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Solar Dark Matter Search with lceCube

.. 7.9
IcCECUBE
e All processes depend on WIMP mass A
® Annihilation channel (branching ratios)
® Annihilation cross-section Sofia Siverisson's talk:
® Cgpfure (chﬁering) "WIMP diffusion in the Solar System and the
— Scattering cross-sections (Sl & SD) b neutrino signal from the Sun and the Earth”

-

Proposed by:

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

Krauss, Srednicki & Wilzcek '86




Solar Dark Matter Search with lceCube

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

® Capture (scattering)
— Scafttering cross-sections (Sl & SD)
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Solar Dark Matter Search with lceCube
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main analysis backgrounds:

® All processes depend on WIMP mass

® Annihilation channel (branching ratios) atm. vLO (103 friggering even’rs/day)

® Annihilafion cross-section atm. uDO (108 triggering evenTS/dgy)
® Capture (scattering) -

— Scafttering cross-sections (Sl & SD)
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I  Striking signature:

High-E v excess
over background
from Sun direction |
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Solar Dark Matter Search with lceCube
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main analysis backgrounds:

® All processes depend on WIMP mass

® Annihilation channel (branching ratios) atm. vLO (103 friggering even’rs/day)

® Annihilafion cross-section atm. uDO (108 triggering evenTS/dgy)
® Capture (scattering) -

— Scafttering cross-sections (Sl & SD)

s

- /

I  Striking signature:

High-E v excess
over background
_from Sun direction |

*Blind analysis with respect to frue Sun azimuth



lceCube-79 string analysis details

® %
ICECUBE
/0 Analysis for the whole year! Used 317 days livetime A
(151 days austral winter & 166 days austral summer)
® more than 60 billion recorded events
® At final level ~25000 signal-like events in 3 independent samples
* \With DeepCore, analysis reaches neutrino energies of 10-20GeV
. /
* Up-going @ * Up-going @ * Down-going @
* No containment * strong containment * strong confainment
T oGy " IceCube, " IceCube!
' —— " I : ~~~~~~ .
------- — += ; :
B v
Vo " " ‘
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lceCube-79 string analysis details

® %
ICECUBE
/0 Analysis for the whole year! Used 317 days livetime A
(151 days austral winter & 166 days austral summer)
® more than 60 billion recorded events
® At final level ~25000 signal-like events in 3 independent samples
* \With DeepCore, analysis reaches neutrino energies of 10-20GeV
. Facts: max pile-up (3 to 4) with an average pile-up ~1.201 -/
* Up-going @ * Up-going @ * Down-going @
« No containment * strong containment * strong containment
T oGy " IceCube, " IceCube!
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lceCube-79 string analysis details

O o4
e ICECUBE
w00 o e B O . IceCube

W aew & T wees | ® BY cOmparing signal simulation & data, cuts are

I s placed that reduces the content of atmospheric

5 mMuon events
ol ] ® Farly analysis cuts:
’ dedicated online-filter - offline high-level

T reconstructions — first modest cuts
I N N (frack quality/direction + containment)

-600 : _ - e ' : :
600 -5DO | -400 -500 200 -100 0 | 100 200 200 490 500| GOD

4501+ &

ass0f ¥

o DeepCore fiducial
Winter analysis

-16501 ©

-1750 1

® Signal event topology very different for
low & high WIMP mass
0 dust layer — find geometrical cut to split dataset

-850+ L

19501 ©

O
-2050 1

awof 9 0 info 2 non-overlaping datasets
a0 2 DeepCore fiducial
P ¢ Summer analysis
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Multivariate analysis step (BDT variable)

, , , ' IcECUBE
event selection 1 (winter, high energy) event selection 3 (summer, low energy)
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£ tdata
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0.5— 05— + =
- "mis” -reconstructed atm. u background A - well” -reconstructed atm. pu background
Y 4 2 0 02 0 i 0

/—> I separate BDT for each event selection
— training on off-source exp. data + separate signal simulafion

.
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Multivariate analysis step (final cut applied)

' ' ' ' ICECUBE
event selection 1 (winter, high energy) event selection 3 (summer, low energy)
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/—> I separate BDT for each event selection
— training on off-source exp. data + separate signal simulafion

—  Opftimized final cut on BDT-output: run lIh-analysis for various BDT cuts, to
determine cut value with best sensitivity (MRF & MDP)
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Maximum [lh-analysis

IEEBE
The observed angle to the 0008—'5' | k T d T Iil I’r'l | f o d ’r ]
C , , - ackKgrouna expeciarion rrom aaiq |
sun is fitted with signal and oo ° :
background pdf:s s
> 0.005
%0.004
0.003
0.002
0.001 . . .
signhal simulation (e.g. 1000 GeV)
% 0.5 1 15 2 2.5 3
¥ in radians
Angle between event frack and direction
from the Sun
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Maximum [lh-analysis

ICECUBE

The observed angle to the
sun is fitted with signal and
background pdf:s

0,008 background expectation from data

/How many signal events can be
consistent with the observation?

Evaluate shape fit with log-
likelihood rank (Feldman-Cousins)

signal simulation (e.g. 1000 GeV)

to construct confidence regions D 05 1 B 25 3
th ber of signal events ¥ in radians
forfhe num J Hs Angle between event frack and direction
R . L) from the Sun
(1) = i
(1)

where L is the pdf product over the

\finol sample /
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Maximum [lh-analysis

The observed angle to the
sun is fitted with signal and
background pdf:s

/How many signal events can be
consistent with the observation?

Evaluate shape fit with log-
likelihood rank (Feldman-Cousins)

to construct confidence regions
for the number of signal events s

R(p) = 20

L) L

|I3E|::LIBE

| background expectqhon from dqta

S|gnal simulation (e.g. 1000 GeV)

15 2 25
¥ in radians

Angle between event frack and direction
from the Sun

05 1 3

V

]1 ve

M = M

where L is the pdf product over the
\finol sample

/
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]1 ve

llve Vr—aﬂ‘
Scale to multiple datasets
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Unblinding results (expected sensitivity)

IceECuBE

*lceCube PRELIMINARY™
'36 | | | | | | I | | | | |
Expected individual sensitivities:
----- winter high energy bB) .
—— winter high energy (W'W)* Ry
----- winter low energy (bb
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Unblinding results (events observed)

® £ 3
soF .t o 1T T ICECUBE
dataset WH (winter, high-energy)
60
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20+ | N
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Unblinding results (observed results)

o
IceECuBE
*lceCube PRELIMINARY*
'36 | | | | | | | | 1 | | 1 | 1 | | 1 | 1 | | 1 |
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Systematic uncertainties

IcCECUBE
TABLE II. Systematic errors on signal flux expectations in
percent. Class-1I uncertainties marked *
Source mass ranges (GeV)
< 35 (35-100| > 100
v oscillations 6 6 6
v-nucleon cross-section 7 5.9 3.5
p-propagation in ice <l <1 <1
Time, position calibration | 5 5! 5
DOM sensitivity spread” 6 3 10
Photon propagation in ice™| 15 10 5
Absolute DOM efficiency™ | 50 20 15
Total uncertainty 54 25 21
* Ful analysis performed with an alternative signal simulafion,
including maximum lIh-analysis (change in acceptance + PSF)
14
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Unblinding results (Sl-cross-section limit)

log10 ( 65, / cmM?)

'38 I| | I I I I | ] ] ] | | | | | |
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ICECUBE

27/11/12

Matthias Danninger Partikeldagarna 2012

16



Unblinding results (SD-cross-section limit)

log10 ( 64y, / cM?)
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New SUSY analysis with lceCube

Gef: P.Scott, C.Savage, J. Edsj6 & the IceCube Call., arXiv: 1207.0810 & H.Slverwood et. al., arXiv: 1210.0844
Goal: Use as much of this informnation on oSD , oSl , <ov)» , mx and BF (x ) as possible to
directly constrain specific points and regions in WIMP model parameter spaces
Details: 25-dim. parameter space (MSSM-25) using scanning based on importance sampling
6.02 million model points, DarkSUSY 5.0.6 used to calculate observables;
/

'

10—36 : : Silverwood et al 2012 10—36 : . . : - Silverwood et al 2012
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New SUSY analysis with lceCube

| I
Gef: P.Scott, C.Savage, J. Edsj6 & the IceCube Call., arXiv: 1207.0810 & H.Slverwood et. al., arXiv: 1210.0844 Eﬁ

Goal:

Details: 25-dim. parameter space (MSSM-25) using scanning based on importance sampling

Use as much of this information on ¢SD , oSl , <ov) , mx and BF (x ) as possible 1o
directly constrain specific points and regions in WIMP model parameter spaces

6.02 million model points, DarkSUSY 5.0.6 used to calculate observables;

'
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New SUSY analysis with lceCube

|
@f: P.Scott, C.Savage, J. Edsj6 & the IceCube Call., arXiv: 1207.0810 & H.Slverwood et. al., arXiv: 1210.0844 Eﬁ
Use as much of this information on ¢SD , oSl , <ov) , mx and BF (x ) as possible 1o
directly constrain specific points and regions in WIMP model parameter spaces
Details: 25-dim. parameter space (MSSM-25) using scanning based on importance sampling
6.02 million model points, DarkSUSY 5.0.6 used to calculate observables;
+heutral Higgs masses for any model between 124.4 - 126.8 GeV

Goal:
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Mono-Jet & Mono-photon searches

* Very interesting & “possibly” competitive limits
(especially in the SD x-section plane)

* depend strongly on the choice of the underlying effective
theory and mediator masses

* Analyses performed for a large variety of mediators
(unfortunately no complete set of results) — biased choices

IcECUBE

i o i P
Missing transverse
energy (Er™iss P
L SM R
/ .- ’ as s}‘ X -.
b J -
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Summary

IcECUBE

First Dark Matter analysis including DeepCore
First full year-round |lceCube solar Dark Matter search
No excess of events from the Sun over expected backgrounds

New very competitive SD-cross-section limits
— most stringent limits in large parts of WIMP mass range
— new LKP limits with same search (not discussed in talk)

This indirect search is a very complementary approach

The near future ..........
Additional data in the full 86-string configuration (1.5 years)

— 2 more DeepCore strings (even lower energy threshold)
— already new veto ideas — befter low energy sensitivity

22



ICECUBE

Additional slides
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lceCube-79 string analysis details

IcECUBE

Dedicated online filters ® By comparing signal simulation & data, cuts are
targefing: placed that reduces the content of atmospheric

® muon events muon events
[ )
g\)/vevn?:(eliycrzgzs ® farly analysis cuts:
dedicated online-filter — offline high-level

® DeepCore events | |
e DeepCore events reconsfructions — first modest cuts

(summer) (tfrack quality/direction + containment)
34 f%.\,‘.‘& a,,*«-/\ """""""""""""""""""""""""""""" B s M

L2 filter rate (Hz)

Run number

27/11/12 Matthias Danninger Partikeldagarna 2012 4



Rate in Hz

Ratio (data/MC)

Reconstructed zenith (final analysis level)

® o
, , , ICECUBE
| Ie\l/elm‘ slelleclrhlon .7 .(V‘./’n.fer'.h.’gh Qnergy) - event selection 3 (summer, low energy)
' ' ' | . E L L A L B B
- k=
_¢++H N e e ++++m+tmﬂiflt - E
Total Bg &
1071 data E _
atm. v H I - -
oo latm. Jb [
-0.5 -0.4 -0.3 -0.2 -0.1 0 0.2 0.1 0 0.1 0.2 0.3 0.4
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-E RS SRS TRE AT Shns 2o URE UL L VPP HH_IL : | ; + ____________________________ Al Jf Jr ________ +_
4 + ¥ty - ++ +++++++ ++ T ]
0.5 - 05| -+ + + —+—+ —
! 'OI"‘ _0'_2 SPEAFit standard cns(zenéh] bz 'I] D'Iz SPE4Fit mndamuc'lﬁ‘s(zenim]

/—> I separate BDT for each event selection

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

—  Opftimized final cut on BDT-output: run lIh-analysis for various BDT cuts, to
determine cut value with best sensitivity (MRF & MDP)

\
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Multivariate analysis step (BDT variable)

ICECUBE
event selection 2 (winfter, low energy)
E g — 1 T T T T ; --._ - — T 1 T T T 1 E
£ [datfa e signal 1
g . ;
104 .. E
10°F f [ =
Wil atm. V
+
0 |7 otm.p T4
0.6 04 02 0 0.2
TMVA output
P IM M .............................................. TN
T Jf """ s BRI +*+#+'¥ + 1]
Kl

/—> I separate BDT for each event selection
— training on off-source exp. data + separate signal simulafion

.
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Rate in Hz

Ratio (data/MC)

Reconsfructed zenith & BDT oufput

(final analysis level)

® @,
. . ICECUBE
.. .e.‘/e.n.f.s.e/.e.c.f’.on 2 (W(nter, /.O.V.V. ene(gy) . event selection 2 (winter, low energy)
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/—> I separate BDT for each event selection

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

—  Opftimized final cut on BDT-output: run lIh-analysis for various BDT cuts, to
determine cut value with best sensitivity (MRF & MDP)

.
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Analysis: final cut on BDT-output

IC79 WIMP winter IChigh data IcCECUBE
= 1.05
=
&}
J;
B40000F 8
Esnmo— 2 1 .
a g i i 1
: | N i
: Still very
£
% 095 . .
5 _— ¢fficient
o
= © 0.9 Pl
g o
: T
% ] !
=
T 085
5 70 25 g, 70
[ 0G, 0G, 0G, Op,
@ Wi harg) eV(’?ard) U Sory) Ge"(frard )
W
3
E / \

Optimized final cut on BDT-output:
run full llh-analysis for various BDT cuts, o
determine the cut value with the best sensitivity:

| : | | * each dataset individually

+ calculate MRF
- | i | + calculate MDP (Punzi)
* check for many mass/channel combinations

MDP-Punzi

* Want to find 1 single cut per dataset

\—» (robustness rather than fine-tuning)
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lceCube /9 string sensitivity

IcCECUBE

35 *lceCube PRELIMINARY*
- | ] | ] ] | ] | | ] | ]

"1 MSSM incl. XENONJlr --#-- |ceCube 2011 (Jay. data) (b)
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Global SUSY analysis with lceCube

O .
More details: P.Scott, C.Savage, J. Edsj6 & the |ceCube Collaboration, arXiv:1207.0810 ICECUBE

Include IlceCube event level data in a global statistical fit.
— parameter estimation rather than model exclusion

Composite likelihood made up of observations from all over:
¢ Dark matter relic density fromm WMAP
¢ Precision electroweak tests at LEP & LEP limits on sparticle masses
¢ B-factory data (rare decays, b — sy)
¢ Muon anomalous magnetic moment
¢ LHC searches, direct detection (not yet included in examples)

Lc©)=L:(n16,0)+6,) [ | L (E, 10) L, (cos ¢, 1©)
k=1

+ lceCube

. , , = @: WIMP or SUSY parameters
unbinned likelihood P

n: Number of muon events
E,: Muon energy
cos¢,: Muon angle from Sun
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Global SUSY analysis with lceCube

O .
More details: P.Scott, C.Savage, J. Edsj6 & the |ceCube Collaboration, arXiv:1207.0810 ICECUBE

CMSSM, IceCube-22

_42 IScc;tt. :)anlning;er. ISa\'alge. Ilidsiﬁ, Pllult?visi & 'Il"hellce?ubie Cc;llabl. ('2(])12) . —38 IScc;LL. :)anilingler. lSavalge. Ih‘dsj;b, }:ultcllvisi & 'll'hellcefubie Cc;llab'. (2([]12) .

n IC22 global fit - B IC22 global fit -

= flat priors - —39 N flat priors .

—43 CMSSM p >0 — = CMSSM p >0 4
. 0.8 0.8 =
B Marg. posterior ] B Marg. posterior T o
~~ = - ~~ = 1
“ N =40 — 3
= b = 0T |
S 4= - nE = N N 0.6 g
S B i & = i &
7 - . o 41 | ~ B
0 0n o
) - T L i ) =
o —45 — 0.4 . B . 04 <
i | A — B . ~
g ] £ 2P N =

46 |0 |02 i i 2
| —43 - —
: ® Mean : | ® Mean N
1 1 1 I 11 1 I 1 1 1 I L1 1 I 11 | L1 1 I L1 1 I L1 1 I L1 1 I L1 |
0.0 0.2 0.4 0.6 0.8 1.0 0.0 0.2 0.4 0.6 0.8 1.0
myo (TeV) myo (TeV)

X Contours indicate 10 and 20 credible regions
X Grey contours correspond to fit without lceCube data
X Shading+contours indicate relative probability only, not overall goodness of fit
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Global SUSY analysis with lceCube

O .
More details: P.Scott, C.Savage, J. Edsj6 & the |ceCube Collaboration, arXiv:1207.0810 ICECUBE

CMSSM, |ceCube-22 with 100x boosted effective area
(indication for lceCube-79 and 86-string prospects)

_42 IScc;tt. :)anlningler. ISa\'alge. Ih'dsiﬁ. PIIult?visi & 'Il"hellcefubie Cc;llabl. ('2(])12) . —38 IScolt.t. :)anilingler. lSa\'aIge. Ih‘dsj;ii, }Ilult(:visti & 'Il'hellcefubf Colllab'. (2([]12) .
n 1C22 x 100 . B 1C22 x 100 B
= flat priors - —39 N flat priors .
—43 CMSSM >0 — [l < B CMSSM >0 | [
B Marg. posterior ] B Marg. posterior T ?;E
~~ = - ~~ = 1
“ N ~ —40 — 3
= - g i i 3
S 4= - nE = N - 0.6 'g
oY B . & — - 5,
7 - . o 41 ~ B
0
st . £ y 2
o —45 — 0.4 . . 04 <
i | A — B . ~
g - i - N i
_46 o2 i i 2
- —43 |0 —
| ® MNean : | ® Mean N
1 1 1 I 11 1 I 1 1 1 I L1 1 I 11 | L1 1 I L1 1 I L1 1 I L1 1 I L1 |
0.0 0.2 0.4 0.6 0.8 1.0 0.0 0.2 0.4 0.6 0.8 1.0
myo (TeV) myo (TeV)

X Contours indicate 10 and 20 credible regions
X Grey contours correspond to fit without lceCube data
X Shading+contours indicate relative probability only, not overall goodness of fit
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