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Introduction

Composition of the Universe :

@ Dark energy : 74%
@ Matter

@ Dark matter : 22%
@ Ordinary matter : 4%

Problems in the matter sector
@ Nature of dark matter and relic density
@ Lithium problems in big bang nucleosynthesis

Solutions studied in the framework of supersymmetric models beyond the
standard model with R-parity conservation

@ Gravitino lightest supersymmetric particle (LSP)
@ Stau next-to-lightest supersymmetric particle
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Particle physics framework (1/2)

Beyond the standard model : supersymmetry

@ Symmetry between fermions and bosons
@ Each standard model particle has a superpartner

9 lepton tau — stau 7
@ no superpartner observed — broken symmetry

@ R-parity conservation

Supersymmetry breaking
hidden sector visible sector
(Susy breaking) (MSSM)

@ Gravity mediated supersymmetry breaking : CMSSM

@ Gauge mediated supersymmetry breaking : GMSB
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Particle physics framework (2/2)

Local symmetry : supergravity
@ Gravitationnal sector : graviton and superpartner gravitino (spin 3/2)
@ Broken supersymmetry — massive gravitino

Mgp = ———
3/2 \/§Mp|
where V/F is the scale of supersymmetry breaking

GMSB iCMSSMi AMSB

T T T m3/2
0.1 keV ? 100 GeVv ? 10 Tev

Hybrid models = Gravitino mass free parameter
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Dark matter

Many observations can be explained by dark matter :
@ Galaxy profiles
@ Clusters
@ Large scale structure formation
@ CMB power spectrum

Relic density measured by wmap, Komatsu et al., arxiv:0803.0547

Qowh? = 0.1057%%0

But... what is dark matter ?

SUSY candidates : neutralino, sneutrino, gravitino, ...
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Gravitino dark matter

Gravitino relic density
@ Non-thermal production : decay of supersymmetric particle
@ Thermal production : scattering processes during reheating

Q3oh* = Q3Jh? + Q37,h?

Non-thermal relic density
@ All SUSY particle decay to stau NLSP
@ Decay of stau to gravitino

ms,/2
oYrh? = / 20 h?

Relic density of stau

W2 _ —1f Mz \?2
Q:h? = (2.2 — 4.4) x 10 (1Tev)
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Tthermal relic density

@ After inflation : reheating Tr

@ Scattering processes with gravitino production
@ Examples :

@ Gravitino thermal relic density : pradier, Steffen, hep-ph/0608344

- 10GeV\ (M, \2 [ T
/2 —0'32< ms)2 )<1TeV 108 GeV
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Gravitino relic density

Q3/2"12 = Qg‘/TEhz + Qg?zhz
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Relic density : constraint on reheating temperature
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Big bang nucleosynthesis : SBBN (2/2)

0,h?

0.01 0.02 0.03
0.26 T T T

@ WMAP measurement

n= % — (6.225+ 0.170) x 10~ 2°

~

Good agreement for D, *He
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Big bang nucleosynthesis : lithium problems
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Element SBBN Observations
U 1014 — 10715 (3 —5) x 102
i (4.26799) x 10710 | (1.2 —1.9) x 107 %

@ Post BBN evolution ? Observations difficulties ?

@ Problem with SBBN ?
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Decay of relic particle (1/2)

@ Unstable massive stau decay with a lifetime 7x ~ 102 — 10°% s

@ Decay to standard model particles
@ Injection of photons and nucleons
@ photodisintegration : 7Li + v — SLi4+n
o spallation : He + n — 3He + 2n followed by 3He + 4He — SLi+n

@ Modification of abundances

Required calculations :
@ Relic density
@ Hadronic branching ratio and energy
@ Electromagnetic branching ratio and energy
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Decay of relic particle (2/2)

@ Stau decay dominated by two-body decay : 7 ~ 1/I' (¥ — ’Té)

2\ 4
. = 1 m3 M3,
r G 1-
(F—76)= 487rM2m§/2 ( m2 )

@ Lepton tau decay — electromagnetic decay
~ 2 2
s — 7G) 1 1 (m:—mMz)
Ben=———-"~1 and Em=sE =5 | —5——
e Thot mT2 2 < 2m;

@ Hadronic decay : four-body decay

7Foo— TéZ/’y — Téqﬁ
# — 16Gh— Téqﬁ
7 — 76W — 1,GqQ
mz—mg/p—my N ~ =
M7 — 7Gqg;miy) = / vt dmgg dr(z — 76qd) r(TmeGQQ)
qg

cut
Mag
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Bound states

@ Negatively charged particle : bound state formation
@ Reaction catalysis pospelov, hep-ph/0605215

@ oceen ~ 108 x osgan : forte contrainte sur 'abondance de lithium-6

BBN code (sedamzik, hep-phioso4251) taking into account all bound states
(cross-sections in kamimura et al., arxiv:0809.4772) effects and decay effects
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Results (
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Conclusions
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@ Supersymmetry with gravitino LSP and stau NLSP
@ Gravitino candidate for dark matter : thermal and non-thermal production
@ Decay of stau during BBN : solutions for lithium problems

o m: ~1TeV
@ mg ~ 100 GeV
® Tr <107 GeV
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