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Extensions of the Standard Model
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LSP Dark Matter: Production, Constraints, Experiments

LSP interaction production constraints experiments

eχ0
1 g, g’ WIMP ← cold indirect detection (EGRET, GLAST, ...)

weak freeze out direct detection (CRESST, EDELWEISS, ...)

MW ∼ 100 GeV prod.@colliders (Tevatron, LHC, ILC, ...)

eG
“

p
MPl

”n
therm. prod. ← cold eτ prod. at colliders (LHC, ILC, ...)

extremely weak NLSP decays ← warm + eτ collection

MPl = 2.44 × 1018 GeV ... + eτ decay analysis: m eG, MPl (?), ...

BBN

CMB

γ rays
[... ; Bolz, Brandenburg, Buchmüller, ’01]

[Pradler, FDS, ’06]

[Rychkov, Strumia, ’07] (gauge dep.)

Thermal Gravitino Production in SUSY QCD
• A: ga + gb → g̃c + eG
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• B: ga + g̃b → gc + eG (crossing of A)

• C: q̃i + ga → q̃j + eG qi
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• D: ga + qi → q̃j + eG (crossing of C)

• E: ¯̃
iq + qj → ga + eG (crossing of C)

• F: g̃a + g̃b → g̃c + eG
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• G: qi + g̃a → qj + eG qi

g
a

qj

a

g
a

• H: q̃i + g̃a → q̃j + eG qi

g
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• I: qi + q̄j → g̃a + eG (crossing of G)

• J: q̃i + ¯̃
jq → g̃a + eG (crossing of H)

LSP Dark Matter: Production, Constraints, Experiments

LSP interaction production constraints experiments

eχ0
1 g, g’ WIMP ← cold indirect detection (EGRET, GLAST, ...)

weak freeze out direct detection (CRESST, EDELWEISS, ...)

MW ∼ 100 GeV prod.@colliders (Tevatron, LHC, ILC, ...)

eG
“

p
MPl

”n
therm. prod. ← cold eτ prod. at colliders (LHC, ILC, ...)

extremely weak NLSP decays ← warm + eτ collection

MPl = 2.44 × 1018 GeV ... + eτ decay analysis: m eG, MPl (?), ...

BBN

CMB

γ rays

...

Very Early Hot Universe

T ~ 107 GeV

24

Thermal Axino 
Production

a
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Axino LSP Case
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Thermal G̃ Production τ̃ NLSP → G̃ + τ
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[...; Bolz, Brandenburg, Buchmüller, ’01]

[Pradler, FDS, ’06]

[... ; Borgani, Masiero, Yamaguchi, ’96; ...]

[... ; Covi, Kim, Roszkowski, ’99; ...]

Upper Bounds on TR from Thermal Production of ã/G̃’s
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Gravitino Dark Matter: Constraints

CDM←(mã, TR)≈(100 keV, 106 GeV)

HDM←(mã, TR)≈(100 eV , 109 GeV)

CDM←(m eG, TR)≈(10 MeV , 106 GeV)

CDM←(m eG, TR)≈(100 GeV, 109 GeV)

[ ... ; Brandenburg, FDS, ’04] [ ... ; Pradler, FDS, hep-ph/0612291]

a a

a

67

[Brandenburg, FDS, ‘04]
see also [Covi et al., ’01] 

identical to the 
gravitino case

and [Strumia, ’10]
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Well-motivated DM Candidates
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Well-motivated DM Candidates

For a review (including an 
extensive list of references),

see

[FDS, Dark Matter Candidates, 
Eur. Phys. J. C59 (2009) 557, 

arXiv:0811.3347]

in

The European Physical Journal C

EPJ C
RecognizedbyEuropeanPhysicalSociety

Particles and Fields

volume 59 !number 2 ! january ! 2009

Supersymmetry at thedawnof the LHC

Present limits on the spin-independent neutralino nucleon
cross section from direct searches.

From F.D. Steffen: Dark-matter candidates
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Well-motivated DM Candidates
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Dipole Proton
 Cross Section

Color Transparency

String Effect

Unintegrated Gluon Distribution
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black disc
limit
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Conclusion
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Thank you, Hans-Jürgen 

for the PhD research supervision and

the enjoyful/productive collaboration!!!


