader is observed within the nucleation and is approximately
characterized by the Lifsthiz-Slyozov growth exponent; (ii)
The nucleation, which accelerates and transforms to the
condensation process forming, in the second phase transition,
a logarithmically diverging A-peak of short-range order
parameter at the subsequent critical time; (iii) The third
phase transition, where the peak logarithmically decreases
over three quarters of the year, resulting in a few loosely
connected sub-graphs. The A-peak, resembling the continuous
phase transition from the normal fluid I 4He to the superfluid
II 4He, is reminiscent of a non-equilibrium superstar-like
superhub or a ‘dragon-king’ effect, abruptly accelerating the
evolution
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Empirical symptoms of catastrophic bifurcation
transitions on financial markets

M. Kozlowska, T. Gubiec, M. Denys, A. Sienkiewicz, T.
Werner, R. Kutner
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Discontinuous phase transitions in complex systems (much
as in liquid-gas systems) together with critical phenomena are
topics of canonical importance in statistical thermodynamics.
During the evolution of the complex systems we observed
various catastrophic breakdowns proceeded by flickering
phenomenon. This type of evolution is an example of a
generic problem how small changes can lead to dramatic
consequences. Overall, in this work we developed various
metrics associated with catastrophic bifurcation transitions.
All these things were considered on a well-defined example of
notoriously significant and unpredictable financial markets.
The significant contribution to explanation of mechanism of
financial market evolution, in particular the settlement of
whether the early-warning signals are visible there, is a generic
challenge of our work. Notably, the problem of whether the
early-warning signals in the form of a critical slowing down
phenomena (observed in multiple physical systems) are present
on financial markets, was clearly formulated in [1]. Nowadays,
as well critical as catastrophic slowing downs seem to be the
most refined indicators of whether a system is approaching a
critical threshold or a bifurcation catastrophic tipping point,
respectively [2]. The principal aim of this work is the evidence
on empirical way that catastrophic bifurcation breakdowns or
transitions, proceded by flickering phenomenon, are present on
so much unpredictable financial markets. Overall, in this work
we developed various metrics associated with catastrophic
bifurcation transitions, in particular, the catastrophic slowing
All these
things were considered on a well-dened example of financial

down (analogous to the critical slowing down).

markets of small and middle to large capitalisations. The
catastrophic bifurcation transition seems to be connected
with the question of whether the early-warning signals are
present in financial markets. This question continues to
fascinate both the research community and the general public.
Interestingly, such early-warning signals have recently been
identified and explained to be a consequence of a catastrophic
bifurcation transition phenomenon observed in multiple
physical systems, e.g., in ecosystems, climate dynamics and in
medicine (epileptic seizure and asthma attack). We provide
an analogical, positive identication of such phenomenon by
examining its several different indicators in the context of a
well-defined daily bubble.

(1] M. Scheffer et al., Nature 461, 53 (2009).
[2] V. Guttel et al., Ecology Lett. 11, 450 (2008).
[3] V. Filemonov and D. Sornette, EPJ B 85, 155 (2012).

International Conference on XTATIXTIKH ¢YXIKH 85

Can we estimate turbulence energy dissipation
rate from PIV measurements?

D. Kuzzay, B. Dubrulle, D. Faranda
CEA Saclay

Understanding how kinetic energy is dissipated in turbu-
lent flows has been a great challenge for many years and
would have important implications in many areas such
as fundamental research, aeronautics or industry. Recent
advances in imaging have now made it possible to access
to the three velocity components in a plane or in a small
volume of a fluid, up to scales of the order of 1lmm. This
scale is 10 to 100 times larger than the dissipative scale in
Estimate of the

energy dissipation rate is then possible using techniques

large Reynolds number (Re) experiment.

borrowed from Large-Eddy-Simulation (LES) techniques. In
the present contribution, we test these methods in a turbulent
flow generated by two contra-rotating impellers (Von Karman
flow) for Reynolds number ranging from 100 up to more than
10%. This closed flow geometry allows direct estimate of the
energy dissipation by torque monitoring at the two impellers.
We compare these measurements with dissipation estimates
based on LES techniques using velocity field measured
through stereoscopic particle image velocimetry (PIV). We
are then able to compute the energy dissipation rate using its
definition in terms of spatial derivatives of the coarse grained
velocity fields, and to compare it with direct measurements
of the injected energy rate over more than 6 decades in log(Re).

(] F. Ravelet, Ph.D Thesis, (2005).

(2] B. Saint-Michel, Ph.D Thesis, (2013).

[3] J. Sheng, H. Meng, R. O. Fox, Chem. Engin. Sci. 55, 4423
(2000).

Brain network modular structure of two opposite
temperament groups in dimensions of novelty
seeking and harm avoidance

S. Kyeong!, E. Kim?, H.-J. Park®, D.-Uk Hwang'
!'Division of Computational Sciences in Mathematics, National
Institute for Mathematical Sciences
2Department of Psychiatry and Institute of Behavioral Science in
Medicine, Yonsei University College of Medicine
3Department of Nuclear Medicine, Yonsei University College of
Medicine, Seoul, Republic of Korea

Introduction: R. Cloninger [1] has confirmed that psy-
chobiological model of personality to account for individual
variations in temperament and character. Temperament
dimensions were originally proposed to be independent of
on another. However, a meta-analysis by Miettunen et al.
(2008) [2] found a significant negative correlation between
temperament traits, especially significant negative correlation
between harm avoidance (HA) and novelty seeking (NS).
Based on this negative correlation, the current study revealed
the whole-brain connectivity modular architecture for two
contrasting temperament groups. Here we analyzed modular
architecture for the functional and morphometric brain
network and measured similarity between two groups as well
as between functional and morphometric network.
Subjects and Methods: 40 healthy volunteers (mean age =
25.23.3 years) took part in this experiment. High resolution
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structural image and resting state fMRI were acquired. The
Korean version of the TCI (including 140-items) was used
to assess temperament and character factors. To classify
40 subjects into two groups, we used k-means clustering
algorithm with HA and NS as input vectors. Average
functional networks for each group were constructed for
studying modular architecture. The positive edge weights
of the group-averaged functional network matrix formed by
Pearsons correlations were subjected to the graph theoretical
modularity estimation algorithm, which characterizes the
segregation of a network [3]. Similarity measure defined by
normalized mutual information was used to compare the
modular architecture between two groups.

Results and Conclusion: Using the k-means -clustering
algorithm, 19 subjects were clustered into a group having
high HA and low NS, 21 subjects were clustered into a
group having low HA and high NS. In the functional network
module analysis, we found that the overall network modular
organizations showed a similar pattern except for sub-network
structure among the prefrontal cortex (PFC), basal ganglia
(BG), and limbic system. In high HA and low NS group,
the regulatory brain regions, such as the PFC, are clustered
together with the limbic system. This finding suggest that the
neural basis of inhibited, passive, and inactive behaviors in
the high HA and low NS group was derived from the increased

network association between the PFC and limbic clusters.

[1] C.R. Cloninger, Arch. Gen. Psychiatr 44, 573 (1987).

[2] J. Miettunen, E. Lauronen, L. Kantojarvi, and J. Veijola,
Psych. Res. 160, 106 (2008).

[3] M.E.J. Newman, Phys. Rev. E 74, 036104 (2006).

Thermostatistics of near-field thermal radiation
and nanoscale energy harvesting

I Latella, A. Pérez-Madrid?, J. Miguel Rubi®

Departament de Fisica Fonamental, Facultat de Fisica, Universi-

tat de Barcelona, Spain

Thermal radiation heat transfer in the near-field regime is
considerably enhanced as compared to the blackbody limit.
That is, the amount of energy exchanged between bodies
separated by a submicron distance is notably higher than that
for bodies separated by macroscopic lengths. The tunneling
of evanescent electromagnetic waves is responsible for this
enhancement, an effect that can rise only when the bodies are
close to each other.

Due to the contribution of evanescent modes, the local density
of states is modified near an interface separating two media.
This implies that also the thermodynamic functions will
depend on this contribution and will show a very different
behavior from the corresponding one in the far field case.
Furthermore, at the interface of polar materials, the coupling
of phononic excitations with the electromagnetic fields results
in the so-called surface phonon polaritons. When two planar
sources supporting surface phonon polaritons are placed at a
distance smaller than the thermal wavelength, the resonance
of these modes is responsible for the considerable increase of
the emitted radiation. These surface waves can be thermally
excited at the nanoscale due to their existence in the infrared.
Using the fluctuation-dissipation theorem, the correlations of
electromagnetic fields can be computed, whence the average
Poynting vector is obtained. The Poynting vector gives the

radiated energy flux, and from this quantity the entropy flux
can be computed. Both energy and entropy fluxes depend on
the spectral flux of modes, which contains the information
about optical properties of the materials.

Here, we show that the maximum work that can be obtained
from the thermal radiation emitted between two planar
sources in the near-field regime is much larger than the
one corresponding to the blackbody limit. This quantity as
well as an upper bound for the efficiency of the process are
computed from a thermostatistic formulation in the near-field
regime. The case when the difference of temperatures of
the hot source and the environment is small, relevant for
energy harvesting, is studied in detail. We also show that
thermal radiation energy conversion can be more efficient in
the near-field regime. Both maximum work flux and efficiency
depend on the optical properties of the materials, and the
explicit dependence on the frequency of the surface phonon
polariton has been obtained.

[1] I. Latella, A. Perez-Madrid, L.C. Lapas and J. M. Rubi, J.
Appl. Phys. 115, 124307 (2014).

[2] E. Rousseau, M. Laroche and J.-J. Greffet, J. Appl. Phys.
111, 014311 (2012).

[3] K. Joulain, J.-P. Mulet, F. Marquier, R. Carminati and
J.-J. Greffet, Surf. Sci. Rep. 57, 59 (2005).

Network Analysis of 3D complex plasma clusters
in a rotating electric field

I. Laut', C. Ré&th', L. Worner?, V. Nosenko!, S.
Zhdanov®, J. Schablinski*, D. Block*, H.M. Thomas',
G.E. Morfill®

IDLR German Aerospace Center, Germany
2Quantum Nanophysics Group, Austria
3Max-Planck-Institut fr extraterrestrische Physik, Germany

4Christian-Albrechts Universitit zu Kiel, Germany

Network analysis was used to study the structure and time
evolution of driven three-dimensional complex plasma clus-
ters [1]. The clusters were created by suspending micron-size
particles in a glass box placed on top of the rf electrode in a
capacitively coupled discharge [2]. The particles were highly
charged and manipulated by an external electric field that had
a constant magnitude and rotated uniformly in the horizontal
plane. Depending on the frequency of the applied electric
field, the clusters rotated in the direction of the electric field
or remained stationary. The three-dimensional positions of
all particles were measured using stereoscopic digital in-line
holography.

The network approach was used to elucidate the structural
changes in the cluster. The Analysis revealed an interplay
between two competing symmetries in the cluster. Spherical
and cylindrical ordering of the particles was examined by
comparing network measures of the experimental data with
null models. The well established network measures local
connectivity, clustering coefficient and average path length
were considered [3]. The null models were artificial data with
a certain number of points in perfectly spherical order, and
the rest in cylindrical order. Network analysis of the clusters
showed that the rotating cluster was more cylindrical than
the nonrotating cluster.

These findings were in agreement with the radial confinement
computed by assuming a dynamical force balance. The radial
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confinement was shown to be stronger in the case of cluster
rotation, increasing the cylindricity of the cluster.

The emergence of vertical strings of particles was also
While the tradi-
tional method of a fixed threshold has limitations such as

confirmed by using a network analysis.

erroneously including passing by particles and a somewhat
arbitrary threshold, community finding algorithms [4] yield
a more elegant approach of finding structures in complex
systems. With the aid of multislice networks [5], it is possible
to examine the whole time series at once and thus resolve the
time evolution of the strings.

We demonstrated that network analysis is a powerful tool to
analyze the structure of complex plasma clusters and may
have numerous applications in other complex systems where
the characertization of the spatial structure plays a vital role.

[] I. Laut et al, Phys. Rev. E 89, 023104 (2014).

[2] L. Worner et al, Europhys. Lett. 100, 35001 (2012).
[3] R. V. Donner et al, New J. Phys. 12, 033025 (2010).
[4] M. E. J. Newman, Phys. Rev. E 74, 036104 (2006).
[5] P. J. Mucha et al, Science 328, 876 (2010).

Population Of Simple Cognitive Agents Their
Model And Performance In Dynamic Environ-
ment

A.T. Lawniczak, J.B. Ernst, B.N. Di Stefano
University of Guelph, Guelph, Canada

A cognitive agent is an abstraction of an autonomous
entity capable of interacting with its environment and other
autonomous entities. Such agent is capable of performing
cognitive acts consisting of a sequence of the following
activities: (1) perceiving information in the environment and
provided by other agents; (2) reasoning about this infor-
mation using existing knowledge; (3) judging the obtained
information using the existing knowledge; (4) responding to
other cognitive agents or to the external environment; (5)
learning, i.e. modifying the existing knowledge based on the
newly acquire information.

The goal of our work is to identify and discuss an example
that could be used as an experimental platform in virtual
reality to identify a simple cognitive agent unable to express
concepts analytically and unable to use crisp values. In the
development of the model of our cognitive agent, called naive
creature, we pursue the route of biomimicry and steer away
from formal methods and established learning algorithms.
Our developed naive creature may experience fear and/or
desire, is capable of evaluating if a strategy has been applied
successfully and is capable of applying this strategy again
with small changes to a similar but new situation. We
describe how a simple agent born as tabula rasa; ie. a
blank slate, can be trained to learn how to safely cross a
road; i.e. a unidirectional single-lane highway and later,
when the situation changes, unidirectional multi-lane highway
and bi-directional multi-lane highway. The highways are
implemented as a modified Nagel-Schrackenberg model and
each creature is provided with mechanism to reason to cross
safely the highway but it does not have built-in knowledge
base of its environment. The population of creatures as the
result of the learning process builds this knowledge base. We
have chosen a learning mechanism that belongs to what is
called social observational learning, that is each agent learns
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from the behaviour of other agents.

In the presented work we investigate how fear and/or desire,
creature mobility along the edge of the highway, car traffic
intensity, presence or absence of erratic drivers, may affect
the creatures population success in learning to cross safely
the highway. We investigate how the fact of acquiring a prior
knowledge in one environment helps the population of crea-
tures to learn to be more successful in another environment.
‘We present selected simulation results, their analysis and
outline future work.

(1] J. Ferber, Multi-Agent Systems Addison Wesley, London
(1999).

[2] B.N. Di Stefano, A.T. Lawniczak, Proc. of IEEE TIC-ST
1, 509 (2009).

[3] A.T. Lawniczak, B.N. Di Stefano, Elsevier Procedia CS 1
(1), 2221 (2010).

[4] B.N. Di Stefano, A.T. Lawniczak, Acta Phys. Polonica
5(1), 21 (2012).

(5] A.T. Lawniczak, J.B. Ernst, B.N. Di Stefano, Elsevier Pro-
cedia CS 18, 2611 (2013).

Modeling the space plasma microstates with
Kappa distribution functions

M. Lazar!, S. Poedts!, R. Schlickeiser?

!Centre for Mathematical Plasma Astrophysics, K.U. Leuven,
Leuven, Belgium
2Institut fur Theoretische Physik IV: Weltraum- und Astrophysik,

Ruhr-Universitdt Bochum Germany

The in-situ measurements of particle velocity distributions
in the solar wind and terrestrial magnetosphere indicate that
these space plasma systems are out of thermal equilibrium,
even in the absence of beams and temperature anisotropy.
This feature is revealed by the dual structure of the velocity
distributions of all species of plasma particles (electrons,
protons and heavy ions), always containing two principal
components, a low-energy core well described by a standard
Gaussian (Maxwellian) distribution function, and suprather-
mal (high-energy) tails, forming the halo populations and
well fitted by the Kappa power-laws. Though the thermal
core populations are dominant, kinetic effects of the highly
anisotropic halo cannot be neglected. Collisions are indeed
rare in space plasmas, but the long-range correlations
between plasma particles are ensured by the plasma waves
and instabilities as the principal mechanisms of relaxation,
whenever plasma deviates from thermal equilibrium.
However, the attempts to predict the wave dispersion and
stability properties are limited to simplified models, which
either (a) consider the core of Maxwellian type and ignore
suprathermal populations, or (b) minimize the core assuming
this component cold and model suprathermal tails with
Kappa power-laws, or (c) incorporates both the core and
halo populations in a single (global) Kappa that is nearly
Maxwellian at lower energies, and decreases smoothly as
power-law at high speeds. Implying a reduced number of
macroscopic plasma parameters used to describe the moments
of the distribution as well as their time and space evolution,
the idealized models are convenient for calculations, but
worthwhile is to assess to which extent these models can
explain the wave fluctuations and turbulence measured in
space plasmas.
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Here it is proposed a comparative analysis of the anisotropic
models and the resulting wave instabilities. The anisotropic
models include bi-Maxwellian distribution functions for the
core populations, and a variety of anisotropic Kappa-type dis-
tribution functions for the energetic halo. These models have
been introduced to parameterize the kinetic anisotropy, e.g.,
temperature anisotropy, beams (strahls), which are believed to
be at the origin of wave fluctuations observed in space plasmas.

[] V. Pierrard, M. Lazar, Solar Phys. 267, 153 (2010).

[2] M. Lazar, R. Schlickeiser, S. Poedts, Intech-Book Explor-
ing the solar, Ch. 11 (2012).

[3] M. Lazar, Astron. Astrophys. 547, A94 (2012).

Chaos in ergodicity

M.H. Lee
University of Georgia, USA

The author has developed the ergometric theory of the
ergodic hypothesis[1]. It is a physical theory, differing from
classic mathematical theories, by actually taking the time
average over the autocorrelation function defined by linear
response theory. The time dependence of the autocorrelation
function is obtained formally by the recurrence relations
method that had been earlier established and successfully
applied[2]. The ergometric theory yields a physical condition
called an ergometer by which a variable of a Hermitian system
is ruled ergodic or not. Illuminating is information on physical
mechanisms behind why some variables are ergodic and others
are not.

The prior existing general theories of the ergodic hypothesis
are all purely mathematical on classical phase functions by
Birkhoff, Khinchin and others. They do not take the time
average (as the physical theory does) but seek conditions for
which the ergodic hypothesis can hold. These conditions are
abstract math properties e.g. the transitivity of phase space,
the existence of the time average. The thermodynamic limit
never appears.

Although the ergometric theory is a quantum many-body
formalism, it applies to classical ergodic theory by taking the
classical limit. It allows one to compare it with the classical
math theories. We have shown that ergodic or not ergodic by
the ergometric theory is the same as by the abstract math
conditions[3]. What has remained unexplained however is an
important abstract condition that the time average is over a
single trajectory which starts ”almost” everywhere from an
ergodic surface. That is, why just one trajectory and why not
everywhere.

According to the theorem of Sharkovskii and also of Li
Yorke, the existence of 3-cycle in a continuous map on an
interval implies the existence of chaos. By analytically solving
the 3-cycle problem in the logistic map, we have exhibited
chaos[4]. In this study we find that a chaotic trajectory has
exactly the same abstract properties that characterize an
ergodic trajectory. Hence we can conclude that chaos is in
ergodicity. Additional studies show that the converse does
not necessarily holds.

] M.H Lee, Phys. Rev. Lett. 87, 250601 (2001).
[2] M.H. Lee, J. Math. Phys. 50, 122702 (2009).
[3] M.H. Lee, Phys. Rev. Lett. 98, 110403 (2007).

Biofilaments as Annealed Semi-flexible Copoly-
mers

Lee N.-K.', A. Johner?
!Sejong University

2Institute Charles Sadron

Biofilaments were long considered as structures Worm-Like
Chains.
biofilaments manifest some annealed heterogeneity and should

In many in vivo or in vitro situations, however,

be considered as annealed random copolymers. The building
blocks of the filaments differ from each other, for example,
by the internal structure of the monomer, by the presence
of some adsorbed species or by the curvature. Based on
the copolymer concept, we embed the description of these
systems in a common formalism. Analogous to the propagator
introduced by Edwards for Gaussian chain, we introduce the
Scrodinger type equations for the filament. For the description
of annealed heteropolymer with two switchable monomer
states, we generalized the spinor representation introduced by
Grosberg. We demonstrate how the annealed heterogeneous
nature of the filament is reflected by statistical correlations
like the tangent-tangent correlation function or the cyclization
probability.

In particular, we demonstrated a number of consequences
of the annealed copolymer filament switchable between two
different states of stiffness. We showed that a properly
averaged persistence length l;ff successfully describe thermal
fluctuations which are dominated by small deflections. The
end-to-end correlations of the annealed heteropolymers
markedly deviate from that of the simple worm-like-chain.
Further we found that the simple exponential decrease
of the tangent correlation recovered for large filaments is
not governed by the effective persistence length l;ff. The
latter effect is most pronounced when the aspect ratio of
the persistent segment is moderate and it is huge effect for
most synthetic polymers. This originates from switches to
shorter persistent segments (type-1) in the large scale random
walk regime, which increase entropy. Systematic deviations
The tail of the
angular deflection distribution is much larger and the closure
These effects
reflect a profound alteration of the copolymer statistics to

from the WLC arise at large deflections.
probability can be dramatically enhanced.

better accommodate the constraint.

Our results show that annealed filaments adapt cooperatively
to external constraints. This contributes to explain anomalous
elasticity manifested by biofilaments.

] G. Nam et al., EPL 100, 28001 (2012).
[2] H. Mohrbach et al., Phys. Rev. Lett 105, 268102 (2010).
[3] A. Yu. Grosberg, Biofizika 29, 569 (1984).

A New Molecular Dynamics Simulation Method
of the Constant NPT Ensemble

E. Kim, S. Lee

Department of Chemistry, Seoul National University, South Korea

The traditional molecular dynamics simulation methods
are for microcanonical ensemble systems that has conserved
energy, and volume, and number of particles. However, a
majority of experiments on physicochemical systems are

carried out at constant temperature and pressure, in which
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the energy and volume of the system fluctuate. To examine
the dynamical properties of molecules in such systems, one
often employ the molecular dynamics simulation methods
with thermostatting and barostatting algorithms. Unfortu-
nately, the well-established thermostatting algorithms such
as Anderson thermostat, Berendsen thermostat, Nos-Hoover
thermostat, as well as the barostatting algorithms such as
Anderson barostat, Berendsen barostat, and their variants,
are known to alter the dynamic properties of the molecules
under consideration, because their equations of motion are
modified by the coupling with the thermostat or the barostat.
To circumvent this artifact, we propose a new molecular
dynamics simulation method that disturb only the molecules
near the wall of the simulation box. A similar thermostatting
algorithm was proposed a long time ago by Ciccotti and
Tenenbaum, who introduced boundary conditions to simulate
thermal walls at a given temperature. However, they used
reflecting boundary conditions and thus their method was
As for the
barostatting algorithm, our method has some similarity with

influenced more severely by the size effect.

that of Uline and Corti in that the volume fluctuation is
controlled by a shell particle. We test the efficiency of the our
algorithm in attaining the target temperature and pressure,
and the conformity of the velocity, kinetic energy distribution,
and other dynamic properties to the constant NPT ensemble.
Although our method is not so efficient as the Berendsen
thermostat and barostat in attaining the target temperature
and pressure, it is at least as efficient as the Nos-Hoover
thermostat and the Anderson barostat. Once the target
temperature and pressure are reached, our method maintains
the constant NPT condition perfectly. It is well known that
Berendsens methods do not produce the simulation results
conforming to the constant NPT ensemble. Therefore, one
may use the Berendsens methods in the initial phase of the
equilibration run, and thereafter employ our method to obtain
reliable simulation results that conform to the constant NPT
ensemble system and do not alter the dynamic properties as
well as the equilibrium properties.

[1] G. Ciccotti and A. Tenenbaum, J. Stat. Phys. 23, 767
(1980).

[2] M.J. Uline and D.S. Corti, Entropy 15, 3941 (2013).

[3] G.J. Martyna, D.J. Tobias and M. L. Klein, J. Chem. Phys.
101, 4177 (1994).

Manna universality class is distinct from the
directed percolation class

S.B. Lee

Department of Physics, Kyungpook National University, Korea

Recently, Basu et al. showed in one dimension that the
known models in the Manna class, i.e., the discrete and
continuous conserved Manna models, exhibited the critical
behavior of absorbing phase transitions similar to that of
the directed percolation (DP) when generated from the
initial states prepared from the steady states by sweeping all
particles by one Monte Carlo step to the nearest-neighbor
sites [1]. Based on the numerical analysis, they claimed that
an independent Manna class does not exist and all models
known to belong to the Manna class were expected to show a
DP critical behavior after a very long time.

We here studied the discrete conserved Manna model (referred
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to as the Manna model) and the conserved lattice gas (CLG)
model both on a square lattice, and the Manna model on a
one-dimensional chain and on a strip of L, X Ly sites with
Ly > Ly. It was found that the Manna model and the CLG
model on a square lattice yielded consistent results within an
error of less than 1% and that the exponents characterizing
the dynamics of active particles differ considerably from the
known exponents obtained using the random initial states
while those associated with the steady-state quantities remain
the same. The critical exponents for both models satisfied
the known scaling relations and, thus, the known violation
of the scaling relations for models with a conserved field was
resolved by using the natural initial states. The results were
also found to differ by 7%-12% from the corresponding DP
values.

For the Manna model on a chain, the critical density of
particles was found to be smaller than the recently reported
value and, accordingly, the order-parameter exponent was
considerably different from the DP value. With the estimates
of the decay exponent and the order-parameter exponent, the
off-critical scaling held nearly perfectly, and the finite-size
scaling also held with the dynamic exponent inconsistent
with the DP value. The influence of quenched disorder on a
strip of 105 x 20 sites was also studied and the results were
compared with those of the prototype model in the DP class,
i.e., the contact process (CP). It was found that whereas the
CP showed the Griffith phase in which the active-particle
density decreased following a nonuniversal power law, the
These
results consistently suggested that the Manna universality

Manna model showed a standard critical behavior.

class is a unique and independent class which is distinct from
the DP class. This is in strict disagreement with the recent
observation in Ref. [1].

(] M. Basu et al, Phys. Rev. Lett. 109, 015702 (2012).
[2] S.B Lee, Phys. Rev. Lett 110, 159601 (2013).
3] S.B Lee, Phys. Rev. E 87, 032117 (2013).

Turbulent Diffusion and Pair Dispersion of Bright
Points in the Solar Photosphere
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The study of diffusion and transport of magnetic field
concentrations within the turbulent solar convection zone
and atmosphere is very important for the understanding of
several fundamental solar physics processes, such as dynamo
effect, magnetoconvection, and energy release processes in the
atmosphere. In this context, the motions of local magnetic
flux concentrations and magnetic bright points represent
one of the main sources of information. These magnetic
elements represent the solar atmosphere signature of strong
(kilogauss) magnetic flux tubes and undergo random walk
motions driven by turbulent convection. These motions have
been studied extensively as a diffusion process and in this
framework they can be investigated through the analysis
of the scaling properties of mean square displacements and
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The turbulent diffusion
and pair dispersion of magnetic field concentrations in the

pair mean squared separations.

solar photosphere is studied here through the analysis of
bright points motions in observations of the solar granulation
obtained with the New Solar Telescope of the Big Bear
Solar Observatory. A quiet-Sun area, a coronal hole, and an
active region plage are investigated. In all the three magnetic
environments, evidence for the presence of a super-diffusion
regime is observed. It is also found that the pair mean squared
separation AZ(t) follows a power law time scaling A2(t) ~ t7,
with the power law index n ~ 1.5. It is suggested that these
results can be explained in the framework of the Batchelor
theory, under the hypothesis that the range of observed time
scales corresponds to a non-asymptotic regime in which the
photospheric magnetic bright points keep memory of their
initial separations. Further studies of the pair dispersion of
photospheric bright points, performed on longer time series,
can provide information about the magnetic field transport
in the solar atmosphere. Moreover, the diffusion properties
of local magnetic field concentrations are closely related to
the dynamics of solar atmosphere turbulence. The physical
processes analyzed in the present work represent one of the
possible ways to investigate the efficiency of the turbulent
energy transfer to small scales, which may play an important
role in the energy dissipation processes occurring in the upper
atmospheric layers.

[1] V.I. Abramenko et al., ApJ 743, 133 (2011).
[2] F. Lepreti et al, ApJ Letters 759, L17 (2012).
[3] F. Giannattasio et al, ApJ Letters 770, L36 (2013).

Emergent structures and effective thermodynam-
ics in systems of active particles.

D. Levis

University of Barcelona

In many instances of active matter, the relevant units
which constitute the system are self-propelled particles:
they transform energy from their environment into motion.
Self-propelled particle systems are manifold in biology and
appear at very different scales, ranging from bacteria to
animal flocks. Only very recently, artificial active liquids
made of Janus colloids have been realised in the laboratory.
The large number of available results suggest that it might be
some ’universal’ features concerning the collective behaviour
of active matter. Recent investigations have shown that
different self-propelled particle systems share several generic
features (clustering, phase separation, large fluctuations, etc.),
hence motivating their study from a statistical mechanics
perspective. In order to discuss how the introduction of
self-propulsion affects the structure and dynamics of particle
systems, I will introduce an extension of the hard-sphere
model where particles perform a persistent random walk . I
will describe the stationary phases of this ‘minimal model’
over a broad range of parameters. I will show that purely
repulsive hard disks spontaneously self-aggregate into fractal
clusters as self-propulsion is increased and eventually form a
percolating one (gelation). This clustering can be rationalised
by a solvable kinetic model of reversible aggregation. I will
show that the addition of a finite amount of noise is needed
to trigger a non-equilibrium phase separation. I will discuss
the steady-state dynamics of the active liquid and show how

the Stokes-Einstein relation is broken even at low densities.
The diffusion constant has a non-monotonic behaviour and
the analysis of time correlation functions show that the
dynamics are strongly heterogeneous. Then, I will show that
self-propulsion induces an effective short-range attraction by
making connections between the active system and a model
of attractive particles. I will use this analogy to interpret
the numerical data obtained close to the out-of-equilibrium
glass transition that occurs in dense self-propelled particle
systems. I will also discuss the possibility of defining an
effective temperature from the fluctuation-dissipation ratio
in this regime. Finally, I will compare my predictions with
experimental studies of self-propelled colloidal suspensions
and discuss which thermodynamic concepts can be extended
to this non-equilibrium situation.

(1] D. Levis and L. Berthier, arXiv:1403.3410 (2014).
[2] I. Theurkauff et al., Phys. Rev. Lett. 108, 268303 (2012).
[3] L. Berthier, arXiv:1307.0704 (2013).

Undamped periodic oscillations in many-body
systems

F. Leyvraz!, F. Calogero?
lInstituto de Ciencias Fisicas, UNAM, Mexico

2Dipartimento di Fisica, Universitd di Roma ”La Sapienza’,

Roma, Italy

It is well known (see [1, 2, 3]) that a system consisting of an
arbitrary number of particles of equal masses interacting via
an arbitrary potential of homogeneity degree —2 and confined
by an isotropic harmonic potential can sustain undamped
periodic compressional oscillations. Since such a system has,
in the general case, a chaotic dynamics, one might expect
that it would always eventually reach thermal equilibrium.
However, it turns out that these undamped compressional
oscillations are adiabatic, and that correspondingly, the
temperature varies with the size of the system (in the
specific case stated above, this dependence is one of inverse
proportionality). Since thermal equilibrium presupposes a
constant temperature, it follows that such systems never
attain it. A straightforward consequence of this behaviour
is that such systems must have vanishing bulk viscosity. In
this talk, we review and generalize these findings to more
general confining potentials and extend the results further
to time-dependent systems. In particular it is possible to
describe thermodynamic cycles of such systems. This study is
not restricted to adiabatic variations, so we are in the position
to look at a great variety of different behaviours. It is seen,
for example, that such standard “irreversible” processes, as
free expansion, do not in fact lead to an increase of entropy in
such systems and can be explicitly reversed. It can however
be shown that the second law cannot be violated in those
cases where the model can be studied explicitly, in spite of
the fact that approach to equilibrium does not take place.
We further discuss the concept of thermodynamic equilibrium
for such systems. The underlying motive of these features
is the existence of a hidden non-abelian symmetry. There
is a conservation law apart from energy, the value of which
must be specified in any description of the system. However,
additional macroscopic quantities, which do not commute
with the Hamiltonian, then generally have values which vary
over a macroscopic range. These values must be specified to
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descibe the state, but this can only happen destroying the
stationarity. It is readily seen that the structures defined
above carry over to quantum mechanics, so that similar results
can be stated for the corresponding quantum mechanical
systems. In the case of harmonic confinement, the expectation
value of the radius performs undamped oscillations, whereas

in more general cases a more complex behaviour is found.

[1] D. Lynden-Bell and R.M. Lynden-Bell, Proc. Roy. Soc. A
455, 475-489 (1999).

[2] D. Lynden-Bell and R.M. Lynden-Bell, J. Stat. Phys. 117,
199-209 (2004).

[3] F. Calogero and F. Leyvraz, J. Stat. Phys. 151, 922-937
(2013).

Effective-medium theory and simulations of
under-coordinated random lattices with weak
bending interactions

D.B. Liarte!, O. Stenull?, X. Mao®, T.C. Lubensky>

University of Sao Paulo, Brazil®
University of Pennsylvania, USA?
University of Michigan, USA3

Concepts associated with the rigidity percolation transition
of random elastic networks have been used in many branches
of science, such as amorphous solids, granular materials,
mineralogy, and the mechanics of the cytoskeleton of living
cells. Archetypes of this transition are crystalline lattices
with elastic interactions, where a random variable is assigned
to the probability P of existence of each bond in the network.
For small enough P, the shear modulus vanish due to local
floppy regions that prevent rigid regions from percolating.
There is a phase transition at P = P. , above which the shear
modulus is different from zero. For network glasses, P = P,
might also mark the transition from an amorphous solid
(with high average coordination) to a polymeric glass (with
low average coordination) [1]. Homogeneous honeycomb and
diamond lattices with only nearest-neighbor interactions are
under-coordinated, in the sense that their average coordina-
tion number z is smaller than the isostatic limit of mechanical
stability z. = 2d, where d is the spatial dimension [2]. They
have floppy modes, whose zero frequencies span the entire
Brillouin zone. In this work, we use numerical simulations and
an effective-medium theory to study the rigidity percolation
transition of the diluted honeycomb and diamond lattices
when weak bond-bending forces are included. We construct
bending potentials that are a manifestly rotationally invariant
combination of displacement vectors, with no dependence on
stretching. As a result, our model predicts a sensible bulk
modulus that does not depend on the bending stiffness. We
show that both shear and bulk moduli vanish at the rigidity
percolation transition point. From the effective-medium
theory, we extract scaling and asymptotic relations for the
behavior of the elastic moduli in the limits of small disorder,
and near the rigidity percolation critical point. For small
disorder, these results are in good quantitative agreement with
the numerical simulations. We also find overall qualitative
agreement. Our findings are specially relevant to characterize
the transition of covalent glasses from amorphous solid
to polymeric glass. We also discuss generalizations of this
model when next-nearest-neighbor bonds are randomly added.
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(] H. He and M.F. Thorpe, Phys. Rev. Lett. 54, 2107 (1985).
[2] A. Souslov, A.J. Liu, and T.C. Lubensky, Phys. Rev. Lett.
103, 205503 (2009).

[3] X. Mao, N. Xu, and T.C. Lubensky, Phys. Rev. Lett. 104,
085504 (2010).

Systemic price cojumps

F. Lillo

Scuola Normale Superiore

Instabilities in the price dynamics of a large number of finan-

cial assets are a clear sign of systemic events. By investigating
high cap stocks traded in different stock exchanges, we find
that there is a large number of multiple cojumps, i.e. minutes
in which a sizable number of stocks displays a discontinuity
of the price process. We find strong evidence on individual
stocks that jumps are clearly not compatible with a Poisson
process description, since we measure that a jump changes the
probability of observing another jump in the near future. We
are able to describe this time clustering feature by modelling
the jump series with a class of self-exciting point processes,
namely the Hawkes processes. We introduce a one factor
model approach where both the factor and the idiosyncratic
jump components are described by a Hawkes process. We
introduce a robust calibration scheme, which is able to
distinguish systemic and idiosyncratic jumps. A series of
questions naturally arises, about whether the advent of High
Frequency Trading and changes in regulatory policies might
affect the systemic behaviour of markets. Do these systemic
events show common properties across different markets?
Have markets become more unstable in recent years? If so,
can this be explained just by higher levels of jumpiness of
single assets, or is it due to an increased cojumpiness, i.e.
a higher level of synchronisation? By considering the last
fifteen years, which have experienced the introduction of
High Frequency Trading, we show that the number of jumps
has slightly declined, but the number of cojumps, especially
when involving a large number of stocks, has significantly
increased. This is a clear sign of an increased synchronisation
in financial markets, especially for what concerns their
extreme behavior. Finally, we study the exogenous (i.e. news
driven) and endogenous nature of systemic price cojumps.
Quantifying news impact as the fraction of systemic cojumps
that occurred within a 3-minute window after a news, we
find that only roughly a 30% of the systemic events can be
ascribed to a macro news. Interestingly, when lowering the
time window to exact synching at 1-minute level, the fraction
reduces considerably; instead, allowing for time windows
larger than 3 minutes, the fraction trivially increases, but
in a negligible way. This suggests that the time scale of
news digestion is of few minutes, significantly larger than
our l-minute data resolution. These findings confirm that
the majority of systemic events cannot be associated with an
exogenous market-moving news and leave open the possibility
for an endogenous explanation.

[] G. Bormetti, L.M. Calcagnile, M. Treccani, F. Corsi and S.
Marmi, http://ssrn.com/abs (2013).
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Random Graphs in Opinion Dynamics

C. Lim
RPI, USA

Networks and their statistical dynamics have been the focus

of much study in the last 10 years. In the last 5 years,
progress have been made on the calculations of average or
bulk properties of social opinion dynamics on large random
networks. These new results include a more accurate calcula-
tion of the expected times to consensus and the tipping point
effects of minority mavens / leaders or committed agents,
as the average degrees of the underlying random networks
changes and / or the network model is given by a well-known
continuum stochastic model known as the random geographic
graphs (RGG). In this talk, we summarize recent results
obtained by Lim, W. Zhang, Korniss and B. Szymanski. We
will give some comparisons to actual examples of real world
networks in this talk.
We also give a thematical framework comprehensive enough
to represent many of the multi-agent signalling networks in
recent works such as the generalized Naming Games (NG)
and the Voter models used in modeling of ad-hoc wireless
networks, agreement on a small list of tags in the WWW and
social opinion dynamics in forums and elections.

Our aim is to show that the asymptotic behaviour of a proper
subset of these signalling games on very large networks (where
the effects of demographic noise can be safely neglected),
can be described rigorously as a system of nonlinear coupled
ODEs with the Monotonicity Property (MP) in phase-space
consisting of the coarse-grained population fractions of
each type. The nonempty complement of the monotone
signalling systems include two main types, namely, (1) the
signalling systems where the associated random walk models
are Martingales, that is, the deterministic drifts are zero
everywhere in phase space; in such systems, which includes
all the Voter models, the asymptotic behaviour is diffusion -
driven, and (II) signalling systems which have nonzero drift
almost everywhere in phase space but whose nonlinear ODEs
are not monotone; we will give such a counterexample below.
Naming game, the prototypical case of opinion dynamics, on
2-dimensional random geometric graph is investigated. Study
of this model helps to understand the spatial distribution and
propagation of social opinions. A main feature of this model
is the automatic emergence of spatial structure called opinion
domains which are geographic regimes sharing the same opin-
ion with clear boundaries. We provide the mean field equation
for this dynamics and discuss several properties of the equation
such as the stationary solutions and two-time-scale separation.

[I] W. Zhang, C.C. Lim, B. Szymanksi, Phys. Rev. E 86,
066304 (2012).

On the resolution of a chaotic phase space

D. Lippolis
Institute for Advanced Study, Tsinghua University

We deal here with the problem of evaluating long-time
averages, such as diffusion coefficients, decay of correlations,
escape rates, or Lyapunov exponents of chaotic systems, in
the presence of white, additive noise. In the context of chaos,
the ideal dynamical average is weighed with the natural
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(invariant) measure of the state space, which is however
prohibitive to compute directly in most cases. One valid, es-
tablished alternative is then to weigh the average by properly
partitioning the state space, and defining a suitable symbolic
dynamics, as a means to recognize the most important (i.e.
most often visited) regions. In particular, unstable periodic
orbits constitute the skeleton of the dynamics, and can be a
valuable tool to chart the state space.

Additional background noise, always present in any realistic
model, calls for a substantial change in the way we think par-
titions due to the element of randomness: fractals are washed
away, periodic orbits no longer exist, precious symmetries are
broken. Thus novel ideas, formalisms, and algorithms are to
be developed accordingly.

We find it most sensible to follow the evolution of densities in
the state space via Fokker-Planck equation, whose smooth,
locally invariant solutions around periodic orbits of the
deterministic flow constitute the building blocks of our
partition algorithm.

In a recent spew of publications, this novel partition algorithm
has been fully developed and tested in the framework of
one-dimensional hyperbolic and non-hyperbolic maps. Due
to the asymptotic balance between deterministic, exponential
shrinking of neighborhoods around longer and longer periodic
orbits, and the smearing effect of noise, a finite resolution is
found for the state space. As a consequence, Fokker-Planck
equation is replaced by a finite-dimensional evolution operator
that yields estimates of long-time observables (escape rate and
Lyapunov exponent), found to be in good (~ 1%) agreement
with blind-grid (‘Ulam) discretizations.
formalism has been extended to higher dimensions, where we

Subsequently, the

must account for both expanding and contracting directions
of the deterministic system, and their interplay with isotropic
noise.

We finally report on the latest advances of our optimal par-
titioning technique, applied to a two-dimensional hyperbolic
map with background noise.

(1] D. Lippolis and P. Cvitanovic, Phys. Rev. Lett. 104,
014101 (2010).

[2] P. Cvitanovic and D. Lippolis, Chaos Maribor proc. 82
(2012); arXiv:1206.5506.

[3] D. Lippolis, NOLTA proc. 318 (2013); arXiv:1303.0951.

Entropic correlations in metals and astrophysical
plasmas: their role in nuclear fusion reactions

M. Lissia', P. Quarati®?, A.M. Scarfone®
LINFN, Sezione di Cagliari, Italy

2 Politecnico di Torino, Italy
3ISC-CNR c/o Politecnico di Torino, Italy

We discuss the important contribution of particle correlations
both to the entropy and to reaction rates in different kind of
plasmas leading to interesting theoretical and experimental
relationships. We focus on fusion reaction in metals, in
astrophysical plasmas, and in artificially confined and strongly
correlated plasmas.

Strong enhancements of the rates at low-energy have been
observed in several of these environments. Standard screening
effects are not sufficient to explain these experimental data.
We show that generalized statistical distributions, energy-
momentum quantum uncertainties, and two-body entropic
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correlations can play an important role for understanding
these phenomena.

We consider fusion experiments in deuterated metals, un-
derground measurements of low-energy fusion cross sections
at LNGS, fusion reactions in the solar core, neutral and
non-neutral plasmas, Debye-Huckel electron screening, fusion
in liquid metals, melting entropy, stopping-power determina-
tion, Galitski Yakimets energy-momentum uncertainty, and
non-Maxwellian distributions.

Understanding kappa distributions in
plasmas

space

G. Livadiotis
Southwest Research Institute, USA

keyword:

Presenting Author email: glivadiotis@swri.edu
Topical Area: A

‘Workshop: 2

Numerous independent analyses on collisionless space plasmas
have revealed a peculiar statistical behavior of this category
of plasmas: Particle populations of space plasmas reside in
stationary distributions which are out of thermal equilibrium.
Thermal equilibrium is a special stationary state; systems
at thermal equilibrium have their distribution function of
particle velocities stabilized into a Maxwell distribution, which
is connected with the classical framework of Boltzmann-Gibbs
statistical mechanics. However, Maxwell distributions are
extremely rare in space plasmas, with the vast majority of
these plasmas residing at stationary states out of thermal
equilibrium, which are described by kappa distributions. The
kappa distribution provides an unambiguous replacement
of the Maxwell distribution for systems out of thermal
equilibrium such as space plasmas. Kappa distributions do
not embody Boltzmann-Gibbs statistics, but instead, they
are connected with the generalized statistical framework of
non-extensive statistical mechanics, provided the continuum
of the energy spectrum, and the key-relationship between
the entropic g-index and the kappa distributions’ K-index,
q¢ = 1+ 1/K [1]. Understanding the origin of kappa distri-
butions was the starting point of all the further development
and investigation, which involves [2] (i) the possible physical
mechanisms that create the kappa distributions and the
framework of non-extensive statistical mechanics; (ii) the
physical meaning of thermodynamic parameters such as
temperature, kappa index, entropy, etc; (iii) the multi-particle
description of kappa distributions; (iv) the kappa distribution
of a Hamiltonian when a non-zero potential is given; (v)
the possible description of distributions as superposition
The kappa distributions and the
proven tools of non-extensive statistical mechanics have been

of kappa distributions.

successfully applied to a variety of space plasmas throughout
the heliosphere, from the inner heliosphere, e.g., the solar
wind and planetary magnetospheres, to the outer heliosphere,
e.g., the inner heliosheath and beyond [3,4]. These analyses
led to the determination of the thermodynamic variables and
the understanding of the underpinning physical processes
of these plasmas, as well as to more fundamental findings,
such as the new quantization constant that characterizes
collisionless space plasmas [5].
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[1] G. Livadiotis and D.J. McComas, Geophys. Res. Lett. 114
A11105 (2009).

[2] G. Livadiotis and D.J. McComas, Space Sci. Rev. 75 183
(2013).

[3] G. Livadiotis et al, Astrophys. J. 734, 1 (2011).

[4] G. Livadiotis et al, Astrophys. J. 762, 134 (2013).

[5] G. Livadiotis and D.J. McComas, Entropy 15, 1116 (2013).

Pricing in a complex financial market: instability
from local measures

M. Bardoscia', G. Livan?, M. Marsili'

YAbdus Salam International Centre for Theoretical Physics,
Trieste, Italy
?Department of Computer Science, University College London,

United Kingdom

A huge number of financial instruments (bonds, futures,
Each of such
instruments is generally priced according to models which

swaps, options, etc) are priced every day.

approximate market dynamics and need to be calibrated on
market data. In spite of the complexity of market dynamics,
models used in pricing are often very simple: they depend
on few parameters so as to allow for a very efficient and fast
calibration on a small set of observed prices and rates. This
implies unavoidable approximations, both in the model and
in the calibration, that are sometimes corrected in ad-hoc
manners.

Different institutions price different financial instruments
according to different models, calibrating them against
different data.
intrinsically approximated, but approximations are different

As a consequence, not only the results are

for different financial instruments. In financial jargon, this
is a situation where each financial instrument is priced
using a local market measure, which may be specific of that
instrument and/or of that institution. In addition, in some
cases misaligned prices induce trading activity that enhances
further misalignment, which in turn causes price instability
(e.g. crashes). It has been argued that this practice can
potentially lead to the emergence of arbitrage opportunities,
i.e. the possibility of making a riskless profit, because the
difference in the approximations used may give rise to a
Thus, in this talk I shall

interchangeably talk about financial instabilities and arbitrage

system of inconsistent prices.

opportunities in what follows. I shall discuss the emergence
of instabilities in a stylized model of a financial market,
where different market actors calculate prices according to
different (local) market measures. Typical properties for
ensembles of large random markets will be derived using
techniques borrowed from the statistical mechanics of disor-
dered systems. I shall show that, depending on the number
of financial instruments available and on the heterogeneity of
local measures, the market undergoes a sharp phase transition
separating an arbitrage-free phase from an unstable one,
where the complexity of the market, as measured by the
diversity of financial instruments, increases, and arbitrage
opportunities arise. Focusing on two different classes of local
measures inspired by real market strategies, I shall discuss
analytical and numerical evidence to corroborate such findings.

(1] M. Bardoscia, G. Livan, M. Marsili, J. Stat. Mech. P08017,
1 (2012).
[2] C. Albanese, G. Gimonet, S. White, Risk May 2010, 72.
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[3] C. Albanese, T. Bellaj, G. Gimonet, G. Pietronero, Quant.
Fin. 11, 1 (2011).

Noise can enhance stability in Si bulk?

D. Persano Adorno, M.A. Lodato, N. Pizzolato

Department of Physics and Chemistry, Group of Interdisciplinary
Physics and CNISM, University of Palermo, Italy

In recent years, an increasing interest has been directed
towards the possible constructive influence of noise and
fluctuations on the dynamical response of different nonlinear
systems, focusing on cooperative effects between the external
noise and the intrinsic interactions of the systems. Indeed,
previous theoretical investigations have shown that, under
specific conditions, the addition of external fluctuations to
systems, characterized by the presence of intrinsic noise, may
affect the dynamics of the system in a counterintuitive way,
inducing an enhancement of stability and resulting in a less
noisy response [1]. This possibility has been successfully
explored, for example, in the dynamics of magnetic spin
systems [2] and in the electron spin relaxation process inside
semiconductor structures [3]. The possibility of reducing the
electronic diffusion noise, by adding a random fluctuating
contribution to the driving oscillating electric field, has
been found in III-V semiconductor crystals [4], whereas this
opportunity, to the best of our knowledge, has not been yet
tested in covalent semiconductor materials. Aim of the present
work is to investigate the noise-induced effects on the electron
transport dynamics in low-doped n-type Si crystals. To
simulate the dynamics of electrons in the bulk, by taking into
account the band structure, the scattering processes, as well
as the heating effects, a Monte Carlo approach is used. The
effects caused by the addition of an external noise source are
investigated by studying the modifications in the correlation
function of electron velocity fluctuations and in its spectral
density. The system is driven by a high-frequency periodic
electric field in the presence of two different kind of external
fluctuations: a Gaussian correlated or a Random Telegraph
noise source. Our findings show that, critically depending
on the external noise features, the dynamical response of
electrons driven by the periodic electric field can benefit from
the constructive interplay between the fluctuating field and
the intrinsic noise of the system. In particular, we found that
also in Si bulk the presence of the fluctuating component
can reduce the total noise power up to 10 % in a wide range
of noise amplitude. Furthermore, we found a non-linear
behaviour of the integrated spectral density with both the
noise amplitude and the noise characteristic times.

[1] J.M.G.. Vilar, J.M. Rub, Phys. Rev. Lett. 86, 950 (2001).
[2] U. Atxitia, O. Chubykalo-Fesenko, R.W. Chantrell, J.
Nowak, A. Rebei, Phys. Rev. Lett. 102, 057203 (2009).

[3] S. Spezia, D. Persano Adorno, N. Pizzolato, B. Spagnolo,
Europhys. Lett. 104, 47011 (2013).

[4] D. Persano Adorno, N. Pizzolato, B. Spagnolo, J. Stat.
Mech.: Theo P01039, 1 (2009).

Active and Passive Faults Detection by Using the
Page Rank Algorithm

N. Lotfi, A.H. Darooneh
Department of Physics, University of Zanjan- University Blvd.,

Zanjan, Iran

Here we try to find active and passive places for earthquakes

in the geographical region of Iran. The approach of Abe and
Suzuki is adopted for modelizing the seismic history of Iran by
a complex directed network. By using the Page rank algorithm
we assign to any places in the region an activity index then
the most active places are determined. Recently, scientists
have great interest in studying the earthquake within the
context of complex systems theory [1,2]. The faults are the
main components of a geological system that their motion are
responsible for most of the spatiotemporal phenomena in a
geological region. When the activity of a fault occurs abruptly
it can produce an earthquake. Earthquakes have influence on
their surrounding faults by transferring the stresses to them
and may trigger subsequent events [3,4,5]. Seismic waves are
generated by sudden releasing of the energy in an earthquake
and propagate through the earth’s crust. Fluctuation of
stresses associated with seismic waves may temporarily exceed
the local failure threshold in the far field faults and leading
to other earthquakes in the places that are not close to the
original earthquake’s epicenter [4,5]. Many evidences support
the fault-fault interaction because of the earthquake stress
changes. The nature of such interactions are more complex
than often though and the complex network method seems
to be good candidate for studying and understanding the
geophysical phenomena in a system of faults belonging to an
area. In this paper we continue our study about the Iran
earthquakes network and try to find out information about
the active and passive regions in Iran by calculating the
centrality of nodes in the corresponding network. Centrality
of a vertex can be measured via different ways Degree,
Betweenness, closeness and PageRank to determine the
relative importance of it within a graph. PageRank is a link
analysis algorithm to assign a numerical weighting to each
element of a hyperlinked set of documents with the purpose
of measuring its relative importance within the set. The rank
value indicates an importance of a particular earthquake’s
regions. In other words, this parameter calculates the passive
regions in the network. The CheiRank is constructed for a
directed network with the inverted directions of links. It
is similar to the PageRank, which ranks the network nodes
in average proportionally to a number of incoming links.
Due to inversion of link directions, the CheiRank ranks the
network vertices in average proportionally to a number of
outgoing links. This quantity measures the passive regions in
earthquake networks.

(1] P. Bak and C. Tang, J. Geophys. 94, 15635 (1989).

[2] P.A. Cowie, C. Vanneste and D. Sornette, J. Geophys. 98,
21809 (1993).

[3] G.C.P. King, R.S. Stein and J. Lin, Bull. Seis 84, 935
(1994).

[4] M.E. Belardinelli, A. Bizzarri and M. Cocco, J. Geophys.
108, 2135 (2003).

[5] A.M. Freed, Annu. Rev. Earth Pla 33, 335 (2005).
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Complex fluids at finite concentration: A theo-
retical approach.

M. Lozada-Cassou, J.A. Gonzalez-Caldera

Molecular Engineering Research Program, Mexican Petroleum

Institute

A general theoretical approach to study simple and complex
homogeneous or inhomogeneous fluids, at finite concentration,
through simple models is presented. New effects are found.
Some are briefly discussed, but focus on those for concentrated
bulk colloidal dispersions. In the past, theoretical studies of
colloidal dispersions, at infinite dilution, have been made.
Here are presented integral equations results for concentrated
colloidal dispersions, for a colloidal primitive model (CPM).
In the CPM the colloidal particles are charged hard spheres,
with their charge at the center of the particle, immersed in a
primitive model electrolyte. The radial distribution functions
for all the fluid components are calculated and, thus, also
the (-potential, induced charge, o(r), and other functions
of interest. The results are compared with those from the
CM, other simpler approaches and computer simulations.
Important deviations from the widely used CM are reported.
New effects, attributed to the large size and charge and to the
finite concentration of colloidal particles, are found. In partic-
ular, the theory predicts very long range particle-correlations
and a polarity inversion of {-potential for several conditions,
always associated with charge reversal. However, if different
charge distributions on the colloidal particles are considered,
for example if the charge is located on the surface of the
colloidal particles, polarity inversion of the (-potential may
not be observed. We refer to this new model as the Modified
Colloidal Primitive Model (MCPM). We discuss the possible
implications of our results in relation to the electrophoretic
mobility of colloidal particles, and the appearance of voids, as
has been experimentally found. A good qualitative agreement
between the theoretical predictions and computer simulations
is observed. As another test of our theory, the adsorption of
a model phosphotungstic acid (HsPW1204 ) + HCI solution
on a eicosylamine CH3(CH2)19NH; monolayer, is compared
with experimental data.

[1] M. Lozada-Cassou, J. Phys. Chem. B 117, 11812 (2013).
[2] M. Lozada-Cassou, J. Phys. Chem. B 115, 12094 (2011).
[3] F. Rondelez, Eur. Phys. J. E 15, 149 (2004).

Phenomenological model of thermoelasticity of
solids

U. Lucia', G. Gervino®
!Dipartimento Energia, Politecnico di Torino, Italy
2Dipartimcnto di Fisica and INFN Torino, Universitd di Torino,

Ttaly

The thermodynamics of oxide compounds plays an impor-
tant role in many area of applied physics and engineering,
including herterogeneous catalysis, sensors, high temperature
superconductors and solid state batteries. The geometric
nonlinear theory of oxide compound has been investigated. It
predicts the reversibility of the transitions as manifested under
thermal and elastic stress based only on crystal symmetry
and geometric compatibilities between phases. The thin-film

composition-spread technique was devised to rapidly map
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the lattice parameters and the thermal behaviour of oxide
compound systems. Moreover where materials undergo to
high temperature stress, phase stability might be an important
factor in determining material performance: a knowledge
of the solid thermodynamics is fundamental for successful
applications. Studies on the interaction between mechanical
and thermal effects in solid bodies have therefore received
greater attention. The thermal behaviour of solids under
elastic deformations is analysed in order to obtain a working
mathematical model which combines the molecular dynamics
under high temperature stress and the elastic reversible
transformations. The thermal behaviour has been described
by Parrinello-Rahman model: Parrinello-Rahman Lagrangian
is obtained by assuming that the cell inertia tensor is spherical
and constant in time and the cell fluctuation motions are
irrotational. Its outputs, that depend upon temperature, have
been used as inputs for a molecular dynamic model that takes
into account the applied elastic perturbation. Investigations
into the atomistic-to-continuum coupling have been pursued
and a hierarchical modelling in terms of a macroscale treated
by continuum mechanics and the microscale governed by sta-
tistical mechanics may be a good fruitful compromise. If the
microscale is computed with the help of molecular dynamics,
the isostress-isoenthalpic ensemble as proposed by Parrinello
and Rahman becomes a statistical ensemble where the equa-
tions of motion are directly derived from a Lagrangian. This
Lagrangian could be situated into a continuum mechanics
setting. The behavior of this continuum-related Lagrangian
in a kinetics-driven setting, obtained by imposing an external
stress, and a kinematics-driven setting, by imposing the shape
of the molecular dynamics cell, is investigated. The results
give useful information about the variation of the mechanical
stress and strain limits of the oxide compound when applied
in hostile high temperature environment.

(] U. Lucia, Physica A 392, 3912 (2013).
[2] U. Lucia, Physica A 389, 4558 (2010).
[3] U. Lucia, Chem. Phys. Lett. 556, 242 (2013).

Brownian motors: Enhancement of efficiency by
noise

J. Spiechowicz, J. Luczka

Institute of Physics, University od Silesia, Katowice, Poland

Transport in micro-world is strongly influenced by fluctua-
tions and random perturbations. The influence has seemed to
be usually destructive, i.e. transport is weakened with respect
to such quantifiers like averaged velocity or current. However,
a constructive role of both equilibrium and nonequilibrium
fluctuations is also observed in many systems and phenomena
such as Brownian ratchets, stochastic resonance, molecular
motors and machines, genetic and biochemical regulatory
systems, to mention only a few. Fluctuations can enhance
the averaged velocity, can reverse transport direction and
can induce anomalous transport properties. Studies of this
subject can (directly or indirectly) explain unusual properties
as e.g. bidirectionality of kinesin and dynein transport inside
living cells.

We show that biased non-equilibrium noise 7(t) can be more
effective than deterministic constant force F' transporting
inertial Brownian particles in a symmetric periodic substrates
and driven by unbiased time-periodic (simple harmonic) force.
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Within selected parameter regimes the noise n(t) can solely
induce anomalous transport process of the same kind as the
deterministic force F', however with efficiency several times
greater than when the particle is transported by F. As an
example of noise n(t) we apply white Poissonian shot noise
for which we demonstrates very surprising effect of a solely
white Poissonian noise induced enhancement of the Stokes
efficiency of the anomalous transport process occurring in
generic, biased systems and devices. This phenomenon has
its roots in the fact that replacement of the deterministic
static load with the carefully adjusted non-equilibrium noise
allows for simultaneous amplification of the negative current
and minimization of its fluctuations. In particular, it can be
observed for moderate values of the spiking frequency A of
the white Poissonian noise. Furthermore, in the limiting case
of very large frequencies A — oo with fixed mean (n) = F
the transport process induced by this non-equilibrium noise
is both quantitatively and qualitatively equivalent to the one
caused by the constant force. Moreover, we demonstrated the
possibility of manipulating the direction of transport just by
tuning the parameters of the white Poissonian noise.

As an application of the theoretical study we consider the
resistively and capacitively shunted single Josephson junction
for which the presented anomalous transport process can be
measured.

[1] L. Machura et al, Phys. Rev. Lett. 98, 40601 (2007).
[2] J. Spiechowicz et al, J. Stat. Mech. P02044 (2013).
[3] L. Machura et al, Physica E 42, 590 (2010).

Coagulation, gelation, random structures

A.A. Lushnikov

Geophysical Center of Russian Academy of Sciences, Moscow,

Russia

A review of recent achievements in the theory of sol-gel tran-

sitions in coagulating systems is given. The basic ideas of the
stochastic approach to the dynamics of coagulating systems
are outlined and its possible application as a basis for a the-
ory of gelation in coagulating systems is described. This ap-
proach allows for a consideration of finite coagulating systems,
i.e., those containing a finite number of particles. In paral-
lel, the classical (Smoluchowski’s) approach to the coagulating
systems with instant sinks serves as a tool for studying the
sol-gel transition. The latter approach allows for a correct ex-
planation of the gelation scenario where the gel does not serve
as an active sink of the sol particles. The new results that I
plan to report are:

e Sol-gel transitions in evolving random networks and co-
agulation.
Thermodynamically large systems of particles (e.g.,
molecules) are normally described in terms of extensive
variables. For example, the total number of coagulat-
ing particles in a volume V' is proportional to V' and the
proportionality coefficient is known as the particle con-
centration. It is silently assumed that the total occupa-
tion numbers of the particles are proportional to the total
volume. The particles whose occupation numbers grow
slower than V as V' — oo are considered to be ”off side”
and are not taken into account in studying the properties
of the systems. Meanwhile, it is not possible to deny the
possibility for the existence of very low concentrated ob-

jects that still affect considerably the fate of the system.
A very good example is the sol-gel transition in coagulat-
ing systems or the emergence of the giant components in
evolving random graphs. The analogy between the evolu-
tion of random graphs (see Lushnikov, 2005) and gelation
in coagulating systems shed a new light to the kinetics
of formation gels in physicochemical systems, and vice
verse, the use of the kinetic approach adopted from the
theory of coagulation helps in the consideration of the
evolution of random graphs.

e Exact expression for the critical times of the sol-gel tran-
sition.
The gelation process depends strongly on the structure of
the coagulation kernel, in particular, on the homogeneity
exponent A of the coagulation kernel. Almost nothing is
known on the dynamics of the sol-gel transition except
for one exactly solvable model with A = 1. Fairly recently
I was able to find some exact results for the critical times
in the coagulating systems. The results are found for
initially monodisperse particles.

e Source—enhanced gelation
The gelation processes in source—enhanced systems is an
extremely difficult task. The analogous task in the theory
of random graphs is the evolution of the random graph
with variable number of edges and vertexes. I show how
this problem is solved in the theory of coagulation and
how the results can be applied to graphs.

o Gelation in coagulating systems with arbitrary initial
conditions. (Lushnikov 2012, 2013)
In thermodynamically large gelling systems it is possible
to find the general solution for arbitrary initial conditions
and to study the dependence of the transition kinetics on
the types of the initial conditions. It is shown that the
transition always has a scaling regime whose exponents
however, are not universal if the initial conditions are
algebraic functions of the masses of coagulating particles.

e Gelation in mixed systems (including K-partite random
graphs)
Interestingly, that for mixed gelling systems it is possible
to obtain many results analogous to those in monocom-
ponent systems. In particular, it is possible to find the
exact expression for the particle composition spectrum
for arbitrary initial conditions.

I also plan to discuss the hot problems of the theory of sol-gel
transition.

(1] A.A. Lushnikov, J. Phys. A 38, 777 (2005).
[2] A.A. Lushnikov, Phys. Rev. E 88, 052120 (2013).
[3] A.A. Lushnikov, Phys. Rev. E 86, 051139 (2012).

Anomalous diffusion from particle interactions

J.F. Lutsko!, J.P. Boon?
1Center for Nonlinear Phenomena and Complex Systems, Univer-
site Libre de Bruxelles

2Dept. of Physics, Universite Libre de Bruxelles

Several microscopic mechanisms can give rise to anomalous
diffusion. Perhaps the most well-known example is based on
the continuous time random walk: when the distribution of
waiting times is algebraic, at long times, the system obeys
the fractional-time diffusion equation which in turn leads to
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sub-diffusive behavior. In this contribution, we describe an
alternative mechanism based on the interaction between a
population of particles undergoing a random walk. The prob-
ability for a given particle to remain in its current position or
to jump to a new position is taken to depend, in an arbitrary
manner, on the fraction of the population at its current
position and at the new position. Using a multiscale analysis,
we show that this leads to a Fokker-Planck, or generalized
diffusion, equation for the probability to find a particle at a
give location. When we demand that this equation possess
diffusive - that is, self-similar - solutions, we find that the
interactions must give rise to a power-law dependence of the
jump probabilities on the local concentration of particles. We
note that the generalized diffusion equation has self-similar
solutions that take the form of so-called g-exponential
distributions. When the model is completely local, so that
the probability for a particle to jump depends only on the
concentration at its position, sub-diffusive behavior results.
Traveling solutions are also possible and are investigated
numerically.  Finally, in the general, non-local, case that
the jump probabilities depend on the concentration at the
particle’s location and at the terminus of a jump, both sub-
and super-diffusive behavior is possible. In all cases, we
make comparisons between the mesoscopic predictions and
microscopic simulations of the underlying discrete model.
For the sub-diffusive case, convergence to the diffusive limit
is rapid whereas in the case of super-diffusion, considerable
care is necessary although good agreement is eventually
It is remarked that the sub- and
super-diffusive behavior can be understood as a manifestation

achieved in all cases.

of effective attractions and repulsions between the walkers.
Our model represents an alternative microscopic mechanism
(i.e. particle interactions) for the generation of anomalous
diffusive behavior at the macroscopic level.

[] Lutsko, Boon, Phys. Rev. E 88, 022108 (2013).
[2] Lutsko, Boon, Phys. Rev. E 77, 051103 (2008).
[3] Boon, Lutsko, Europhys. Lett. 80, 60006 (2007).

Generalization of Classical Nucleation Theory to
Include Multiple Order Parameter

J.F. Lutsko', M.A. Durén-Olivencia?

LCenter for Nonlinear Phenomena and Complex Systems, Univer-
site Libre de Bruxelles

2Laboratorio de Estudios Cristalogrficos, Instituto Andaluz de
Ciencias de la Tierra, CSIC-UGR

Nucleation is one of the most important processes in many
Today, there
is a vast resurgence in interest in the subject due to the

areas of physics, chemistry and engineering.

development of new experimental techniques that allow us,
for the first time, to probe the very small and the very fast, as
well as the tremendous computational power complemented
with the recently-developed rare-event techniques that allow
for the first time for atomistic simulation of realistic models of
nucleation. Yet, our understanding of it has progressed only
incrementally since the development of Classical Nucleation
Theory (CNT) in the 1920°s-1940’s. CNT is based on
intuitively plausible but fundamentally phenomenological
ideas such as the capillary approximation for free energies
and the idea of quasi-stationarity and of detailed balance.
Recently, it has been proposed that a more fundamental
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description is possible by recognizing the fundamentally
non-equilibrium nature of the process of nucleation and, so,
by making use of the techniques of non-equilibrium statistical
mechanics. Specifically, a new approach based on fluctuating
hydrodynamics has been developed which avoids the most
severe assumptions of CNT. It allows for the use of modern
developments, such as Density Functional Theory for the
calculation of free energies, and yet reproduces CNT in
appropriate limits. In this talk, show how this approach on
the one hand reduces to CNT in the appropriate limits while,
on the other hand, that certain ambiguities that preclude
the application of CNT to the case of small critical clusters
(i.e. high supersaturations), related to a lack of covariance
of CNT, are automatically eliminated by our approach.
‘We then use this approach to explore the issues involved
in generalizing CNT to include multiple order parameters.
Specifically, we discuss a generalization of the description of
liquid-vapor nucleation which allows for more than just the
change in size of a sub-critical cluster (which is all that is
possible in CNT). Instead, we allow more realistically for the
dynamical change of both density and size of a developing
cluster.  Although straightforward in principle, numerous
difficulties are encountered requiring careful development of
the generalized model. We present the results of semi-analytic
calculations of the nucleation pathway in the two-dimensional
order parameter space and of the nucleation rate and compare
to numerical simulations.

(1] Lutsko, Durdn-Olivencia, J. Chem. Phys.
(2013).

[2] Lutsko, J. Chem. Phys. 136, 134402 (2012).
[3] Lutsko, J. Chem. Phys. 136, 034509 (2012).
[4] Lutsko, J. Chem. Phys. 135, 161101 (2011).

138, 244908

Action at the distance

A. Maciolek!, D.B. Abraham?, O. Vasilyev'

!Max-Planck Institure for Intelligent Systems, Stuttgart, Ger-
many
2University of Oxford, Oxford, UK

Can correlation effects in a fluid confined in big but finite
compartments linked by small openings, such as shallow
channels, occur over distances much larger than the bulk
correlation length? Recently, Gasparini and co-workers [1,2]
have demonstrated this rather striking “action at a distance”
effects in a two-dimensional array of microscopic pockets filled
with superfluid *He. These pockets are boxes with side length
L either 1 or 2 pm linked by either a channel or a uniform film
of thickness in the range of ~ 10 — 30 nm. The measurements
of several responses such as the enhancement of a specific-heat
and in the amount of superfluid of a 4He film show that under
certain conditions these boxes can be strongly coupled to
neighboring ones. What seems to be crucial in this work is the
size of boxes and connectors and the vicinity of the critical
point [3]. Perron et al [3] suggested that action-at-a-distance
effects might be a more general feature of systems with
phase transitions than is usually supposed, a view which
we confirm in our work for uniaxial classical ferromagnets
and their analogs (simple fluids or binary mixtures in the
lattice gas approximation, all belonging to the Ising model
universality class). Our theory has a key ingredient: the
Fisher-Privman theory of finite size effects in first order phase
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transitions for cylinders in d-dimensions specified L X L‘i_l
[2,3]. We have extended this theory to capture correctly
the asymptotic behavior of the pair correlation function in
strips. We apply our extended Fisher-Privman theory to a
uni-axial Ising ferro-magnet in which three-dimensional blocks
of dimension Lo (in units of the lattice spacing) are coupled
together by two-dimensional (2 — d) strips of width M and
length L, with ferro-magnetic coupling Ko (in units of kgT)
for each nearest-neighbor pair of spins. In this ”network”
Ising model constructed from the 2d array of boxes and
connecting strips, we see that the parameters can be tuned
to produce long-range order, in itself not perhaps surprising,
but with extraordinarily long connecting links; this diverges
exponentially with system width, on a scale of the inverse
surface tension. Thus, ordering between boxes is feasible
over length scales of many thousands of molecular diameters.
We have tested the application of extended Fisher-Privman
theory by MC simulation.

[1] J.K. Perron, M.O. Kimball, K.P. Mooney and M. Gasparini,
Nature Phys. 6, 499 (2010).

[2] M.E. Fisher, Nature Phys. 6, 483 (2010).

[3] V. Priviman and M.E. Fisher, J. Stat. Phys. 33, 385 (1983).

Dynamics of a dissipative multi-state quantum
system

L. Magazzu, D. Valenti

Palermo University, Physics and Chemistry Department

We study the relaxation dynamics of a multi-state quantum
system, characterized by the tunneling through a potential
barrier, in interaction with a dissipative environment.

Among the physical and chemical systems (both natural and
engineered) displaying dissipative tunneling, superconducting
devices with Josephson junctions have recently collected a vast
interest, as they can be used for implementing the quantum
computation hardware. In these devices it is observed the
macroscopic quantum tunneling of a flux quantum associated
to the state of the current trading the superconducting circuit.
The flux quantum can be modelled as an effective particle in a
biased double well potential, subject to the linear interaction
with a thermal bath of mutually independent harmonic
oscillators, according to the Caldeira-Leggett model. A static
bias creates a metastable state from which the particle can
decay.

If the bath’s temperature is low enough it is sufficient to
consider the first two energy levels. By this way the problem
reduces to that of the celebrated spin-boson model, whose
dynamics is given by the quantum mechanical tunneling
through the potential barrier. At higher temperatures or
in the presence of external time-dependent driving, it is
appropriate to consider more than two levels, so that one can
observe a richer dynamics, with coherent oscillations inside
a single potential well, tunneling events or even thermally
induced barrier crossing.

In this work the time evolution of the populations in the
discrete variable representation (DVR) is obtained, using
a real time path integral technique. The time evolution
of the system is obtained in terms of a set of coupled
integro-differential equations, or generalized master equation

(GME), for the populations in the DVR. In this context,
various approximation schemes for the kernels of the GME

are used, depending on the system-bath coupling and bath
temperature. Under appropriate conditions a Markovian
master equation with constant rates is extracted.

Introducing a suitable definition of escape time from the
metastable state, we calculate this quantity as a function of
the environmental parameters, with emphasis on the role of
the initial condition, obtaining a non-monotonic behaviour as

a function of the damping strength.

(1] A.O. Caldeira and A.L. Leggett, Phys. Rev. Lett 46, 211
(1981).

[2] R. Egger, C.H. Mak, and U. Weiss, Phys. Rev. E 50, R655
(1994).

[3] M. Grifoni, E. Paladino, and U. Weiss, Eur. Phys. J. B 10,
719 (1999).

[4] M. Thorwart, M. Grifoni and P.Hanggi, Ann. Phys. 293,
15 (2001).

[5] F. Nesi, E. Paladino, M. Thorwart and M. Grifoni, Phys.
Rev. B 76, 155323 (2007).

The intensity of the random variable intercept in
the sector of negative probabilities.

M. Makowski', E.W.Piotrowski', J. Sladkowski?, J.
Syska?
!University of Bialystok, Poland

2Silesian University (Katowice), Poland

The authors discuss the properties of the intensity p of mea-
surement of a real random variable X with marginal density

distribution pdf(z) := 7= WV‘(/I(’;’ZELZZQ I
% ) .

main ¢ > a. W(z,y) is the Wigner distribution of a certain

restricted to do-

quantum state for which function W (x, y) is not positively de-
fined. The definition of the functional p is as follows:

[ @ pdf (z)da

o 1+fa°°pdf(:c)d:r ’ (1)

p = p(pdf,a) :

It is naturally related to the intensity of measurements in the
context of transactions (buying/selling). Here parameter a
denotes the price below which a seller will always decide not
to sell a given good, and the above quotient represents the
rate of profit in one cycle (buying/selling) [1]. It is assumed
that the duration of consecutive buying and selling cycles is a
random variable and quotient (1) expresses, in the language
of probability density, the quotient of the average value of the
profit rate in a whole cycle divided by the average duration
time of this cycle.

The classical definition of random variable implies mono-
This fact leads to an
interesting property of intensity p: i.e. this function has a

tonicity of its distribution function.

(global) maximum at its fixed point [2]. The assumption that
function pdf(z) is non-negative is used in the proof of this
property.
p will change when this assumption is violated (so-called

It is therefore interesting how extreme property

negative probability). For the purpose of the discussion an
oldest interpretation of negative probabilities was adopted.
This definition has been known since the times of Captain
Robert Giffen ("40s of of the 19th century [3]) who was the
first to notice a non-monotonic market demand for so-called
Giffen goods (this modern description of the discovery is the
result of formulating supply/demand curves for the logarithms
of prices).

Previous analysis of such cases of p was limited to the first
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excited state of the quantum harmonic oscillator. This state
plays a particular role in an information-theoretic measure-
ment which entails analysing distributions that minimise
the Fisher information function (see subjective supply and
demand curves in [4,5]). The new properties of p that are
characteristic of quantum models can, for example, be used as
a test for the existence of states with negative probabilities.
They also suggest a strategy for maximising the profit earned
on transactions in Giffen goods.

[1] E.W. Piotrowski, J. Sladkowski, Physica A 308, 391 (2002).
[2] E.W. Piotrowski, Physica A 324, 196 (2003).

[3] G.P. Dwyer, C.M Lindsay, Am. Econ. Rev. 74, 188 (1984).
[4] E.W. Piotrowski, J. Sladkowski, J.Syska, Physica A 389,
4904 (2010).

[5] E.W. Piotrowski, J. Sladkowski, J. Stat. Mech. P03035
(2009).

Competing contact processes in the Watts—

Strogatz network

M.J. Rybak, K. Malarz, K. Kulakowski
AGH University of Science and Technology Faculty of Physics
and Applied Computer Science

We investigate two competing contact processes on a set
of Watts—Strogatz networks [1] with the clustering coefficient
tuned by rewiring. The base for network construction is one-
dimensional chain of N sites, where each site ¢ is directly linked
to nodes labelled as ¢ -1 and 7 £ 2. So initially, each node has
the same degree k; = 4. The periodic boundary conditions are
assumed as well.

For each node i the links to sites ¢ + 1 and 7 + 2 are rewired to
two randomly selected nodes so far not-connected to node 3.
The rewiring procedure occurs with probability g. Increasing
rewiring probability ¢ influence the nodes degree distribution
and the network clusterization coefficient.

For given values of rewiring probability g the set A (q) =
{ M , '/\/’2’ ..

zation coeflicient C; for j-th network is defined as the average

-, N} of M networks is generated. The clusteri-

over nodes i = 1,--- , N of the local coefficient ¢;, where
2yi
= —"7—— 2
T ki(ks — 1) )

and k; is the degree of i-th node, i.e. the number of nodes
linked to ¢, and y; is the actual number of links between these
k; nodes [1].

The network’s nodes are decorated with spin-like variables
s; € {S, D}. During simulation each S node having a D-site in
its neighbourhood converts this neighbour from D to S state.
Conversely, a node in D state having at least one neighbour
also in state D-state converts all nearest-neighbours of this
pair into D-state [2]. The latter is realized with probability p.
We plot the dependence of the nodes S final density ng(t = T))
on initial nodes S fraction ng(0). Then, we construct the
surface of the unstable fixed points in (C, p, ns(0)) space. The
system evolves more often toward ng(T) = 1 for (C, p,ns(0))
points situated above this surface while starting simulation
with (C,p,ng(0)) parameters situated below this surface leads
system to ng(7T) = 0. The points on this surface correspond
to such value of initial fraction n%(0) of S nodes (for fixed
values C and p) for which their final density is ng(T) = %

In contrast to the previous studies [3,4] the initial fraction
ns(0) of nodes in S-states influences the final state ng(T') of
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the system.

(] D.J. Watts and S.H. Strogatz,, Nature 393, 440 (1998).

[2] K. Sznajd-Weron and J. Sznajd, Int. J. Mod. Phys. C 11,
1157 (2000).

[3] M.J.R. and K.K., Int. J. Mod. Phys. C 24, 1350012 (2013).
[4] M.J.R. and K.K., Acta Phys. Pol. A 44, 1007 (2013).

Influence Of Maximum Wind Speed In Wind
Power Use

W.D.H. Mamani', V.S. Marques?, F.M.A. Pinheiro?

!Laboratério de Ciéncias Mateméaticas, LCMAT/CCT/UENF
2Laboratério de Meteorologia, LAMET/CCT/UENF

This work shows the influence of maximum wind speeds
in wind power use, therefore comparisons of the mean wind
velocities and maxima speeds for two consecutive semesters
were done by using the classical Weibull formulation in
numerical simulation. The potential given by the winds need
to take in account the instantaneous potential due to the
inertial discharge by maximum speed in the machines, which
effect is ignored in the numerical formulation of the wind
power potential.

The statistical models has a better representation of the
variation velocity wind is the Weibull distribution that is
controlled by two parameters, this distribution has been used
in several research papers, among the most recent, Kuhnen et
al. (2004), Burton et al. (2002) Sucharov & Marques (1992).

For the occurrence of calms v = 0 Sucharov & Marques (1992)
used the hybrid formulation proposed by Brown & Takle
(1978) where a probability of calm was introduced to calculate
the Weibull parameters and it was found that there is little
difference between the results obtained by the classical and
hybrid formulation in the calculation of the potential of the
wind. In Marques et al. (2010) was compared the values of
wind speed measured at anemometer tower installed next to
small wind turbines in the park Energies Alternatives UENF
, in Campos dos Goytacazes, where we showed that there
is a large temporal variability, detected by accurate wind
measurements at intervals of 20 minutes and, consequently,
the values of wind energy to be produced .

In this work, aiming at a more accurate estimate of wind
power than currently available in the literature , from the
analysis of wind data and the analysis of the computational
simulations Weibulls models to verify the influence of potential
energy due to speed maximum , since the in usual simulations
was used the values of average speeds , which produces only
partial results of the amount exact of energy to be produced.
The results show that the energy varies strongly due to gusts
of wind maximum speeds and it was found the influence this
has on the generation of energy since a significant amount of
energy due to the inertia of the turbine are not considered in
the simulation computing. Thus the energy obtained by the
maximum speed is of the order of approximately three times
more than the energy calculated by averaging speeds. It was
shown also that the scale parameter Weibull has a strong
influence on the calculation.

(] H.G. Beyer et al, Wind Engineering 01, 235 (2004).
[2] T. Burton, D. Sharpe, N. Jenkins and Bossanyi, Wind En-
ergy Handbook 01, 48 (2002).
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[3] E.C. Sucharov, V.S. Marques, Revista Brasileira 10, 153
(1992).

Dynamical systems and the direct transition to
turbulence in subcritical flows

P. Manneville
Ecole Polytechnique, Hydrodynamics Laboratory

Dynamical systems theory has been successfully applied
to understand the transition to turbulence in closed flows,
e.g. convection, for which the existence of a linear instability
mechanism leads to globally supercritical scenarios, with
chaos theory found relevant especially in the presence of
strong confinement effects. In open flows, the situation is
more complex because such a mechanism is not always present
or efficient, while upstream-downstream advection makes
the confinement question somehow ill posed. Wall-bounded
flows, with non-inflectional base flow profiles, indeed become
turbulent according to a specific direct scenario in which the
nontrivial turbulent branch remains disconnected from the
trivial base-flow branch, implying wild sub-criticality and
hysteresis. The most emblematic cases are Hagen-Poiseuille
(pipe) flow (HPF) and plane Couette flow (PCF), both being
linearly stable for all Reynolds numbers. Sub-criticality,
associated with the coexistence of limit sets in state space,
translates to laminar-turbulent coexistence in physical space
in the form of turbulent plugs in HPF, turbulent spots in
boundary layer flow, PCF or plane channel flow, for example.
This specific transition problem, of great practical importance
will be reviewed, starting from the low-dimensional dynamical
systems viewpoint. This approach relies on the study of
the dynamics in periodic domains just sufficient to observe
nontrivial dynamics called minimal flow units (MFUs). Such
a reduction permits the elucidation of mechanisms sustaining
turbulent flows, the determination of exact solutions to the
Navier-Stokes equations with different symmetries and time
dependence. These solutions are all unstable but their stable
and unstable manifolds build a skeleton in phase space that
constrains typical trajectories. Unstable periodic orbits
(UPO) are of particular interest since the intersection of
these manifolds can generates homoclinic tangles supporting
unstable chaotic behavior as envisioned by Poincar (1890).
This framework has been instrumental in explaining the decay
of turbulent puffs in HPF. The (low-dimensional) dynamical
system approach can however not be the whole story and
genuine spatiotemporal dynamics has to be reintroduced
at some stage, further analyzed using concepts and tools
borrowed from the theory of phase transitions in statistical
physics, in particular direct percolation and extreme value
theory, following an early suggestion of Pomeau (1986).

[] P. Manneville, Physics. Flu-Dyn, arXiv 1403.6374 (2014).
[2] Y. Pomeau, Physica D 23, 3 (1986).

[3] B. Eckhardt et al., Phil. Trans. R. Soc. A 366, 1297
(2008).

A novel finite-size scaling method for the calcula-
tion of critical exponents of very low values found
in explosive percolation
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Percolation is a topic that attracts the interest of many
scientists dealing with statistical physics problems. The phase
transition related to percolation is a geometric one, i.e. the
The critical
exponents 3, v and 7 describe the critical behavior associated

appearance of an infinite connected cluster.

with the percolation transition and are universal. The basic
task when dealing with critical phenomena is to define these
exponents with sufficient accuracy. There is a variety of
methods used to estimate the values of p., and the exponents.
The most widespread one, and generally considered as
reliable, is that of finite-size scaling analysis. According to
this method, a quantity S scales as X = N®F[(p — pc)L'/"] ,
where X is an arbitrary quantity of interest (e.g. size of the
largest cluster Smaqz, susceptibility x), x is a critical exponent
characterizing this quantity and 1/v is the correlation length
exponent. This general relation is only valid when a system
undergoes a continuous transition at p.. In fact, according to
finite-size scaling theory, the scaling function tends to zero for
p < pc and takes large values for p > p.. Thus, if p = pe + ¢,
and € is small, we expect that the pairwise differences
This makes
the method of estimating the actual critical point and the

will be very sensitive to the value of p.(N).

respective exponent values questionable. On the other hand,
an equivalent procedure could be to take the inverse function
_ 1
YN, (p) = 1/SEN;* = 1/Fl(p = poIN;""].
the function behaves in an opposite way. As such, it gives large

In this case,

values for p < p. and tends to zero for p > p.. Thus, for p < pc
we expect to encounter the same problem as before. We can
overcome this problem by simply combining the two variants,
ie. Hy, = YN, + 1/YN,i~ In this case, the minimization
function acquires the form: A = 37, (Hn, (p) — Hy; (p))?
We will illustrate the superiority of the proposed method in
the case of explosive percolation where exponent values are
very low (i.e. 8= 0.055 in ER). Furthermore, our results will
show that even with a relatively small amount of statistical
averaging, we can acquire exponent values at least as accurate
(if not more) than previous methods. Indeed, our results will
provide similar values for the exponents even with 2-3 orders
of magnitude smaller statistical sample than many published
manuscripts.

[] D. Achlioptas, R.M. D’Souza, Science 323, 1453 (2009).
[2] R.A. da Costa, S.N. Dorogovtsev, A.V. Goltsev, J.F.F.
Mendes, Phys. Rev. Lett. 107, 255701 (2010).

[3] N. Bastas, P. Giazitzidis, M. Maragakis, K. Kosmidis, Phys-
ica A 407, 54 (2014).
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Lens Epithelial Cells Analyzed By Means Of
Complex Network Methodology
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Tools developed in the framework of complex network
theory are nowadays frequently used for the analysis of the
structure and function of complex biological systems. So
called small-world and scale-free network properties have been
identified at all scales of functioning of living organisms [1].
Moreover, complex network analysis has not only proven to
reliably quantify the networks organization, but is also very
suitable for discovering connectivity abnormalities in terms of
pathological conditions. In the present study we extend these
ideas to the human ocular lens epithelium. In particular,
we construct and analyze the intercellular communication
network of human lens epithelial cells attached to surgically
It has been shown that
this system represents a reliable source for the studies on

isolated anterior lens capsules.

lens epithelial cells functioning and can potentially provide
an important insight into the pathophysiology of cataract
development, which is the leading cause of visual impair-
ment worldwide. It is believed that intracellular calcium
homeostasis plays a crucial role in the process of cataract
development [2,3]. The network connectivity is defined by
means of detected interactions between individual cells, which
are determined on the basis of intracellular Ca2t dynamics
in response to stimulation with acetylcholine. Changes in
cytosolic Ca2t concentration were obtained with an inverted
fluorescent microscope by measuring the temporal changes
of Fura-2 fluorescence in lens epithelial cells. We were able
to extract and analyze anterior lens capsules from patients
with cortical and nuclear cataracts as well as cataracts caused
by other pathologies [4]. Our results reveal that activation
of lens epithelial cells after stimulation, characterized by
onsets of cytosolic Ca?? increase, varied in time and space.
Furthermore, lens epithelial cells form relatively efficient and
highly modular networks with well-expressed communities,
which indicates formation of cells in local clusters. Hence, the
networks from cortical and nuclear cataract capsules exhibit
very similar topological features, while cataract capsules
accompanied with some other pathologies, such as uveitis,
have different network structure in terms of higher segregation
and lower efficiency. Presented results shed novel insight into
the functional mechanisms and organization of human lens
epithelial cells, which could not be obtained with conventional
methodological tools.

[1] A.-L. Barabasi, Nat Phys 8, 14 (2012).

[2] S. Andjeli¢, G. Zupanci¢, M. Hawlina, J. Clin. Exp. Oph-
thalmo 1, 1 (2011).

[3] B. E. Klein, R. Klein, K. E. Lee, Ophthalmology 109, 2052
(2002).

[4] S. Andjeli¢, G. Zupanci¢, D. Perovsek, M. Hawlina, Acta
Ophthalmol 89, €645 (2011).
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Phase behavior of liquid-crystal monolayers of
rod-like and plate-like particles
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The difference between the phase behaviours of molecularly

thick films (Langmuir monolayers) and that of colloidal
monolayers confined between two parallel planes is mainly
due to the fact that the amphiphilic molecules are allowed to
rotate out from the air/liquid interface, while the colloids can
rotate only in the plane parallel to the confining walls. The
consequence is that the phase behaviour of Langmuir mono-
layers can be much richer than that of 2D colloidal systems.
For example, upon compression, only a few phases (isotropic,
nematic,solid) may occur if the confined particles have only
2D orientational freedom [1,2], while several additional, tilted
or not tilted, phases can be present in the case of Langmuir
monolayers with out-of-plane rotational freedom due to their
intermediate quasi-two-dimensional character [3] (i.e. 2D in
translations and 3D in orientations).
In the present work the orientational and positional ordering
properties of liquid crystal monolayers are examined. Particles
forming the monolayer are modeled as hard parallelepipeds
of square section and their shapes are controlled by the
aspect ratio.The particle centers of mass are restricted to a
flat surface and three possible and mutually perpendicular
orientations of their axes are allowed. In the case of rod-like
shapes, particles align along the layer normal in order to
achieve the lowest possible occupied area per particle. This
phase is a uniaxial nematic even at very low densities. In
contrast, for plate-like particles, the lowest occupied area can
be achieved by random in-plane ordering in the monolayer,
i.e. planarnematic ordering takes place even at vanishing
densities. It is found that the random in-plane ordering is
not favorable at higher densities and the system undergoes an
in-plane ordering transition forming a biaxial nematic phase
or crystallizes. For certain values of the aspect ratio, the
uniaxial-biaxial nematic phase transition is observed for both
rod-like and plate-like shapes. The stability region of the
biaxial nematic phase enhances with decreasing aspect ratios
for plate-like particles, while the rod-like particles exhibit a
reentrant phenomenon, i.e. a sequence of uniaxial-biaxial-
uniaxial nematic ordering with increasing density if the
aspect ratio is larger than 21.34. In addition to this, packing
fraction inversion is observed with increasing surface pressure
due to the alignment along the layers normal. At very high
densities the nematic phase destabilizes to a nonuniform
phases (columnar, smectic or crystalline phases) for both
shapes.

[] 1. U. Tkalec and I. Musevic, Soft Matter 9, 8140 (2013).
[2] 2. Y. Martinez-Raton, E. Velasco and L. Mederos, J. Chem.
Phys. 122, 064903 (2005).

(3] 3. D. Kramer, A. Ben-Shaul, Z.-Y. Chen and W. M. Gel-
bart, J. Chem. Phys. 96, 2236 (1992).
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Collective behaviors of market participants dur-
ing special offer quote in stock market crashes

Maskawa J.

Seijo University

In the earlier paper (Maskawa, 2012), the author analyzes the
multivariate time-series of stock returns of the constituents of
the FTSE100 listed on the London Stock Exchange for the
period from May 2007 to January 2009 to study precursors
to the global market crashes in 2008.
sharp rise in a measure of the collective behavior of stock

He reported that a

prices was observed before the market crash. It was shown
to be associated with news including the words ”financial
crisis.” They did not impact stock prices severely alone, but
they exacerbated the pessimistic mood that prevailed among
stock market participants. Such news increased after the
Lehman shock preceding the market crash. It was followed
by the paper (Maskawa et al, 2013) studying market-wide
price co-movements around crashes by analyzing a dataset
of high-frequency stock returns of the constituent issues of
Nikkei 225 Index listed on the Tokyo Stock Exchange for
the three years during 2007-2009.
principal component analysis of the time series sampled at

Results of day-to-day

the 1 min time interval during the continuous auction of
the daytime reveal the long range up to a couple of months
significant auto-correlation of the maximum eigenvalue of the
correlation matrix, which express the intensity of market-wide
co-movement of stock prices.They also study the market
mode (the first principal component) in the framework of
Multi-fractal random walk model, and find that a measure of
the collective behavior of stock prices grows before almost all
large intraday price declines of less than -5The large intraday
stock price changes around crashes occurred intermittently,
which are mainly created during the opening of trading of
the morning and afternoon sessions. If a large imbalance
between asked and bid quotation creates at a certain moment
transaction is interrupted by the market rule, and the market
control the quotation price. The market send down (or up)
the quotation price (special quotation price) gradually at a
fixed time interval. If the buyer ( or seller) accept the special
quotation price, transaction resumes. This process is called
“special offer quote”. In this paper, we analyze the collective
behaviors of market participants during special offer quote in
stock market crashes. We analyze the quotations of market
participants in the framework of a decision making model
using Bayesian estimation using the personal information and
the observation of the decisions of the other participants as a
social information (A. Pe’rez-Escudero and G. G. de Polavieja
, 2011). This model well describe the collective behavior of
market participants in the market crash of October 2008.

[1] J. Maskawa, Prog. Theor. Phys. Supp 194, 1 (2012).

[2] J. Maskawa, J. Murai and K. Kuroda, Evol. Inst. Econ.
Rev. 10, 81 (2013).

[3] A. Perez-Escudero and G.G. de Polavieja, PLoS Comp.
Biol. 7, 1 (2011).

Nonlinear propagation of drift waves in rotating
planetary environments with nonthermal popula-
tion of electrons
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2NCP, Islamabad

3University of Maryland

Spokes were one of the most intriguing features observed both
by Voyager 1 and 2. They were nearly radial, wedge shaped
features in the Saturns B ring and were found to become wider
towards the planet and were given the name Spokes owing to
their radially elongated shape. The B ring, spanning 25000
km in radius, contains most of the mass of the ring system.
Its optical depths were found to range from 0.4 to nearly 2.
Its substantial radial structure (i.e., spokes) is irregular and
contains a great deal of variation in its density and bright-
ness, nearly all of it unexplained. The precise mechanism
generating the spokes is still unknown. Among other ideas, it
was also suggested that the collective interactions of particles,
that are characteristic of a plasma-like media, led to unique
disturbances in the ring (1). The electromagnetic aspects have
further been elucidated (2). Previously suggested causes of
the grains charging do not agree with all spoke characteristics,
which include their rapid generation, localized formation
primarily in Saturns midnight-dawn sector, the seasonality
of their apparitions, and, crucially, their morphologies. The
rotating planetary magnetospheres and ionospheres contain
dust particles, and if they are in sufficient quantity, they can
become magnetized and consequently drift waves appear. It
is a fairly well established idea that the planetary rotation
about the axis could produce corotating electric fields that
are believed to exist in the magnetospheres of Jupiter and
Saturn. Rotation induced dispersive dust drift waves were
suggested as the possible cause of the formation of spokes
in the Saturn’s B ring by Masood et. al. (3). Using the
plasma parameters found in the Saturn’s B ring, it was shown
that the theoretically predicted spatio-temporal scalelengths
agreed well with the satellites and HST observations of the
spokes. In this study, we use the Kappa distributed ions and
electrons as well as Cairns distributed ions and Boltzmannian
electrons to investigate the effect of the non-Maxwellian
ions and electrons on the propagation characteristics of the
dust inertia driven drift waves in the rotating Saturnian
environment. It is shown that the non-Maxwellian ions and
electrons affect the spatio-temporal scales of the nonlinear
It is observed that the dust charge,
mass, and number density also affect the soliton structure

solitary structures.

significantly. The modifications in the earlier results owing to
the inclusion of Kappa and Cairns distribution are also high-
lighted with special reference to spokes in the Saturn’s B-rings.

(1] P.V. Bliokh and V.V. Yaroshenko, Sov. Astron. 29, 330
(1985).

[2] M. Tagger, R.N. Henriksen, and R. Pellat, Icarus 91, 297
(1991).

[3] W. Masood, H. Rizvi, H. Hasnain, and Q. Haque, Phys.
Plasmas 19, 032112 (2012).
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Statistical manifolds on deformed exponential
families and their applications

H. Matsuzoe
Nagoya Institute of Technology

In geometric theory of statistics, it is known that a statistical
model naturally admits a Riemannian manifold structure
with dualistic torsion-free affine connections, and such
geometric structures play important roles in statistical
inferences. Nowadays, this geometric theory for statistics
is called information geometry, and it is applied various
fields of statistical sciences (cf. Amari and Nagaoka 2000).
A statistical manifold is a differential geometric formalism
of such geometric structures. Let (M,g) be a Riemannian
manifold, and let V be a torsion-free affine connection V on
M. The triplet (M, V,g) is called a statistical manifold if V
and g satisfy a suitable compatible condition (cf. Matsuzoe
2013).

distributions, gamma distributions, this geometric structure

In the case of exponential family, e.g. Gaussian
is induced from the relative entropy, which is also called the
Kullback-Leibler divergence, for the given exponential family.
A deformed exponential family is one of generalizations of
exponential families, which has been studied in anomalous
statistical physics and in machine learning theory (cf. Naudts
2011). It is known that a deformed exponential family natu-
rally admits several deformations of mathematical structures.
For example, two kinds of expectations for random variables
can be defined on deformed exponential family, the one is the
standard expectation, and the other is the escort expectation.
The difference in these two expectations brings two different
statistical manifold structures.

In this presentation, we give a survey about geometry of
deformed exponential families and elucidate geometric and
statistical meanings of deformed mathematical structures.
For example, two different expectations on a deformed
exponential family can be regarded as the choice of dual
affine coordinates on statistical manifolds (cf. Matsuzoe and
Henmi 2013).
expectations are characterized by properties of estimating

From the viewpoint of statistics, these two
functions.  Divergence functions on deformed exponential
families can be constructed form these estimating functions
(cf. Matsuzoe 2013).

As an application, we study generalizations of maximum
likelihood estimators. It is known that a deformed exponential
family admits deformed algebras, e.g., the k-sum and the
k-product in k-statistics case (cf. Kaniadakis 2013). These
deformed algebras cause generalization of independence of
random variables, and we find that the maximum likelihood
method should be modified according to this generalization of
algebras. We also find that this generalization of maximum
likelihood method is quite natural from the viewpoint of
differential geometry.

[1] H. Matsuzoe and M. Henmi, LNCS 8085, 275 (2013).
[2] J. Naudts, J. Ineq. Pure Appl. 5, 102 (2004).
[3] G. Kaniadakis, Entropy 15, 3983 (2013).
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Linear and nonlinear photonic rogue waves in
complex transparent media

M. Mattheakis, I.J. Pitsios, G.P. Tsironis, S. Tzortzakis
University of Crete

Rogue waves (RWs) have for long triggered the interest of
scientists because of their intriguing properties. They are
extreme coherent waves with huge magnitude which appear
suddenly from nowhere and disappear equally fast. RWs
firstly appeared in relatively calm seas but recent works
have demonstrated that rogue wave-type extreme events may
appear in various of physical systems such as microwaves,
nonlinear crystals, cold atoms and Bose-Einstein condensate,
as well as in non-physical systems such as financial.

RW pattern formation emerges in a complex environment and
it still unclear if their appearance is due to linear or nonlinear
processes. Intuitively, one may link the onset of RW pattern
formation to a resonant interaction of two or more solitary
waves that may appear in medium, subsequently it has been
tacitly assumed that extreme waves are due to nonlinearity.
However, large amplitude events may also appear in a purely
linear regime; a typical example is the generation of caustic
surfaces in the linear wave propagation.

In this work we investigate optical wave propagation in a
strongly scattering optical media that consist of Luneburg-
type lenses randomly embedded in the bulk of transparent
glasses.
very strong focusing properties directing all parallel rays

Spherical or cylindrical Luneburg lens (LL) has

impinging on them to a single spot on the opposite side
surface. Both in the simulation and in the experimental
configuration used in this work, we use ” Luneburg holes (LH)”
or anti-Luneburg lenses instead of original LLs; the LHs have
a purely defocusing property. The index of refraction for LLs
as well as for LHs is very large, viz. of the order of 40% and
thus a medium with a random distribution of LHs can be
characterized as a strongly scattering random media. Finally,
to confirm the broader validity of our results we investigated
numerically the propagation of EM plane waves through other
random systems with different scatterer types such as original
LL and ordinary lenses with constant refractive index (flat
lenses).

By analysing the EM wave propagation in the linear regime
we observe the appearance of RWs that depend solely on
the scattering properties of the medium. Interestingly, the
addition of weak nonlinearity does not modify neither the
RW statistics nor the position where a linear RW appears.
Numerical simulations agree nicely with the experimental
findings and altogether prove that optical rogue waves are
generated through the linear strong scattering in such complex

environment.

(] L.H. Ying, Z. Zhuang, E.J. Heller and L. Kaplan, Nonlin-
carity 24, R67 (2011).

[2] N. Akhmediev, J.M. Dudley, D. R. Solli and S.K. Turitsyn,
J. Opt. 15, 060201 (2013).

[3] R. Hohmann, U. Kuhl, H.J. Stockmann, L. Kaplan and E.J.
Heller, Phys. Rev. Lett. 104, 093901 (2010).
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Non-classical regimes of colloid-facilitated im-
purity transport in statistically homogeneous
double porosity media
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A description of impurity transport basing on dual porosity
model implies that the medium of migration can be repre-
sented as a superposition of two overlapping homogeneous
subsystems [1]:
of well-conducting channels providing impurity transport

1) fast subsystem, which is the ensemble

over large distances, and 2) slow subsystem which retard
the motion of impurity particles. Local relaxation time of
impurity distribution between subsystems and inside slow
subsystem as well may be sufficiently large. This leads to
the appearance of a set of non-classical transport regimes [2],
when the evolution of impurity concentration is not described
by the Gaussian profile. For example, sub-diffusion and
quasi-diffusion take place in certain time intervals. On the
other hand of no less importance is the possibility for active
impurity (impurity in the first subsystem) to transfer into a
phase, which does not interact with slow subsystem (e.g., to be
adsorbed on colloidal particles [3]). In this case the action of
traps may be temporarily suppressed that leads to an effective
acceleration of impurity transport. In the present work we
consider a model of colloid-facilitated impurity transport in
statistically homogeneous double porous (fractured-porous)
medium. If there are no any colloids then a retardation of
transport of dissolved impurity over fractures is determined
by impurity diffusion into weakly permeable porous matrix.
Colloids do not leave into matrix due to their comparatively
large size. The impurity adsorbed onto colloidal particles
also stay in the fast subsystem and is transported with the
velocity of colloids. At large times colloids with the adsorbed
impurity come into the regions far from the source, which are
depleted with the dissolved impurity. Here a re-solution of
impurity from colloids into liquid phase and its final leaving
into the matrix take place. Thus the behavior of impurity
is described by a set of transport regimes. Consequence
of these regimes and boundaries of time intervals, where
these regimes are realized, depend on characteristic times of
separate processes (for sorption/desorption rate and leaving
of solute into matrix) and on capacity of subsystems (power
of traps and partition coefficient between solute and adsorbed
fractions) as well. A type of transport regime in a given
time interval is determined by a self-consistent action of all
pointed above mechanisms. In the present work the conse-
quences of transport regimes and corresponding time intervals
have been described for different values of medium parameters.

[1] HH. Gerke, and M.T. van Genuchten, Water Resour. Res.
29, 305 (1993).

[2] L.V. Matveev, Physica A 406, 119 (2014).

[3] H.R. Von Gunten, U.E. Waber, U. Krahenbuhl, J. Contam.
Hydrol. 2, 337 (1988).

Influence of mobile second phase on impurity
behavior in double porous media: application to
colloid-facilitated transport
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(] H.H. Gerke, and M.T. van Genuchten, Water Resour. Res.
29, 305 (1993).

[2] L.V. Matveev, Physica A 406, 119 (2014).

[3] H.R. Von Gunten, U.E. Waber, U. Krahenbuhl, J. Contam.
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Molecular Dynamics study of the elasticity of a
lipid membrane
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The pulmonary surfactant system is a lipid-protein complex
that surrounds the pulmonary alveoli. Assembled in an
air-liquid interface, it is the largest surface contact that air
breathing vertebrates have with its surrounding [1]. About
80% of the pulmonary surfactant is made of phospholipids,
5-10% of neutral lipids, mainly cholesterol, and 8-10% of
proteins. Its structure results from the amphiphilic property
of the phospholipids. = Phospholipids own a polar head
(hydrophilic) and a hydrophobic tail such that in an aqueous
interface, phospholipids usually self-organize in the form of
a bilayer. In the case of an air-liquid interface, they form a
monolayer with the head group next to the water and the tail
pointing toward the air [1].

It is also known that the principal active molecule in the
surfactant epithelium is the dipalmitoylphosphatidylcholine
(DPPC). This component can be highly packed reducing
the surface tension below 2 mN/m although as a result of
its high packing at physiological temperature, it is found in
a gel phase. Gelation hinders the reduction of the surface
tension and in addition reduces its lateral mobility. It is
here when a second relevant molecular species, palmitoy-
loleoylphoshatidylcholine (POPC), plays a crucial role. This
new type of molecule, unlike DPPC, has an asymmetry in one
of its tails, consequently reducing the packing of DPPC in
membranes made of DPPC and POPC. Besides, the presence
of POPC makes the membrane be in a fluid phase due to
its low melting temperature (—3°) and helps to reduce the
surface tension even further.

In this work we use Molecular Dynamics simulations to obtaint
values of the bending and diffusion coefficients for DPPC
membranes mixed with a second species of molecules, POPC.
The goal of this study is the characterization of the bending
and diffusion coefficients as a function of the concentration
of POPC molecules in the lipid. We use the MARTINI force
field for phospholipids [2] and an effective model for water
molecules. Our preliminary conclusions indicate that the
asymmetry coming from the POPC molecules makes packing
more dificult and, as a result, the density of the membrane
decreases as the concentration od POPC increases. We also
show how the bending modulus increases with the concen-
tration of POPC. We believe that the asymmetry coming
from POPC molecules acts as a hook so that molecules are
entangled harder, and hence the cost to bend the bilayer rises

[] P.G. Jesus, Bioch. Biophys. Act 1778, 1676 (2008).
[2] S.J. Marrink et al., J Phys. Chem B, 111, 7812 (2007).

Structural properties of complex networks

G. Baxter, A.V. Goltsev and

J.F.F. Mendes

Universidade Aveiro

S.N. Dorogovtsev,

Many complex systems, both natural [1], and man-made
[2, 3], can be represented as multiplex or interdependent
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networks. Multiple dependencies make a system more fragile:
damage to one element can lead to avalanches of failures
throughout the system [4, 5]. Recent theoretical investigation
of two [6] or more [7] networks in which vertices in each
network mutually depend on vertices in other networks has
shown that indeed small initial failures can cascade back and
forth through the networks, leading to a discontinuous collapse
of the whole system. Damage in one network propagates
along edges and leads to damage in the other network.
This is an individual stage of a cascade in back-and-forth
damage propagation. Son et al. showed that this approach
can be simplified and is equivalent to considering damage
propagation in multiplex networks. They proposed a simple
mapping between the model used in [6] in which a vertex
in one network has a mutual dependence on exactly one
vertex in the other network, and a multiplex network with
one kind of vertex but two kinds of edges. The mapping is
achieved by simply merging the mutually dependent vertices
from the two networks. In this talk I will revisit a number
of well-studied problems concerning structural properties of
complex networks. Some concepts like percolation, k-core
organization, bootstrap percolation and avalanche collapse
of the giant viable component in multiplex networks are
well well-known to the audience but I will present them
in a different perspective showing the recent analytical
advances from a network theory point of view. In contrast,
we study the avalanches of damage triggered by the removal
of randomly chosen single vertices. These avalanches increase
in size approaching the critical point, signaling the impending
collapse of the giant viable cluster. At the critical point the
mean avalanche size diverges. Below the transition, on the
other hand, there is no precursor for the appearance of the
giant viable cluster. The transition is thus asymmetric. I
will show that however different problems they share some
common features like a hybrid phase transition.

[1] M.J.O. Pocock, D.M. Evans and J. Memmott, Science 335,
973 (2012).

[2] S.M. Rinaldi, J.P. Peerenboom and T.K. Kelly, IEEE Con-
trol Syst. M 21, 11 (2001).

[3] M. Kurant and P. Thiran, Phys. Rev. Lett. 96, 138701
(2006).

[4] L. Duenas, J.I. Cragin, and B.J. Goodno, Earthq. Eng.
Struct. 36, 285 (2007).

[5] K. Poljaasek, F. Bono, and E. Gutiérrez, Earthq. Eng.
Struct. 41, 61 (2012).

New Physics learned from single particle tracking

R. Metzler
U Potsdam, Germany, and Tampere U of Technology, Finland

In 1905 Albert Einstein formulated the laws of diffusion, and
in 1908 Jean Perrin published his Nobel-prize winning studies
determining Avogadro’s number from diffusion measurements.
With similar, more refined techniques the diffusion behaviour
of submicron tracer particles or even single molecules is now
routinely measured in the complex environment of living
biological cells and similarly complex systems. It is frequently
observed that the passive diffusion of such particles deviates
from Einstein’s laws.

This talk will discuss the basic mechanisms leading to
such anomalous diffusion as well as point out its physical
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consequences. In particular, it will be discussed how we
can understand the experimental observation of weakly non-
ergodic behaviour (time and ensemble averages of physical
observables behave differently) and ageing (physical observ-
ables depend on the time span between initial preparation of
the system and start of the measurement).

More specifically, it will be shown how within the continuous
time random walk model with scale-free waiting time dis-
tribution the weakly non-ergodic behaviour influences time
averaged physical observables and their irreproducibility.
Interestingly, quite similar features are observed for multi-
plicative Markovian processes with space-dependent diffusion
coefficient. It is therefore important to have available a range
of diagnostic tools to analyse the stochastic character of
anomalous diffusion processes. These include the velocity-
velocity correlation function, higher order moments, the
p-variation method, the distribution of the amplitude scatter
of individual realisations of the stochastic process, the ageing
dependence, and others. The results will be rationalised
for experimental data from single particle tracking in living
biological cells and extensive molecular dynamics simulations.
Ageing, the explicit dependence of a physical observable
on the time span between the initial system preparation
and the start of the measurement, is the second main
effect of non-stationary processes such as the continuous
time random walk model. We will investigate how time
averaged observables are affected by the ageing of the system.
Intriguingly, it turns out that in time averaged the ageing
simply factorises, i.e., the dynamics of the system is just
corrected by a prefactor. This is much simpler than ageing
effects in ensemble averaged observables, where crossovers

between different scaling regimes emerge.

[1] E Barkai, Y Garini, and R Metzler, Physics Today 65(8),
29 (2012).

[2] J. H. P. Schulz, E. Barkai, and R. Metzler, Phys. Rev. X
4, 011028 (2014).

[3] et al, Phys. Rev. Lett. 106, 048103 (2011).

Coupled genetic circuits: a control mechanism
for the onset and arrest of collective oscillations

D. Labavic, H. Meyer-Ortmanns

Jacobs University Bremen

First we consider a system of only two genetic circuits,
coupled with mutual repression. Each of these circuits is
composed of a positive and a negative feedback loop in a motif,
which is frequently found in genetic and neural networks. We
analyze the behavior of this coupled system as a function of
the coupling strength and the maximal growth rate of one
of the species, which serves as a bifurcation parameter also
for a single unit. The phase diagram shows eight regimes
of qualitatively different behavior such as collective limit
cycles or fixed points and different forms of multistable states.
Depending on the choice of the initial conditions and the
variation of coupling and bifurcation parameter, the system
of four variables can switch between a multitude of states.
Moreover we present a detailed bifurcation analysis and iden-
tify the birth mechanisms of limit cycles such as super- and
subcritical Hopf bifurcations, fold and pitchfork bifurcations.
Our synthetic system may serve as a toggle switch and work
as a cyclic nano-device if the bifurcation parameter and the

coupling are accordingly tuned. In particular, in case of
multistable states we show how to control the return to the
initial state once one cycle in bifurcation-parameter space has
been performed.

Next we couple a larger set of these units of the order of a
few thousands, again with repressive bonds; we then observe
collective oscillations for an intermediate parameter interval
between collective fixed-point behavior. In this way, by
monotonically varying a single bifurcation parameter, we
can control the onset and arrest of these oscillations, which
result from bifurcations of the same system, and therefore the
duration of the oscillation period. This mechanism may be of
interest for the oscillations in a segmentation clock which last
over a finite interval of time, where the underlying mechanism
for their arrest has not been identified so far. Depending on
the coupling strength, the network topology and the tuning
speed of the bifurcation parameter, our numerical simulations
reveal a rich dynamics out-of-equilibrium with multiple
inherent time scales, long transients towards the stationary
states and interesting transient patterns. Most interesting
is a self-organized pacemaker that corresponds to dynamical
symmetry breaking, since all oscillators are equipped with
a uniform set of parameters. If we zoom into the transition
regime between oscillatory and fixed-point behavior, we can
pursue the arrest of oscillations as it proceeds along the
arms of spirals. Here it is challenging to understand what
determines the spatial dependence of the phase conversion
until all units cease to oscillate.  Familiar concepts like
a competition between the free energy and the interface
tension between the different phases are not applicable to our
dynamics, which is defined by a set of differential equations.

] P. Kaluza and H. Meyer-Ortmanns, Chaos 20, 043111
(2010).

[2] D. Labavic and H. Meyer-Ortmanns, arXiv 1402.0990
(2014).

[3] D. Labavic, H. Nagel, W. Janke and H. Meyer-Ortmanns,
Phys. Rev. E 87, 062706 (2013).

Aging of Classical Oscillators during a Noise-
Driven Migration of Oscillator Phases

H. Meyer-Ortmanns', F. Tonita', D. Labavic!, M. Zaks?

1 Jacobs University Bremen

2Humboldt Universit, Berlin

We consider classical nonlinear oscillators like rotators
and Kuramoto oscillators on hexagonal lattices of small or
intermediate size. When the coupling between the elements is
repulsive and the bonds are frustrated, we observe coexisting
states, each one with its own basin of attraction. Depending
on the parameter choice, these are fixed points, limit cycles,
or quasi-periodic solutions. States, which correspond to
collective limit cycles, differ in particular by their degree
of synchronization and by their patterns of phase-locked
motion. For special lattices sizes the multiplicity of stationary
states gets extremely rich. When disorder is introduced into
the system by additive or multiplicative Gaussian noise, we
observe a non-monotonic dependence of the degree of order
in the system as a function of the noise intensity: intervals
of noise intensity with low synchronization between the
oscillators alternate with intervals where more oscillators
are synchronized. In the latter case, noise induces a higher
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degree of order in the sense of a larger number of nearly
coinciding phases. This order-by-disorder effect is reminiscent
to the analogous phenomenon known from spin systems.
The non-monotonic evolution of the degree of order is found
not only for a single interval of intermediate noise strength,
but repeatedly as a function of increasing noise intensity.
So we observe a noise-driven migration of oscillator phases
in a rather rough potential landscape, presumably with
hierarchies in the potential barriers. Upon this migration,
a multitude of different escape times from one metastable
state to the next is generated. The histogram of escape times
characterizes what may be called the stationary state. Based
on these observations, it does not come as a surprise that
the set of oscillators shows physical aging. Physical aging is
more specific than the generic phenomenon of aging which
refers to a slower recovery from a perturbation the older the
system is. It is characterized by nonexponential relaxation
after a perturbation, breaking of time-translation invariance,
and dynamical scaling. When our system of oscillators is
quenched from the regime of a unique fixed point toward the
regime of multistable limit-cycle solutions, the autocorrelation
functions depend on the waiting time after the quench, so
that time translation invariance is broken, and dynamical
scaling is observed for a certain range of time scales. These
are typical indicators of aging also in glassy systems like spin
glasses or aging materials. In this way we uncover the rough
potential landscape along with a multitude of inherent time
scales as a common mechanism behind aging in quite different
realizations.

[1] P. Kaluza, H. Meyer-Ortmanns, Chaos 20, 043111 (2010).
[2] F. Ionita et al., Eur. Phys. J. B 86, 511 (2013).

[3] F.Ionita, H. Meyer-Ortmanns, Phys. Rev. Lett. 112,
094101 (2014).

Towards an understanding of the Maximum
Entropy Production in climate toy models.

M. Mihelich!, B. Dubrulle!, D. Paillard?, D. Faranda'
LCNRS-CEA ,Service de physique de l’état condensé Gif sur

Yvette France
2CEA, Laboratoire des Sciences du Climat Gif sur Yvette France

The Principle of Maximum Entropy Production (MEP)
states that a non-equilibrium stationary system selects
the state that maximizes entropy production while taking
into account some constrains. Though many attempts to
demonstrate this principle did not lead to convincing results,
the MEP principle has been successfully used in many physics
fields and notably in climate science. It allows to obtain
well suited approximations of global temperature and heat
fluxes distributions very fast as compared to conventional
climate models. However a rigorous definition of the MEP
principle is still needed. We tackle this problem by using
climate toy models for which dynamical analogues of the
thermodynamical quantities can be defined.

More precisely, we studied two classical models coming from
statistical physics that can be considered as similar to those
used in climate science and that use the MEP principle: the
Asymmetric Simple Exclusion Process (ASEP) and the Zero
Range Process. They are 1D stochastic systems on which
particles can move following probability transitions. They are

put out of equilibrium by a coupling between two reservoirs at
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the edges. After a certain amount of time the system reaches
a stationary state. Analogously to the equilibrium situation,
we consider that the dynamical rules are not exactly known.
Allowing for the transition rate to vary, we show that the dy-
namical rules that maximize the entropy production and those
that maximize the rate of variation of the dynamical entropy,
known as the Kolmogorov-Sinai entropy, coincide with good
accuracy. We show this numerically in the ASEP model and
in some of its variants like the Langmuir Kinetics-ASEP and
the Constrain-ASEP models. We then demonstrate this result
analytically in first order of the deviation from equilibrium
in the Zero Range Process. Moreover the dynamical rules
chosen by MEP are physically coherent, meaning that close
to equilibrium the rules are diffusive whereas the more
out-of-equilibrium the system is the more convective the rules
become. These results point to an existing link between
these two empirical principles suggesting some basis for the
improvement of the MEP principle formulation.

(1] M. Mihelich, B. Dubrulle, D. Paillard and C. Herbert, En-
tropy 16, 1037 (2014).

[2] R.C. Dewar, J. Phys. A 38, 371 (2005).

(3] G.W. Paltridge, Quart. J. R. Met. Soc 101, 475 (1975).

Exogenous shocks in financial markets: Statistical
analysis using business news

T. Mizuno', T. Ohnishi?, T. Watanabe?

!National Institute of Informatics
2The University of Tokyo

Recently, we showed clearly that frequency of financial news
has same statistical laws as financial market activity [Mizuno,
et. al. 2012]. We investigated what kind of news topic moves
2013]. Market
prices often move in response to news [Joulin, et. al. 2008].

the market in the long run [Hisano, et. al.

In this presentation, we use raw texts of more than 30 million
news records provided by Thompson Reuters and tick data in
NYSE from 2003 to 2014 in order to study their impact on
market price. We focus on "novelty and topicality” of news.
First, we define the ”novelty and topicality” by estimating
the difference between news. The news including many
words which appeared in past news probably has low novelty,
because we may be able to predict the contents of news from
the past news. We measure the similarity between news at
time t and news at time t + 7 using mean of cosine similarity.
The cosine similarity slowly decays with time interval 7. The
decay function has a power law. We define novelty of news by
the reciprocal of cumulative cosine similarity with past news.
We also define topicality of news. News that are published by
about 300 news agencies are included in the news database.
Each news agency has different subscribers. Probability, the
topicality of news reported by many news agencies has high.
‘We measure topicality of news from cosine similarity of news
at same time between different news agencies.

Next, we focus on ”volatility”, "number of transaction” and
”trading volume” in order to measure market activity, and
show change of market activities (volatility, number of trans-
action, trade volume) depend on size of novelty and topicality
of news. When news has low novelty and low topicality, the
market activities hardly respond. On the other hand, when
news has high novelty and high topicality, market activities
go up rapidly just after the news. The tail of distribution
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of market activities grows fat. For example, the tail of
volatility distribution usually has a power law with exponent
-3. However, the tail follows power distribution with exponent
-2 just after the news. The effect of news shock exponentially
decays after the news. Finally, we investigate relationships
between sign of price change and terms in news article. The
terms which increase stock prices exist statistically only when
the news has high novelty and high topicality. Many positive
words are contained in these terms for price increase. We also
will talk about characteristics of these terms in this conference.

[1] Mizuno, et. al., PTP Supplement 194, 181 (2012).
[2] Hisano, et. al., PLOS ONE 8(6), 0064846 (2013).
[3] Joulin, et. al., arXiv:0803.1769, (2008).

Discretized kinetic theory on a network as a tool
for the study of economic interactions

M.L. Bertotti, G. Modanese

Univ. of Bolzano, Italy

The network of interpersonal connections is one of the main
factors which affect the income distribution emerging from
micro-to-macro models. In particular, the assortative or
disassortative nature of the network could play a role. The
insertion of a network structure into the evolution equations
of kinetic theory is not trivial and turns out to impose
constraints on the network itself. Our model (as discussed
in Bertotti and Modanese, 2012) is based on a system of
differential equations of the kinetic discretized-Boltzmann
kind. Society is described as an ensemble of individuals
divided into a finite number of income classes; the individuals
exchange money through binary interactions, leaving the total
wealth unchanged. The interactions occur with a certain
predefined frequency, and several other parameters can also
be adjusted. For instance, we can fix the probability that
in an encounter between two individuals the one who pays
is the rich or the poor; we can make the exchanged amount
depend on the income classes (variable saving propensity),
etc. After a sufficiently long time the solution of the equations
reaches an equilibrium state characterized by an income
distribution, which depends on the total income and on the
interaction parameters, but not on the initial distribution. A
kinetic model can be equipped with a network structure in
a probabilistic way, through the introduction of correlation
coefficients P(f|a), which give the conditioned probability
that an individual with « links is connected to one with 3
links. An approach of this kind has been proposed by (Boguna
et al. 2003), who have described the diffusion of epidemics
through differential equations giving the probability for each
individual to be infected and infect in turn others. It is well
known that in this case the network structure is crucial, and
that the hubs have a fundamental role in the transmission of
the disease. Also in our model a network can be introduced in
a similar way. However, some important differences naturally
arise in the structure of the equations and in the conditions
satisfied by the correlation coefficients. The reason is that in
our model describing economic exchanges, money is conserved,
while in a contagion process, unfortunately, the disease can
multiply for free. We analyze these issues in general form and
give results concerning some particular numerical solutions for
the asymptotic distributions x(t), where ¢ — oo and z$(t)
denotes the density of individuals belonging to the i-th in-

come class and having « economic links with other individuals.

(1] F. Schweitzer et al., Science 325, 422 (2009).

[2] M. Boguna et al., Phys. Rev. Lett. 90, 028701 (2003).

[3] M.L. Bertotti, G. Modanese, Eur. Phys. J. B 85, 261
(2012).

Density distribution of the molecules of a liquid
in a semi-infinite space

V. Molinari', B. Ganapol?, D. Mostacci®

L Alma Mater Studiorum - Université di Bologna

2University of Arizona

The variation of the number density in a liquid, as a
consequence of a boundary discontinuity, is often disregarded
in many applications. Nevertheless, this subject is of growing
interest in many fields such as in the study of thin films, or
in biology, where investigations are becoming more and more
detailed with decreasing dimensions (Plech 2001, Tadmor
2001).
the number density distribution in a liquid as a function of

The aim of this work is to obtain an estimate of

the distance from a discontinuity when the molecules of the
system are in the state of thermodynamic equilibrium (the
velocity distribution function is the Maxwellian distribution)
and the average velocity is equal to zero. The physical
situation refers to a liquid composed of certain molecules
surrounded by a medium of different molecules that can
We will also

consider the case of a liquid neglecting the effects of the

be in various phases (solid, liquid or gas).

surrounding medium (in other words a liquid bordering
vacuum). The problem of a liquid in contact with its vapour
has been treated in (Frezzotti 2005). Our study is performed
in the framework of kinetic theory to obtain some liquid
properties as a consequence of discontinuities. In the case of a
liquid phase, the effects of the interaction between molecules
cannot be disregarded. An estimate of this effect is obtained
resorting to inclusion of a self-consistent field (the Vlasov
field).
the dynamic behaviour of a system where every molecule

The self-consistent field is appropriate to describe

interacts simultaneously with a large number of surrounding
molecules and the correlation between pairs of molecules
can be disregarded since its effect becomes negligible with
respect to the collective interaction. This physical situation
occurs when the range of the intermolecular force is large in
comparison to the average distance between molecules, as is
the case of a plasma or of liquid state. From this point of
view, interactions in a liquid system are treated somewhat
like is done in plasma physics when there are enough particles
in the so-called Debye sphere and simultaneous multiple
collisions prevail. To calculate the Vlasov self-consistent
field, several phenomenological potential models have been
proposed which, more or less, describe the real multiple force
interaction mechanism. In this work the Sutherland pair
potential model is used because it is mathematically simple
and the predictions on the liquid properties are expected to be

qualitatively consistent with the behaviour of many real fluids.

(] A. Plech, U. Klemradt and J. Peisl, J. Phys.: Condens. M
13, 5563 (2001).

[2] R. Tadmor, J. Phys.: Condens. M 13, L195 (2001).

[3] A. Frezzotti, L. Gibelli, F. Lorenzani, Phys. Fl. 17, 012102
(2005).

7-11 July 2014



Yo 2014

Free Energy Evaluation in Polymer Translocation
via Jarzynski Equality

F. Mondaini
CEFET-RJ

The process of polymer translocation occurs in many
biological and biotechnological phenomena. It has received
great attention in both experimental and theoretical studies
in recent years due to its important role in many crucial
biological processes, such as mRNA translocation across a
nuclear pore complex, drug delivery, injection of DNA from a
virus head into a host cell and gene therapy. However due to
the complexity of the interactions involved, especially between
the pore and the membrane, computer simulations have been
Most of the
numerical studies can be classified into the topical issues of

widely used as a fundamental research tool.

(i) translocation driven by chemical potential gradients (ii)
translocation driven by external forces, and (iii) unbiased
translocation. The first observation of polymer translocation
was done experimentally by Kasianowicz et al., using ssDNA
fragments driven through a narrow a-hemolysin nanopore
in a biomembrane by application of an external voltage.
Kasianowicz et al. observed that the mean translocation time,
(1), scales linearly with polymer length, N, and inversely with
the potential difference across the pore. Putting together the
Fokker-Planck approach and classical nucleation theory, Sung
and Park and Muthukumar theoretically predicted that the
translocation time scales with polymer chain length N as
(1) ~ N for driven translocation and (7) ~ N2 for the case
of nondriven translocation. In 2002, Chuang et al pointed
out that the estimate of the translocation time, T¢rans ~ N27
based on the Fokker-Planck equation for the first-passage time
over the membrane entropic barrier couldn’t be correct since
Ttrans cannot be smaller than the Rouse time, which scales as
TR ~ N'12¥ We perform, with the help of cloud computing
resources, extensive Langevin simulations which provide free
energy estimates for unbiased three dimensional polymer
translocation. We employ the Jarzynski equality in its rigorous
setting, to compute the variation of the free energy in single
monomer translocation events. In our three-dimensional
Langevin simulations, the excluded-volume and van der
Waals interactions between beads (monomers and membrane
atoms) are modeled through a repulsive Lennard-Jones (LJ)
potential and consecutive monomers are subject to the Finite-
Extension Nonlinear Elastic (FENE) potential.
data for polymers with different lengths, the free energy

Analysing

profile is noted to have interesting finite size scaling properties.

[1] C. Jarzynski, Phys. Rev. Lett. 78, 2690 (1997).
[2] M. Muthukumar, J. Chem. Phys. 111, 10371 (1999).
[3] F. Mondaini; L. Moriconi, Phys. Lett. A 376, 2903 (2012).

Model of Air Traffic Control as a Local Optimiza-
tion on a Navigation Point Network

B. Monechi', V.D.P. Servedio', V. Loreto?

L”Sapienza” University of Rome

2»Sapienza” University of Rome, Institute for Scientific Inter-
change (ISI) Turin

The importance of air transport has considerably grown
in time, being nowadays an essential fast mean to connect
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national and international locations. Although in recent years
the competition with other means of transportation, like
high-speed railways, and the recent economical crisis have
slowed down the air traffic growth that had been forecast in
the first years of the new millennium, an increase of traffic
load is still expected due to the competitiveness of new
Eastern and Middle Eastern economies [1]. This growth of
traffic could bring the actual Air Traffic Management system
(ATM) over its capacity limits mainly leading to airport
congestions, but also to a situation in which safety standards
and performances during the en-route phase of a flight might
not be guaranteed anymore. Thus, it is important to study
and understand the limits and the criticality of the current
ATM system during this phase of a flight, seeking for new
solutions aimed at improving its capacity. Complex Systems
Physics has already proven to be useful in dealing with the
criticality of many transportation systems [2,3].

In the current ATM system each aircraft is supposed to fly
over predefined airways between some geographical references
called navigation points, while safety standards are guaranteed
by air traffic controllers, whose duty is to prevent aircraft
from getting too close each other. To do that, controllers can
easily perform the required redirections without the need of
relying on the established preexistent airways. In this paper
we present a model of Air Traffic Control (ATC), where air
traffic is regulated by controllers who provide the necessary
safety separation between aircraft while, at the same time,
trying to minimize flight delays. We model the action of the
controllers as a local search algorithm between the nodes of
a Navigation Point Network, i.e. the network of geographical
references over which aircraft fly. Each time a dangerous loss
of separation is detected, controllers look for nodes toward
which to reroute the aircraft so to provide a safe trajectory
with the least possible delay. As the traffic load increases,
the model shows a transition from a phase in which all
safety conflicts are resolved irrespective to the traffic pattern
injected in the system, to a phase in which conflicts cannot
be resolved anymore. The model is tested onto a synthetic
regular airspace with periodic boundary conditions and then
applied to the actual airspaces. The model is then validated
by reproducing some regular days of operation within a
national airspace in Europe and by comparing the results
with historical data.

[I] EUROCONTROL, Challenges of Growth 1, 1 (2013).
[2] D. Helbing, Rev. Mod. Ph. 73, 1067 (2001).
[3] L. Lacasa et al, Physica A 388, 3948 (2009).

Entanglement stabilization assisted by a non-
linear oscillator coupled to a qubit through a
conditional displacement Hamiltonian

V. Montenegro®, A. Ferraro?, S. Bose!

! University College London, Gower Street, London, UK

2Centre for Theoretical Atomic, Molecular and Optical Physics,
School of Mathematics and Physics, Queen’s University, Belfast,
UK

Quantum entanglement is an essential feature in quantum
theory, and it is recognized of paramount importance in
quantum technologies and quantum information science.
Stimulated by this, the aim of this work is to exploit and
improve this fragile resource in a qubit-oscillator system, both
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components corresponding to the two most basic building
blocks in quantum information.

Specifically, we investigate a qubit coupled to a quartic
(undriven) nonlinear oscillator (NLO) through a conditional
displacement Hamiltonian. In the last decades, quantum NLO
have been implemented in several settings, including trapped
ions [1], optomechanical systems [2], etc.  Furthermore,
the inclusion of nonlinearities in the oscillator potential
allows new possibilities to generate non-classical states [3,
4]. Motivated by this, we consider an initial separable state
composed of a qubit superposition state and a coherent
state for the oscillator. Throughout this work we use two
relevant parameters, namely, the qubit-NLO coupling and
We first recalled
the results for the case in absence of nonlinearity. Here, the

the nonlinearity for the NLO potential.

entanglement generation is due to the superposition principle
of the hybrid system and it shows a periodic dynamics. On
the other hand, when the nonlinearity is present in the system
and in the weak qubit-NLO coupling regime, we analytically
—under the rotating-wave approximation— show that a
new Kerr-like term appears in the dynamics leading to i)
quadrature squeezing of the oscillator state for short times, ii)
the suppression of the entanglement decay by the appearance
of a stabilization region, and iii) an enhancement of the
entanglement negativity compared to the linear case.

The most interesting case corresponds to the strong qubit-
NLO coupling; here we see that two- and four-phonon
transitions play a relevant role both in the entanglement
In this case i) the
entanglement stabilization region is achieved faster than in

stabilization and in its enhancement.

the weak coupling case, ii) the entanglement negativity can
reach its maximal value by virtue of the orthogonalization of
the oscillator states relevant to the present dynamics, where
the quadrature squeezing is lost even for short times. In fact,
the oscillator shows an intricate behavior exhibiting negative
values in the Wigner distribution.

Finally, as it is very well-known the quantum entanglement is
a fragile resource and quite susceptible to decoherence, hence
we solve numerically the corresponding master equation,
concluding that these effects remain robust to the presence of
decoherence in the oscillator system.

[1] J.P. Home, D. Hanneke, J.D. Jost, D. Leibfried and D.J.
Wineland, New J. Phys. 13, 073026 (2011).

[2] J.C. Sankey et al, Nature Phys. 6, 707 (2010).

[3] C. Joshi, M. Jonson, E. Andersson and P. Ohberg, J. Phys.
B: At. Mol. 44, 245503 (2011).

[4] F.R. Ong et al, Phys. Rev. Lett. 106, 167002 (2011).

Potential Magnetic Field Extrapolation

S.P. Moschou, C. Xia, R. Keppens

Department of Mathematics, Center for mathematical Plasma-

Astrophysics, Celestijnenlaan, Leuven, Belgium

We demonstrate available modules of the MPI-AMRVAC open
source code (Porth et al. submitted ApJS 2014, Keppens et
al. JCP 2012) of frequently used models for global spherical
(PFSS) models, as well as for local Cartesian box models
(Green function based), and make some observations on their
accuracy. We can routinely use synoptic magnetograms as
inputs from GONG observations at resolution 180 x 360 and
from MDI at resolution 1080 x 3600. We make use of these

magnetograms after performing the magnetogram remeshing
technique, similar to Chebyshev collocation method to
interpolate a cos(f) grid, with denser grid points at the poles
than in the middle, onto a uniform 6 grid. Here we present
a study for the solar Carrington rotation number C'R2029 in
2005, using observations from the space telescope instrument
MDI. We focus on two active regions within C'R2029, one
located at the North hemisphere AR10759 and one at the
South hemisphere AR10756.
regions on each hemisphere will be used to (1) compare the

These two dominant active

global potential field source surface spherical extrapolation
approach and a local potential field Cartesian one, and (2) to
understand the influence of raising the number of spherical
harmonics. For the latter, we will take active region AR10756
as the photospheric region on which we examine the radial
magnetic field variation over a line crossing the active region’s
opposite polarities, as influenced by the number of spherical
harmonics used.

(1] Porth et al. submitted (and positively commented with
minor suggestions by first referee) ApJS (2014).
[2] Keppens et al. JCP (2012).

Wave propagation and collisionless damping in
quantum liquids

V. Molinari, D. Mostacci

Alma Mater Studiorum - Universit di Bologna

A quantum liquid is a system of strongly interacting molecules
at temperature sufficiently low that the effects of quantum me-
chanics becomes important, and this with varying degrees of
degeneracy. Quantum degeneracy is evaluated by the Som-
merfeld parameter

nh®
v (2rmKpT) 3

the value of 1 being the limit between high and low degen-
racy. The theory of quantum liquid may be said to have had its
origin in 1956 when Landau introduced the concept of “quasi-
particles” to describe the macroscopic behaviour of He?.
Many substances become liquid at moderately low tempera-
tures, so that the Sommerfeld parameter is only slight less
than one and then the degeneracy is present, but low. Aim of
the present work is to investigate the problem of longitudinal
wave propagation in a quantum liquid, emphasising, in partic-
ular, the existence of wave damping without energy dissipation
by collisions, akin to the phenomenon of Landau damping in
plasmas - both classic or degenerate. The dispersion equations
will be obtained together with the expressions for wave damp-
ing, for fully and slightly degenerate Fermi and Bose liquids,
starting from the quantum kinetic equation (QKE) as can be
derived in the framework of the quantum Bohm potential. The
effects of interactions between the molecules of the system will
be accounted for through a self-consistent field: this approach,
leading to a quantum Vlasov equation, is appropriate for lig-
uids, since molecules therein are subjected to simultaneous in-
teractions with a large number of surrounding molecules, and
hence correlation is negligible - an approach often referred to
as mean-field, or central-field model. The self-consistent field
is derived from a modified Lennard-Jones model
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Calling Fy, the self consistent field and F the force due to
the Bohm potential, the governing quantum Vlasov equation

of of Fr+Fq Of _
o Vot T av

Starting from the above QVE and considering small per-
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0

turbations, dispersion relations are obtained for longitudinal
waves in quantum liquids.

[1] D. Mostacci, V. Molinari and F. Pizzio, Transport Theory
and S 37, 589 (2008).

[2] D.J. Bohm, Phys. Rev. 85, 166 (1952).

[3] D. Mostacci, V. Molinariand Pizzio F., EPL 82, 20002
(2008).

Dispersion Relation of Longitudinal Waves in
Liquid He-4 in the framework of the Bohm
interpretation of QM

V. Molinari, D. Mostacci

Alma Mater Studiorum - Universita di Bologna

At the temperature of 2.18 K liquid helium undergoes
an abrupt transition, well seen experimentally, e.g., in
specific-heat experimental measurements: the shape of the
(Cy —T) curve resembles the greek letter A and the transition
temperature is often called the A-point. This anomalous
behaviour of liquid helium has been explained with a two-fluid
model: the normal liquid helium, known as He-I, and a new
state called He-1I that appears at the transition temperature.
Tisza was the first to put forth a phenomenological theory
using the two-fluid concept, in 1938; in 1941 Landau developed
in another form a theory founded on this model. Landau also
investigated the problem of the propagation of ordinary sound
waves, in which the two fluids move together to create a pres-
sure disturbance moving at about 240 m/s. Landau proposed
an energy-momentum spectrum of the elementary excitations
in liquid helium at temperatures under the A-point that
has a striking resemblance to what is found experimentally.
This spectrum passes through a maximum that is followed
by a minimum and then rises again, approximately linearly;
to represent this point of the spectrum Landau introduced
ad hoc characteristic excitations that he called rotons, and
proposed an energy-momentum spectrum of the elementary
excitations in liquid helium at temperatures below the
A-point.that was later substantially confirmed experimentally
by Yarnell et al., who determined the dispersion relation of
waves (the so-called first sound) in superfluid He* at 1.1 K:
the dispersion relation shows a non monotonic behaviour
- with a maximum and a minimum - usually explained in
terms of Landau’s rotons. In some authors’ view, rotons are
thought to be phonons of a wavelength close to interatomic
spacing; others propose quantized vortices as a model for
rotons. The aim of the present work is to obtain the energy
spectrum of the elementary excitations in liquid helium at
temperatures below the A-point, within the framework of
the quantum kinetic Vlasov equation as can be obtained
in the Bohm potential approach. This is complemented by
a Lennard-Jones type potential, modified to account for a
distance of minimum approach depending, even though very
slowly, from wavelength, following Feynman’s line of thought.
This yields a self-consistent field that, together with the force
due to the Bohm potential, leads to an energy-momentum
spectrum that reproduces quite interestingly the experimental
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results.

(1] L. Tisza, J. Phys. Radium 1, 164; 350 (1940).

[2] L.D. Landau, J. Phys. USSR 11, 91 (1947).

[3] J.L. Yarnell, G.P. Arnold, P.J. Bendt, E.C. Kerr, Phys.
Rev. 113, 1379 (1959).

On the Gap and Time Interval between the First
Two Maxima of Long Random Walks

S.N. Majumdar’, P. Mounaix?, G. Schehr!

!Laboratoire de Physique Théorique et Modeles Statistiques,
Université Paris-Sud, France.

2Centre de Physique Théorique, UMR 7644 du CNRS, Ecole
Polytechnique, France.

Random walks (RW) are a very good laboratory to study
extreme and order statistics of strongly correlated random
variables. Indeed, although extreme value questions are very
well understood in the case of independent and identically
distributed (i.i.d.)
in the case of strongly correlated variables. Random walks

random variables, much less is known

and Brownian motion, together with some rare examples like
random matrix theory, are scarce physically relevant models
where exact analytical solutions have been obtained.

In this context, we have investigated the statistics of the
gap, Gp, and the number of time steps, Ly, between the
two rightmost positions of a Markovian one-dimensional
random walker, starting from xzo = 0, after n time steps. The
jumps are i.i.d. random variables drawn from a symmetric
probability distribution function (PDF), f(n), the Fourier
transform of which has the small k behavior 1 — f(k) o< |k|#,
with 0 < p < 2.
distribution is finite, and the RW (properly scaled) converges
to a Brownian motion. For 0 < p < 2, the RW is a Lévy flight
of index p.

For p = 2, the variance of the jump

First, we show that the joint PDF of G,, and L, converges
to a well defined stationary bi-variate distribution p(g,l) as
the RW duration n goes to infinity. Then, we present some
results of a thorough analytical study of this limiting joint
distribution p(g,l), as well as of its associated marginals
Pgap(g) and piime(l). Among the rich variety of behaviors we
have found, depending on the tail of f(n), we focus on the
two particular cases where this tail is (i) algebraic and (ii)
super-exponential. In Case (i), we find that p(g,l) takes the
scaling form p(g,l) ~ g~ '=2¢F,(lg”*) when both I and g
are large, where F,(y) is a (u-dependent) scaling function.
From this result we show that ptime(l) has an algebraic tail
Prime () ~ 177®) for > 1 with v(1 < ¢ < 2) =1+ 1/p, and
70 < p < 1) =2. (For u = 1 one gets piime(l) ~ 172 1n(l)).
It follows in particular that (||} = 400 for all 0 < p < 2.
In Case (ii), we find that p(g,l) for large g concentrates
onto the two symmetric values | = =£1, which corresponds
to configurations where the first two maxima are next
to each other. Finally, we reconsider the problem for a
random bridge where the random walk starts and ends
at the origin after m time steps. Our analytic results are
borne out by numerical simulations that will also be presented.

(1] Majumdar, Mounaix and Schehr, Phys. Rev. Lett. 111,
070601 (2013).

[2] Schehr and Majumdar, Phys. Rev. Lett. 108, 040601
(2012).

[3] Perret et al., Phys. Rev. Lett. 111, 240601 (2013).
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Quantum Walks on Complex Networks

O. Miilken
Institute of Physics, University of Freiburg

The dynamics of excitations on complex structures is at the
heart of every transport process in science, ranging from the
natural sciences (physics, chemistry, biology) to the social
sciences. In a basic approximation the systems of interest
can be described by a network of N of nodes (e.g., atoms,
proteins, individuals, etc.). In order to describe the dynamics
of an excitation over such networks, one distinguishes two
limiting cases, the pure diffusive case, described by so-called
Continuous-Time Random Walks (CTRW), and the pure
coherent case, described by Continuous-Time Quantum
Walks (CTQW), a variant of Schrdinger’s equation. If the
Hamilonian H of the CTQW is identified with the transfer
matrix T of the CTRW, there is the obvious advantage
that both operators have the same spectrum and the same
eigenmodes / eigenstates. The global transport efficiency is
captured by the average probability to return to (or remain
at) the initial node j, which has a lower bound given by the
Cauchy-Schwarz inequality [1]. The topology of the network
will be of crucial importance. As a first example of the
strikingly different dynamical behavior of CTQW and CTRW,
we show that very symmetric networks like the star graph
or the complete graph display low transport efficiencies of
the CTQW, much worse that in the CTRW case. This can
be overcome by topological disorder, where bonds are added
to the star graph, eventually arriving at the complete graph
[3]. The reason for this behavior is found in the change of
the spectrum of H, determining the transport efficiency. As
a second example where striking differences between CTQW
and CTRW arise, we consider the transport through finite
two-dimensional lattices of different aspect ratios with ran-
domly placed bonds (note the obvious relation to percolation)
[2]. For transport from, w.lo.g., left to right, we place in
the right-most column traps for the excitation, such that
the (survival) probability to remain within the network can
decrease [1,4]. In the CTRW case, one obtains the intuitively
expected behavior that more bonds are necessary to facilitate
transport from left to right in the landscape configuration
than in the portrait configuration. Surprisingly, for CTQW
we obtain similar behavior for landscape and for portrait
configurations. in particular, for portrait configurations when
the two ends are only a single bond apart, roughly the same
number of bonds as in the landscape configuration is necessary
to support transport through the network. We show that
this effect can be understood by analyzing the eigenstates of H.

[1] O. Miilken and A. Blumen, Phys. Rep. 502, 37 (2011).

[2] A. Anishchenko, A. Blumen, and O. Miilken, Phys. Rev.
E 88, 062126 (2013).

[3] A. Anishchenko, A. Blumen, and O. Miilken, Q. Inf. Proc.
11, 1273 (2012).

[4] O. Miilken et al., Phys. Rev. Lett. 99, 090601 (2007).

Griffiths phases in complex brain networks

M.A. Munoz, P. Moretti, P. Villegas
University Of Granada, Spain

Griffiths phases in complex brain networks.

Hallmarks of criticality, such as power-laws and scale
invariance, have been empirically found in cortical networks
and it has been conjectured that operating at criticality
entails functional advantages, such as optimal computational
capabilities, memory, and large dynamical ranges. As critical
behavior requires a high degree of fine tuning to emerge, some
type of self-tuning mechanism needs to be invoked. In this talk
we show that, taking into account the complex hierarchical-
modular architecture of cortical networks, the singular critical
point is replaced by an extended critical-like region which
corresponds —in the jargon of statistical mechanics— to a Grif-
fiths phase. Using computational and analytical approaches,
we find Griffiths phases in simple models of neural activity
propagation running on top of synthetic hierarchical networks
as well as in empirically obtained brain networks such as
that of the human connectome. Similarly, the spontaneous
emergence of coherent behavior through synchronization
plays a key role in neural function and performance, and
its anomalies often lie at the basis of pathologies. We
study analytically and computationally the synchronization
(Kuramoto) dynamics on the actual human-brain connectome
network. Between the synchronous and asynchronous regimes
that can be achieved by tuning details in any generic network,
here we elucidate the existence of a novel, broad intermediate
state, stemming from the hierarchical modular organization
of the connectome. Where one would expect a hierarchical
synchronization process, we show that the interplay between
network structure and quenched node frequency heterogeneity
gives rise to frustrated synchronization, metastability, and
chimera states. = We uncover the spectral origin of the
dynamic freezing behind such phenomenology, and discuss
how such complex synchronization patterns relate to the
need for the brain to access large dynamical repertoires
Thus, for
for activity propagation as well as for synchronization

without ad hoc fine-tuning to a critical point.

dynamics running on the human connectome network we
find strong evidence of a novel broad phase, placed at the
between order and disorder. Stretched critical-like regions,
stemming from structural disorder, yield enhanced function-
ality in a generic way, facilitating the task of self-organizing,

adaptive, and evolutionary mechanisms selecting for criticality.

(1] P. Moretti and M.A. Munoz, Nature Comm 4, 2521 (2013).
[2] M.A. Munoz et al, Phys. Rev. Lett. 105, 128701 (2010).
[3] R. Juhasz et al, Phys. Rev. E 85, 066125 (2012).
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Comparative Discussion On Models Of Evalua-
tion For Optical Properties Of Biz O3

G. Murariu', A. Dinescu?

!Chemistry, Physics and Environment Department, Faculty of
Sciences and Environment, ” Dunarea de Jos” University of Galai,
Romania

2Institute for Microtechnologies (IMT), Bucharest, Romania

Theoretical research methods have been presenting a growing

importance in the last decade. The investigations of the
optical proprieties of various types of samples are, by this, a
great area of continuous research, because of the significant
applicative impact of the optical proprieties in the fields
of industry and health. As a straight proof, we should be
considered the rising impact factor of related literature jour-
nals. The aim of this paper is the studying from a statistical
point of view a series of global effective representations, in
order to obtain a general model that includes temperature
dependence of the optical properties. The main method is
based on the Kramers-Kronig transformation type. This a
extension of our previous studies, in order to obtain better
and the most simplest models In this respect, the optical
properties of Bi203 were estimated by KramersKronig
analysis using different analytical approaching methods for
a series of changed configurations. A novelty of the present
study is due to the implementation of an entire MAPLE
software approaching tool in order to succeed in reaching
the huge volume of complex computations. The numerical
fit of the reflectance spectrum is applied, accompanied by a
careful extrapolation, was followed by a recursive optimisation
phase in order to obtain a better statistical approximation
result. A second novelty aspect is due by using a different
approaching method, based on neural network. This phase
was implemented for comparison. By adapting the learning
rate and by considering a series of different layers structure, we
succeed in reaching better results than the previous. Bismuth
trioxide wasnt studied so far in a systematic forthcoming
and a theoretical approach is welcomed. We consider such
a technique, since this powerful mathematical relation was
proved productive for de for the determination of optical
proprieties and is frequently used in the extraction procedures
of optical constants, mainly in the mid-IR spectral region
[14]. The use for these methods above presented implies a
series of specific problems. Besides the advantage of increase
the accuracy of approximation by using neural networks or
spline functions on the interpolation process, there is the
great disadvantage of increasing difficulty in building a global
model that includes temperature dependence. This difficulty
is even greater of their optical properties change is greater, as
in the case study chosen for this article. This advance involves
misassumptions regarding the spectrum in the spectral range
beyond the measurement limits. The efficiency of this method
is than proved and the good results recommends for furt

[1] G. Murariu, S. Condurache-Bota, N. Tigau, Int. J. 26,
1250049 (2012).
[2] G. Murariu, S. Condurache-Bota, Centr. Eur. J. phys. 11,
130-137 (2013).
[3] R. Gavrila, A. Dinescu, D. Mardare, Rom. J. Phys. 10,
291-300 (2007).
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An algorithm for optimizating the urban selective
waste collection activity. A case study in Galati

G. Murariu, L. Georgescu, G. Puscasu, B. Adrian
Chemistry, Physics and Environment Department, Faculty of
Sciences and Environment, ”Dunérea de Jos” University of Galai,

Romania

The Waste Management (WM) activity is an urban action
becoming more and more important in the municipal economy.
In many cities, this activity is linked to significant revenues
from the selective waste collection services. Since the current
economic situation requires an increasing efficiency and
profitability in order to reduce operational costs, and an
important part of revenue comes from this selective waste
collection activity, effectiveness must be improved. As regards
our specific case study in the city of Galati (250 000 inhabi-
tants), WM activity has been redesigned. The main aim of
this study is to suggest ways for the successful implementation
of the selective collecting waste management system in order
From this

point of view, the vast majority of studies identified that the

to facilitate a decrease in the operation costs.

transport operations should be optimized. Several papers in
the literature proposed a series of new algorithms for routes
optimization through different approaching strategy. In this
stage it could be concluded that there are two major tactics:
a) basing on the traditional statistical forecasting methods
like time analysis correlation and Regression analysis and b)
basing on the System Dynamics as Modelling:Fuzzy, not-well
defined environments, Causal loops, etc. The innovative
character of the present paper results from two important
aspects which extend the previous results: a) the best results
is identified by comparing three of the most often methods
used in literature, basing on a systematic approach. b) the
optimization algorithm is based on the dynamic elimination
of specific collecting points from the daily visiting routes so
that the minimum cost path could be calculated. The con-
sidered network for this study contains 226 collecting points
distributed in the Galati city. By implementing this model for
each collecting point individually, the related algorithm for
less cost routing can accomplish a true dynamic optimization
method. Thus, the studied algorithm which is presented in
the last part of this article is based on the determination of
minimum cost routes, by removing from the visiting schedule
list all the collecting points with non-significant amounts of
waste. In this respect, by setting at each time the list of
collecting points which have to be visited and based on a
least cost route procedure, the operating costs in the waste
management activity can be optimized. This solution, valid in
a non-stationary minimum cost route procedure, is a novelty
in the field.

(1] Primpas, Karydis, Tsirtsis, Global NEST J. 10, 359 (2008).
[2] J.C.M. Pires et al, Atmosph. Env. 42, 1249 (2008).
[3] A. Poscia et al, Eur. J. phys. 20, 72 (2010).
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A Hydrodynamic Model for Silicon Carbide
Semiconductors including crystal heating

O. Muscato, V. Di Stefano

University of Catania

The recent considerable advances have allowed Silicon
(Si hereafter) semiconductor technology to approach the
theoretical limits of this material. Moreover, advanced
optoelectronic and microelectronic devices, as well as of
power devices cannot be handled by the present Si-based
devices, e.g. higher blocking voltages, switching frequencies,
efficiency, and reliability. To overcome these limitations,
new semiconductors like Silicon Carbide (SiC hereafter) and
compounds, with their superior electrical properties (such
as wide band gap, high electron saturation velocity, high
breakdown electric field, high thermal conductivity) are likely
candidates to replace Si in the next future. The drift diffusion
model currently available for SiC and compounds is not able
to describe accurately the physics because it is based on
fitting parameters and ad hoc assumptions on the transport
coefficients and the constitutive equations, whose validity
is often restricted to specific devices and regimes close to
thermodynamic equilibrium.

The kinetic theory is a powerful tool to understand transport
phenomena of charged particles at a mesoscopic level. This
theory is the natural framework to describe off-equilibrium
phenomena in sub-micrometric semiconductor devices, where
the onset of high electrics fields, the influence of the thermal
heating of the carriers and crystal lattice on the performance
of semiconductor devices increase as the miniaturization is
more aggressive and the density of the transistor grows.

The electro-thermal transport can be described by using the
Bloch-Boltzmann-Peierls (BBP) kinetic equations for the
phonon and the electron distribution functions, with the
appropriate collisional operators. Since the solution of these
kinetic equations is generally an uneasy task, by using the
moment method, we have introduced a new hydrodynamic
model where all the main interactions between electrons
and phonons, as well as the scatterings of phonons among
themselves are considered. By taking advantage of the
Maximum Entropy Principle, the constitutive equations for
such material have been determined without any need of
introducing ad hoc approximations or phenomenological coeffi-
cients. Simulation results for the bulk case have been obtained.

[] O. Muscato and V. Di Stefano, J. Stat. Phys. 144, 171
(2011).

[2] O. Muscato and V. Di Stefano, J. Phys. A-Math. The 44,
105501 (2011).

[3] O. Muscato and V. Di Stefano, Semicond. Sci. Techn 28,
025021 (2013).

Novel Concepts (and their Connection) in Perco-
lation of Networked Systems

J. Nagler
ETH Zurich

I will focus on recent advances in the theory of discontinuous
connectivity transitions in networked systems and the predic-
tion of the position (time point, critical link density) and the
type (1st or 2nd order) of the connectivity transition both in

complex environments and regular topologies such as lattices.
Specifically, I will attempt to expose deep connections be-
tween the concepts of discontinuous connectivity transitions,
non-self-averaging and discrete scale invariance in networked
systems. The framework has applications in the prediction of
tipping points, magnetic systems and evolutionary dynamics.
An analytical line of arguments help toward the prediction
of the phase transition type, both on the lattice and in
networked systems, given a connection rule.

Because this abstract needs more than 2300 words find here
more information:

PRL 2014 topic: I will report the discovery of a discrete hierar-
chy of microtransitions occurring in models of continuous and
discontinuous percolation. The precursory microtransitions
allow us to target almost deterministically the location of the
transition point to global connectivity. This extends to the
class of intrinsically stochastic processes the possibility to
use warning signals anticipating phase transitions in complex
systems.

PRX 2012 topic:
tool for modeling a vast number of different real world

Complex networks are a highly useful

structures. Percolation describes the transition to extensive
connectedness upon the gradual addition of links. Whether
single links may explosively change macroscopic connectivity
in networks where, according to certain rules, links are added
competitively has been debated intensely in the past three
years. In a recent article [ O. Riordan and L. Warnke Science
333 322 (2011)], O. Riordan and L. Warnke conclude that (i)
any rule based on picking a fixed number of random vertices
gives a continuous transition, and (ii) that explosive perco-
lation is continuous. In contrast, we show that it is equally
true that certain percolation processes based on picking a
fixed number of random vertices are discontinuous, and we
resolve this apparent paradox. We identify and analyze a
process that is continuous in the sense defined by Riordan
and Warnke but still exhibits infinitely many discontinuous
jumps in an arbitrary vicinity of the transition point: a
Devils staircase. We demonstrate analytically that continuity
at the first connectivity transition and discontinuity of the
percolation process are compatible for certain competitive
percolation systems.

1] Chen et al., Phys. Rev. Lett. 112, 155701 (2014).
2] Schroeder et al, Nature Comm. 3, 2222 (2013).
3] Nagler et al, Nature Phys. 7, 265 (2011).

[
[
[
[4] Nagler et al, PRX 2, 031009 (2012).

Key-phrase Detection using Fractal Patterns of
Words in a Text

A.H. Darooneh, E. Najafi

Department of Physics, Zanjan University, Zanjan, Iran

Language is an adaptive complex system which has attracted
the physicists attention recently. A growing interest exists for
exploring the regularities as the characteristic of complexity
in language and particularly in its written part namely the
texts. In this work, we examine the fractal structure of texts
We attribute a fractal
pattern to every word within a text. The fractal dimension of

as one of the existed regularities.

these patterns allows us to distinguish between the important
and the irrelevant words. The irrelevant words in a text
appear to have dimension close to one and the important

words considerably differ from one. Based on this finding,
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we propose a novel method for ranking the vocabularies in
text. A huge number of written documents are available on
the internet or on the offline sources. Finding the favorite
subject among these large amount of data seems difficult.
Knowing the keywords of the texts can be helpful in find-
ing the documents with the same subject. Each text con-
tains two type of words; irrelevant words and important ones.
Irrelevant words are common words which do not carry over
any concept. In contrast, Important words are responsible for
transferring the information from the writer to the reader.
Hence they should distributed with a specific order through
the text. In this paper, we ex- amine the fractal structure as
the specific regularity for the words. We attribute a fractal
pattern, so a fractal di- mension, to every word in the text and
take advantage of these dimensions to extract the keywords
of the text. We find that there is a difference between fractal
dimensions of important words and irrelevant words of a text.
The irrelevant words in a text appear to have dimensions
close to one and the important words considerably differ from
one. Therefore if the fractal dimension of a word differs more
from one, the word is more important. Based on this finding,
we define a degree of fractality for every word within the text
and ordered the text due to this parameter. The words with
higher degree of fractality are the keywords of the text.

[1] M. Ausloos, Chaos, Sol. & fract. 45, 13491357 (2012).
[2] M. Ausloos, Phys. Rev. E 86, 031108 (2012).
[3] P. Carpena, Phys. Rev. E 79, 035102 (2009).
[4] J. P. Herrera, Eur. Phys. J. B 63, 135 (2008).

Quantitative effects of RF and magnetic pulses
on drosophila model

V. Nassisi', E. Giuffreda', D. Delle Side', M.P. Bozzetti?,
V. Specchia?, A. Friscini®

LLEAS Laboratory, Dipartimento di Matematica e Fisica ”Ennio
de Giorgi”, Universitd del Salento and INFN, Lecce, Italy
?Dipartimento di Scienze e Tecnologie Biologiche ed Ambientali,

Universita del Salento, Lecce, Italy

Nowadays, radiofrequencies (RF) are a very important part
of our world, especially due to the spreading of the mobile
communications in the last decades.

This trend gave sensibly a boost to the study of the interac-
tions of electromagnetic fields with biological matter and their
related effects. That’s why an always increasing scientific
community tried to give an answer to the simple question:
7¢Are the RF dangerous for the human beings? Why and
how?”’

A good candidate to test RF effects is the Drosophila
melanogaster (fruit fly).  Drosophila represents an ideal
genetic model to study biological functions that are conserved
in the evolution and, more recently, it is used as a model
for human diseases from neurodegeneration to cancer. We
analyzed the effects on the control of specific DNA repetitive
sequences that generally are activated after different envi-
ronmental stresses. The activation of these causes genomic
instability and hence this analysis can give us evidence of
particular dangers occurring in presence of RF.

The RF induced the activation of repetitive sequences, as
Stellate sequences that cause the formation of crystalline
aggregates in male germ cells. In additon, tests on the fertility
of the treated individuals have been performed, where we
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noticed a change in both the genders of Drosophila.

In order to get more detailed information about the effects of
a magnetic field on the Drosophila samples, we tried to get
them in some limit conditions, very rare to find regularly in
nature, to test the dependence of the found results on the
magnetic field strength. Using a fast circuit connected to an
high - voltage power supply, we generated a pulsed magnetic
field of moderate intensity (0.4 T), getting again informations
from the spermatocytes and on the chromatin states.
Surprisingly, there’s no trace of the alteration in the formation
of crystal aggregates found in the RF exposition. Interest-
ingly, the chromosomes presented some particular regions of
decondensation or puffs. Further analysis are still work in
progress and will be presented.

These overview of phenomena opens an interesting window
in terms of explanation of interactions of electric molecular
dipoles and magnetic dipoles (diamagnetic anisotropy) and
their orientation in the cells. These molecular interactions,
orienting the molecular dipoles, give rise to genetic conse-
quences as well.

[] V. Specchia et al, Nature 463, 662 (2010).
(2] F. Belloni et al, Rev. Sci. Instrum 76, 0543021 (2005).
3] D. Delle Side et al, Appl. Phys. Lett. 103, 253702 (2013).

Large deviation estimates involving g¢-deformed
exponential functions

J. Naudts', H. Suyari®

L University of Antwerp
2Chiba University

From the Markov inequality prob (Y >vy) < EY /y follows
prob (X > z) < e **Ee®X | by choosing Y = %X and y = ¢*
(a > 0). It is obvious to replace in the latter substitution the
exponential function by the g-deformed exponential function.
The substitution Y = exp,(aX) then yields

prob (X > z) < exp,.(—az)Eexp,aX, (1)

where ¢* = 2—q. The latter inequality is our starting point for
studying large deviation properties of fat-tailed distributions.
The large deviation properties of the g-deformed exponential
distribution can be obtained from results found in the mathe-
matical literature.

Let nn (x) denote the probability that the sum of n identically
distributed variables is larger than nz. Then it is known that
asymptotically nn(x) behaves as nni(n(z — Ex)). In combi-
nation with the above inequality this yields a large deviation
estimate for a large class of fat-tailed probability distributions.
It is obtained by comparing these distributions with the g-
deformed exponential distribution. The result is then that
the probability that the sum of n identically distributed vari-
ables is larger than nz is asymptotically bounded above by
nexpg« (—nl(z)) for some rate function I(z). This rate func-
tion takes on the usual form of a Legendre transform.

As an example we consider the student’s t-distribution. We
show that for suitably chosen but non-optimized values of the
parameters analytic upper bounds follow.

The large deviation principle is an essential property of models
of statistical mechanics because a rigorous proof of the equiva-
lence of ensembles (the so-called equipartition theorem) relies
on it. We expect that our result can be used to study models
where the individual degrees of freedom have fat-tailed proba-
bility distributions.
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] J. Naudts and H. Suyari, arXiv:1404.3410 (2014).

[2] C. Tsallis, Quimica Nova 17, 468 (1994).

[3] J. Naudts, Generalised Thermostatistics (Springer Verlag,
2011).

Quantum optimization

H.W.L. Naus
Physics and Electronics, TNO, The Hague, Netherlands

A novel quantum optimization technique is developed.
The developed algorithms are tested with a number of
multi-dimensional nonlinear benchmark functions.

In many branches of science the optimization of continuous
non-linear functions is a pertinent issue. Especially higher-
dimensional problems remain challenging. In the last two
decades novel techniques mimicking biological evolution have
emerged. These evolutionary algorithms are quite different
from the traditional gradient-based or simplex methods.
Examples are particle swarm optimization [1] and simulated
annealing [2].

Particle swarm optimization has been modified such that the
individual particles are described quantum mechanically [3].
Further extensions of quantum particle swarm optimizations
have been developed and applied [4]. The global search ability
is claimed to be improved in the quantum version.

For simulated annealing, based on the introduction of a
fictituous temperature, an analogous development has taken
place [5]. This has lead to the concept of quantum annealing,
cf. [2] and references therein. The basic idea is to avoid
getting trapped in local minima by means of quantum
mechanics.

Inspired by these concepts, we have devised an optimization
procedure which is also based on quantum theory. It neither
involves a particle swarm nor annealing (in the sense of time
evolution). In this presentation, our concept is put forward
and elucidated. To this end, we start by introducing the
necessary quantum mechanics.

Our optimization technique exploits many-particle quantum
mechanical wave functions. Harmonic oscillator potentials and
delta function potentials are used. The developed algorithms
are implemented in Fortran 95 code. A number of benchmark
functions, typically nonlinear and multidimensional are used
to test our optimization method. For low dimensions, say
up to four, all multi-dimensional problems are correctly
solved. The apparently easier functions can be minimized for
much higher dimensions; we have found twenty-dimensional
solutions. The two-dimensional test functions like Easom and
Goldstein-Price are also succesfully minimized.

Detailed aspects of the proposed technique may be improved
in the future. In particular, the dynamic scale or variance
is probably not optimal yet. Also the computational load
has not been addressed at all. Further comparison to other
evolutionary approaches is in order as well.

[1] M. Clerc and J. Kennedy, IEEE Tr. Evol. Comp. 6, 58
(2002).

[2] L. Stella, SISSA Thesis, 1 (2005).

[3] J. Sun, B. Feng, and W. Xu,, Proc. CEC 1, 325 (2004).
[4] Y. Li, R. Xiang, L. Jiao, and R. Liu, Soft Comput, 16, 1061
(2012).

[5] A.B. Finnila, M.A. Gomze, C. Sebenik, C. Stenson, and
J.D. Doll, Chem. Phys. Lett. 219, 343 (1994).

Fractal globules:
molecular machines

new approach to handmade

S.K. Nechaev

LPTMS, Université Paris Sud, France

The over-damped relaxations of elastic networks constructed
by contact maps of hierarchically folded fractal (crumpled)
It is found that the
relaxation dynamics of highly anisotropic fractal globules

polymer globules are investigated.

are very similar to the behavior of biological molecular
machines. Being perturbed, the system quickly relaxes to
a low-dimensional manifold with a large basin of attraction
and then slowly approaches the equilibrium not escaping this
manifold. We show that, despite the obvious structural dif-
ferences between fractal globules and proteins, their dynamic
behaviors are very similar. By these properties, synthetic
fractal globules (FG) are suggested to be artificial molecular
machines (MM) able to transform the perturbations into
directed quasi-mechanical motion along a well-defied path [1].
The non-phantomness of a polymer chain in a three-
dimensional space leads to bulk interactions vanishing for
infinitely thin chains, and topological constraints preserved
even for chains of zero thickness. At temperatures below a
certain critical value (in a poor solvent), a polymer chain
collapses into a weekly fluctuating drop-like globule of size .
In the ordinary globule formed by a chain with open ends, all
subchains of length , for , look as mutually entangled Gaussian
coils, since the volume interactions are screened in the melt.
As a consequence, the ordinary globules have almost random
elastic networks with many local metastable states and small
basins of attraction. The soft and rigid relaxation modes of
their elastic networks are poorly separated meaning that such
globules do not possess the generic properties of molecular
machines. For unknotted polymer rings, the equilibrium glob-
ular structure is quite different [2]. Topological constraints
inherent in a polymer ring result into the so-called crumpled
(or fractal) globule with self-similarly folded crumples (folds)
embedded into each other. The blow-up interest to the FG has
been launched by the experimental work [3] where it has been
shown that the compact DNAs in the human genome shear
some statistical properties of FGs. The current promising
development of these ideas in genomics allow us to understand
better the generic structure of interphase chromosomes.

The ability of FGs to act as MMs provokes a new angle on
the eternal problem of the origin of life concerning producing
and selection of complex molecular structures at prebiotic
evolution stages. The conclusions of our work permit us
to put forward the conjecture about the possibility for the
?primary MMs” to be a sort of the FGs formed under
prebiotic conditions. These primary FG-MMs being produced
from abiogenous materials, could perform some elementary
functions typical for true biological MMs. The diversity of
primary FG-MMs concerns mainly the number of principal
soft modes manifested in the dimensionality of the attracting
manifold on which the MM’s action is performed.

[1] V.A. Avetisov, V.A. Ivanov, D.A. Meshkov, S.K. Nechaev,
JETP Let. 8, 242 (2013).

[2] A.Yu. Grosberg, S.K. Nechaev and E.I. Shakhnovich, J.
Phys. (France) 49, 2095 (1988).

[3] E. Lieberman-Aiden et al, Science 326, 289 (2009).
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Distance versus time scaling in human travel

I. Papp', G. Toth?, A. Kovacs®, Z. Kovacs-Krausz', L.
Varga!, Z. Neda'

1Babes-Bolyai University, Department of Physics, Cluj, Romania
2Hungarian Central Statistical Office, Budapest, Hungary
3Edutus
Tatabanya, Hungary

College, Department of International Business,

Human travel revealed many interesting scaling laws [1-3].
Such laws are valid for the trip length distribution, costs or
flux intensities. Interestingly the relation between the trip
length (d) and travel time (¢) leads to a novel non-trivial
scaling: d o< t* with « € [0,1]. This scaling law is universally
valid for many different traveling modes: terrestrial, air, or
even virtual ones. The scaling exponent, « is not universal
however, and depends on the studied transportation mode.
Here, we present experimental data proving the validity of
this scaling on distances that span more than three orders
of magnitude. In order to understand this fascinating
and seemingly universal feature of human travel, a simple
network model is considered. The model is based on a
random and undirected graph at criticality, embedded in a
two-dimensional Euclidean space. Nodes represent cities while
edges are transportation channels connecting them. Between
each two node of the graph, a direct link (edge) is created
with a probability P2 oc (W1iWa2)/[(W1 + Wa)ry,2], where
W; is the size of node ¢ and r; ; is the Euclidean distance
between node i and j. The size distribution of the nodes
was taken as the entropy maximizing distribution for a fixed
mean value, which is the exponential distribution. Edges are
added consecutively after their P;; probabilities until the
percolation threshold is reached. We assume that transport
between any two nodes is realized on the shortest distance
taken along the existing edges. The main parameters of the
model are the L linear size of the embedding Euclidean plane,
the average node size, (W), and the total number of nodes,
N. The model successfully reproduces the experimentally
observed distance versus time scaling law. The o exponent
can be tuned by varying L and «. The topological properties
of this simple random graph is studied, and the influence
of the L and « parameters are revealed. Acknowledgment:
This research was supported in the framework of TAMOP
4.2.4. A/2-11-1-2012-0001 ’National Excellence Program -
Elaborating and operating an inland student and researcher
personal support system’ project. The project was subsidized
by the European Union and the State of Hungary. We thank
Tamas Dusek for data provided on air transportation.

[1] A. Noulas, S. Scellato, R. Lambiotte, M. Pontil and C. Mas-
colo, Plos One 7, 37027 (2012).

[2] F. Simini, A. Maritan and Z. Neda, Plos One 8, 60069
(2013).

[3] L. Bettencourt, G. West, Nature 467, 912 (2010).

Geometric and kinetic aspects of nonequilibrium
steady states

K. Netoény
Institute of Physics, AS CR, Prague, Czech Republic

Open thermodynamic systems out of equilibrium can be
modeled as stochastic (often Markovian) networks. In
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contrast to thermal equilibrium with Boltzmann stationary
distribution, zero currents and dynamics satisfying the
(global) detailed balance condition, the nonequilibrium steady
states (NESSs) reveal to be very sensitive to local details of
the dynamics. In general, a NESS can be completely described
in terms of stationary occupations of the microscopic states,
local currents, and dynamical activity landscape, where the
latter quantity refers to the time-symmetric component of the
dynamics, i.e., the noisy motion irrespective of its direction.
In my talk I will focus on two topics: (i) how the complemen-
tary characteristics of NESS depend on local thermodynamic
versus kinetic properties of the system; (ii) how geometry
of the Markovian transition network determines dominant
low-temperature patterns. Concerning the first issue, it will
be argued that the non-Boltzmann weights emerge from a
mutual frustration between transition channels with different
dissipation properties. As a consequence, we provide a simple
necessary condition for the population inversion of states to
occur, this way refining the so called Landauers blowtorch
theorem. Concerning the second, I will show that a large class
of non-equilibrium stochastic systems at low temperatures
can conveniently be described via dominant states and their
excitations, dominant currents, and attractors with the largest
dynamical activity. Topology of the attractors enables to
classify possible low-temperature patterns according to how
large fraction of the overall dynamical activity contributes
to the dissipation. As a whole, this proposes a geometric
point of view for nonequilibrium processes and provides a
complementary approach to standard methods, mostly relying
on spectral properties of stochastic transition operators.
Possible applications include the asymptotic analysis of
current in discrete-state ratchet models and the construction
of “zero-temperature phase diagrams for driven particle
systems. I will finish with an outlook to work in progress
on building a low-temperature asymptotic framework for
slow thermodynamic processes between far-from-equilibrium
steady states. Its objective is to connect the present frame-
work to the non-equilibrium linear response theory and to
provide an asymptotic scheme for reversible (or “excess) work
and heat.

[I] C. Maes, K. Netotny, W. O’Kelly de Galway, J. Phys. A
47, 035002 (2014).

[2] C. Maes, K. Neto¢ny, Ann. Henri Poincar 14, 1193 (2013).
[3] E. Boksenbojm, C. Maes, K. Netoény, J. Pesek, Europhys.
Lett. 96, 40001 (2011).

Phase transitions in protein folding

A. Niemi
Uppsala University/CNRS

The process of protein folding from an initial random chain
phase to the collapsed native state, is a very complex physical
phenomenon. It engages a multitude of disparate temporal
and spatial scales, and during the process new collective
variables become excited while old ones recede and fade
away. In particular there are high energy barriers that the
protein can overcome only by relatively slow and collective
multi-molecule motions. The presence of many different scales
causes severe computational bottle-necks in classical all-atom
molecular dynamics approaches. As a consequence a detailed
molecular dynamics simulation of an entire folding process
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remains a formidable computational task. We describe how
the folding and unfolding processes of a protein can be
modeled effectively, directly in terms of biologically relevant
time and distance scales. Our approach is based on the
concept of universality : We derive an effective Landau-level
energy function, from a combination of goemetrical and
We conclude that the infrared limit

of the energy function is essentially uniquely defined, and

physical principles.

involves only terms that can be interpreted in terms of the
integrable hierarchy of conserved charges that characterize
the discrete nonlinear Schrodinger (DNLS) equation. Our
generalized version of the DNLS equation admits stable
soliton solutions, and we explain how these solitons corre-
spond to the super-secondary modular building blocs such as
helix-loop-helix of strand-loop-strand that are commonplace
in practically all natively folded proteins. In the energy
function there are only seven free parameters. As such these
parameters are global, they are not amino acid specific. Here,
we show how to compute the parameters from the structure,
by demanding that the native state is a minimum energy
configuration i.e. solves the generalized DNLS equation. The
small number of parameters enables us to predictively address
dynamical issues, such as the folding and unfolding dynamics
of particular proteins. For this we introduce a framework of
non-equilibrium dynamics, that allows us to repeatedly fold
and unfold the proteins, by a change of ambient temperature.
The approach that we adopt is a version of the Glauber
protocol that is widely utilized to describe finite temperature
relaxation dynamics in a statistical system which is out of
thermal equilibrium. We present several examples of simula-
tions of the folding and unfolding process by repeated heating
and cooling cycles between a given low temperature i.e. bad
solvent environment where the protein is collapsed, and var-
ious different high temperature i.e. good solvent environments.

[1] A. Krokhotin, M. Lundgren, A.J. Niemi, J. Physics: 25,
325103 (2013).

[2] A. Krokhotin, A. Liwo, G. Maisuradze, A.J. Niemi, H.
Scheraga, J. Chem. Phys. 140, 025101 (2014).

[3] N. Molkenthin, S. Hu, A.J. Niemi, Phys. Rev. Lett. 106,
011126 (2011).

Analysis of Flow Networks by the Maximum
Entropy Method
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A “flow network” can be defined as a set of nodes connected
by flow paths. This representation unites many different
disciplines, including electrical, communications, pipe flow,
fluid flow, transportation, chemical reaction and ecological,
as well as human economic and social systems. Historically,
flows on networks have been analysed by node and flow path
conservation equations (Kirchhoffs laws) and/or network
mappings (e.g. Tellegen’s theorem), and more recently by
various optimisation methods and dynamical simulation.

A relatively unexplored approach, however, is the use of
Jaynes’ maximum entropy (MaxEnt) method [Jaynes, 2003].
This has been applied previously to transportation [Ortdzar
and Willumsen, 2001] and pipe flow (hydraulic) networks
[Tanyimboh and Templeman, 1993], but without considering
the frictional (dissipative) behaviour of such flows, and
so in general is not correct. Existing methods, especially
in hydraulics, also apply to fully constrained networks, in
which the number of unknowns cannot exceed the number of
equations.

We present a generalised MaxEnt method to predict the
mean steady-state properties of a flow network, subject to
observable constraints on particular nodes or paths, and
also to physical constraints on the network (Kirchhoffs laws
and resistance equation). The method adopts on an entropy
defined over all uncertainties within the system, including
flow rates, potentials, frictional and capacity properties, and
if necessary the network structure itself. The analysis can be
applied to both fully constrained and under-constrained flow
networks, and is sufficiently general to allow the inclusion
of multiple connections between nodes, sources/sinks at
each node, multiple species flows, and uncertainty in the
network structure itself. The approach builds upon a previous
MaxEnt formulation for the analysis of infinitesimal flow
systems, based on an entropy defined on flux and chemical
reaction states [Niven, 2009]. Of particular importance for
under-constrained networks is the handling of the prior
probabilities in the entropic formulation.

We further demonstrate the application of the MaxEnt
method to pipe flow networks, which require a non-linear
formulation of the Kirchhoff loop constraints and Lagrangian
[Waldrip et al. 2013]. The integral equations are solved by
quasi-Newton and Newton methods using multidimensional
quadrature, involving inequality constraints and graph-
theoretic techniques.

[] E.T. Jaynes (G.L. Bretthorst, ed.), Probability Theory -
The Logic of Science (2003).

[2] J. de D. Orttzar and L.G. Willumsen, Modelling Transport,
3rd ed. (2001).

[3] T.T. Tanyimboh, A.B. Templeman, J. Op. Res. Soc.
44(4), 383 (1993).

[4] R.K. Niven, Phys. Rev. E 80(2), 021113 (2009).

[5] S.H. Waldrip et al, MaxEnt 2013 AIP, (2014).

Consistent Thermodynamic Framework for Inter-
acting Particles by Neglecting Thermal Noise

F.D. Nobre!, E.M.F. Curado', A.M.C. Souza?, R.F.S.
Andrade®

1Centro Brasileiro de Pesquisas Fisicas, Rio de Janeiro, Brazil
2Universidade Federal de Sergipe, Aracaju, Brazil
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A system of interacting vortices is currently used in the
literature to model flux lines, and their associated vortices,
in disordered type-II superconductors. Recent studies have
shown that this system is related to nonextensive statis-
tical mechanics [1,2,3]. Lately, the concept of an effective
temperature 6 was introduced for a system of interacting
particles, and more particularly, for vortices in type-II
superconductors [4]. The quantity § was shown to represent
an appropriate definition of effective temperature for this
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system, exhibiting properties very similar to those of the
usual thermodynamic temperature 7', being: (a) A positive
quantity by definition; (b) Thermodynamically conjugated to
a generalized entropy per particle, s; with ¢ = 2, characteristic
of nonextensive statistical mechanics, leading to the definition
of a heat contribution, Q) = 6ds2; (c) Proportional to the
density of vortices n, yielding the desirable possibility for
varying 6, since recent experimental researches in type-II
superconductors led to considerable advances in the ability
of controlling many properties of these vortices, including
their density; (d) Characterized by values that are much
higher than typical room temperatures (§ > T), so that
the thermal noise can be neglected as a good approximation
(T/6 ~ 0); (e) Physically interpreted in terms of the variance
of the vortex positions, 0 o« (22)3/2 [5]. In this presentation
we will show a consistent thermodynamic formalism for this
system, based on the effective temperature 6. In order to
achieve this, an infinitesimal-work term éW is introduced,
leading to a proposal for the first law of thermodynamics.
A Carnot cycle is constructed and its efficiency is shown to
be n = 1 — (02/601), where 61 and 602 represent the effective
temperatures associated with the isothermal transformations
of the cycle, with 6; > 62 [5].
the first-law proposal by following the wusual procedure

Moreover, we consolidate

for obtaining different potentials, i.e., applying Legendre
transformations for distinct pairs of independent variables.
From these potentials we derive the equation of state, Maxwell
relations, and define response functions. All results are shown
to be consistent with those of standard thermodynamics for
T >0.

[1] J.S. Andrade et al, Phys. Rev. Lett. 105, 260601 (2010).
[2] M.S. Ribeiro, F.D. Nobre and E.M.F. Curado, Phys. Rev.
E 85, 021146 (2012).

[3] M.S. Ribeiro, F.D. Nobre and E.M.F. Curado, Eur. Phys.
J. B 85, 309 (2012).

[4] F.D. Nobre, A.M.C. Souza and E.M.F. Curado, Phys. Rev.
E 86, 061113 (2012).

[5] E.ZM.F. Curado, A.M.C. Souza, F.D. Nobre and R.F.S. An-
drade, Phys. Rev. E 89, 022117 (2014).

Two-dimensional microphase separation of single-
component homopolymer brushes

Y. Norizoe, D. Murakami, H. Jinnai, A. Takahara

Takahara Soft Interfaces Project, Exploratory Research for Ad-
vanced Technology (ERATO), Japan Science and Technology
Agency (JST)

The structural phase behavior of polymer brushes, single-

component linear homopolymers grafted onto a planar
substrate, is studied using the molecular Monte Carlo method
in 3 dimensions.
Polymer chains grafted onto substrates, i.e. polymer brushes,
have been extensively studied in physics, chemistry, materials
science, and other scientific and industrial fields. Polymer
brushes are widely utilized for applications such as wetting,
adhesion, surface patterning, and colloidal stabilization.
Recently, sophisticated polymer brushes, such as brushes
composed of diblock copolymers and of binary mixture of
homopolymers, have drawn significant attention. Polymer
brushes on spherical substrates, which are referred to as
polymer-grafted colloidal particles, have also attracted wide
interest in various scientific and industrial fields.
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The phase behavior of these complicated brushes is sig-
nificantly dependent on the molecular architecture, shape
of the substrate, ratios between the numbers of polymers
of each polymer species, and other characteristics of each
system. In the present work, the most basic and simplest
polymer brush, i.e. single-component linear homopolymers
homogeneously grafted onto a planar substrate, is simulated
using the molecular Monte Carlo method to determine the
universal and structural phase behavior of polymer brushes.

When simulation parameters of the system are set in regions
of macrophase separation of solution for the corresponding
non-grafted homopolymers, the grafted polymers also prefer
segregation. However, macrophase separation is disallowed
due to the spatially-fixed grafting points of the polymers.
Such constraints on the grafting are similar to connecting
points between blocks of non-grafted diblock copolymers at
This results

in microphase separation of the homopolymer brush in

the microphase separation in the melt state.
the lateral direction of the substrate. Here we extensively
search the parameter space and reveal various lateral domain
patterns that are similar to those found in diblock copolymer
melts at microphase separation. These results demonstrate
that topological constraints, i.e. the grafting points of
the brushes and connecting points between blocks of each
block copolymer, universally yield the microphase separation
and various domain patterns, independently of the unique
characteristics of each system.

We show that the simulation results are consistent with
experimental results, which illustrates the validity of our
theoretical work.

[] Y. Norizoe, H. Jinnai and A. Takahara, Europhys. Lett.
101, 16006 (2013).

[2] Y. Norizoe, H. Jinnai and A. Takahara, J. Chem. Phys.
140, 054904 (2014).

[3] K.G. Soga, H. Guo and M.J. Zuckermann, Europhys. Lett.
29, 531 (1995).

Burgers dynamics in random matrix models

M.A. Nowak

Jagiellonian University

We obtain several classes of non-linear partial differential
equations for various random matrix ensembles undergoing
Brownian type of random walk. These equations for spectral
flow of eigenvalues as a function of dynamical parameter
("time”) are exact for any finite size N of the random matrix
ensemble and resemble viscid Burgers-like equations known
in the theory of turbulence. In particular, the viscosity is
proportional to the inverse of the size of the diffusing matrix.
In the limit of infinite size of the matrix (inviscid limit), these
equations reduce complex inviscid Burgers equations, pro-
posed originally by Voiculescu in the context of free processes.
Complex Burgers-like equations for the spectral flow represent
matrix-valued analogue of the Smoluchowski-Fokker-Planck
equation of standard stochastic dynamics. Even in the case of
the simplest Brownian walk, these equations are non-linear,
contrary to well-known Fick equation for a single random
walker. We identify spectral shock waves for these equations
in the limit of the infinite size of the matrix, and then we
solve exact, finite N nonlinear equations in the vicinity of the
shocks, obtaining in this way universal, microscopic scalings
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and critical exponents. In particular, we consider the cases
of Gaussian Unitary Ensemble, Laguerre Unitary Ensemble
(known also as complex Wishart ensemble) and Circular
Unitary Ensemble. Finally, we show that similar but hidden
Burgers-like structures appear (surprisingly) also in nonher-
in the Ginibre-Girko
ensemble, where they govern the concurrent evolution of

mitian random matrix models, e.g.

both eigenvalues and eigenvectors. We conjecture that such
concurrent evolution is the general feature of all non-hermitian
random matrix models and has to be observed in physical
open systems. We briefly outline applications and verifications
of the proposed matrix-valued diffusions. In particular, we
demonstrate an agreement of the critical exponents in the
vicinity of the shock with numerical simulations of phase tran-
sitions in the lattice theory of strong interactions. Finally, we
present the analogy between spectral shock waves in random
matrix theory and caustics in so-called diffraction catastro-
phes in non-linear optics, considered, e.g. by Berry and Howls.

[1] J.-P. Blaizot, M.A. Nowak, Phys. Rev. E 82, 051115 (2010).
[2] J.-P. Blaizot, M.A. Nowak, P. Warchol, Phys. Rev. E 87,
0521134 (2013).

[3] J.-P. Blaizot, M.A. Nowak, P. Warchol, Phys Rev. E (in
press) (2014).

Pore network model of electrokinetic transport
through charged porous media
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In charged porous media, the coupling between different
transport phenomena arises from the excess electric charge
of the fluid which compensates that of the solid walls. This
charge may result both in the acceleration of the whole
fluid under an applied electric field (electro-osmosis) and in
the transport of charge if the fluid flows under an applied
pressure gradient (streaming potential). In geophysics, the
electroseismic effect, by which an electro-magnetic wave
is generated from the motion of underground fluids under
an applied acoustic wave, is exploited to determine the
properties of geological formations. Streaming potentials and
electro-osmotic flows can be measured in the laboratory to
characterize the properties of porous media. Electrokinetic
phenomena also play an important role in biology, membrane
technology, microfluidics with electrokinetic pumps and more
recently nanofluidics.

We introduce a method for the numerical determination
of the steady-state response of complex charged porous
media to pressure, salt concentration and electric potential
gradients. The macroscopic fluxes of solvent, salt and charge
are computed within the framework of the Pore Network
Model (PNM) [1], which describes the pore structure of the
samples as networks of pores connected to each other by
channels. The PNM approach is used to capture the couplings
between solvent and ionic flows which arise from the charge of
the solid surfaces. For the microscopic transport coefficients
on the channel scale, we take a simple analytical form
obtained previously by solving the Poisson-Nernst-Planck
These
transport coefficients are upscaled for a given network by

and Stokes equations in a cylindrical channel [2].

imposing conservation laws for each pores, in the presence of
macroscopic gradients across the sample. The complex pore
structure of the material is captured by the distribution of
channel diameters.

We investigate the combined effects of this complex geom-
etry, the surface charge, and the salt concentration on the
macroscopic transport coefficients. The upscaled numerical
model preserves the Onsager relations between the latter, as
expected [3]. The calculated macroscopic coefficients behave
qualitatively as their microscopic counterparts, except for
the permeability and the electro-osmotic coupling coefficient
when the electrokinetic effects are strong. Quantitatively,
the electrokinetic couplings increase the difference between
the macroscopic coefficients and the corresponding ones for a
single channel of average diameter.

(1] M. J. Blunt, Current Opinion in C 6, 197 (2001).

[2] A. Obliger, M. Duvail, M. Jardat, D. Coelho, S. Bkri, and
B. Rotenberg, Physical review E 88, 013019 (2013).

[3] E. Brunet and A. Ajdari, Physical Review E 69, 016306
(2004).

Reliability of cell fate decision using a simple
multiple cell model with inhibitory interaction

F. Ogushi, H. Kori

Ochanomizu Univ.

Cell differentiation is one of the most fundamental ability of
biological cells. The differentiation process is considered to
be controlled by the expression levels of certain genes. Recent
experimental studies indicate that cell-cell interaction plays
an important role in the cell differentiation process and the
cell fate decision. The reliability of cell differentiation ratio
should be important properties for biological organisms to
maintain homeostasis.

To understand the basic mechanisms of cell differentiation,
we introduce the following simple multiple model with lateral
inhibitory cell-cell interaction. The state of each cell, which is
supposed to determine its cell fate, obeys a dynamical equa-
tion fracpartialu;partialt = alphau; — kappalangleurangle;,
where u; (i = 1,cdots,n) and k denote the state variable of
cell ¢ and the intensity of cell-cell interaction, respectively.
The alpha denotes curvature of the potential alpha = 1 for
plus side (u; > 0) and alpha > 0 for minus side (u; optimal
interaction range (number) to gain the reliability of the
proportion R. Since the cell-cell interaction occurs on the
basis of random configuration of cells, the reliability gains
with increasing interaction range in a short interaction case.
When the interaction range is longer, the reliability decreases
and converges to a finite value. Moreover, this system
produces several different spatial patterns when the dynamics
of cell states includes “reset” operation, which mimics the
asymmetric differentiation process. In this presentation, we
will talk about more details and

[] R. Kageyama, T. Ohtsuka, H. Shimojo and I. Imayoshi,
Nature Neuroscience 11, 1247 (2008).

[2] H. Shimojo, T. Ohtsuka and R. Kageyama, Neuron 58, 52
(2008).

[3] T. Kobayashi et al, Genes Dev. 23, 1870 (2009).

[4] C. Furusawa and K. Kaneko, Science 338, 215 (2012).
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Portfolio selection using complex network

G. Oh, S--W. Ahn, Ho-Y. Kim
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The investor does consider expected return a desirable
thing and variance of return an undesirable thing. said Harry
Markowitz(1952) in his work. He emphasized the importance
of risk diversification mathematically for the first time. Based
on his work, many researchers including James Tobin(1958),
William Sharpe(1964), Evans and Archer(1968), and Meir
Statman(1987) studied the benefit of portfolio diversification.
However, these studies assumed that the market is efficient
and the investors are rational, i.e. the market follows random
walk. In this regard, portfolios risk is calculated from the
randomly selected stocks, because they considered each com-
pany as an independent object. However, the inefficiencies or
inequalities are examined in financial market. Agents in real
market are influenced or influence each other by means of the
financial relationships, which means that one agents tragedy is
no more ones sole business. As the economic scale is increased
and financial relationships are constructed, the market
condition has been more unpredictable and more volatile
as the inter-connections that have to be considered among
domestic or even foreign companies are complicated and
become closer through financial relations, which is proved by
Domino effect in Sub-prime crisis in 2008. In this constantly
varying circumstance, analyzing the market using complex
network model is more important than ever. In much of the
previous work, [6 11], networks were constructed and analysis
was progressed. Portfolio management is an essential problem
of financial investment literature. Since Markowitz’s portfolio
theory introduced, the numerous methods for constructing
portfolio set have been proposed in the traditional technology
such as the several clustering algorithm and the random
matrix theory, while there has NYSE from 01.03 2000 to 12.
31. 2012. To make diverse portfolio sets, we constructed the
stock network with winner-takes-all approach. We consider
Pearson correlation in order to identify the performance of
proposed method and calculated the correlation between
the KOSPI and the network-based-portfolio index using
in-sample, and out-of-sample return. We find that the
correlation value was high enough in overall threshold value in
in-sample that can be used as a secondary index. Moreover,
we measured portfolio risk using out-of-sample return. We
could find that the portfolios risk much lower than Markowitzs
random selected portfolio risk with proposed methodology,
which leads to better performance of portfolio in terms of
Sharpe ratio. This result implies that we can make sound
stock portfolio using complex network.

[1] Markowitz, Harry, J Fin. 7, 77 (1952).
[2] Tobin, James, Rev. Econ. 25, 65 (1958).
[3] Bonanno, Giovanni, Eur. Phys J. 63, 265 (2004).

Construction of Legendre dualities for general-
ized entropies via conformal flattening and its
applications

A. Ohara
University of Fukui

In the research areas of thermostatistics or nonextensive sta-
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tistical mechanics [2,3], a generalized entropy appears in many
aspects and is widely recognized as an important concept. Var-
ious deformations of entropies, Massieu functions, divergences
or (escort) probabilities without losing the Legendre duality
are geometrically equivalent to constructing dually flat (or in-
formation geometric) structure on the family of probability
distributions. The purpose of this presentation is to study the
Legendre dualities of generalized entropies in a unified way via
this perspective. For this purpose we show that such a defor-
mation can be formulated using concepts called affine immer-
ston and conformal flattening [1]. For an arbitrarily given gen-
eralized logarithmic function we derive explicit representations
of deformed quantities, in terms of mutually dual (extensive
and intensive) variables or probabilities of each state. In ad-
dition to Legendre dualities, obtained structures on the prob-
ability simplex satisfy interesting geometric properties, e.g.,
conformality, projectivity and so on. The results can be re-
garded as extended ones obtained in [1], which treats the only
g-logarithmic function. As a physical application of such a
deformation, we consider several dynamical systems on the
simplex, which include what we call the deformed replicator
system, and discuss their behaviors from viewpoints of the ob-
tained dually flat structure.

(] T. Kurose, Téhoku Math. J. 46, 427 (1994).
[2] Tsallis, Introduction to None x, x (2009).
[3] J. Naudts, Generalized Thermost x, x (2011).

Phenomenological vs. Statistical Ideal Gas

Entropy

T. Oikonomou

Department of Physics, University of Crete, Heraklion, Hellas
Department of Physics, Faculty of Science, Ege University, Izmir,
Turkey

Phase space statistical mechanics presents in nowadays the
cornerstone of the probabilistic description of a thermody-
namic systems. By means of the 3N-hypersphere model in
which the N dimensions correspond to the number of particles
comprising a system and a hamiltonian consisting solely of
kinetic terms, phase space thermostatistics determines the
density of states ® and herewith the Sackur-Tetrode (ST)
entropy S¢ = kplIn(®). The obtained then pressure and
temperature expression are the ones of the ideal gases.

It is worth stressing however that the identification of S¢ with
the Clausius entropy is far from being a trivial issue. Among
others, two drawbacks are presented below. First, the relation
determined within the kinetic gas theory between the pressure

P, volume V and the inner kinetic energy U is PV = aU,
where « can be any positive constant [1]. The 3N-hypersphere
model on the other hand may reproduce the thermodynamic
results only for the specific choice of the constant o = 2/3.
Although the former value can be justified within the kinetic
theory it presents a restriction stemming from the phase
space statistical model. Second, in the recent study [2] the
present author with his collaborator G.B. Bagci deriving
the analytical Clausius entropy expression for ideal gases in
open systems (with a = 2/3) following a rigorous extensivity
analysis, demonstrated that the SK-entropy Ss coincides with
the Clausius entropy S only in the limit N — oco. Moreover,
they succeeded to show that the aforementioned limit is not
an inherent thermodynamic property, unveiling herewith that
Clausius physical and Sackur—Tetrode statistical entropies are
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distinct sharing merely their expressions in the former limit.
In this presentation we demonstrate that the phase space
equilibrium thermodynamics, as promising as it may initially
appear, presents obstacles in rigorously reproducing the
phenomenological thermodynamic expressions. For our
purpose, we derive the necessary equations for a complete
thermodynamic description of an ideal gas, i.e., noninteracting
constituent molecules with constant heat capacity for any
possible values of the density n/V. We refer to them as dense
ideal gases (DelG). We show analytically and numerically
then, that in this case, the DelG equilibrium energy deviates
from the equipartition energy when n/V — 0. Since the latter
energy is a fundamental and very general result of the phase
space statistics, our analysis reveals the necessity of revising
the former approach [3].

[1] H. Einbinder, Phys. Rev. 74, 805 (1948).
[2] T. Oikonomou and G.B. Bagci, SHPMP 44, 63 (2013).
[3] T. Oikonomou, arxiv.org/abs/ 1402.0188, (2014).

Structure of viable clusters in interdependent
networks

J.G. Oliveira, G.J. Baxter, S.N. Dorogovtsev, A.V. Golt-
sev, J.F.F. Mendes
Department of Physics& I3N, University of Aveiro, Portugal

An interdependent network is a network of sub-networks,

i.e. formed by different kinds of vertices (from different sub-
networks) connected by different kinds of edges — links inside
each sub-network (connecting the same kind of vertices) and
interdependency links (connecting vertices from different sub-
networks). In an interdependent network, a viable cluster is
defined as the set of vertices (of any sub-network) that are
connected by at least one path formed by any kind of edge.
In these interdependent networks, we study the system of vi-
able clusters, which, in general, should consist of a giant viable
cluster containing a finite fraction of vertices and of numerous
finite viable clusters.
Equations for the size of the giant viable cluster in the case
of an interdependent network formed by two Erdos-Renyi net-
works, a and b, with multiple interdependencies are obtained.
Each vertex in this interdependent network has two degrees: an
internal degree gs which is the number of neighbours within its
network (following a Poisson distribution), and an interdepen-
dence degree ks (also Poisson distributed) which is the number
of interdependency links to the other network (where s = a, b).
If degrees are uncorrelated, the system is defined, then, by the
joint degree distributions of each network. For network a we
have P(qa, ka) while for network b we have P(qy, kp), where

k
XD —[ha[1g® eXP —AaAg® |
P(qa,ka) = 2] Tl k!
and, similarly
exp — B exp — A AT
P(qy, ky) = ZL Kbl D20

qb! kb!

We devise and describe an algorithm for obtaining the viable
cluster of an interdependent network formed by two generic
sub-networks with a general distribution of interdependency
links. Implementing this algortithm in numerical simulations
and using dedicated analytical techniques we explore the
emergence of the giant viable component (hybrid or mixed

phase transition) and obtain the statistics of finite viable
clusters. We find the global properties of the interdependent
network and the specificities of the critical phenomena at the
point of birth of the giant viable cluster.

These analytical results are compared with the numerical
ones obtained from the algorithm.

(] S.V. Buldyrev et al, Nature 464, 1025 (2010).

[2] J. Shao, S.V. Buldyrev, S. Havlin and H.E. Stanley, Phys.
Rev. E 83, 036116 (2011).

[3] G.J. Baxter, S.N. Dorogovtsev, A.V. Goltsev and J.F.F.
Mendes, Phys. Rev. Lett. 109, 248701 (2012).

From World Time To Event Time:
Matters

Why Time

R. Olsen

Centre for Computational Finance and Economic Agents, Essex

University

World time is a static timde scale that does not pick up price
extremes of financial time series. We propose an event-based
definition of time, where a price reversal of x percent from
a recent price extreme is a new event on the intrinsic time
sale. The use of an intrinsic time scale leads to a radically
different approach to model building and paves the way for a
relativistic theory of economics.

Researchers in economics and finance have taken the notion of
time for granted; when sampling financial time series they use
the time grid of world time to sample the data. With intra-day
data it is striking, how the physical time grid fails to pick
up the price extremes and the information of the extremes is
lost in the subsequent analysis. Increased sampling does not
solve the issue, because the number of sampled data points,
where there is no or very little price action increases much
faster than the prices sampled at the tails; this is typical for a
bell-shaped distribution of price changes.

We propose an event based definition of time, which ticks,
whenever the price has reversed by x percent from its local
extreme. The threshold x defines the resolution, very small
thresholds are the equivalent of one second, larger thresholds
represent one minute, one hour or one day scale. The
advantage of this approach is that price extremes are well
tracked; they are recorded after a rebound of x percent.

The question arises, what occurs after an intrinsic time event?
We observe that the rebound will on average occur after an
additional price move of threshold x. This is true for any
threshold x; so there exists a scaling law between the grid size
of the event threshold and the subsequent price overshoot.
The size of the average price overshoot is a valuable input
to measure the size of price overshoots. We show how this
approach leads to new types of volatility models that can be
estimated with much shorter data samples than traditional
models.

Agent-based models have received a lot of interest in recent
academic literature; typically, the agent models have relied on
an abstract notion of time; we depart from this methodology
and use an event-based intrinsic time scale. This enables us
to configure behavior patterns of agent-based models as a
function of their response to price overshoots; this approach is
powerful, because it is extremely parsimonious. We explain,
how the introduction of an event-based time scale leads to
a new approach to model building and paves the way to a
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relativistic theory of economics.

[1] J.B.Glattfelder, A. Dupuis and R. Olsen, Quntitative Fi-
nance 11, 599 (2011).

[2] A. Golub, A. Dupuis and R. Olsen, Wiley Books 1, 320
(2013).

[3] A. Dupuis and R. Olsen, Wiley Books 1, 563 (2012).

Analytical calculation of four-point correlations as
indicators of collective motion in one-dimensional
and two-dimensional systems of repulsive Brown-
ian particles

T. Ooshida!, S. Goto?, T. Matsumoto®, A. Nakahara®,
M. Otsuki®

Tottori University'
Osaka University?
Kyoto University®
Nihon University4

Shimane University®

Diffusion in a system of Brownian particles with short-range
repulsive interaction can become extremely slow. In the cases
of two or three dimensions, it occurs if the particles are packed
densely, leading to the glass transition (Berthier & Biroli,
2011). Slowdown of diffusion occurs also in one-dimensional
systems, referred to as single-file diffusion (SFD) (Barkai &
Silbey, 2010), if the repulsion prohibits the particles from
overtaking their neighbors. In both cases, since uncooper-
ative motion is forbidden, the particles must move in some
collective manner. As indicators of such collective motion
in glassy liquids, four-point space-time correlations such as
(p(r1,0)p(x1, p(r2, 0)p(ra, 1)) and xa o (Q)2 — (Q)? have
been studied, with Q denoting the overlap density (Glotzer
et al, 2000).

correlations has been difficult, because taking four space-time

However, analytical calculation of four-point

points implies dealing with four-body correlations as long as
the plain p(r,t) is used as the basic field variable.

Here we propose an idea for calculation of four-point cor-
relations, using SFD as an illustrative example (Ooshida et
al, 2013). The idea, which may lead to a breakthrough in
theories of glassy liquids in general, consists in adoption of
the Lagrangian description, borrowed from the statistical
theory of fluid turbulence, which allows us to calculate a
four-point correlation as a two-body Lagrangian correlation.
The displacement correlation is calculated analytically and
verified numerically, and as a special case, the mean square
displacement (MSD) is also calculated. The linear analysis
reproduces the established asymptotic law of anomalous SFD
stating that the MSD is proportional to v/t (Ooshida et al,
2011). Nonlinearity is incorporated with a Lagrangian version
of the mode-coupling theory (MCT). Since the cages in SFD
are eternal, the correlation length grows unlimitedly as the
time elapses, and the self part of x4 converges to a finite value
which is an increasing function of the density.

In the two-dimensional case, the tensorial character of the
displacement correlation must be important. This suggests
adopting the correlation of the deformation tensor as a gen-
eralization of the density correlation in MCT. A preliminary
analysis yields a flow pattern with a pair of swirls, which
looks similar to the pattern of correlated motion obtained
with particle-based simulations.
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(1] L. Berthier and G. Biroli, Rev. Mod. Phys. 83, 587 (2011).
[2] E. Barkai and R. Silbey, Phys. Rev. E 81, 041129 (2010).
[3] S. C. Glotzer et al, J. Chem. Phys. 112, 509 (2000).

[4] T. Ooshida et al., Phys. Rev. E 88, 062108 (2013).

[5] T. Ooshida et al., J. Phys. Soc. Jpn. 80, 074007 (2011).

Radical Uncertainty and Macroprudential policy

P. Ormerod
University College London

Radical uncertainty describes situations which are uncertain
in the sense of Knight (1921), Keynes (1936) and Alchian
(1950). At its simplest, a radically uncertain situation is one
in which the probability distribution of outcomes is unknown.
Systemic financial risk has high dimensional causes against a
background of a constantly changing environment in which
individual agents have to operate and take decisions. Bayesian
learning processes which might converge on at least a local
equilibrium are not really feasible in such contexts. Evolution
has provided economic agents with human social and sentient
faculties, including emotional and narrative capacities. They
make it possible to simulate and commit to action for futures
that have not yet happened. Such abilities, therefore, are par-
ticularly well adapted to decision-making under uncertainty,
where the future is necessarily not calculable. It must be
imagined.

In this paper, I describe approaches which operationalise the
concept of narratives in the macro economy and financial
markets.

A great deal of data now exists in digital form in public
and private databases and so offers a new opportunity to
capture how people think and support their actions. Machine
learning algorithms are by now well established, and offer
the potential to carry out rigorous and extensive analysis of
textual material in order to derive knowledge. Text analysis is
also beginning to appear in papers by mainstream economists.
Akerlof and Shiller (2009) set out some general principles as
to the importance of narrative. However, the selection of
words and phrases to be searched for is to a considerable
extent ad hoc. Further, none of the papers really illustrates
the robustness of the results to variations in the particular
terms which are searched, whether sub-sets of the actual list,
or extensions to it. The methodology of Directed Algorithmic
Text Analysis (DATA), developed by the Centre for Decision
Making Uncertainty at UCL, searches texts in a manner
directed by the social-psychological theory of conviction
narratives. I give empirical examples of the ability of DATA
to provide long-range early warnings of shifts in the overall
level of economic activity, and to both short and long term
early warnings of developments in financial markets (e.g. VIX
and Fannie Mae).

(1] A.A. Alchian, J. Pol. Econ. 58, 211 (1950).
[2] D. Tuckett, J. Ec. Dyn. Co. 36, 1077 (2012).
(3] P. Ormerod, Physica A 314, 774 (2002).
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Majorana fermions:
paradigm

a new computational

J.K. Pachos
School of Physics and Astronomy, University of Leeds, UK

Majorana fermions are widely expected to be discovered
soon in the laboratory. These particles are interesting by
themselves due to their exotic statistics. They also offer the
means of performing quantum computation in a conceptually
new and intrinsically robust way. In this talk I introduce the
general properties of Majorana fermions with an emphasis
on how they can be employed to encode and manipulate
quantum information. I also discuss whether or not Majorana
fermions violate Bell-type inequalities. Finally, I present a
quantum algorithm for the evaluation of Jones polynomials
that emerges from a quantum simulation with Majorana-like
particles.

The Ellipsoidal Nested Sampling and the Expres-
sion of the Model Uncertainty in Measurements

C. Palmisano’, G. Mana?, G. Gervino'
!'Dipartimento di Fisica, UNITO
2INRIM, Turin (Italy)

In this paper, we consider the problems of identifying the most
appropriate model for a given physical system and of assessing
the model contribution to the measurement uncertainty.
The above problems are studied in terms of Bayesian model
selection and model averaging. As the computational effort of
this approach increases exponentially with the dimensionality
of the problem it is necessary a numerical strategy to integrate
over the parameter space, and to compute and to sample
the measurand post-data distribution. When data analysis is
carried out by selecting a data model and by proceeding as
if it had actually generated the data, the model uncertainty
is ignored and the uncertainty could be underestimated.
Bayesian methods are a way to include the model uncertainty
into the data analysis and the uncertainty budget. Advances
in computing technology have allowed to consider different
models, each indexed by one or more parameter, where
the Bayesian model selection and model averaging provides
the probabilistic framework to simultaneously treat both
the model and data uncertainties. The evaluation of the
integral Z = Likelihood X Prior, usually called “evidence”
becomes impracticable when the dimension of the parameter
space has 20 + 30 dimensions. Among the many algorithms
drawing random samples from the post-data distributions, we
have investigated a nested sampling technique relating the
likelihood values to the prior volume. The considered method
is based on the study the contour lines of the integrand and
on a probabilistic estimate of the volume (parameter space)
contained within the iso-likelihood contour. The contour
lines are sampled according this pattern: firstly, M likelihood
samples Lg,,...,Lg,, are sampled in the domain of the
likelihood. Next, the smallest, indicated a Li, is removed,
stored in a list and replaced by a new sample, Lpew, subject
to the constraint Lpew > L1. The prior volume enclosed by
the iso-likelihood surface L = L is estimated as p/(p + 1),
which is the mean value of the argest of p uniform samples
in [0,1], the total volume of the domain being an overall
factor. The discharge of the lowest likelihood L, sampling

of a replacement constrained to Lnew > L, and shrinking
of the prior volume of the associated iso-likelihood surface to
Vi = p™/(p + 1™ are repeated until the contribution to Z of
the surviving likelihood samples is less than some pre-defined
value. Eventually, by using the rectangle method, Z can be
easily approximated. This paper lays out the essential ideas
of this approach.

(1] J. Skilling, AIP Conference Proc. 735, 395 (2004).

[2] J. Skilling, Bayesian Analysis 1, 833 (2006).

[3] F. Feroz and M.P. Hobson, Mon. Not. R. Astron. 384,
449 (2008).

Structural disorder and anomalous diffusion in
random packing of spheres

A. Gabrielli', M. Palombo?, S. Capuani®, G. Ruocco?,
V.D.P. Servedio!

stituto dei Sistemi Complessi (ISC) - CNR, Rome, Italy
2Dipartimento di Fisica, Universit ” Sapienza”, Rome, Italy
3IPCF - CNR, Rome, Italy

In the last years, much attention has been devoted to develop
techniques for investigating biological tissues in vivo by
using non invasive procedures. Diffusion Nuclear Magnetic
Resonance has proved to be a successful tool with its ability to
provide detailed information about material and tissue prop-
erties. The measurement of molecular diffusion is an effective
experimental way of probing biological and porous material
structures, since the geometrical complexity of heterogeneous
systems can be characterized by the way in which small
molecules (typically water) diffuse within them. A complex
porous structure implies a multi-scale hindering of diffusing
molecules and its characterization can reveal the fingerprint
In conventional dNMR studies,

structural complexity in heterogeneous media has been

of the medium geometry.

investigated by means of tortuosity indices as the obstruction
factor. However, we show here that the such a parameter
is not suitable for detecting the most relevant information
on global structural complexity (disorder) and structural
transitions. In this work [1] we focus on an innovative aspect
of ANMR |[2] that allows, in the hindered diffusion regime, to
describe the disorder properties of a sphere packed medium, to
monitor its structural modifications and to reveal structural
transitions. In particular, we show that the subdiffusion
exponent «, a measurable dNMR parameter quantifying
the anomalous diffusion regime, is related to well known
statistical quantities characterizing the disorder in porous
media. Notably, a is able to detect structural transitions
and to classify different kinds of disorder. To achieve this
goal, we compare the result of a dNMR experiment made
on a sample of random packing monodisperse micro-spheres
with the outcome of numerical 3D simulations resulting
from an original ”collage” of validated algorithms to yield
essential results in the characterization of complex systems.
Specifically, to highlight the physical meaning and relevance
of a we show here a detailed description of structural disorder
in random packing of mono-dispersed spheres performing
both generative Molecular Dynamics simulations of disordered
porous media and extensive 3D Monte Carlo studies of parti-
cles diffusion in these kind of systems, eventually connecting
the numerical results to experimental dNMR measurements.
We explain the results of particle diffusion in the framework

7-11 July 2014
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of the continuous time random walk (CTRW), which has been
demonstrated to be a general and effective theoretical tool
able to quantify anomalous diffusion in both laboratory- and
field-scale systems [3].

[1] M. Palombo, A. Gabrielli, V.D.P. Servedio, G. Ruocco, S.
Capuani, Scientific Reports 3, 02631 (2013).

[2] M. Palombo, A. Gabrielli, S. De Santis, C. Cametti, G.
Ruocco, S.Capuani, J. Chem. Phys. 135, 034504 (2011).

[3] A. Cortis, Y. Chen, H. Scher, B. Berkowitz, Phys. Rev. E
70, 041108 (2004).

Eliciting Praise and Criticism from Positive and
Negative Sentiments

H. Papageorgiou, M. Pontiki, D. Galanis

Institute for Language and Speech Processing, Athena Research

Center

In this paper, we present a linguistically driven method that
focuses on evaluations expressed in text towards specific tar-
gets. The concept of evaluation refers to judgment of people
and appreciation of objects and is refined in two specific sen-
timent insights; criticism for negative and praise for positive
evaluations. Our primary aim is to detect praise and criticism
in text. A second aim is the general sentence-level sentiment
classification i.e. binary positive/negative classification of
sentences conveying other types of subjective expressions
and personal state(ment)s such as, suggestions, reporting
problems, and so on. Eliciting subtle types of information
such as criticism and praise as a specific subarea of the general
positive/negative sentiment landscape can provide multiple
advantages for business purposes. For example, restaurants
measuring customers satisfaction in terms of the evaluations
(e.g. The build-your-own burritos are awesome, Tasty drinks
and great price, Staff is always friendly and upbeat) and not
only in terms of generic positive/negative sentiment (e.g. I
was pleasantly surprised, I would highly recommend, Very
horrible experience!, What‘s even worse is that I‘m lactose
intolerant!!) could earn insights on how to improve their
businesses or about what users care most in their reviews.

To achieve the two aforementioned goals we present a hybrid
SA system which integrates the following four types of
the EvalLex
[2], a lexicon of evaluative language grounded on Appraisal

components: a) Sentiment lexical resources:
Theory [1] and the Opinion Lexicon [3]. b) EvalGrammar, a
set of linguistic rules for modelling phrase-level evaluations.
Given an input text, EvalGrammar determines which spotted
EvalLexs entries express evaluations by performing contextual
evaluation detection and polarity disambiguation, ¢) SVM
models that exploit the aforementioned lexica and rules in
combination with other types of features (e.g. unigrams,
POS tags), and, d) a network formulation and analysis of
the output of the previous steps. To train and evaluate our
system we developed benchmark datasets in the restaurant
reviews domain using subsets of the open dataset from the
Yelp Dataset Challenge [4] which contains over 158,000
reviews for about 5000 restaurants. The evaluation has
shown that our method outperforms several baselines and is
significantly boosted by EvalLex and EvalGrammar. Future
work includes exploring other types of sentiment insights (e.g.
recommendations, suggestions) as well as different domains,
among others.
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(2013).
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Reviews, Proc. ACM SIGKDD International Conference on
Knowledge Discovery and Data Mining (KDD-2004), Aug 22-
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Statistical analysis of time series in anomalous
diffusion generated by fractal intermittency

P. Paradisi', P. Allegrini>

Mstituto di Scienza e Tecnologie dell’Informazione “A. Faedo”
(ISTI-CNR), Pisa, Italy
2Istituto di Fisiologia Clinica (IFC-CNR), Pisa, Italy

The interest towards self-organized and cooperative systems
has rapidly increased in recent years. This is related to the
increasing interest in the evolution of complex networks,
such as the web and, more in general, social dynamics (not
only associated with web applications), but also biological
applications such as neural networks, human brain dynamics
and metabolic networks in the cell. This hot research field is
sometimes denoted as complezity science.

A fully accepted definition of “complex system” does not
yet exist, but there’s some agreement on some general
features. For example, a complex system is typically made
of many individual units with strong non-linear interactions.
The global dynamics of this multi-component systems is
characterized by emergent properties, i.e., the emergence
of cooperative, self-organized, coherent structures that are
hardly explained in terms of microscopic dynamics.

Thus, the typical approach is focused on emergent properties
and their dynamical evolution. Along this line, a crucial
property that has been observed is given by the meta-stability
of the emerging self-organized structures, that is, the dynamics
of a complex system is characterized by a birth-death process
of cooperation [Allegrini et al., 2009].

In time series analysis, this is mathematically described in
the framework of renewal point processes [Cox, 1962] as a
sequence of critical short-time events, with abrupt memory
decays, thus dividing the time series into separate segments
with long-range memory [Paradisi et al., 2013; Allegrini et al.,
2013; Fingelkurts et al., 2008]. As a consequence, the inter-
event times are statistically distributed according to a inverse
power-law, a condition also denoted as fractal intermittency.
The sequence of renewal events with fractal distribution of
inter-event times are associated with anomalous diffusion
processes.

Here we will show how simple random walks driven by
complex (i.e., fractal intermittent) events generate anomalous
diffusion and long-range correlation despite the presence of
memory erasing events in the time series. Then, we discuss
different approaches for the statistical characterization of
diffusion scaling in time series with intermittent events.
We discuss the robustness of diffusion scaling generated by
event-driven random walks with respect to the presence of
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noisy events, here modelled as events with Poisson statistics,
as such events are not able to generate anomalous diffusion,
but only normal diffusion (i.e., variance linearly increasing in
time).

[] Allegrini et al., Phys. Rev. E 80, 061914 (2009).

[2] D.R. Cox, Renewal Theory Ed.: Methuen, London (1962).
[3] Paradisi et al., AIP Conf. Proc. 1510, 151 (2013).

[4] Allegrini et al., Chaos Solit. Fract. 55, 32 (2013).

[5] Fingelkurts and Fingelkurts, Open Neuroimaging J. 2, 73
(2008).

A renewal model for the Superconcentration
Effect

P. Paradisi’, D. Chiarugi?, P. Allegrini®
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Many efforts in the origin of life research focus on the under-
standing of the very first steps that led to the emergence of
organic compounds and metabolic pathways in the pre-biotic
solution. A less investigated issue regards those crucial
evolutionary steps leading to the formation of membrane
compartments, which came into play as hosts for the first
forms of cellular metabolism.

Luisi et al. tackled this issue experimentally, studying the
behaviour of the solutes in a water solution of ferritine
proteins and lipids. In this setting, the lipid molecules, due
to hydrophobic forces, tend to organize spontaneously in
quasi-spherical structures, called liposomes or vesicles. These
structures, while are forming but still open, allow the random
passage of ferritine molecules.

Surprisingly, the authors found that, when lipid surfaces
close up in a protein-containing solution to form vesicles, the
entrapment frequency does not follow the expected Poisson
distribution, but tends to assume a power-law behaviour,
characterized by many empty vesicles (no or very little
entrapped ferritine solute), and a long decreasing tail with
extremely crowded vesicles. This is referred to as “Supercon-
centration Effect”. Consequently, the experimental finding of
Luisi et al. proves that liposomes can spontaneously capture
a very high number of macromolecular solutes, even when
forming in diluted solutions. This observation overcomes
one of the major problems in prebiotic chemistry, i.e., how
intravesicular solutes can spontaneously reach the relatively
high concentrations needed for the metabolic processes
to occur. As a result of this intriguing behavior, these
solute-rich vesicles could be able to facilitate and support the
emergence of a cellular metabolism, due to the high molecular
concentration.

As the Poisson assumption does not apply, in this work we
propose a stochastic model based on renewal theory [Cox],
describing independent critical events randomly occurring in
time. Waiting Times (WTs) among events are then mutually
independent and they are only characterized by the WT
distribution. We are here interested in describing the Gibbs
ensemble of liposomes, with the critical event corresponding
to the closure of the liposome membrane, after which no flux
of ferritine proteins can occur on the liposome surface.

We show that simple assumptions about the liposome-ferritine
interactions, can explain the emergence of a power-law decay
in the distribution of ferritine molecules trapped inside the
liposomes, thus sheding light on the role of renewal theory in
the emergence of self-organized macro-structures in pre-biotic
systems.

(1] Luisi et al, ChemBioChem 11, 1989 (2010).

2] D.R. Cox, Renewal Theory Ed.: Methuen, London
(1962).

[3] Paradisi et al, AIP Conf. Proc. 1510, 151 (2013).

Evolution dynamics of a model for gene duplica-
tion under adaptive conflict

M. Ancliff, J.-M. Park
Dept. of Physics, The Catholic University of Korea

We present and solve the dynamics of a model for gene
duplication showing escape from adaptive conflict. We use
the Crow-Kimura quasi-species model of evolution where
the fitness landscape is a function of Hamming distances
from two reference sequences, which are assumed to optimize
two different gene functions, to describe the dynamics of
a mixed population of individuals with single and double
copies of a pleiotropic gene. By mapping the evolutionary
dynamics onto the dynamics of a quantum spin chain, we
derive the spin coherent state path integral representation and
solve the evolutionary dynamics equation under saddle-point
semiclassical approximation. The linear fitness landscape
with two reference sequences is analyzed to show phase
In the
long time limit, there is a competition to dominate in a

diagrams on the mutation-fitness parameter space.

mixed population between individuals with single genes and
individuals with duplicated genes. In the coco. Furthermore,
among individuals with duplicated genes, there is a sharp
phase transition between the escape from adaptive conflict,
in which each copy of duplicated genes evolves towards sub-
functionalization, and the duplicated-loss of function phase,
in which one copy maintains its pleiotropic function and the
other copy undergoes neutral mutation to lose its original
function. In the ¢ > v regime, whether individuals with
single genes or individuals with duplicated genes dominate
in the population depends on the mutation and selection
parameters. We chose the mutation and selection parameters
such that individuals with duplicated genes initially have
lower fitness than their single-gene parents, but through the
accumulation of advantageous mutations can raise their mean
fitness higher than those of a single gene population. For these
parameters, we showed that there is a sharp change in the
composition of the mixed population at time t*: before t* the
population sustains a small, constant fraction of individuals
with duplicated genes, after t* the population of individuals
with duplicated genes starts to exponentially outgrow the
population of individuals with single genes and eventually the
mixed population consists only of individuals with duplicated
genes. We also presented how to estimate t* and showed that

there is an optimal mutation rate at which ¢* is a minimum.

[1] C. Vogel, M. Bashton, N. D. Kerrison, C. Chothia, and S.
A. Teichmann, Curr. Opin. Struct. 14, 208 (2004).

[2] R. D. Kouyos, O. K. Silander, and S. Bonhoeffer, Trends
Ecol. Evol. 22, 308 (2007).
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[3] M. Ancliff and J-M. Park, J. Stat. Phys. 143, 636 (2011).

Diversity and noise effects in generalized multi-
neuron models of homeostatic regulation of the
sleep-wake cycle

S. Postnova', H.A. Braun?, E. Herndndez-Garcia®, R.
Toral®, M. Patriarca?

LSchool of Physics, The University of Sydney, New South Wales,
Australia

2Neurodynamics Group, Physiology Institute, Marburg Univer-
sity, Germany

SIFISC, Instituto de Fisica Interdisciplinar y Sistemas Complejos
(CSIC-UIB), Campus Universitat de les Illes Balears, Palma de
Mallorca, Spain

4National Institute of Chemical Physics and Biophysics, Tallinn,

Estonia

Recent advances in sleep neurobiology have allowed the

development of physiologically-based mathematical models
of sleep regulation that account for the neuronal dynamics
responsible for the regulation of sleep-wake cycles and allow a
detailed examination of the underlying mechanisms. Neuronal
systems in general, and those involved in sleep regulation
in particular, are noisy and heterogeneous by their nature.
It has been shown that in various systems certain levels
of noise or diversity can significantly improve the signal
encoding and the system response, as for example in the
phenomena of diversity induced resonance and in that of
stochastic resonance [1,2]. However, these specific phenomena
and especially the effects of diversity are rarely considered
in models of sleep regulation. The present contribution
is focused on the study of a neuron-based physiologically
motivated model of sleep-wake cycle, in which a mechanism of
the homeostatic regulation of sleep based on the dynamics of
a wake-promoting neuropeptide orexin is proposed. Initially
Orexin used to be thought relevant for some basic phenomena
such as appetite and metabolism but the lack of Orexin has
been demonstrated in the last years to be responsible also for
the appearance of sleep disorders. The effects of diversity and
noise affecting the features of the orexin-producing neurons in
this sleep-wake cycle model have been studied [3] and shown
to lead to a clear diversity-induced resonance. In other words,
the best wake-sleep cycle, when suitably defined, corresponds
to the presence of an intermediate level of diversity in the
synapses of the orexin-producing neurons.
We discuss the main results of the mentioned model and
present novel results concerning some generalized versions of
the model, in particular those obtained by replacing the single
representative glutamate neuron with a set of glutamate
neurons interacting between each other and with the set of
orexinergic neurons. We consider various cases in which the
neurons of the system are connected to each other through
different underlying network topologies and discuss the effect
of noise and diversity for such network topologies. In fact, the
type of the of the underlying network is known to affect in a
crucially different way the global neuronal dynamics [4].

[1] C.J. Tessone, C.R. Mirasso, R. Toral and J.D. Gunton, Phys.
Rev. Lett. 97, 194101 (2006).

[2] L. Gammaitoni, P. Haenggi, P. Jung and F. Marchesoni,
Rev. Mod. Phys. 70, 223 (1998).

[3] M. Patriarca, E. Hernandez-Garcia, R. Toral, S. Postnova
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and H.A. Braun, PLoS Comput. Biol. 8, 1002650 (2012).
[4] V.M. Eguiluz, D.R. Chialvo, D.A. Cecchi, M. Baliki and
A.V. Apkarian, Phys. Rev. Lett. 94, 018102 (2005).

Exact Solution of a Loop Model of Critical Dense
Polymers in Two Dimensions

P.A. Pearce

University of Melbourne

A lattice model of critical dense polymers is solved exactly
for arbitrary finite system sizes on the strip, cylinder and
torus. The model is related to symplectic fermions and is
the first member of a family of O(n) loop models called
logarithmic minimal models. Critical dense polymers is
obtained by setting the loop fugacity S to zero. This forbids
the formation of closed loops and means that long polymer
Since the

polymers enter each face of the square lattice exactly twice,

segments can only terminate on the boundary.

the polymers form space filling Peano curves with fractal
dimension 2 in the continuum scaling limit. Exact expressions
are obtained for the bulk and boundary free energies but
the emphasis in this talk is on the values of the conformal
The key
to the exact solution is functional equations in the form of

weights and their associated critical exponents.

inversion identities satisfied by the commuting single and
double-row transfer matrices. The form of these equations
is similar to those for the Ising model (free fermions). The
functional equations are established directly in appropriate
locally planar Temperley-Lieb algebras with the transfer
matrices acting on suitable vector spaces of link states. The
bulk and boundary free energies and finite-size corrections are
obtained from Euler-Maclaurin formulas. The eigenvalues of
the transfer matrix are classified by the physical combinatorics
of the patterns of zeros in the complex spectral-parameter
plane. This yields relations with generalized g-Catalan and
g-Narayana polynomials. It also leads to selection rules for
the physically relevant solutions to the inversion identities
and explicit finitized characters for the associated conformal
representations. In particular, in the scaling limit, we find
the central charge ¢ = —2 and conformal weights given by
% for r,s = 1,2,3,... in

an infinitely extended Kac table. The partition function on

the Kac formula A, s =

a torus can not be calculated using the usual matrix trace.
Instead a modified trace which is a generalization of the
Markov trace is required. Finally, we note that critical dense
polymers extends to an elliptic lattice model which is exactly
solvable off-criticality. An infinite number of generalized order
parameters are identified with critical exponents (s = Ay s
with (2r —s)? < 8

[1] P.A. Pearce, J. Rasmussen, J. Stat. Mech. P02015 (2007).
[2] P.A. Pearce, J. Rasmuusen, S.P. Villani, J. Stat. Mech.
P02010 (2010).

[3] A. Morin-Duchesne, P.A. Pearce, J. Rasmussen, Nucl.
Phys. B 874, 312 (2013).

[4] P.A. Pearce, K.A. Seaton, J. Stat. Mech. P09014 (2012).
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The Desertification transition in semi-arid
ecosystems: early indicators and effect of sprawl
phenomena

R. Corrado!, A.M. Cherubini?, C. Pennetta®

YPhD School on Climate Change Sciences, University of Salento
and Euro-Mediterranean Centre for Climate Change (CMCC),
Italy

?Dipartimento di Matematica e Fisica “Ennio De Giorgi”,
University of Salento, Italy and Department of Mathematics,

Imperial College London, UK

Desertification transitions, occurring in arid and semi-arid
ecosystems exposed to high external stresses, are important
cases of regime shift. The changes associated to desertification
can lead to huge and often irreversible consequences, with
relevant economic and social effects: the identification of
early and reliable indicators are of obvious importance to
develop strategies to manage a transition or its effects. In
this work we simulated the time evolution of a semi-arid
ecosystem by means of a stochastic cellular automaton model
(CA) and we analyzed the results in terms of percolation
theory, where the percolating phase, associated with empty
and degraded regions, is opposed to a vegetation covered
phase. By considering the full range of values of the mortality
rate, controlling the strength of external stresses, we followed
the entire degradation process: from the vegetation frag-
mentation transition up to the full desertification transition,
corresponding to the vegetation extinction and complete soil
degradation, occurring for a critical value m.. In order to find
suitable indicators and precursors, we calculated the spanning
probabilities and the percolation thresholds as functions of
the mortality rate according to different spanning criteria and
we studied the time fluctuations of the sizes of the biggest
vegetation cluster and of the biggest non-vegetated cluster
for several mortality values. The dependence of the critical
mortality on the other parameters of the model is studied
as well. Moreover we investigated the effect on the desertifi-
cation transition of sprawl phenomena. Sprawl phenomena,
i.e. a disordered growth of small urban areas, break the
connectivity of a vegetation covered area (either natural or
rural habitats), thus potentially increasing the fragility of a
given ecosystem and the risk of a regime shift. With the aim
of detecting smart geometries able to minimize the damage,
we introduced in the model ’forbidden’ cells aggregated in
different configurations, simulating the presence of excluded
areas, with different topology and sizes, and we analyzed
their effect on several features of the desertification transi-
tion. We will present here the preliminary results of this study.

[1] J.F. Reynolds et al., Science 316, 847 (2007).

[2] M. Scheffer et al., Science 338, 344 (2012).

[3] S. Kéfi et al., Nature 449, 213 (2007).

[4] R. Corrado, A. M. Cherubini and C. Pennetta, submitted
for public (2014).

[5] E.A. Johnson, M.W. Klemens, Nature in fragments:
Columbia Univ. Press (2005).

New clues on the thermodynamic behaviour in
small systems

A. Perez-Madrid®, I. Santamara-Holek?

1Facultat de Fisica. Departament de Fisica Fonamental. Univer-
sitat de Barcelona

2UMDI-J Facultad de Ciencias Universidad Nacional Autonoma

de Mexico Campus Juriquilla

The concept of stability is essential when describing the
behavior and properties of matter. At the microscopic
level, the stability of atoms becomes manifest through the
existence of chemical elements, from which quantization
can be deduced. Macroscopic thermodynamic systems show
stability through the existence of distinct phases which
Unlike

macroscopic systems, the existence of boundaries in small

can coexist under the same physical conditions.

systems confers on them peculiar characteristics. Finite size
induces nonhomogeneities of the interaction energy which
may give rise to free-energy barriers separating two different
structural configurations or even thermodynamic phases.
Transformations between these structural configurations or
phases is a matter of thermodynamic transformation theory, a
well-understood problem in classical thermodynamics. When
a macroscopic system is subjected to destabilizing conditions,
it separates into two or more phases that may coexist in
equilibrium. This partitioning involves the formation of new
free-energy barriers associated with interfaces and finally,
from the thermodynamic point of view, to the emergence of
new systems with their own free energy determining their
physical properties: compressibility, specific heats, etc.

However, when the system is finite and small enough, the
formation of an interface could imply an excessively high en-
ergetic cost and therefore becomes energetically unfavorable.
This energetic restriction has been observed, for instance, in
the formation of magnetic domains in ferromagnetic materials
or in the hysteresis cycles of Li-ion batteries and other energy
storage systems. Even more exotic systems such as atomic
nanoclusters with magical numbers show peculiar effects on
their behavior and properties similar to those of the small
systems we will consider here. The energy lost in small
systems, as nano devices, can be decisive in order to obtain
Under a
thermodynamic point of view, the application of the stability

an optimal functioning of this kind of systems.

theory and classical statistical mechanics to the description of
small systems under destabilizing external conditions reveal
a constant generation of heat while the system oscillates
between two structural configurations or thermodynamic
phases

[] I. Santamara-Holek and A.P, Phys. Rev. E 89, 012144
(2014).

[2] R.E. Kunz and R.S. Berry, Phys. Rev. Lett. 71, 3987
(1993).

[3] W. Dreyer, C. Guhlke and M.H, Continuum Mech. Ther
23, 211 (2011).
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Contact and first layer residues prediction in
protein dimers using the Gaussian Network
model with adjustable number of fast modes

O. Perisié

Vojvode Brane, Belgrade, Serbia

Protein-protein interactions are still not fully understood.
They are more difficult to decipher than protein-DNA or
protein-RNA interactions because they are, usually, not based
on the attractive electrostatic interactions. I want present my
attempt at recognizing protein-protein interactions based on
the Gaussian Network Model - GNM (Demirel at al). The
method I developed adjusts the number of modes used in the
GNMs weighted sum calculation. The number of modes is
adjusted on the basis of the ratio of predicted and expected
amount of targets (contact and first layer residues). The
number of modes gets increased or decreased if the amount
of predictions is smaller or larger than expected for a given
protein sequence length (number of residues in a chain). The
original GNM algorithm, which uses only 5 fastest modes per
chain is not able to correctly connect kinetically hot residues
to binding patches in heterodimers. My adjustable approach,
on the other hand, puts more than 50% of heterodimer chains
into a group of good predictions. It applies the adjustable
number of modes to dimers with a significant difference in the
chain length of their monomer constituents. The algorithm
produces usable results when applied to chains with more
than 80 residues, which belong to dimers with chain length
ratios higher than 2. The prediction gets even better when
the initial adjustable approach which spreads the influence of
a hot residue to sequential neighbors is extended to a full 3D
approach (spatial neighbors).

I tested the adjustable 3D algorithm on the Vakser decoy
sets also (41 heterodimer decoy sets). Each set contains 110
decoys, 10 of which are (on average) near native. The 3D
adjustable algorithm which spreads the influence of a hot
residue to the variable number of neighbors proved to be the
most efficient. I also compared the adjustable GNM approach
to the statistical potential approach of Lu and Skolnick. The
statistical potential produces better overall results, but in
a number of cases it is comparable, or even worse that the
adjustable GNM approach.
point that the decoys sets which were badly characterized by

It would be interesting to out

the statistical potential also did poorly with the adjustable
GNM approach.

The results I present show that kinetically active residues
are important in heterodimer interactions. They also suggest
that two interacting chains usually exhibit opposite behavior.
While the binding surface of one of the chains is usually rigid
and stable, its partners is more flexible and adaptable.

[1] M.C. Demirel et al, Protein Science 7, 2522 (1998).
[2] H. Lu, J. Skolnick, Biophysical J. 84, 1895 (2003).
3] O. Perisi¢, ArXiv1312.7376 (2013).
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Evaluating a gamble - A dynamics perspective

O. Peters', M. Gell-Mann?

!London Mathematical Laboratory, Santa Fe Institute

2Santa Fe Institute

The classic decision-theory problem of evaluating a gamble is
treated from a modern perspective using dynamics. Gambles
are probability distributions, discrete or continuous, of changes
in wealth. Decision theory aims to advise on (normative), or to
model (descriptive), the process of choosing between different
gambles. In doing so, it maps gambles (i.e. distributions) into
scalars through a functional. Early treatments of the problem,
in the seventeenth century, chose as a functional the expected
net change in wealth. In the eighteenth century it was
recognized that this treatment often produces bad advice and
does not fit observations. Consequently, the expectation-value
functional was generalized into an expectation value of the
net change in utility, where utility is a non-linear function of
wealth. Utility, as the word suggests, is to reflect the value an
individual attaches to owning a given amount of money. This
concept is subjective by construction, and arguments over
the meaning of the utility function, its measurability, and
its permissible form continue to this day. We observe that
decision theory has treated the gamble problem, invariably,
using expectation values. This often implies an assumption
of ergodicity: optimality is ensured for ensemble averages,
and optimality over time results (if it does) as a by-product.
We approach the problem from the opposite direction,
putting time center-stage time irreversibility, after all, is
the crucial constraint that makes good decisions important.
We ensure optimality over time for the generally non-ergodic
wealth process. This does not require the specification of
a utility function, but it does require the specification of a
dynamic, i.e. a stochastic process that unfolds over time.
In our phrasing, optimality of expectation values of ergodic
observables results as a by-product, providing a physical
interpretation of utility functions as observables whose rate
of change is ergodic. For the most natural dynamics, our
perspective is at odds with the boundedness requirement
for utility functions in the dominant formalism of decision
theory. We highlight conceptual and mathematical incon-
sistencies throughout the development of decision theory,
whose correction clarifies that the modern perspective is legiti-

mate and that boundedness of utility functions is not required.

[1] O. Peters, Phi Trans R. Soc A 369, 4913-4931 (2011).

[2] O. Peters and W. Klein, Phys. Rev. Lett. 110, 100603
(2013).

[3] O. Peters, Quant. Fin. 11, 1593-1602 (2011).

Non-stationary covariance functions based on
local interaction models

M.P. Petrakis, D.T. Hristopulos

Department of Mineral Resources Engineering, Technical Univer-

sity of Crete, Greece

The study of spatially distributed physical processes usu-
ally relies on irregularly sampled data due to cost, time
constraints, and instrumental limitations. For example, in
the Geosciences it is impossible to have access to every

desired sampling location. Similar limitations apply in other
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scientific disciplines, even if data sampling is performed in a
controlled environment such as a laboratory [1]. Interpolation
or prediction of missing values in spatial data sets, especially
those involving extreme values, is a mathematical problem
of practical interest in signal processing, remote sensing, and
environmental risk assessment [2].

Random field theory [3] is a powerful mathematical frame-
work for modeling spatial data and for spatial interpolation
methods. In this framework, we assume that measurements
of a physical property correspond to a sample path of a
multidimensional Gaussian joint probability distribution
function (JPDF). The spatial correlations are described
by means of covariance functions, which are determined
from the data usually under the assumption of statistical
stationarity.  This is accomplished by fitting permissible
covariance function models to the sample covariance, or by
maximum likelihood estimation of the JPDF parameters.
Spatial interpolation is then performed via the stochastic
Both the
covariance model selection and the stochastic optimal linear

optimal linear predictor, also known as kriging.

interpolation are computationally demanding procedures,
especially for large data sets.

Spartan spatial random fields (SSRFs) are a relatively new
class of Gibbs random fields in which the spatial dependence
is derived from local interactions [4] instead of a model
covariance. The probability of a given field configuration is
determined by an effective local energy functional (ELEF),
which involves the integral of the squares of the field values,
as well as the gradient and Laplacian of the SSRF. This
formulation can be viewed as a Gaussian classical field theory
for spatial data. SSRF interpolation has similar prediction
accuracy to kriging, but it is computationally more efficient
[2], and it provides a conceptually attractive framework for
treating non-stationary and spatiotemporal problems.

In modeling localized extreme values, e.g., radioactivity
emergencies due to an accidental release, the stationarity
assumption no longer holds. In this work, we propose new,
non-stationary SSRF covariance functions for the interpo-
lation of such data sets. We treat the extreme values by
means of an ELEF perturbation, and we derive approximate
but explicit non-stationary covariance functions using the
leading-order perturbation expansion [5].

[1] H. Gunes, S. Sirisup, and G. Karniadakis, J. Comput. Phys.
212, 358 (2006).

[2] D.T. Hristopulos and S.N. Elogne, IEEE Trans. Sig. Pro-
cess. 57, 3475 (2009).

[3] A.N. Kolmogorov, C.R. Acad. Sci. Paris 208, 2043 (1939).
[4] D.T. Hristopulos, SIAM J. Sci. Comput. 24, 2125 (2003).
[5] D.T. Hristopulos, Stoch. Environ. Res. Risk. Assess. 20,
278 (2006).

Kappa distributions in space plasmas: from

origin to consequences

V. Pierrard

Belgian Institute for Space Aeronomy

Non-thermal particle distributions are ubiquitous in space
plasmas, their presence having frequently been confirmed by
interplanetary missions. The particle velocity distribution
functions in space plasmas generally show non Maxwellian

suprathermal tails decreasing as a power law of the velocity.

Such distributions are well fitted by the so-called Kappa
distribution. Recent advances in space physics show the
connection of kappa distributions with statistical mechanics
and thermodynamics. Generalizations of thermodynamics
based on Tsallis nonextensive entropy formalism have shown
that the Kappa distributions result from a new generalized
Lorentzian statistical mechanics formulated for a collisionless
plasma far from thermal (Maxwell-Boltzmann) equilibrium
but containing turbulence in quasistationary equilibrium. In
any case, the presence of such distributions in many different
space plasmas suggests a universal mechanism for the creation
of such suprathermal tails. Turbulence can play a role in
the generation of such suprathermal tails, as well as the
long-range correlations supplied by the fields and plasma
instabilities. Due to the properties of the Coulomb collisions,
the energetic particles are non-collisional, even when thermal
particles are submitted to collisions.

The enhanced population of energetic particles plays a crucial
role in the heating and acceleration of plasma in several
important space and astrophysical contexts. They contribute
to the heat flux and modify the classical Spitzer-Harm
expression. They have important consequences concerning the
temperature increase in the solar and planetary atmospheres,
as well as concerning the acceleration of the solar wind
particles. Such consequences are well evidenced by using
Kappa distributions in kinetic models where no closure
requires the distributions to be nearly Maxwellians. Such
models have been developed for the solar corona, the solar
wind, the polar wind of the Earth and other planets like
Jupiter and Saturn, the terrestrial auroral regions, the
plasmasphere and the radiation belts. Suprathermal electrons
generate large ambipolar electric fields along open magnetic
flux tubes in stellar coronae and in planetary ionospheres
and thus contribute significantly to solar and stellar wind
acceleration, outflow from planetary ionospheres and possibly
even exoplanetary atmospheric loss.

[] V. Pierrard and M. Lazar, Solar Phys. 267, 153 (2010).

[2] V. Pierrard, K. Borremans, K. Stegen, J. Lemaire, Solar
Phys. 289, 183 (2014).

[3] V. Pierrard, M. Lazar, R. Schlickeiser, Solar Phys. 269,
421 (2011).

Do classical or quantum transitive preferences
always result in indifferent divisions?

M. Makowski', E.W. Piotrowski’, J. Sladkowski?

1 University of Bialystok, Poland

3Gilesian University, Katowice, Poland

In the series of earlier works [1,2,3,4,5] we considered the

effects of the classical and quantum strategies based on the
stochastic preferences in a simple two-component issue of se-
quential choice. These studies concern the problem of the uni-
versal property of transitivity of preferences. Thus, the set of
possibilities is composed of at least three elements. The aim
of the sequential choices is even distribution of results com-
plying with the Laplace’s principle of indifference (maximum
entropy).
This theoretical problem is vividly illustrated by an example of
a younger cat who is offered (by Nature) three types of food,
every time in pairs of two types. Cat’s optimal preferences
leads to complete his diet.
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In the work [6] we considered modification of these models,
where Nature was replaced with an older cat. At the begin-
ning of each stage of the game the older cat rejects one of the
foods. Then the younger cat selects and consumes one food
from the other two. The food that was rejected by the younger
cat is consumed by the older one. The rules of this game re-
fer to the simple procedure of fair division among two players,
known as the “I cut, you choose” mechanism which has been
widely discussed in the literature. It turns out that in this case
all younger cat’s rational preferences are intransitive.

The principle of the transitivity of preferences is one of the
basic assumptions of choice theory (utility theory), however it
is known that this principle is not always fulfilled [7]. In the
work that is presented in the conference the authors discuss
a modification of “I cut, you choose” game. The difference
lies in the fact that the older cat may also use food that was
rejected at the first stage of the game. The following diagram
illustrates the flow of such a game:

START

READ base € {0,1,2}
SHOW base

READ caty € {0,1}

cato + base + 1 mod 3 — cata
READ caty € {0,1}

cat, + cate + 1mod 3 — caty
SHOW caty, cato

GOTO START

CAT, 1°* MOVE :
CAT, MOVE :

CAT, 2" MOVE :

where the strategy (state) CAT> MOV E can be classical or
quantum, the states CAT; 15t MOVE i CAT, 2" MOVE
are classical.
The simplest variant of younger cat strategy will be discussed.
This strategy is a mixed state on one beat (classic variant) or
one-qubit pure state.

[1] E.-W. Piotrowski, M. Makowski, Fluct. and Noise Let 5,
L85 (2005).

[2] M. Makowski, E.W. Piotrowski, Phys. Lett. A 355, 250
(2006).

[3] M. Makowski, Phys. Lett. A 373, 2125 (2009).

[4] M. Makowski, E.W. Piotrowski, J. Phys. A Math. 44,
075301, 215303 (2011).

[5] M. Makowski, E.W. Piotrowski, arXiv1311.0803v2 (2013).

Information Geometry Formalism for the Spa-
tially Homogeneous Boltzmann Equation

B. Lods!, G. Pistone®
I Torino University, Italy
2Collegio Carlo Alberto, Italy

Parametric Information Geometry generalizes to infinite
dimension by modeling the tangent space of the relevant
manifold of probability densities with exponential Orlicz
spaces.  Precisely, the exponential manifold on a set &£
of mutually absolutely continuous densities is defined by
the atlas of charts sp: ¢ — uw = log(q/p) — Ep(log(q/p),
and inverse charts sp': u — exp(u — Kp(u)) - p, where p
is any density in £ and Kp(u) = log(Ep(exp(u))). The
tangent space at each p € & is the set of Fisher scores
op(t) = dlogp(t)/dt = p(t)/p(t) and it is identified with
the p-centered random variables of the exponential Orlicz
space. The exponential manifold £ is an affine manifold as
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the transition maps are affine functions. It has a natural dual
vector bundle of the type Vé C Hy, C Vp, p € £, where V)
is the set of random variable of xlogx class of p-centered
random variables, Vzﬁ is the Orlicz space and H), is the Hilbert
space of p-centered and square-p-integrable random variables.
Vector fields F' are mappings from £ to random variables such
that E,(F(p)) = 0, p € €. Functional differential equations
in this setting have the form dp(t) = F(p(t)), where F is
a vector field in the pretangent bundle, that is a mapping
F: & — V such that E,(F(p)) = 0. This setting applies to
the spatially homogeneous Boltzmann equation f =Q(f)if &
is the set of positive densities with finite relative entropy with
respect to the Gaussian density and the operator @ is locally
presented as a mapping from V' to V, that is 6 f(¢t) = Q(f)/f
with Ep(Q(f)/f) = [ Q(f) = 0. The Boltzmann operator is
analyzed as a composition of elementary operations in the
exponential manifold, namely tensor product, conditioning,
marginalization. The functional setting allows the proper
definition of tangent mapping of real functions on &, e.g.
Boltzmann entropy or the entropy dissipation functional.
We discuss the interpretation of the spatially homogeneous
Boltzmann equation as a gradient flow in £ and then explore
the use of Galerkin’s approximation using the natural set of
Hermite polynomials as basis

(1] W.A. Majevski, L.E. Labuschagne, Ann. H. Poincaré, On-
line first, (2013).

(2] G. Pistone, Entropy 15, 4042 (2013).

[3] C. Villani, Handb. Math. Fluid Dyn. I, 71 (2002).

New developments in rate theory

E. Pollak

Weizmann Institute of Science
Presentation: Orale

We will briefly review the one hundred year history of
rate theory, paying special attention to the convergence
of the theory as developed in the Physics and Chemistry
communities. The different approaches of Wigner and Eyring
to rate theory will be discussed. The statistical physics
point of view of activated barrier crossing as introduced by
Kramers in his seminal paper (Physica 7, 284 (1940)), will be
complemented by the chemically motivated transition state
theory whose equivalence today is well understood.

Kramers derived expressions for the rate of crossing a barrier
in the underdamped limit of weak friction and the moderate
to strong friction limit. The challenge of obtaining a uniform
expression for the rate, valid for all damping strengths is
known as Kramers’ turnover theory. Two different solutions
have been presented. Mel'nikov and Meshkov (J. Chem.
Phys. 85, 1018 (1986)) (MM) considered the motion of the
particle, treating the friction as a perturbation parameter.
Pollak, Grabert and Hanggi (J. Chem. Phys. 91, 4073 (1989))
(PGH), considered the motion along the unstable mode which
is separable from the bath in the barrier region.

Both theories did not take into account the temperature
dependence of the average energy loss to the bath. Increasing
the bath temperature will reduce the average energy loss. In
this talk, we analyse this effect, using a novel perturbation
theory. We find that within the Melnikov-Meshkov approach,
the thermal energy gained from the bath diverges, implying
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an essential failure of the theory. Within the PGH approach
increasing the bath temperature reduces the average energy
loss but only by a finite small amount, leading to a reduction
of the rate whose magnitude is of the order of the inverse of
the reduced barrier height.

In a later paper (Phys. Rev. E, 48,3271 (1993)), Mel’nikov
improved his theory by introducing finite barrier corrections
to the rate expression. The challenge of including finite barrier
corrections within the PGH formalism will be addressed and
answered in this talk. Tests on a cubic potential demonstrate
that finite barrier corrections significantly improve the
agreement of both MM and PGH theories when compared
with numerical simulations.

A central advantage of the PGH formalism, is that it applies
to systems with memory friction. The new finite barrier
correction derived will be applied to activated barrier crossing
in the presence of exponential memory friction.

Finally, recent misunderstandings of the theory in the context
of molecular dynamics simulations and recrossing of dividing
surfaces will be discussed.

[1] E. Pollak and J. Ankerhold, J. Chem. Phys. 138, 164116
(2013).

[2] E. Pollak and R. Ianconescu, JCP submitted (2014).

[3] E. Pollak and P. Talkner, Chaos 15, 026116 (2005).

Directed walk model of periodic heteropolymer
adsorption onto periodic chemically heteroge-
neous surface

A.A. Polotsky

Institute of Macromolecular Compounds, Russian Academy of
Sciences and St. Petersburg National Research University of
Information Technologies, Mechanics and Optics, St. Petersburg,

Russia

Adsorption of heteropolymers - polymers composed of
monomer units of two and more types, onto chemically
heterogeneous surfaces - was intensively studied in the last
decades [1]. A particular interest to this problem is motivated
to its connection to the question of molecular recognition,
playing a crucial role in living organisms and in various
biomedical /biotechnological applications. To understand the
mechanisms of the polymer-surface recognition, the problem
was extensively investigated from different angles by using
relatively simple and physically transparent models.

In the present work, adsorption of a periodic heteropolymer
onto a periodic heterogeneous surface is studied by using the
2-dimensional partially directed walk model of the polymer.
We show how the generating functions approach developed in
for the adsorption of a random copolymer onto a homogeneous
[2] or random [3] surface in the annealed approximation can
be extended to the case of an arbitrary quenched periodic
heteropolymer and a chemically heterogeneous surface.
The developed approach is then applied to adsorption of a
symmetric multiblock copolymer onto a symmetric multiblock
two-letter surface. Analysis of the adsorption transition
point dependence on polymer and surface block sizes and
different sets of polymer-surface interaction parameters
reveals interesting ”odd-even” and ”"recognition” effects.
Beyond the transition point, temperature dependences of
the main conformational and thermodynamic characteristics
demonstrate that adsorption can occur as a two-stage process,

where binding of the polymer chain to the surface is followed
by ”tuning” the chain conformations in order to maximize the
number of energetically favourable contacts. The two-stage
adsorption is characterized by appearance of the second
maximum on the heat capacity curves. The details of the
transition essentially depend on the ratio of polymer and
surface periods. The sharpest second transition is observed
in the special case when polymer and surface periods are
equal (ideal matching). On the contrary, adsorption of
periodic copolymer onto a homogeneous surface occurs as a
conventional one-stage adsorption without additional heat
capacity peak; the same happens when the surface period is
small (compared to that in the polymer).

[] A. Chakraborty, Phys. Rep. 342, 61 (2001).

[2] A.A. Polotsky, A. Degenhard, F. Schmid, J. Chem. Phys.
131, 054903 (2009).

(3] A.A. Polotsky, J. Phys A: Math. Theor. 45, 425004 (2012).

The pressure of surface-attached polymers and
vesicles

T. Prellberg', A.L. Owczarek?

1Queen Mary University of London
2The University of Melbourne

A polymer attached to a wall produces a force because of
the loss of entropy on the wall. This can be measured experi-
mentally, and recently has been described theoretically in two
dimensions using lattice path models based on self-avoiding
walks [1, 2]. There has also been recent work concerning the
entropic pressure of a polymer in the bulk [3] using a lattice
path model approach.

We shall review the results obtained for several lattice path
models [1], looking at the pressure profiles around the point of
tether, the effects of finite-size corrections, and the asymptotic
decay of the pressure as a function of the distance from the
point of tether. We shall also comment on the interplay
between surface adsorption and pressure; in the adsorbed
phase we find that the pressure decays to a non-zero value
that is related to the density of contacts of the polymer with
the surface.

We next explore the competition between the bulk internal
pressure and the point pressure caused by entropy loss when
a vesicle is fixed to a wall in two dimensions. Lattice walks
and polygons on two dimensional lattices have in the past
been utilised to model simple vesicles, where there can be an
internal pressure. Our study therefore involves an exactly
solved model of vesicles, namely, area-weighted Dyck paths
[4].

In our work [5] we find that the inclusion of osmotic pressure
leads to interesting phenomena. The pressure exerted by the
vesicle on the wall depends on the osmotic pressure inside,
especially its sign. There is a phase transition at zero osmotic
pressure between a surface-attached state with minimal
The bulk
pressure of the vesicle on the surface vanishes precisely at the

area and an inflated state with maximal area.

transition point. We shall discuss the scaling of this pressure
in the different regimes, paying particular attention to the
crossover between positive and negative osmotic pressure. In
our directed model, there exists an underlying Airy function
scaling form, from which we extract the dependence of the
bulk pressure on small osmotic pressures. We further find
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that the decay to the limiting bulk pressure is governed by
different types of finite-size corrections above and below the
transition point. For positive osmotic pressure, we provide the
precise form of the finite-size corrections using an appealing
combinatorial argument.

[1] I. Jensen, W.G. Dantas, C.M. Marques and J.F. Stilck, J.
Phys. A 46, 115004 (2013).

[2] E.J. Janse van Rensburg and T. Prellberg, J. Phys. A 46,
115202 (2013).

[3] F. Gassoumov and E.J. Janse van Rensburg, J. Stat. Mech.
2013, P10005 (2013).

[4] A. Owczarek and T. Prellberg, J. Phys. A , in print (2014).
[5] A. Owczarek and T. Prellberg, J. Stat. Mech. 2010,
P08015 (2012).

The Determinants of the Distribution of Wealth
and Income

E. Pugliese!, D. Fiaschi?, M. Marsili®

Mstituto dei Sistemi Complessi
2Universit di Pisa
s1cTP

This paper attempts to individuate the determinants of the
distribution of wealthand income on the basis of a theoretical
model inspired to Fiaschi and Marsili (2012). In the model
households own factors of production and rent those to firms
producing an homogeneous output. Shocks on production
trickle to the households income, affecting the rate of return
granted to households for their assets.

With respect to the previous model we try to develop an
empirically testable model, extending the setup to the case
of heterogeneous households, both in their human capital
This seems to be the

model as simple as possible but not simpler needed to achieve

endowment and portfolio strategies.

quantitatively realistic results.

We then moved to develop a procedure to calibrate in a
unique way all the parameters of the model from empirical
panel data. Our tests will be done on a dataset of Italian
households.
based model to avoid making strong assumptions on the joint

In this procedure we choose to use an agent

probability distribution of heterogeneous traits among the
population. A large economy will be assumed, together with
low network effects, to keep the model solvable and simple.
We will first test the congruence of the simulation with the
expected analytical solution for the steady state. Then we
will assess the distributions generated by the model against
the empirical ones, to check if the mechanism in our model is
able to reproduce the real world inequality we are interested
in, not only the behavior of the top tail but also of the median
part. Different aggregated indexes of inequality will be used
to carry on the comparison.

We identify the determinants of the distribution of income
in terms of the characteristics of distribution of the sources
of income, both from labor and capital. Income appears
Paretian distributed in the top tail in all its components, as
it is in the empirical data. We investigate the contribution of
single sources to overall income inequality and which source
appears to exert more influence on the top tail of distribution.
Also wealth distribution follows a Pareto distribution in
the top tail.
and demographic factors affect wealth distribution, given

We discuss how saving rate, fiscal policy
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the distribution of income. We then analyze under which
conditions wealth distribution is less equal and with higher
Pareto exponent of income distribution, as observed in the
empirical evidence.

In the end we will run some alternative world scenario of
our agent based model to assess how the different sources of

heterogeneity influence the wealth and income inequality.

(] Fiaschi and Marsili, JEBO 81, 243 (2012).
[2] Atkinson, OEP 23, 293 (1971).
[3] Aiyagari, QJE 109, 659 (1994).

Fitting of Observed Non-Maxwellian Distribution
Function and Interpretation of Lion Roars in
Magnetosheath

M.N.S. Qureshi’, P.H. Yoon?
!Department of Physics, GC University, Pakistan

?Institute of Physical Science and Technology, University of
Maryland, MD, US

Lion roars, the low frequency mode of the Whistler waves
having frequencies nearly centered around 100 Hz, are
frequently observed in the magnetosheath. Cluster observed
the Lion roars and electron velocity distribution function
within the magnetosheath during its several crossings. The
observed electron velocity distribution functions clearly
show non-Maxwellian features such as flat tops at low
energies and superathermal behavior at high energies.
These observed lion roars were studied and interpreted
using bi-Maxwellian distribution function by employing the
kinetic theory but could not justify the observations both
quantitatively as well as qualitatively [1]. The obvious reason
was to employ idealized Maxwellian distribution function
in stead of using non-Maxwellian distribution function. We
derived the dispersion relation of Whistler waves by using a
non-Maxwellian distribution function such as the generalized
(r,q) distribution function which is the generalized form of
kappa and Maxwellian distribution functions. In limiting
cases, when r=0 and gq=k+1 generalized (r,q) distribution
function reduces to the kappa distribution and when r = 0
and — oo it reduces to the Maxwellian distribution [2,3].
It is supposed to be the best distribution when the real
distribution contains flat tops or shoulders at the low energies
especially. We employed kinetic theory to obtain the modified
expressions for real frequency and established the necessary
and sufficient condition to achieve growth/damping rates
based on the generalized (r,q) distribution function. We then
compare our numerical values of real and damping/growth
rates with the Cluster observations, a good quantitative and
qualitative agreement between the observed and theoretically
obtained values have been found. At times when lion roars
are observed (not observed) in the data and bi-Maxwellian
could not provide the sufficient growth (damping) rates, we
showed that when generalized (r,q) distribution function is
employed, the resulted growth (damping) rates exactly match
the observations. Moreover, Maxwellian theory predicted in
some cases that the Lion roars are observed remotely as the
theoretically obtained damping rates were too low to predict
the local generation of Lion roars. However, when we use gen-
eralized (r,q) distribution function, the growth rates become
sufficiently high so that we can predict that Lion roars are gen-
erated locally not remotely as predicted by Maxwellian theory.
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(] W. Masood, S.J. Schwartz, M. Maksimovic and A.N. Faza-
kereley, Ann. Geophys. 24, 1725 (2006).

[2] M.N.S. Qureshi et al, Phy. Plasmas 11, 3819 (2004).

[3] Z. Kiran, H.A. Shah, M.N.S. Qureshi and G. Murtaza, Solar
Physics 236, 167 (2006).

Credit-driven business
macro models

cycles in agent-based

M. Raberto®, A. Teglio?, S. Cincotti
'DIME-CINEF, Universita di Genova, Italy

2Universitat Jaume I, Castellon, Spain

The study addresses the crucial issue of the interplay
between credit and business cycles in an economy by means
of the agent-based Eurace model and simulator. Eurace is a
fully-specified agent-based model of a complete economy that
includes different types of agents and integrates different types
of markets (Cincotti et al, 2010, Raberto et al. 2012, Teglio et
al. 2012). Agents include households which act as consumers,
workers and financial investors, consumption goods producers
as well as capital goods producers, banks, a government and
a central bank. Agents interact in different types of markets,
namely markets for consumption goods and capital goods,
a housing market, a labor market, a credit market and a
financial market for stocks and government bonds. Except
for the financial market, all markets are characterized by
decentralized exchange with price setting behavior on the
supply side. Agents decision processes are characterized by
bounded rationality and limited information gathering and
computational capabilities; thus, agents behavior follows
adaptive rules derived from the management literature about
firms and banks, and from experimental and behavioral
economics of consumers and financial investors. The dynamics
of credit money is endogenous and depends on the supply
side by the banking system, which is constrained by Basel
capital adequacy regulatory provisions, while on the demand
side depends on firms financing production activity and
households indebtedness for housing needs and speculation.
Results point out a non-trivial dependence of real economic
variables such as gross domestic product, unemployment rate
and aggregate capital stock on banks’ capital adequacy ratios;
this dependence is in place due to the credit channel and
varies significantly according to the chosen evaluation horizon.
In general, regulations allowing for a high leverage of the
banking tend to inflate asset bubbles and boost the economy
in the short run, while result in bubble bursts and economic
depression in the medium and long run. Results also point
out that the stock of money is driven by the demand for
loans, therefore supporting the theory of endogenous nature
of credit money. The study then also clarify the nature of
endogenous money, giving a contribution to a debate that has
grown stronger over the last two decades.

The Higher Dimensions of Stock Market

O. Racorean
SAV Integrated Systems

It seems to be very unlikely that all relevant information

in the stock market could be fully encoded in a geometrical
shape. Still, the present paper will reveal the geometry behind
the stock market transactions. The prices of market index
(DJIA) stock components are arranged in ascending order
from the smallest one in the left to the highest in the right. In
such arrangement, as stock prices changes due to daily market
quotations, it could be noticed that the price of a certain stock
get over /under the price of a neighbor stock. These stocks are
crossing. Arranged this way, the diagram of successive stock
crossings is nothing else than a permutation diagram. From
this point on the financial and combinatorial concepts are
netted together to build a bridge connecting the stock market
to a beautiful geometrical object that will be called stock
market polytope. The stock market polytope is associated
with the remarkable structure of positive Grassmannian .This
procedure makes all the relevant information about the stock
market encoded in the geometrical shape of the stock market
polytope more readable.

A general stock market index is a method to measure the
state of a market evaluating the prices of a selection of
stocks owned by the most representative companies. These
selected stocks are the components of the index. The market
index is computed typically by a weighted average of the
selected stocks prices and the performance of stock market
can be asses. Such a global view of market performances,
although extremely valuable, is not offering an image of
what happen with the stock components in the evolution of
the market quotations. Viewing the relations between stock
components of a market index on a daily basis gave valuable
complementary information that help in the investment
decision making process.

Prices of the stock index components can be arranged in a
table in ascending order starting from smaller stock prices, in
the left, to companies having higher stock prices, to the right.
Section 2 is devoted to explain the concept in detail, here is
suffice to underline the main reason for such stock order. It
could be noticed that along the time some stocks surpass or
come under the price of neighbors stocks in the parallel series.
Other way to see this is to imagine the stocks are crossing
their price series.

(1] A. Postnikov, D. Speyer, and L. Williams, J. Alg. 30, 173
(2009).

[2] S. Oh, J. Combinato 118, 2426 (2011).

[3] N. Arkani-Hamed et al., arXiv:1212.5605 (2012).

Diffusion Process Peculiarities in the Liquid-
Crystalline Cell Fabricated through the Contact
of Two Cholesterics with Different Pitches

M.S. Rafayelyan, H. Gharagulyan, H. Grigoryan, A.H.
Gevorgyan, R.B. Alaverdyan

Yerevan State University, Yerevan, Armenia

We have considered, both experimentally and theoretically,
some properties of chiral photonic crystals with a pitch
gradient. The liquid-crystalline cell was prepared through
the contact of two cholesteric liquid crystals (CLCs) with
different pitches. One of the substrates was coated with the
green CLC (1), and the other substrate was coated with the
red CLC (2). Such CLCs were chosen that the diffusion could
take place very slowly (for a few months) so that detailed

investigation of the reflection spectrum for different moments
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of the diffusion process were possible (and not only that at
the beginning or at the end of the process). Using diffusion,
we created a pitch gradient of the helix. The pitch gradient
was stable for a few months. Thus, using the sensitivity of the
helical pitch, we created a new structure. It was assumed that
due to the freeze effect, during the diffusion process we could
fix intermediate states of the pitch gradient, which would lead
to new applications such as: band mirrors, band filters, notch
filters and so on. Our studies provide important insights into
self-organizing materials photonic investigations to go into
details of the diffusion mechanism between the individual films
inside the cell. A theoretical model of the pitch change during
the diffusion of the CLCs was developed. The simulation
of calculations was made on the base of Ambartsumians
layer addition modified theory adjusted to solutions of such
problems. The experiment showed that theoretical reflection
spectra at different moments of the diffusion process coincides
with the experimental results with a high accuracy, which
confirms the validity of the theoretical model of the diffusion
process. Let us also note that recently the chirped photonic
crystals (PCs) and cholesteric pitch gradient films have been
widely applied as lasers with spatially tunable laser emission
[1, 2]; as wavelength splitting devices based on the PC super
prism effect [3]; as a dispersion controlled optical group delay
device [4]; as a magneto-optically operated multichannel
adddrop multiplexer [5]; as omnidirectional mirrors and as
optical diodes. There is also papers, where it was shown
that the precise control of longitudinal localization of surface
plasmons in plasmonic nanoparticle chains is possible by
simply imposing a gradient in the refractive indices of the
surrounding host medium, which can behave like a plas-
monic switcher. So the investigation of optical properties of
PCs with variable parameters of modulation is very important.

[1] Y. Huang, Y. Zhou, Sh.- T. Wu,, Appl. Phys. Lett. 88,
011107 (1-3) (2006).

[2] A. Mufioz et al, Opt. Lett. 37, 2904-2906 (2012).

[3] M. Gerken, D.A.B. Miller, Opt. Lett. 30/18, 2475-2477
(2005).

[4] S.K.-H. Wei, S.H. Chen, Applied Physics Lett 98, 111112
(2011).

[5] F. Jonsson, Ch. Flytzanis, J. Opt. Soc. Am. B 22, 293
(2005).

Instabilities in the topological structure of finan-
cial simplicial networks

M. Rajkovic, S. Maletic

Institute of Nuclear Sciences Vinca, Belgrade, Serbia

Modeling complex systems and in particular complex
networks with simplicial complexes proved to be useful for
acquiring insight into qualitative features and structural
organization which is unattainable with standard methods [1]
- [3]. The framework of our approach consists in constructing
different types of simplicial complexes, either directly from
the available data or from an existing complex network.
We use a term simplicial network for simplicial complexes
obtained from graphs or networks. Since simplicial complexes
are intrinsically multidimensional they are adaptable to
multiresolution analysis based on dimensional partition. The
phenomena of major concern for financial modeling and
networks are predictability and prevention of financial crisis.
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We study the network obtained from the correlation matrix of
stocks traded in the US equity market in the period 1996-2009
Using a PMFG filtering
algorithm [4], we have formed a neighborhood complex [2]

(data curtesy of Tomaso Aste).

in which an arbitrary simplex o(4) is associated to the firm
i, and o(4) is defined by firms to which firm 4 is correlated.
The simplicial communities [3] were detected as connectivity
classes in multiresolution analysis. The organization of firms
according to similar or related industrial sectors is evident,
and interesting information is obtained from merging simpli-
cial communities (and hence industrial sectors) at different
resolution levels. Applying time windows of various length (3
months, 6 months, 1 year) of the same period, an ”obstruction
vector” is evaluated, whose entries enumerate the number of
structural gaps between simplicial communities at a particular
We define stability (or instability) at a
particular resolution level if the corresponding component of

resolution level.

the obstruction vector remains the same (changes). At each
resolution level and for the temporal period of interest we
define the characteristic instability dimension as the one at
which maximal change happens. We evaluate the simplicial
structural complexity for each time period and discuss how
temporal dynamics of both quantities indicate the possible
coarse-graining due to the change of time-scale. We show how
these properties of this particular simplicial network shed new
light on the analysis presented in [4].

[] D. Horak, S. Maleti¢, M. Rajkovi¢, J. of Stat. Mech. 1,
P03034 (2009).

[2] S. Maleti¢, M. Rajkovi¢, Eur. Phys. J. STopic 212, 77-97
(2012).

[3] S. Maleti¢, D. Horak, M. Rajkovi¢, Ad. in Complex Syst
Suppl. No. 1, 1250055 (2012).

[4] T. Aste,W. Shaw, and T. Di Matteo, New J. of Physics 12,
085009 (2010).

Nonextensivity as a measure of self-organization
and the criterion for the optimal wavelet repre-
sentation

M. Rajkovic!, M. Milovanovic?, V. Ilic?

Institute of Nuclear Sciences Vinca, Belgrade, Serbial
Mathematical Institute of the Serbian Academy of Sciences and
Arts?

In the most general sense, the term self-organization refers
to the process that develops over time and which causes
the emergence of structures and organized behavior without
external influence. A necessary condition for self-organization
is an increase in statistical complexity implying that optimal
prediction of such a process requires more information. So far,
the only methodology that satisfies rigorous requirements for
discovering , describing, quantifying and predicting patterns
is the so called e-machine. It represents the minimal model
for the process that is optimally predictive. Recently, we have
developed a w-machine (w stands for wavelet) in analogy with
the e-machine, which is a versatile method for quantifying
complexity that at the same time determines the optimal
wavelet for capturing and quantifying self-organization
of the dynamic system and which also performs superior
denoising. It also shares the same properties which used to
be unique to the e-machine. The framework is founded on
the wavelet-domain decomposition and the properties of the



136 SHERATON RHODES RESORT - RHODES, GREECE

wavelet tree (the graph of wavelet coeflicients) and statistical
properties of the wavelet coefficients. A parametric model
for a wavelet tree distribution attributes hidden variable to
each node forming a hidden Markov model of the tree. The
wavelet decomposition is sparse so that most of the energy
is packed into a small number of large coefficients, while the
remaining large number of small coefficients, carry remaining
energy. The tree is considered as a self-organizing system by
identifying hidden states with local causal states. The local
statistical complexity of a spatio-temporal process is defined
as the Shannon entropy of the local causal state, while the
global complexity is the corresponding entropy of the whole
tree. Instead of the Shannon entropy, we now introduce the
Tsallis entropy of the local causal state which we calculate
recursively for the wavelet tree using pseudoadditivity due to
Abe and Suyari. We present expressions for the entropy of the
wavelet tree in the Abe and Suyari representation and discuss
their properties. The quantification of self-organization is
illustrated on several dynamic systems and also in detecting
forgeries of artistic paintings.

[1] J.P. Crutchfield and K. Young, Phys. Rev. Lett. 63, 105
(1998).

[2] C.R. Shalizi, K.L. Shalizi, and R.Haslinger, Phys. Rev.
Lett. 93, 11 (2004).

(3] D.P. Feldman, T.P. McTague, and J. P. Crutchfield, Chaos
18, 043106 (2008).

[4] M. Milovanovic and M. Rajkovic, Europhy. Lett. 102,
40004 (2013).

[5] H. Suyari, Phys. Rev. E 65, 066118 (2002).

Random Walks in Random Media

J.E. Ramirez, J.N. Herrera, M.I. Martinez
FCFM-BUAP

A general description of random walks on a regular, infinite
lattice in d-dimensional Euclidean space is presented. In the
continuos limit, generating function for the probabilities is the
analog of the massive propagator in particle physics with mass
m and momentum k. To propose a transition probability P,
for a random walk in a random media is necessary to consider
the geometric characteristics in percolating systems, i.e., given
two sites x, y in the lattice generated with a probability p,
the walker can only arrive from x to y if they are conected
through the same finite or infinite (only if p > p., where p.
is the percolation threshold) cluster. Connectivity through a
finitite clusters is given by the connection function while in
the infinite case is given by the quantity P.o. Introducing this
last fact and doing a time standardizing (to prevent the new
transition probability has a time-dependent spatial normal-
ization for a given time t') we are able to stablish a bridge
with the scalar quantum field theory. With this proposal,
it is found that P, satisfy the discrete diffusion equation
with initial condition Pp(xz,t;y,t) = 0z,y. In particular, the
motion in a finite cluster is also a diffusion process. On the
other hand, Green function is calculated as an average over
all posible values of the time and in the continuos limit,
the probability generating function is proportional to the
Klein-Gordon propagator, in the quantum field theory context
for a massive particle. This suggests that the propagator
found corresponds to a free particle with differente mass
and momentum that the particle that belongs to limit case

p = 1. We find that the mass (m + my) and momentum ky
depend on the geometrical characteristics Po and the time
standardizing, distinguishing two limiting cases: i) if p ~ pc,
mp/m — 1, while kp/k — 0; ii) if p ~ 1, mp/m — 0 and
kp/k — 1. It means that the propagator of a random walk in
a percolating system correspond a particle with a grater mass
and less momentum compared with the limit case p = 1. If we
impose that the walker to be a Markov process, it is posible
obtain a path integral representation for Green function. In
the context for a random walk in a random media we obtain
that the corresponding classical action is that of a free particle
with mass (m + my), in agreement with the Klein-Gordon
propagator in the quantum field theory context.

(] HK Janssen and UC Tauber, An. of Phys. 315, 147 (2005).
[2] G Grimmett, Lectures Notes in Ma 1665, 153 (1997).

[3] DC Mattis and ML GLasser, Rev. Mod. Phys. 70, 979
(1998).

[4] D Stauffer, Phys. Reports 59, 1 (1979).

Simulations of plasma obeying Coulomb’s law
and the formation of suprathermal ion tails in
the solar wind

B. Randol, E. Christian
NASA Goddard Space Flight Center

A pair plasma was simulated with a self-consistent force given
by Coulomb’s law. A summary of the results are as follows:
1) the VDF quickly forms a power law tail of index 5 and
evolution to a k-type distribution (Livadiotis and McComas
2009) is observed at slightly later times, 2) for a fixed initial
state (set by a seed for a random number generator) and
varying the density, n, and thermal speed, v;; of the initial
Maxwellian, we find an exact scaling of the time evolution of
the simulation that is given by any function of n2/3v;ll, 3)
the probability distribution of the modulus of the electric field
vector at the location of each particle (the EDF) has a shape
that is also a k-type distribution, 4) for different random
realizations of the same initial set of plasma parameters, the
parameters of the fitting distributions for the initial EDF
correlate very well with those of the VDF at the end of a
simulation, and 5) the shape of the EDF is given by the power
law index of the force law used, and for Coulomb’s law, the
fitted power law index of the EDF is 5.

We have provided a self-consistent theory based on first
principles (Coulomb’s law) that can generate a spectrum that
looks like the solar wind suprathermal tail (Gloeckler et al.
2012) in many respects. First, a power law index of 5 occurs
regardless of parameters, with very small statistical variation.
Secondly, a broken tail is observed at small times when a
When an
interstellar pick-up ion shell distribution is used, very steep

Maxwellian is used to initialize the simulation.

spectra are seen at early times, reminiscent of quasi-linear
diffusion, but at slightly later times the same form of a power
law with an index of 5 is recovered. The final VDF is well
described by a self-similar k distribution, which has been used
to fit solar wind electron distributions (Kiran et al. 2006). We
also found that the EDF not only follows the same self-similar
k distribution, but that the parameters of that distribution
determine the parameters of the VDF.

Although actual 1 AU solar wind bulk parameters were
not simulated due to limited computer resources, the same
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behavior is reproduced for all bulk parameters that were
simulated, with a single free parameter (dependent on the
initial conditions) which is essentially the time it takes to
form the ST tail. For bulk parameters typical of the solar
wind at 1 AU, it is estimated that the ST would form in a
time of order 1 s, which is much shorter than the transit time
from the Sun to 1 AU (~ 4 days).

[] Kiran et al., Sol. Phys. 236, 167 (2006).

[2] Livadiotis and McComas, J. Geophys. Res. 114, A11105
(2009).

[3] Gloeckler et al., AIP Conf. Proc. 1436, 136 (2012).

Micro and Macro Benefits of Random Invest-
ments in Financial Markets

A.E. Biondo', A. Pluchino?, A. Rapisarda®, D. Helbing®

Dipartimento di Economia e Impresa - Universitd di Catania,
Catania, Italy'

Dipartimento di Fisica e Astronomia, Universitd di Catania, and
INFN Sezione Catania, Catania, Italy?

ETH, Zurich, Switzerland®

Noise and randomness are very familiar to physicists. In
experiments one usually tries to avoid the effect of both
of them, since they can perturb the phenomenon under
investigation and mask the laws under scrutiny. However, it
is well known that quite often, in particular if present in a
limited amount, they can have an important and constructive
role which have been realized since long time. But physical
phenomena are not the only ones that can benefit from
noise and randomness: in fact, the noise produced by the
random action of the many elementary constituents or by
the environment, has also a great influence in the complex
dynamics of living cells, of neurons and of many other
biological systems. It is then very likely that many other
dynamical systems, including socio-economic organizations,
share a similar situation. Along this direction, the role
of stochastic noise and, more specifically, that of random
strategies, have been investigated to try to understand their
eventual positive and constructive features in several socio-
economic systems. For example, we have found how random
strategies can help to improve the efficiency of a hierarchical
group or of a public institution like a Parliament. Interesting
experimental results come also from the investigation of the
For these
reasons more recently we have been investigating in detail

role of random strategies in financial markets.

the efficiency of random trading with respect to standard
technical strategies, both from an individual point of view
and from a collective perspective. In this talk we will present
recent results about the positive role of random strategies
in financial markets. From a microeconomic perspective,
we will show that, if investors chose a completely random
approach to decide about their investments, instead of costly
and arbitrary technical strategies, they would end up with, in
average, the same wealth but with minor risks. On the other
hand, from a macroeconomic point of view, we will present
new results which show that, the mere existence of a few
random investors in a 2D small-world lattice, representing a
trading community of interacting agents characterized by a
self-organized critical dynamics, is able to reduce significantly
the magnitude of financial avalanches. Finally, we will show
how different network structures do not change our general
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findings and, more important, that just a very small number
of hyper-connected investors (i.e. hubs in a scale-free network
of traders) are required in order to obtain a stabilizing effect
and dampen financial bubbles and crashes.

(1] A.E. Biondo, A. Pluchino, A. Rapisarda, J. Stat. Phys.
151, 607 (2013).

[2] A.E. Biondo, A. Pluchino, A. Rapisarda, D. Helbing, PLOS
ONE 8, 68344 (2013).

[3] A.E. Biondo, A. Pluchino, A. Rapisarda, D. Helbing, Phys.
Rev. E 88, 062814 (2013).

A Non Equilibrium Thermodynamic Model for
Ferroelectric Hysteresis

D. Kingston, M.S. Ruiz, A.C. Razzitte

Facultad de Ingenieria, Universidad de Buenos Aires

Over the last decades ferroelectric materials have drawn
considerable attention due to their unique properties and
applications and have given rise to various models attempting
to describe such characteristics. Many ferroelectric materials
exhibit hysteretic behaviour, particularly in the spontaneous
polarization-applied electric field relationship; this is asso-
ciated with the irreversible processes taking place in the
material, which tend to align the polarization of the domains
with the direction of the electric field. The macroscopic theory
of non-equilibrium Thermodynamics is well-suited to deal
with a number of problems concerning irreversible processes,
by means of the laws of conservation of mass, momentum
and energy, applied to systems where the properties of the
materials may be assumed to be continuous functions of
In the first place, this
work obtains a model for the polarization vs electric field

the space coordinates and time.

hysteresis curve, using the concept of pseudoparticle and by
Though this
models applicability in calculations is limited, it will give

invoking an entropy maximum principle [1].

insight on the various phenomena involved in ferroelectric
hysteresis, such as domain switching [2-4]. Secondly, we
will derive a phenomenological macroscopic model by close
analogy to plasticity theory, introducing ideas like yield
surface, flow rule and hardening law [5]. The main advantage
of this methodology is that it makes the model ready for
its implementation in finite element codes, with a relatively
few internal variables, such as backfield and electric field
hardness. With the aid of the first model we may interpret
the yield surface in terms of microscopic processes taking
place. The derivation of the model is based in the entropy
functional, which is to be obtained from Gibbs equation and
the conservation laws. In so doing, we obtain the entropy
source term (associated with intrinsic losses), containing the
various contributions of heat conduction, dielectric relaxation,
straining of the material. By invoking the first models
entropy maximization, we will get the flow rule for the
system, yielding that the remanent polarizations increment
is perpendicular to the switching surface. Thus, a relatively
easy to implement phenomenological model for a ferroelectric
material is obtained, which proves to be thermodynamically
consistent and that can be explained in terms of a more
complex micromechanical model.

. Bergqvist an . Engdahl, . Magn. 31, 3539
1] A. B d G. Engdahl, IEEE T. M
(1995).
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[2] S.C. Hwang, C.S. Lynch and R.M. McMeeking, Acta Met-
all. Mater. 43, 2073 (1995).

[3] M. Elhadrouz, T. Ben Zineb and E. Patoor, Comp. Mater.
Sci. 32, 355 (2004).

[4] J.E. Huber, Curr. Opin. Solid St 9, 100 (2005).

[5] A. Haug, V. Knoblauch and R.M. McMeeking, Int. J. Eng.
Sci. 41, 887 (2003).

Kinetics of subdiffusion limited precipitation:
Fractional Ham approach

S. Vyacheslav, S. Renat
Ulyanovsk State University

Precipitation of atoms and defects in solids can substantially

change their mechanical, electrical and optical properties. In-
vestigation of precipitation kinetics is important for predicting
undesirable degradation, and for new technologies aimed at
creating materials with adjusted properties. Experimental ki-
netics of precipitation is well described by the empirical law:
& = &o exp(—Kt™), where £ is the fraction of non-precipitated
particles. In the classic Ham approach [1], the precipitation is
considered as a process limited by Gaussian diffusion of atoms,
and for spherical precipitates the theory gives n = 3/2. But pa-
rameter n determined from the experiment often takes values
less than 3/2. In [2], authors considered subdiffusion limited
coagulation and annihilation in one dimension and obtained
that anomalous diffusion substantially influence on their dy-
namics.
In present work, we calculate the kinetics of subdiffusion lim-
ited growth of precipitates in disordered solids. Considering
thermo-activated hopping of atoms in disordered potential we
obtain the following integro-differential equation for the con-
centration of unprecipitated particles:

Lpg;’ b_ C/Q(t — 7)Vp(r, 7)dr.
0

The kernel Q(t) is expressed through the localization time dis-

tribution, and its time dependence is determined by density of
states [3]. In case of the exponential density of states, trap-
ping times are distributed according to the asymptotic power
law, and the equation transforms into the fractional diffusion
equation:

oDy = CaV2p(r7 t).

Here, the fractional operator is the Riemann-Liouville
derivative.

] F.S. Ham, J. Phys. A 6, 335 (1958).
[2] S. B. Yuste, K. Lindenberg, Chem. Phys. 284, 169 (2002).
[3] R. Sibatov, V. Uchaikin, Phys. Usp. 52, 1019 (2009).

Fractional stable statistics in bioinformatics

S. Renat, S. Yuriy
Ulyanovsk State University

This work provides a short review of applications of fractional
stable distributions in bioinformatics and molecular biology.
The set of distributions ¢(x; o, 8,0) (o € (0,2], B € (0,1], 6 €
[=0a,0a]) represents a new class of probability distributions

appeared in [1] (univariate distributions) and [2] (multivariate
distributions) and nvestigated in [3] where they were named
fractional stable distributions. The fractional stable random
variables is equal in distribution to the ratio of two independent
stable random variables:

X(a, 8,0) £ Y(a,0)/[S(B))".

Here « is the characteristic exponent and 6 is skewness pa-
rameter and S(B) is the subordinator. In terms of probability
density functions, one can write

q(:rr;oz,ﬁ,@):/ 9(zy?'*; 0, 0) g (y)y” dy.
0

These distributions were obtained as limit distributions for
Continuous Time Random Walk model.

First application considered here is associated with a statisti-
cal analysis of DNA microarray data to filter the differentially
expressed genes and assess the correlation between the
expression profiles. Fractional stable pdf approximates well
We have
applied fractional stable statistics to analyze the radiation-

the distribution of microarray probe intensities.

induced dynamics of gene expression in cells K562, Me45 and
HCT116. Transcriptome is analyzed after 1, 12 and 24 hours
after irradiation using the Affymetrix microarray HGU133A
series. It was found that the probability characteristics of
expression differences depend strongly on the intensities
of the reference level, and this dependence is nonlinear in
general case. We take this fact into account using the ”noise
envelope” algorithm in filtering, clustering and grouping.
The effectiveness of the procedures can be estimated from
the results of hierarchical clustering and using the method
of group averages. For filtered genes, dendrograms are con-
structed, and comparison of gene dynamics in key signaling
pathways associated with programmed cell death and DNA
repair is provided. Another applications are related to the
description of anomalous diffusion of signaling molecules
along the dendrites of neurons and the searching process of a
binding protein for a specific site on DNA.

This work is supported by the Ministry of FEducation and
Science of Russian Federation.

(1] M. Kotulskii, J. Stat. Physics 81, 777 (1995).

[2] V.V. Uchaikin, V.M. Zolotarev, Chance and Stability VSP,
Utrecht (1999).

[3] V.N. Kolokoltsov et al., J. Math. Sci. 105, 2569 (2001).

Conformal invariant stochastic processes

V. Rittenberg!, F. Alcaraz?
! Physikalisches Institut, Bonn University

2University of Sao Paulo at Sao Carlos

Unlike KPZ where the dynamical critical exponent z = 3/2,
conformal invariant stochastic models have z = 1. As a
consequence of the space-time symmetry of the models, one
can make clear predictions about the correlation functions.
In the present talk we show several conformal stochastic
models which are derived using different Temperley-Lieb
algebras and various presentations of the same algebras. The
Raise and Peel model is an example of a one-dimensional
stochastic process which is conformal invariant. It describes
the interface of fluid deposited on a surface in the presence
of a rarefied gas. The adsorption is local but the desorption
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is not. The interface is peeled. The average height increases
logarithmically with the size of the system. The stationary
state has magical combinatorial properties and various
They reflect
The Hamiltonian

correlation functions have been obtained.
the conformal invariance of the system..
which gives the time evolution of the system is expressed
as a linear combination of generators of the Temperley-Lieb
algebra at the percolation point. The model is derived by
mapping the vector space in which the generators of the
Temperley-Lieb act, into the configuration space of Dyck
paths which represents an interface with fixed end-points. To
obtain the spectrum of the Hamiltonian, one uses a different
representation of the algebra in terms of Pauli matrices.
One obtains in this way the XXZ integrable quantum chain
which has a known spectrum. The periodic Temperley-Lieb
PTLy (x) algebra with L generators is infinitely dimensional.
Taking x = 1 (the percolation point) and different quotients
one obtains different stochastic models on a ring. NASEP
(nonlocal ASEP) model is an example. An expression of
the current for any system size was conjectured and verified
by computer simulations. Recently an N2 dimensional
representation of the periodic Temperley-Lieb algebra was
studied. It is also a representation of the cyclic group Zn. We
define a Hamiltonian as a sum of the generators of the algebra
acting in this representation. In the finite-size scaling limit,
the spectrum of the Hamiltonian contains representations
of the Virasoro algebra with complex highest weights. The
partition functions are known analytically. As a consequence
of the existence of complex highest weights, the correlation
functions have an oscillatory behavior for large system sizes.
The two-boundaries Temperley-Lieb algebra can be used to
study the open NASEP model. One adds particles at one
end of the system and take them out at the other end. The
expression of the current was derived was this case too.

[1] F.C Alcaraz and V. Rittenberg, J. Stat. Mech. P07009
(2007).

[2] F.C. Alcaraz and V. Rittenberg, J. Stat. Mech. P09010
(2013).

[3] F.C. Alacaraz, A. Ram, A. Ram and V. Rittenberg, J. Phys.
A (2014).

Weierstrass random walks and complexity

A. Robledo

Universidad Nacional Autonoma de Mexico

We make use of the so-called Weierstrass Random Walk
Model [1], a forerunner of complexity science developed by
E.W. Montroll and M.F. Schlesinger, to discuss various current
theoretical and application issues in statistical-mechanical
and complex systems. Amongst the former are discrete scale
invariance, central limit theorems and renormalization group
(RG) concepts. Amongst the latter are fluid structure and
criticality, anomalous diffusion and complex systems.

The three themes, extremal entropy, self-similarity, and RG
theory were highlighted in Ref. [2] where one of the examples
chosen as an illustration was the Lvy flight and its lattice
random walk analog [1]. Here we consider a generalization
of this walk, in its symmetric one-dimensional version, to an
infinite family of walks such that an RG transformation can be
introduced in the discussion [3]. From our analysis it is clear
that the Weierstrass walk and the simple nearest-neighbor
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step walk are both RG fixed points. The first one is nontrivial
in the sense that it is associated with an infinite-ranged step
distribution that can be reached via the RG transformation
only from other such infinite-ranged distributions required to
approach asymptotically the Weierstrass walk. The single-step
distributions (SSD) span the critical hypersurface, and we
identify the quantities that appear as irrelevant variables that
vanish as the RG transformation is repeatedly applied. The
other fixed point is trivial since it is generated by the applica-
tion of the RG transformation to any noncritical finite-ranged
SSD. Subsequently, we demonstrate the connection that exists
between the extremal properties of entropy expressions and
the renormalization group (RG) approach when applied to
systems with scaling symmetry such as the walks studied.
The particular entropy expressions considered relate to the
SSDs.

Then, we make use of the same lattice walk to describe
the critical phenomena in a lattice gas or Ising model, a
connection that can be exhibited through the existing analogy
[4] between a random walk and the Ornstein-Zernike relation
for the pair correlation functions in a fluid or magnet. The
relationship between the SSD and the direct correlation
function of the statistical-mechanical model is used to
associate the random walk properties with those of the
pair correlations at criticality. The anomalous dimension at
criticality is identified with the index of the Levy distribution,
therefore relating criticality below the borderline dimension to
anomalous diffusion. Finally, we sketch applications to helix
coil transitions in a DNA model and to small world properties
of a complex network model.

(1] B.D. Hughes, M.F. Shlesinger, E.W. Montroll, Proc. Natl.
Acad. Sc 78, 3287 (1981).

[2] E.W. Montroll, M.F. Shlesinger, J. Stat. Phys. 32, 209
(1983).

[3] A. Robledo, Phys. Rev. Lett. 83, 2289 (1999).

[4] A. Robledo, I. E. Farquhar, Physica A 84, 435 (1976).

Boltzmann distribution with power law tails:
new multi-parametric analytical approximations
for new cars sells and for known distributions of
income and wealth

0O.S. Garanina, M.Yu. Romanovsky
A.M. Prokhorov General Physics Institute of RAS

There are two problems in a description of experimentally
obtained Boltzmann exponential distributions with power-law
asymptotes (tails). At first, experimental values of probability
distribution function in zero is usually not determined. Then,
the transition between exponential part and power law asymp-
tote part is distributed, and the first point of tail part is not
determined strictly. Thus the approximation included gap in
zero and smooth transition between Boltzmann and power law
parts is necessary.

We introduced 4-parameters approximation in form

Wrgo(R — Rmin cos(zVR — Romin)

=Tl

(g (0 - 31250 )
T

xKg_1/2(4/ (B — 3/2)5))9‘” (1)
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for R > Rpin, and
Wrge(R — Rmm) =0 (2)

for R < Ryin, respectively. Here Ry, is the minimal value

of random value R, T is the normalization coefficient (tem-
perature) in Boltzmann part, 3 is the power law exponent, 6
characterizes the transition between Boltzmann and power law
parts, I' is Euler function, I'(8 — 3/2) is the Bessel function of
the second kind. This approximation looks like

WT(R - len) = l exp(_ T ) (3)

T

for comparably small R, and Wq ~ R~8 for large R, i.e.
satisfies introduced requirements.
We applied obtained formula to describe known distributions
of incomes and wealth [1] as well as recently measured distri-
butions of new car sales [2]. Our analysis shown the function
well-describes experimental distributions [1,2]. Moreover, we
could define the power law exponents in all experimental
distribution more accurately by value 0,5 — 1 units.
Since new car sales distributions are found to be corresponding
to known distribution of incomes in countries with the advance
tax system, it may be used to find the incomes distribution
by new car sales distribution in countries with not enough
advanced tax systems.
This work was supported by RFBR (project 13—07—00672)as
well as by the Program-15 of Physical sciences branch of RAS.

[1] V.M. Yakovenko, J.B. Rosser, Jr., Rev. Mod. Phys. 81,
1707 (2009).

[2] O.S. Garanina, M.Yu. Romanovsky, Comp. Res. Mod. 4,
621 (2012).

[3] M.Yu. Romanovsky, P.V. Vidov, Physica A 390, 3794
(2011).

Diffusion constants to
random clusters

reaction-spreading on

J.E. Ramirez, J.N. Herrera, M.I. Martinez, D. Rosales
FCFM-BUAP

Reaction diffusion processes have been extensively studied in
the past years as systems able to shed some light on various
problems of different disciplines. These phenomena occur
in nature in many ways, for example: epidemic evolution
or forest-fires, the growth of populations, the activity of
catalyzers and the formation of stars and galaxies. In this
context, studies on reaction dynamics on percolating clusters
appear very interesting for their physical relevance and their
aplications in many differents scientific and technological
fields. Studies of reaction and diffusion processes are oriented
to solve a differential equation like in the FKPP model. In
the same meaning, there is a quantum field theory approach,
such case is formulated by a Langevin equation in the Ito
sense or using a diffusion equation where the population
density evolves according with a multiplicative noise. Another
alternative is developed in this work, using the central limit
theorem we can do the study of reaction-diffusion processes
on random media, specifically dynamics by radius of the
cluster growth on square lattices at nearest-neighbor (SQ2N)
and next-to-nearest neighbor (SQ3N), triangular (TR) and
honeycomb (HC) lattices around their respective percolation
threshold. We present a definition of the radius R(t) of the

process as time function. In this way, we define the displace-
ment of radius at time ¢ as follows: AR(t) = R(t) — R(t — 1),
so we can set up the random variable AX (t) = AR(t)—, which

we can interpreting as the displacement of a brownian particle
t

s=1
represents the total displacement of the brownian particle

in one dimension. Now, the random variable X (t) =
until instant time t. Now we study the mean squared
displacement using Einstein’s equation Zi:l = 2D.t, with
this, we can define a diffusion constant, on the other hand, we
can defined the diffusion constant of the reaction-spreading
process as D = Dx +3_%_, .2/2t. We are interested in study
the behavior of Dx and Dg as a function of the probability
p. We may note that both constants present a phenomenon
with phase transitions around the percolation threshold p.
which are characterizable by power-laws with order parameter
€ = p— pe , in the following way: Dx ~ ¢~ Dp ~ el/9.
The critical exponents obtained by computer simulation of
the same order as those reported for other systems.

[1] D. Satuffer, Ann. Phys. 315, 1 (1979).

[2] M. Porto, A. bunde, S. Havlin and H.E. Roman, Phys. Rev.
E 56, 1668 (1997).

[3] P.G. de Gennes, La Recherche 7, 919 (1976).

[4] S. Havlin and D. ben-Avraham, Adv. Phys. 36, 695 (1987).
(5] D. Stauffer, A. Coniglio and M. Adam, Ad. Pol. Sci. 44,
103 (1982).

Spintronics Of A Bipolar Semiconductor With
Fermi-Dirac Statistics

A. Rossani

Dipartimento di Scienza Applicata e Tecnologia, Politecnico di

Torino, Italy

Spintronics is an emerging technology exploiting both the
intrinsic spin of the electron and its associated magnetic
moment, in addition to its fundamental electronic charge, in
solid-state devices.

For years, spintronics has searched for a material whose
properties can be tuned by electrostatic gates that can also
transport spin at room temperature. This property was
finally realized in graphene which is composed of a single
atomic layer of carbon atoms arranged in a honeycomb
lattice. The carbon material can can be both electron-doped
and hole-doped, something that is important for advancing
real-world graphene electronics. It has been found that each
pair of boron dopants contributes a hole into the graphene
sheet.

The ensemble of electrons can be described by the Boltzmann
spinor equation, which recently has given rise the interest
of mathematicians [2]. In particular, asymptotic expansion
techniques have been utilized for the construction of macro-
scopic equations (see [2] and references therein). In these
models the phonons are considered as a fixed background
at a given temperature. Moreover an isotropic parabolic
dispersion relation is assumed for electrons. Most of the work
is performed under the assumption of Maxwellian distribution
function for electrons. However, since spin and statistics are
linked, as soon as the spin is introduced, at the mean time
the exclusion principle (Fermi-Dirac correction) should be
considered. Moreover, in general, the presence of holes should
be taken into account.

In the present paper we propose a spintronics for bipolar
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semiconductors i.e. carrier spintronics, where the correct
Fermi-Dirac statistics of carriers is accounted for. We start
from the (spinor) Bloch-Boltzmann-Peierls (BBP) coupled
equations for the distribution functions of carriers and
phonons.

After that, by means of an expansion of both the unknowns
and the interaction kernels with respect to a small parameter
which accounts for the umklapp processes (with no momen-
tum conservation), the lowest order equations show that the
displaced Fermi-Dirac approximation is justified [3,4].

A closed set of equations for the chemical potential of
carriers, the temperatures, and the drift velocities can be
constructed, which recalls the extended thermodynamics
model [1]. Moreover, equations for the time evolution of the
spin densities are added, based on a new model in which the
spin flip is induced by phonons.

[1] A.M. Anile, S. Pennisi, Phys. Rev. B 46, 13186 (1992)

[2] R. El Hajj, These, Doctorat de I’Universite’ de Tolouse,
?Etude mathematique et numerique de modeles de transporte:
application a la spintronique” (2008)

[3] A. Rossani, J. Phys. A 43 165002 (2010)

[4] A. Rossani, Physica A 390, 223 (2011)

Population dynamics and surname distribution

P. Rossi

Dipartimento di Fisica - Universita di Pisa, Italy

The frequency distribution of surnames turns out to be a
relevant issue not only historical demography but also in
population biology, and especially in genetics, since surnames
tend to behave like neutral genes and propagate like Y
chromosomes. A brief review of the century-long studies on
surname distributions and on the related issues of isonymy,
consanguinity and migration dynamics is presented.

The stochastic dynamics leading to the observed scale-
invariant distributions has been studied as a Yule process,
as a branching phenomenon and also by field-theoretical
Renormalization Group (RG) techniques, always obtaining
the same prediction for the dependence of the power-law
exponents from mutation and migration coefficients.

In special cases (absence of mutations) the theoretical models
are in good agreement with empirical evidence; however in
many concrete instances there is a still unexplained discrep-
ancy between the theoretical and the empirically measured
exponents.

Hints for the possible origin of such discrepancy are presented
and discussed, with some emphasis on the difference between
the asymptotic frequency distribution of a full population and
the frequency distributions observed in its samples. We show
how to construct large sets of measurable quantities whose
expectation value is independent of the sample size.

It is also theoretically promising to explore the connection
between the above mentioned results and the statistical
properties of genealogical trees, which may be investigated
theoretically by RG techniques thanks to the obvious self-
similarity of the trees, but can also be studied empirically
by exploiting the very large online genealogical databases
presently available, especially concerning many families of the
European nobility, for which records of birth and marriage
referring to several generations have been consistently pre-
served.
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Some statistical results are presented and discussed, based
on the study of the family links of more than 12,500 indi-
viduals belonging to the rather compact and closed social
group formed by the German Hochadel in the Modern Age
(1500-1800).

[l] P. Rossi, Phys. Life Rev. 10, 395 (2013).

(2] P. Rossi, Physica A 394, 177 (2014).

(3] B. Derrida, S.C. Manrubia, D.H. Zanette, Phys. Rev. Lett.
82, 1987 (1999).

Dynamics of entanglement between two harmonic
modes in stable and unstable regimes

R. Rossignoli!, N. Canosa?, L. Rebn?®

'Depto. de Fisica-IFLP, FCE and Fac. de Ing., UNLP-CIC,
Argentina

?Depto. de Fisica-IFLP, FCE, UNLP-CONICET, Argentina
3Depto. de Fisica-IFLP, FCE and Fac. de Ing., UNLP-

CONIICET, Argentina

The investigation of entanglement dynamics and growth
in different physical systems is of great current interest.
Quantum entanglement is well known to be an essential
resource for quantum teleportation and pure state based
quantum computation, where its increase with system size
is necessary to achieve an exponential speedup over classical
computation. And a large entanglement growth with time
after starting from a separable state indicates that the system
dynamics cannot be simulated efficiently by classical means,
turning it suitable for quantum simulations. In this work
[1] we examine the dynamics of the entanglement between
two harmonic modes generated by an angular momentum
coupling, and its ability to reproduce typical regimes of
entanglement growth in more complex many body systems,
when starting from an initial separable gaussian state. Such
system arises when considering a particle in a rotating
anisotropic harmonic trap or a charged particle in a fixed
harmonic potential in a magnetic field, and exhibits a rich
dynamical structure [2], with stable, unstable and critical
regimes according to the values of the rotational frequency or
field and trap parameters. Consequently, it is shown that the
entanglement generated from an initially separable gaussian
state can exhibit quite distinct evolutions, ranging from
quasiperiodic behavior in stable sectors to different types of
unbounded increase in critical and unstable regions. The
latter lead respectively to a logarithmic and linear growth
of the von Neumann entanglement entropy with time. It is
also shown that entanglement can be controlled by tuning
the frequency, such that it can be increased, kept constant
or returned to a vanishing value just with stepwise frequency
variations. Exact analytic expressions for the entanglement
entropy in the different dynamical regimes are provided. The
ground state and thermal entanglement properties of the
model are also discussed in detail [3], through the analysis of
the entanglement entropy and thermal negativity. It is shown
that they exhibit as well critical behavior at the borders of sta-
bility. A full analytic treatment of these quantities is provided.

(1] L. Rebén, N. Canosa, R. Rossignoli, Phys. Rev. A 89,
042312 (2014).

(2] L. Rebén, R. Rossignoli, Phys. Rev. A 84, 052320 (2011).
[3] R. Rossignoli, A.M. Kowalski, Phys. Rev. A 79, 062103
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Parallel and Cross-field streaming instabilities in
a dusty Lorentzian Plasma

N. Rubab
Institute of Space Technology, Islamabad, Pakistan'

Dust kinetic Alfvn wave (DKAW) instability with perpendic-
ularly streaming kappa distributed ions have been examined
rigorously in a uniform dusty magnetoplasma. A dispersion
relation of low-frequency KAW/DKAW instability on the
‘Whistler and dust acoustic velocity branch is obtained in
a low beta Lorentzian plasma. The solutions are compared
Under
certain limits, the dispersion relation of Modified Two stream
Instability (MTSI) is obtained. It is shown that the presence
of dust particles and superthermal streaming ions sensibly
modify the dispersion characteristics of KAW/DKAW.
Numerical calculations for the growth rates are carried out

to variou scnarios in dusty and dustless plasma.

by taking different dust parameters into account. The dust
number density plays a significant role to study the above
phenomenon. A sufficiently large amount of dust grains and
for the beam velocity larger than the Alfvn velocity, we get
two unstable solutions. One is the low frequency electromag-
netic mode kinetic Alfvn waves coupled with Lorentzian and
Doppler-shifted ion plasma oscillations in the beam resulting
in the unstable branch and the other is near lower hybrid
frequency; therefore, two separate unstable frequency bands
may arise. The dispersion branches of KAW instability It has
been observed that the lower instability stabilizes due to the
high concentration of the negatively charged dust grains, while
the upper instability will increase for increased dust number
density when V0=10.
instability extends to short wavelength and large amplitude

For fixed plasma parameters, lower

as compared to the upper instability.

It is shown that the dispersion relation of DKAW is modified
with perpendicular streaming ions as the charged dust grains
in a magnetized plasma are highly coupled to the waves due to
cyclotron resonances. The dust parameters are found to have
significant effect on the instability, for instance, the dynamics
of dust particles introduce a cutoff in the Alfvn wave known
as dust lower hybrid frequency.

The dispersion relation for the DKAW instability has been
derived and found to be dependent on the Lorentzian index.
The ubiquitous presence of dust grains and high energy tail
distribution, plasma is able to support a number of unstable
branches.

It is also found that nonthermality is more effective for kinetic
Alfvn waves in the perpendicular component as compared
to parallel one. The results obtained have been analyzed
and presented graphically which can be applied to various
low-beta regions of space and astrophysical plasma.

[I] N. Rubab, N. Erkaev, H.K. Biernat, D. Langmary, Phys.
Plasmas 17, 103704 (2010).

[2] N. Rubab, N. Erkaev, H.K. Biernat, D. Langmary, Phys.
Plasmas 18, 073701 (2011).

[3] N. Rubab, N. Erkaev, H.K. Biernat, Phys. Plasma 16,
103704 (2009).

Actin flows mediate a universal coupling between
cell speed and cell persistence

J.F. Rupprecht
Sorbonne Universit, UPMC, LPTMC, Paris, France

I the first part of this talk, I will present a recent joint
experimental and theoretical work that revealed an universal
coupling between cell speed and cell persistence. Eukaryotic
cell migration is essential for a large set of biological processes,
including morphogenesis, wound healing, tumor spreading or
immune responses]. Assessing quantitatively the exploratory
In the
absence of external guidance, cell movement can be described

efficiency of cell trajectories is therefore crucial.

as a random motion, and proposed models have ranged from
simple Brownian motion to persistent random walks, Levy
walks or composite processes such as intermittent random
walks. Such models essentially differ in the cell persistence,
which quantifies the ability of a cell to maintain its direction
of motion. The variety of behaviors, observed even along a
single cell trajectory, stems from the fact that, as opposed to
a passive tracer in a medium at thermal equilibrium, which
generically performs a classical Brownian motion, a cell is
self-propelled, and as such belongs to the class of active
Brownian particles. Here, we show on the basis of extensive
experimental data for various cell types and migration
contexts in vitro and in vivo that cell persistence, which
quantifies the straightness of trajectories, is robustly coupled
to migration speed. We suggest that this universal coupling
between speed and persistence (UCSP) constitutes a generic
law of cell migration, which originates in the advection of po-
larity cues by a dynamic actin cytoskeleton undergoing flows
at the cellular scale. Our analysis relies on a theoretical model
that we experimentally validate by measuring the directional
persistence of dendritic cells upon gradual modulation of
actin flow speeds. Beyond the quantitative prediction of the
UCSP, the model yields a generic phase diagram of cellular
trajectories that reproduces migration patterns of most cell
types. This opens the way to the control of cell migration
patterns, and therefore of the capacity of cells to explore
tissues.

I the second part of this talk, is dedicated to a theoretical
study the first-passage properties of the Pearson random
walk. We calculate exactly in 1D and, using an approximated
scheme, in 2D and 3D the mean first-passage time (MFPT)
to a single target located at the center of the domain. We find
that persistent random walks with exponentially distributed
excursion lengths make possible the minimization of the
MFPT as a function of the persistence length. We show that
the existence of such a minimum is robust to changes in the
geometry in the specular or diffuse nature of the boundary
conditions.

(] P. Maiuri et al., reviewed in Cell (2014).

[2] J.F. Rupprecht, C. Touya, O. Benichou, and R. Voituriez,
in preparation (2014).

[3] J.F. Rupprecht, O. Benichou, D. Grebenkov and R. Voi-
turiez, submitted J. Stat. P (2014).
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Power-law statistics from nonlinear stochastic
differential equations driven by Levy stable noise

J. Ruseckas, R. Kazakevicius, B. Kaulakys

Institute of Theoretical Physics and Astronomy, Vilnius Univer-

sity, Lithuania

Complex dynamical systems that are governed by anomalous

diffusion often can be described by Langevin equations driven
by Lévy stable noise. The Lévy stable processes constitute
the most general class of stable processes while the Gaussian
process is their special case. The physical reason behind
the Lévy stable processes is the inhomogeneous structure of
the environment, in particular, fractal or multi-fractal [1].
Nonlinear stochastic differential equations with additive Lévy
stable noise have been explored quite extensively for past 15
years [2]. In this contribution we investigate equations with
multiplicative Lévy stable noise. We have obtained nonlinear
stochastic differential equations driven by Lévy stable noise
and giving a power-law steady state distributions of the signal
intensity. To do this we have considered the corresponding
fractional Fokker-Planck equations and assumed that the
drift and diffusion coefficients should have a power-law form.
We have investigated two cases when the signal is positive
and when the signal can also be negative. In contrast to the
equation with the Gaussian noise, the constant in the drift
term is different in those two cases. Our equations with Lévy
stable noise appear to be generalizations of earlier proposed
[3] nonlinear stochastic differential equations with Gaussian
noise yielding power-law behavior of spectrum. Similarly to
equations with Gaussian noise, the signal generated by our
generalized equations also has a power-law behavior of the
spectrum, including 1/f noise, in a wide range of frequencies.
By considering the scaling properties of the equations we have
obtained analytical expression for the power-law exponent of
the spectrum and confirmed it by comparing with numerical
solution of stochastic differential equations. This power-law
exponent depends not only on the parameters of the equations
but also on the index of stability a of the Lévy stable noise.
For numerical solution of the stochastic differential equations
we used Euler’s method and employed a variable step of
integration. We expect that our equations may be useful
for describing 1/f fluctuations in inhomogeneous systems
subjected to Lévy stable noise and to investigate Lévy flights
in non-equilibrium and inhomogeneous environments.

[I] T. Srokowski, Phys. Rev. E 78, 031135 (2008).

[2] S. I. Denisov, W. Horsthemke and P. Hanggi, Phys. Rev.
E 77, 061112 (2008).

[3] B. Kaulakys, J. Ruseckas, V. Gontis and M. Alaburda,
Physica A 365, 217 (2006).

Scaling behavior in the 3d O(n) ¢* model in half-
space and slab geometries with free boundary
conditions at n =

S.B. Rutkevich

University Duisburg-Essen, Duisburg, Germany

In 1977, Bray & Moore [1] solved exactly the d-dimensional
n-component ¢* model in the half-space z > 0 with free
boundary condition in the limit n = oo directly at the bulk
critical point T.. We have obtained the exact solution of the
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same model in the half-space geometry at d = 3 in the whole
critical region T' 2 T, at zero magnetic field. The logarithmic
singularity of the surface free energy fs(t) as the function of
the temperature parameter ¢ ~ (T — T¢)/Te was found, and
the explicit expression for the surface spin-spin correlation
function in the whole critical region was obtained. The
presence of the free boundary at z = 0 in the ¢* model breaks
explicitly its the translation symmetry in z-direction. As the
result, the generalized spherical model, to which the O(n) ¢t
model reduces at n — oo, contains the non-uniform effective
potential V(z,t). At a given temperature ¢, the latter should
be determined from the z-dependent self-consistency equation
[1,2]. Since it turns out impossible to solve this equation
analytically with respect to V(z,t) at t # 0, a different
strategy has been used, which applied the methods of the
inverse scattering theory. We reformulated the self-consistency
equation in terms of the scattering data of the associated
one-dimensional Schrédinger operator —92 + V(z,t) in the
half-line 0 < z < oo, and then determined these scattering
data in the explicit form at all temperatures ¢ 2 0 in the
scaling region. Afterwords, the desired physical quantities
were calculated in the scaling region directly from the scat-
tering data without explicit knowledge of the self-consistent
potential V(z,1t).

In the slab geometry, the finite-size scaling arguments imply
the following expansion for the free energy (normalized by the
unit area of the boundary surface) of the slab of width L in
the scaling region: f(t,L) = Lfy(t) + 2 fs(t) + O(z)/L% + ...,
where f3,(t) is the bulk free energy density, fs(t) is the surface
free energy, and ©O(z) is the universal Casimir free energy
scaling function, which depends on the scaling parameter
x = tL. Based on the results of the inverse scattering solution
of the half-space problem, we have calculated the asymptotics
of the scaling function ©(z) at © — $oo, and described its
singular behavior at  — =£0. Obtained analytical results
were confirmed by recent precise numerical calculations of
the Casimir force and Casimir free energy scaling functions [3].

(1] A.J. Bray and M.A. Moore, J. Phys. A 10, 1927 (1977).
(2] H.J.F. Knops, J. Math. Phys. 14, 1918 (1973).
(3] H.W. Diehl et al., arXiv: cond-mat1402.3510 (2014).

Baryon masses in the three-state Potts field
theory in a weak magnetic field

S.B. Rutkevich
Fakultdt fiir Physik, Universitdt Duisburg-Essen, Duisburg,

Germany

Confinement of the kink topological excitations typically
takes place in one-dimensional quantum systems having a
discrete vacuum degeneracy, if the latter is explicitly broken
by an external field. The ferromagnetic Ising field theory
provides the simplest and most studied example, in which
application of the weak external field induces confinement of
kinks into the two-particle bound states - the mesons [1,2].
The similar mechanism leads to confinement in the ferro-
magnetic 3-state Potts Filed Theory (PFT), which describes
the scaling limit of the 3-state Potts model in the 2d lattice
in the ferromagnetic phase near the phase transition point.
There are three degenerate vacua |a), a = 1,2,3 in the
3-state PFT in the ferromagnetic phase at zero magnetic field

h = 0. Elementary excitations consist of six kinks K, g,
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a, B = 1,2,3, which interpolate between different vacua |a),
|8). If a positive magnetic field h that couples to the spin
component o3 is applied, the energy of the vacuum state
|3) decreases, while the vacua |1) and |2) remain degenerate
and become metastable.  This leads to the long range
linear attractive potential between kinks, which causes their
confinement [3]. Besides the meson (two-kink) states, there
appear also two series of the baryon (three-kink) bound states
pgf) = K3,1Ki12K23 + (—1)*K3,2K2,1K1,3, which differ in
their parity x = 0,1. In the leading order in h — +0, the
masses of lightest baryons M,(f), n=123...,k=0,1in the
3-state PFT are determined by the stationary Schrodinger
equation, which describes relative one-dimensional motion
of three kinks with coordinates 0 < z1 < z2 < 3 < ™
interacting via the linear confining potential (x3 — z1)fo.
Here fo ~ h is the string tension, and the wave function
W (x1,22,x3) should vanish at 1 = z2, at 2 = x3, and at
r3 — xr1] — o0o. By the scaling reasons, the masses of the
lightest baryons Mff) (fo) depend on the string tension fo and
the kink mass m as: MT(LF")(fo) =3m+ (fo/m)2/3Z,(f) +..,
in the leading order in fo — +40.
solution of the described above boundary problem, I obtained

Through numerical

approximate values for the several initial constants ZT(LF"):
7" ~ 4,602, 7V ~ 5912, Z¥ ~ 7.095, 2" ~ 6.649,
7z ~ 7,735, 281 ~ 8.753.

[1] P. Fonseca and A.B. Zamolodchikov, arXiv: hep-th0612304
(2006).

[2] S.B. Rutkevich, J. Phys. A 42, 304025 (2009).

[3] G. Delfino and P. Grinza, Nucl. Phys. B 791, 265-283
(2008).

Thermal environments in quantum games

J. Dajka, D. Kloda, J. Stadkowski

University of Silesia, Katowice

A two player quantum game is considered in the presence of
thermal decoherence. It is shown how the thermal environment
modeled in terms of the rigorous Davies approach affect pay-
offs of the players. The general definition of a quantum game
would be involved. Here by a quantum game we understand a
quantum system that can be manipulated by at least one party
and for which utilities of moves can be reasonably defined [1].
The only fully natural source of decoherence affecting quantum
systems is due to their environment causing both energy and
information dissipation. For our model considerations we as-
sume that at least one of two qubits in a state shared by Alice
and Bob just before applying their strategies Sa g interacts
with its own environments E4 p. As Alice and Bob can be
separated from each other we neglect any direct interaction
both between their qubits (via proper Hamiltonian term) and
the environments E4 . In other words, Hamiltonian of the
total system is simplified to the form:

H = Ha+Hp+Hi%, +His,

We also assume that qubits A and B are identical:
Ha = Hp=%(]1)(1] —|0)(0])

Instead of using the full power of Davies semigroups, we con-
sider certain elements of Davies dynamical semigroups: Davies
maps [2]. The appropriate Davies map D = D4 g(p, A, G, w, t)

reads as follows [2,3]:

DI = [1—-(1-p)L—e 1)
+ (L=p)(1—e*)[0)(0]

DI1)(0] = ™= [1)(0]

DIo)(1] = e o)1

DIo)0] = p(1—e )11

e
+ 1= (1 =e")pll0)(0]
where p € [0,1/2] is related to the temperature (here we set
kg =1) via:

p = exp(—w/2T)/[exp(—w/2T) + exp(w/2T)].

Our analysis shows that the dependence is strongly affected
by thermal environment. Moreover, the presented analysis
stress that the payoffs can vary dramatically in cases when
the environment is attached either to Bob’s or Alice’s qubit.
The results will be presented graphically for various special
cases of payoff differences. It would be of great interest to

adapt this approach to quantum games on networks of agents.

(] E.W. Piotrowski, J. Sladkowski, Int. J. Theor. Phys. 42,
1089 (2003).

[2] W. Roga, M. Fannes, K. Zyczkowski, Rep. Math. Phys.
66, 311 (2010).

[3] J. Dajka, J. Luczka, P. Hanggi, Quant. Inf. Proc. 10, 85
(2011).

Quantum auctions and quantum mechanism

design

M. Makowski', E.W. Piotrowski’, J. Stadkowski®
L University of Bialystok

3University of Silesis, Katowice

We would like to discuss the concept of a quantum auction,
its advantages and drawbacks. Quantum auction are quantum
games designed for goods allocations [1]. There is hope that
due to the quantum computation speed up resulting from
unitary evolution and entanglement they might be some day
an alternative for ”classical” auctions in cases where combi-
natorial and computational problems hinder the designers in
their work. Quantum game theory, whatever opinions may
be held due to its abstract physical formalism, have already
found various applications even outside the orthodox physics
domain. We envisage that the implementation might not be
an easy task. At least a restricted model e.g such as the one
advocated by the Hewlett-Packard group [2] seems to be a
feasible idea. Quantum auctions, if ever implemented, would
be designed for very specific and limited business circles: the
volume must be huge and items combined. The presentation
will be organized as follows. We will begin by presenting the
general idea of a quantum auction and methods of gaining an
advantage over ”classical opponent”. Then we will proceed to
the quantum mechanism design problems, that is the theory
of construction of quantum games with equillibria implement
a given social choice rules [3]. Finally we will try to show
some problems that should be addressed in the near future.
In discussion we will use quantum auction theory as a formal
theoretical tool but the broadcasted message would be that it
would probably be used for massive combinatorial auctions
in the future [4] or in compound securities trading. On
the other hand quantum algorithm may be used for solving
computational problem in the classical setting that is without
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actual implementation of a quantum action. Quantum
auctions are certainly an interesting theoretical alternative
for complex and massive auctions but are they feasible?
Encoding bids in quantum states is a challenge to (quantum)
game theory: quantum auctions would almost always be
probabilistic and may provide us with specific incentive
mechanisms etc. As the outcome may depend on amplitudes
of quantum strategies sophisticated apparatus and specialist
may be necessary. Therefore, we envisage some changes in
the law and habits.
experiments commercial implementation of quantum auctions

Despite the promising quantum-like

is a demanding challenge that would hardly be accomplished
without a major technological breakthrough in mastering
quantum devices. Extreme security and privacy are other
strong points of quantum auctions. Currently, it is difficult to

find out if this is a feasible task.

[l] E. Piotrowski J. Stadkowski, Physica A 387, 3439 (2008).
[2] Guha, S., Hogg, T., Fattal, D., Int. J. Quant. Inf. 6, 815
(2008).

[3] H. Wu, Int. J. Quant. Inf. 9, 615 (2011).

[4] N. Patel, Nature 445, 144 (2007).

Complex-valued Time Parameter for the Dynam-
ics of Time-dependent Random Hamiltonian

F. Sakuldee, S. Suwanna

MU-NECTEC Collaborative Research Unit on Quantum Infor-
mation, Department of Physics, Faculty of Science, Mahidol
University, Bangkok, Thailand

We investigate the dynamics of a quantum system generated
by a random Hamiltonian of the form H, (t) = Ho + Vo (t),
where w denotes a configuration in the probability space. Here
the deterministic Hamiltonian operator Hg is assumed solv-
able and time-independent, while V() is a smooth time-
dependent random potential operator. By extending the time-
parameter to be complex valued and defining the Hamiltonian
off the real line from its evolution history as H, (¢t + i7) =
H,(t — 7), we can formulate the evolution of the system’s
state under the random Hamiltonian, keeping the potential’s
history in the imaginary time. The average of interested op-
erators over the state p at time ¢ and the two-epoch time cor-
relations are consequently performed in similar fashion to the
Keldysh-contour formalism. After applying the mean-field ap-
proximation and perturbation from a bath to the dynamics,
when the potential Vi, (¢) is assumed periodic in ¢ and its w-
average is time-independent, we find that the Kubo’s formula,
which connects the correlation Tr (og [A(t), B(t)]) — o4 is
a whole equilibrium state with respect to inverse temperature
B’— and response functions xan(¢,t’'), has to be modified by
adding a term arising from the correlation between the ran-
dom part of Hamiltonian and the bath as the following: for
t>t >0

xaB(t,t') =2i0(t—t') (Tr (o5 [A(t), B(t")]) + Aas(t,t)),

where

t/
AaB(t,t') = 1Tr / e HtmtE
2 0
[B.e 9% [0 (B p(s)) 0] ds) A] s

and
CX,Y):=Cow(X,Y)—Cov(Y,X)
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is a difference of w-covariances between X and Y. This
suggests that, under the given random potential, the statis-
tical properties of the system can be appropriately modelled
and predicted by the deterministic Hamiltonian Hg and the
history of the time evolution of the random potential.

(] R. Kubo, Rep. Progr. Phys. 29, 255 (1966).

[2] L.F. Cugliandolo, J. Phys. A 44, 483001 (2011).

[3] YAN. Feng-Li and Y. Lin-Guang, Commun. Theor. Phys.
36, 263 (2001).

Phase locked solution of the Kuramoto model on
trees

K.A. Samani
Department of Physics, Isfahan University of Technology, Iran

Synchronization is one the most important dynamical
processes which is vastly studied in many areas of science and
engineering. The Kuramoto model is a well known model
for investigating synchronization on complex networks. In
this model some phase oscillators (which are considered as
nodes of a complex network) are coupled through the sine of
phase differences. We use the corresponding ‘line-graph’ of
the network to find the exact solution for phase-locked states
on networks with tree topologies. Line graph of a graph is a
graph in which nodes correspond to the links of the original
graph and nodes are neighbor if the corresponding links in the
original graph have one common end. Using the properties
of the line graph, we find some analytic conditions for the
existence of such solutions. The results are confirmed by
numerical simulations for some graphs with tree topologies
including random trees.

(1] J. Acebron, Rev. Mod. Phys. 77, 137 (2005).

[2] F.M. Atay, Phys. Rev. E 72, 016217 (2005).

[3] K.A. Samani, S Ghanbarain, Phys. Rev. E 77, 036209
(2008).

Optimization of Traffic Efficiency under Bounded
Information accessibility and structural effect

A. Sanghyun, H. Seungwoong, S.Y. Kim

Korea Advanced Institute of Science and Technology

It is crucial for many socioeconomic systems to find out
an optimum for use of limited information, especially traffic
systems are impossible to facilitate whole range of resources.
Based on bounded information accessibility such as high cost
or technical limitation, we find a new optimization strategy
to improve traffic efficiency in the traffic system with lights
and intersections. There are various researches to achieve the
maximum vehicle speed or the minimum waiting time on the
given traffic condition, including the study fulfilled by Chow-
dery and Schadschneider (ChSch). In this paper, we introduce
the modified version of ChSch with independently functioning
decentralized control system. With the new model, we figure
out the optimization strategy under the bounded information
accessibility, which proves the existence of optimal point to
cause the phase transition in the system. The paper also gives
to us a clue, with which an architect make the traffic system
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efficient using the analysis of local site area and symmetry.
Moreover, we support to our results with the statistical
analysis of the empirical traffic data in Seoul, Korea. Traffic
flow represents various and intriguing complex phenomena.
There are abundant studies of traffic system problems which
have motivated great researches from physicists, in particular
for their statistical and dynamical features. With the inherent
property of traffic system, Agent-based model(ABM) has
been used for study on traffic dynamics. We can classify two
categories of study for traffic system with ABM, pedestrian
dynamics and vehicle dynamics. The pedestrian problems
have been investigated with microscopic models , including
cellular automata(CA) models, the social force model, the
magnetic force model and the centrifugal force model. In
contrast to the pedestrian problems, the vehicle problems
focus on not the individual behavior, but the structual effect
of the important variables. Especially, traffic lights is the one
of the most important variable to describe the phase transition
such as transition from jam to free flow phase. Although there
are plentiful references on traffic jams, chaotic traffic flows,
pedestrian flows, sequence of traffic lights, and etc., there is
lack of studies on the system efficiency with traffic lights to
make traffic condition more efficient in urban traffic system.
The establishment for regulation of efficient traffic lights is
important to improve mobility and lessen waiting time of
vehicles on the road because there are intersections to be the
greatest reason of speed reduction in the city like gigantic
metropolis.

[] E. Brockfeld, R. Barlovic, A. Schadschneider and M.
Schreckenberg, Phys. Rev. E 64, 056132 (2001).

[2] D. Helbing, I. Farkas and T. Vicsek, Nature 407, 487
(2000).

[3] N. Jia, S. Ma, Phys. Rev. E 83, 061150 (2011).

Random geometry and the KPZ universality class

S.N. Santalla', J. Rodriguez-Laguna?, T. LaGatta®, R.
Cuerno?

1Departamento de Fisica and Grupo Interdisciplinar de Sistemas
Complejos (GISC), Universidad Carlos IIT de Madrid, Spain
?Departamento de Mateméticas and GISC, Universidad Carlos
IIT de Madrid, Leganés, Spain

3Courant Institute, New York, United States

We consider random metrics on R? which are flat on average
and only present short-range correlations. Specifically, we
focus on the statistical properties of balls and geodesics, i.e.,
circles and straight lines. Despite the geometric setting, we
can reformulate this problem as one in kinetics, by realizing
that it is a continuous analogue of a first passage percolation
(FPP) problem. The key insight is to assume an underlying
Euclidean metric on our random manifold, and consider
distances as times required to travel between different points.
Balls correspond to the spread of walkers following geodesics
starting from a given point [1].

The roughness of a ball of radius R is shown to grow as RX,
with x = 1/3, while the lateral spread of the minimizing
geodesic between two points at a distance L grows as LS
with £ = 2/3. These results allow us to postulate that balls
in these random metrics pertain to the Kardar-Parisi-Zhang
(KPZ) universality class, with 1/¢ relating to the dynamical
exponent (z) and x to the growth exponent (8) within the

Family-Vicsek scaling Ansatz for kinetic roughening.

The random metrics are generated point-wise, assuming a
random distribution for the eigenvalues of the metric tensor
and the directions of the eigenvectors. The balls are studied
via numerical simulations. We have devised a discretization
scheme which relies upon the Huygens principle, which is
stable and very natural geometrically. In order to study
the lateral fluctuations of the geodesics, we have employed
the dynamical programming principle, and studied the
fluctuations in the intersection of pairs of balls starting from
different points. Indeed, the minimizing geodesic between two
points will pass through the intersection point between the
two balls of equal radius emerging from each of them.

The KPZ universality class is believed to convey universal
critical amplitudes, in our case universality in the radial
fluctuations. Indeed, in many known cases of circular
geometry, the radial fluctuations follow the Tracy-Widom
distribution from random matrix theory for the Gaussian
Unitary Ensemble (TW-GUE) [2,3]. Unexpectedly, we find
that the radial fluctuations do not follow Tracy-Widom
statistics. Nonetheless, by exploiting the analogy between our
random metric model and first passage percolation, we find
that TW statistics do show up in a different observable: the
fluctuations of arrival times.

[] T. LaGatta and J. Wehr, Commun. Math. Phys. 327, 181
(2014).

[2] M. Prahofer and H. Spohn, Phys. Rev. Lett. 84, 4882
(2000).

[3] S. N. Santalla, J. Rodriguez-Laguna and R. Cuerno, Phys.
Rev. E 89, 010401(R) (2014).
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The role of topology on the Kardar-Parisi-Zhang
universality class

S.N. Santalla', J. Rodriguez-Laguna?, R. Cuerno?®

! Departamento de Fisica and Grupo Interdisciplinar de Sistemas
Complejos (GISC), Universidad Carlos III de Madrid, Spain
2Departamento de Matemticas and GISC, Universidad Carlos II1
de Madrid, Leganés, Spain

The kinetic roughening properties of 2D stochastic interfacial
growth models fall into a small number of universality classes.
Among them, the KPZ (Kardar-Parisi-Zhang) class has re-
ceived a lot of attention recently. The reason is that systems
in this class not only share the values of the critical expo-
nents, but also those of universal amplitudes, and even the full
probability distribution of the fluctuations. Moreover, these
properties depend on the topology of the configuration space,
i.e., whether it is a cylinder or a plane. In a cylinder, which is
the case also known as band geometry, the height fluctuations
follow the Tracy-Widom distribution for the Gaussian Orthog-
onal Ensemble (TW-GOE). Meanwhile, for a plane, the case
also known as circular geometry, the radial fluctuations follow
the Tracy-Widom variant for the Gaussian Unitary Ensemble
(TW-GUE). This behavior has been proved analytically for a
number of cases, and has been checked numerically for others
(1,2].

In 2011 we proposed a covariant version of the KPZ equation
[3], which provides its natural extension to an arbitrary Rie-
mannian metric, and is devoid of the usual small-slopes and
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no-overhangs approximations:
T = (Ao + AlK(F) + Ann(f', t))ﬁn

Here, 7 is the position vector of any point in the interface;
Ap is the average growth rate, A; is the surface tension
with K(7) being the local extrinsic curvature, 7 is a white
noise with amplitude A,, and i, is the outwards pointing
normal. Along with the equation, we provide a natural
discretization scheme which makes simulations efficient and
stable. These simulations indicate that the short-time behav-
ior corresponds to different universality classes depending on
the topology: While for the cylinder they correspond to the
Edwards-Wilkinson class [3], for the plane they correspond
to a self-avoiding walk [4]. Moreover, it was shown that the
presence of noise renormalizes the remaining terms in the
equation.

In this contribution we present a general framework to
understand the relation between topology and the KPZ class,
by studying the behavior of the above equation on a series of
manifolds which interpolate smoothly between the cylinder
and the plane, namely, cones of increasing aperture. The

Gauss-Bonnet theorem provides a conserved quantity with a
topological origin, which helps explain the different behaviors.
Moreover, we study the KPZ class in homogeneous spherical
and hyperbolic geometries.

[1] K.A. Takeuchi, M. Sano, T. Sasamoto and H. Spohn, Sci.
Rep. 1, 34 (2011).

[2] S.G. Alves, T.J. Oliveira, and S.C. Ferreira, Europhys.
Lett. 96, 48003 (2011).

[3] J. Rodriguez-Laguna, S. N. Santalla and R. Cuerno, J. Stat.
Mech. x, P05032 (2011).

[4] S.N. Santalla, J. Rodriguez-Laguna and R. Cuerno, Phys.
Rev. E 89, 010401(R) (2014).

Reconstructing countries diversification by a
simple competitive model

F. Saracco!, A. Gabrielli’, L. Pietronero?
ISC-CNR, Istituto dei Sistemi Complessi, Rome, Ttaly
2ISC-CNR and Sapienza University, Rome, Italy

Economic Complexity is a brand new framework for the
Macro-Economic analysis: using tools from complex systems,
it provides non monetary metrics to measure the competitive-
ness of countries. In this frame, trade data can be rearranged
in a total exports binary matrix, M¢p and, using Fitness and
Complexity algorithm (a sort of two dimensional PageRank
for the bipartite network of countries/products, [1]), it is
possible to give a valuation of the ability of countries of
exporting exclusive products. Rearranging the M-matrix by
Fitness and Complexity reveals that developed (and high
fitness) countries tend to diversify their productions, from
highly exclusive commodities to common ones, while poor
countries focus their exports on a fixed finite subset of fitter
countries ones; in this way the M., matrix shows a peculiar
triangular shape. Such a behaviour has been observed in
completely different biological system, as the evolution of
insects/flowers populations in a isolated environment, [2] and
it has been measured by the “nestedness”, a global property
The Mcp and its
dynamics are completely different from the biological case,

for bipartite network adjacency matrix.

but tools can be borrowed for different aims. The model by
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[3] is able to give the right values of nestedness and other
proper signatures of Mc¢p, using few parameters and the
Economic Complexity concepts of capability, i.e. the building
The authors build a
hierarchy of products, based on the capabilities contents and

blocks for producing commodities.

assign capabilities directly to countries, thus providing the
export basket to countries. The algorithm is able to give
a snapshot of the M-matrix and give some hints about its
constitutive properties, but it does not provide a dynamical
evolution.  Basing our analysis on [3], we propose two
different evolutionary algorithm that produce an M., with
the observed properties: the first approach makes countries
move on the product networks proposed by [3], while the
second one makes the product network evolve together with
its occupation by countries. Both the two approaches avoid
an explicit use of the capabilities concept, thus not entering in
the debate about their nature. The results of our simulation
are compatible with the observation and shed new light in the

evolutionary processes in Economic Complexity.

(] M. Cristelli et al, Scientific Rep. 2, 723 (2012).

[2] S. Suweis, F. Simini, J.R. Banavar and A. Maritan, Nature
500, 449 (2013).

3] R. Di Clemente, A. Tacchella, A. Gabrielli and L.
Pietronero, To be submitted (2014).

An effect of natural disasters to socio-economic
systems and a procedure to estimate physical
exposures

A.-H. Sato

Kyoto University

Our social and economic activities are strongly influenced
by natural or man-made disasters. After social infrastruc-
tures and human resources were damaged by disasters,
socio-economic performance had gone down and human
behavior had changed drastically. In this talk, I will show
several case studies on influence of natural disasters to our
society and propose methods to estimate risks of our society
from both social and economic points of view. As the first
example I will show changes in the Tokyo stock exchange
market. This study comprises a comprehensive analysis of
time series segmentation on the Japanese stock prices listed
on the first section of the Tokyo Stock Exchange during the
period from 4 January 2000 to 30 January 2012. A recursive
segmentation procedure is used under the assumption of a
Gaussian mixture. The number of each quintile of variance
for all the segments is used as an indicator of macroeconomic
situations and is investigated empirically. The results show
that from June 2004 to June 2007, a large majority of
stocks were stable and that from 2008 several stocks were
In March 2011, the number of unstable stocks
increased dramatically due to societal turmoil after the Great

unstable.

East Japan Earthquake. It is concluded that the number of
stocks included in each quintile of volatility provides useful
information about the Japanese macroeconomic situation.
Next, I will show an example from Japanese tourism industry.
This study investigates the impact of the Great Japan Earth-
quake (and subsequent tsunami turmoil) on socio-economic
activities by using data on hotel opportunities collected from
an electronic hotel booking service. A method to estimate
both primary and secondary regional effects of a natural
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disaster on human behavior is proposed. It is confirmed that
temporal variation in the regional share of available hotels
before and after a natural disaster may be an indicator to
measure the socio-economic impact at each district. I further
propose a procedure to estimate regional risks of tsunami
run-up events based on 1 km square grid statistics of data
on Japanese landscape and population census with the gen-
eralized Pareto distribution. This method computes physical
exposures defined by both exposed value and hazard fre-
quency. I estimate regional risks of tsunami turmoils in Japan.

(] A.-H. Sato, PTP Supplement 194, 165 (2012).
[2] A.-H. Sato, Procedia CS 24, 307 (2013).
[3] A.-H. Sato, T. Hayashi, J.A. Holyst, JEIC 7, 167 (2012).

Memory-induced sign reversals of the spatial
cross-correlation for particles in viscoelastic shear
flows

A. Sauga, K. Laas, R. Mankin

Institute of Mathematics and Natural Sciences, Tallinn University,

Estonia

Recently, several studies have focused on the dynamics
of underdamped Brownian particles trapped by harmonic
potentials and exposed to shear flows [1-4]. However, in most
papers it is assumed that the interaction of Brownian particles
with shear flow is characterized by Stokes friction [1-3].
The latter is irrelevant for shear flow in viscoelastic media,
where anomalous diffusion occurs (e.g., in the cytoplasm of
living cells, in colloidal suspension and dusty plasmas) [4].
Moreover, the previous calculations are based on models
without using multiplicative noise. It is important to note that
multiplicative noise arises in a natural way in quantitative
measurements with laser-optical tweezers, where the stiffness
of the effective trapping potential may fluctuate.

[1] and by
the theoretical results in [4], we study the behavior of

Motivated by the experimental results of Ref.

shear-induced cross-correlation functions between particle
fluctuations along orthogonal directions in the shear plane
for harmonically trapped Brownian particles in a viscoelastic
shear flow. A generalized Langevin equation with a power-law-
type memory kernel is used to model the system dynamics.
The interaction with fluctuations of environmental parameters
is modeled by a multiplicative white noise (fluctuations of the
stiffness of the trapping potential), by an internal fractional
Gaussian noise, and by an additive external white noise.
It is shown that the presence of a memory has a profound
effect on the behavior of the cross-correlation functions.
Particularly, memory-induced reentrant sign reversals of
the spatial cross-moment between the orthogonal random
displacements of a particle are established, i.e., an increase of
the memory exponent can cause a sign reversal from positive
to negative, but by further increase of the memory exponent
a reentrant transition from negative to positive values of
the cross-correlation appears. Let us note that in the case
of Stokes friction the corresponding cross-moment is always
positive. Moreover, the dependence of the cross-correlation
It is shown that
additive external and internal noises cause qualitatively

functions on the lag time is analyzed.

different dependences of the cross-correlation functions on
the time lag. The occurrence of energetic instability due

multiplicative noise is also discussed.

We believe that our results suggest some possibilities for
interpreting experimental data in applications where the
issues of viscoelasticity and multiplicative noise can be crucial.

(] A. Ziehl, J. Bammert, L. Holzer, C. Wagner and W. Zim-
mermann, Phys. Rev. Lett. 103, 230602 (2009).

[2] H. Kahlert and H. Lawen, Phys. Rev. E 86, 041119 (2012).
[3] L. Holzer, J. Bammert, R. Rzehak and W. Zimmermann,
Phys. Rev. E 81, 041124 (2010).

[4] R. Mankin, K. Laas and N. Lumi, Phys. Rev. E 88, 042142
(2013).

The Gonihedric Paradigm.
Ising Model

Extensions of the

G. Savvidis

Demokritos National Research Center

We suggested a model of random surfaces demanding that
geometrically nearby configurations of the triangulated sur-
faces must have close probabilities. This principle leads us to
a new energy functional, which is called Gonihedric functional
[1]. The model can be considered as a natural generalization
of the Feynman integral over the random walks to an integral
over the random surfaces because these probabilities, for a
random walk and a random surface, coincide when a surface
degenerates into a single path. The partition function is
defined as an integral over all random surfaces of a given
triangulation and a summation over all topologically different
triangulations. We analyze the properties of the partition
function and its convergence. We prove that the contribution
of a given triangulation to the partition function is finite and
have found the explicit form for the upper bound [2].

The original model of gonihedric random surfaces was for-
mulated as embedding of random surfaces into the Euclidean
space. It can also be formulated as a model of random surfaces
embedded into the hypercubic lattice [3].
of the lattice formulation is that one can construct a spin

The advantage

system, which is a generalization of the Ising model with
ferromagnetic and antiferromagnetic interactions, such that
its interface energy is equal to the gonihedric energy. These
spin systems have very high symmetry, one can flip the spins
on any flat hypersurface without changing the energy of the
system. The lattice formulation the partition function of the
random surfaces is exactly equal to the partition function of
the corresponding spin system and can be studied by powerful
analytical methods, as well as by Monte-Carlo simulations.

It is well known that the two-dimensional Ising model is
self-dual system and that three-dimensional Ising model is
dual to the gauge spin system. This duality was an important
fact allowing to find the exact solution of the Ising model in
two-dimensions. We were able to construct dual systems for
the gonihedric spin systems in three and four dimensions [4].
These results allows to construct the corresponding transfer
matrix, to prove that is describe the propagation of closed
loops and to find its spectrum [5]. This is a unique exact
solution of the tree-dimensional statistical spin system [6].

Because gonihedric spin systems have exponentially degen-
erated vacuum states, which are separated by the potential
barriers, one can suggest to use such systems as storages of
the binary information. There is no interface energy propor-
tional to the area in these systems therefore one can store
a one bit of information in a very small region of the lattice [7].
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r-Deformed Fourier Integrals Transforms

A .M. Scarfone
Institute of Complex Systems, ISC-CNR c¢/o Politecnico di
Torino, Italy

As known, Fourier integral transform is a very useful mathe-
matical tool widely used in statistics and physics. It is a linear
operator transforming a function f(x) with a real argument x
into a function F(w) with a complex argument w. Formally,
this transformation belongs to the family of integral transform
defined as

+oo
Hf (@)](w) = / F(z) hlw, z) dz ,

in which the kernel of the transform h(w, z) is of exponential
type.

In application to statistics, Fourier transform of the density
distribution gives the characteristic function that encodes all
information restored in the probability distribution. In fact,
the momenta of a random variable can be obtained by means
of derivative of any order of the characteristic function. More
importantly, Fourier transform is employed to proof several
limiting theorems including the important central limit theo-
rem [1].

Generalization of the above integral transforms has been pro-
posed in different mathematical framework. In this contribute,
we explore several possible definitions of deformed Fourier
transforms corresponding to the following kernels

h,gl)(w, x) = (expﬂ(—w ® x))z ,
) (w, @) = (exp, (=)',
P (w, @) = (exp, (—w))'",
h,(f)(w, z) = (expﬁ(—wx))i .

which follow by employing thek-exponential

1/k
exp,,(z) = <mac+ V14 k2 xQ) ,

(4)
a function derived from the mathematical formalism underly-
ing to the xk-deformed statistical mechanics [2,3,4,5], a theory
developed with the purpose to study non Gibbsian statistical
systems characterized by power-law distribution functions.
In all the cases discussed the usual transform is recovered in
the k — 0 limit, since in the same limit all the kernels reduce
to the standard exponential one hg)(w, z) = exp(—iwx).

[I] W. Feller W, An introduction to Probability Theory and
Its Application, Vol. II (John Wiley & Sons, Inc., New York,
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[3] G. Kaniadakis, M. Lissia and A.M. Scarfone Physica A 340,
41(2004).

[4] A.M. Scarfone, Entropy 15 624 (2013).
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Intermittency, multifractal vector fields, Lie
cascades and stochastic Clifford algebra

D. Schertzer, I. Tchiguirinskaia
Ecole des Ponts ParisTech, U. Paris-Est

Intermittency is a key issue in statistical physics. A major
breakthrough occurred with multifractals in the 1980s:
intermittency became understood as resulting from an infinite
hierarchy of fractal supports of the field singularities. However
this was mostly done for scalar fields, whereas the fields of
interest, e.g. the velocity for turbulence, are generally vector
fields. This gap has prevented many developments.

Some time ago, “Lie cascades” were introduced (Schertzer
and Lovejoy, 1993, 2011; Schertzer et al., 1997) to deal with
multifractal vector fields. This was done by first considering
a scalar multiplicative cascade as a non trivial limit for a
vanishing inner scale of the exponentiation of a generator,
defined as an additive stochastic process with a logarithmic
divergence with the inner scale. Although non trivial, this
Indeed, the
latter are only the simplest case of an exponentiation from

limit is by noway limited to scalar processes.

a stochastic element of a Lie algebra to its Lie group of
transformations. The concerned transformation corresponds
to the fine graining/downscaling of the field to higher and
higher resolution (Schertzer et al., 2012).

However, the theoretical efforts were mostly concentrated on
the Levi decomposition of this algebra into its radical and a
semi-simple algebra. Developments were again paused, this
time due to the possible large number of degrees of freedom of
the latter, in particular with respect to the information that
can be easily extracted from a d-dimensional vector field. In
short, some physics was missing.

Although Clifford algebra Cl,, have been mentioned at
once for rather straightforward generalisations of complex
cascades, they were no more than mentioned. This is in
sharp contrast with the rather frequent use of the “pseudo-
quaternions” (2, R) = Cla,0 = Cly,1, back to Schertzer and
Lovejoy (1985), to generate generalised scales to analyse
and simulate anistropic scaling (scalar) fields. This was
not done by chance: Clp, 4 has a basis whose vectors anti-
commute and square to the identity or its opposite, and is
generated by a quadratic form @ of signature (p,q). These
properties being physically meaningful are convenient to
understand, analyse and simulate intermittent vector fields.
The applications of the corresponding Lie cascades will be il-
lustrated with the help of simulations of geophysical processes.

[1] D. Schertzer, S. Lovejoy, Physico-Chemical Hyd 6, 623
(1985).

[2] D. Schertzer, S. Lovejoy, F. Schmitt, I. Tchiguirinskaia, D.
Marsan, Fractals 5, 427 (1997).

[3] D. Schertzer, S. Lovejoy, International Journa 21, 3417
(2011).

[4] D. Schertzer, I. Tchiguirinskaia, S. Lovejoy, Atmos. Chem.
Phys. 12, 327 (2012).
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Speed Gradient and MaxEnt principle for Shan-
non and Tsallis entropies

D.S. Shalymov, A.L. Fradkov
Saint-Petersburg State University

The notion of entropy is widely used in modern statistical
physics, thermodynamics, information theory, engineering
etc. In 1948, Claude Shannon introduced his information
entropy for an absolutely continuous random variable x having
probability density function (pdf) p. In 1988, Constantino
Tsallis introduced a generalized Shannon entropy. Tsallis
entropy have found applications in various scientific fields
such as chemistry, biology, medicine, economics, geophysics,
etc.

A phenomenon when system tends to its state of maximum
entropy is known as the maximum entropy (MaxEnt) prin-
ciple. Since seminal works of E.T. Jaynes (1957) and until
recent years the MaxEnt principle attracts a strong interest
of researchers. The MaxEnt principle defines the asymptotic
behavior of the system, but does not say anything about
how the system moves to an asymptotic behavior. Despite a
large number of publications studying the maximum entropy
states, the dynamics of evolution and transient behavior of
the systems are still not well investigated.

In this paper we consider dynamics of non-stationary processes
that follow the MaxEnt principle. We have derived a set of
equations describing dynamics of pdf for Shannon and Tsallis
entropies.  Systems with discrete probability distribution
and continuous pdfs are considered under mass conservation
and energy conservation constraints. The uniqueness of the
limit pdf and asymptotic convergence of pdf are examined.
Convergence of pdfs does not lead to the convergence of
the corresponding differential entropies. Based on sufficient
conditions the nontrivial convergence of differential entropies
is proved.

We use the speed-gradient (SG) principle originated in control
theory [1]. Applicability of the SG principle has already been
experimentally tested for the systems of finite number of
particles simulated with the molecular dynamics method [2,3].
We apply similar approach for the systems with discrete and
continuous probability distributions considering Shannon and
Tsallis entropies.

SG principle generates equations for the transient (non-
stationary) states of the system operation, i.e. it gives an
answer to the question of ”How the system will evolve?” This
fact distinguishes the SG principle from MaxEnt principle,
the principle of maximum Fisher information and others
characterizing the steady-state processes and providing an
answer to the questions of ”To where?” and ”How far?”

] A. Fradkov, Phys. Usp. 48, 103 (2005).
[2] A. Fradkov, Entropy 10, 757 (2008).
[3] A. Fradkov, A. Krivtsov, MaxEnt 2010 1305, 399 (2010).

Asymmetrical free diffusion with orientation-
dependence of molecules in finite timescales

N. Sheng, H. Fang
Shanghai Institute of Applied Physics, Chinese Academy of

Sciences

Diffusion is one of the most fundamental matter transport

phenomena. Free diffusion of particles from the molecular
to the macroscopic scale suspended in liquids or gases has
been extensively studied. Tracking of particle diffusion is
always considered as a result of the random walk of particles,
and thus the displacements of the particle are handled as
isotropic. In recent years, it has become well-recognized that
extensive biological, chemical and even physical processes
including conformation changes usually occur in nano-, pico-
and even femto-seconds, and very small spaces. For example,
signaling molecules in cells typically diffuse within several
nanometers, where the solvents are discrete water molecules
and the structure of these molecules should not be ignored.
Thus the dynamic behaviors of diffusion at nanoscale could
not be random any longer and the correlation time of thermal
motion may also not be zero any more. Until recently,
conventional theories are still widely applied in studying
the behavior in various systems with finite timescales and
length scales, which may have led to misunderstanding. Using
molecular dynamics simulations, we present the spontaneous
asymmetric diffusion, which is orientation-dependent diffusion
of asymmetric molecules in finite timescales. Here, we
use molecules including methanol, glycine to illustrate this
idea, and we find the asymmetric part of the diffusion
reaches about 10% of the total diffusion when the diffusion
distances of the particle reach about 1 nm. Interestingly, the
asymmetric part is saturated when the time is sufficiently
large, which means this asymmetry is negligibly small at the
macroscopic-level but comparable with diffusing distance in
picoseconds. We find that the orientation-dependent diffusion
results from the orientation-dependent damping force of
the asymmetric nanoparticle together with a finite time
required to regulate the particle orientation from the initial
orientation. This finding extends the work of diffusion to the
nanoscale beyond random Brownian motion since most of the
We expect that the
orientation-dependent diffusion may have a critical role in the

particles have asymmetric structures.

dynamics of bio-molecules in living cells and various nanoscale
devices, such as chemical separation, sensing and drug delivery.

[] N. Sheng, Y. Tu, P. Guo and H. Fang, Sci. China Phys.
Mec 56, 1047-1052 (2013).

[2] R. Wan, J. Hu and H. Fang, Sci. China Phys. Mec 55,
751-756 (2012).

[3] N. Sheng, Y. Tu, P. Guo and H. Fang, J. Hydrodynamic B
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Discrete time quantum walk is quantum dynami-
cal simulator

Y. Shikano

Institute for Molecular Science

Cellular automata, discrete models that follow a set of rules,
have been analyzed in various dynamical systems in physics,
computational models, and theoretical biology; well-known ex-
amples include crystal growth and the Belousov-Zhabotinsky
reaction. To simulate quantum mechanical phenomena,
Feynman proposed a quantum cellular automaton (the
Feynman checkerboard), and the model, defined generally by
Meyer, is known as the discrete-time quantum walk (DTQW).
Since the DTQW on the graph is a model of a universal
quantum computation, it is of particular use, especially in

quantum information. Furthermore, the DTQW has been
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demonstrated experimentally in various physical systems.

As the cellular automaton can be mapped to various differen-
tial equations by taking the contentious limit, some DTQW
models can be mapped to the Dirac equation, the spatially
discretized Schrodinger equation, or the Klein-Gordon
equation. These equations have ballistic transport properties,
which are reflected mathematically in the one-dimensional
(1D) DTQW with a time- and spatial-independent coin
operator, i.e., a 1D homogeneous DTQW. Therefore, these
can be taken as the 1D quantum dynamical simulator. We
consider here the 1D DTQW model. Physically speaking, the
standard deviation of the homogeneous DTQW is o(t) ~ t,
whereas the unbiased classical random walk has a standard
deviation of o(t) ~ v/t. In this Letter, we analyze a specific
nonlinear DTQW model that incorporates a nearest-neighbor
interaction with the coin operator. We show numerically that
the probability distributions of the nonlinear DTQW model
have anomalous diffusion characterized by oq—o.5(t) ~ t04,
where o4(t) is the g-generalized standard deviation defined
later. These dynamics are consistent with the time evolution
of the self-similar solution of the porous medium equation
(PME), which is known to describe well the anomalous
diffusion of an isotropic gas through a porous medium.
Furthermore, we show analytically that these dynamics do not
originate from the interference terms in our model whereas
the ballistic transport property of the homogeneous DTQW
is derived from its interference terms.

In this talk, we discuss the concepts of the quantum dynamical
simulator, the relationship to the discrete time quantum walk,
and our recent results.

[1] Y. Shikano, J. Comput. Theor. Na 10, 1558 (2013).

[2] Y. Shikano, T. Wada, J. Horikawa, Sci. Rep. 4, 4427
(2014).

[3] A.A.C. Hardal et al, Phys. Rev. A 88, 022303 (2013).

A novel transition in robustness of open systems

T. Shimada'

Department Physics, Graduate School of Engineering, The
University of Tokyo

The stability /robustness of complex systems has attracted
broad interest, along with essential theoretical findings such
as the general instability of large and densely interacting
systems [1], the self-organized criticality (SOC) [2], and the
relation between the robustness and the network structure of
the systems [3]. In this study, we approach to this classical
problem with putting emphasis on a key and universal feature
of various real complex systems such as ecosystems, reaction
networks in living organisms, and social communities: it
openness [4].

In open evolving systems, their complexity emerges as a
result of (or at least persist) successive introductions of new
elements. Therefore it is natural to ask how can a community
or system, which consists of lots of elements interacting
each other, grow to more complex structure by adding new
elements to it. To tackle this general question, let us consider
the following Ising model of open evolving systems:

0) Prepare a system that consists of certain number of nodes
(elements, species), connected with weighted and directed
links (interactions).

1) At each time step ¢, a new node is added to the system.
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The newly introduced node has m new links. The interacting
nodes are chosen randomly from the resident nodes and the
direction of the link is also determined randomly with equal
probability. The weights of the links are drawn from the
standard normal distribution.

2) Calculate the it fitness for each node, which is simply

incoming
defined as: f; = Z a;j
3) If the minimum jﬁtness is non-positive, delete that node
and then re-evaluate the stability of the system (go back to
the step 2)
4) If the fitness of the node are all positive, proceed the time
to t+ 1 (go to the step 3).
Because both the introduction process and the survival
condition are neutral, it is not easy to predict whether model
yields continuous growth or not. Fascinatingly, it turns out
that both can happen depending on the unique parameter of
the model, m. The system grows infinitely if the number of
the interactions is in a moderate range.
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Experimental study of fractal pattern observed
in gravitational instability

M. Shimokawa', T. Takami®

!Fukuoka Institute of Technology
2Kyushu University

Gravitational instability, that a higher-density solution
(HDS) sinks vertically, occurs, when HDS is placed on the
top of a lower-density solution (LDS). In a sinking of HDS,
a fractal pattern drawn by HDS is observed on a surface of
LDS. It has been discussed that the fractal pattern is formed
in accordance with a similar behavior to viscous fingering,
because it is observed that LDS with a lower viscosity
penetrates into HDS with a higher viscosity. It, however,
has not been confirmed quantitatively. Thus, we compare
the experimental results with those obtained from miscible
viscous fingering, and verify above discussion.

Magnetic fluid with 1.4 g/ml and PEG solution with 1.0 g/ml
are used as HDS and LDS, and these solutions are miscible.
The viscosities are 25 Pa-s and 1.75 Pa-s, respectively. A
volume of HDS is controlled using a micro pipette from 20 ul
to 80 ul.

A dimension of fractal pattern found in our experiments is
1.8840.03. The value agrees with 1.88 of ordinary studies, and
is almost constant with a time. Before the fractal pattern is
formed, a stick-like pattern with a periodic structure appears
at a region surrounding a surface pattern due to interfacial
instability. The sticks repeat to grow and confluent toward
a center of the pattern from a region surrounding a surface
pattern, and the fractal pattern is formed. The experimental
result shows that the stick is a source to form the fractal
pattern. Thus, we focus on an appearance of the sticks. The
periodic wavelength A of the stick-like pattern increases with
a volume V of HDS, and is independent of the viscosities of
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the two solutions. In increasing of V/, a radius of the stick-like
pattern is almost constant, whose value is 25.5+1.2 mm. A
vertical sinking of HDS, derived from gravitational instability,
is not observed in a formation of the stick-like pattern. It
Thus, a
thickness b of the HDS at the surface is estimated using values

means that HDS volume is kept at the surface.

of the pattern radius and a HDS volume. The results provide
that a relationship between b and X obeys A = 7.6b.

‘We propose a model of miscible viscous fingering without an
upper wall, which is similar to our experimental condition
with a free boundary, in order to understand the appearance
of the sticks. The model provides A’ = 8.0b', where X’ and
b’ mean a wavelength due to interfacial instability between
two solutions and a thickness of a higher-viscosity solution.
The coefficient value 8.0 is close to 7.6 obtained from our
experiments. The result implies that sticks are formed by a
similar behavior to miscible viscous fingering.

We also consider a formation of the fractal pattern after
an appearance of the sticks. When sticks grow towards the
center from the edge of the pattern, a distance between sticks
becomes short. A decreasing of the distance must make sticks
difficult to exist independently, and lead a confluent of sticks.
A model to contain the growth and the confluent of sticks
is simulated. In a comparison between a fractal dimension
obtained from the computer simulation and 1.88 of our
experiments, the formation of the fractal pattern is discussed.

(] M. Shimokawa and S. Ohta, Fractals 20, 97 (2012).

[2] M. Shimokawa, J. Phys. Soc. Jpn. 81, 094003 (2012).

[3] M. Shimokawa and T. Takami., J. Phys. Soc. Jpn. 83,
044001 (2014).

Dimension changing phase transition in a lattice
model: a new universality class?

F. Siringo
Dipartimento di Fisica dell’Universitéa di Catania - INFN sez. di

Catania

There are lots of natural processes that can be described
as dimension-changing phase transitions, characterized by
a change of dimension, with the onset of a low-dimensional
ordered phase below a critical point. Most of them are
order-disorder transitions, where a disordered system is
quenched in an ordered phase that has a lower dimensionality.
Examples can be given, ranging from liquid crystals to
liquid-solid transitions and even solid-solid transitions.
Notably, some years ago, a simple lattice model has been
proposed[1-3], describing a continuous transition that mimics
the orientational ordering of a covalent crystal, where a small
coordination number gives rise to frustration and eventually
to the low-dimensional structures that can be observed in
some phases of polymers and molecular crystals like iodine
and hydrogen halides.

We point out that the model might describe a general univer-
sality class of solid-solid dimension-changing transitions, with
peculiar exponents that make the model different from the
other known classic lattice models.

While in two dimensions the model is exactly equivalent
to the Ising model, in higher dimensions the frustration
gives rise to low-dimensional ordering, with correlated chains
(polymers) that point toward a common direction inside each
two-dimensional plane of the lattice. Such planes are weakly

correlated in the low-temperature phase, and the system
acquires a two-dimensional behavior.

In three dimensions The model has been studied by an-
alytical and numerical methods, and a critical exponent
v = 0.44 £ 0.02 has been found by finite size scaling. That
value seems to be peculiar of the dimension-change transition,
and cannot be found in other classic lattice models like two-
dimensional two-state (Ising) and three-state Potts models,
whose exponents are v = 1 and v = 0.83, respectively, or
three-dimensional Ising model (v = 0.64), and the three-state
three-dimensional Potts model which is known to undergo a
first-order transition.

As it is well known that the critical properties do not depend
on the microscopic details of the model, we expect that the
same universality class should describe several orientational
transitions that occur in complex molecular systems, espe-
cially under pressure. New experiments are called for in order
to test such ideas and explore the broad universality class of
the model.

[] F. Siringo, Phys. Rev. E 62, 6026 (2000).
[2] F. Siringo, Int. J. Mod. Phys. B 11, 2183 (1997).
[3] F. Siringo, Phys. Lett. A 226, 378 (1997).

Exact Expression for Number of Energy States
in the Two-Dimensional Ising Model

G. Siudem, A. Fronczak

Faculty of Physics Warsaw University of Technology, Warsaw,
Poland

The number of energy states g(F) gives the number of
microstates of energy E in the canonical ensemble. In
classical canonical systems, one can derive all energy-related
thermodynamic properties of the system from the known
g(E). We present the exact formula for the number of
energy of states for the two-dimensional Ising model, as
the coefficients in the low-temperature series expansion
of the partition function Z(z) = S F_,g9(eN)z, where
B = 1/(kyT) is the temperature factor, = = e~P¢ is the
low-temperature expansion’s variable, and ¢ = 4J is the
energy portion, with J being the coupling energy in the Ising
model. The coefficient was first found by Beale [Beale, 1996],
who used Wolfram Mathematica for simplification the famous
Kauffman’s solution of the two-dimensional Ising model, and
obtained the exact formulae for the g(eN). Beales result
had a huge impact on the numerical studies in the statistical
physic. It was due to the fact that the number of energy
states is strictly related to the probability distribution that
the studied system has energy equal to E: P(E) o g(E)e~8E.
Therefore, Beale’s results was often used as a benchmark
for new numerical methods and as a tool for improving the
known methods. Despite importance of Beale’s result it
has one important drawback. It is not general approach:
it works well for the two-dimensional Ising model and it is
not clear how generalize this approach for other models of
statistical physics. Our result has much more general. We
have used a new combinatorial technique introduced in Ref.
[Fronczak, Fronczak, 2014].
the dual, combinatorial and analytical, nature of the Bell

The technique benefits from

polynomials. It is not limited for the two-dimensional Ising
model and allows to calculate the number of states for a
wide class of lattice models which are described with the
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canonical ensemble. This approach based on expansion of
the Free Energy F(x) of the system into a power series of
the variable . Due to Bell Polynomials of derivatives of the
Free Energy 0™ F(x)/0x™

=0

the low-temperature expansion of the partition function i.e.

one can obtain coefficients of

number of energy states g(F). We present this approach in
the case of the two-dimensional Ising model, for which we
expand Kauffman’s [Kaufman, 1949] Free Energy and use
described approach.

[1] P.D. Beale, Phys. Rev. Lett. 76, 78 (1995).
[2] A. Fronczak, P. Fronczak, Rep. Math. Phys. 73, 1 (2014).
[3] B. Kaufman, Phys. Rev. 76, 1232 (1949).

Transition from the mechanics of material points
to the mechanics of structured particle

V.M. Somsikov
Institute of Ionosphere, Almaty, Kazakhstan

The conventional explanation of the irreversibility mechanism
is based on the property of exponential instability of Hamilto-
nian systems and the hypothesis of the fluctuations existence.
But this hypothesis is alien to the classical mechanics.
Nevertheless, it appears that in the frame of the Newton’s
laws the explanation of irreversibility exists [1-3]. To come
to this explanation, necessary to take into account that all
natural bodies are systems, have the internal energy and
that the internal energy of systems can be changed by their
interaction. To do this, the mechanics should be based on the
systems motion equations rather than the motion equation
for material points (MP) or any other nonstructural elements.
Moreover, in deriving the systems motion equation necessary
to exclude the hypothesis of holonomic constraints. This
hypothesis is used in the obtaining of the canonical of La-
grange’s equation [4]. You can satisfy all of these requirements
if the mechanics of systems will be built under the following
conditions: 1. All the bodies are consisting from a set of
interacting of structured particles (SP) (SP is equilibrium
system consisting from a large enough number of potentially
interacting MP); 2. The SP energy must be represented as a
sum of the motion energy and internal energy with the help
of transitions to macro and micro-variables respectively; 3.
The motion equation for SP should be obtained from the
energy equation provided that the Newton’s laws for MP
have a place. We explain how the SP mechanics can be built
within the laws of classical mechanics based on the expression
for the energy. We show how in the mechanics of SP the
symmetry breaking in time occurs and how into the frame
of classical mechanics can introduce the concept of entropy.
We consider how the mechanics of nonequilibrium systems
can be constructed in the thermodynamic approach of the
local equilibrium. We are also explain why the hypothesis
of holonomic constraints used in the derivation of canonical
Lagrange equation, eliminates the possibility of describing of
irreversible dynamics. Difference of SP mechanics from the
mechanics of MP will be discussed. Why the system may arise
only from those elements that have a structure, will be shown.
How the paradoxes of classical mechanics about irreversibility
can be explain based on the equations of motion SP will be
discussed. The main advantage of the SP mechanics consists
in accounting in the SP motion equation of transformation
of the system motion energy into its internal energy. This
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transformation is the key reason of symmetry breaking of time.

[I] V.M. Somsikov, Chaos and Complex System XV, 31
(2013).

(2] V.M. Somsikov, IJBC 14, 4027 (2004).

[3] V.M. Somsikov, A.I. Mokhnatkin, J. Mod. Phys. Phys. 5,
17 (2014).

[4] G. Goldstein, Classical Mechanics Moscow, (1975).

Noise-induced Effects in Nonlinear Relaxation of
Condensed Matter Systems

B. Spagnolo
!Dipartimento di Fisica e Chimica, Group of Interdisciplinary
Physics, Universit di Palermo and CNISM

Nonlinear relaxation phenomena in three different systems
(i) First, the phase
dynamics in ballistic graphene-based Josephson junctions

of condensed matter are investigated.

(JJ) is analyzed. The model ruling the JJ phase dynamics
is called the Resistively and Capacitively Shunted Junction
(RCSJ) model.
(SGS) system exhibits quantum metastable states analogous

A superconductor-graphene-superconductor

to those observed in normal current biased JJs. The average
escape time from these metastable states in the presence of
Gaussian and correlated fluctuations is calculated, varying
the noise source intensity and the bias frequency. Noise
induced phenomena are observed, such as the noise enhanced
stability (NES) and the resonant activation (RA). (ii) Second,
the transient dynamics of a long-overlap Josephson junction
(JJ) subject to thermal fluctuations and non-Gaussian noise
sources, Lvy type, is investigated. The focus is on the switch-
ing events from the superconducting metastable state, and in
particular on the mean switching time (MST). The dynamics
of this system is ruled by a nonlinear partial differential equa-
tion, the perturbed stochastic sine-Gordon (SG) equation.
Nonmonotonic behaviors of the MST versus noise intensity,
frequency of the external driving, and length of the junction
are obtained. A characteristic length, after which the MST
reaches asymptotically a constant value, exists. Exceeding
this characteristic value, the formation of SG travelling wave
solutions, that is solitons, is allowed. The analysis of the time
evolution of the order parameter highlights the influence of
the noise induced solitons on the MST behavior. Moreover,
in the presence of Lvy flights, another localized SG solutions,
(iii) Third, the electron
spin relaxation process in n-type GaAs crystals driven by a

the breathers, can be observed.

fluctuating electric field is investigated. Two different sources
of fluctuations are considered: (a) a symmetric dichotomous
Monte Carlo
numerical simulations show, in both cases, an enhancement

noise and (b) a Gaussian correlated noise.

of the spin relaxation time by increasing the amplitude of
the external noise. Moreover, we find that the electron spin
lifetime vs. the noise correlation time increases up to a
plateau in the case of dichotomous random fluctuations, and
shows a nonmonotonic behaviour with a maximum in the case

of bulks subjected to a Gaussian correlated noise.

[1] G. Augello, D. Valenti and B. Spagnolo, Eur. Phys. J. 78,
225 (2010).

[2] A. L. Pankratov, A. V. Gordeeva and L. S. Kuzmin, Phys.
Rev. Lett. 109, 087003 (2012).

[3] A. A. Dubkov, B. Spagnolo and V.U. Uchaikin, Int. J. Bif.
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Chaos 18, 2649 (2008).

[4] S. Spezia, D. Persano Adorno, N. Pizzolato and B. Spag-
nolo, Eur. Phys. Lett. 104, 47011 (2013).

[5] S. Salahuddin, Nature 494, 43 (2013).

Fast dynamics of mesoscopic systems and fluctu-
ation dissipation theorem

V. Spicka', A. Kalvova', B. Velicky?

Mnstitute of Physics, Academy of Sciences of the Czech Republic,
Praha, Czech Republic

2Faculty of Mathematics and Physics, Charles University, Praha,
Czech Republic

This contribution will deal with perspectives of description
of full non-equilibrium quantum many body system dynamics
within the Non-equilibrium Greens Functions (NGF) [1, 2].
The basic aim of this approach is to describe time development
of the many-body system out of equilibrium from its initial
state over its transient dynamics to its very long time (if
e.g. steady state exists), dynamics. A transient response
of electrons in a mesoscopic system depends on the joint
effect of the initial state with correlations and of the driving
external disturbances abruptly setting on at the initial time.
The early period of the transient requires the full NGF for its
description. After the disturbances cease acting the system
may enter, under favorable conditions, the non-equilibrium
quasi-particle mode. The loss of initial correlations due to
interactions and related renormalization processes permits
reduced description by a quantum transport equation.

The fluctuation-dissipation (FD) theorems are known to be a
constitutive aspect of thermal equilibrium. Here, we address
the FD theorem, which permits to write all components of
the equilibrium one particle equilibrium Green’s function
in terms of the spectral density and a thermal factor. The
fluctuation-dissipation relation between the correlation
and the retarded components of the NGF depends on the
existence of temperature and is lost out of equilibrium. Still,
the components of the NGF retain some inner interconnection
which may be termed the fluctuation-dissipation structure
out of equilibrium. Historically, this was grasped in an
approximate manner by the Kadanoff-Baym Ansatz, but
there is an exact formulation in terms of reconstruction
equations generating the correlation components in terms of
the propagators and the non-equilibrium distribution function
either of particles, or, under restrictive conditions, of the
non-equilibrium quasi-particles. These equations can lead
to a Generalized Master equation (GME) or to a Markovian
master equation (ME) [1, 2, 3].

This approach will be related to the dynamics of open
quantum systems, when finite time initial conditions, quan-
tum interferences and their attenuation play important
roles. To study all these phenomena in conditions of
general non-equilibrium, open systems are represented by
a simple structure of a molecular bridge. Three stages of
non-equilibrium evolution of the molecular bridge model, the
first described by the full NGF description, the second, ruled
by the asymptotically exact GME, and the third, governed by

a ME, will be related to each other [3].

[I] [1] V. Spicka, A. Kalvovd, B. Velicky, Physica E 29, 154,
ibid 175, (2005).
[2] [2] V. Spicka, A. Kalvovd, B. Velicky, Physica E 42, 522

(2010).
[3] [3] V. Spicka, A. Kalvové, B. Velicky, Physica Scripta T
151, 014037 (2012).

Comparative studies of the statistical and
field theoretical descriptions of vorticity self-
organization in two-dimensional fluids

F. Spineanu, M. Vlad?
National Institute of Laser, Plasma and Radiation Physics,

Bucharest, Romania

The asymptotic states of two-dimensional fluids, magnetized
plasmas and of the planetary atmosphere consist, in certain
conditions, of highly ordered flows with the shape of coherent
vortices. For low dissipation these vortical structures are
stationary and the motion takes place on only the streamlines.
The process that underlies this relaxation to highly ordered
flows is separation of opposite-sign small-scale vorticies
together with concentration of like-sign vorticies. It is the
self-organization of the vorticity, a process specific to the 2D
fluids, which in the turbulent state is manifested as inverse
cascade. The evolution is spontaneous and does not involve
heat exchange or other thermodynamic processes.

The usual description is based on the statistical analysis of
a discrete set of point-like vortices interacting in plane by a
potential generated by themselves. When the interaction is
long-range, for any positive energy the statistical temperature
of the system is negative. The asymptotic states are identified
as maximum entropy states and the equation verified by the
streamfunction of the flow is sinh-Poisson. There is no clear
success of the statistical approach for plasma/atmosphere
(where the interaction is short range).

A different approach can be developed consistently, in terms of
a classical field theory (FT). The fields are: matter (connected
with the density of point-like vortices), gauge field (connected
with the potential of interaction in plane). In the Lagrangian
the Lorentz-type motion of elementary vortices is represented
by the Chern-Simons term. The model must be non-Abelian
(sl (2, C)) since the objects are vortices.

We examine comparatively the two approaches: statistics
of point-like vortices and respectively the field theoretical
model of the continuum limit. We show that both identify the
asymptotic states (deriving the sinh-Poisson eq.). The FT
reveals the property of self-duality for the Euler fluid and its
absence for plasma and atmosphere. The solutions however
(for the latter case) compares favorably with experiments and
observations. The Abelian version reinstate the self-duality
and derives the equation Aty = exp (¢)[exp (vp) — 1] with
solutions ring-type vortices. These are not accessible to the
statistical analysis. It results that the statistics is equally
efficient as the FT approach only for absolute minimum, but
cannot cover all situations. We discuss the possible inclusion
of the dissipation in these models.

(] F. Spineanu, M. Vlad, Phys. Rev. Lett. 94, 235003 (2005).
[2] F. Spineanu, M. Vlad, Phys. Rev. E 67, 046309 (2003).
[3] F. Spineanu, M. Vlad, Geo. Astro. Fluid Dyn. 103, 223
(2009).
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Early-warning signals of topological collapse in
interbank networks

T. Squartini’, I. van Lelyveld?, D. Garlaschelli'
LUniversity of Leiden
?De Nederlandsche Bank

The financial crisis clearly illustrated the importance of
characterizing the level of systemic risk associated with an
entire credit network, rather than with single institutions.
However, the interplay between financial distress and topo-
logical changes is still poorly understood. Here we analyze
the quarterly interbank exposures among Dutch banks over
the period 1998-2008, ending with the global crisis. We find
that, after controlling for the link density, many dyadic and
triadic structural properties display an abrupt change in 2008,
providing a clear (but unpredictable) signature of the crisis.
By contrast, if the heterogeneity of banks connectivity is
controlled for, the same properties show a gradual transition
to the crisis, highlighting a slow build-up phase starting three
years in advance and representing an early-warning signal
of the upcoming collapse. These results show a dramatic
consequence of the heterogeneity of the interbank system.
Moreover, we find that the pre-crisis phase is preceded by an
earlier period characterized by anomalous unreciprocated debt
loops among triples of banks. Given the Over-The-Counter
(OTC) nature of interbank transactions, debt loops could
have led to the systematic underestimation of counter-party
risk. Our results also show that, during the build-up of
crises, interbank networks can keep moving away from the
expectations derived only from the knowledge of bank-specific
properties. In this out-of-equilibrium regime, the local
connectivities of banks become less and less informative about
the network as a whole. This loss of topological predictability
speaks against the use of maximum-entropy techniques
aimed at reconstructing the most likely configuration of an
(unobserved) interbank network when only local information
about the total assets and liabilities of each bank is available.
Our results suggest that this technique might yield a realistic
When
the network is under stress, maximum-entropy techniques

guess of the real network only in tranquil times.

would instead provide a greatly distorted picture of it. So,
by construction, the early-warning signals identified by our
approach are completely undetectable if the network is
reconstructed from partial bank-specific data, as routinely
done. Supervision based only on bank-specific information,
and not on the knowledge of the entire network, is thus likely
to remain oblivious to warning signals of structural changes in
the run-up to the crisis. These considerations show that OTC
transactions have the potential to create unintentional but
emergent and destabilizing patterns, and feed into the debate
on how OTC markets can be monitored and regulated.

[1] T. Squartini, I. van Lelyveld, D. Garlaschelli, Scientific Rep.
3, 3357 (2013).

[2] R. Mastrandrea, T. Squartini, G. Fagiolo, D. Garlaschelli,
New J. Phys. in press, (april) (2014).

[3] T. Squartini, D. Garlaschelli, J. Complex Networks, in
press, (2014).
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Scaling analysis of time series of stock market
indices of transitional economies in the Western
Balkans

D. Stratimirovié¢', S. Blesié?, V. Miljkovié¢®, D. Sarvan®
Faculty of Dental Medicine, University of Belgrade, Belgrade,
Serbia

?Institute for Medical Research, University of Belgrade, Belgrade,
Serbia

3Faculty of Physics, University of Belgrade, Belgrade, Serbia

In this paper we have analyzed scaling properties of time
series of stock market indices (SMIs) of developing economies
of Western Balkans, and have compared the results we have
obtained with the results from more developed economies. We
have used three different techniques of data analysis to obtain
and verify our findings: Detrended Fluctuation Analysis
(DFA) method, Detrended Moving Average (DMA) method,
and Wavelet Transformation (WT) analysis.

Following extensive research in the area of econophysics of
national and international stock markets, we were interested
to contribute to this body of knowledge by analyzing the
dynamics of market behavior of transitional economies in the
Western Balkans, and to compare data from these emerging
economies with data from more economically developed
countries. Analyzes of stock market behavior of the emerging
economies of South America, or the developing Asian or
African markets have shown that the values of scaling expo-
nents, calculated from the time series of stock market indices,
could be used to estimate the efficiency of markets in question.
With that in mind, by applying the theoretical approach of
statistical physics, we aim to offer a new perspective on stock
market dynamics in the Western Balkans and contribute
to better understanding of the development process in the
region’s economies.

We have found scaling behavior in all SMI data sets that
we have analyzed. Scaling of SMI series changes from
long-range correlated to slightly anti-correlated behavior,
i.e. the appropriate scaling exponents decrease in value with
the increase in growth and/or maturity of the economy the
stock market is embedded in. Scaling exponents «, H, and
3, corresponding to the DFA, DMA, and WT technique, all
cross the 0.5 (and zero) line, marking this alteration.

We also report the presence of effects of potential periodic-like
influences on the SMI data that we have analyzed. One
such influence is visible in all our SMI series, and appears
at a period Tp ~ 90 days. We propose that the existence
of various periodic-like influences on SMI data may par-
tially explain the observed difference in types of correlated
behavior of corresponding scaling functions. The applica-
tion of time-dependent scaling analysis (tdDMA) proved
that these influences are of a complex type, that is, they
can not be easily distinguished from a local correlations profile.

[I] H.E. Stanley et al., Physica A 269, 156 (1999).

[2] E.F. Fama, J. Financ. 46, 1575 (1991).

(3] T. Di Matteo et al., Physica A 324, 183 (2003).

[4] A. Bashan et al, Physica A 387, 5080 (2008).

[5] A.M. Petersen et al., Phys. Rev. E 81, 066121 (2010).
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Combined generation and quantum walks of
biphotons for reconfigurable entanglement on a
nonlinear chip

J.G. Titchener, C.W. Wu, A.S. Solntsev, D.N. Neshev,

A.A. Sukhorukov
Nonlinear Physice Centre, RSPE, Australian National University

Quantum walks of photon pairs have been realized in various
optical structures, including integrated arrays of evanescently
coupled waveguides [1]. Such correlated walks involving quan-
tum interference of several walkers can provide a speed-up of
quantum algorithms delivering an exponential acceleration
with the number of correlated walkers [2]. However, in all
schemes to date, the correlated photon pairs were generated
externally to the array by using bulk photonic elements.
Such bulk elements may introduce quantum decoherence and
impose stringent requirements on the losses associated with
the connection of the array to the photon sources.

We propose and develop a novel scheme of quantum walks
based on nonlinear coupled waveguides, involving simultane-
ous generation of correlated photon pairs and their quantum
walks inside a single photonic element [3]. Specifically, we find
that spontaneous parametric down-conversion (SPDC) can
provide an on-chip source of entangled photons in structures
with quadratic nonlinearity, so that there is no need to
generate entanglement externally to the quantum circuit.

Moreover, we show that biphotons with any desired complex
spatial entanglement can be generated in nonlinear waveguide
arrays (WGA) with specially optimized characteristics. This
photon source can be integrated on a chip for processing of
the generated path-encoded qudits.

The propagation of biphotons in a waveguide array is
governed by a linear Schrdinger-type equation representing
a continuous-time quantum walk with an additional source
term accounting for the pump. Then, the driving of all three
waveguides simultaneously will produce a linear superposition
of the output states that would be produced if the waveguides
were driven individually. Hence altering the amplitude and
phase of the driving lasers allows switching between the states
spanned by the set of single waveguide outputs.

In order to manipulate the biphoton generation within
the WGA, we engineer the sign of the effective quadratic
susceptibility along the length of each waveguide. This can be
achieved in practice by altering the domain structure through
electric poling, representing a feasible route towards an on
chip reconfigurable source of spatially entangled photons.

We also show that by employing adiabatic waveguide coupling,
we can generate spatially entangled photon pairs in a required
Bell state while simultaneously providing spatial pump
filtering and keeping photon-pair states pure [4]. We estimate
the performance of the pump filtering to be of the order of
72 dB. Moreover the proposed method is highly tolerant to

fabrication inaccuracies.

[] A. Peruzzo et al, Science 329, 1500 (2010).

[2] M. Hillery, D. Reitzner, and V. Buzek, Phys. Rev. A 81,
062324 (2010).

[3] A.S. Solntsev et al, Phys. Rev. Lett. 108, 023601 (2012).
[4] C.W. Wu, A.S. Solntsev, D.N. Neshev and A.A. Sukho-
rukov, Opt. Lett. 39, 953 (2014).

Multiscale analysis of many-body transport

T.D. Swinburne

Imperial College London

The discrete, generalized Frenkel-Kontorova (FK) model
consists of a chain of nodes sitting in a periodic lattice po-
tential, interacting through an arbitrarily non-local harmonic
force, typically thermalized through a Langevin equation of
motion. As the model supports a kink mechanism and has
analytical limits it has become a prototypical many-body
sytems, finding wide application in condensed matter physics
and elsewhere since Prandtl in the late 1920s (O Braun and
Y Kivshar, Springer, Berlin, 2004).

Despite the model’s popularity, there are very few rigorous
results on the transport properties of the FK chain, often
the main quantities of interest for the condensed matter
community. In my talk, I will outline a way to derive exact
bounds on the transport properties of the FK chain through
the novel application of rigorous multiscale analysis (T D
Swinburne, PRE July 2013).

Multiscale anaylsis has been used since Hilbert to isolate
coarse grained quantities of interest, rescaling space and
time to generate an asymptotically independent hierarchy
of evolution equations which may be systematically solved
to investigate thermodynamic limits (G Pavliotis and A
Stuart, Springer, Berlin, 2008).
have been concerned with the transport properties of point

Whilst previous results

particles, by transforming to a coordinate system which
clearly distinguishes bound and unbound variables, I show
how multiscale analysis can be used to rigorously investigate
many-body Fokker-Planck equations, with specific application
to the FK chain.

Significantly, it is shown that the free energy barrier is a
lower bound to the true finite temperature migration barrier
for this general and popular system, in both equilibrium and
driven environments. Numerical simulation confirms these
conclusions, whilst limiting cases provide a connection the
results of transition state theory and other non-equlibrium
approaches. We find that the low-temperature upper bound
exactly reproduces the results of Kramer’s transition state
theory, whilst at high temperature thermal fluctuations
exponentially suppress any migration barriers in close analogy
to Debye-Waller broadening.

The generality of these techniques and their application
to problems in crystal plasticity will be discussed (T D
Swinburne et al., PRB Feburary 2013).

Website: http://www.cmth.ph.ic.ac.uk/people/t.swinburne/

[] T.D. Swinburne, Physical Review E 88, 012135 (2013).

[2] T.D. Swinburne, S.L. Dudarev et al, Physical Review B 87,
064108 (2013).

[3] G.A. Pavliotis, A.M. Stuart, (Springer Berlin 2008).
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Dynamics of Opinion Spread in Social Networks

B.K. Szymanski, G. Korniss, S. Sreenivasan, P. Singh, J.
Xie
NeST Center, RPI, Troy, NY

Human behavior is profoundly affected by the influenceabil-
ity of individuals and their social networks. We discuss the
dynamics of spread of opinions using two fundamental models
for Social Contagion: the binary agreement model (BAM) to
study the role of committed minorities, and threshold model,
to investigate cascades of opinions. Both models, for certain
setting of their parameters, undergo significant change in
their dynamics.

In BAM model, all individuals initially adopt either opinion
A or B. Then, repeatedly, randomly selected node acts as
a speaker and choses randomly one of his acquaintances as
a listener. Speaker selects one of its opinions and sends it
to listener who either adds this opinion as its own, if they
are different, or both speaker and listener keep only opinion
sent by the speaker. When a small fraction of all individuals
commits to their opinion, those individuals are immune to
influence from speakers, but otherwise follow the prescribed
rules for opinion change. We will show that the prevailing
majority opinion in a population can be rapidly reversed by a
small fraction of randomly distributed committed individuals.
When committed individuals exist for both opinions, the
difference between larger and smaller fractions of them
needed for rapid majority conversion decreases as the smaller
minority increases. We will discuss how these results can be
used to understand and to influence the social perceptions of
ideas and policies as well as applied to reputation protection.
In threshold model, all nodes start in the initial state-zero,
except for initial spreaders that are in state one. The node
whose fraction of neighbors in state one is higher than the
threshold, changes its state to one. We will discuss how the
threshold model can be used to find efficient spreaders, to
develop fast heuristic for spreader selection strategies, and to
measure the impact of clustering on system dynamics. We
will show that even for arbitrarily high value of threshold, a
critical initiator fraction of spreaders exists beyond which the
cascade caused by them becomes global. Network structure, in
particular clustering, plays a significant role in this scenario.
Similarly to the case of single-node or single-clique initiators
studied previously, we will demonstrate that community
structure within the network facilitates opinion spread to a
larger extent than a homogeneous random network. Finally,
we will discuss the efficacy of different initiator selection
strategies on the size of the cascade and the cascade window.

[1] P. Singh, S. Sreenivasan, B.K. Szymanski and G. Korniss,
Scientiffic Reports 3, 2330 (2013).

[2] J. Xie, J. Emenheiser, M. Kirby, S. Sreenivasan, B. K. Szy-
manski, and G. Korniss, PLoS One 7(3), 33215 (2012).

[3] J. Xie, S. Sreenivasan, G. Korniss, and B.K. Szymanski,
Phys. Rev. E 84(1), 011130 (2011).
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The complex nested structure of the Countries-
Products matrix
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In contrast with the Ricardian paradigm of specialized
industrial production at a national level, data about actual
production shows that the most successful countries are those
who diversified their industries, while the poorest are those
with the lower diversification [1]. Interestingly the products
that are produced by poorly diversified countries are a small
set, which almost any country is able to produce, whereas
the more complex products are produced only by a very
limited number of highly diversified countries. In other words
the adjacency matrix of the bipartite network connecting
countries with the products they produce can be arranged
to have a triangular-like shape. This implies that there is
a certain amount of nestedness in countries production, i.e.
products of poorly diversified countries tend to be a subset of
those of the more diversified ones. Here we focus on possible
micro-founded explanations of how this nested structure
built up. A very useful tool to discriminate the outputs
of statistical models that produce such countries-products
matrices are the metrics introduced in [1]. In particular, by
using these metrics, we show that binomial approaches such
as the one introduced in [2] as well as more sophisticated ones
are not able to generate matrices with statistical features even
close to those of the real one. We identify the key aspect in
a zipf-like distribution of the capabilities needed to produce
a given product: in other words there exist a small set of
capabilities that are needed to produce almost any product.
This framework shows very interesting results that span from
the nestedness in bipartite networks to concepts like ” poverty
traps” and ”malthusian traps”, in surprising agreement with
the data. While this assumption might seem ”ad-hoc”, we
show [3] that by introducing a tree-like hierarchical relation
among products (i.e. being able to produce a leaf product
means being able to produce all the simpler ones until the
root) the zipf-law comes out as a consequence. This leads us
to conclude that such hierarchical relation between products
is likely to exist and sets the basis to explore methodologies
to extract such information from the data, supported by
benchmarks of reverse engineering of our model. Moreover
this framework can be used to build more realistic dynamical
models of development.

(1] A. Tacchella, M. Cristelli, G. Caldarelli, A. Gabrielli and L.
Pietronero, Scientific Rep. 2, 723 (2012).

[2] C. Hidalgo, R. Hausmann, Proc. Nat. 106, 10570 (2009).
[3] A. Tacchella, R. Di Clemente, A. Gabrielli and L.
Pietronero, In prep. (2014).
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Understanding Dynamics of Emotions and Emer-
gent Collective Phenomena in Omnline Social
Networks

B. Tadic!, M. Suvakov?
L Jozef Stefan Institute

2Institute of Physics, University of Belgrade

Social interactions rely on information and emotion exchange.

These processes integrate in the brain function of each in-
teracting person, i.e. by involving the cortical circuitry that
are associated with empathy, mirror-neuron system, or other
brain areas; these brain processes are currently investigated
in social neurology [1]. On the other hand, a pattern of
such pairwise interactions often drives to aggregated group
behavior; based on the empirical data from various online
social networks, the aggregated behavior of users can be
studied as a complex system in the physics laboratory.
To investigate these empirical data, methods of statistical
physics are joined with machine-learning techniques by which
facts can be deduced from the text of every communicated
message. Among others, our recent study of the data from
Blogs, Chats and MySpace network [2,3] provided strong
evidences that, in these collective phenomena, emotions
expressed via written messages play a significant role. Here,
we use agent-based modeling strategy firmly related with
these empirical systems [3,4] to investigate the underlying
stochastic processes of emotional interactions. We present
in detail the model where the structure of social links, rules
and parameters are matching the ones in MySpace social
network. In Blogs and Chats, the network co-evolves with
user interactions, thus enhancing the collective dynamics.
On the other hand, the mostly fixed structure of links in
the social networks like MySpace and Facebook tends to
constrain the flow of emotions. Our aim is to describe the
collective dynamics arising on fixed social networks and to
compare its key features with the ones which characterize
the co-evolving social structures. Explicitly, by simulation of
emotional communications between agents in a large empirical
network, we show that the external inputs—pace of agent’s
stepping into the virtual world and emotions that the they
receive from the outside world—are critical for developing the
observed collective behavior. By varying the level of extrinsic
noise, we analyze the simulated message streams to determine
temporal correlations, returns and clustering of events
which carry a specified emotional substance. The concerned
quantitative measures are compatible with non-extensive
statistics with Tsallis g-entropy. We discuss the likely cause
of non-extensivity in the emotion dynamics at a large scale
and examine how the parameter g varies with the noise level
and the emotion contents.

[1] M.B. Schippers et al, PNAS 107, 9388-9393 (2010).

[2] M. Suvakov at al., J. Royal Soc. Interf 10, 201201891
(2012).

[3] B. Tadic et al., Entropy 15, 5084-5120 (2013).

[4] B. Tadic, Advances in Computat ch.8, 177-186 (2013).

Proposing a project of Financial Observatory of
Real-time Market fluctuations

H. Takayasu
Sony CSL and Meiji Univ.

Due to development of information technology and game
strategies the present financial markets are highly complicated
computer systems. They are new targets of scientific study
which cannot be analyzed without collaboration of researchers
from wide variety of fields, such as econophysics, mathematical
statistics, information sciences, and economics. We plan to
build the world’s first Financial Observatory of Real-time
Market fluctuations (FORM). Thousands of real time market
data will be analyzed in parallel and check the stability of
the markets scientifically. The system will give alarms for
abnormal signals and malfunction of markets. The FORM
will provide scientifically reliable information about stability
and malfunction of markets, it is not aiming for profit of
investors. The system will become the base for the nation to
make a calm decision about economy, contributing to avoid
financial turmoil.

The observatory is planned to be consisted of the following
5 divisions. The main observatory: Real-time market data
are analyzed immediately in parallel and the results are
announced by the homepage of the observatory. In order to
show the whole world-wide market conditions, a new way of
display will be introduced. In the case of detecting a danger-
ous symptom, some possible measures to avoid the risk will
be simulated and presented. The time-series analysis group:
The methods of change-point detection and characterization
of abnormal fluctuations will be developed. The cause-result
analysis group: The methods of causality detection from
thousands of variables by eliminating spurious correlations
will be developed. The simulation group: The computational
simulation methods of markets will be developed especially to
reproduce bubbles and crashes. Also measures for avoiding
catastrophic situations will be pursued by repeating numerical
simulations with different conditions. The data archive center:
All the data will be conserved in this center for the purpose
of future scientific study for general scientists. Some data will
be provided to researchers for academic purposes.

The methods of detecting change points and causality will
be invite contributions from the general researchers. The
key technology at present includes the particle filter PUCK
analysis [1] and the change-point detection using Fisher-exact
[2]. Causality detection methods include the big-data analysis
method that has been developed in semiconductor factories
to estimate the cause of troubles.

[1] Y. Yura, H. Takayasu, K. Nakamura, M. Takayasu, J. Stat.
http://dx.doi.org/10, (2013).

[2] Aki-Hiro Sato, Hideki Takayasu, Segmentation proced,
arXiv:1309.0602 (2013).

[3] K. Watanabe, H. Takayasu and M. Takayasu, Phys. Rev.
E 80, 056110 (2009).
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Similarity between colloidal random walks and
financial random walks

M. Takayasu
Tokyo Institute of Technology

By analyzing comprehensive market data of order book of
foreign exchange markets, we clarify the correlations between
motion of the market price and the changes of order book
[1]. The order book is separated into the inner layer with
short memory and the outer layer with long memory. The
Langevin equation is naturally derived from the dynamics of
order book, and the resistance coefficient is estimated from
the data. It is demonstrated that the motion of market price
can be directly compared with the colloidal Brownian particle
in water molecules.

By observing the mean free path of this financial Brownian
particle, we can define the Knudsen number that characterizes
the validity of continuum description of this motion. It is
found that the continuum description is not automatically
fulfilled in the real markets.

The background: Financial market price motions have been
often described by continuum stochastic processes including
a single derivative term of time a priori, however, the real
markets sometimes show dynamical behaviors that cannot
be described in such formulation. In order to describe the
dynamical motions we need to introduce a kind of market
potential force [2]. By the effect of such potential force the
equation of motion of the market price is known to follow a
Langevin type equation, which includes the acceleration term
with second derivative of time and a resistivity term with
a single derivative of time [3]. Like the colloidal particles’
motions we show that the market price motion is also
described by a Langevin equation, not by a simple integration
of white noise.

The merit of order book analysis is that we can observe the
detail motion of surrounding molecules, which are generally
non-observable for materials. By carefully analyzing the
motion of financial Brownian particle and the surrounding
molecules, we can directly check the validity of fluctuation-
dissipation relation. It is shown that in the case of markets
the random force term in the Langevin equation is not white,
but we can observe that the response function is given by
an exponential function that is consistently derived from
the data analysis. It is very interesting that the markets
are generally not in equilibrium, but the F-D relation and
Langevin equation generally holds approximately.

] Y. Yura, H. Takayasu, D. Sornette, M. Takayasu, Phys.
Rev. Lett 112, 098703 (2014).

[2] K. Watanabe, H. Takayasu and M. Takayasu, Phys. Rev.
E 80, 056110 (2009).

[3] M. Takayasu and H. Takayasu, Progr.
(2009).
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Stochastic models of blocking in particulate flows

J. Talbot!, C. Barré?, A. Gabrielli®, P. Viot?
CNRS, Université Pierre et Marie Curie, Paris, France®
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If the carrying capacity of a channel conveying a particulate
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stream is limited, blockage or clogging may result. This
phenomenon occurs in a wide variety of applications including
particle filtration, vehicular and pedestrian traffic flow, and
the transit of macromolecules through artificial or biological
channels. Depending on the application, there may be a
single stream of particles moving in more or less the same
direction, or two opposing streams. An example of the former
is provided by an experimental study of the filtration of
glass beads through a wire mesh [1]. A significant fraction
of the beads is retained even when the individual beads
are small enough to pass through a mesh hole. Opposing
vehicular traffic flow on single track roads in remote areas
is an example of a process involving counterflowing streams.
If two opposing cars enter the passage with an insufficient
time delay they block the passage and prevent each other,
and following vehicles, from passing. Similar situations may
occur in urban areas where the capacity of the road is reduced
by parked vehicles and also in dense pedestrian flows in
narrow passages. The Asymmetic Simple Exclusion Process
(ASEP) is a well-known lattice model for stochastic transport
phenomena [2]. It has been applied to model traffic flow
and transmembrance macromolecular transport. Particles
can hop to vacant adjacent sites, but blockage is explicitly
avoided. We have introduced, and obtained exact solutions
for, stochastic models in which particle flow is instantaneously
interrupted as soon as the carrying capacity of the channel
is exceeded for both concurrent and countercurrent flow
situations [3]. These models are complementary to the lattice
gas models in that they are continuous in both space and
time and are most appropriate for low density flows. In the
concurrent flow model particles arrive at the entrance of a
channel according to a Poisson process of constant intensity.
A single particle exits the channel after a transit time 7.
If, however, two particles are simultaneously present in the
channel, blockage occurs instantaneously and the flow ceases.
More abstractly, the channel acts as a filter for the Poisson
point process. The quantities of interest are the probability
of blockage (failure) as a function of time and the final
outcome, i.e. the number and type of particles that exit the
channel before blockage occurs. We also consider generaliza-
tions of the model where more than two particles must be
present in the channel to cause blocking. A reversible version
of the concurrent flow model can also be solved analytically [4].

(1] N. Roussel, T.L. Nguyen, P. Coussot, Phys. Rev. Lett. 98,
114502 (2007).

[2] B. Derrida, M.R. Evans, V. Hakim, V. Pasquier, J. Phys.
A: Math. G 26, 1493 (1993).

(3] A. Gabrielli, J. Talbot, P. Viot, Phys. Rev. Lett. 110,
170601 (2013).

[4] C. Barré, J. Talbot, P. Viot, EPL 104, 60005 (2013).

Is percolation of long rods possible?

Y.Yu. Tarasevich!, N.I. Lebovka?
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NAS of Ukraine, Kiev, Ukraine

Percolation [1] and jamming [2] phenomena are investigated
for relaxation random sequential adsorption (RRSA) of linear
k-mers (particles occupying k adjacent adsorption sites along a
line; also denoted in publications as rigid rods, needles, sticks)
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on two-dimensional square lattices L X L with periodic bound-
ary conditions. Numerical simulations by means of Monte
Carlo method and finite-size scaling analysis have been per-
formed.
Effect of anisotropic placement of the objects on the jamming
concentration, p;, and percolation threshold, p., has been in-
vestigated. In anisotropic problem, the vertical and horizontal
orientations of k-mers occur with different probabilities and
degree of anisotropy can be characterized by the order param-
eter s defined as
N — N_

TN TN ' ’
where N| and N_ are the numbers of k-mers oriented in the
vertical and horizontal directions, respectively.
To place an object, the lattice site is randomly selected and
an attempt of deposition of a k-mer with orientation defined
by order parameter s is done. The unsuccessful attempt is not
rejected and a new lattice site is randomly selected until the
object will be deposited. In contrast to the known random
sequential adsorption model with diffusion, the RRSA model
does not restrict the movement of species by the nearest sites
only. The species may move all over the substrate searching
for a sufficiently large empty space. The deposition terminates
when a jamming state is reached along one of direction.
It was observed that partially oriented and disordered systems
consist of the blocks of vertically and horizontally oriented k-
mers and voids between them.
A nonmonotonic size dependence for the percolation threshold
has been confirmed in isotropic case. We propose a fitting
formula for percolation threshold

pe = a/k” + blogo k + ¢,

where a, b, ¢, a are the fitting parameters depending on
anisotropy. For isotropic system, parameters are a ~ 0.36,
a =~ 0.81, b~ 0.08, c ~ 0.33.
The jamming concentration follows the power law

pi(k) = pj(o0) +d/k".

For isotropic system, p;(oo) ~ 0.65, d ~ 0.42 and 8 ~ 0.72
For isotropic systems, the ratio p./p; increases proportionally
to logyg k for large k:

pe/pj = floggk +g,

where f ~ 0.12 and g =~ 0.51 are the constants.

We predict that for large k-mers (k ~ 104) isotropically placed
at the lattice, percolation cannot occur even at jamming
concentration.

[l] Tarasevich, Lebovka, Laptev, Phys. Rev. E 86, 061116
(2012).
[2] Lebovka, Tarasevich, et al., Phys. Rev. E 84, 061603
(2011).

Universal scaling in the statistics and thermody-
namics of the Bose-Einstein condensation of an
ideal gas in different mesoscopic traps

S.V. Tarasov', VL.V. Kocharovsky®, V.V. Kocharovsky?
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Nizhny Novgorod, Russia
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We present a complete analytical theory of the critical
phenomena in the Bose-Einstein condensation (BEC) of an
ideal gas in the mesoscopic traps. We find that in the whole
critical region the BEC statistics and thermodynamics have
a universal self-similar behavior for arbitrary parameters of
the system — number of atoms, volume, temperature, etc. We
proof that there are only two universality classes, Gaussian
and anomalous, which have essentially different scaling, and
analytically describe their properties.

That constitutes a full analytical solution to the problem on
how BEC critical fluctuations and thermodynamic quantities
(such as the Gibbs free energy, the average energy, and
the specific heat) depend on the confining potential, shape,
and boundary conditions of a trap. We give transparent
illustrations of this solution by considering boxes with
periodic and zero Dirichlet boundary conditions as well as
various power-law and harmonic traps. In particular, we find
analytically, for the first time, the universal fine structure of
the famous discontinuity in the specific heat at the A-point.
The theory of the BEC critical phenomena cannot be done
within the standard grand-canonical-ensemble approach which
employs only an approximate condition of a fixed expectation
value of number of atoms and leads to the incorrect results.
Our study of the mesoscopic Bose-systems is based on the
canonical ensemble description that takes care on the exact
conservation of the number of atoms in the trap.

We calculate the probability distribution of the number of
noncondensed atoms in the trap and the partition function
by linking the system with exactly N atoms with an auxiliary
‘unconstrained’ system with unlimited number of independent
excitations and implementing the appropriate reduction of
the many-body Hilbert space. Statistics derived in that way
is not an approximation or a kind of a model, but an exact
and rigorous solution which obeys the fundamental Gibbs
distribution.

We show that the statistics is determined by the one-particle
energy spectrum of the trap and especially by its lowest-
energy modes, which are sensitive to the confining potential,
and, hence, the universal self-similar structure of the BEC
thermodynamics pronouncedly dependents on the shape of
the trap (in particular, on the trap’s boundary conditions).
This dependence manifests itself even in the bulk limit of a
macroscopically large system, and we propose experiments for
its direct measurement.

[] V.V. Kocharovsky, V1.V. Kocharovsky, Phys. Rev. A 81,
033615 (2010).

[2] V.V. Kocharovsky, VI.V. Kocharovsky, J. Phys. A 43,
225001 (2010).

[3] S.V. Tarasov, V1.V. Kocharovsky, V.V. Kocharovsky, Phys.
Rev. A, submitted (2014).

Virtual Currencies. A Risk Analysis
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Information and communication technologies are rapidly
transforming our financial system, and our society in general,
to something very different from what we were used to think
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about, during the last decades. The financial industry is
becoming more heterogeneous in its business proposition
because technology standards open to new products, new
services and new business models. Those familiar with
technology often refer to the exponential growth of the
Moores Law so named for the Intel co-founder Gordon Moore
who postulated it in 1965. He predicted that transistors on
processors (used for processing power) would double every
two years. Many predicted this would be a short-term law
and could not continue for long. Yet nearly 50 years later,
it is continuing. Every few years the world of technology
witnesses a revolution, the next big development with the
potential to change how we function and to spawn a highly
profitable new industry. There has been the explosion of
personal computers, followed by the Internet, smartphones,
tablets, cloud computing, and other large and small disruptive
technologies. The latest such game-changer seems to be the
arrival of virtual currencies. A virtual currency, among its
various names (electronic currency, crypto currency, digital
currency) is a digital medium of exchange that acts as an
alternative unit of accounting, i.e., money. Technically, a
virtual currency relies on cryptography and it is created
on the proof-of-concept principle that transactions can be
securely processed on a decentralized P2P network without
the need for a central clearinghouse. Currently, virtual
currencies are not produced by government-endorsed central
banks nor necessarily backed by national currencies. The
ECB (2012) report issued in October 2012 on virtual currency
schemes concluded saying: Given that the current assessment
of risks is highly dependent on relatively small-sized virtual
currency schemes, the assumption that virtual currency
schemes will continue to grow means that a periodical
examination of the developments is needed in order to
reassess the risks. From that time on, the virtual currencies
market capitalization has rapidly increased from a value
130 Milions USD to 15 Bilions USD. Equivalent to an
expansion larger than 11.500% in only 15 months. Therefore,
this paper attempts to picture the ongoing innovation of
virtual currencies from a market risk perspective. We will
go into a comprehensive level of details about the impact of
virtual currency scheme on the following central banks areas:

price stability, financial stability and payment system stability.

[1] ECB, Report (2012).

Reduced dynamics of dimer subsystem in a
molecular chain

B.A. Tay

Foundation Studies, Faculty of Engineering, The University of
Nottingham Malaysia Campus, Semenyih, Selangor, Malaysia

We study a group of N oscillators each located at a fixed
site. These oscillators are coupled to their nearest neighbor,
and at the same time each of them is coupled linearly to
a phonon field common to all of them. The coupling is
modulated by the population quantum number or site energy
of the corresponding site. This model was used to describe
the transfer of excitation energy, or exciton, in photosynthetic
light-harvesting complex through dipole-dipole interaction
between chlorophyll molecules (May). It was also used to
study the transfer of vibrational energy, or vibron, along

molecular chain, for example, between the peptide groups in
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alpha-helix protein chain (Christiansen).

In this model the transfer of energy or vibrational mode is
affected by the molecular displacement of the underlying
protein matrix or molecular chain. We will apply a few
changes of basis, through a series of unitary transformations
on the phonon basis and then on the dimer subsystem basis,
to bring the Hamiltonian of the system, and in particular a
dimer subsystem among the oscillators, to a familiar form.
Under a weak coupling assumption in the interaction between
the sites and the phonon, the original interaction term can be
eliminated in the transformed basis. A new interaction term
Under

a further rotating-wave approximation, the Hamiltonian of

involving the dimer and the phonon then emerges.

the dimer subsystem acquires a form similar to the trilinear
boson model, in which the dimer interacts as a collective
unit with the phonon. The trilinear boson model was used
to describe the processes of parametric amplification and
frequency conversion in quantum optical systems (Louisell).
The transformed Hamiltonian also has the same formal
structure as the Lee model for bosonic system (Lee), and the
one-particle sector of its oscillator subsystem is equivalent to
the Friedrichs model (Friedrichs).

In the Markovian approximation, the reduced dynamics of
the dimer subsystem in the trilinear boson model, where
the dimer is regarded as a collective system, has the form
of Kossakowski-Lindblad equation. This equation can be
solved analytically in terms of the bosonic representation
of the SU(2).
the individual oscillators is a constant of motion under the

The total occupation quantum number of
reduced dynamics. Consequently, the underlying space of
the dimer separates into an infinite number of subspaces
disconnected from one another. Within each subspace, the
reduced dynamics behaves like a finite-level system under a
cascade process. As a result, there is a set of non-degenerate
metastable states in the reduced dynamics.

[] V. May and O. Kiihn, Charge and Energy Tr. Ed. 3,1
(2011).

[2] P.L. Christiansen, Davydov’s Soliton Re Ed. 1,1 (1990).
[3] W.H. Louisell, A. Yariv, Phys. Rev. 124, 1646 (1961).

[4] T.D. Lee, Phys. Rev. 95, 1329 (1954).

[5] K.O. Friedrichs, Commun. Pure and App. 1, 361 (1948).

Hierarchies in tagged data
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Folksonomies - classifications based on tags applied by users
- are becoming an increasingly important way of categorizing
information, contrasting traditional hierarchies. It can be
found in blog posts, online stores, journals, biological datasets,
movie databases, photo sharing sites, scientific publications,
social bookmarking sites, etc. giving short ”description” of
the items. In traditional hierarchies, categorization is done
by a few experts in a top-down approach, and the items
tipically belong to a single category. In folksonomies, users
can attach tags to items, speeding up the process significantly,
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thus allowing the categorization of very large datasets,
possibly containing tens of thousands of items or more, in
reasonable time. Tags can be arbitrary words or expressions
deemed applicable by the users, and an item can have several
tags, resulting in a bottom-up, self-organized categorization.
The arising dataset is a tri-partite item-tag-user network,
however, it has no evident organization in general. Although
there are no prescribed relations between tags, hierarchical
relationships are expected to appear between them, reflecting
the hierarchical structures like special-general relationships,
e.g. “orange” is a special case of ”fruit”. Therefore, a
directed acyclic graph (DAG) of tags is expected to exist.
Reconstructing such directed acyclic graphs solely from the
co-appearance of the tags is an interesting challenge with a
potential for practical applications, like more fluid navigation
in the original dataset, providing recommendations, or aiding
the categorization of newly arriving items. Here we present a
new reconstruction method, along with a benchmark system,
including similarity measures for directed acyclic graphs.
Tuning the parameters of the benchmark system allows
investigating the behavior of the reconstruction methods
in a controlled environment, while similarity measures can
be exploited to compare the reconsctructed directed acyclic
graph to the original one. We compare our method to existing
ones (the ones of P. Heymann and H. Garcia-Molina [1],
and of P. Schmitz [2]) on our benchmark, resulting in very
promising scores, significantly better compared to the existing
methods. We also apply it to various real-world examples,
like the Flickr photo sharing website and the Internet Movie
Database (IMDD).

[] P. Heymann, H. Garcia-Molina, Stanford InfoLab, (2006).
[2] P. Schmitz, Proc C Web T W (2006).

A Reciprocity Based Model of Social Networks
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Modeling and understanding social networks has been the
subject of intense research as social networks enable and drive
many technological advances and fundamentally shape the
economic and political landscape. A set of questions emerging
from these studies refer to the inherent distinguishing
features of social networks: What makes social networks
“social”? How the distinguishing features of social networks
emerge from human behavioral mechanisms? A fundamental
empirical observation is that structurally, social networks are
characterized by assortative mixing by degree (simply referred
to as “assortativity”) and transitivity. While the transitivity
property, expressing the higher-than-random prevalence of
closed triples has extensively been studied; there is less
understanding on the behavioral mechanisms responsible for
the observed assortativity of social networks. Assortativity
describes the preponderance of connections between nodes of
similar degrees, indicated by a positive Pearson correlation
coefficient r between the degrees of connected nodes. It is
a signature that appears to consistently differentiate social
networks from other natural and technological complex
systems, in the latter of which low-connectivity nodes tend to
attach preferentially to high connectivity nodes, resulting in
dis-assortatively mixed structures (r < 0).

The fact that social networks are consistently assortative,
suggests that this property is generated by universal behav-
ioral features that are independent of the particular context
associated with the actor and its social relationships. Here
we propose that the observed assortativity has its roots in
fundamental physical and cognitive constraints accompa-
nying human communications both at the agent and dyad
(agent-interaction) level. Incorporating these constraints, we
present a parsimonious agent-based model of the emergence of
assortativity in social networks, based on Jaynes’ Maximum
Entropy Principle. The presented model offers an explanation
of positive degree assortativity in social networks in terms
of the simple mechanism of preference for reciprocity in
communication flows: actors tend to drop relationships in
which they invest more than their partners and attempt to
search for relationships in which they invest as much or less.
Our model explains how degree-assortative social networks
characterized by system-wide connectivity can emerge from
random initial conditions through a process of decentralized
decision-making constrained only by the local neighborhood
topology.

1] M.E.J. Newman, Phys. Rev. Lett. 89, 208701 (2002).

[2] A. Barabasi, R. Albert, Science 286, 509 (1999).

[3] M.E.J. Newman and J. Park, Phys. Rev. E 68, 36122
(2003).

[4] E.T. Jaynes, Phys. Rev. II 106, 620 (1957).

Evaluating Advertisement On Social Network By
Extended Sir Model

H. Toyoizumi

Waseda University

Many companies are starting to rely on marketing activities
over social networks. There are two main categories of mar-
keting on social network: (1) advertisement of word of mouth
(WOM) by customer behaviour such as like and share, and (2)
direct access (DA) marketing such as banners displayed on the
window of customers.

It is known that large-degree nodes can become the bottle-
neck of spreading information on complex networks. In this
research we will analyse the spread process of WOM advertise-
ment on social network by using extended heterogeneous SIR
(Susceptible-Infectious-Recoverd) model. We compare the ef-
fectiveness of WOM with direct marketing. Further, we will
discuss the possible improvement of WOM advertisement.

Our SIR model on the network of size n can have differ-
ent heterogeneity of emitting and receiving of WOM. Let k;
and w; be the emission level and receptivity of individual 3.
The emission level k; corresponds to the number of WOM
emitted to the network (typically, the number of i’s friends
or the degree of 7). Also w; corresponds to the probabil-
ity that one WOM floating in the network is absorbed by i
(typically, ratio of the degree of ¢ to the sum of all degree).
The state of individual X;(t) starts from S (susceptible: no
WOMs have reached yet). When i absorb one WOM, the
state is changed to I (Infectious: emit secondary WOMs to
the network) for some time, and eventually ¢ become silent and
the state is changed to R (Recovered: emit no WOMs). Let
Si(t) = PX;(t) = S, Li(t) = PX;(t) = I, R;(t) = PX;(t) = S,
then the system of PDEs for describing WOM spread is the
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following:

dsét(t) =-A ( i kil (t)) w; Si(t), (1)

d[:lit =A (Z?ﬂ kj-’j(t)) wiSi(t) — pli(t),  (2)

o = Whi(0), )

~—

where A is the emitting rate and u is the recovering rate.
On the other hand, DA model, which has no infectious state,
can be described by:

dsS;(t) -

2 = —2sue), )
dR;(t) 54
w =28, ©)

where o is the emitting rate of direct advertisement.

We solve these extended SIR models of network and discuss
the efficiency of advertisement of WOM and DA. by the power
of network, WOM can have better spreading performance
than DA. However, as observed in SIR on complex networks,
when k; and w; is proportional to the degree, large-degree
nodes can be bottleneck to the spread of WOM.

[1] H. Toyoizumi, S. Tani, N. Miyoshi and Y. Okamoto, Phys.
Rev. E 86, 021103 (2012).

[2] Volz, Erik, J. Math. Biol. 56, 293 (2008).

[3] Newman, Mark, Networks (Oxford University Press, 2010).

Exploiting networks of concepts in learning paths

F. Tria', V. Loreto?, V.D.P. Servedio?, S.H. Strogatz®

Hnstitute for Scientific Interchange (ISI), Torino, Italy
2Sapienza University of Rome, Physics Dept., Italy
3Cornell University, Dept. of Mathematics, Ithaca, USA

Almost everyone met in his life a great teacher. Beside the
individual nature of those mentors, a question arises whether
it is possible to highlight some general directions an efficient
learning (teaching) strategy should follow. A line of research
focuses on optimal strategies to present concepts in order
to maximize scholars learning abilities. Think for instance
you have to learn a language or in a simplified picture a list
of words. You should find a trade-off between look at new
material and reviewing what you have already seen. I will
review a simple mathematical model that captures this issue
in an idealized form, including the ”spacing effect” famous
in cognitive science, according to which, loosely speaking,
review is useful only if it is neither too soon nor too late. In
this basic model the words to be learned are deprived of their
semantic value and considered as a list of uncorrelated items.
However, semantic relations play undoubtedly a fundamental
role in learning processes. We investigate this aspect by
considering different strategies for exploring concepts to be
learned when those are represented as nodes in a network of
semantic relations. We highlight both semantic structures
and ways to exploit them which are optimal with respect
to learning efficiency. Both results on synthetic graphs and
results on real world structures, such us the collaborative
on-line encyclopedia Wikipedia and the graph emerging
from a words-association game (Human Brain Cloud) will be
discussed.
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The dynamics of correlated novelties

F. Tria
Institute for Scientific Interchange (ISI), Torino, Italy

Innovations drive, at different scales, the evolution of
biological systems, human society, technology, and spice our
daily lives in the form of little novelties: we continuously
meet new people, adopt new words, listen to new songs,
use a new technology. From this perspective, novelties and
innovations can be viewed as first time events at the individual
or collective level, respectively. Such new experiences are
often triggered by some earlier new experience, thus providing
a correlation between them. The scientific significance of
such concept has been summarized by the notion of adjacent
possible introduced by Stuart Kauffman and popularized
by Steven Johnson: ”The adjacent possible consists of all
those things (depending on the context, these could be ideas,
molecules, genomes, technological products, etc.) that are
one step away from what actually exists, and hence can arise
from incremental modifications and recombinations of existing
The strange and beautiful truth about the

adjacent possible is that its boundaries grow as you explore

material.

those boundaries.” In this picture, the advance into the
adjacent possible is the driving force for correlating innovative
events, and novelties are produced through an exploration
of a space — physical, conceptual, technological, or biological
— that enlarges itself whenever one reaches a point of the
space never visited before. Though the creative power of this
idea is widely appreciated at an anecdotal level, it remains
poorly understood theoretically and unquantified empirically.
I will propose a first mathematical model for the dynamics
of novelties correlated via the adjacent possible. The model
is based on Polya’s urn, suitably generalized, and can be
mapped into a random walk process on a growing graph. I will
derive testable, quantitative predictions from this model: the
statistical laws for the rate at which novelties happen (Heaps’
law) and for the probability distribution on the space explored
(Zipf’s law), as well as signatures of the process by which
one novelty sets the stage for another, measured by means
of suitably defined entropic measures. I will show that these
predictions are borne out in four data sets capturing diverse
aspects of novelty and innovation in social and technological
systems: the edit events of Wikipedia pages, the emergence
of tags in annotation systems, the sequence of words in
texts, and listening to new songs in online music catalogues,
suggesting that our hypotheses capture the essential features
of real systems.

Karhunen-Loéve expansion of Spartan spatial
random fields

1.C. Tsantili, D.T. Hristopulos

Technical University of Crete

Flexible and efficient representations of random fields (RFs)
are important in the analysis and modeling of environ-
mental data. The Karhunen-Loéve (KL) expansion allows
representing RFs in terms of an orthogonal basis derived
by the eigen-decomposition of its covariance function and
a denumerable set of uncorrelated random variables. The
method can handle both Gaussian and non-Gaussian RF's

depending on the probability distribution that the chosen
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set of random variables follows [1]. The truncated basis of
functions ensures smaller energy loss than representations by
any other basis of the same dimension and the corresponding
eigenvalues measure the contribution of each basis function to
the total energy. As a means of extracting dominant features
and trends the KL expansion has applications in turbulent
flows [2] and nonlinear threshold systems [3]. The so-called
Spartan spatial random fields (SSRFs) are Gaussian RFs with
additional parameters [4]. The additional non-trivial param-
eters provide the ability to vary the RFs’ smoothness and
the dependence between the correlation length, the integral
range and the characteristic length of the covariance model.
This implies more flexibility in capturing the local variability
than existing covariance models. In this work we derive the
KL expansion of the Fluctuation-Gradient-Curvator(FGC)
SSRF. The FGC-SSRF covariance is a family of three classes
of covariance functions each one accounting for a different
The model
includes oscillating covariance functions for —2 < 71 < 0 [4].

range of values of the shape parameter 7.

The eigenfunctions and eigenvectors of the KL expansion
are obtained by the solution of a homogeneous Fredholm
equation of the second kind. For the FGC-SSRF covariance
function the integral equation corresponds to a fourth order
linear ODE, in contrast with the second order ODE of the
well-studied exponential covariance case. This property is also
present in the associated FGC-SSRF fourth order Langevin
equation. The Fredholm equation is solved analytically and
the eigenvalues are obtained by the numerical solution of
two transcendental equations for each class of covariance
functions. For n1 = 2 the derived results are similar with
the ones presented in [5] for the modified exponential kernel.
Simulations of the FGC-SSRF using their KL expansion will
be presented and discussed.

[] K.K. Phoon et al, Comput. Struct. 80, 1049 (2002).

[2] L. Sirovich, Physica D 37, 126 (1989).

[3] J.B. Rundle et al, Phys. Rev. E 61, 2418 (2000).

[4] D.T. Hristopulos, S.N. Elogne, IEEE Trans. Inf. The 53,
4667 (2007).

[5] P.D. Spanos et al, J. Eng. Mech. 133, 773 (2007).

Extreme waves in linear and nonlinear systems

G.P. Tsironis
Department of Physics, University of Crete and FORTH, Greece

Ocean rogue waves (RW) huge solitary waves have for long
triggered the interest of scientists. Rogue waves emerge in a
complex environment and it is still unclear if their appearance
is due to linear or nonlinear processes. Recent works have
demonstrated that RWs appear in various other physical
systems such as microwaves, nonlinear crystals, cold atoms,
etc. We will present two types of investigations focusing on
discrete nonlinear lattices that are models for weekly couple
materials or metamaterials as well as continuous optical
systems with specific variation of the index of refraction.

In the lattice models we first perform statistical analysis on
discrete nonlinear waves generated though modulational in-
stability in the context of the Salerno model that interpolates
between the intergable Ablowitz-Ladik (AL) equation and
the nonintegrable discrete nonlinear Schroedinger (DNLS)
equation. We focus on extreme events in the form of
discrete rogue or freak waves that may arise as a result of

rapid coalescence of discrete breathers or other nonlinear
interaction processes. We find power law dependence in the
wave amplitude distribution accompanied by an enhanced
probability for freak events close to the integrable limit of the
equation.

Furtherrmore, we induce spatiotemporal complexity in a
two dimensional nonlinear disordered lattice through the
modulational instability of an initially weakly perturbed ex-
citation. In the course of evolution we observe the formation
of transient as well as persistent localized structures, some of
which have extreme magnitude. The probability of creation
and dynamical properties of these two types of the extreme
events are correlated with the competition of two distinct
localization mechanisms dating from the quenched disorder
and nonlinearity. We analyze the statistics of occurrence and
the return time probability of these extreme collective events
and find that the appearance of transient extreme events
is more likely in the weakly nonlinear regime, while in the
opposite case trapped highly pinned structures dominate.
These findings that help to find optimal regimes for the EE
generation are compatible with earlier work on the role of
integrability in the generation of extreme waves.

In the optical work we investigate optical wave propagation
in strongly scattering random lattices embedded in the bulk
of transparent glasses. In the linear regime we observe the
appearance of RWs that depend solely on the scattering
properties of the medium. Interestingly, the addition of
nonlinearity does not modify the RW statistics, while as
the nonlinearities are increased multiple-filamentation and
intensity clamping destroy the RW statistics. Numerical
simulations agree nicely with the experimental findings and al-
together prove that optical rogue waves are generated through
the linear strong scattering in such complex environments.

Nonlinear Lattices embedded in nonzero Heat
baths

G.P. Tsironis', T. Oikonomou?, N. Lazarides®

!'Department of Physics, University of Crete, Heraklion, Hellas
2Department of Physics, Faculty of Science, Ege University, Izmir,
Turkey

A nonlinear lattice of anharmonic (¢ — 4) oscillators supports
nonlinear excitations in the form of intrinsic localized modes
or discrete breathers, i.e., spatially localized and time-periodic
oscillations [1], which crucially affect its thermodynamic
properties. By means of the thermal shock technique we
study various statistical properties of the one-dimensional
chain of anharmonic oscillators with free-end boundary
conditions. The isolated system is thermalized initially at a
given temperature Ty. Subsequently, at time zero, our system
is put into contact with a heat bath of nonzero tempera-
ture Thcity. As expected, we record velocity distributions
which deviate from the Gaussian distribution (Boltzmann
equilibrium). Moreover, the higher the energetic level of the
metastability is, the more the distribution deviates from the
former one, yet in a consistent manner so that a quantitative
description is possible. Further analysis is related to the
energy relaxation time. After initially thermalizing the lattice
at temperature Tp, we put, at time zero, a large amount of
energy on one site. This corresponds to the creation of a

breather, following the reverse procedure than previously. We
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then study the relaxation time of the breather with respect
to the energy, by varying in each set of experiments the
coupling constant k& between neighboring oscillators. We
observe that the former relaxation time A7 follows a power-
law behavior with respect k for small values, i.e., A7(k) ~ k=%

[I] R.S. MacKay and S. Aubry, Nonlinearity 7, 1623 (1994).
[2] G.P. Tsironis and S. Aubry, Phys. Rev. Lett. 77, 5225
(1994).

[3] A. Bikakis EtAl, Phys. Rev. E 59, 1234 (1999).

Liquid-liquid demixing and droplet nucleation in
electric field gradients

J. Galanis, S. Samin, Y. Tsori
Department of Chemical Engineering, Ben-Gurion University of

the Negev

When a mixture of two simple liquids, or a pure liquid in
coexistence with its vapor, are under the influence of spatially
uniform electric field, the critical temperature may change
by a small amount, typically in the mK regime. A different
scenario occurs when the external fields has gradients. In this
case the change to the coexistence temperature is 2-100 larger
than the change in uniform fields. The phase separation is
reversible: when field gradients are turned off, the mixture
becomes homogeneous again. We will show theoretical
and experimental evidence for this new electro prewetting
transition and will discuss its implications.

Our theoretical approach relies on a coarse-grained mean-field
free energy. It allowed us to recently study (i) liquid-vapour
coexistence in pure and dielectric materials, (ii) interactions
between colloids immersed in a binary mixture containing
salt, and (iii) the dynamics of phase separation in a cylindrical
capacitor.

Preliminary experiments have revealed several interfacial
instabilities, occurring as a competition between surface
tension and electrostatic forces. In addition, as the size of the
electrodes is reduced, surface tension becomes more dominant;
at the scale of 50 m we are able to achieve a large array of
small drops of one liquid embedded in a matrix of the second
liquid.

The phase transition may have various applications in the
nanotechnological world, since it benefits from field gradients
near small conducting objects. Some of the promising direc-
tions studied by us are demixing in microfluidics channels,
MEMS, and electro lubrication.

[1] Y. Tsori, F. Tournilhac and L. Nature 430, 544 (2004).
[2] Y. Tsori, Rev. Mod. Phys. 81, 1471 (2009).
[3] S. Samin and Y. Tsori, J. Phys. Chem. B 115, 75 (2011).

Spectral Renormalization Group for a scalar psi*
theory on the Cayley tree

A. Tuncer, A. Erzan

Istanbul Techical University

We use a deterministic lattice, the Cayley tree, to illustrate
how the analogue of a “momentum shell” renormalization
group can be constructed on a network which is not embedded
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in a metric space. The spectral renormalization group we have
recently proposed [1] utilizes the eigenvectors of the graph
Laplacian as a basis in which to expand the fields living on the
vertices of a graph. The field components corresponding to
eigenvectors with higher eigenvalues are then integrated out,
and the remaining terms in the Hamiltonian rescaled in order
to obtain a renormalized Hamiltonian. The scaling behaviour
of the spectral density of the graph Laplacian near the lower
end of the spectrum plays an important role in determining
the critical behaviour of the fluctuating field living on the
network, notwithstanding claims to the contrary [4].

The spectral renormalization group is applied to a scalar
1* model on the Cayley tree, which has an effective graph
spectral dimension d = 2, with the discrete spectral density
p(w) ~ wP being consistent with a scaling exponent 8 = 0,
although the discrete d-function peaks have an envelope with
a slope of unity [2]. The nearest neighbour interaction is
diagonalized by using the eigenvectors of the graph Laplacian,
giving rise to a Gaussian theory for continuous fields. Explicit
solutions for the eigenvectors involve harmonic functions and
display discrete scaling as well as permutation symmetries,
making possible some of the manipulations allowed under
usual assumptions of spatial isotropy. The scaling dimensions
of the fields and of the “mass” term are determined numeri-
cally [2], as well as analytically. It should be noted that this
approach is not based on decimating a certain fraction of
the fields. Rescaling the effective Hamiltonian restores the
original number of degrees of freedom, albeit with different
coupling constants.

The * interaction terms are treated perturbatively, using
the usual Feynman graph expansion. The RG fixed point is
Gaussian to first order, as in the Wilson momentum-shell
Renormalization Group [3]. Perturbation theory results will
be presented up to second order. A drawback which we have
to face is that the upper critical dimension is 8. = 1, so that
an e-expansion in € = 3. — (3 is only asymptotic, with € = 1.

] E. Ayglin, A. Erzan, J. Phys. Conf. Ser. 319, 012007
(2011).

[2] A. Tuncer and A. Erzan, arXiv:1312.2885 (2013).

[3] K.G. Wilson and J. Kogut, J Phys. Rep. 83, 75 (1974).
[4] A.N. Samukhin, S.N. Dorogovtsev, J.F.F. Mendes, Phys.
Rev. E 77, 036115 (2008).

Connecting the physics of swarming animals and
active matter

D.J.G. Pearce, A. Tamsett, G. Rowlands, M.S. Turner

University of Warwick

Bird flocks, insect swarms and fish shoals resemble fluids
made up of many individuals where the controlling inter-
actions are social rather than physical in character [1].
Some progress has been made reverse-engineering candidates
for these interactions that are local in space, either in a
metric-based [2] or topological sense [3,4]. A question that
has been largely overlooked is whether the interactions should
be expected to be local at all. We discuss the evidence for
them having a non-local character and, furthermore, that
there is a natural choice for this that is consistent with the
This leads us to
propose a non-local hybrid-projection model. This has the

cognitive limitations of a bird’s vision.

physically satisfying feature that it involves an unusually
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small number of control parameters, when compared with
other swarming models. We study the global character of
the flocks that emerge from this model and their various
phenotypes. Most significantly, an emergent state arises in
which the probability that a typical bird can see out (sky)
in any direction divided by the probability that its view is
blocked by other bird(s) is O(1). We refer to this as being
marginally opaque. We present experimental data on bird
flocks that confirm this prediction and discuss how these
models may naturally be associated with evolutionary fitness,
as well as being physiologically plausible. In an attempt to
make a connection with thermodynamic systems of so-called
”active matter” we report on recent work on thermophoretic
colloids that are heated by an external light source, extending
on [5]. We show that these systems can undergo first order
transitions from compact to disperse states as the light
intensity is varied. Intriguingly, we find that the same state
of marginal opacity emerges: no compact state with a density
below marginal opacity is stable. This reveals a previously
unidentified similarity between social and thermodynamic

swarms.

[1] I. Giardina, HFSP J. 2, 205 (2008).

[2] T. Vicsek et al, Phys. Rev. Lett. 75, 1226 (1995).

[3] A. Cavagna et al, Proc. Nat. Acad. Sci 107, 11865 (2010).
[4] M. Ballerini et al, Anim. Behav. 76, 201 (2008).

[5] J. A. Cohen, R. Golestanian, Phys. Rev. Lett. 112, 068302
(2014).

Reaction-diffusion-taxis model for spatio-
temporal dynamics of five picophytoplankton
populations

D. Valenti
Dipartimento di Fisica e Chimica, Universitd di Palermo, Group
of Interdisciplinary Physics and CNISM, Unitd di Palermo, Italy

Recently new models were devised to study spatio-temporal
dynamics of phytoplankton populations in view of obtaining
more precise predictions of the vertical biomass distributions
in marine ecosystems. These studies can be crucial from the
point of view of fishery. Indeed the abundance of fish species
is strictly connected with primary production, i.e. phyto-
plankton biomass, responsible for chlorophyll concentration.
In this work a one-dimensional deterministic reaction-
diffusion-taxis model is used to reproduce the spatio-temporal
dynamics, along a water column, of five picophytoplankton
populations sampled in a real ecosystem. In our analysis, to
better reproduce the spatio-temporal behaviour of picophy-
toplankton populations we take into account the periodical
changes of the light intensity and profiles of vertical turbulent
diffusivity, obtaining the time evolution of the system over
a period of five years. Moreover, the seasonal variations of
both depth of thermocline and thickness of the upper mixed
layer close to the water surface are considered. As a first
step, the spatio-temporal behaviour of biomass concentration
of each picophytoplankton population is calculated by
numerically solving the equations of the model. Afterwards,
the numerical results for biomass concentration, expressed in
cell/m3, are converted in total concentration of chlorophyll
a (chl a) and divinil-chlorophyll a (Duvchl a), obtaining the
chlorophyll distributions along the whole water column.
These theoretical profiles are compared with experimental

data for chlorophyll concentration collected in a site of the
Tyrrhenian Sea in four different days of different seasons of
the year. Statistical analysis, based on x2? goodness-of-fit
test, shows that numerical results are in a good agreement
with real chlorophyll distributions for all seasons investigated.
In particular, numerical results indicate that the primary
production of phytoplankton biomass is strongly influenced
by the light intensity and vertical turbulent diffusivity, which
take on different values along the water column, depending
also on seasonal variations. These findings could contribute
to predict future changes in phytoplankton distributions due
to global warming, and to devise strategies which can prevent
the decline of primary production and consequent decrease of
fish abundance.

(] C.A. Klausmeier, E. Litchman, Limnol. Oceanogr. 46, 1998
(2001).

[2] J. Huisman, N.N.P. Thi, D.M. Karl, B. Sommeijer, Nature
439, 322 (2006).

[3] A.B. Ryabov, L. Rudolf, B. Blasius, J. Theor. Biol. 263,
120 (2010).

[4] G. Denaro et al, PLoS ONE 8, e66765 (2013).

[5] A. Ryabov, Theor. Ecol. 5, 373 (2012).

Crystal growth in confined spaces

R. Valiullin, D. Kondrashova

Leipzig Univesity, Germany

Recent progress in the synthesis of nanoporous materials
with controlled structural properties made it possible to
address various phenomena occurring in mesoscalic systems.
Among them, different aspects of phase transitions of confined
fluids can now be related to the structural properties of the
porous matrices. In this work, we present the results of our
experimental nuclear magnetic resonance study of crystal
growth processes in mesoporous silicon, a material with linear,
macroscopically-long pores [1, 2]. In an ideal cylindrical
pore, the freezing temperature is reduced in proportion to
the inverse pore size. In the material under study, however,
freezing is found to start at temperatures notably lower
than the transition temperature determined by the average
pore size. The kinetics of this process is found to be very
slow and to depend on the temperature. In particular,
power-law dependencies of the crystal growth process were
observed. These findings we have associated with the fact
that the material under study possesses a substantial degree
of disorder, which can be represented as a distribution of
the pore diameters along the pore axis. Taking into account
that the phase transitions under confinement are activated
processes with the pore size-dependent barriers in the free
energy, the overall process of the crystal growth turns out
thus to occur under the condition of disordered transition
rates. The latter is shown to give rise to slow kinetics of
the phase transition. The experimental results are further
corroborated by using a simple Ising-like lattice-fluid model,
which is capable to model the freezing and melting processes
of fluids confined to pores with arbitrary organizations of their
pore spaces [3]. By using dynamic Monte Carlo simulations
we find that this model reproduces several experimental
observations including, in particular, suppression of the
transition temperatures, irreversibility between freezing and
melting and strong effect of structural disorder upon the
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pathways of the phase transitions. The mechanisms governing
the both transitions are established. As an important point,
this model shows the occurrence of the confinement size-
Different
regimes of the ice phase propagation, including, in particular,

and temperature-dependent crystal growth rates.

the observation of Sinai-like diffusion, are discussed.

[1] M. Dvoyashkin, A. Khokhlov, R. Valiullin and J. Kérger, J.
Chem. Phys. 129, 154702 (2008).

[2] D. Kondrashova, Ch. Reichenbach and R. Valiullin, Lang-
muir 26, 6380 (2010).

[3] D. Kondrashova and R. Valiullin, Micro. Meso. Mat. 178,
15 (2013).

Transiton to sustained turbulence as a non-
equilibrium phase transition

M. Vasudevan', L. Shi%, M. Avila®, B. Hof*

Mnstitute of Science and Technology, Klosterneuburg, Austria
2Georg-August-Universitt Géttingen, Gottingen, Germany
3Friedrich-Alexander-Universitiit Erlangen-Nuernberg, Erlangen,
Germany

4Institute of Science and Technology Austria, Klosterneuburg,
Austria Max Planck Institute for Dynamics and Self-Organization,

Gottingen, Germany

Wall bounded shear flows such as pipe and plane-Couette
systems, exhibit a sub-critical instability where a finite ampli-
tude perturbation is needed to trigger turbulence. At values
of Reynolds number (the control parameter) that are not
too high, turbulence occurs as localized patches surrounded
by laminar flow. For low values of the Reynolds number,
these patches are transient, and the system returns to the
laminar state. Due to the sub-critical nature of the transition,
turbulence cannot spontaneously arise and the laminar state
is an absorbing one for the system. However, turbulence can
spread by invading adjacent laminar regions. At high enough
values of the Reynolds number, the proliferation of turbulence
can outweigh its decay, leading to sustained spatio-temporal
chaos. This is analogous to contact processes (used to model
the spreading of epidemics) that exhibit a non-equilibrium
phase transition to sustained chaos. In particular, it is
conjectured that, under fairly general conditions, systems
with an unique absorbing state exhibit a phase transition
In this
contribution, we exploit this analogy and examine the phase

in the universality class of directed percolation.

transition to turbulence through experimental studies of pipe
flow and direct numerical simulations of plane-Couette flow.

In the case of pipe flow, the phase transition scenario has not
been examined so far because of the long time scales involved
(' 10% advective units ), though the critical point has been
estimated indirectly. We show that it is possible to exploit
the memoryless nature of the turbulence proliferation and
decay processes close to the transition point, to construct
a quasi-periodic pipe. Together with an accurate long-term
control on the Reynolds number (better than 0.1%), it is
possible for the first time to follow the intermittent dynamics
for arbitrarily long times, and extract quantities such as the
equilibrium turbulent fraction, which is the order parameter
for the transition. In the plane-Couette system, direct
numerical simulations were carried out in a long, narrow
domain, unconfined in the direction normal to the turbulent
stripes. A comparison of the spatial proliferation and decay
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rates of the turbulent stripes allows us to estimate the critical
point in this system. We examine the phase transition
scenario for both these systems. We present estimates of
the critical exponents , and compare them with those of the

directed percolation universality class.

(1] S. Bottin, F. Daviaud, P. Manneville, and O. Dauchot, Eu-
rophys. Lett. 43(2), 171 (2007).

[2] K. Avila, D. Moxey, A. de Lozar, M. Avila, D. Barkley, and
B. Hof, Science 333(6039), 192 (2011).

[3] H. Hinrichsen, Adv. Phys. 49(7), 815 (2000).

Thermodynamics of string gas in space-time with
horizon

H. Verschelde', T. Mertens', V.I. Zakharov?

LGent University Belgium
2ITEP, Moscow; Max Planck Institute Manchen

It is a well known fact that a string gas in flat space has
a limiting temperature, the so called Hagedorn temperature.
At high energy,the density of states of a single string grows
exponentially as a function of the energy which means that
the partition function is not defined above a certain critical
temperature. Close to the Hagedorn temperature, it is
entropically favourable for the strings to coalesce into a
single string so that the thermodynamics of the string gas
is dominated by a single long string. This temperature can
be related to a certain string state on the thermal manifold,
the thermal scalar, which becomes tachyonic. Because of the
thermal manifold, strings can wind around the time circle.
The state with winding number one becomes tachyonic at
precisely the Hagedorn temperature. In Kruzenski et al.
("Random walks and the Hagedorn transition”, JHEP 0607
(2006)) it was shown how this state can be recovered from the
single string path integral which gets dimensionally reduced
close to the Hagedorn temperature . The resulting path
integral describes a random walk coinciding with the spatial
configuration of the long string. In field theory language, the
thermal scalar is a 3D complex scalar ( corresponding with the
winding number +1 excitations ). We generalize this thermal
scalar picture of the Hagedorn transition to curved spaces
with a horizon and show how zero modes of the thermal scalar
living closely to the horizon dominate thermodynamics. To
do this, the path integral derivation of Kruczenski et al. is
critically revised and a correction term which is crucial in
curved space is identified. We apply the thermal scalar picture
to large black holes which in the neighbourhood of the horizon
can be approximated with a Rindler metric. We elaborate
on higher order a corrections for Rindler space and the link
with the cigar CFT as recently discussed in Giveon et al
(String theory at the tip of the cigar, JHEP 1309 (2013) 079).
We analyse the thermal scalar spectrum in Rindler space
for bosonic, type II and heterotic strings and determine the
Hagedorn temperature from the infrared behavior of the free
energy. We discuss the critical behavior of the string gas and
interpret this as a random walk near the horizon. Combining
field theory arguments with the random walk path integral
picture, we realize (at genus one) the picture put forward by
Susskind of the string gas as a long string surrounding black
hole horizons. We find that thermodynamics is dominated by
a long string living at string scale distance from the horizon.
The Hagedorn temperature of the string gas turns out to be
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equal to the Hawking temperature.

[1] Th. Mertens, H. Verschelde and V.I. Zakharov, JHEP 1403,
086 (2014).
[2] Th. Mertens, H. Verschelde, V.I. Zakharov, JHEP 1402,
127 (2014).
[3] H. Verschelde, V.I. Zakharov, Prog. Theor. Suppl. 197,
92 (2012).

Brownian corrections to particle motion in the
XY Hamiltonian Mean Field Model
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We study the dynamics of the N-particle system evolving
according to the Hamiltonian

N 2 N
Pi K
H = = 4+ —
zi:zJ’QN__

¥

[1 — cos(0; — 0;)], (1)

commonly known as the XY Hamiltonian Mean Field
(XY-HMF) model. 6; is the position of the i-th particle on
the circle S = R/27 and p; its conjugate momentum. This
model has two behaviours, viz. (i) for an attractive potential
(K = 1), a phase transition occurs from an inhomogeneous,
clustered phase to a homogeneous phase for a given value
of temperature ; (%) for a repulsive potential (K = —1), no
phase transition occurs.
In the second case, particle motion may be approximated by
the ballistic motion with small corrections. For particles with
initial positions uniformly distributed in S2,, while initial
velocities are distributed in equally spaced (by Awvg) beams
containing one particle each, ie., vjo ~ (j/N — 1/2)Awvg
for the initial velocity of the j-th particle, it is shown that
corrections to the ballistic velocities are in the form of
independent Brownian noises. Moreover, we also estimate
a time validity for this approximation. Molecular dynamics
simulations of the XY-HMF model with the proposed “parti-
cles in monokinetic beams” initial conditions are presented to
confirm our preliminary theoretical results.
For the attractive case, we model the system, in presence
of the ordered phase, as composed of two sets of particles:
Np passing particles move according to a ballistic motion
corrected by the presence of N cluster particles, that lay
inside the cat’s eye and are assumed to have fixed positions.
Thus, we focus on the dynamics of passing particles with the
same strategy as above. The presence of cluster particles,
however, no longer allows us to admit small corrections to a
ballistic motion. Preliminary numerical simulations for this
case show that these corrections diverge from a Brownian
noise in very short times.
We are still carrying out the calculations for the attractive
case. As a first order correction to the velocities, we expect to
get Brownian noise and non-negligible corrections for higher
orders.

[1] W. Ettoumi, M.-C. Firpo, Phys. Rev. E 84, 030103 (2011).
[2] Y. Elskens, J. Stat. Phys. 148, 591 (2012).
[3] A.M,, S. Ruffo, Phys. Rev. E 52, 2361 (1995).

Two-component Hamiltonian Mean Field Model
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We consider a system of N particles interacting in a ring of
radius one. The system is composed of two species of particles:
N7 particles of species 1 and N2 = N — Ny of species 2. The
interaction potential is that of the Hamiltonian Mean Field
(HMF) model and the nature of the interaction is given by
the combination of particle species, much like in a charged
particles model. We compute the equilibrium condition for the
system and, through this, determine the geometry of phase
space. We present molecular dynamics simulations to prove
our findings. Moreover, we show that our model presents a
“bicluster” formation for low energies, similar to the findings
for the repulsive HMF model.

The Hamiltonian describing the system is given by

= Z; o,

where

;&
~ 5N Z eie;[1 — cos(8; — 6;)], (1)

i,j=1

e; =+1if 1<i<N;
mi=Mif1<i<N;

—1if Ny <i<N, (2)
m if Ny <i<N, (3)

and the conjugated pair (6;,p;) represents, respectively the

position of the i-th particle on the ring Sa, and its momentum.
We assume there are two species of particles in the system:
N7 particles of charge e; = 1 and N2 = N — Nj particles of
charge e; = —1. Therefore, the equations of motion for the
i-th particle are

PR i
mg
1
P = N Zeiej sin(6; — 6;) (4)
J
We define the mean field quantities (we also use the term
magnetization)
1 & 1 &
M; = N Ei:cos 0;, N E; sin 0; (5)
1 & 1 &
M = N 9i>7 i at ) 6
2 I ._%: cos o ._Z sin (6)
i=N1+1 i=N1+1
A = C1M1 — CQMQ, (7)
with which we obtain
pi = €; (sinf; Ay — cos; Ay) (8)
N 2 2
i 1 (N1 — Nz) N 2 2
H= - 4+ (A Ar) (9
i:12mi 2 N +2(I+ y)()

We see, thus, that vector A behaves as a mean field acting
on particles.
Equilibrium properties are determined using a maximization
of entropy method assuming all particles to be statistically
uncorrelated.

[] A. Campa, T. Dauxois, S. Ruffo, Physics Rep. 480, 57
(2009).

[2] J. Barré, T. Dauxois, S. Ruffo, Physica A 295, 254 (2001).
[3] M. Antoni, S. Ruffo, Phys. Rev. E 52, 2361 (1995).
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Knots in proteins and DNA

P. Virnau

Johannes Gutenberg University Mainz

Ever since Kelvin has conjectured that atoms are composed

of knots in the ether, these peculiar objects have stimulated
the imagination of mathematicians and natural scientists
alike. In recent years the field went through a renaissance and
progressed considerably, spurred by the discovery of knotted
DNA and proteins, and the realization that topology may not
only diversify structure but also have a profound impact on
the function of biological macromolecules.
In the first part of my presentation I will give an overview
of knotted proteins. From an evolutionary point of view
protein knots occur in all kingdoms of life and topology is
typically preserved amongst homologs. Nowadays, knotted
protein structures can even be created artificially, and knotted
designs could be used in the future in the context of protein
engineering. I will also demonstrate why the folding of
knotted proteins may not be so difficult after all by explaining
coarse-grained folding simulations of a rather complicated
protein, which features six elementary crossings in a projection
onto a plane. While knots in globular homopolymers are
abundant, protein knots are rare and occur in less than one
percent of all known structures. To address this conundrum
I will present simulations of a coarse-grained heteropolymer
model and argue that the addition of sequence may facilitate
evolution towards unknotted proteins even though on average
globular heteropolymers are just as knotted as homopolymers.
In the second part I will discuss the occurrence and im-
plications of knots in DNA. Viral DNA is known to be
highly knotted in the capsid and shows a preference towards
torus-type knots. These phenomena will be explained in the
context of coarse-grained simulations of single semiflexible
polymers in spherical confinement. I will also present a
mechanism, which allows two knots on a polymer chain to
pass through each other and swap positions along the strand.
Associated ”topological” free energy barriers only amount to
a few kT, which may enable the interchange of knots on a
single DNA molecule. This peculiar mechanism is not only
interesting from an aesthetic point of view, but may also play
a role in future technological applications such as nanopore
sequencing once strand sizes exceed 100000 base pairs.

[1] P. Virnau, A. Mallam, S. Jackson, J. Phys.: Cond. Matt
23, 033101 (2011).

[2] D. Bolinger, J. Sulkowska et al, PLoS Comp. Biol. 6,
1000731 (2010).

[3] D. Reith, P. Cifra, A. Stasiak, P. Virnau, Nucl. Acids Res.
40, 5129 (2012).

Trajectory statistics and turbulence evolution

M. Vlad, F. Spineanu

National Institute of Laser, Plasma and Radiation Physics

We present a statistical study of the strongly nonlinear
phase in turbulence evolution, where both stochastic and
quasi-coherent characteristics appear and compete. An
interconnected study of test modes and test particles in
turbulent plasmas and fluids permitted to analyze the strong
interdependence between transport and the turbulence evolu-
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tion. The aim is to understand the tendency of organization
in fluids and plasmas. The dominant nonlinearity in turbulent
fluids and plasmas is determined by the advection term. This
determines eddying motion or particle trapping for turbulence
in the nonlinear regime in magnetically confined plasmas
or two-dimensional fluids. We have developed analytical
methods (the decorrelation trajectory method and the nested
subensemble approach [1]), which describe the statistical ef-
fects of trajectory trapping. We have shown that test particle
transport is strongly modified in the presence of trapping
and that weak perturbations produced by other components
of the motion determine strong nonlinear effects. They
are the consequence of the long memory of the Lagrangian
velocity. Trapping also determines a large degree of coherence
in the sense that bundles of trajectories that start from
neighbouring points remain close for very long time compared
with the eddying time (very strong clump effect). Trapped
trajectories form quasi-coherent structures that are similar to
fluid vortices.

The test modes on turbulent plasmas and fluids were studied
by determining the renormalized (average) propagator using
the statistics of the characteristics of the equations, which are
particle trajectories. We have shown that the random motion,
which leads to diffusion, has a stabilizing effect on turbulence
while trapping, which generates quasi-coherent trajectory
structures, leads to strong nonlinear effects.

In the case of drift type turbulence [2], the nonlinear effects
consist of the increase of the correlation lengths, the nonlinear
damping of the drift modes and generation of zonal flow
modes. The strength of each of these processes depends
on the stage in the evolution of turbulence (reflected in
the parameters of the turbulence), and more precisely on
the fraction of trapped trajectories [3]. In the case of the
turbulence in two dimensional ideal fluids, the evolution
strongly depends on the initial condition. Nonlinear effects
appear for initial states with large amplitudes and small
space correlation of the vorticity, and they lead to vorticity
separation and to the increase of the correlation length.

(1] M. Vlad, F. Spineanu, Phys. Rev. E 70, 056304 (2004).
[2] M. Vlad, Phys. Rev. E 87, 053105 (2013).
[3] M. Vlad, F. Spineanu, Phys. Plasmas 20, 122304 (2013).

Interdependencies and Causalities in Coupled
Financial Networks
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This paper explores the relationships of coupled financial
networks. We study the foreign exchange and stock market
networks for 48 countries from 1999 until 2012. We examine
the influences of one network on the dynamics of the other
and propose a model, based on complex principal component
analysis, for extracting significant relations between these net-
works. We identify important component (node) relationships
within and between the two networks that cannot be detected
by concurrent simple correlation analyses or equal-time
principal component analysis. We find that in general the
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foreign exchange markets have predictive power regarding
the performance of the global stock markets. We also find
that the US stock market, closely followed by the German
and Canadian equity markets, can forecast performances
of other world equity markets. We divide the entire time
period into ”mild crisis” (1999-2002), ”calm” (2003-2006),
and ”severe crisis” (2007-2012) periods and find that the
”severe crisis” period behavior dominates the relationships in
the currency-equity interdependent network. We also explore
formation of communities of synchronizing nodes in this
financial coupled network system, and clearly identify four
distinct communities dominated by the (i) stock markets for
Europe, South America, USA, and Canada; (ii) currencies of
European countries, and Canada; (iii) currencies for Russia,
USA, South America, Asia, and the Middle East, and (iv)
stock markets for Asia (including Japan) and the Middle
East.

[1] A. Vespignani, Nature 464 (7291), 984 (2010).

[2] X. Huang, I. Vodenska, S. Havlin, Gene Stanley, Scientific
Reports 3, 1219 (2013).

[3] J. Gao, S. Buldyrev, G. Stanley, S. Havlin, Nature Physics
8, 40 (2011).

[4] H. Iyetomi et al, Japan Int. Econ. 25, 246 (2011).

Phase behavior of randomly cross-linked diblock
copolymers
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We study theoretically the intricate phase behavior of
AB diblock copolymer melts able to undergo two phase
transitions due to quenched random constraints: Localization
of a fraction of the polymers at random positions (amor-
phous solidification or gelation) is driven by the number of
permanent cross-links between random pairs of A blocks,
formation of a periodic pattern of A/B-rich microdomains
(ordering) is controlled by the AB incompatibility x inversely
proportional to temperature. Our model aims to capture the
system’s essential microscopic features — the copolymers have
Gaussian-chain connectivity, a binary variable records the
type of each monomer (at arc-length s), and the cross-links
are entropic harmonic springs with tunable rigidity. For a
first overview, we have focused on an incompressible melt
of monodisperse diblock copolymers with equal contents
of A and B (symmetric diblocks) and rigid (inextensible)
cross-links. A Deam-Edwards distribution with cross-link
density parameter p is employed to generate a fairly realistic
ensemble of random network realizations that reflects spatial
correlations at the instant of cross-linking. By identifying
suitable order parameters — A density modulations in simple
and in replicated Fourier space — and setting up a replica
field theory to perform the generic disorder-average over all
cross-link realizations, we derive a free-energy functional gov-
erning the interaction fields. An expansion of this functional
in the spirit of Landau theory allows us to trace the instability
lines of the mixed liquid state and of the ordered liquid state
(lamellae for symmetric diblocks) in the plane of p and .

Starting from the mixed liquid state, block-type-selective
cross-links induce ordering at critical incompatibilities x.
smaller than in an uncross-linked diblock copolymer melt, as
reported in [1]. Increasing the cross-link density in the mixed
liquid state reproduces the known transition to an isotropic
gel at a critical average polymer coordination number of one.
At the saddle-point level, an intuitive relation between the
gel order parameter in the two-fold replicated sector and the
ordering amplitude in the ordered liquid state arises. Of
particular interest are the conditions of appearance and the
characteristics of the gel state with AB microstructure, which
is expected to be stabilized by cross-links against mixing upon
heating.

(1] E.D. Gomez, J. Das, A.K. Chakraborty, J.A. Pople and N.P.
Balsara, Macromol. 39, 4848 (2006).

[2] S. Lay, J.-U. Sommer and A. Blumen, J. Chem. Phys. 110,
12173 (1999).

[3] A. von der Heydt, M. Miiller and A. Zippelius, Phys. Rev.
E 83, 051131 (2011).

Cross-link induced stiffening of weakly bending
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The partition function of two weakly bending, semiflexible
polymers aligned in parallel by a longitudinal force and with
N — 1 cross-link sites regularly spaced along the polymer
From this
theoretically feasible model, we can extract physical proper-

contours has been calculated analytically [1].

ties characteristic of tension-aligned biopolymers, which are
predominantly determined by bending rigidity and which
undergo either permanent or reversible cross-linking. The first
case is prominently exemplified by the connective-tissue pro-
tein collagen, the second case by double-stranded DNA, whose
elasticity (without explicit cross-links) is often explained by
the wormlike chain model [2]. The force-extension relation
and the differential stiffness show that permanent cross-links
effectively stiffen the polymer pair by reducing thermal
bending fluctuations transverse to the force and alignment
direction. At small tensile force f, the relative extra alignment
by cross-linking is largest. Concomitantly, the linear elastic
constant increases drastically due to even a small number
of cross-links. The related differential stiffness increases as
much as 100% for small f or for large numbers of cross-links.
An increase in the additional alignment is observed for both
growing number and growing strength of cross-links. Within
our model, the strength or rigidity ¢ is given by the inverse
squared equilibrium length of the entropic harmonic springs
that represent the cross-links. Asymptotically for large tensile
force, the cross-link contribution to the extension decays
differently for extensible and rigid cross-links, as well as
for linking the polymers continuously along their contour,
N — oo at finite total strength Ng, but faster than the
1/2

global saturation as f— to the maximal (polymer contour)

length. Only in the combined limit of continuos and rigid
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cross-linking, the stiffening by attaching the chains to each
In this
limit, the force-extension curve for one of the linked chains

other “survives” in the strong stretching regime.

resembles that of one weakly bending wormlike chain without
constraints, stiffened by a factor of 4; in the linear regime, the
apparent stiffness is doubled. Complementary to these results
for permanent cross-links, introducing reversible cross-links
at the specified sites gives rise to a tension-induced binding
cross-over, i.e., a sharp, mostly discontinuous, increase of the
average number of bound cross-links with force.

[1] A. von der Heydt, D. Wilkin, P. Benetatos and A. Zippelius,
Phys. Rev. E 88, 032701 (2013).

[2] J.F. Marko and E.D. Siggia, Macromolecules 28, 8759
(1995).

[3] C. Heussinger, F. Schiiller and E. Frey, Phys. Rev. E 81,
021904 (2010).

Simulation of Canonical Properties of quantum
systems at finite temperatures by Path Integral
Numerical Methods

M. Voznesenskiy, E. Polyakov, I.
Vorontsov-Velyaminov
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Path Integral Monte Carlo (PIMC) method proved to be
a powerful tool for simulation of a wide variety of quantum
systems. For a system of identical particles a sum in the
partition function over particles permutations appears. For
Bose-systems that does not create any problems, while for
Fermi-systems the terms in the sum are antisymetric and this
leads to the fact that some contributions in partition function
are negative. With the decrease of temperature positive
and negative terms compensate each other and it is very
difficult to extract any useful data. This problem is known
as the sign problem. Proposed approach is based on the
bead-approximation for PIs, but there is no restrictions to use
any other approximations for the canonical density matrix.
Within bead approximation quantum particle is replaced by
a closed ”polymer”, with beads representing position of a
In this

case we are free to use all methods, designed for simulation of

quantum particle in a moment of imaginary time.

classical systems. A new approach in obtaining the partition
function of a system of several interacting particles (fermions)
in external field within path integral Monte Carlo method
based on direct averaging of exchange contributions over the
positive weight determined by non-closed trajectories [1]. In
the weight function we get an integral over non-closed trajec-
tories, which we compute using expanded ensemble method
[2] with Wang-Landau algorithm [3]. We obtain ratio of the
integral over non-closed trajectories to the similar integral
over non-closed trajectories written for the reference system,
in our case system of noninteracting particles in harmonic
field. For the latter analytical expressions are known. This
way the complete partition function is obtained at finite
temperatures down to their low values. The new approach
allows us to reach observably lower temperatures, compared
to the previously proposed path-integral Monte Carlo method
[4], thus allowing significantly reduce the sign problem. The
proposed approach yields an independent way to treat thermal
properties of quantum systems, so the good agreement with
previous data [4] permit us to test and state the validity of
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both approaches. A quantum dot model of several interacting
electrons confined in harmonic oscillator field was simulated.
The interaction with environment (phonons, plasmons) was
accounted for within harmonic heat bath approximation [5].
The presented approach allows one to carry out calculations
for low temperatures that make it possible to estimate the
ground-state energy and low-temperature thermodynamics.

(1] M.A. Voznesenskiy, P.N. Vorontsov-Velyaminov, Contribu-
tions to Pla 53, 270 (2013).

[2] A.P. Lyubartsev, A.A. Martsinovski, S.V. Shevkunov and
P.N. Vorontsov-Velyaminov, J. Chem. Phys. 96, 1776 (1992).
[3] F. Wang and D P. Landau, Phys. Rev. Lett. 86, 2050
(2001).

[4] M.A. Voznesenskiy, P.N. Vorontsov-Velyaminov and A.P.
Lyubartsev, Phys. Rev. E 80, 066702 (2009).

[5] E.A. Polyakov, A.P. Lyubartsev, P.N. Vorontsov-
Velyaminov, J. Chem. Phys. 133(19), 194103 (2010).
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Information geometry is a powerful framework to study a
family of probability distributions by applying the geomet-
ric tools developed in affine differential geometry. It has a
dualistic structure of affine connections, which is useful and
has been applied to many scientific fields such as information
theory, statistics, neural networks, statistical physics, and so
on. Information geometry was introduced in 1980s and has
been mainly applied to the exponential family of probability
distributions. Recently it has been attracted great attention
for studying some deformed exponential families of probabil-
ity distributions by using the method of information geometry.
Indeed the a-geometry invented by Amari is deeply related
with the ¢-deformed exponential family, which plays funda-
mental role in Tsallis generalization of thermostatistics. The
g-deformed relative entropy is related to the a-geometry on
the statistical manifold with a constant curvature. Ohara et
al. have obtained a dually flat structure on the space of the es-
cort probabilities by applying £1-conformal transformation to
the a-geometry. Naudts has generalized Callen’s thermostatis-
tics, and named it generalized thermostatistics. He introduced
so called ¢-exponential function, which is his generalization of
the standard exponential function. The ¢-exponential func-
tion includes the ¢- or x-deformed exponential function as a
special case. The k-deformed function is given by

1

exp,.(z) = [mc +vV1+ n2x2] " (1)

for a real deformed parameter x. Naudts also studied the in-
formation geometric structure for the ¢-exponential family.
In this contribution, we explore the information geometric
structures of the statistical manifold generated by the k-
deformed exponential family:

P, 0) = aexp, |1 [ S0 @) -2 )|, @

where o and A are k-dependent constants, and ~(0) is a
potential function for the normalization of the probabilities.
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A key point for constructing the k-statistical manifold is to
choose an appropriate conjugate representation, which is in-
troduced by Zhang as a generalization of the a-representation.
The Legendre structures in both the information geometry
and k-thermostatistics are shown to be consistent each
other, and play fundamental role. The associated canonical
divergence is also derived.

(] S-I. Amari, A. Ohara, Entropy 13, 1170 (2011).

[2] J. Naudts, Entropy 10, 131 (2008).

[3] G. Kaniadakis, Phys. Rev. E 72, 0636108 (2005).

[4] J. Zhang, Neural Comp. 16, 159 (2004).

[5] T. Wada, A. Ohara, A.M. Scarfone, Rep. Math. Phys. 70,
181 (2012).

[6] A.M. Scarfone, T. Wada, J. Phys. A. in press.

Anomalous diffusion of particles in living breast
cancer cells an indication to cancer-specific
function
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Mechanics of cancer cells are directly linked to their
metastatic potential (MP), or ability to produce a secondary
tumor at a distant site. Metastatic cells can squeeze through
blood vessel walls and tissue. Such considerable structural
changes rely on rapid remodeling of internal cell structure
and mechanics. We perform a comparative study, using
particle-tracking to evaluate the intracellular mechanics
of living epithelial breast cells with varying invasiveness.
Probe-particle transport differs between the cell types,
likely relating to their cytoskeleton network-structure and
underlying transport. The basic analysis included evaluation
of the time-dependent mean square displacement (MSD),
the second power of the displacement. Particles in all the
evaluated cell lines exhibit anomalous super-diffusion with
an MSD scaling exponent of 1.4, at short lag times below 1
second. While indicating active transport within the cells, the
MSD alone cannot reveal the underlying mechanisms. Hence,
we analyze particle motion through a combination the MSD,
other powers of the displacement, and various trajectory and
displacement analysis procedures to identify structural and
dynamic changes associated with metastatic capabilities of
cells. The dynamic cytoskeleton and especially the molecular
motors acting on it provide the cell with its remodeling
capabilities and allow active transport within the cell. While
active transport in living cells has been well-documented,
the wunderlying mechanisms have not been determined.
Here, we systematically target the cytoskeleton, molecular
motors, and ATP energy related processes to determine their
roles in particle transport. Our results show that particle
motion is likely driven by different processes in each cell
type. Intracellular transport in high MP cells is suggested to
originate from fluctuations of microtubule filaments as well
as from direct and indirect interactions between particles and
In the low MP
cells we suggest that motion results from direct and indirect

microtubule-associated molecular motors.

interactions between particles and microtubule-associated
molecular motors, being transported by them or nudged
by passing motors, respectively. The benign cells, however,
reveal significant involvement of the acto-myosin network,

where particle motion was related to network contractions.
Thus, we are able to provide insight into dynamic intracellular
structure and mechanics that can support the unique function
and invasive capabilities of highly metastatic cells.

[] D. Goldstein, T. Elhanan, M. Aronovitch and D. Weihs,
Soft Matter 9, 7167 (2013).

[2] N. Gal, D. Lechtman-Goldstein and D. Weihs, Rheol Acta
52, 425 (2013).

[3] N. Gal and D. Weihs, Cell Biochemistry an 63, 199 (2012).

Quasi-power laws in multiparticle production
processes

G. Wilk', Z. Wlodarczyk?

!National Centre for Nuclear Research, Warsaw, Poland

2Institute of Physics, Jan Kochanowski University, Kielce, Poland

In multiparticle physics all large transverse momentum (pr)
distributions exhibit power-like behavior. They are nowadays
usually fitted by one of two recognized forms: either by
original Tsallis distribution (with two parameters: ¢ and T),
flor)=C-[1—-(1—-q5] =] [1] or, by the so called "QCD
inspired” Hagedorn form [2] (with parameters: m and T),
hipr) = C (14 22) " with m = L.
are supposed to originate from, respectively, two different

Historically, they

dynamical sources: from the purely statistical (or thermo-
dynamical) approach or from hard collisions of constituents
governed by Quantum Chromodynamics (QCD). In fact,
they are equivalent (and can be used interchangeably). It
also turns out that they can be derived from a number of
dynamical pictures which can be used to characterize these
processes. Among many possibilities the most interesting is
the so called superstatistics, stochastic network approach,
and connection with multiplicative noise (notice also that
essentially all distributions of interest, including Tsallis,
can be derived from information theory based on Shannon
entropy [1]). Tsallis distribution represents the simplest
way of describing the whole observed range of measured
pr distributions (successfully fits observed yield extending
over forteen decades) [2]. However, closer inspection of
results obtained when fitting recent data at highest available
energies at LHC reveals that this behavior is in fact decorated
with some log-periodic oscillations. Assuming that this is a
genuine effect and not an experimental artefact, it suggests
that either the exponent of the power-like behavior is in
reality complex, or that there is a scale parameter which
exhibits specific log-periodic oscillations [2,3]. This problem
is discussed using T'sallis distribution with scale parameter T'.
At this stage we consider both possibilities on equal footing
because, at the present level of investigation, we are not able
to indicate which of the two possible mechanisms presented
here (complex ¢ or oscillating T") and resulting in log-periodic
oscillations is the preferred one. This would demand more
detailed studies on the possible connections with dynamical
pictures as, for example, the one discussed long time ago by
studying apparently similar effects in some exclusive reactions
using the QCD Coulomb phase shift idea [3].

[1] G. Wilk and Z. Wiodarczyk, AIP Conf. Proc. 1558, 893
(2013).

[2] G. Wilk, Z. Wlodarczyk, arXiv:1403.3263, (2014).

[3] G. Wilk, Z. Wiodarczyk, arXiv:1403.3508, (2014).
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Tsallis distribution decorated with log-periodic
oscillation

Z. Wlodarczyk!, G. Wilk?

nstitute of Physics, Jan Kochanowski University, Kielce, Poland
2National Centre for Nuclear Research, Warsaw, Poland
Tsallis distribution,

Xy =

with scale parameter T (identified in

The two parameter
c - [1+ 2]
thermodynamical applications with the usual temperature)
and with real power index m = 1/(¢ — 1) (g being known
as the parameter of nonextensivity in statistical mechanical
approaches) are nowadays very well known and applied
Actually, Tsallis distribution
can be regarded as generalizations to real power m (or

in vast variety of situations.

q) of such well known distributions as the Gosset-Student
distribution (X = t2, m = (v + 1)/2 with integer v, which
for v — oo becomes a Gaussian distribution and for v = 1
a Cauchy distribution). We discuss a Tsallis distribution
with complex nonextensivity parameter g. In this case usual
distribution is decorated with a log-periodic oscillating factor.
The presence of log-periodic features signals the existence
of important physical structures hidden in the fully scale
invariant description [1]. The system considered and/or the
underlying physical mechanisms have characteristic scale
invariance behavior, f[(1 + @)X + anT] = (1 — an)f(X).
This form follows quasi-power law (Tsallis distribution) with
the complex power index m = [—In(1 — an) + 27i]/In(1 + «).
It can also be shown that discrete scale invariance and its
associated complex exponents can appear spontaneously,
without a pre-existing hierarchical structure. We illustrate
our point by example of transverse momentum distributions
obtained for the highest presently available energy of 7
TeV. Albeit Tsallis distribution fits look prety good (large
pr transverse momentum distribution exhibit apparently a
power-law behavior), closer inspection shows cleary visible
log-periodic oscillations [2,3]. Finally, complex ¢ also means
complex heat capacity, C = 1/(¢ — 1). In particular, it will
be shown that results for heat capacity can be used to a new
phenomenological interpretation of the complex q parameter.
Namely, one can argue that g—1 = Var(T)/(T)% —4iS(T)/(T)?
where S(T) = w [e ¥ (Cov[T(0),T(t)])dt is the spectral
density of temperature fluctuations (i.e., the Fourier transform
of the covariance function averaging over the nonequilibrium
density matrix). This can be regarded as a generalization
of our old proposition for interpreting q as a measure of
nonstatistical intrinsic fluctuations in the system (which cor-
responds to the real part of the above ¢) by adding the effect
of spectral density of such fluctuations (via its imaginary part).

[1] D. Sornette, Phys. Rep. 297, 239 (1998).
[2] G. Wilk, Z. Wlodarczyk, arXiv:1403.3263, (2014).
[3] G. wilk, Z. Wlodarczyk, aeXiv:1403.3508, (2014).

Queuing model of a traffic bottleneck with bi-
modal arrival rate

M. Woelki

Institute of Transportation Systems, German Aerospace Center,

Berlin

Recently, it has been investigated under which circumstances
the traffic flow through a bottleneck can be optimized in
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stochastic traffic models. The strategy in [1] was to reduce
(enhance) the arrival rate, whenever the car density is above
(below) a certain threshold while the exit rate is kept constant.
This regulation, referred to in [1] as density-feedback control,
serves as a traffic-management strategy that tries to prevent
for high volume of traffic. Omne practical realization would
be to demand a certain toll or to suggest different routings
via the navigation system while the threshold density is
exceeded. In this way the arrival rate could be reduced. The
simplest idea to model the situation is to choose a bimodal
arrival rate that switches between two constant values. The
threshold density is typically the density where the flow
becomes maximal. In [1] the problem was studied on the
example of the totally asymmetric exclusion process (TASEP)
[2] by solution of its mean-field equations which in turn are
a discretization of the noisy Burgers equation with Diffusion
constant . This article revisits this problem of tuning the
density in a traffic bottleneck by reduction of the arrival
rate. It gives the main results of [1], especially the results
from the mean-field theory for the TASEP that neglects
correlations between neighboring sites. Beyond the results
of [1] in the present approach a different approximation is
instead of the TASEP, we

think of the bottleneck containing one compact queue of

applied that is even broader:

cars and completely neglect the distribution of unoccupied
sites in this queue. A related approach has been considered
in [3] for the TASEP however there the queue length was
considered to be unbound. Here we consider a maximum
queue length L that represents the length of the bottleneck, a
threshold N* and a queue length N. There are mainly three
different cases to consider. Arrival rate changed from large
to small, Small arrival rate reduced further, Reduction to a
still large arrival rate. We derive its phase diagram using a
random walk argument. One observes one jammed region,
one region of vanishing density, and one where the queue
length is equilibrated at the threshold. Despite the simplicity
of the model the physics is in accordance with the previous
approach: The density is tuned at the threshold if the exit
rate lies in between the two arrival rates.

] M. Woelki, Phys. Rev. E 87, 062818 (2013).
[2] R. Blythe and M. Evans, J. Phys. A 40, R333 (2007).
[3] C. Arita, Phys. Rev. E 80, 051119 (2009).

Global Inequality in Energy Consumption from
the Maximal Entropy Perspective

S. Lawrence, Q. Liu, V.M. Yakovenko
!Department of Physics, University of Maryland, USA

First, I will briefly review the principle of maximal entropy
and its applications to monetary and income inequality in
economics. We found that income distribution is many
countries, such as USA and European Union, exhibits a
two-class structure. For the majority of population (about
97 percent), income distribution is roughly exponential,
resembling the Boltzmann-Gibbs distribution of energy in
physics. For the upper tail (about 3 percent of population),
income distribution changes to a power law, known as the
Pareto law. The tremendous increase in income inequality in
the last 20 years originates completely from the increase of
the upper-class income share relative to the lower-class share.
Then, I will present our recent study of global inequality in
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energy consumption per capita based on data from the U.S.
Energy Information Administration (EIA) for 19802010. We
find that the Lorenz curves have moved up during this time
period, and the Gini coefficient G has decreased from 0.66 in
1980 to 0.55 in 2010, indicating a decrease in global inequality.
The global probability distribution of energy consumption per
capita in 2010 is close to the exponential distribution with
G=0.5. We attribute this result to the globalization of the
world economy, which mixes the world and brings it closer to
the state of maximal entropy. We argue that global energy
production is a limited resource that is partitioned among
the world population. The most probable partition is the
one that maximizes entropy, thus resulting in the exponential
Boltzmann-Gibbs distribution function. A consequence of the
latter is the law of 1/3: the top 1/3 of the world population
consumes 2/3 of produced energy. We also find similar results
for the global probability distribution of CO2 emissions per
capita. Interestingly, all three Gini coefficients for global
income inequality, energy consumption, and CO2 emissions
are close to each other and exhibit very similar behavior, thus
confirming effective equivalence between money, energy, and
fossil fuels at the current (unsustainable) stage of human
civilization.

More info at http://physics.umd.edu/ yakovenk/econophysics/
Time evolution of the Lorenz curves for global energy con-
sumption in 1980-2010 is visualized in computer animation
videos at http://arxiv.org/src/1312.6443v1/anc

A popular press release ”The Entropy of Nations” based on
the presented paper was picked by many online news outlets,
e.g. http://phys.org/news/2014-01-entropy-nations-global-
energy-inequality.html

A TV
Lehrer’s show in New York appears around minute 40
at http://www.cuny.tv/show /brianlehrer/PR2002638

interview with Victor Yakovenko at Brian

[1] S. Lawrence, Q. Liu and V.M. Yakovenko, Entropy 15, 5565
(2013).

[2] V.M. Yakovenko and J.B. Rosser, Jr., Rev. Mod. Phys.
81, 1703 (2009).

[3] M. Jagielski and R. Kutner, Physica A 392, 2130 (2013).

Realistic order book model based on real data
analysis

K. Yamada', H. Takayasu?, T. Tto', M. Takayasu®
1University of Tokyo, Japan

2Sony CSL, Japan

3Tokyo Institute of Technology

We introduce a new order book model which reproduces all
major stylized facts such as a power law distribution of price
changes, abnormal diffusions and distribution of transaction
intervals.

Maslov introduced a basic order book model[l] which de-
scribes the dynamics of an order book as a stochastic process.
Namely in this model we give the dynamics of limit orders and
market orders stochastically. The Maslov model reconstructs
a power law distribution of price changes, however the market
price produced by the Maslov model shows much greater
oscillation than the real data and the diffusion properties of
price are also different from the real data.

In order to construct a more realistic model, we analyzed
the order book data of financial markets and give the base

model the characteristics observed from the data. We find
an important rule for the position where a new limit order is
placed, that is the place of a new limit order depends on the
volatility. When the market is volatile, limit orders tend to be
placed in a deep positions where the distance is away from the
best price, while on the other hand when the market is stable
limit orders tend to be placed in shallow positions. We also
find the normalized distance by volatility follows the unique
exponential distribution except for the special day such as
government intervention. This feedback of volatility implies
that dealers observe the volatility and they tend to extend
their spread between bid and ask price when the market is
volatile.

The revised model, which contains the properties of a new
limit order position, reproduces the power law distribution
of price changes. We can also find volatility clustering and
temporal non-uniformity of dispersion in time series of price
changes as seen in the real data.

We also give two more effects to the revised model in
order to reproduce abnormal diffusion of the market price,
potential properties[2] observed from the market price and the
statistical properties of transaction intervals: first is the trend
follow effect, i.e. feedback effect of price changes, and second
is expansion and contraction effect of phycological time, i.e.
feedback effect of transaction intervals. These effects are
discussed in the dealer model[3].

From our analysis, three feedback effects are very important
to describe real market fluctuations in the market prices and
transaction intervals, and these endogenous feedback effects
are caused by dealers’ observation of trends and volatility
in the market price and market activities. We can simulate
various situations such as a government intervention in our
new model by adding properties of a government intervention.

[1] S. Maslov, Physica A 278, 571 (2000).

[2] M. Takayasu, T. Mizuno and H. Takayasu, Physica A 370,
91 (2006).

[3] K. Yamada, H. Takayasu, T. Ito and M. Takayasu, Phys.
Rev. E 79, 051120 (2009).

The Schottky Anomaly in Easily Synchronizable
Oscillator-Networks

T. Yanagita

Osaka Electro-Communication University

In the last decade, much interest has been attracted to studies
of complex networks consisting of dynamical elements involved
in a set of interactions. Investigations focused on understand-
ing the relationship between the topological structure of a net-
work and its collective synchronous behavior.

In this study, we consider the following model equations

db;
dt

N
€ .
=wot Z « w; jsin(0; — 0;) + & (t),
i=

where € is coupling strength and &;(t) are independent white
noises, such that (£;(¢t)) = 0 and (&;(¢)&;(¢)) = Dd; ;6(t — ).
Interactions between the oscillators are specified by the ma-
trix w with the elements w; ; = 1, if there is a connection,
and w; ; = 0 otherwise. The Jacobian around complete syn-
chronization solution or (Laplacian matrix for network w;, ;)
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Using the eigenvalues of the Laplacian matrix
0=X2>2M2>2X2>->AN_1,

we estimate the Kuramoto order parameter by assuming the

connection is symmetry and the intensities of noises are suf-
ficiently small. And the sum of the inverse of eigenvalues,
related to the Kirchhoff index

N—l1
A:—;)\—i

determines the synchronization performance. The network
having smaller value of A shows better synchronization
We define a “graph Hamiltonian” H of the
network using the Kirchhoff index. Through the function, we

performance.

sample networks from the canonical ensemble borrow from the
statistical mechanics by MCMC method. Since the synchro-
nization performance can be easily improved by increasing the
number of links, we consider the synchronization performance
for given networks with fixed number of links.

Statistical analysis of the emsamble revieals that the
synchronization-optimized network shows the transition
from star to core-periphery structure depending on the
connectivity of the network, and which is characterized by
the variance of degree for the synchronization-optimized
ensemble. The density of states and the thermodynamic
quantities are calculated by the wighted histogram analysis
method, and thermodynamic properties such as heat capacity
shows the Schottky anomaly for sparse connectivity. This
anomaly comes from the gap between lower energy levels in
synchronization-optimized star-like network.

[1] T. Yanagita and A.S. Mikhailov, Phys. Rev. E 81, 056204
(2010).

[2] T. Yanagita and A.S. Mikhailov, Phys. Rev. E 85, 056206
(2012).

[3] T. Yanagita and Y. Iba, J. Stat. Mech. 2, 02043 (2009).

The model of public transport metropolis in the
form of a multilayer network

A. Solovyev, 1. Yevin, T. Khabibullin

Moscow Institute of Physics and Technology

For the study of public transport networks of cities compara-
ble in scale to New York, London and Moscow in this report
methods of tensor analysis of multilayer networks [1] on the
basis of differential-geometric formalism are developed.

The public transport network of megacity is represented by a
variety of routes of different transport types (bus, trolleybus,
tram, underground) with stopover points for boarding and
disembarkation of passengers. We propose a network model
of public transport of a metropolis, which is represented as
a single multilayer network, where each layer corresponds to
one of the transport routes. It allows to study the global
properties of the public transport network and consider
this network as a whole, taking into account the transfer of
passengers.

Geometric representation of the route network (route curve
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of the road network, the route network and network differen-
tiated manifold) is assigned to each public transport route.
Similarly network and network differentiated manifolds are
defined for individual types of transport and to all public
transport. Tangent spaces of network manifolds are considered
as the state spaces of networks. The relationships or links of
the public transport networks are defined by linear mappings
of the corresponding state spaces into themselves. Relations
in the public transport networks are interpreted as elements
(tensors of type (1,1)) of spaces obtained by the operation
of tensor product of the state space and its dual space.
The structure of differentiated manifolds of networks is that
the tensor spaces of relations in the networks of individual
modes of transport and in full public transport network are
represented by direct sums of tensor products of spaces of
route networks states and corresponding dual spaces.
Proposed mathematical construction allows to investigate
public transport of a metropolis as multilayer network and,
in particular, receive certain quantitative characteristics of
networks via tensor algebra, such as, for example, degree
centrality, betweenness centrality etc. [1]. Designed approach
allows to introduce tensor fields on transport networks and
study the dynamics of traffic flow in megacities.

An example of the application of the proposed design to
the study of public transport network of Moscow will be given.

[1] M. De Domenico et al, Phys. Rev. X 3, 041022 (2013).
[2] S. Kobayashi, K. Nomizu, Interscience-Wiley 1, 329 (1963).
[3] A. Cardillo et al, Scientific Reports 3, 1344 (2013).

Kappa distribution of quiet-time solar wind
electrons as turbulent quasi-equilibrium

P.H. Yoon
University of Maryland, College Park, MD, USA

Workshop: 2

Space is filled with ionized gas, i.e., the plasma. The
interaction among the ionized matter in space is mediated by
Electro-
magnetic fluctuations in plasmas often exhibit turbulent and

electromagnetic interaction, i.e., collective effects.

nonlinear behavior. Modern kinetic theory of nonlinear and
turbulent interactions in plasmas began in the 1960s, largely
by the early pioneers in the former Soviet Union, but the
development and application continue to this day. The general
framework of nonlinear plasma theory begins with the equa-
tions of Klimontovich-Maxwell theory, but the most useful
theory that describes nonlinear interactions among charged
particles and weak electromagnetic turbulent fluctuations is
the reduced theory, known as the weak turbulence theory. In
this presentation, the weak turbulence theory is employed to
discuss the origin of the non-equilibrium velocity distribution
observed in space, known as the kappa distribution. Since
the early days of space exploration that began in the 1960s,
it was known from in-situ observation that the space plasma
is almost never found in the state of thermal equilibrium, but
rather, the space plasma features a non-equilibrium velocity
distribution. Such a feature was simply modeled by the kappa
distribution function. Until recently, however, the kappa
model was largely regarded as a convenient phenomenological
tool for fitting the observation, an exception being the early
collisional transport model [Scudder, 1992]. One of the most
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significant recent developments in understanding the kappa
distribution is that such a state may indicate that the space
plasma is in non-extensive thermo-statistical state [Livadiotis
and McComas, 2013]. The present author takes a different
approach in understanding the kappa distribution. By apply-
ing the weak turbulence theory, it was recently demonstrated
that the space plasma (especially, the electrons) not only
must be distributed according to the non-equilibrium velocity
distribution known as the kappa distribution, but also, the
specific kappa index was also calculated. This is based upon
the notion of the quiet-time space plasma being in a dynamical
steady state in which the weak electromagnetic turbulent
fluctuations maintain quasi equilibrium state with the charged
particles.  The mathematical solution of the underlying
equations of weak plasma turbulence theory reveals that the
kappa model is the only acceptable solution [Yoon, 2012].
This finding represents a physics-based derivation of the same
kappa model that the non-extensive thermo-statistical theory
also predicts, and indicates that there must exist a profound
inter-relationship between the two approaches.

[1] J. D. Scudder, ApJ 398, 299 (1992).
[2] G. Livadiotis and D. J. McComas, SSR 175, 183 (2013).
[3] P. H. Yoon, POP 19, 052301 (2012).

Geometric Phase in Bose Einstein Condensates

C. Yuce

Anadolu University

An eigenstate of a time dependent Hamiltonian follows its
instantaneous eigenstate if the parameters of the Hamiltonian
change slowly enough compared to the other time scales of
the Hamiltonian. Adiabatic processes are desirable in many
experiments on Bose-Einstein condensate (BEC). However
lifetimes or coherence times of the system is shorter than
the time required for adiabatic processes. A way to speed
up the process to reach the same instantaneous adiabatic
eigenstate through a non- adiabatic route was introduced
in 2010 [1] (references therein). Since then, the expression
shortcuts to adiabaticity has been attracted great attention.
An experiment on shortcuts to adiabaticity was realized for
harmonic trap and theoretically proposed for Fermi gases and
Fermi-Bose mixtures and optical lattices [2].The shortcuts
to adiabaticity technique was extended to the system with
varying number of particles changes in time.

The shortcuts to adiabaticity method allows the experimen-
talists to magnify the atomic cloud in a short time. Since the
final and initial states are the same up to a constant phase
difference, one can make measurements for larger atomic
cloud. This method can also be used to measure geometric
phase. Although it is desirable to measure geometric phase in
BEC, it has never been measured in a BEC so far because of
the following two reasons. Firstly, an adiabatic process takes
long times compared to lifetimes of the condensate. Secondly,
possible measurement of geometric phase can be carried
out after time of flight expansion (TOF). However, we lost
information on geometric phase after TOF. We propose an
experiment to measure geometric phase [3]. One can use the
technique shortcuts to adiabaticity to expand the condensate
first so that the final extension is large enough to make
observation. The final state is the adiabatic state from which
one can turn on the periodical potential so that the system

makes a fast cyclic evolu- tion. Therefore, the eigenfunction
takes geometric phase at the end of the second non-adiabatic
cyclic evolution. This geometric phase can be measured since
the exten- sion of the cloud is large enough. To compare the
experimental results with the theoretical results, we need geo-
metric phase expression for ultracold systems. In the present
study, we will derive geometric phase expression for various
systems such as harmonic oscillator and bright soliton in 1-D
and non-dipolar and dipolar Bose-Einstein condensates in 3-D.

[1] E. Torrontegui et al., Adv. At. Mol. Opt. P 62, 117 (2013).
[2] C. Yuce, Phys. Lett. A 376, 1717 (2012).
[3] C. Yuce, Under review (2014).

Memory effects in stock price dynamics: evi-
dences of technical trading

A. Zaccaria!, F. GarzarelliZ, M. Cristelli*, G. Pompa®, L.
Pietronero*
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2Sapienza University of Rome
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4Sapienza University of Rome, Institute of Complex Systems,
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Technical trading represents a class of investment strategies
for Financial Markets based on the analysis of trends and
recurrent patterns in price time series. According standard
economical theories, these strategies should not be used
because they cannot be profitable. On the contrary, it
is well-known that technical traders exist and operate on
different time scales. We investigate if technical trading
produces detectable signals in price time series and if some
kind of memory effects are introduced in the price dynamics.
In particular, we focus on a specific figure called supports and
resistances, that are usually defined in a rather qualitative
way: a support is a price level, local minimum of the price,
where the price will bounce on other times afterward while
a resistance is a price level, local maximum of the price,
where the price will bounce on other times afterward. We
first develop a quantitative definition and, as a consequence,
a criterion to detect the potential values of supports and
resistances. We notice that there are no preferred values, in
contrast with the frequent opinion that price should bounce
on round values. Then we show, using a dataset composed
by the high frequency time series of the price of 9 stocks
of the London Stock Exchange, that memory effects in the
price dynamics are associated to these selected values. In fact
we show that prices more likely re-bounce than cross these
values, and that the conditional probability of a new bounce
increases with the number of the previous bounces, that is,
support and resistances tend to reinforce themselves. We
verify that such an effect is not compatible with a random
walk, even if one takes into account the subdiffusive features
of the empirical price dynamics. As a further check, we
shuffled the data, verifying that in this way we lose the signal.
We study the time occurring between two consecutive bounces
and the maximum distance of the price from the support or
the resistance between two consecutive bounces. We find a
quantitative evidence of the so-called self-fulfilling prophecy,
that is the self-reinforcement of agents belief and sentiment
about future stock prices behavior. In fact financial markets,
in contrast with natural systems, are composed by agents
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who may know, and may change, the rules of the game: as
a consequence, if a large number of investors has the same
expectations on the future value of the price, and if they react
in the same way, they will operate in such a way to fulfill their
own expectations. In this work we measure quantitatively the
trust on one of the figures of technical analysis.

[] F. Garzarelli, M. Cristelli, G. Pompa, A. Zaccaria and L.
Pietronero, Scient. Rep. 4, 4487 (2014).

[2] C.-H. Park and S. H. Irwin, J. Econ. Surv. 21, 7 (2007).
[3] C.L. Osler, J. Finance 58, 1791 (2003).

Local-time representation of one-dimensional
Feynman path integral

V. Zatloukal, P. Jizba

Czech Technical University in Prague

We derive a local-time path-integral representation for
one-dimensional  time-independent  quantum-mechanical
systems. This is an alternative to the traditional Feynman
path-integral representation, or to the Schrédinger equation.
Specifically, we express the matrix elements of the Gibbs
operator e_BH, where 8 = 1/kgT, as a path integral over
z-dependent local time profiles, which is found to be tightly
related to the Feynman path integral for radial harmonic
oscillator. The new representation is also relevant to classical
diffusion processes since the Gibbs operator is equivalent to
the diffusion kernel.

Local times of stochastic processes have been studied in math-
ematics since their introduction by Lévy. They characterise
the amount of time that a sample trajectory z(¢) of a given
stochastic process (typically the Brownian motion) spends
in the vicinity of an arbitrary point z. This defines sample
trajectory L(z) of a new stochastic process. Intuitively, one
can think about diffusing Brownian particles and a laser beam
shining at position z. The local time L(z) then returns the
amount of radiation that a selected particle receives.

Our aim is to popularise the notion of local time within the
physics community where it has not received much attention
as yet. Therefore we use the language of path integrals and
provide explicit formulas that allow one to calculate physical
quantities, namely the Gibbs operator and the partition
function of the system. The quantum evolution operator can
also be obtain — via the Wick rotation.

Generalization of the local-time path-integral representation
that includes arbitrary functionals of local time is also
presented.  We expect this result to provoke discussion
about potential applications of our local time formula as the
functional can be adjusted for a specific problem in mind. For
instance, in the above example with diffusing particles, one
can simply choose the functional to be the local time at some
point z and thus calculate the average irradiation.
Furthermore, we discuss connections with the Sturm-Liouville
theory, and asymptotic behavior of the Gibbs operator for
large- and small-B. We recall that the small-3, i.e. large-
temperature, asymptotics can be systematized in the so-called
Wigner-Kirkwood expansion, which can be derived from
both, local-time and Feynman, path integrals. Our local-time
representation proves more convenient when tackling the
large-3, or low-temperature, regime where it correctly recovers
the ground state contribution and promises to be a useful tool
for calculating further corrections.
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Adaptive Resolution Simulation of an Atomistic
Protein in MARTINI Water
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Many of the multiscale approaches are concerned with
interfacing of atomistic and the continuum models of liquids.
In these hybrid methods, typically molecular dynamics (MD)
or a similar approach is used for simulating dynamics on the
atomistic scale, whereas the Navier-Stokes equation governs
the fluid dynamics on the continuum scale. Alternatively,
multiscale schemes have been introduced using particle-
based models only, e.g., atomistic and physically simplified
coarse-grained (CG) molecular models. The coupling can
be achieved either by a fixed resolution approach, where
different resolution domains interact with each other but do
not exchange molecules, or the adaptive resolution approach,
where molecules change their resolution according to their
current positions. Among the most advanced methods for the
latter kind of simulations is the Adaptive Resolution Scheme
(AdResS) [1], which allows for concurrent coupling from
quantum all the way to continuum length scales of molecular
liquids and soft matter.

Here, we present an adaptive resolution simulation of a 56-
residue protein G (pdb entry 1PGB, as an example of a well
studied protein) in multiscale water [2]. We couple atomistic
water around the protein with mesoscopic water, where four
water molecules are represented with one coarse-grained bead,
farther away by using AdResS. We circumvent the difficulties
that arise from coupling to the coarse-grained model via a
4-to-1 molecule coarse-grain mapping by using a bundled
version of the Simple Point Charge (SPC) water model [3], i.e.,
we restrict the relative movement of water molecules that are
mapped to the same coarse grained bead employing harmonic
springs. The water molecules change their resolution from
four molecules to one coarse-grained particle and vice versa
adaptively on-the-fly. We observe within our error bars no
differences in structural (e.g., root-mean-squared deviation
and fluctuations of backbone atoms, radius of gyration, the
stability of native contacts and secondary structure, and the
solvent accessible surface area) and dynamical properties
of the protein between the adaptive resolution and fully
atomistically solvated models. Our multiscale water model is
compatible with the widely used MARTINI force field. This
opensup a range of future applications involving the broad
variety of solutes and solvents parameterized for this force field.

[1] M. Praprotnik, L. Delle Site and K. Kremer, Annu. Rev.
Phys. Che 59, 545 (2008).

(2] J. Zavadlav, M.N. Melo, S.J. Marrink M. Praprotnik, M.,
J. Chem. Phys. 140, 054114 (2014).

[3] M. Fuhrmans, B.P. Sanders, S.J. Marrink and A.H.de Vries,
A. H., Theor. Chem. Acc. 125, 335 (2010).
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Temporal Asymmetries in Italian Interbank Mar-
ket reproduced by a data-driven Agent-Based
Model
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2Rudjer Boskovic Institute, Theoretical Physics Division, Zagreb,
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3IMT Institute for Advanced Studies, Lucca, Italy; London
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We study the changes in the topology of the structure of the
Italian interbank market in the period from January 1st 1999
to September 1st 2009. We find temporal irreversibility in
the growth of the largest component of the interbank trading
network, a feature not common to any of the usual network
growth models. More specifically we found that the largest
component grows faster backward than forward in time. Such
asymmetry, (also detected on the growth of the clustering and
reciprocity coefficient) reveals that the trading mechanism
changes along the day.

Temporal asymmetries are of special interest as one of the
best signs of non-equilibrium systems. Exact knowledge
of temporal asymmetries of certain system was previously
used to classify those systems, to accept or reject models
of such systems and to clarify micro-mechanisms that are
Although there is
a huge corpus of economics literature describing economy

driving the evolution of those systems.

as an non-equilibrium system we were not able to find any
paper that would predict temporal asymmetry in trading
patterns we have found in our data. Moreover the temporal
asymmetries we have found are profoundly different from
those one can find in the literature on temporal networks (or
evolution of networks).

We are able to recover the statistical properties of the system
by means of a simpleAgent-Based Model (ABM) where the
probability of matching between counterparties depends on
a time varying vertex fitness (or attractiveness) describing
banks liquidity needs. We show that temporal irreversibility
is associated with heterogeneity in the banking system and
emerges when the distribution of banks liquidity shocks is
broad. We show that the asymmetry becomes more evident
as the financial crisis approaches and we argue that it is
correlated to the heterogeneity in the size of liquidity shocks
banks experience. Furthermore although we are not modeling
interest rates explicitly (a task that many financial economists
are working on every day) our model implicitly point to
relation between heterogeneity of shocks and the spread of
interest rates and this surprising relation can be observed
in data as well. Furthermore although we are not modeling
interest rates explicitly (a task that many financial economists
are working on every day) our model implicitly point to
relation between heterogeneity of shocks and the spread of
interest rates and this surprising relation can be observed in
data as well.

[1] G. De Masi, G. Iori, G. Caldarelli, Phys. Rev. E 74, 066112
(2006).

[2] V. Zlati¢, H. Stefancié, Phys. Rev. E 80, 016117 (2009).
[3] G. Iori, S. Jafarey, F. Padilla, J. Econ. Behav. Orga 61,
525-542 (2006).

Path Integral of Twisted and Bent DNA

M. Zoli

University of Camerino

Complementary strands in DNA double helix show tempo-
rary fluctuational openings which are essential to biological
functions such as transcription and replication of the genetic
information. Such large amplitude fluctuations, known as
the breathing of DNA, are generally localized and are due to
the fact that the hydrogen bonds, linking the pair bases on
the complementary strands, can break therefore exposing the
bases for chemical reaction.

Theoretical approaches based on Hamiltonian methods are
particularly advantageous in modeling the DNA dynamics
as they can treat the system at the level of the base pairs
incorporating nonlinear effects in heterogeneous sequences

[1-3].

I apply finite temperature path integral techniques to a
mesoscopic Hamiltonian which accounts for both the twisting
and the bending of short circular DNA molecules [4]. The
theoretical background for the application of the path integral
formalism to predictive analysis of the molecule thermody-
namical properties is discussed. The base pairs displacements
with respect to the ground state are interpreted as time de-
pendent paths. The portion of the paths configuration space
contributing to the partition function is determined, at any
temperature, by selecting the ensemble of path displacements
whose amplitudes are consistent with the model potential for
the hydrogen bonds.

Evaluating the equilibrium thermodynamics, we focus on
the interplay between twisting of the complementary strands
around the molecule axis and nonlinear stacking potential:
it is shown that the latter affects the melting profiles only
if the rotational degrees of freedom are included in the
Hamiltonian. The use of ladder Hamiltonian models for the
DNA complementary strands in the pre-melting regime is
questioned.

Helix unwinding and bubble formation patterns are computed
in circular sequences with variable radius. In agreement with
the experimental findings, base pair disruptions are found
with larger probability in the smallest minicircle of 66-bps
whose bending angle is ~ 6°. Fluctuational openings appear
along the helix to release the stress due to the bending of
the molecule backbone. The interplay between molecule
size and appearance of helical disruptions is analyzed. The
bubble probability profiles are compared to experimental
data available for some minicircles [5]. The method can be
generalized to determine the bubble probability profiles of
open ends linear sequences.

(1] M. Zoli, J. Theor. Biol. 354, 95 (2014).

[2] M. Zoli, J. Chem. 135, 115101 (2011).

[3] M. Zoli, Cond. Matter 24, 195103 (2012).

[4] M. Zoli, J. Chem. Phys. 138, 205103 (2013).

[5] M. Zoli, Soft Matt. 10.1039/C3SM52953C (2014).
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Finite temperature and magnetic field transport
in 1D quantum magnets

X. Zotos', C. Psaroudaki', J. Herbrych?
L Physics Department, Univ. of Crete and IESL-FORTH
2Physics Department, Univ. of Crete and Crete Center for

Quantum Complexity and Nanotechnology

IIl present recent exact results on the finite temperature
and magnetic field magneto-thermal transport in the one
dimensional spin-1/2 Heisenberg model obtained using the
Bethe ansatz (BA) method.
behavior of spin Drude weight as a function of magnetic field

In particular, Ill discuss the

down to low temperatures. These new results are based on a
previous analysis by the author of the spin Drude weight in
zero magnetic field [1] that recently have been independently
confirmed by state of the art numerical simulations and an
open system Lindbland approach. The new data now allow
for a complete evaluation of the thermal conductivity in the
presence of a magnetic field and of the Seebeck coefficient.

Furthermore, and in relation to this development, (1) Il
discuss the thermodynamics, thermal transport and dynamics
(ESR), of the spin S=1 easy-plane quasi-one dimensional
quantum magnet NiClp-4SC(NHz)2 (DTN). The analysis
is based on an effective spin-1/2 anisotropic (A = 1/2)
Heisenberg model description that is put on a firm basis by
comparing the thermodynamics of the S=1 model, obtained
using TMRG, with exact BA specific heat and magnetization
For the thermal
conductivity in a magnetic field, Ill compare numerical data

results for the s=1/2 Heisenberg model.

on the S=1 model obtained using exact diagonalization
techniques to exact results using the BA method. For the
ESR data [2], using a recently developed BA technique [3], Ill
show that the extremely sharp line observed in experiments,
is due to a singular excitation to a single excited state. It
is fascinating that this excited state, highly unusual within
BA as it is described by a set of real pseudo-momenta plus
one with imaginary part /2, is exactly probed in ESR
experiments - it corresponds to a uniform rotation of the total
magnetisation.

(2) I discuss the thermal conductivity in a magnetic field
of the quasi-one dimensional CuPzN compound that is well
described by the isotropic spin-1/2 Heisenberg Hamiltonian.
In particular, Ill analyze the presence of the magnetothermal
correction and its relevance in the interpretation of experi-
ments [4] and discuss the extent to which spin-orbit scattering
suppresses this correction. Furthe- more, Ill show that this
correction becomes significant near the critical fields to the
ferromagnetic state.

[] X. Zotos, Phys. Rev. Lett. 82, 764 (1999).

[2] C. Psaroudaki et al., Phys. Rev. B85, 014412 (2012).

[3] N. Kitanine, J.M. Maillet, V. Terras, Nucl. Phys. B554,
647 (1999).

[4] A.V. Sologubenko et al., Phys. Rev. Lett. 98, 107201
(2007).
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Entropy of frustrated Ising spin clusters

M. Zukovi¢, A. Bobsk

Institute of Physics, P.J. Saférik University in Kosice, Slovakia

A two-dimensional triangular lattice Ising antiferromagnet
is a typical geometrically frustrated spin system with highly
degenerate ground state and non-vanishing entropy, which
results in lack of long-range ordering at any finite temperature
[1]. However, in systems comprising only a finite number of
spins located in domains of different shapes, it has been shown
that the ground-state degeneracy can be strongly influenced
by domain sizes and boundary conditions [2-4]. In the present
study, we investigate geometrically frustrated Ising spin-s
(s =1/2,1 and 3/2) clusters on a triangular lattice of various
shapes and sizes with free boundary conditions by exact
enumeration and Monte Carlo simulations, including finite
temperatures and magnetic fields. We first study effects of the
shape, size and the spin value on the ground-state energy and
the residual entropy. In particular, we are interested in how
these quantities can be influenced by minimal manipulation
in the clusters’ shapes, such as removal of a small number of
vertices. We observe their behavior for different s on approach
to the respective thermodynamic limits, which for s > 1/2
are obtained by Monte Carlo simulations [5]. Depending on
the cluster shape, the residual entropy density on approach
to the thermodynamic limit can either vanish or remain
finite and the dependence can be decreasing, increasing
or non-monotonic. Nevertheless, the relative entropies
normalized by the respective thermodynamic limit values
turn out to be little sensitive to the spin value. In an applied
external magnetic field, the ground state magnetization and
the entropy show stepwise variations. The number of steps,
their widths and heights depend on the cluster shape and size.
While the character of the magnetization plateau heights is
always increasing, the entropy is not necessarily nonincreasing
function of the field, as one would expect. For some selected
clusters showing interesting ground-state properties, the
calculations are extended to finite temperatures by exact
enumeration of densities of states in the energy-magnetization
space. In zero field, the focus is laid on how the entropies
of the respective clusters approach their residual values for
various cluster sizes. In finite fields, particular attention is
paid to the isothermal entropy changes either due to the
field or the spin manipulation, focusing on cases showing
an enhanced magnetocaloric effect. The exact results on
the finite clusters are compared with the thermodynamic
limit behavior obtained from Monte Carlo simulations
and it is concluded that small triangular clusters can dis-
play better magnetocaloric properties than the infinite system.

(1] G.H. Wannier, Phys. Rev. 79, 357 (1950).

[2] R.B. Griffiths, J. Math. Phys. 6, 1447 (1965).

[3] M. Aizenman, E.H. Lieb, J. Stat. Phys. 24, 279 (1981).
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311, 347 (2003).
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