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1. Motivation
Indirect detection of dark matter

WIMP, the lightest neutralino y in the MSSM

X = Nu1B + NioW? + NigH? + NigH)
Light slepton scenario in the pMSSM with heavy squarks
Cosmic rays from yxy — +++ (v, ~ 107> NR)
Bino-like x (higgsino-like, wino-like: yxy — WW)
2-body process: yy — ff

Dominant for bino-like neutralino DM, NR c.s. is helicity suppressed

(~ e /n?)

Electomagnetic bremsstrahlung: yy — f f ¥ Bergstrom (1989)
No helicity suppression (photon: J = 1), suppressed by agep,

IR div.

Electoweak bremsstrahlung: yy — ff'W, ffZ
No helicity suppression (W/Z: J = 1)

Important for indirect detection through neutrino signals
Focus on yy — W¢y



Helicity suppression
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Note:

xx = WW* - W¢y : included in yy - WW for m, > my
xx > WW* - Wtb: smaller than WW (no helicity suppression)
Yy — tt* > Wtb: included in yy — tt or smaller than WW
xx — £t~ > Wev: never included in 2-body processes
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Three-body effects below two-body thresholds
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Table 1: Model parameters for Fig. 3
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Weak bremsstrahlung in the leptophilic DM model
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hilation, for my = 300 GeV and = 1.2.



PMSSM parameters
gaugino masses  $(M;BB + M, W3W? + M3G°G")

Higgsino masses [.lﬁ]_ﬁz + h.c. A\ Pseudoscalar Higgs

Higgs masses PA(IHA + HoP?) + -+
— tanp = (HS)/(HS), . |Al?

sfermion masses m%lfq’ilz + M6+
i A

e scalar 3-point AtT;'chL H, + AbE;agL H, + AT’F;%LHl

cf) Dangerous op. (forbidden by R-parity)
(SM particles: R = 1, SUSY particles: R = -1)
Wgrpy = UCDCDS D°LQ, E°LL —» AB,AL #0
(proton decay)
R-parity — LSP stable (DM)



2. Cross section for yxy — Wév,

X(ky) % ch) X N i X /
o1 W . ]f
vA oy NN
Xla) 1 V@) X tgfv VA oy
(A) (B) (©)

No helicity suppression: gauge boson carries J = 1
W Final state radiation (FSR): diagram A and B
Ma, Mg ~ l/mifor m>m, — Ma+ Mg ~ 1/m‘i1
m Virtual internal brems. (VIB): diagram C
Mc ~ 1/m;‘for m; > m,
W Initial state radiation (ISR)
Negligible for bino-like LSP (relevant for wino-like LSP)
B S-channel contributions: subdominant



Differential cross section

d2(oV)wer
= Ma + Mg + Mc + (u-channel
dEyw dE, 5121-3mZ Z | A B c+( )

x spins

Form; 2 m,
EW brems. 2-body

m2
(oV)wer ~ azafw% > (OV)erem ~ @2 E;

Y
X

For m; > m, g

Mo+ My ~ 1/, Mc e Ijmé 55 2
mf ,
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ov vs m, Shudo-T.N. (2013)

tanB=2, m,=2 TeV, u=1TeV,
A,=4,=0 (g#t), 4,=2180 GeV,
my=14 TeV, my=m;=240 GeV, my =240 GeV, mz =480 GeV

tanf=2, m =2 TeV, u=1TeV,
4,=4;=0 (q#t), 4,=2180 GeV,
mz=14 TeV, my=my =240 GeV, mz, =m; =240 GeV
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W¢v can be dominant for m, < m.
Relic density Q)(h2 ~ 0.11: slepton coannihilations.

«— LHC constraints



Contours in ( My, u) plane
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3. Neutrino spectra from the Sun

Primary neutrino spectrum via yy — W¢yv

d(oV)wer B d*(oV)wer
AVwer _ f By T VIwey
d Ev EMN(E,) d Ewd Ev
where w
EMN(E,) = my - E, + mXiE EMa = m, (1 + %)

Secondary neutrino spectrum via W-boson decay

EW d s [(dN,
= f d Ew (Z-V)W[ I( ) (EWa Ev)l
from W My EW d EV w

Neutrino distributions (from the center of the Sun):

) () () ()
a5, Jw’ \@E )i’ \dE, )’ \TE ),

taken from Cirelli et al. (NPB 727, 2005): PYTHIA

d(oV)wer
dE,




Neutrino spectra Shudo-Nihei (2013)

tang=2, M>=450 GeV, m4=2 TeV, u=1TeV,
Ag=4;=0(q#t), 4;=2180 GeV,
mg=14TeV, my=my =240 GeV, mz . =7”TR=24O GeV
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Wy

Energetic neutrinos from yy — W¢v,
W¢v can give characteristic signals around E, < m, even

when (oV)wey is subdominant.

IceCube



4. Conclusions

Electroweak bremsstrahlung yy — W¢v for bino-like LSP in
the pMSSM.

Light slepton scenario with extremely heavy squarks

® yxy — W&y can be dominant with correct relic abundance.
No helicity suppression, Qxhz: slepton coann.

m Neutrino spectra from the Sun (at injection)
Energetic neutrinos from yy — Wév,.
W¢y can give characteristic signals even when (oV)wy is
subdominant.

B Future works: extensive parameter scan, neutrino flux
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MSSM particle contents

spin=0 1/2 1
gud| qud

squark quark

re te

slepton lepton

H; Hy | H; H»

higgs higgsino

B WG| B, W2 g

gaugino gauge




m,, (TeV)

Experimental constraints

Baer etal (arXiv:1210.3019) Baer-Barger-Mustafayev (2012)
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SUSY particle searches at LHC
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