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Indirect Search with IceCube (Overview)

o
Look for potential sources that are well defined and GECUBE
have low or understood astrophysical backgrounds p . ~
| Galactic Halo:
V — |ceCube-22 limits
Dwarf spheroidal Galaxies: | (PRD 84 (2011) 022004)

— |ceCube-59 limits — |ceCube-79 limits.

Clusters of Galaxies:

— |[ceCube-59 limits
\(arXiv.'7210.3557 2012) /

Galactic Center

— |ceCube-40 limits
(arXiv:1210.3557 2012)
L~ lceCube-79 sens.

/

Local sources (Sun & Earth): annihilations is in the low

— |lceCube-79 limits

(PRL 110 (2013) 131302) ~10 GeV-TeV

v,e’..

~

Searching for dark matter

energy regime for IceCube.

/

(Image: M.Strassler)
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IcECUBE
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IcECUBE

50 m

1450 m

<
O(km) p tracks from vp CC

O(10m) cascades from ve CC,
low energy vt CC, and vx NC

2450 m
2820 m

Cherenkov radiation detected

@y 3D array of optical Sensors

Bedrock
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IcECUBE

Solar Dark Matter Search
with IceCube
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Solar Dark Matter Search with IceCube

o
ICECUBE
/ o Al d d N O N
All processes depend on WIMP mass Details about Capture Process (e.g.):

e Annihilation channel (branching ratios) Press & Spergel '85

e Annihilation cross-section Gould '88

e Capture (scattering) P.eter 2008
e Scattering cross-sections (Sl & SD) - \S/vertsson, Edsj6, PRD85 (2012) 123514 -

dN
W — C capt. o C ann.
Cann. — C

capt. = Gtoml

Proposed by:

Silk, Olive & Srednicki'85
Gaisser, Steigman & Tilav '86
Freese '86

Krauss, Srednicki & Wilzcek '86
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Solar Dark Matter Search with IceCube

e All processes depend on WIMP mass
e Annihilation channel (branching ratios)
e Annihilation cross-section

e Capture (scattering)
. — Scattering cross-sections (SI & SD)

N

%

IcECUBE

.

main analysis backgrounds:

atm.u~O (108 triggering events/day)
atm.v~0 (103 triggering events/day)

\

v

Striking signature:
High-E v excess

over background
From Sun direction

*Blind analysis with respect to true Sun azimuth

18/07/13 Matthias Danninger




lceCube-79 string analysis details

DeepCore

Case 1 (WH):

— high energy

— up-going

— No contain-
ment

DeepCore

-

Case 2 (WL):
— low energy
— Up-going

— strong
containment

%

. ] ] IcCECUBE
e Analysis for the whole year! Used 317 days livetime
e With DeepCore, analysis reaches neutrino energies of 70-20GeV
151 days austral winter 166 days austral summer

o

DeepCore

"Case3 (SL):
— low energy
— down-going
— strong

containment
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Multivariate analysis step (final cut applied)

Rate in Hz
=)

—
<
[e2]

—_

(data/MC)
1S, . '01

dataset WH (winter, high-energy)

IcECUBE

dataset SL (summer, low-energy)
T T T T

et raaenrene Total Bg VRS
- T, data | —— it
T T, { [l G
- S *l«ﬂ_ 3108 | e, _l_ttf 1=y
_| - ﬁ ] : , ' ! :
| e 1 B S St
P ?tl ? """""""" : |
N - 5 i t
| afm. 4 atm. V' atm. ve -l ol
Tt e et pane . * + 14 1
i L T s e & S SRS ¥y + + f S _,_._5_""" _____ T I & $ :+: .......
0.05 0.1 0.15 ' 0.2 0 0 0.15
BDT output score BDT output score

— 1separate BDT for each event selection

— training on off-source exp. data + separate signal simulation

— Optimized final cut on BDT-output: run llh-analysis for various BDT cuts;
determine cut value with best sensitivity
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Maximum llh-analysis

IcECUBE

wos| background expectation from data
The observed angle to the R
Sun is fitted with signaland oot J(¥IK) Nobsfs( )+

background pdf:s 0008 J

signal simulation (e.g. 7000 GeV)

% 0.5 1 52 25 3
¥ in radians

(Angle between event track & direction from the Sun)
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Maximum llh-analysis

IcECUBE

»s] background expectation from data

The observed angle to the ) = oy M .
Sun is fitted with signaland o SR obs (¥) +( Nobs?fbg( )
background pdf:s - R

4 N
Evaluate shape fit with log-

likelihood rank (FC) to
construct Cl for the number

of signal events |s

signal simulation (e.g. 7000 GeV)

0.5 1 15 2 25 3

ﬁ([_L) ¥ in radians
R( u) — I ( - ) T (Angle between event track & direction from the Sun)
[1
L(u)is the pdf product over _ ]]VEV
the final sample M = M
- ’ / ]wev IIVEV

(scale to multiple datasets)
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Events

Unblinding results (observed results)

80

60

40}

a
T

20

Unblinded events in different samples

—
| dataset WH (winter, high-energy)

-36

-37

-41

IcECUBE

Expected sens. vs. observed result

T | T T T T | T T T T | T I T T | T I T T T T
= == Expected (bb)

IREY Expected (W'W)*
—6&— Observed (bb)

—e— Observed (W'W)*
[ + 10 expected
[ ] £ 20 expected

¢ (7't form, < m,, = 80.4GeV)

1.5 2 2.5 3

log10 ( mx/GeV)

0 ! + T T t T T t T t n n T
PR R aEE B 0 o (W) details on systematic uncertainties,
see PRL 110 (2013) 131302
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log10 (o, / cm?)

Solar WIMP search results (cross-section limit)

1 2 3
log10 (m / GeV c?)

log10 (m /GeV c?)

— most stringent SD cross-section limit For most models
— complementary to direct detection search efforts
— different astrophysical & nuclear fForm-factor uncertainties

IcECUBE
SI WIMP-proton cross-section limit SD WIMP-proton cross-section limit
'38 I| | T T T T | T T T T | T T T T T I T T T T | T T T T | T T T T
] MSSM incl. XENON (2012) ATLAS + CMS (2012) \ [ ] MSSM incl. XENON (2012) ATLAS + CMS (2012)
. DAMA no channeling (2008) 35— DAMA no channeling (2008) ]
39, . — - CDMS (2010) Y - - - COUPP (2012)
‘o k - - - CDMS 2keV reanalyzed (2011) v Simple (2011)
: COoGENT (2010) \ — - PICASSO (2012)
40— % -...= XENON100 (2012) SB6— \h ey SUPER-K (2011) (bB)
i N —— SUPER-K (2011) (W*W) -
—ent 0 - \ .
_41 — vt N e e NE \ "‘ \\
S @7-\y —
B a A \
42— % b“o’ S — —
S -38|— e n T —
43— k= N T AMEE N, ey
o
-44— -39 — —
=~ IceCube 2012 (55) " loeCube 2012 (6B)
-45 —a— IceCube 2012 (W'W)* 40 | — IceCube 2012 (W*W) B
¢ (Tv for m<my, = 80.4GeV/c?) ¢ (v't for m, <m,, = 80.4GeV/c?)
_46 1 I 1 1 1 1 | 1 1 1 1 | 1 | | | 1 I | | l | 1 1 1
1 2 3
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IcECUBE

Galactic searches, dwarf spheroidal galaxies
& nearby clusters of galaxies
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Galactic Dark Matter searches (first analyses)

IcECUBE

,/

Limits computed at 90% C.L. as function
of WIMP mass for various ann. channels
assuming branching fractions of 100%

.

D (equatorial coordinates)

NFW
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Galactic Dark Matter searches (icecube-79)

IcECUBE

» Searching for neutrinos from self-annihilating WIMPs in the GC
 WIMP masses between 30 GeVand 70 TeV
» 79 string configuration of IceCube (320 live days of 2010 - 2011)

/mD_endent analyses: h [Te—
fiducial volume

Low-Energy (m, < 300 GeV)
High-Energy (m, > 300 GeV)

* |dentifying starting events opens

up the Southern Sky for IceCube. Low energy
fiducial veldime

. /
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Galactic Dark Matter searches (icecube-79)

» Searching for neutrinos from self-annihilating WIMPs in the GC
* WIMP masses between 30 GeVand 70 TeV
» 79 string configuration of IceCube (320 live days of 2010 -2011)

® N

2 independent analyses: High eneray

Low-Energy (m, < 300 GeV) Fiducial volume
High-Energy (m, > 300 GeV)

* |dentifying starting events opens

up the Southern Sky for IceCube. Low energy. /
fiducial veltime

* Both analyses rely on veto
methods to reject incoming

<
\ tracks. /

IcECUBE
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. Galactic Dark Matter searches (icecube-79)

IcECUBE

2D skymap PDFs generated with healpix

(equatorial coordinates)

scrambled background signal

up-going

Galactic Center @ 266° RA; -29° Dec
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Galactic Dark Matter searches (icecube-79)

—— |C22 Halo IcECUBE
(IceCube results shown — 1C40 GC
for NFW prOﬁle) ~—e Fermi Dwarf galaxy
-18 T T LI B | T T T T T T 11
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- :
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. ; ]
~_Fermidata’ 3
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................................................. s

o Vinterpreted for DM [Meade et al. (2010)]. -

10250
10

103 10*
m, [GeV]

Search for many interesting
potential annihilation channels:
(Various DM-Halo models tested )

- + - + -+t - =
VV, UL TT,WW,bb
0-0 S50

XX
VAYAYAY,
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Galactic Dark Matter searches (icecube-79)

®
«— 1C22 Halo IcCECUBE
(IceCube results shown ~— 1C40 GC ~— 1C79 GC LE sensitivity
for NEW profile) -2 1079 G HE sensiiviy
10-18E ___________________ o IceCubIePrehmmary _____________ g

o v [cm?s™!]

.................................................................. ,.,v..v..,v.,,..v..,..,,..,..,.T.in.terpre.téd,fo.rv.D.M.,[.M.ead.ev.e.t”avl.v.(vZ.OlO)V]..v..
natural scale ; ;

10-26 . \ ..|.||i 1 I llll"i L L1111
107 102 10° 10
m, [GeV]

IceCube-79 Galactic Center analysis (sensitivity):

— First IceCube analysis looking at GC for low WIMP masses (< 100 GeV)
— 4 orders of magnitude improved sensitivity @ 100 GeV
— Unblinding is going on within the collaboration
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Galactic Dark Matter searches (icecube-79)

o
~— |C22 Halo «~— |C79 Halo IceCuBE
(IceCube results shown ~— 1C40 GC ~— 1C79 GC LE sensitivity
H =-u |C79 GC HE sensitivity
fOf NFWPI'OfIle) ~— Fermi Dwarf galaxy
-18 ' b ' oL ' o '
10 g __________________________________________________________________________ . lceCube Prefiminary g
N et ]
~—hatural scale ....................................................... Tinterpreted for DM [Meade et al. (2010)]... ;
107 S Y S
10" 10° 10° 10*
m, [GeV]
IceCube-79 Multipole analysis to search for Dark Matter in the Galactic Halo:
— focus on large scale anisotropies (l<100)
— small Halo-model dependency
— results are compatable with the background-only hypothesis
18/07/13 Matthias Danninger EPSHEP 2013 16



Galactic Dark Matter searches (icecube-79)

®

~— |C22 Halo e |C79 Halo IceCuBE
(IceCube results shown — 1C40 GC «— IC79 GC LE sensitivity
fOI' NFWpfOﬁle) e-- |C59 Dwarf galaxy stacking =-a |C79 GC HE sensitivity

— Fermi Dwarf galaxy

IC59 Virgo cluster (subhalo)

_31.

18 | N ' -
10 L | IceCube Preliminary ;
‘ XX =T

E

3

-20 - f ]
T - :
E 3
22F
2107 ¢
z-:q L Fermi data’
~ F i PAMELA data’
24 f

" interpreted for DM [Meade et al. (2010)] _|

3 natural scale ] E
26 F e SR S
10 10* 102 10° 10*
m, [GeV]
[ceCube-59 Dwarf galaxy searches: IceCube-59 Galaxy cluster analysis:
— Source stacking analysis — Extended point source search
— Optimized size of search window — Optimized size of search window
— Substructures taken into account
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Summary

.4
ICECUBE

® Striking WIMP signatures provide high discovery potential for
indirect searches with neutrinos

® DeepCore plays crucial role in IceCube Dark Matter analyses

® |ceCube provides most stringent limits on the SD-WIMP-Proton
scattering cross section for most WIMP models

® First experimental neutrino results on Clusters of Galaxies and
Dwarfs Spheriodals

® New analysis to probe DM self-annihilation cross section for low
WIMP masses in the Galactic center

e Additional on-going searches:
Earth WIMPs, secluded Dark Matter, .....
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ICECUBE

Additional slides
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Multivariate analysis step (BDT variable)

Rate in Hz

(data / MC)

event selection WL (winter, low energy)

IIIII|T| IIIIII|'|| I|IIII|T| IIIIIIII|_
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BDT output score

10
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IceECuBE

dataset WL & WL(b) (winter, low-energy)
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BDT output score

-

I separate BDT for each event selection
— training on off-source exp. data + separate signal simulation
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Multivariate analysis step (BDT variable)

Y

® 'S
IcCECUBE

event selection WH (winter, high energy) event selection SL (summer low energy)
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P

— 1 separate BDT for each event selection
— training on off-source exp. data + separate signal simulation
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