Fickian non-Gaussian diffusion across thermal and non-thermal systems
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More than a century after Einstein’s seminal work on Brownian motion, diffusion continues to reveal unexpected
statistical features in complex materials. A striking example emerged a few years ago, when experiments on colloidal
tracers in complex biological fluids revealed a novel type of diffusion, distinct from both standard Brownian motion and
anomalous diffusion [1]. Indeed, a mean-square displacement increasing linearly in time, as in standard Fickian diffusion,
surprisingly coexists with a non-Gaussian displacement distribution. Since then, Fickian yet non-Gaussian diffusion
(FnGD) has been observed in a wide range of molecular and soft-matter systems. While its occurrence has generally been
associated with heterogeneities in the local environment, a unified microscopic understanding remains an open issue.

In this talk, 1 will illustrate how FnGD challenges the conventional understanding of microscopic diffusion, discussing
key open questions such as the search for FnGD precursors and for model systems with tunable FnGD.

I will first review recent results on thermal systems, focusing on experiments on colloidal suspensions and simulations of
molecular glass-forming liquids [2-4]. Next, | will show that FnGD can occur even in systems of large inert particles,
immune to thermal motion, where diffusion-like phenomena can still be triggered by the application of external
perturbations [5]. | will conclude by highlighting differences, similarities, and potential universal aspects of FnGD across
thermal and non-thermal systems.
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