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The IceCube observatory

IceCube Lab Deployment

X_*__:,‘— = IceTop

B i cumais 4 05/06 9 strings (IC09
| 524 optical sensors e 06/07 22 strings (IC22
lceCube Array e 07/08 40 strings EIC4O

86 strings e 08/09 59 strings (IC59

60 sensors on each string

5160 optical sensors e 09/10 79 Strings (|C59
(including DeepCore)

e 10/11 86 strings (IC86)
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Dec, 2011
DeepCore _ ->installation completed
/ optimized for lower energies
_JEiffeI Tower May, 2011 _
o B [324m ->operation of IC86 array
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Detection method
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vy energy and pointing resolution
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10%

Energy resolution

10° o estimated from
dE/dx of muons

e dominated by
10°  stochastic losses

> 0(E,) = 0.3 logo(E,)

->0(6,) = 1" at 1TeV

Pointing verification
e +4° window around moon

-> 130 underfluctuation in IC59
(14 moon cycles )
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Point source searches

Dataset
e |ifetime 723 days (IC40+1C59)
e 43339 up-going events, 64230 down-going events
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S Hottest spot

E o RA:  75.45°
& e DEC: -15.18°

&~

® -log1o(p) = 4.65

> 74.2% chance
probability

->no close-by
candidates
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Prompt and diffuse v. flux

Atmospheric neutrinos TF . . sy,
- b u} rejus v,
e conventional flux a0 10° g S
Y ﬂ —_ -2 ; 10° — R OL@/). o ﬁmgglllr?(? V'f
Ve' UX - ~1 O Vp-ﬂUX 8 1 \ $//:]forward olding
0t X lceCube v,
e prompt flux = \ %Poﬁfxﬁﬁ?oldmg
10°g
e decay of charmed mesons b
(e.g D%,Do,/\¢) :
107
->measurement allows to probe - 1C40
hadronic interaction models E
10-9-“““““““““““““‘\\\\\
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Electron neutrino flux

e distant neutrino sources 1000
-> neutrino oscillations

) 5800

e flavour ratio (1:1:1) % N

] — NC
e experimental challenges g oo u
L L. : 2 D
=> limited pointing resolution 5 2
->background from 2 » S

bremsstrahlung cascades 200—— “i

-> approaching needed sensitivity 0 O
Bartol Honda Data
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Gamma ray bursts

Fireball model (long GRBSs) External Shock

e collapse of massive star o ternal Shock
e ultra-relativistic jets

o . parts of the flow
e shock front collission
-> PeV neutrino emission
e total energy release ~10°2 ergs

->good candidate for
extragalactic cosmic ray flux

IceCube GRB analysis

e ~220 GRBs from GCN =

e coincidence analysis % Wi
- time window (AT = 0.1-100s) cecuBess
- direction (AWicecuve = 1°)  Comeneo umT

e per-alert emission model
e 8.4 events expected i 4 vy h
® no events observed = / 49
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-> serious constraint on GRB models
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Follow-up program

universitat
Idea transient ’
. . . event
e trigger follow-up observation by neutrinos in lceCube (SN,GRB,...)"
=> online neutrino analysis ¢

Online analysis
e neutrino selection (~75% purity) orthern

. . (o]
e multiplet anaIIyS|s ( AT <100s, AY < 4°) hemisphere
=> alert (~5 min latency) institute

Follow-up programs
e optical: ROTSE, PTF
=>first limit on jet in SNe
e X-rays: SWIFT
e y-rays: MAGIC, VERITAS
Iridium
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Dark Matter searches

Neutrinos
* Annihdlation channel
(branching ratios)

Indirect searches
e yx — W*W-/bb — v annihilationin .
=> galactic halo Phys.rev. D84 (2011) 022004]
® <oa-v> < 10?2 cm?3 s
-> gravitational traps (sun, earth)

e probe spin-dependent
cross-section

0.05 <9, h* <0.20

Sun

N 4

Annihilation
* Annihilation cross-section

Capture (scattering)
« Scanering cross-sections (S| & SD)

IceCube+AMANDA results

MSSM SD cross-section limits

103 | g <ol™ CDMS(2010)+XENON100(2011) Super-K 2011, bb imi i
35 [ = - = IC/AMANDA 2001-2008, b Super-K 2011, W* W~ | ® beSt Ilmlt on Spln'dependent
10 == IC/AMANDA 2001-2008, W+ W~ () KIMS 2007 CrOSS-SeCt|OnS
1033 F —— IC86 180 days sensitivity, W w— (*) COUPP 2011
(*) . — i . .
o) T formy <y ->|C86 will constrain global SUSY
Q; 10} fItS
\8’ -36 |
a: 10 -an x Withoot kK eCube 22 x 1001
[ 3 flat P flat Mo
F Profte Lkeblhood Prof L kelihood
.| O MSSM 0 MSSM, u>0
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WIMP mass (GeV)
[Phys.Rev. D85 (2012) 042002]
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universitat
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IceTop

Charged cosmic rays

e sample shower
on the ground

® ot >10 MeV

IceCube

e high-energy muon core

® u* =300 GeV

-> 3D air-shower array
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Combined
7 e AQ =03 km2sr
® Enim= 300 TeV
- 1079 showers per year
-> 107 with Inlce signal

[arXiv:1202.3039,
submitted to APP]

e ICETOP, 2 Componemts
= ICETOP. Proton

Physics program
*444. e spectrum
e composition
® anisotropies
e hadronic interactions
e v-veto

1 A 4 1
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Multi-scale cosmic ray anisotropies

Anisotropy analysis

equatornial coordinates

e 1073 intensity variation 5 TeV o Tibet-lll

e energy dependent . e e
Dipole moment yawL /v ;'

e does not correspond /ol

to the relative motion
in the Galaxy
(Compton-Getting effect) .

~

S — ; ‘ ey
Hot t analvsi | - lceCube-39
ot-spo ana-yS|s — o ' relative intensity
e subtract dipole and quadrupole ,;, ., arXiv:1109.1017

e smooth map on different scales
=> multiple hot-spots observable

significance significance
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Enhancing the cosmic-ray laboratory

Technology

e phased array of
radio antennas

® |ow-cost, fast deployment

Radio emission from air-showers
e geosynchrotron mechanism
e ct deflected in earth B-field

> 10ns radio pulse
(10-150MHz)

Physics gain i
+ increased Aef- Q) (veto!) SETIRARRRRAEAL+

e signal proportional to
integral e* component

:«4—— |ceTop tanks
-> additional energy estimator - W"— ceCube modules
+ additional sensitivity to Xmax o
e overconstrain shower parameters - . o "
->improve systematics -+ - 4 Radioantennas
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Cosmic rays
e unique 3D.cosmic-ray laboratory
e unfolded spectrum and composﬂion,thh Inlce datay

=> cosmic rays become heavier at the‘&ne
® anisotropies obse -o onnultiplesscales -
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