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ABSTRACT

The time series of neuronal discharges—the spike trains—are generally assumed to carry information
about the process that generates the spikes. In Leaky Integrate-and-Fire (LIF) neuromimes the
spikes occur whenever the value of the membrane potential is greater than a threshold value.
Then, it appears that the dynamics of the membrane potential plays a key-role in determining the
dynamics of the spike train. The Ornstein-Uhlenbeck diffusion process is often used to describe
the dynamics of the membrane potential. However, a realistic implementation of this model should
consider the diffusion limits [1] that turn the Stein’s model into the Ornstein-Uhlenbeck one. This
could be due to the nonlinear combination of the synaptic inputs deriving from the remote synapses
located in the dendritic tree and the inputs from the synapses located in the vicinity of the trigger
zone.

A model based on the overlapping of a diffusion process by two jump processes overcomes some
of these limitations [2]. Recent works ([3, 4]) show that this model gives rise, with particular
tuning of the parameters, to multimodal interspike interval (ISI) distributions. These distributions
represent the first-order statistics of the spike trains in the time domain and are often used to
describe single unit discharges recorded during extracellular electrophysiological recordings. An
alternative interpretation for multimodal ISI distributions is based on the response of a stochastic
LIF neuromime to subthreshold periodic stimulus [5, 6] giving rise to Stochastic Resonance.

The current study is aimed to investigate the comparison and the limitations of the two alternative
models mentioned above. The subthreshold dynamics of the membrane potential is described by
the stochastic process X = {Xy;t > 0} defined as

X(t) = Y(@)+aNt(t)+iN~(t) (1)
X(O) = X0

where Y = {Y'(¢),t > 0} is an Ornstein-Uhlenbeck process and N* = {NT(¢),¢ > 0} and
N~ = {N~(t),t > 0} are counting processes independent from each other and from Y, charac-
terized by constant amplitude jump sizes ¢ > 0 and ¢ < 0 respectively. We consider here Inverse
Gaussian (IG) and Exponentially (EXP) interarrival times distributions. The comparison of the
influence of noise intensity on the peak heights of the ISI distributionof the jump-diffusion model
with ISI distributions based on periodically modulated input raises important questions about the
exact role that periodicity could play in a realistic situation.
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