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Properties of the Gravitino G

— @ isthe gauge field of local SUSY (=SUGRA) transformations

— superpartner of graviton, spin 3/2 Majorana field
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Properties of the Gravitino G

— @ isthe gauge field of local SUSY (=SUGRA) transformations
— superpartner of graviton, spin 3/2 Majorana field

— spontaneous SUSY breaking:
— super-Higgs mechanism:
goldstino becomes helicity +1/2 components of G
depending on breaking: 10 eV < m5 < 100 TeV
— softly broken global SUSY (e.g. MSSM) + G interactions
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Properties of the Gravitino G

— @ isthe gauge field of local SUSY (=SUGRA) transformations
— superpartner of graviton, spin 3/2 Majorana field

— spontaneous SUSY breaking:
— super-Higgs mechanism:

goldstino becomes helicity +1/2 components of G
depending on breaking: 10 eV < m5 < 100 TeV
— softly broken global SUSY (e.g. MSSM) + G interactions

— couplings fixed by the symmetry, e.g.
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Thermal Gravitino Production - Framework

A T
- Inflation

- Reheating
Tk ~ O(10° — 10'°) GeV

— thermal G production
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Thermal Gravitino Production - Framework

AT e time evolution of G-density governed by
_ Inflation the Boltzmann equation
- Reheating 7 +3Hng = Cg

Tk ~ O(10° — 10'°) GeV

— thermal G production

today
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Thermal Gravitino Production - Framework

AT e time evolution of G-density governed by
_ Inflation the Boltzmann equation
- Reheating 7 +3Hng = Cg

Tk ~ O(10° — 10'°) GeV

— thermal G production

G
e (52— 2scatterings, e.g.
3
3¢(3)T° M? 5. [k
Cr = 1 L i g-In | —
G ; 6eo0g \ - 3mZ )9y,

[Bolz, Brandenburg, Buchmiuiller, 2001]
[JP, Steffen, 2006]
today (see also [Rychkov, Strumia, 2007] )
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Gravitino Dark Matter

— solve Boltzmann equation in terms of the Yield: ng = _C
S

3
M2(TR) k; TR
G ;y gz( R) < =+ Sm% ) 11 (gz(TR)> (1010 GeV
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Gravitino Dark Matter

n~
— solve Boltzmann equation in terms of the Yield: YgP = _G
S

3
M2(TR) k; TR
¢ ;y a R)< " 3”“% ) n(Qi(TR)) <1oloeev

Assume
e G lightest SUSY particle (LSP)
e R-Parity conservation

Qp ~ 4%
— (G stable and can be
dark matter
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Upper Limit on Tr from Thermal Production

relic G density:

TP _ ., _yTP
Q@ =mg Y5 s/pc

observed DM abundance:

02 = 01057052,

— upper limit on Tk:

Qg’iﬂ < 0.126

3
YIP: 3 .2T 1 R SELAYAN. I | v
G ;y gi ( R)( + 32 ) n(gi(TR)> (101066\/)

1R ... reheating temperature ~ mg ... gravitino mass
M; ... gaugino masses yi...0(10712)  §=23,2,1...SU(3)c, SU(2)., U(1)y
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Upper Limit on Tr from Thermal Production

1400+
my /2 = 500 GeV

relic G density: 1200/
TP __ _vTP
Qé — Mg ras s/pc 1000}
>
observed DM abundance: 9. 800}
=
3 2 __ +0.021
Qgmh” = 0.10575 030 600!
— upper limit on Tk: 400y
QTP K2 < 0.126 2001 | | | | —
G - 102 106 108 101! 104 Mgur

Q [GeV]

3
YIP: 3 .2T 1 R SELAYAN. I | v
G ;y gi ( R)( + 32 ) n(gi(TR)> (101066\/)

1R ... reheating temperature ~ mg ... gravitino mass
M; ... gaugino masses yi...0(10712)  §=23,2,1...SU(3)c, SU(2)., U(1)y
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Upper Limit on Tr from Thermal Production

relic G density:
Qgp :mé gPS/,Oc

observed DM abundance:

02 = 01057052,

— upper limit on Tk:

Qg’iﬂ < 0.126

3
V2P = yigl(Tr) | 1+
1=1

TRr...

Constraints on TR in GDM scenarios, Susy 07

reheating temperature

. gaugino masses
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Gravitino Production from Decays: NLSP — G + SM

e G LSP — lightest MSSM particle (NLSP) unstable

mz
NTP G
Q5" =mgYnLsp s / Pc = (INLsp
MNLSP

Constraints on TR in GDM scenarios, Susy 07 Josef Pradler, MPI of Physics, Munich



Gravitino Production from Decays: NLSP — G + SM

e G LSP — lightest MSSM particle (NLSP) unstable

mz
NTP G
Q5" =mgYnLsp s / Pc = (INLsp
MNLSP

~

e (G 'sfrom¢’s — e.g. talks by Fuminobu Takahashi and Motoi Endo
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Gravitino Production from Decays: NLSP — G + SM

e G LSP — lightest MSSM particle (NLSP) unstable

m~
G
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NTP
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IMNLSP

tan3 =10, Ag =0, >0

1000 — 7" | systematic study of Qxrgp
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Constraints on Tg in the CMSSM

0.075 < (22" + QX'7)A? < 0.126

— 2 more parameters: mg & Tr
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Constraints on Tg in the CMSSM

0.075 < (22" + QX'7)A? < 0.126

— 2 more parameters: mg & Tr

~ = 100 GeV
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Constraints on Tg in the CMSSM

mg = Mg, tan3 = 10, Ag =0, p > 0
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Big Bang Nucleosynthesis (BBN)

Baryon density Qgh?
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[Fields, Sarkar, PDG2006]
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Beyond the Standard Model:

Timing “extra neutrino
species”

Non-thermal nuclear
reactions
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Bounds from BBN

T q

e NLSP can decay during/after BBN, e.g. &--—>--<_ 7/Z

Constraints on TR in GDM scenarios, Susy 07 Josef Pradler, MPI of Physics, Munich



Bounds from BBN

T q

e NLSP can decay during/after BBN, e.g. &--—>--<_ 7/Z

e electromagnetic and hadronic energy release by decay products affect
abundances of light elements, i.e., D, He, and Li

— contraints on m 5, mnLsp and Ynrsp
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Bounds from BBN

T q

e NLSP can decay during/after BBN, e.g. &--—>--<_ 7/Z

e electromagnetic and hadronic energy release by decay products affect
abundances of light elements, i.e., D, He, and Li

— contraints on m 5, mnLsp and Ynrsp

e XY NLSP completely disfavoured in CMSSM
71 region: BBN bounds important but much less severe
e.g. [Ellis et al., 2004; Feng et al., 2004; Cerdeno et al., 2006; Steffen, 2006; Cyburt et al., 2006]
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Bounds from BBN

T q

e NLSP can decay during/after BBN, e.g. &--—>--<_ 7/Z

e electromagnetic and hadronic energy release by decay products affect
abundances of light elements, i.e., D, He, and Li

— contraints on m 5, mnLsp and Ynrsp

e XY NLSP completely disfavoured in CMSSM
71 region: BBN bounds important but much less severe
e.g. [Ellis et al., 2004; Feng et al., 2004; Cerdeno et al., 2006; Steffen, 2006; Cyburt et al., 2006]

— picture changed!
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Big Bang Nucleosynthesis (BBN)

Baryon density Qgh?
0.005 0.01 0.02 0.03

g I ¥, rl? I T-I"" 5 -IT' - '!-" "‘l" T ST S ST ST TR "I’;//' EA --I-. .-".'é
S E:.' RS : LN / AR
026 £ He 1. oA

Beyond the Standard Model:

Timing “extra neutrino

\ D/H|p

=z 4002 E = ”
104 | @ %2 - Species
- 7

— SHe/H R
sl P — G~ Non-thermal nuclear
. reactions

“catalyzed BBN”

| :.‘“‘.“ Betu e e SV A e e .:':j"f:;* )
1010 L o _? -

I I I A //AI Lo, 1
' % 3 4 5 6 7 8910
Baryon-to-photon ratio 1) x 10~10

[Fields, Sarkar, PDG2006]

Constraints on TR in GDM scenarios, Susy 07 Josef Pradler, MPI of Physics, Munich



Catalyzed BBN

e bound-state formation of X~ with light elements opens up new
reaction channels
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Catalyzed BBN

e bound-state formation of X~ with light elements opens up new
reaction channels

e most significant for production of °Li  [Pospelov, 2006]

standard BBN:
— (osv)

catalyzed BBN:
— (ocv)

cross-section enhanced by 7 orders of magnitude
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Catalyzed BBN

e bound-state formation of X~ with light elements opens up new
reaction channels

e most significant for production of °Li  [Pospelov, 2006]

e recent result for °Li production cross section (ocv) [Hamaguchi et al., 2007]
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Catalyzed BBN

e bound-state formation of X~ with light elements opens up new
reaction channels

e most significant for production of °Li  [Pospelov, 2006]

e recent result for °Li production cross section (ocv) [Hamaguchi et al., 2007]

10—10 =

10—11_ (GLI/H)p rS 2 X 10_11
| [Cyburt et al., 2002]
x10—12_
N

o] — upper bound on

YX— — Y7~'1 /2
10~ M4k
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Catalyzed BBN

e bound-state formation of X~ with light elements opens up new
reaction channels

e most significant for production of °Li  [Pospelov, 2006]
e recent result for °Li production cross section (ocv) [Hamaguchi et al., 2007]

e For additional constraints on *He, He/D, D, “Li and °Li/"Li see e.g.
[Sigl et al., 1995, Jedamzik, 2000, 2004, 2006; Kawasaki et al. 2005; Cyburt et al., 2006;
Kawasaki et al., 2007]

— talk by Vassilis Spanos
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Catalyzed BBN

e bound-state formation of X~ with light elements opens up new
reaction channels

e most significant for production of °Li  [Pospelov, 2006]
e recent result for °Li production cross section (ocv) [Hamaguchi et al., 2007]

e For additional constraints on *He, He/D, D, “Li and °Li/"Li see e.g.
[Sigl et al., 1995, Jedamzik, 2000, 2004, 2006; Kawasaki et al. 2005; Cyburt et al., 2006;
Kawasaki et al., 2007]

— talk by Vassilis Spanos

e — only D bound can be more severe than Li|cggn bound

e OLi|cgpn bound might vanish for 7= > 107 s [Jedamzik, 2007]
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Constraints on T from catalyzed BBN

mg = Mo, tan3 =10, Ag =0, u >0
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Constraints on T from catalyzed BBN

mg = Mo, tan3 =10, Ag =0, u >0 mg = 100GeV, tan8 =10, A9 =0, p > 0
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Constraints on T from catalyzed BBN

mg = Mo, tan3 =10, Ag =0, u >0 mé = 1OOGeV tan,B— 10, AO —0, ,u,>0
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— strong bound for models of inflation
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Late-time Entropy Production
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Late-time Entropy Production

out-of-eq. decay of heavy particle X:

dS o @ o FXan3

dt T T

decay after NLSP-decoupling:

1

ng (Tafter) — A YgP (Tbefore)

1
YNLSP (Tatter) = KYNLSP (Thetore)

A = S(Tutrer) /S (Thetore)

Constraints on TR in GDM scenarios, Susy 07
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Late-time Entropy Production

mg = Mo, tan3 = 10, Ag =0, u > 0
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Late-time Entropy Production

mg = Mo, tan3 = 10, Ag =0, u > 0

2000 ¢

Q32 h? = 0.10570:035

1000 | TR == 109 GeV

500 G not LSP

A =100 — TR ~10°GeV OK

—_

-]

@)
T

col / of %
Wy ,/ E / O\
= / S @
ol & [ S8 7 &
= 07 // =100
10 & ——— .
100 200 500 1000 2000 5000

m1/2 [GeV]

Constraints on TR in GDM scenarios, Susy 07 Josef Pradler, MPI of Physics, Munich



Late-time Entropy Production

mg = Mo, tan3 = 10, Ag =0, u > 0
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but baryon asymmetry gets diluted
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Late-time Entropy Production

mg = myg, tan3 =30, Ag =0, u >0
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Conclusions [ hep-ph/0612291, Phys. Lett. B 648 (2007) 224 |

e Upper limit on Tk from thermal G production

e Constraint on 7Tk from catalyzed BBN in the 7 NLSP region

Tr <107 GeV
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Conclusions [ hep-ph/0612291, Phys. Lett. B 648 (2007) 224 |

e Upper limit on Tk from thermal G production

e Constraint on 7Tk from catalyzed BBN in the 7 NLSP region

Tr <107 GeV

e Ways-out: - Late-time entropy production
- R-parity violation [Buchmiiller et al., 2007]

— talk by Alejandro Ibarra
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Conclusions [ hep-ph/0612291, Phys. Lett. B 648 (2007) 224 |

e Upper limit on Tk from thermal G production

e Constraint on 7Tk from catalyzed BBN in the 7 NLSP region

Tr <107 GeV

e Ways-out: - Late-time entropy production
- R-parity violation [Buchmiiller et al., 2007]

— talk by Alejandro Ibarra

e more on bound state effects: — talk by Vassilis Spanos

— talk by Fumihiro Takayama
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