
Master degree internship position

Laboratoire J. A. Dieudonné (LJAD) &

Institut de Physique de Ni
e (INPHYNI)

Université C�te d'Azur & CNRS

Opti
al analogue of self-gravitating systems

General 
ontext.� Many intera
tions in nature are long range. As long range intera
tions,

we refer to those in whi
h parts of the system far away from ea
h other intera
t 
onsiderably. An

histori
al example of su
h systems are stars inside a galaxy or globular 
lusters. Typi
ally, in su
h a

system, a star is subje
ted to a for
e dominated by the ensemble of the other stars (long range) rather

than, for example, the neighboring ones (short range). As a 
onsequen
e, one expe
ts a very di�erent

behaviour (and often 
ounter-intuitive) 
ompared to what happens in the short-range intera
ting regime

usually en
ountered in statisti
al physi
s textbooks. For example, in the thermodynami
 equilibrium,

there is inequivalen
e of ensembles or a possible apparition of negative spe
i�
 heat in the mi
ro-


anoni
al ensemble [1, 2℄. The ma
ros
opi
 dynami
s is also very di�erent: starting from arbitrary

initial 
onditions, the system forms �rapidly� a quasi-stationary state (like a galaxy) and then relaxes

towards a thermodynami
 equilibrium.

Re
ently, it has been observed that a laser beam propagating in a nonlinear, nonlo
al medium

presents a behavior very similar to the formation of a quasi-stationary state of self-gravitating bosons

in the non-relativisti
 regime [3, 4℄, whi
h is a serious 
andidate for dark matter, whi
h 
onstitutes the

halos of galaxies.

Obje
tives.� During this internship, we will study theoreti
ally and numeri
ally su
h an opti
al

analogue of a self-gravitating system. Preliminary experiments will be performed to determine the

most suitable platform for this study. The targeted obje
tives are listed below.

1. Derivation of simple analyti
al s
alings as done in the 
lassi
al 
ase for the early time of the


ollapse.

2. Study the evolution of the system for various initial 
onditions (formation of a quasi-stationary

state, energy eje
tion, 
old 
ollapse, Landau damping, mixing) by writing a 
ode to solve the

S
hrödinger-Newton equation [5℄.

3. Full des
ription of the analogy between self-gravitating systems and nonlinear opti
al propaga-

tion.

4. Preliminary experiments to 
hara
terize the nonlinear thermal response of various materials (lead

glass, sapphire, et
.).

Pro�le.� We are looking for a highly motivated 
andidate interested in at least one of the aspe
ts

of the proje
t (statisti
al physi
s and/or non-linear opti
s). The grant is about 500 euros/month. The


andidate will have the possibility to apply for a PhD thesis on this subje
t.

Conta
t.� If you are interested, please 
onta
t :

Bruno Mar
os : bruno.mar
os�uni
e.fr

Matthieu Belle
 : belle
�uni
e.fr

Claire Mi
hel : 
laire.mi
hel�uni
e.fr
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