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Thermal WIMPs

Dark Matter relic density: Ωχh2 ! 0.1 (WMAP)

Thermal WIMPs

Ωχh2 !
3× 10−27 cm3 s−1

〈σv〉

Velocity expansion: σv = a+ bv2

s-wave p-wave

Freeze-Out: 〈v2〉 ∼ 1/10
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Direct Detection of WIMPs

WIMP χ passes detector
→ liquid noble gas (Xenon...)
→ crystal (CRESST...)

scatters off target nucleus

ER ! Light, Heat

detector signal
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Possible Signals
modulation sig-
nal at DAMA
Bernabei et al., Eur. Phys.
J. C67 (2010)

2-6 keV

 Time (day)

R
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id
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ls 
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ke

V
) DAMA/LIBRA ≈ 250 kg   (0.87 ton×yr)

Aalseth et al., arXiv:1106.0650 [astro-ph] (2011)

CoGeNT: exponential rise
modulation

Angloher et al., arXiv:1109.0702 [astro-ph] (2011)

CRESST: event
excess
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Direct Detection of WIMPs

XENON 10/100, CDMS, CoGeNT rate, CRESST from official papers,
CoGeNT modulation from Fox et al. arXiv:1107.0717

DAMA, CoGeNT,
CRESST close

Tension with
XENON, CDMS
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Attempts

Non-standard astrophysics
Frandsen et al., arXiv:1111.0292 [hep-ph] (2011)

Non-standard WIMPs, e.g.
Isospin violation
Feng et al., Phys. Lett. B703 (2011)

Backgrounds, e.g. neutrons
Ralston, arXiv:1006.5255 [hep-ph] (2010)

Experim. Uncertainties,
e.g. Qy in XENON

What can we learn from indirect detection?
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Antiprotons in Cosmic Rays

Secondary background

p, He + HISM, HeISM → p̄ + X

Source term

qsec(T ) ∼

∫

dT ′

(

dσ

dT

)

p̄
nHISMΦp

DTUNUC model or
Fit to experimental data

from D. Maurin

Diffusion equation:

∇(−K ∇Np̄+Vc Np̄)+∂E (blossNp̄−KEE ∂ENp̄)+ΓannNp̄ = qp̄+qterp̄
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Antiproton Propagation

2 Zone diffusion model
Maurin et al. Astrophys. J. 555 (2001)

Five propagation parameters: K0, δ, L, Vc, VA.

(Partly) fixed by B/C analysis
Putze et al., A & A 516 (2010)

Solar Modulation:
→ Complicated
→ Force-field approximation (solar minimum):

ΦTOA
p̄ (T ) =

p2
p2IS

ΦIS
p̄ (TIS) with TIS = T + φ .
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Comparison with Experiment
New precision measurement by BESS-Polar II
Abe et al., arXiv:1107.6000
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Antiprotons from Dark Matter

Model-independent approach

χχ → uū, dd̄ , ss̄, cc̄, bb̄,WW ,ZZ

Primary source term

qprimp̄ (r,T ) =
ρ2

χ

m2
χ

〈σannv〉
2

dNf̄ f
dT

neglecting low energy effects (energy losses,
reaccelleration, tertiaries)

Φp̄ ∼ qprim · R#
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Primary Flux
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Low energy effects
non-negligible
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Constraints from BESS-Polar II
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Stronger limits for annihilation into light quarks

Thermal WIMPs with mχ = 3 . . .20 GeV disfavored unless
annihilation is non-hadronic or p-wave suppressed
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Limits from Super-Kamiokande

WIMP capture in Sun
→ ν– signal
Kappl et al., Nucl. Phys. B850 (2011)
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Conclusion

Signals at several DM direct detection experiments might
hint at light WIMPs (but tension)

Such WIMPs can be strongly constrained by indirect
detection

BESS-Polar disfavors annihilation into quarks

Super-Kamiokande disfavors annihilation into neutrinos and
taus

Exception: p-wave annihilation
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