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lceCube Halo WIMP analysis

_IceTop
~ 80 Strings each with

A Introduction =

A Dark Matter Searches
IceCube In-Ice Array
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lceCube Detector Status

2004-2005

1 string
20052006 | 8 strings

20062007 | 13 strings
| 2007-2008| 18 strings
| 20082009 18+1 strings |

g

\

% umy, T
|

3

CCAPP Symposiurd009

L. L

¢COl



Dark Matter Understanding

A Observational Evidence A Particle Nature

Non-baryonic
Cold massive

Not strongly interacting
Stable (long lived)

Mass ?

Crosssections ?
Self-annihilation<cav>
Interaction with matter _|

Theoretical Model
SUSY, LED, ...
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Dark Matter Searches

Solar

Neutrino FluxScattering
crosssection

Halo

#r
eutrino Flux?

N

Neutrino FluxSelf
annihilation crosssection

Muon neutrinos

Muon neutrinos

Muon neutrinosCascades

Background ofsource on
source

Background simulations

Background ofsource on
source

Excess

Excess

Anisotropy, Spectrum

IceCubd + DeepCore)

IceCubdg + DeepCore)

DeepCorg + IceCube)

Solar/Earth WiMPspraheMiNhucleon scattering cresssection (comparetiodlirectdietectionexpeiiments)
Halo WIMPscompate icy-ray indirect detection experiments
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Expected Flux
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Halo WIMPs

KrthSOV ............
Einasto

10

Moore, NFW, Kravtsov

plr) :Pu(i)_w [1 | (%)m

(1-f)ja vy - CUS _
I's - scale radius
Rsc - 8.5kpc

Moore 1.5 3 1.5 28 0.27
NEW 1 3 1 20 0.3
Kravtsowv 2 3 0.4 10 0.37
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& Halo WIMPs
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Event selection/ dataset

A of livetime collectedwith
IceCubeoperating in the
configuration( )

A after selectionfrom

declination

A Track selection criteria have been
well established for the IceCube A
point source search, for simplicity

and minimization of systematic _ _ _ _
effect we apply the same selection A The following slides are for simulation,

criteria (Astrophys.J.70LLA47- matching the 1Q2dataset.

L51,2009.) A We compute the sensitivity based on
this dataset

No energy weighting factors have
been applied

Carsten Rott, CCAPP Symposium 2009 10/13/2009 9



Halo Profile Dependence

Background MC scaled 5114 events
Signal: Line spectrum of 5TeV WIMP

ha|°1 PEI’AZi l halo1PerDir
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Signal Region O

Calculate flux signal flux as
function of the distance to
the GC on Northern

Hemisphere -%°z785)

Optimize S/ \/_

Nevents

w0 b Atm. backgroun

\
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cosG)GC

otimization

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 be%mnlng
with AO ;~80°
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Analysis Strategy

oor Rel. flux

ntensity  Three regions:
_ on-source
.nsignal regi
_ transition
CAcontrol rec
Galacic - off-Nsource
BQC::1_'72;§1:55_8 60° N\ . Abackground
(2000.0) T Symmetric on/off

Sit Sstrse == | | - source region
transition -

_ simplistic approach

<Nbg>=1300 <Nbg>=1300 Yl _ minimize systematic
: uncertainties

zenith

—90 O 20 180 270
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How large can the self - annihilation
Cross - section< ocw>bhe ?

Theoretical/cosmological constraints:
KKT- Kaplinghat Knox, Turner (2000)
. O$- ATTEEEI AOGET 1
. unitarity Unitarity bound

‘qund Unitarity of the scattering matrix
b
N Natural scale

A
\
-
\l
N

MW Halo-Isotropic BB\

DM is thermal relic of early universe
Derived limits/sensitivity:
A BBM- Beacom Bell, Mack (2008)

A Cosmic timeintegrated annihilation
A MW Halo Isotropic

MW Halo Average
MW Halo Angular

A Jly=n)(immediate neighborhood)
A MW Halo Average

Natural Scale A Average flux from halo

100 100 100 100 10° A MW Halo Angular
m, [GeV] A 30 cone around GC
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IC22 Sensitivity

A Average upper limit at 90%C.L.

ANogo = 65.2 events (This is a limit on the difference between
on and off-source)

soft(bb)
hard(WW)

Line width:

éUncertalnty due to halo profile
entral line:

- Einasto

Carsten Rott, CCAPP Symposium 2009 14



IC22 1 Sensitivity for neutrino line

spectrum

unitarity
bound

| “Visible” states:
IA\” Standard VY49, €€

Model = +

‘ fnal states “Invisible” states:

vV

All final states except neutrinos will
produce gamma-rays

Following the argumentation of BBM,
one, can place a model independent
limit on the total WIMP self-
annihilation crosssection by, .
assuming only the O/ A OE-A
channel is produced.

IceCubedata canbe usedto constrain
the WIMP self-annihilation cross
section above about 100GeV,
DeepCore will extend the reach
significantly to lower energiesdown
to- and below accelerator bounds

Carsten Rott, CCAPP Symposium 2009 15



Systematic uncertainties

A Signal acceptance:
GUneven fnexposureo (negligi
G Ice properties / DOM efficiency (~20%)
G MC/data disagreement (horizontal events)

A Background:

G Majority of systematics cancel out (as we use the
data itself)

CAexistingd | arge scale ani
A-Uneven fiexposur eo
/. - Neutrino anisotropy caused by cosmic ray anisotropy




Uneven exposure

A

Track reconstruction efficiency *2478 R
varies in detector coordinates I o
*Te ¢
In equatorial coordinates this Qés.;,se R
reconstruction efficiency is smeared Js0 570025800 d
out (as the detector rotates) Y ar O vap
. +8 48 ‘0‘ L

Uneven detector up-time can g B W,
however reduce this smearing effect o oo % v

. . o* . ”0
Detector down-time correlates with & 221 *,
satellite visibility (maintenance
mode) e
Detector uptime in sidereal days —
defines this impact 600

IceCube up-time sketch
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zenith

Uneven exposure

Track reconstruction efficiency
shows Amirror

150 s
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Uneven exposure systematic
uncertainty is on the order of the
difference’between the two
graphs ~0.1%

Total systematic effect ~ 3%
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Celestial Cosmic Ray intensity map at different energies (TIBET)

a 60 <] :
% 0.9995 !\Ieutrlno energy
0k W 1S roughly 1/10-
b eof =iz 1/30 of the
40 s ShOWer energy
0 (cosmic ray
0% w z primary)
T & 3
§ 0 : most relevant
g * energy region
e)

FIG. 1. Primary cosmic-ray nucleon energy contribution
to the upward-going neutrine induced muon flux (E, >1
GeV). The solid line is for cos(0)=-1 and the dashed s for
cos(8)=~0.15.

See also Abbasiet al 091 CRCO Phys.Rev.D53:1314-1323,1996.

CCAPP Symposium Odt2-14, 19
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Cosmic ray anisotropy

. Cosmic ray anisotropy could also cause
anisotropy in atmospheric neutrinos

At relevant energies the anisotropy of cosmic
rays Is a fraction of a percent

- On/off-source region has a background
expectation of 1300 neutrino candidate events

. For an anisotropy of 0.2%, a maximum effect of
2.6events -> 4% syst. uncertainty can be
expected

CCAPP Symposium Odt2-14, 20
2009



Summary / Conclusions

Neutrino Telescopes can probe Dark Matter self-
annihilation cross-section

- We have computed | ceCubebos
halo WIMPSs, using the IC22 string up-going neutrino
sample

. Wefind that IceCube will be able to set very
completive constraints on the Dark Matter self-
annihilation cross-section <cav>

Preliminary study of systematics shows they are well
under control

DeepCore and the larger IceCube detector will have
significantly improved sensitivities

CCAPP Symposium Oct 124, Carsten Rott 21
2009
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. - IceCube
L . -
e . . . * . deployed
" . . . &
. - - " . . undegloyved
. - * et

IceCube22string o e
sensitivity for galactic halo :
WIMPs has béen evaluated

Data is available and
analysis Is getting finalized

Beginning with the IceCube
40string confl]guratlon, a
starting track filter has
been active

- This allows to probe the
Galactic Center directly

. Halo WIMP sensitivity is
expected to be
significantly larger

. Larger uncertainty due
to halo models @ rDoM o DM

Principle of veto reconstruction
(Schulz, Euler, Grant, ICRC 2009)
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Backup

CCAPP Symposium Oct 174,
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IC22 Point Source Analysis

arXiv:0905.2253

[:] Atm. v prediction (+ 30%)

sin (declination)

Figure 3. Declination distribution of the final data sample and simulated
atmospheric neutrino events with 30% theoretical uncertainty on the absolute
ormalization of the predicted neutrino flux (Barr et al. 2004, 2006).

Carsten Rott, CCAPP Symposium 2009
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IceTop
i 80Stations 2tanks each)
i Surface air shower array
i 300TeV threshold
IceCube (Inlce)
I 80Strings with60 DOMs each

I Hexagonal pattern with an interstring distance of
125m

i Vertical DOM spacing @7 m

I Optimized for TeV range
AMANDA

I 19strings with677 modules total

I 10-20m vertical spacing

I 40-50m horizontal spacing
Deep Core

i 6Strings with60 High Quantum Efficiency DOMs
(vert. spacingy m)

I Low Energy extensio2@-100GeV)
IceCube will instrument a volume of one

cubickilometerof Antarctic ice by 011

Carsten Rott - ICRC09
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