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Complex networks and glassy dynamics: walks in the energy landscape
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Campus Nord B4, E-08034, Barcelona, Spain
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Modeling the mechanical properties of systems that
exhibit glassy dynamics represents a major issue, both
from the computational and the analytical point of view.
Using realistic inter-particle potentials, molecular dy-
namics simulations suitably describe events over limited
time-spans. They provide great insight into microscopic
dynamics, yet they may become inadequate in predict-
ing long-time relaxation features for normal laboratory
scales. In this light, effective modeling techniques must
rely on realistic coarse graining procedures.

A simple way of addressing glassy dynamics is that of
considering the system as a random walker in the energy
landscape. In the regime where the dynamics is thermal-
ly activated, the walker evolves through jumps between
different energy minima or traps1. Both experimen-
tal and numerical studies have revealed that the emer-
gence of glassy dynamics, for instance in super-cooled liq-
uids, is accompanied by the observation of strong spatio-
temporal heterogeneities, with different regions of the
system presenting dynamics that vary from each other
even by orders of magnitude. The classical trap model
indeed predicts the emergence of glassy features, however
it considers a mean-field scenario where heterogeneities
are not taken into account.

Here, we propose to study the role of heterogeneities
in systems approaching the glass transition, by modeling
time evolution as a generalized random walk on a com-
plex energy landscape, pictured as a network of minima2.
Complex network theory provides a powerful tool to en-

code the heterogeneity of the energy landscape into sta-
tistical properties of the network, such as degree distri-
butions and correlations. We show how to use the tools
developed for the study of dynamical processes on com-
plex networks, in order to go beyond the mean-field sce-
nario and move towards a more realistic description of
the problem. We consider several non-local transition
rates between minima and show that, under very general
hypotheses, the existence of a glassy phase depends on a
delicate interplay between the network topology and the
relationship between energy and degree of a minimum3.
Interestingly, the network-degree correlations and the de-
tails of the transition rates do not play any role in the
existence (nor in the value) of the glass-transition tem-
perature.

This approach helps contextualize previous studies
that focused on the sampling of specific energy land-
scapes obtained for small systems4 and shows how the
tools developed in complex network theory can be suc-
cessfully employed in this context.
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