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ABSTRACT

Synchrony, manifested as cascading total firing events during which all neurons fire

simultaneously, is studied in a stochastic model of identical excitatory, current-

based, integrate-and-fire neurons with instantaneous pulse-coupling. Numerical sim-

ulations indicate that over a large range of model parameters, the dynamics are

attracted to this synchronous state in which cascading total firing events are sepa-

rated by a quiescent period with no neurons firing. Unlike the model’s deterministic

counterpart, the voltage trajectories are not identical during this quiescent period,

but in fact deviate from each other due to the stochastic driving. The mechanism

responsible for returning the network to the synchronous state after each period of

no firing is presented and used to characterize the synchronous firing rate as well

as the ability of the network to maintain a synchronous firing state. The firing rate

is found using the distribution of a single neuron’s firing time, which in turn is re-

lated to the solution of a Kolmogorov forward equation solved via an eigenfunction

expansion. An approximation valid in the super-threshold regime is used to obtain

the scaling of this firing time with the size of the external fluctuations and the size

of the network. The probability that a cascading total firing event ensues when

the first neuron fires since the last total firing event is computed first for the all-

to-all coupled network using a combinatorial consideration of voltage arrangements,

and then for networks with complex topologies by characterizing the local non-tree

like structure around a single neuron. Both the characterizations of the models

superthreshold synchronous firing rate and ability to maintain synchrony depend

on a Gaussian approximation for the single neuron voltage distribution, determined

by a central limit argument. All approximations made in the analytical derivations

are discussed and verified via direct numerical simulations. The broader application

of this mechanism for sustaining synchrony in a stochastic setting is numerically

investigated by adding physiological effects to the model that hinder or eliminate

cascade-induced synchrony.
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