Noise Focusing in Neuronal Tissues: Symmetry-Breaking and Localization
in Metric Excitable Networks with Quenched Disorder
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We introduce a coarse-grained stochastic model for the
spontaneous activity of neuronal cultures to explain the phe-
nomenon of noise focusing [1], which entails localization of
the noise activity in excitable networks with metric corre-
lations. The system is modeled as a continuum excitable
medium with a state-dependent spatial coupling that ac-
counts for the dynamics of synaptic connections. The most
salient feature is the emergence at the mesoscale of a vec-
tor quantity V (r), the avalanche field, that acts as an ad-
vective carrier of the activity noise. This entails an explicit
symmetry-breaking of isotropy and homogeneity that stems
from the amplification of the quenched fluctuations of the
network by the activity avalanches, concomitant with the
excitable dynamics. We discuss the microscopic interpre-
tation of V(r), and propose an explicit construction of it.
The coarse-grained model shows excellent agreement with
simulations at the network level and with experimental data
from neuronal cultures.

The purpose of this work is to transcend the qualitative
picture emerging from [1] where noise focusing was first re-
ported, by developing a theoretical framework that enables a
deeper quantitative understanding of that phenomenon, and
its contextualization from the perspectives of excitable sys-
tems, constructive effects of noise and transport in complex
networks. The proposed model reproduces the experimen-

tal observations in cultures and at the same time provides
insights on the origin of the inherent symmetry-breaking
emerging from the network quenched disorder.

As in Anderson localization, the phenomenon here eluci-
dated results from a modification of transport properties due
to disorder, even though the mechanisms are completely dif-
ferent. As opposed to the wave interference of multiple scat-
tering competing with diffusive transport, in our case it is
the emergence of ballistic transport that competes with dif-
fusion. Nonetheless, in both cases the localization is a col-
lective (nonlocal) effect of disorder in extended regions, as
opposed to eventual trapping in locations with special prop-
erties of the disorder.

The phenomenon of noise focusing is generic in relatively
simple excitable networks, such as in neuronal cultures, but
its relevance to in vivo neuronal tissues remains to be estab-
lished. From a fundamental point of view, the direct quan-
titative prediction of the symmetry-breaking avalanche field
for a specific network, given a set of dynamical equations,
remains a nontrivial open question.
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