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Gravitino Dark Matter Scenario

Stable gravitino LSP Is a suitable candidate for dark
matter in supergravity models.

Gravitino interacts very weakly, hence the Next Lightest
Supersymmetric Particle (NLSP) could be long lived.

The gravitino relic comes from two sources:
» thermal production by reheating (depends on Tr),
» decays of the NLSP.

The metastable NLSP in this scenario would typically
decay after O(1s) (for myLsp < 1 TeV, me = 1 GeV).

Therefore there would be direct effect on BBN.

It would be dif cult to detect gravitino directly.
Signatures come from the NLSP.
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The NLSP

What is the NLSP in the MSSM? (With Gravitino as LSP)

#® General MSSM: could be any supersymmetric particle
you want.

® CMSSM: stau, neutralino, stop.

# NUHM: stau, neutralino, stop, selectron, sneutrino,
(sup/scharm).

® Other models: ....
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The NLSP

What is the NLSP in the MSSM? (With Gravitino as LSP)

#® General MSSM: could be any supersymmetric particle
you want.

# CMSSM: stau, neutralino, stop.

# NUHM: stau, neutralino, stop, selectron, sneutrino,
(sup/scharm).

# Other models: ....
Here we focus on the stop.

Y. Santoso Stonp NLSP — p. 3/15



Stop NLSP

Stop mass matrix 8 5 5 J
5 M Mg
2=5 "
. MLR)’/ I\/II%R ’
MZ =M+ mg+ gcos2 (4mf  m3)

Miz = MZ + m¢+ Zcos2 sin® w m3

M& = m(A+ cot ) M Xy
Eigenvalues . 1
2 2 2 2 2
mg, = mg+ §(Mt1 + M)+ Mz Cos 2 >
1 2
2= MZ M2+ < OS2 (8mg 5m3z) +4mfjA+ cot j°
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Stop NLSP

. 8 9
Stop mass matrix M2 M2
MZ _ % LL LR %
2=
. 2y 2 y
I\/ILR MRR
2 — 2 2 1 2 2
ML = Mg +mp+ gcos2 (4mg  m3)
2 — 2 2 4 2 TaZ 2
Mgr = MZ + mi+ 3c082 sin® w my
M& = m(A+ cot ) M Xy
Eigenvalues . 1
2 2 2 2 2
mg, = mg+ 5 ME + M)+ Mz Cos 2 >
1 2
2= MZ M2+ 6c052(8m\2,\, 5m2) +4m{jA + cot j°

Note: Stop mass lower limit 220 GeV. (CDF - Phillips)
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Stop decay

2-body: 7! G+t

4-body: 7! &+ b+(qq; )



Stop decay

2-body: 7! G+t

1 1 h i
— 2 2 2 :
= o2 MZmZm? 4 mg me mp +20sin COS -Mi Mg
h Pl'"e 'ty I
2 2 2\2 2 2
(mt~1 + mg  mp) 4mg meg
h 1=

2 2 22 2 2
(Mg + Mg mg)®  4mg mq

3-body: ;! G+ W+ b

4-body: t1! &+ b+ (qq;’ )
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Stop lifetime
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Stop Hadronization

Long lived stop would hadronize:

# Light sbaryons:
*  tyud (lightest sbaryon)

t
t1(uu; ud; dd) (decay strongly)

++ :+:0
£
tis(u; d) (semileptonically < 10 2 s)

+:0
t
# Light mesinos:
0  tiu (lightest mesino)
" tid (lifetime ' 1:2s)
T tis( ' 2 10°s)
The antistop would yield the corresponding antisbaryons
and antimesinos.
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Cosmology - Relic Density

# Due to the strong
Interaction nature, stop
relic is much smaller Relic density vs m_1/2
than typical neutralino 1 !
relic density.
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Cosmology - BBN

Effects of Metastable Particle on BBN:

Photodissociation: EM showers from the decay can
destroy light elements formed by BBN. There would be
related processes involving the products.
Hadronic showers:
hadron injection - change n=pratio,

» hadrodissociation (especially pg)

# Catalytic bound state effect: If negatively charged, the
metastable particle can form bound state with nuclel,

lowering the Coulomb barrier for certain
nucleosynthesis procesess.
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Cosmology - BBN - stop

After hadronization only . and Y left. Because of the

mass difference, £° is more abundance than . by
O(10). Further suppression of . by:

pairing and subsequent annihilation of ; and "

guark exchange with ordinary hadrons (proton and
neutron).

With only the neutral mesino around, we do not need to
worry about bound state catalytic effect.

Small relic density (before decay) and long lifetime
aleviate hadronic shower constraint.

Smallness of relic density also suppresses the EM
showers effect. However might still be constrained if the
lifetime is too long.
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CMSSM
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NUHM
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Metastable Neutralino NNSP

Neutralino could be only slightly heavier than stop.
Results in neutralino long lifetime, and neutralino-stop
coexistence. 1

3 e 025 nisp

Neutralino could decay
directly to gravitino,
or to stop (which then decay to gravitino - Cascade
decay).
Effects on BBN are coming from
stop decay,
neutralino decay,
late-produced-stop decay.
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Remarks

What is the astrophysical interpretation of this scenario/
can we exclude it from astrophysical consideration? We
need e.g. a simulation of structure formation that
assumes super-WIMP dark matter, and compare it to
the one with WIMP assumption.

Gravitino could be lighter - warm dark matter. Stop
would still be bound by the Tevatron limit of 220GeV
and therefore would decay very fast in this case. We
might not see much signals, except from high energy
collisions that are able to produce stops (probably LHC).
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Conclusion

Stop NLSP with gravitino dark matter scenario Is
phenomenologically very interesting.

Stop would naturally have low relic density (before
decay) due to its strong interaction. Thus, would be
possible to satisfy the BBN constraint.

Stop hadronize. At the time of BBN practically only the
lightest neutral mesino left. No EM bound state with
nuclel.

This scenario is not feasible in the CMSSM, In
particular because of the combined constraints from the
stop mass bound and the Higgs mass. In the NUHM
this scenario is still possible. It would be interesting to
see for other supersymmetric models.

More works to analyze this model.
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