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Re-scaling of the incoming currents

When a neuron fires, it is kept silent during the refractory period and it “ignores”
all the arriving currents. As the tails of exponential (internal or external) currents can
be interrupted by this mechanism, taking the mean value of the exponential function
(integrated between 0 and ∞) is not a good approximation. A better estimation can
be obtained as follows. In the mean-field approach, a neuron fires every 1/f seconds;
meanwhile, the incoming currents contribute to increment its membrane potential; a
schematic representation is shown in Fig. S7.

Figure S7. Representation of an incoming, exponential current integrating until the
post-synaptic neuron fires, entering into the refractory period. Losses depend on the
spiking time of the pre-synaptic neuron and the firing rate of the post-synaptic one.

Therefore, one can consider that the neuron integrates on average from the spiking-
time t = 0 to some effective final time t = 1/f . The contribution of an incoming spike
arriving at t = ts can be computed as
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where Ve/in = we/inτs/C. As many spikes arrive during the interval [0, 1/f ], supposing an
uniform distribution for the incoming times, the mean value of this ts-function is
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Observe that an extra factor multiplying the mean value of the exponential has appeared
with respect to the naive estimation in [1]. For typical values of f ≈ 100 Hz and τs = 5
ms, the mean contribution of incoming spikes is rescaled by a more than a 50%.
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