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Abbasi et al. arXiv:1210.355%7
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Analyses follow theoretical discussions in Beacom et al., Phys. Rev. Lett. 99, 23I30I (2007)
and Yuksel et al., Phys. Iﬁ?v D 76, 123506 (2007)
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Dwarfs. Limits

Limits computed at 90% C.L. as function of WIMP mass assuming
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Phys.Rev.D84:022004,2011
s Abbasi et al. arXiv:1210.355%7
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Neutrinos can also check predictions from gamma-ray lines:

Regd (SOURCE), E. 21708 ((\
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Dedicated anaIyS|s focuses on Neutrino

lines in the energy range 20-200GeV

L

Y

Cohen et al. arXiv:1207.0800v3

see talk by C.Weniger (this session)

= [GeV'¥)

2 8da
v dE,

=

A. Z°Z° Channel

D i o A e L e

100 |

Preliminary

10 |

0 20 40 60 80 100 120 140
E, [GeV]

Carsten Rott

|7

Nov 5-9,2012



IcECUBE

. . PPC 2012
Neutrino.lines

Neutrino Line (%x —>Vv) Sensitivity
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10°
Search in dwarf galaxies
(A. Geringer-Sameth and S.M.
Koushiappas, arXiv:1206.0796)
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_velocity distribution

v Interactions

ol P v oscillations
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0 ann ~ My
Oscatt I S~
capture
Fa.nn M
Detector
Freese ‘86
Silk, Olive and Srednicki ‘85 Krauss, Srednicki & Wilczek ‘86

Gaisser, Steigman & lilav ‘86 Gaisser, Steigman & lilay ‘86



olar WIMP Capture i

IcECUBE

Effect on Capture Rate rc
. . I A —77Okm/s VSun 220k111/s -------------
* WIMPs can get gravitationally - 300kms, vem=220kns
d by the S 1.3 vg=240km/s, v, =220knys
Captu re )' the Sun I v4=270km/s, vg,,=240km/s -
] Captu re rate, FC ,depends on 1.2 v, =270km/s, Vg, =200km/s -----------

WIMP-nucleon scattering cross

nominal
Io/Te
620(1102)60aVIPL ‘MmoI] °X ‘eqeuer] I ‘1904’

section
e Dark Matter accumulates and Lp :
starts annihilating 00 [
e > Only neutrinos can make it P T
out 0.8 —l | IHHH]Z | HH”II3 ”4
. 10 10 10 10
* Equilibrium: The capture rate WIMP Mass m, (GeV)
regulates the annihilation rate
(Fa=I'c/2) Astrophysical uncertainties well

* The neutrino flux only depends | nder control + use conservative
on the WIMP-Nucleon local dark matter density
scattering cross section (0.3GeV/cm?3) in our analysis

Carsten Rott 21 Nov 5-9,2012
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e Sun

Dark

IcECUBE
X
_ X X X
W d T ‘
\ 2 ’ b .l q .’
A \ A \ A A \
V4 + Y4 V4 V4
Vs WT o +
X ’ T: I' b l' q
X X X
high energy neutrinos from annihilation / decay products
W Wt oo bb qq e‘e
highest energy neutrinos fewest neutrinos
Benchmarks Hard channel
Br 100%
% Soft channel
Ntot
/

SpeCiﬁC EtOtal(ntota'—'|¢) = Lyum ntotlw H ‘Cang, (¢ W)) spec, z(N W))

B see: Scott, Savage, Edsjo and
Model < ' " : ol Z lceCube Collaboration “Use

; el - of event-level neutrino

a 1 it io : telescope data in global fits for

et I I ] ] theories of new physics”

Ne:zmhno mass my, ((I:D;V) Ne::mlino mass my, (g;\') Ne:mlino mass my, ((l:D;V) a rX|v I 207. 08 I 0

low energy neutrinos from hadr
see: Rott, Siegal-Gaskins, Beacom arXiv1208.0827

Carsten Rott 22 Nov 4-9,2012
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DeepCore Solar VIMP Sensitivity

|GE|::UBE

IceCube 79-string 318days (May & - e expetted (bB), (Iialase[ts combined | *jceCube Preliminary*
2010 - M ay 201 1) °Q 1()'3'5 = —a— expected (W W')*, datasets combined =
| g - @ """" expected (bB}, summer -
Analysis performed separately for % - expected (W W )", summer i
austral summer (Sun above $ 10736 = @ ------- Zigzgzg E\t;\?zvy;r"ti:l:tlcgar r:eigﬁrgr):ergy —
horizon) and austral winter (Sun § - expected (bB), winter low energy s
below hOFIZOﬂ) - 3 mdependent 5 - @ expected (W™W)*, winter low energy u
samples a | ¢ ("t for m, <m,, = 80.4GeV) il
wn T E (] ——
c 10 = -
S = -
3 - ]
?- 38_ ]
g10F E
< - :
s L :
Q
Z 10'395— 3
Compare distribution of the final 1 0,40__ __
sample to these PDFs of - E
. [ | | | | 1 1 11 | | | | 11 1 11 | | | | | I I |
background and signal to 10 10? 10° 10°*
determine most likely signal Neutralino mass (GeV)
content and combine likelihoods, Nobs
. . . . [[ IU,
weighted by relative livetime L(p) = H f(Wiln), where F(V|u)= — fs(V) + (1 — — ) fog(V)
0oDSs 0oDSs

Carsten Rott 23 Nov 4-9,2012
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|C79 Solar VWIMP

IcECUBE

@ Event Selection (Winter, High energy, |51days) @ Event Selection (Summer, Low energy, | 66days)

N - T N '
= = |
£ data ] £ Y et e =
% +++H+H++H++++++*‘*’*++++ e i TR : % 10° _;:—l L i =
& _“'w‘-ﬂ,“tlt (=4 —+——+_+ ]
Total Bkg 1
Ll n
10° n E T |
[ E
H H H I w’s T E
10°° — — e L L ! T R S S B S B R
-0.5 -0.4 -0.3 -0.2 -0.1 0 -0.2 -0.1 0 0.1 0.2 0.3 0.4
2 cos(reco zen) 2 cos(reco zen)
EE 1.5 % + _ EE 1.5+ + i
£ 44 + + £ -
= 1 ,+f++++++-*—++H+++f'++++f+++{'+?+++++H+HHH% & 1 _++++++++++++ ..... +++ ........ + enean]
0.5 -— — 0.5 —_ _+_ _+_ + _+_+ _-

0 1 1 1 1 1
e . SPE4Fit standard cos(zenith) b2 0 0.2 SPEAFit standard %k (zenith)

* Event selection with separate Boosted Decision Tree (BDT)
* Training on off-source data + signal simulation
e Optimized final cut on BDT output

* run llh-analysis for various selection criteria to determine best sensitivity

Carsten Rott 24 Nov 4-9,2012
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The observed angle fothe  oxe]  background expectation from data
Sun is fitted with signal and 0.007| :
background pdf:s 0.006]

' 0.005

/How many signal events can be Nz

0.004

pdfin

conslstent with The observatfion?
0.003

Evaluate shape flt with log- 0.002

lIkellhood rank (Feldman-Cousins) | *“'Bl  example signal (1000GeV) :
fo consfruct confldence reglons % 55 : T 5 ' 3

¥ in radians
for the number of signal events s Angle between event track and direction
R L L) from the Sun
(1) = %
(,LL) T Vj
where L is the pdf product over the pi = | live
\final sample % T‘llve ‘/eff llve V

Carsten Rott 25 Nov 4-9,2012
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IcECUBE

The observed angle to the
Sun is fifted with signal and
background pdf:s

\

/How many signal events can be
conslstent with The observation?

Evaluate shape flt with log-
llkellhood rank (Feldman-Cousins)
fo consfruct confldence reglons

for the number of signal events us

|IC /79 Solar VWIMP

PPC 2012

0.008f background expectation from data -

0.007

|! l u' il I"|

' E" ll 'lal ||I [

0.006

0.002[84

0.001

%

example signal (1000GeV)

15
¥ in radians

Angle between event frack and direction

0.5 1 2 25

R . E(ﬂ) from the Sun
(:u) T VJ
where L is the pdf product over the pi = | live
\final sample % T‘llve ‘/eff llve V
Carsten Rott 25 Nov 4-9,2012



Muon. Flux Limit

0.05 < Q,h’ < 0.20

IcECUBE

Gy < ol CDMS(2010)+XENON100(2011)  *jceCube Preliminary*

| ====©--=- |ceCube 2012 (bb), syst. not included i
—a— |ceCube 2012 (W™W)*, syst. not included - --- BAKSAN 1978-1995
105+ ¢ (t°1t for my <m,, = 80.4GeV) MACRO 1989-1998

® ---e--- SUPER-K 11,1l (2011) (bb)
: —=— SUPER-K LII,lIl (2011) (W'W)

Muon flux from the Sun (km? y-)

L

MSSM Model Scan

10 10° 10° 10
Neutralino mass (GeV)
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Neutralino-proton SD cross-section (cm?)
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N
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S
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(‘C T for m < mW 80 4GeV)

Expected (bE) *Icedube Preilimitgrarfr*
Expected(WW) R
-e- Observed (bB)
| —= Observed (W'W)"
§-+1oexpected

L +20expected
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107 10°
Neutralino mass (GeV)
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601

50

40k

“Winter High-Energy

i

30r

201

10F

'__.-—‘__'_
— +

—

0.99 0.992 0.994 0.996 0.998 1
cos(¥)

“Winter Low-Energy

— —a

Il

L[]

——

0.99 0.992 0.994 0.996 0.998 1

cos(¥)

16

14

12

10

‘Summer Low-Energy

F

0.99 0.992 0.994 0.996 0.998 1
cos(¥)
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SD. Limit Solar VWWIMPs. i

IcECUBE

33 T T T T | T T T l | l T I T
\{ —— . CDMS (2010)
— -..=+ COUPP (2011) « o
\ 21 s ora Preliminary
34— \ ..... Simple (2011) o
) e SUPER-K 111,11l (2011) (bb -
——— SUPER-K LILIII (2011) (W)W) —
.35 |— \ ) MSSM-7 (o, <ol XENON (2012)) _~ - _
AN | DAMA no channeling (2008) . —
— \ — -
\ P el
(\é -36'_ —— — — - —
& ) N 4"" - -
= ' \ - L -t L - -
g: Al \'\ .‘\ = -7 - '."‘ -
OUJ '37 . \\s - ‘\-. ................. - “—'——:‘,.p _.. “. —
S— “ \\~ .,~ —‘_,—' ’.._,-'..“_." ._.'
TO—' ~‘w ......... o= -.-.-—.:.- - .._.-',,-..‘.: ....................
@) -38— oo N e e Taes ettt m----""" o —
e, TN e e n T gl
> ‘
‘
.40 |== = - IceCube 2012 (bb) \J _
—#— |ceCube 2012 (W'W)*
¢ (T folr m, <m,, = 80.4GeV) MSSMI Model Scan |
_41 | 1 1 1 | 1 | 1 | | 1 | 1
1 2 3 4

log10 ( mx/ GeV)

PRL in preparation
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SLLimit Solar VVIMPs

The IceCube Collaboration 2012

-38 |I i:) | | | | | | l | | | | | | 1
i I [ ] MSSM incl. XENON (2012), ATLAS + CMS (2012)
re I I m I.n a’ ry | DAMA no channeling (2008)
39— v ' — = CDMS (2010) ]
\ . - = = CDMS 2keV reanalyzed (2011)
——— CoGENT (2010)
40— —-...= XENON100 (2012) |

A

log10 ( o, /cm?)
T

S
|

| _--8-- |ceCube 2012 (bD)
—a=— |ceCube 2012 (W'W)*

¢ (Tt for m, <m,, = 80.4GeV)
_46 | | I | | | | |

A
4

1 2

log10 ( mx/GeV )

PRL in preparation
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Kaluza Klein Dark Matter . - 4

Consider universal extra dimension (UED) scenario with five space time dimensions

WIMP is LKP -- y®

Model described by two parameters: Aq and Mvkp

Limits on SD WIMP-proton cross section using 1yr of IceCube 79-string data

mass splitting A o) = (mqm — mym)/mym

oration 2012

.36 The IceCube Collab
107" E | I I T T T 1 | | | T T T TS
- [ ] allowed M, Agn —
- (1) ° ° ]
a7 —=— IceCube 2012 (LKPy") P I h
1077 reiiminary :
N Aqm =0.01 ol
10 & E
— = =
NE E Aqm =0.02 E
O 10¥ = Abbasi et al. PHYSICAL REVIEW D 81,057101 (2010)
= — =
Q ~ Agn= 0:_ TABLE I. LKP annihilation branching ratios for two values of
8 10740 A o) [8]. Ratios are not summed over generations. Channels
O - within parenthesis give negligible contribution to a neutrino flux
; - from the Sun. The Higgs-field annihilation channel, marked with
41 . . . .
— 107 E Aw=05 t,1s negl‘ected, due to large uncertainty and small contribution to
o — q the neutrino flux.
O [
1042 & Channel Branching ratio
E Aqu) =0 Aqu) =0.14
1043 :_ , (ete ), (utu™), 7r1™ 0.20 0.23
= [ 0.05 <Qqpyh” <0.20 (uit), cc, tt 0.11 0.077
- I 0.1037 <Qgpyh® < 0.1161 WMAP 16 (dd), (s5), bs 0.007 0.005
10-44 ! ! ! Lo | ! I L L VeV, VyVy, ViV 0.012 0.014
102 3 (D, d*)T 0.023 0.027

10
log10 ( m / GeV)

[8] D. Hooper and G. D. Kribs, Phys. Rev. D 67,055003 (2003).
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Secluded Dark Matter

PPC 2012

Secluded WIMPs / dark hidden sector WIMPs
annihilate with a weak-scale rate to metastable

X
O———]
X

do not separate muons, but
light yield is different

v
U

This looks like a bright
track that stops

mediators, ®, which are in turn very weakly
coupled to the SM.

If lifetime of mediator is large, it could decay at

significant rates at distances from the Sun ~
|A.U.

Muon & DI-Muon Energy Deposition Rate (Particle Data Group)
1

*  muon 0.5 TeV

ofF
S *x  muon 1.8 TeV

¥ di-muon 1.0 TeV

Energy Deposited (GeV/m)
o o o o o o
N

= . —
= Energy deposited for stopping di-
5 muon event is twice that of a
45 single muon event.
0.3
0.2 %
0.1
o :l 1 1 I L1l 11l I L1 11 l L1 11 I L1l 11l I | I — I L1 11l l Ll Ll I Ll
0 500 1000 1500 2000 2500 3000 3500 4000

Distance (m)

Carsten Rott
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Secluded Dark Matter

Secluded WIMPs / dark hidden sector WIMPs

annihilate with a weak-scale rate to metastable
Y IceCube mediators, @, which are in turn very weakly
coupled to the SM.

IcECUBE

L If lifetime of mediator is large, it could decay at
X significant rates at distances from the Sun ~
|A.U.

Sun u* reach
0=0 keV, m]_ou;p 500 MeV

1041k IceCube 1 Year — — <ovs>=3x10-cm’s”! _
- lceCube Sensitivity s e
g 14— 10-22 )\
- -
C
& 121 1078
— o
- =
B £
8- S s
- me=1GeV 10 |
o= m,=|TeV 10~} e —
B X% x o Theoretical prediction by Meade, -
*
a4 * * 10-*F Nussinov, Papucm \olansky (2009) .
| I l L L L.l l L 1 L L l L L L 1 l L L L L l L L L L l L L L L l L.l L.l M M
16 17 18 19 20 ’f - 22 283R) _12)4 10 20 50 100 700 SOO 1000 7000
o) - S
g( ann X Rlld X u ( ’”X [GeV]
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Secluded Dark Matter

Secluded WIMPs / dark hidden sector WIMPs

annihilate with a weak-scale rate to metastable
Y IceCube mediators, @, which are in turn very weakly
coupled to the SM.

IcECUBE

L If lifetime of mediator is large, it could decay at
X significant rates at distances from the Sun ~
|A.U.

Sun u* reach

lceCube IC79 Sensitivity (before final topological event selection): 5=0keV. ’”LOLIP 500 MeV

1.0 TeV DM annihilating into 1.0 GeV mediator which decays to two

muons. 10-41L IceCube 1 Year  — <ovs=3x10-%cm’s™ _
2 lceCube Sensitivity R S
£ [ o)\
* [ \
L L
g 12—
_l -
10—
8- —
- me=1GeV
o= m,=|TeV 10~} e
B X% x o Theoretical prediction by Meade,
* )
a— X % 10~*F Nussinov, Papucm Volansky (2009) =
L L L.l l L L L.l l L 1 L L l L L L 1 l L L L 1 l I L L L l L L L L l L.l L L M M
16 17 18 19 20 21 22 23 24 10 20 50 100 ”00 SOO 1000 7000

-1
Log(Tynn  Ryg x BR) (87) m, [GeV]
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Earth.VVIMPs

_ T. Bruch et al., arXiv:astro-ph/0902.4001v2 (2009)

IcECUBE

10" ¢ | SR | Dark Disc
10 i vy - Earth 1 0.9
. N ' Solar system
3 | & ~
10" - “w8.n.0 5 0.8
10° |
10! | | B0 E
X — 10" | | W06
b 5 =
10" é £
10-35 5 04 f'
: k-
L 10 ¢ 3 0.3 &
P on (1L 48 Ry 107} N P
‘) | 10°l| B Super-K 2004
. Patnpte . o] AMANDA 97-99 ] o1
_gf| =IceCube 80 2016 W
10 i N " ‘EEEPET | . i - PR . O

10° 10°
Dedicated Earth WIMP filer active since
|C22 detector
Analysis now focusing on full lceCube
detector

Carsten Rott 33 Nov 4-9,2012



PPC 2012

—

p— )
o

~th VW.IMPs

IcECUBE

_ T. Bruch et al., arXiv:astro-ph/0902.4001v2 (2009)

-~ ~ —

10 " g | Dark Disc :
10" _. v 8 - I:?arth _ 0.9
' Yo Solar system
= = e 0.8
107 ¢ ] |
1| . 0.7 =
101 Z
10" | | Bo06T
-1 : =
. . o5z
10|
-3 | o4 S
10 ¢ : z
~4Ff 1 _;
10 032
10 \ 0.2
10°H =& Super-K 2004
10—7; v=1=+ AMANDA 97-99 0.1
_sf IceCube 80 2016
10 e Ve - o
10° 10°

Dedicated Earth WIMP filer active since
|C22 detector
Analysis now focusing on full IceCube
detector
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® Test low mass WIMPs and
precision measurements of
neutrino oscillations

® Needs energy threshold of few
GeV

® Developing a proposal to further
in-fill DeepCore, called PINGU

® |nstrument a volume of about
|OMT with ~20 strings each
containing 50-60 optical module

® Rely on well established drilling
technology and photo sensors

® Create platform for calibration

program and test technologies
for future detectors

= Precision IceCube Next Generation Upgraca %

PPC 2012
C

© [2011] The Pygos Group

An example PINGU geometry
y(m) °
50

© IceCube String
O DeepCore String

@ Infill String (PINGU)

50 0 50 100 150

x(m)

Carsten Rott
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IcECUBE

® Test low mass WIMPs and
precision measurements of
neutrino oscillations

® Needs energy threshold of few
GeV

® Developing a proposal to further
in-fill DeepCore, called PINGU

® |nstrument a volume of about
|OMT with ~20 strings each
containing 50-60 optical module

® Rely on well established drilling
technology and photo sensors

® Create platform for calibration
program and test technologies
for future detectors

= Precision IlceCube Next Generation Upgrade %

PPC 2012

© [2011] The Pygos Group

An example PINGU geometry

© IceCube String

Y(m) © O DeepCore String
© @ Infill String (PINGU)
50
k}\g =
e ® O
o‘{{b,..o o o
0 o%/@ o
o ° ® ©
o >
* o
-50 1o AN
& o)
0 4 ¢
<
'IOO (@)
}\scateff =~ 47/m
-150
-50 0 50 100 150
x(m)

Carsten Rott
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. = Xalll ‘j ‘@ 1%“% @’ ’?LU C h\ M

lceCube Only ¢ 9 GeV muon neutrino o
(physics only hits)

[~4.9GeV muon / ~4.5GeV shower]

lceCube + PINGU

20 = 50 hit modules

Carsten Rott 36 Nov 4-9,2012
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PINGU and Solar VWIMPsS@*{

© [2011] The Pygos Group

IcECUBE

® Preliminary solar WIMP sensitivity based PINGUs effective volume

® Assume that atmospheric muon backgrounds can be effectively

rejected ( not included in the sensitivity )

Adapted Rott, Tanaka, Itow JCAP09(2011)029
to PINGU.

Low-mass WIMP scenarios well ] —
C.savageJCAP2009  Preliminary

testable
10° S / ............... | —

Next steps:

Detailed study with full R
PINGU simulation &
©

More sophisticated event
reconstruction

PINGU lyr,softc .

Check atmospheric muon
background

PINGU lyr, hard

m,, (GeV)

Carsten Rott 37 Nov 5-9,2012



_ |ce@ube col eted December ZOIgI ?’ \% ) y qr \l%:i

. ,mu; dark matter seIf—annlhllatlon cross section at.the IeveI of IO'22cm s! to 102cm
~ achie ed from Galactic Center/ Halo

o Latest suIts/”

3SI

v =

EStiexpe rlmental neutrino results on Clusters of Galaxies and Dwarfs Spheriodals
B 7 E
ﬁ
VEFY: cor petlflve limit on DM seIf—annlhllatlon cross section for high WIMP masses

L

g x ST II year—rounglceCube + DeepCore solar Dark Matter sear&
‘t
'i ost stringent limits in-large parts of WIMP mass range on.SD 5cattering

O NE t_ |

2yrs of DeepCore data ahtlng for analysis
Very diverse indirect darl\gmatter search program starting with IH” lceCube + DeepC

Earth WIMPs, Solar\%lMPs Secluded Dark Matter, .. N
i );

- Exploring the potentially great dark matten; prospects with future extensions (PINGU)

S
P £ ? /
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EHE - Indirect - Direct Connectior

|GEUBE
f ) WIMPs at LHC:
SM WIMPs expected to interact with Standard
Model (SM) particle via new interaction
Assume mediating particles too heavy to be
produced directly
— effective field theory (contact interaction)
SM .
Example: mono-photon + ET™*s analysis
cr' -33 II T ||||||1| r T T TTTTT I l'llllll I I IIII.IIII I I T TTTTTI | | |||||||
= 10 90% CL, Spin Dependent 90% CL, Spin Independent
- ~ O,10%E SIMPLE — Picasso & XENON100 — CDMS |
S oL PR D8 A= Ik, —CoGeNT - - CDF, DS, a0~ j(xX),,. _
- CMS (5 fb™'), D8, q0— v(x¥) CMS (51b7), D5, qO— v(xX) ;.
% 10 = — ATLAS, D5, q0— Y(XX)Dirac :
u‘}’ﬂo"”% K // . =7 E
@] -38 - T e e _ I - - .
=107 ¢ R e et ' E
g : TR IceCube soft .
Observation of a indirect 10 e E
. — L A-40[ IR LFPY L A ]
WIMP signal R [ 3
. . a1 "7 3
— combined with LHC Z>-<10 = — ATLAS, D8, 8- Y(xD),,
search start probing 1072 ==== ATLAS, DS, &> v(XD) e,
. 1072 1
underlying theory Vs =7 TeV, | Ldt=4.61fb
0-44 o
10'45 IA1|.LI|4|S||F|)|r|?“m|m|a'|'¥|m| Lol Tl Ll Ll Ll
1 10 107 10° 1 10 107 10°
m, [GeV] m, [GeV]
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IcECUBE

|0 inch Hamamatsu PMT (R-7081-02)

Measure individual photon arrival time:
. 2 ping-ponged four-channel ATWDs: penetrator s

* Analog Transient Waveform Digitizer

» 200-700 Megasamples/s B~36 cm

* 400 ns range pressure sphere

* 400 pe/ 15 ns \ [_ \l{l > DOM
f

« fADC (faSt ‘ADC’): ;ﬁ!\-‘ I E/ main board

* 40 Megasamples/s e \
' Sy delay

* 6.4 us range el
_\_I \
| ( <f——— pMT

Voozs |y O A

HV board

‘(?/ flasher board

board

0.02 Digitized VWaveform optical g mu metal cage
0.015 L
0.01 * Dark Noise rate ~ 350 Hz
o * Local Coincidence rate ~ 15 Hz
|  Deadtime < 1%
° * Timing resolution <2 ns

o 20 40 60 80 100 bins
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Consider universal extra dimension
(UED) scenario with five space time
dimensions

WIMP is LKP -- y First excitation of
the KK photon

Model described by two parameters:
Aq and Mrkp

Limits on SD WIMP-proton cross
section IceCube 22-string and
AMANDA 6-year

TABLE I. LKP annihilation branching ratios for two values of

Aqm [8]. Ratios are not summed over generations. Channels

within parenthesis give negligible contribution to a neutrino flux
from the Sun. The Higgs-field annihilation channel, marked with
., is neglected, due to large uncertainty and small contribution to
the neutrino flux.

Channel Branching ratio

Aq(l) =0 Aqu) = (.14
(ete™), (utu™), 7r1™ 0.20 0.23
(unt), cc, tt 0.11 0.077

0.007
0.012
0.023

0.005
0014
0.027

(dd), (s5), bs

VeVes VyVy

7 7

[8] D. Hooper and G. D. Kribs, Phys. Rev. D 67,055003 (2003).

LlLZAd [V<t@my 1M’atte I PPC 2012

PHYSICAL REVIEW D 81, 057101 (2010) arXiv:0910.4480

5| == lceCube-22LKP"(2007) ~ — COUPP(2008) ]
107F e AMANDA LKP 1720002006 - - - s (2007) ]
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T = ST ]
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TN T] ek ]
8 10F A =001
()] ) T, J
o 10 ® 3 E
0 i ]
TR |
] E
a 10 _
? 10-40 E' Aqm =0.1 1
=) A .
. E Ay =05 ]
o 10%F
X
10-43 F .
104 r I 0.05 < Qb <20.2o
o I 0.1037 < Q,h°<0.1161 WMAP &5
10° 10°
LKP mass (GeV)
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- - BIC /9 Solar VWIMP.Unbl
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. Winter High-Energy L .Wi.nte.r '.-QW'.E".e'.’gY. |
1]
' —t— — ] s e
w 1 -f 1
- ] 3r — —_—
T -f e
10;— ] 1 | I_J
0—555 0.992 0.994 0.996 0.998 1 0555 0.992 0.994 0.996 0.998 1
.o cos(¥)
| Summer Low-Energy f
e D
+ observed events
10F e
1 S "; — background expectation
+ — + + | |=—— Upper limit on number of
? signal events (example)
0.99 0.992 0.994 0.996 0.998 1 \_ /

cos(¥)
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TABLE II. Systematic errors on signal flux expectations in
percent. Masses in GeV, Class-II uncertainties marked *

Source benchmark masses

< 35 (35-100( > 100
v oscillations 6 6 6
v-nucleon cross-section 7 5.5 3.5
[~-propagation 1n ice <1 <1 <1
Time, position calibration 5 5 5
DOM sensitivity spread” 6 3 10
Photon propagation in ice™| 15 10 5
Absolute DOM efficiency™ | 50 20 15
Total uncertainty 54 25 21
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r VVIMP Capture

Rott, Siegal-Gaskins, Beacom 2012

. . 1031 r =TT r r I
* WIMPs can get gravitationally ol 6= 107 e’
captured by the Sun T e m o= 10" cm®> ----- |
e Capture rate, I'c,depends on 10% et -
WIMP-nucleon scattering cross — ¢ S _
section f) ] = el ¥,
* Dark Matter accumulates and S )
o el - 26 L
starts annihilating T o
e - Only neutrinos can make it 10°F |5
out 1[0 I ST L SN
. b i - 1 10 100 1000
Equilibrium: The c.a|.3tu.re rate m, [GeV]
regulates the annihilation rate
(TA=T'c/2) The capture rates scales as:
: ~ -1 ~
* The neutrino flux only depends I'c~pymy“oa for my ~ma
on the WIMP-Nucleon I'c ~pym,~2ca for my >>ma
scattering cross section number density + kinematic suppression

MmaA - is the target mass
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