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NMOTIVATION

Signal from the Galactic Halo can be used to
test the dark matter self-annililation cross
section

Neutrinos search can be used to cover entire
WIMP mass spectrum

Result are (completely) model independent
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DARK NMATTER IN THE MILKY WAY
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Figure 2: J(W) is shown for the NFW, Moore, and
Kravtsov profile.
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EXPECTED SIGNAL
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dark matter distribution
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channel, the dark matter
self-annihilation cross
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|C22 DATA SAMPLE

= 275.7 days of livetime collected with = Use an on and off-source region
lceCube operating in the 22-string

_ = Set it up so that they are
configuration (2007-2008)

symmetric and shifted by

= Track selection criteria have been well 180° in RA — minimize
established for the lceCube point systematic uncertainty on
source search, for simplicity and background estimate
minimization of systematic effect we | 965

apply the same selection criteria
(Astrophys.J.701:L47-L51,2009.)

___on source _off source

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

= Do we see any Dark Matter in our 30
sample ?

6001‘.1
_99)0

Carsten Rott (CCAPP) 7 MANTS 2011, Uppsala Sep. 24+25, 2011



Nevents

10°

10

107

102

|1C22 OPTIMIZATION

Optimize as function of distance
from GC on Northern Hemisphere

Optimize --- S/sqrt(B)

-

-

Pt

' 1 p— '
— 2 . r —  ——
—~Signal ]

e [ |

Atm. background

-1

08 -06 04 -02 0 02 04 (06 0.8 1
Ccos J6e

—_——

-1

0.2 04 06 0.8 1
cos O

-08 -0.6 -04 -0.2 O

— /

~ -

< AN(bg) > =< Non(bg) > — < Noff(bg) =0

OAN = \/2 < -*'\r(m(bg ) >

IC22 Galactic halo - m =5000.0 GeV [xz— WW]

a2 06t
Kravtsov
0.05
0.04 NFW
i B T OO
0.03| Moore by

0.02 L]

0.01 -‘

0
8 -1-0.80.60.40.2 0 0.20.40.60.8 1
cosO

Optimal signal extend of
the region shows some
dependence on the halo
model, annihilation
channel and WIMP mass.

Their overall behavior is
however very similar:

Larger regions are better
and S/sqrt(B) flattens out
or declines beginning with

ABgc~30°



1C22 \UNEVEN €EXPOSUKRE

* Track reconstruction efficiency
varies in detector coordinates

* In equatorial coordinates this
reconstruction efficiency is smeared

out (as the detector rotates)

* Uneven detector up-time can
however reduce this smearing effect

 Detector down-time correlates with
satellite visibility (maintenance
mode)

* Detector uptime in sidereal days
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1C22 \UNEVEN €EXPOSUKRE
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GALACTIC CENTEK 1C40
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off source on source

e Galactic Center is above the horizon >
events are down-going in IceCube

» Use starting events to reduce
atmospheric muon background

veto
region

ﬁduci:l
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off source -

e Dark Matter profiles
are peaked at the
Galactic Center

e Optimize the size of
the on-source region

¢ >5=8

 Compare the amount
of events in the on-

and off-source region
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NMILKY WAY HALO ANALYSES

22-strings 40-strings

275days (June 2007 - March 2008) | 367days (April 2008 - May 2009)

up-going muon neutrino down-going muon neutrino
candidate events candidate events centered
(-5° - 85° in declination) around -30° in declination
through-going vertex contained
1389 (dominated by atm. 798842 (dominated by atm.
neutrinos) muons)
1367 798819

Observations in both analyses were consistent with background

only expectations — constrain the self- annihilation cross section
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RESULTS

Limits computed at 90%

. ' Galactlc Center (prelummary) e
C.L. as function of WIMP " Ga|act.c Halo s

mass and for various
annihilation channels
assuming branching

fractions of 100%
oAV
Bands show uncertainty 10724 XX }
due to the choice of halo " natural scale
model 10‘2‘5102 e “1';3 : i
m, [GeV]

Phys.Rev.D84:022004.,2011
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RELEVANCE

IceCube 90% C.L. Upper Limit

Test dark matter models Preliminary GalGenter ———
motivated by PAMELA, 10-20 -
Fermi, H.E.S.S. data
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SYSTEMATIC \IUNCERTIAINTIES

Systematic uncertainties for the halo analysis have been finalized (see
Phys.Rev.D84:022004,2011), studies for the Galactic Center analysis are
on-going

Background

Can be estimated from data itself (off-source), no direct dependence
on simulations

0.3% due to pre-existing anisotropy in data (Cosmic Ray, exposure)
Signal acceptance

~30% limitations on the simulation of photon propagation through
the ice

minor effects: vN-cross sections, exposure, ...
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WHATS NEXT ?

Dedicated Galactic
Center filter for full E 10°E. 1C79 GC Filter
IceCube detectors <102

Optimized for two
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DWANKEF SPHERIODALS

Well defined targets

can be regarded as point sources

J(AQ) = /m dQ/l“ P2 (s)ds.
dd;(AQ, E;)  {ov) dN;

Northern hemisphere well covered

Dominated by few close objects
Segue1 25 1.58 10 07' 04"  +16 04'55"”
Ursa Major I 32 1.09 0851'30"  +6307'48"
Willman 1 38 0.77 10 49' 22"  +5103'04"
Coma Berenices 44 0.72 12 26'59”  +2355'09"
Ursa Minor 66 1.79 1509’ 09”  +6713'21"
Draco 8o 1.87 1720'12"  +5754'55”
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Neutrino detectors continuously
operating, but large effort for
|ACTs

Neutrino Telescopes are
competitive for high-mass WIMPs
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DARK MATTER WITH CASCADES

For neutrino energies where the average » Benefit from better energy resolution
muon track length approaches the detector
diameter: o Lower atmospheric neutrino background
Vu Ve signal rates similar e Despite limited angular resolution
but R(v,atm) >> R(veatm) competitive sensitivities can be obtained
Galactic Center Solar WIMPs

Solar WIMP Sensitivities compared to Limits

10*
SMiom - years, Hard'Soft Wsl0®, v -chanme] =========
DAMA SR
1022 SuperK Hard / Soft (2011)
102 2 HyperK LOI Hard / Soft -
— keeCube Hard'Soft (2010)
—? L DeepCore Sens. 1
:n PICASSO (2009) *==="=*%>" ;
E as g 2 l00 lg ____________ coUPP @Iy 2
v -~ = Y ..o e » oer®
<1 g, e e I .~ :
A B T Ttteececeseesrenttt™ e 6-'
g I = ,"’ ) "o'
\Y% 107 F + .' 1 -
""""""" * 4
<MY 32320 ] el R VLR e NS [ cancavascene Y sl i -l
0 [ *ox e e @
1074 m—— | i ~
10 : .
T T T o' 0 0 o'
DM Mass [GeV] M, (GeV)
Mandal et al. PRD 81:043508 (2010) Rott, Tanaka, Itow JCAP09(2011)029

Carsten Rott (CCAPP) 17 MANTS 2011, Uppsala Sep. 24+25, 2011



CONCLUSIONS

[ceCube Data from May 2007 - April 2009 has been
searched for neutrino signals from dark matter
annihilations in the Galactic Center and halo

Limits on the dark matter self-annihilation cross section at
the level of 1022cm3s! to 10-22cm3s! are achieved depending
on WIMP mass and annihilation channel

On-going analyses for Galactic Center, Milky Way Halo,
and Dwarf Spheriodal Galaxies

First analyses using the cascade channel (ve v;) in DeepCore
have started
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COMPARISON OF TRACKS AND CASCADES

. (

o Fully contained events allow for
better energy resolution

e For neutrino energies where the p
average muon track length /!
’\_/
approaches the detector CC v, [vi] Gl
diameter: &
o Vy Ve signal rates similar P :
o but R(v,am) >> R(veatm) i
e v.and NC events also contribute -
to signal cascade rates : laie
E 10° T4 10° 10° )
E, (GeV)
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