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We study the associative memory dynamics of a network of spiking integrate
and fire neurons. We introduce an order-parameter, which measures the over-
lap (similarity) between the activity of the network and the stored patterns.
We find that, depending on the excitability of the network, different working
regimes are possible. For high excitability, a persistent replay of the stored
patterns can be induced by few spikes with the right phase relationship.
Then we study the critical regime at the transition between the region of
persistent replay and the region of no-reply. In this regime a short transient
replay can be initiated by noise, then it fades after a short time, a different
pattern is transiently activated, and so on. At critical spiking threshold (see
Figure) the order parameter fluctuations are maximized, as expected for a
phase transition, and by recent experimental results [1].
We found that, at the critical point, the avalanche size and duration distri-
butions follow power laws. Critical exponents τ , α and k in f(T ) ∝ Tα,
f(s) ∝ sτ , 〈s〉 ∝ T k are consistent with scaling relation (α1)/(τ − 1) = k,
and mean temporal profile of avalanches is universal across scales, as in [2].
In conclusion our simple model suggests that avalanche power law in cortical
spontaneous activity may be the effect of a network at the critical point be-
tween successful persistent retrieval and no-retrieval of phase-coded patterns.
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