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Overview

® Motivation
® Probing for Dark Matter with Neutrinos
® \What makes neutrinos special 7

® How big can the dark matter self-annihilation cross sectionbe ?

® \\Vhat can lceCube say ?

® Prospects for Deep Core ?

® Conclusions
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Strategies for WIMP Detection

e Direct Detection

» Recoil effects - WIMP scattering of nucleons N =
* Indirect Detection >§ g i
o Neutrinos —annihilation signals from WIMPs accumulated in the Sun % El %
orkEarth Biese
e Photons{.Neutrinos 2Milky Way Halo, Cosmic Flux, ... : é ? =
e Anti-matter (e+,D,pbar)=local neighborhood (few kpc) >é zz <

* Production ale

e |HC, Tevatron, ILC, ...

see previous talks from Matthias Danniger and Erik Strahler for details on Solar WIMPs
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Neutrino Dark Matter
Searches

Scattering cross section Self-annihilation cross
(Neutrino Flux) section

Muon neutrinos Muon neutrinos All Flavors
Tracks Tracks Tracks, Cascades
Ev<iTeV

Background on/off-source /
simulations

Background on/off source /

Background simulations . .
simulations

Tuesday, June 29, 2010



Dark Matter self-annihilation products
and theoretical const ralnts

Credit: Sky & Telescope [ Gregg Dinderman

Low-energy photons

Qunrks \/‘\N

/ Medium-energy Electrons

Posutrons
AW Halo + Atm

gamma roys

- Neutrinos
‘ .
Leptons%\/\‘ .
’ Antiprotons

Supersymmetric ‘

neutralinos Bosons /\/\M/\/\/\/\/\/\/v\fmtons

Decay process m—)p

'
N

2 o1 .f
Ed®/dE [ecm s sr )

= Variety of particles generated in annihilation process

= Neutrinos are least detectable messenger ->
conservative upper limit on total <cav>

= Smoking gun: Observed particle spectra may show

feature at E=Mip

Yuksel, Horiuchi, Beacom, Ando (2007)
Beacom, Bell, Mack (2008)

=  MilkyWay better than cosmic signal
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Galactic Halo WIMPS
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J. Einasto, Trudy Inst. Astroz. Aima-Ata 5, 87 (1965),
Navarro, Frenk, White, Astrophys. J. 490, 493-508 (1997),
Moore, et al. Mon. Not. Roy. Astron.-Soc. 310, 1147 (1999) [arXiv:astro-ph/9903164],
Kravtsov et al. Astrophys. J. 502, 48 (1998) [arXiv:astro-ph/97081786].
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Two lceCube analyses:
1) Search for an anisotropy in the neutrino candidate sample
2) Look at the Galactic Center (down-going events)

Tuesday, June 29, 2010 8



J. Einasto, Trudy Inst. Astroz. Aima-Ata 5, 87 (1965),
Navarro, Frenk, White, Astrophys. J. 490, 493-508 (1997),
Moore, et al. Mon. Not. Roy. Astron.-Soc. 310, 1147 (1999) [arXiv:astro-ph/9903164],
Kravtsov et al. Astrophys. J. 502, 48 (1998) [arXiv:astro-ph/97081786].

Halo ProfileS g

Einasto

-
Hawallon Starligh”

Two lceCube analyses:
1) Search for an anisotropy in the neutrino candidate sample
2) Look at the Galactic Center (down-going events)

Tuesday, June 29, 2010 8



J. Einasto, Trudy Inst. Astroz. Aima-Ata 5, 87 (1965),
Navarro, Frenk, White, Astrophys. J. 490, 493-508 (1997),
Moore, et al. Mon. Not. Roy. Astron.-Soc. 310, 1147 (1999) [arXiv:astro-ph/9903164],
Kravtsov et al. Astrophys. J. 502, 48 (1998) [arXiv:astro-ph/97081786].

Halo ProfileS g

Einasto

-
Hawallon Starligh”

Two lceCube analyses:
1) Search for an anisotropy in the neutrino candidate sample
2) Look at the Galactic Center (down-going events)

Tuesday, June 29, 2010 8



J. Einasto, Trudy Inst. Astroz. Aima-Ata 5, 87 (1965),
Navarro, Frenk, White, Astrophys. J. 490, 493-508 (1997),
Moore, et al. Mon. Not. Roy. Astron.-Soc. 310, 1147 (1999) [arXiv:astro-ph/9903164],
Kravtsov et al. Astrophys. J. 502, 48 (1998) [arXiv:astro-ph/97081786].

Halo ProfileS g

Kravtsov
Einasto

e
OA

—h
-
o

pu—
M

|
—
—
—
Qo

>
Q

O

—_—
Q.

-
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Two lceCube analyses:
1) Search for an anisotropy in the neutrino candidate sample
2) Look at the Galactic Center (down-going events)

Tuesday, June 29, 2010



J. Einasto, Trudy Inst. Astroz. Aima-Ata 5, 87 (1965),
Navarro, Frenk, White, Astrophys. J. 490, 493-508 (1997),
Moore, et al. Mon. Not. Roy. Astron.-Soc. 310, 1147 (1999) [arXiv:astro-ph/9903164],
Kravtsov et al. Astrophys. J. 502, 48 (1998) [arXiv:astro-ph/97081786].

Halo ProfileS g

Einasto

Howallon Starlight

Two lceCube analyses:
1) Search for an anisotropy in the neutrino candidate sample
2) Look at the Galactic Center (down-going events)

Tuesday, June 29, 2010



J. Einasto, Trudy Inst. Astroz. Aima-Ata 5, 87 (1965),
Navarro, Frenk, White, Astrophys. J. 490, 493-508 (1997),
Moore, et al. Mon. Not. Roy. Astron.-Soc. 310, 1147 (1999) [arXiv:astro-ph/9903164],
Kravtsov et al. Astrophys. J. 502, 48 (1998) [arXiv:astro-ph/97081786].

Halo ProfileS g

Einasto

Howallon Starlight

Two lceCube analyses:
1) Search for an anisotropy in the neutrino candidate sample
2) Look at the Galactic Center (down-going events)

Tuesday, June 29, 2010



J. Einasto, Trudy Inst. Astroz. Aima-Ata 5, 87 (1965),
Navarro, Frenk, White, Astrophys. J. 490, 493-508 (1997),
Moore, et al. Mon. Not. Roy. Astron.-Soc. 310, 1147 (1999) [arXiv:astro-ph/9903164],
Kravtsov et al. Astrophys. J. 502, 48 (1998) [arXiv:astro-ph/97081786].

Halo ProfileS g

Einasto

-
Howallon Starlight

Two lceCube analyses:
1) Search for an anisotropy in the neutrino candidate sample
2) Look at the Galactic Center (down-going events)

Tuesday, June 29, 2010



J. Einasto, Trudy Inst. Astroz. Aima-Ata 5, 87 (1965),
Navarro, Frenk, White, Astrophys. J. 490, 493-508 (1997),
Moore, et al. Mon. Not. Roy. Astron.-Soc. 310, 1147 (1999) [arXiv:astro-ph/9903164],
Kravtsov et al. Astrophys. J. 502, 48 (1998) [arXiv:astro-ph/97081786].

—alo Profiles

: Moore
= = % NFW
i . . : % » Kravtsov
Einasto

1 -

‘ .
|
2

-
Howallon Starlight

Two lceCube analyses:
1) Search for an anisotropy in the neutrino candidate sample
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lceCube

2007/8

(1) Galactic halo analyses uses the lceCube 22
string detector active 2007-2008
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lceCube
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(2) Galactic center analyses uses the lceCube
40 string detector active 2008-2009
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Neutrino Flux from annihilations

Line of sight integral:
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Sky map lceCube (22strings

275.7 days of livetime collected with
lceCube operating in the 22-string
configuration (2007-2008)

5114 Events after selection from -5° to
+85° declination

Track selection criteria have been well

established for the lceCube point source - Do Wwe see any effects on Dark
search, for simplicity and minimization of  Matter in our neutrino sample

systematic effect we apply the same
selection criteria  (Astrophys.J.701:L47-
L51,2009.)
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(Galactic Halo lceCube 22

lceCube 22-string Halo Analysis

® Compare regions of equal 2 Preliminary
“size” (on vs. off-source)

off-source on-source

REP PN
4367
i 2]

® This technique allows to
reduce systematic
uncertainties

® No excess fluxin the region,
closer to the galactic center

® Rotate regions in 607 steps as
systematic cross check

® Distribution Is flat

100 150 200 250 300
On Source location A RA +0
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Galactic Halo Analysis - ceCube 22

® No anisotropy was observed in N
lceCube data - constrain the lceCube Preliminary

dark matter self-anninhilation
CFOSS—SeCtion unitarity bound
.
® Limits are at 90% C.L. - SWD”*&
® As the outer halo is  probed hard (WW)

hard (L)

there is only a small \\
dependence on halo profiles | line (m» :

® Annihilation into vv: could also
be interpreted as upper limit-on
total dark “matter -annihilation

cross  section  (Beacom, - Bell,
Mack 2008) no thermal relic

10° 10*
m,, |GeV]

arxiv0912.5183
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Galactic Halo Analysis - ceCube 22

* Preliminary lceCube
constraints using 275 days
of data and the 22 string
dataset can probe already
some of the preferred
parameter space

* No systematic
uncertainties included

¢ Only small dependence on
halo models

¢ Significantly more data has
been collected already
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unitarily bound

soft (bb}
hard lVVVV) \

line (VL)
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Galactic Center lceCube — 40 strings

® Dark Matter profiles are peaked at the
galactic center

® As the galactic center (GC) i1s-above the
horizon these events are down-going-in | e ¥
lceCube

® Use down-going starting events-to reduce
atmospheric:muon:background

off source on source off source

- _. G C l_

ARA=-180° 180°
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(Galactic Center - lceCube 40

Effective Area in direction of the GC

» Effective Area for muon neutrinos
from Galactic Center 61°

x [his analyses uses low energy
selection

x high energy selection used-for low eneray

point source search (details see selection high energy
talk J-P. Huelss DPG 2010) | selection

5 6
Iog10 Energy/GeV

Optimize the size of the on-source region
-0 =28°

- compare the amount of events in the on- and off-source region
~800k background events expected (and observed)
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Galactic Center

Eaeae-l @ Ncutrino constraints from
NFW halo model | lceCube are very competitive

w |ceCube 40 (GC)

rsmem |ceCube 22 (outer Galaxy) ' and Start to prObe preferred

. B Halo Model Uncertainty

regions from the PAMELA
positron-excess and Fermi

® The lceCube/Deep Core
subdetector is designed to
obtain-a clean neutrino
sample of starting events,
which will sulbstantially
Improve our sensitivity for
WIMPs in the 100 GeV range

natural scale

Arxiv:0912.5183
J.Huelss DPG
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Galactic Center

Limits (90% C.L.) on the self annihilation cross section (yy -> bb, WW, u, wv)

‘ ® Neutrino constraints from
s AT lceCulbe are very competitive
ottt el oo and start to probe preferred
regions from the PAMELA
positron-excess and Fermi

® The lceCube/Deep Core
subdetector is designed to
obtain-a clean neutrino
sample of starting events,
which will sulbstantially
Improve our sensitivity for
WIMPs in the 100 GeV range

natural scale

Arxiv:0912.5183
J.Huelss DPG
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Deep Core

»x \What’s next ?

x |ceCube can perform a variety of -Dark
Matter Analyses to test the self-
annihilation cross-section-and lifetime

x (Galactic Center

x (Galactic Halo
x Stacking (Dwarf Spheroidals)
x |ine Search

x  Deep Core will extend lceCulbe’s reach to
lower energies, new neutrino flavors and
make the Galactic center more accessible

$| 10 DOMs with an
S DOM-to-DOM spacing
. of 10 meters

-

s | 50 HQE DOMs with a
- DOM-to-DOM spacing
. of 7 meters

-

- 21 Normal DOMs witl
S DOM-to-DOM spacing
. of 17 meters
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