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Current physical theory of the fundamental
interactions in Nature:

The standard model + general relativity

(+ dark matter + dark energy)
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Members and collaborations

I permanent (MJ) + doctorants (quatre depuis 2007)
+ Un post-doc a mi-temps au LPNHE jusqu’au 3/2017
+ External french collaborations: LPTMC(UPMC), Université de Nice

+ External non-french collaborations: Université de Rome « la Sapienza »,
Rajamanghala University, Thailand



Central (current) research theme:

dynamics of non-relativistic purely gravitating matter



Principal Motivation:

The problem of structure formation

WMAP : the universe aged ~10° years... SDSS : the universe today (10'° years)
Density fluctuations ~10- Fluctuations >> 1

How do these structures come from these initial conditions ?

Theory furnishes predictions also for other observations
(weak lensing, dark matter searches...)



Motivation

Cosmological structure formation

Linear Regime: simple and resolved analytically

Non-linear regime: intractable, essentially numerical resolution

Simulations lead to purely phenomenological descriptions
(e.g halo models)

Poor understanding of physics, poor control of resolution



Goals of research

Broad goal

* To improve understanding of non-linear regime of structure formation

More specific goals:

 Accurate description of DM clustering e.g « halos models » or beyond..?
(= Control precision/resolution of numerical results)

* Address more fundamental physics issues about self-gravitating systems
(= Stat Mech of Long Range Interactions)



Theses récentes

eDavid BENHAIEM
Self-similarity and stable clustering in scale-free cosmological models in
one and three dimensions soutenue décembre 2013

eJules MORAND
Dynamics of long-range interacting systems beyond the Vlasov limit
soutenue décembre 2014



Recent publications (2015-2016)

~1 2016arXiv160904580B

Benhaiem, David; Joyce, Michael;
Sylos Labini, Francesco

1.000 0972016 A X R U

Stable clustering and the resolution of dissipationless cosmological N-body simulations

~) 2016PhRVE..93e2129]

Joyce, Michael; Morand, Jules;
Viot, Pascal

1000 052016 A E X R C U

Attractor nonequilibrium stationary states in perturbed long-range interacting systems

1 2016A&A...585A.139B
Benhaiem, D.; Joyce, M.;
Sylos Labini, F,;
Worrakitpoonpon, T.

~1 2015MNRAS .449.4458S

Sylos Labini, Francesco;
Benhaiem, David; Joyce, Michael

1.000 0172016 A EF R U
Generation of angular momentum in cold gravitational collapse
1.000  06/2015 A EF X R C U

On the generation of triaxiality in the collapse of cold spherical self-gravitating systems

D. Benhaiem, M. Joyce, F. Sylos Labini and T. Worrakitpoonpon
Partcle number dependence in the non-linear evolution of N-body self-
gravitating systems, submitted to Mon. Not. R. Astron. Soc. (2016)



Some recent results on

symmetry breaking

in “cold spherical collapse”



« Spherical Collapse » in Newtonian gravity

SPHERICAL
N point particles randomly distributed in a sphere
Radial power-law density profile

COLD
Small (=*subvirial”) velocity dispersion

THREE PARAMETERS:
N
b (“‘virial ratio)
o (exponent of density profile)

Paradigmatic toy model for non-linear structure formation



Questions:

What is evolution?
What is “final” state ? ( ~ dark matter halo)

How do these depend on initial conditions..?



Exactly cold uniform case
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1) Structure “‘virializes” rapidly after collapse

[NB: This is a dynamical equilibrium, NOT a thermal equilibrium]|

2) A significant amount of mass can be ejected, and carry away energy..



Cold collapse
Mass and energy ejection
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Symmetry breaking in spherical



1/r profile, “warm” (N=10°, a=1, b=0.15)
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1/r profile, “cold” (N=10°, a=1, b=0)
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Questions we address:

1) What is mechanism of symmetry breaking?

2) Can angular momentum be generated in bound structure?



TWO distinct mechanisms for symmetry breaking:

e “GI”: gravitational instability (amplification of initial finite N fluctuations)

* ROI: “Radial orbit instability” (instability of equiibria with radial velocities)



e.g. Asymmetry as a function of N
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Conclusion of our study:

* Very cold/smaller N: GI plays central role

e “Coldish”/sufficiently large N: ROI dominates
*  Warmer IC: GI only

+

Yes, angular momentum is generated, most significant in first case.



Relevance to cosmology??
1) Discreteness issue in cosmological simulations
Study illustrates difficulties of uncovering finite N effects

in non-linear regime

2) Cold vs warm dark matter signatures?



Perspectives



*

Perspectives

Current focus: external collaborations, conclusion of ongoing projects
Sabbatical MJ next year? (1/2 CRCT obtenu + 1/2 délégation 01?)

Medium-long term: focus more on cosmological applications ?
e.g. issue of precision of theoretical predictions?
Opening to “gastro-physics”/galaxy formation?

Demande personnel : Recrutement of post-doc/CDD with numerical
orientation, would help to develop link to cosmological observations

Theses: apres sabbatique (rentrée 2018, 2019..)
(remarque: membre de I’EDPIF, responsable suivi des étudiants)

IN2P3 affiche volonté de soutenir et dévélopper la théorie a 1’'in2p3...



Et..



Vue d’un théoricien sur les expériences au labo...



Deux catégories d’éxperience:

Celles qui cherchent quelquechose ou on pourrait rien trouver
(et ou ce n’est pas clair ce qu’on va apprendre si ¢’est le cas):

[LHCb, ATLAS, Dark Matter Searches..]

Celles qui vont faire des mesures nouvelles de quantités connues et peuvent
étre assez certain d’apprendre quelquechose,

[Rayons Gamma, Supernovae, BAO...]

Dans le 2eme cas seulement c’est sur qu’il y a du travail pour les théoriciens..??



