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OUTLINE

Electroweak brems. in Toy Models

Electroweak brems. in Supersymmetry

Neutrino flux at production

Neutrino flux from the Sun to the Earth
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TWO SIMPLE MODELS

BUILDING A SIMPLE DM MODEL

Scalar interactionBχ̃χ̃ andBνν̄ only ⇒ Gauge dependent
M. Kachelriess, P. D. Serpico,Phys. Rev. D76 (2007) 063516, 0707.0209 [hep-ph].

N. F. Bell, J. B. Dent, T. D. Jacques, T. J. Weiler,Phys. Rev. D78 (2008) 083540, 0805.3423 [hep-ph]

M. Kachelriess, P. D. Serpico, M. A. Solberg,Phys. Rev. D80 (2009) 123533, [arXiv:0911.0001 [hep-ph]]

Vector interactionZ ′χ̃χ̃ andZ ′LL̄
P. Ciafaloni, A. Urbano, 1001.3950 [hep-ph]

ELECTROWEAK BREMSSTRAHLUNG(EWBS)

χ̃χ̃ → νν̄Z
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GAUGE INVARIANCE ISSUE

RatioRZ = σ(χ̃χ̃ → ννZ)/σ(χ̃χ̃ → νν)
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⇒ Sizeable corrections due to Sudakov logs
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EWBS IN SUSY

HELICITY SUPPRESSION

χ̃0
1χ̃

0
1 → νν̄ is completely suppressed in the MSSM

Neutrinos can not be produced directly from a two-body final state reaction

EWBS ENHANCEMENT

2 → 3 processes:̃χ0
1χ̃

0
1 → νν̄Z, eνW

NEUTRINO SPECTRUM

dΦν

dEν
= Γ

∑
f Bf

dNf
ν

dEν

Bf : branching ratio
Γ : astrophysics
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DIAGRAMS FOR νν̄Z FINAL STATE
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CHOICE OF PARAMETER POINTS

Higgsino/Wino neutralino: double counting with standardZZ final state
χ̃0

1χ̃
0
1 → ZZ → νν̄Z

Bino with rather light sneutrinos (mν̃ ∼ mχ̃0
1
)

Best enhancement expected fora bino neutralino with light sneutrinos
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NEUTRINO SPECTRUM WITHIN THE MSSM

3 TeV bino-like neutralino
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Spectrum at production
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OVERVIEW OF THE NUMERICAL CALCULATION

DM particles trapped into the Sun

Can we expect large corrections from EWBS in IceCube?

2-BODY FINAL STATE: χ̃χ̃ → X1X2

S. Ritz, D. Seckel,Nucl. Phys. B304 (1988) 877

M. Cirelli, N. Fornengo, T. Montaruli, I. Sokalski, A. Strumia, F. Vissani,Nucl. Phys. B727 (2005) 99, [Erratum-ibid.B790 (2008) 338], hep-ph/0506298 J. Ellis,

K. A. Olive, C. Savage, V. C. Spanos, 0912.3137 [hep-ph].

Standard calculation

Back-to-back reaction:E1 = E2 = mχ̃0
1

Already implemented inDarkSUSY

3-BODY FINAL STATE: χ̃χ̃ → X1X2X3

Complicated structure

E1 , E2 , E3 ⇒ Spectrum is model dependent
⇒ Difficult to test all the MSSM parameter space

PYTHIA used to evaluate neutrino spectrum at the center of the Sun

Modified version of the packageWimpSim / WimpEvent

8 / 13
ELECTROWEAK BREMSSTRAHLUNG AND INDIRECT DETECTION OFDARK MATTER BY NEUTRINO TELESCOPES



THROUGHOUT THE SUN

3 TeV bino-neutralino scenario
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Opaque forEν & 100 GeV

Suppression:e−z
mχ̃

∼100GeV
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DETECTION AT THE EARTH

ANNIHILATION RATE IN THE SUN Γ

Depends on the neutralino mass

Depends on the nature of the neutralino (throughσSI,SD
pχ̃ )

NEUTRINO FLUX

3 TeV bino:Φνµ
= 6.99× 10−4km−2yr−1 (80% of correction)

0.5 TeV bino:Φνµ
= 6.10× 103km−2yr−1 (13% of correction)

Undetectable with IceCube
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SAME GAME WITH WWZ/ZZZ FINAL STATES

Secondary production of neutrinos

3 TeV mixed-like neutralino
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Spectrum at production
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SAME GAME WITH WWZ/ZZZ FINAL STATES

REAL EMISSION ONLY

Neutrino flux is:Φνµ
= 4.67× 108km−2yr−1 (10% of correction)

Neutrino-induced muon flux is detectable with IceCube

V IRTUAL CORRECTIONS HAVE TO BE ADDED

Loop corrections are also important forχ̃0
1χ̃

0
1 → W+W−

Sommerfeld enhancement

Work to do to disentangle Sudakov logs from Sommerfeld enhancement

12 / 13
ELECTROWEAK BREMSSTRAHLUNG AND INDIRECT DETECTION OFDARK MATTER BY NEUTRINO TELESCOPES



CONCLUSION

PRIMARY NEUTRINO PRODUCTIONνν̄Z, eνW

“No-go theorem” for a possible EWBS enhancement for indirect detection in IceCube

SECONDARY NEUTRINO PRODUCTIONWWZ, ZZZ

Annihilation into three gauge bosons interesting for indirect detection

Requires virtual corrections
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