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Universal critical avalanches in the Coulomb glass
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The Coulomb glass (CG) is a strongly correlated
regime observed at low temperature in Anderson insu-
lators such as dirty metals, amorphous semiconductors,
and lightly doped semiconductors. A defining feature of
the CG is the extremely slow relaxation of the hopping
conductivity (phonon-assisted tunneling between local-
ized states), and related glassy non-equilibrium effects
such as aging and memory1. It was suggested2 that these
effects reflect an underlying equilibrium “glass phase”,
which however was ruled out by recent numerical studies3
down to very low, but finite, temperature T .

In this work we search for glassiness directly at T = 0
by investigating charge avalanches in the CG for the first
time. We consider the standard CG model2 consisting
of N/2 electrons localized on N lattice sites, with 1/r
pairwise interactions and random local potentials, in a
uniform neutralizing background charge. Starting from
a random configuration, we quench the system instan-
taneously to T = 0 and let it evolve until it reaches a
local minimum, i.e. a stable configuration against all
one-electron jumps. We then perturb the system either
by inserting one extra electron at an empty site (charge
injection), or by displacing an electron from an occupied
site to a nearby empty site (dipole injection). Due to the
perturbation, other electrons may become unstable and
relax to new positions. This in turn can trigger further
jumps so that an avalanche forms, until the system stops
upon reaching a new local minimum.

It was shown recently5, in agreement with earlier
simulations6, that the avalanche size distibution g(S) for
similar avalanche processes in the infinite-range spin glass
and other mean-field models has a power-law behavior

g(S) ∼ S−τ exp[−(S/Sc)2] (1)

where S is the number of jumps, τ > 0, and Sc a cutoff
that diverges for large system sizes. This signals a kind
of self-organized criticality6, which was shown to be re-
lated to the marginal criticality5 of the equilibrium glass
phase in these models.

Our goal is to elucidate whether a similar scenario is
at play in the CG. Using a new algorithm4 that allows us
to measure g(S) with high statistics for large systems
(N = L3 ≤ 603), we find a power-law tail in agree-
ment with Eq.(1) for both charge and dipole injection,
with Sc diverging linearly with L (Fig. 1). We interpret
these results in terms of rearrangements of soft long-lived
particle-hole pairs (dipoles), and analyse the possible ori-
gin of the power-law behavior both from the point of view
of branching processes, and of glassy criticality. Finally,
we discuss the relationship of the scale-free avalanches

with the divergence of the screening length for T → 0.
These results shed new light on the elementary excita-
tions in disordered insulators and on the long-debated
nature of the CG.
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Figura 1. (Top) Size distribution of the avalanches trig-
gered by charge injection, for different linear sizes L. The lines
are fits to compound Poisson distributions of Galton-Watson
processes. (Bottom) Scaling plot of g(S) for avalanches trig-
gered by dipole injection. In both cases g(S) has a power-law
tail with an exponential cutoff, which diverges linearly with
L.
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