Coexistence of oscillations and neuronal
avalanches in spiking neurons networks
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Abstract. Self-organized criticality (SOC) with conservative systems is by now a very understood subject, fully integrated to the
Statistical Mechanics of non-equilibrium systems. However, for dissipative systems, the situation is not clear and several open problems
remain. Models of dissipative systems (earthquakes, forest fires, neuronal avalanches) have been proposed since the 90's with the
claim that they are examples of true SOC systems. The present consensus is that they are not: even if one can propose slow drive
mechanisms to counterbalance dissipation, so that the system is at least conservative in average, these systems present stochastic
oscillations hovering over the critical region (this has been called self-organized quasi-criticality or SOqC). Here we explain the origin of
these stochastic oscillations in networks of spiking neurons as an outcome of a different criticality scenario: instead of the presence of
the standard transcritical transition point, usually found in SOC models, we have a Neimark-Sacker bifurcation from a stable spiral to an
indifferent one. In the critical region, finite size noise excites and maintain the stochastic oscillations. Also, fluctuations in the presence of
the silent (absorbing) state close to the critical region interrupts the oscillations generating power law avalanches and Dragon King
events. By using simple Gerstner stochastic neurons, we obtain very direct and transparent mean-field results. In our model, the
¢ fundamental ingredient for the emergence of stochastic oscillations is firing rate adaptation (dynamic neuronal gains).
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MF approximation:
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In a biological network, each
newon | has a neuronal gain
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