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PDMP; Kernel estimator; Invariant measure:

The purpose of the talk is to perform a statistic study of a certain Piecewise Deterministic Markov
Process (PDMP) modelling the activity of a neural network. Our aim is to build an estimator
for the underlying jump rate of the PDMP, i.e. the function measuring the spiking activity. Our
process Xt = (X1

t , ..., X
N
t ), where N is the number of neurons in our network, and each coordinate

Xi
t of Xt represents the membrane potential of a particular neuron, has the following generator:

Lϕ(x) =

N∑
i=1

f(xi) [ϕ(∆i(x))− ϕ(x)]− λ
∑
i

(
∂ϕ

∂xi
(x) [xi −m]

)
, (1)

where

(∆i(x))j =

{
xj + 1

N j 6= i
0 j = i

}
, j = 1, ..., N. (2)

This generator gives to our process the following dynamics. The deterministic drift of the PDMP
attracts the membrane potential of each neuron to an equilibrium potential m with an exponential
speed. Moreover, a neuron with membrane potential x "�res" (i.e. jumps) with intensity f(x).
When a neuron �res, its membrane potential is reset to 0, while the membrane potentials of the
other neurons are increased by 1

N .

Our kernel estimator for the jump rate f is roughly speaking of the form

f̂t(a) =
] spikes in positions in B(a)

occupation time of B(a)
,

where B(a) is a neighbourhood of the position a where we estimate the parameter f. To de�ne
this estimator more rigorously, we de�ne a jump measure and an occupation time measure for our
process X. The fact that the compensator of the jump measure is the occupation time measure
integrated against the jump rate function f gives us a martingale measure which allows us to obtain
the convergence of our estimator. We assume that the jump rate function f belongs to a certain
Hölder class of order of regularity β, and obtain for our estimator the classical optimal speed of

convergence of order t−
β

2β+1 for the error in L2.We also state two probabilistic results we will need
for the estimation. The �rst one is the positive Harris recurrence of our PDMP. The second one is
the existence of a regular density function for the invariant measure.
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