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A stochastic model of gamma phase modulated orientation
selectivity.

This internship aims at studying theoretically the interplay between oscillations
generated by noisy populations of neurons and the repartition of the spiking
times within the oscillations in response to oriented stimuli.
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Context

Knowledge of the mechanisms used by neurons to transmit information is far
from being complete. The scientific issues are major, both for a single neuron
and for a network of neurons with billions of connections, like in a human brain.

Nowadays, classical deterministic models for population of neurons are im-
proved upon by the addition of a stochastic component. This noise is an attempt
to describe one or several sources of noise that exist in the brain e.g. coming
from the opening and closing of ionic channels across the neural membrane for
example. On the other hand, each neuron is included in a potentially noisy
environment, which is changing with time: for example, the (non-deterministic)



activity of the other neurons in the network will change the behavior of the
studied neuron. This is external noise.

There have been recently numerous studies trying to relate the spike timing
of individual neurons and the oscillatory rhythms in the local field potentials
(LFP) of the neural populations. The LFP spectrum has been mostly explained
using population dynamics tuned such that the LFP oscillations cannot be seen
in single neuron activity (see, for example, [4, 2]). Most of these deterministic
models suggest that the populations are poised close to an oscillatory instability
e.g. a Hopf bifurcation.

The interplay between the orientation selectivity of neurons in primary visual
cortex V1 in awake macaques and these LFP oscillations has recently been
studied experimentally in [5]. The authors found that the spike probability was
locked on the LFP phase (in the gamma-band) with maximum occurring at
zero phase lag. Then, they look at the link between the LFP phase and the
preferred orientation V1 neurons [3] for which they introduce a measure called
the orientation selectivity index (OSI). They showed that the spike based OSI
of the (orientation tuned) neurons are gamma-phase locked with zero lag but
there seems to be a phase advance for the OSI at the population level. Finally,
they demonstrated that the noise is minimal at phase zero of the LFP.

Figure 1: Approximated spike density over LFP phase.

Subject of the internship

The aim of the internship is to study a model that accounts for the experiments
described in [5]. We consider a firing rate model of a piece of visual cortex which
is comprised of excitatory cells and inhibitory cells labeled by their preferred
orientation θ. More precisely, we look at the following model V = (E, I):

τEdE(θ, t) =
(
−E(θ, t) +

∫ π/2
−π/2 JEE(θ − θ̄)S(E(θ̄, t)) − JEI(θ − θ̄)S(I(θ̄, t))dθ̄)

)
dt

+IextE (θ, t)dt+ σ(θ)dBE(θ, t)

τIdI(θ, t) =
(
−I(θ, t) +

∫ π/2
−π/2 JII(θ − θ̄)S(I(θ̄, t)) − JIE(θ − θ̄)S(E(θ̄, t))dθ̄)

)
dt

+IextI (θ, t)dt+ σ(θ)dBI(θ, t)

The external current Iexti represents the thalamus input which is supposed to
give a small clue about the orientation of the drifting grating (with frequency



ωdrift ):
Iexti = Ii(1 + ε cos 2(θ − θstim) cos(ωdriftt)).

The nonlinearity S represent the f − I curve of the neurons and the synaptic
connections are written JEE(θ), · · · . Finally, the noise is modeled with Gaussian
processes BE(θ, t), BI(θ, t). To reproduce the experiments, we will first look at
a network tuned close to a Hopf bifurcation with O(2) symmetry [1] when the
noise is small.

Advisor

The student will be advised by Etienne Tanré (Etienne.Tanre@inria.fr) and
Romain Veltz (Romain.Veltz@inria.fr) of the teams Neuromathcomp and
Tosca.

Skills and profile

The student will use standard tools issued from dynamical system, stochastic
calculus and numerical probabilities.
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