Local level statistics for optical and transport properties of disordered systems at finite temperature
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We argue that the overall level statistics which determine localization and transport properties of disordered systems (such as molecular aggregates, conjugated polymers, the Anderson model, etc.) at zero temperature becomes inadequate when it comes to incoherent quasi-particle transport at finite temperature: The rate of hopping between quasi-particle localized states induced by coupling to environment (e.g. a phonon bath), being proportional to the squared modulus of the matrix element of the coupling between the states, is large only if the involved states overlap well. The latter introduces correlation between energy levels that should be accounted for to make level statistics relevant for the transport. We propose several ways to account for the correlation and define local level statistics, in particular, the local nearest level spacing statistics (NLS). Our definitions contain as limiting cases both the (traditional) overall level statistics and the NLS for the hidden energy structure of the Lifshits tail of the DOS [1]. The latter provides, for example, the characteristic activation energy for the quasi-particle diffusion at low temperature [2] and determines the line-shape and kinetics of the J-aggregate fluorescence at selected excitation [3].
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Left panel – local NLS for unfolded energy sequence (1D Anderson model, box distribution, W=0.3t), right panel – dependence of the mean  local energy spacing  on the disorder magnitude W.
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