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A dynamical theory of spin relaxation previously formulated in terms of stochastic differential equations [1] is
extended beyond the extreme narrowed approximation to incorporate temporal correlation in the driving
random magnetic fields. An analysis of spin-spin relaxation in this case is provided which is non-perturbative in
the random field and yields an exact solution to the spin dynamical equations. This leads to a new class of spin
spectra that are essentially non-Lorentzian for all finite field parameters. In turn we are led to a distinct notion of
relaxation timescale compared to the standard characteristic exponential. The Lorentzian case is then recovered
as the extreme narrowed limit.

In this presentation we investigate the behaviour of an ensemble of spins immersed in a random magnetic field
that is temporally correlated in accordance with a set of generic statistical assumptions, thus extending beyond
the extreme narrowed approximation. We derive the resulting stochastic spin dynamics and ensuing spectral
properties, and contrast this with the standard results. Our treatment incorporates both the amplitude and
correlation time / spectral width of the driving random field as two independent parameters. The spin auto-
correlation function emerges in a double-exponential form, with a broadened autocorrelation / narrowed
spectrum compared to the Lorentzian case. Recovery of extreme narrowing is obtained as a certain limit (f->eo),
yielding a Lorentzian spectrum — moreover the spectrum is only Lorentzian in this limit. It should be emphasized
that our analysis is non-perturbative in the random field. Our discussion more broadly points towards a
substantial shift in point of view, for spectroscopic calibration and classification purposes, away from a single
‘relaxation time’ parameter, towards the spin correlation function itself, and its associated spectral density, which
as we observe depends on two independent parameters. While it is appreciated that data driven analyses that
exploit the entirety of the spin autocorrelation function have been studied previously, the present results offer a
legitimate and principled alternative in the form of a generic finite parametric family of spectra / autocorrelation
functions that are accordingly applicable to a wide range of applications. In such a new paradigm, it is essential
that the spectral model be the mathematically correct and more general non-Lorentzian one. In this respect we
envisage adoption of a two-parameter data fitted model incorporating both the Lorentzian and spectral
narrowing contributions arising from field correlation, which would be an improvement on the current state of
the art. In terms of classification there are well established measures of (dis-)similarity for spectra that could be
employed, such as the familiar statistical distance in Hilbert space. In the present context this would have
implications for any application that involves (T2-weighted) imaging, for which there is a vast literature. An
image in this framework would be not just a measure of T2 (variants) as it is (they are) distributed over space, but
a more refined map of how the detailed spectral properties vary — for example an image could be generated by
plotting for each spatially resolved cell an intensity that is determined by the statistical distance of the PSD at that
point from that of some chosen reference point within the image. Such a proposal incorporates more
sophisticated information about the physical behaviour of the spins and would presumably therefore lead to
more discriminating ability in the images thus generated. The dynamical modifications entailed here also have
direct implications for the further study of real time properties [2] and entangled systems [3] and will be
described separately.
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