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Gravitino

® Gravitino Interaction: extremely weak
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suppressed by ~ — (or ~ — ~ )

® Gravitino Mass: model dependent
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Introduction: Dark Matter and SUSY

-+ - to avoid too rapid baryon/lepton number violation

gaugino

A

e The Lightest SUSY Particle (= LSP) becomes stable




Dark Matter in SUSY

In SUSY models + conserved R-parity, the
Lightest SUSY Particle (= LSP) is stable.

R-parity + (even) R-parity — (odd)

LSP cannot decay!!

=) If neutral, Dark Matter candidate.
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Dark Maftfter candidates
in SUSY Standard Model
In SUSY Standard Model in SUGRA,.....
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excluded by direct
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(cf. Falk, Olive, Srednicki,’94)
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20. Big-Bang nucleosynthesis 3

Baryon density Qgh?
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Baryon asymmeitry
In
BBN and CMB
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Sakharov’s 3 conditions

(3) Departure from equilibrium



many baryogenesis scenarios...






(Too) | .
many baryogenesis scenarios...

Progress over last 25 years

Today we know exactly 42
different ways to create baryons

in the Universe!




(Too) | .
many baryogenesis scenarios...

How to create baryons

GUT baryogenesis

GUT baryogenesis after preheating
Baryogenesis from primordial black holes
String scale baryogenesis
Affleck-Dine (AD) baryogenesis
Hybridized AD baryogenesis
No-scale AD baryogenesis

. Single field baryogenesis
Electroweak (EW) baryogenesis
10. Local EW baryogenesis

11. Non-local EW baryogenesis

12. EW baryogenesis at preheating

1.
2,
3.
4.
5.
6.
7.
8

9.

DESY 2004, 30 September —p.7




(Too) | .
many baryogenesis scenarios...

How to create baryons

. SUSY EW baryogenesis

. String mediated EW baryogenesis

. Baryogenesis via leptogenesis

. Inflationary baryogenesis

. Resonant baryogenesis

. Spontaneous baryogenesis

. Coherent baryogenesis

. Gravitational baryogenesis

. Defect mediated baryogenesis

. Baryogenesis from long cosmic strings
. Baryogenesis from short cosmic strings
. Baryogenesis from collapsing loops

DESY 2004, 30 Septermoer —p.d




(Too) | .
many baryogenesis scenarios...

How to create baryons

. Baryogenesis through collapse of vortons
. Baryogenesis through axion domain walls
. Baryogenesis through QCD domain walls
. Baryogenesis through unstable domain walls
. Baryogenesis from classical force

. Baryogenesis from electrogenesis

. B-ball baryogenesis

. Baryogenesis from CPT breaking

. Baryogenesis through quantum gravity

. Baryogenesis via neutrino oscillations

. Monopole baryogenesis

. Axino induced baryogenesis

DESY 2004, 30 Seplemiber —p.9




(Too) | .
many baryogenesis scenarios...

How to create baryons

. Gravitino induced baryogenesis

. Radion induced baryogenesis

. Baryogenesis in large extra dimensions
. Baryogenesis by brane collision

. Baryogenesis via density fluctuations

. Baryogenesis from hadronic jets

Please tell me if something is missing!

DESY 2004, 30 Saptembar — g.10




atter and
esis In SUSY

) Baryogenesis % 1,3,




@ Thermal Leptogenesis by
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(Q-ball, non-thermal DM)
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Leptogenesis by /N decay: Overview
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Thermal Leptogenesis
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Thermal Leptogenesis
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Thermal Leptogenesis (&7C(7)

P

0.004 | €1 )( 0.35 ) 1 12

(n e ‘7;, : ‘; ‘ D~ ‘ R

D5 fENE A SR

S S NMNg1 nr

M m, K
— 0.25 x 1010 ( : ) ( 3 ) Sl (—)
10° GeV /) \ 0.05 eV 0.18

- Y,

To explain the observed baryon asymmetry,
np/s ~ (0.87 = 0.03) x 10~ *°
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gravitino problems

thermal history with gravitino 1;{13f2

unstable gravitino stable gravitino

Tr | reheating —s 3/2 Tg | reheating ——s  P3/2

NLSP

BBN BBN
_:'D: rll_-[E:"' —‘D,'iHE,"-

'-:"'-:">‘< o — decay ?'?)‘( < —.— decay

observed " observed

Al - -

-q----------

overclose’”
dark matter??




N al
S
/E/%\ J

17K SEEESND
therm 3y W VAN oY i d DA

unstable gravitino stable gravitino

Tr | reheating ———p W3 /2 Tr | reheating —s 3 /2

NLSP

— D, *He, - --

??* - ??* < —.— decay

observed

Al ——— -

e

overclose??
dark matter??




gravitino problems
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— non-thermal Wino DM
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(Affleck-Dine + Q-ball DAJEEMEEHEH W )
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Baryogenesis [CDOWTAIMEZ5H7?

@ LHC/ILC CBino-like LSP. 3tE L5
thermal relic (> 5D (H£nIF detection)
— thermal leptogenesis [ U &,

@ LHC/ILC CWino-like LSP. 3tE L =5
thermal relic CIEE D 7R LY (+ EHsniddetection)
— non-thermal Wino DM

— thermal leptogenesis OK,
(Affleck-Dine + Q-ball DAJEEMEEHEH W )

@ LHC/ILCCGravitino-LSP. massl> 7z 5
consistent, —thermal leptogenesis OK,




