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Correlated fluctuations in neural systems

Nerve cells (neurons) are subject to various sources of noise that result in a pronounced
stochasticity of their spike trains. These fluctuations often show temporal correlations both in the
neural periphery and in the recurrent networks of the brain. Many theoretical investigations
neglect these correlations and approximate fluctuations by white Gaussian noise. In my talk, |
review some recent analytical results for integrate-and-fire models driven by colored noise with
arbitrary temporal correlations. The formulas for the interspike-interval density and correlation
coefficient of a simple perfect integrate-and-fire neuron model are used to quantitatively explain
the spike statistics of two types of neurons: auditory receptor cells in locust and electro-afferent
cells in paddlefish. The theory also explains features of the spike statistics of neurons in recurrent
networks driven by non-Poissonian spike trains. Moreover, it predicts a transition from short- to
long-correlated network fluctuations as the overall coupling strength between neurons is
increased. A smoothed version of such a transition can be observed in numerical simulations of
biophysically more realistic network models.
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