The receptive eld of a sensory neuron is a region of space in which the presence of a stimulus will alter the ring of that neuron. (wikipedia)
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Main idea

Assume that spike statistics is generated by a (Markov) process. Assume a parametric form for the transition probabilities of this process (Ex: Linear-Non Linear, Generalized Linear Model, . . . ).

Fit the parameters (Maximum likelihood, Kullback-Leibler divergence minimization, learning methods, . . . ).

Generate sample probabilities and compare to data: does the model t and predict correctly (condence plots, Kullback-Leibler divergence, correlations, . . . ) ?

Handle correctly the nite size sampling of data (standard statistical tests, Central Limit theorem, convergence rate, . . . ).

Example 1: The Generalized-Linear Model (GLM)

Paradigms of rates and receptive elds. The Generalized-Linear Model (GLM)

λ k (t|H t ) → P n [ ω k (n) = 1 | H n-1 ] ≈ λ k (n|H n-1 )∆t = p k (n)
Considering Conditional independence:

P n ω(n) ω n-1 n-D = N k=1 p k (n) ω k (n) (1 -p k (n)) 1-ω k (n)
Two distinct potentials H (1) , H (2) of range R = D + 1 correspond to the same Gibbs distribution (are equivalent"), if and only if there exists a range D function f such that (Chazottes-Keller ( 2009)):

H (2) ω D 0 = H (1) ω D 0 -f ω D-1 0 + f ω D 1 + ∆, (1) 
where ∆ = P(H β (2) ) -P(H β 1) ).

Can we hear the shape of a Maximum entropy potential

Summing over periodic orbits we get rid of the function f

R n=1 φ(ωσ n l 1 ) = R n=1 H * (ωσ n l 1 ) -RP(H * ), (2) 
We eliminate equivalent constraints.

Can we hear the shape of a Maximum entropy potential

Conclusion

Given a set of transition probabilities P ω(D) ω D-1 0 > 0 there is a unique, up to a constant, MaxEnt potential, written as a linear combination of constraints (average of spike events) with a minimal number of terms.
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What could be the hidden process ?

The sub-threshold variation of the membrane potential of neuron k at time t is given by:

What could be the hidden process ?

g kj (t) = g kj (t r j (ω)) + G kj α kj (t -t r j (ω)), t > t r j (ω),

τ kj H(t),

What could be the hidden process ?

Mathematical answers

In this example, the hidden process is non Markovian: it has an innite memory, although it can be well approximated by a Markov process. Without gap-junctions the transition probabilities can be explicitly computed. The form is similar to GLM (conditional independence and interpretation of parameters). With gap-junctions the conditional independence breaks down. The explicit form of the transition probabilities has (not yet) been computed.