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Complexity and entropy crisis in the amorphous glassy state

Abstract:
The relaxation behaviour of supercooled liquids approaching amorphous solid-like states differs over different
temperature ranges. It has been modelled using microscopic descriptions based on the statistical mechanics of
many particle systems. After a broad review of the basic models, we will discuss extending the usual
thermodynamic approach. In the latter, the metastable supercooled liquid is studied in terms of the free energy
landscape (FEL) for a suitable free energy functional F[ ]. The field (x) models a continuum field theoretic
description of the many-particle system. In the deeply supercooled state, distinct basins form in the FEL,
corresponding to different local minima of the free energy. Well below the freezing point, the FEL breaks up into
an exponentially large number of basins with local minima. The metastable liquid close to vitrification is caught
in one of these many possible basins. This transformation of the FEL for the supercooled liquid has been termed
a spontaneous breakdown of ergodicity. In the case of structural glasses, this fragmentation of the FEL occurs
without the presence of any quenched disorder. Calculating the corresponding partition function is facilitated
using a composite system of m identical Replicas of the original system. We will describe these models of
supercooled liquid with the role of multi-particle correlations taken into account. We will discuss a calculation of
the so-called Complexity or the configurational entropy of the supercooled liquid using this description in terms
of the continuum or coarse-grained field theoretic models.
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