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Dark Matter Exists

;o
- Xray Gas, %,

.

| | |

10
Radius (kpc)

5000 | 2
E 4000‘ &
g :
£ 3000 / -
B d g
5 2000 +‘ 8
. -y :
< 1000 5 10}
| 2 i
4
0 + 1

00 1000 100 2000 107 10" 1
Multipole £ Wavenumber & in k /Mpe

=




Dark Matter could be WIMPs
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lceCube Neutrino Observatory

2835 m above sea level

lceCube Lab

constru
DA to IC

lceTo J i
__—80 Stat[i:z)ns, each with - h ASES

2 IceTop Cherenkov detector tanks

2 optical sensors per tank ( 2 O O 4 A 5)

320 optical sensors

2010: 79 strings in operation
2011: Project completion, 86 strings

lceCube Arra

86 strings includ>i’ng 6 DeepCore strings
/60 sensors on each string ’ (2008-9)

5160 optical sensors

AMANDA Array E (2009-10)

T ‘
4 ', _./ Precursor to IceCube

e 9 (2010-11)

6 strings—sensor spacing optimized

for lower energies

P\t Completion with 86 strings
In December 2010

lceCube 86-1 (2011-12)

5160 Digital Optical Modules (DOM) °
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Detection Principle
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In-ice Sighatures

W

Good angular resolution (< 1°):

Points back to the source

Vertex can be outside the detector:

Increased effective volumel!

———
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Fully active calorimeter: High
energy resolution (~10%)

Angular reconstruction above ~50
TeV (~ 10°)




Dark Matter Searches In IceCube

Galactic Center

Indirect Searches IceCube-40 limits
(arXiv:1210.3557 2012)
lceCube-59 sens.

: : Oann
Dwarf spheroidal Galaxies

lceCube-59 limits
Cluster of Galaxies
lceCube-59 limits

| (arXiv: 1210.3557 201

O-CLTLTL

al Sources (Sun, Earth)

Galactic Halo

lceCube-22 limits lceCube-79 limits
(PDR 84 (2011) [ ] (PLR 110 (2013) 131302)
022004

) Oann 0'5(;!
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Galactic Centre, Halo & Distant Halo Searches

Velocity averaged annihilation cross section

Neutrino spectrum per annihilation :
Depends on Wimp Mass and Channel:
DarkSusy

E? dN/dE [GeV]
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WIMP annihilating at
GC: After oscillations
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Galactic Centre

GC is in the Southern Hemisphere
« Data dominated by Muon Back-ground High energy
« Define different fiducial volumes for differ

ent Energy levels and Veto Muons

Fiducial volume

Low energy
Fiducial ve
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Galactic Halo
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WIMP Capture In the Sun
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Neutrinos from WIMP annihilations in the Sun

® Sunis a down-going
source during austral
Earth summer

® Sunis an up-going source
during austral winter

* Up-going ® * Up-going @ * Down-going @

* No containment * strong containment * strong contfainment
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Neutrinos from WIMP annihilations in the Sun
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Assume : Capture and annihilation have reached equilibrium in
the Sun -> Set limits on WIMP-nucleon scattering cross section l

Complementary to direct detection search efforts
fills out WIMP picture by testing other properties
Most stringent SD cross-section limit for most models
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WIMPs In Earth

ate In E:

Sivertsson & Edsjo, 2012
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The FUTURE : PINGU

down to

- SuperK soft (2011)
SuperK hard (2011)
IceCube-79 soft (2013)
IceCube-79 hard (2013)

[ Blue shaded areas indicate \ --- PINGU 1lyr sensitivity (soft) |
, South Pole Surface - sensitivities possibly obtainable LIS, PINGU 1yr sensitivity (hard) i

Preliminary

" with more powerful analysis techmques
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Dark Matter exists and WIMPs are excellent DM candidates.

lceCube can look for neutrinos produced by WIMP Annihilations
INn various targets.

When looking at targets in which WIMPSs get gravitationally
captured, lceCube can set limits on o,., comparable to Direct
Detection Experiments. The spin dependent limits set by
lceCube are the most stringent for WIMP Masses above 35 GeV.

lceCube can also look for WIMP annihilations In the GC, the
Galactic Halo and Dwarf Spheroidal Galaxies.

The parameter space of certain Dark Matter models can be
studied in entirety only by the combined efforts of Direct and
Indirect detection experiments.

PINGU will Increase IceCube sensitivity to lower WIMP
masses.
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