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IceCube Lab

lceCube Observatory

» lceCube
e physics run with 59 strings

currently 79 strings

36 strings in 2011
125 m inter-string spacing
17 m DOM distance

» taking data during construction

» AMANDA decommissioned on May
11, 2009

» Deep Core completed with 6 strings

lceCube

IceTop

_“/ 80 Strings each with

2 IceTop Cherenkov Detector Tanks
2 Optical Sensors per tank
320 Opttical Sensors

2004 Project Start 1 Hole
2009 Current Status 59 Holes
2011 Projected Completion 86 Holes

IceCube In-Ice Array
86 Strings, 60 Sensors
5160 Optical Sensors

AMANDA-II Array

(Precursor to IceCube)

Deep Core

360 Optical Sensors

/6 Strings - Optimized for low energies
‘* l“ 33

Eiffel Tower
324 m

Digital Optical Module - DOM o







high energy neutrino astronomy

MeV neutrino astrophysics » search whole sky

/- AMANDA-II, unfolded : .
= Frejus » high background from south
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= | » high energy selection

IceCube-22 Data vs. Monte Carlo Simulation Data
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high energy neutrino astronomy




atmospheric neutrinos
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lceCube 22 strings (2007)
unfolded atmospheric vy spectrum

preliminary

. unfolded data
default simulation
— AMANDA-II data

systematic
uncertainties
under strict
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lceCube 40 strings (2008)
unfolded atmospheric vy spectrum

atmospheric neutrinos

Solid fine s simulation: Honda + Sarcevic models (extended)
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atmOSpheriC neutrinos unfolded atmospheric vy spectrum

Spectrum of atmospheric neutrines with Bartol+prompt and AMANDA-I |

John Kelley
Kirsten Munich
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atmospheric neutrinos & non-standard oscillations

Abbasi et al., Phys. Rev. D 79, 102005 (2009), arXiv:0902.0675
Violation of Lorentz Invanancef VLI Model Limit Curves
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VLI Limits (90% acceptance regions)
IC80 estimate (Gonzalez-Garcia, et al)
IC40 sensitivity
AMANDA-II 2000-2006 (Kelley)
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» IC40 preliminary : systematic uncertainties affecting
energy/angular shape under scrutiny
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John Kelley (IC22) - Warren Huelsnitz (IC40) » will constrain VLI, QD, and other models




sources of astrophysical neutrinos

solar shock acceleration | |observed shocks in SNR  EEErcas
SN 1006 &&rw

well known
| NEUTRINO BEAMS: HEAVEN & EARTH

roton
o accelerator P

o target

pt(pory)—>m+X—> ve,vu+ X neutrinos...
—»m+X-> yy+X gamma rays ...

Flux ~ E;? (Fermi acceleration) —f f — neutrino and gamma
« directional

: beam connection

protons @ knee produce ~ 300 TeV Y rays

magnetic
fields




neutrino effective area for lceCube 40

steady point sources i T
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steady point sources

|IC22 (275.7 d) : sensitivity
discovery potential

IC40 (175.5 d) : sensitivity
discovery potential

IC40 (275.6 d) : sensitivity
discovery potential

background

J Dumm, C Finley, T Montaruli

IC40 and I022 E Sensntnvnty and Disc Potentlal |
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down-ward muons



lceCube 22 strings (2007

steady point sources

Abbasi et al., Astrophys.d.701:L.47-L.51 (2009), arXiv:0905.2253
J Dumm, C Finley, T Montaruli

BRI .. ..

R 4 P & T
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R Lauer, E Bernardini

O hottest spot @ o = 153.4° Abbasi et al., Phys.Rev.Lett.103:221102 (2009), arXiv:0911.2338

= 11.04° L
® 275.7 days livetime

® post-trial -log1o(p-value) = 1.34% ,
° _2o¢g ® northern hemisphere

» up-going atmospheric neutrino-induced muons

® southern hemisphere
» down-going high energy muons up to -50°




lceCube 40 strings (6 months of 2008)

steady point sources

J Dumm, C Finley, T Montaruli

south

(O hottest spot @ o = 114.95° ® 175.5 days livetime

0 = 15.35° _
® northern hemisphere

e pre-trial -logio(p-value) — 443 » 6,796 up-going atmospheric neutrino-induced muons
® southern hemisphere
» 10,981 down-going high energy muons

® best-fit # of source events = 7.1

® best-fit spectral index =2.1 » 10-° background rejection through energy cut ( 100 TeV)

® all-sky p-value = 61% » Ui/t~ 108




It is believed that Galactic accelerators are powered by the
conversion of 10°°erg of energy into particle acceleration by
diffusive shocks associated with young (1000-10,000 year old)
supernova remnants expanding into the interstellar medium [1].

searching for point sources

A. Kappes, F. Halzen, A.O’Murchadha, NIM A 602 (2009) 117

MGRO J1908+06

Milagro data

H.E.S.S. data

fitted y spectrum

calculated v spectrum
- — mean atm. v spectrum

e search for extended sources ?

I/I ILRAL
/
/
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» CR interacting in molecular clouds

» CR from galactic plane IC40 1 yr sensitivity

* 1 yr of IC86 to improve > 2x

IR 4'5'[' I

» multi-wavelength

» time variabilities

MGRO J2019+37 MGRO J1852+01

Geminga MGRO J2031+41 MGRO J1908+06

(deg)
S o

o w
Significance

Latitude

Longitude (deg)
MGRO J2043+36 MGRO J2032+37




lceCube 22 strings (2007)

search for dark matter

» WIMP (x) annihilation in the Sun

G. Wikstrom

®  Data
Background
= WIMP 1000 GeV, hard

0.994
cos('V)




search for dark matter

Abbasi et al., Phys.Rev.Lett.102:201302 (2009), arXiv:0902.2460
L - . G. Wikst , M. Danni , C. de los H
» WIMP () annihilation in the Sun HSTOM, T, FHINIGEn B, 65105 TETeS
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e require models of solar DM distribution &

annihilation modes : W*W- (hard), bb Corresponding osi more than factor
(soft) 10° beyond current direct limits




search for dark matter

» WIMP from galactic halo

halo models

% . < O-Av > Rscpszc de

dE -~ 2 Wi dE

measurement constrain SUSY models

improvement expected with Deep
Core (low energy extension) & with
further event selection optimization
(@ lower energy)

10716

10718
107¢
10722

10724

10728

oo Carsten Rott  arXiv:0912.5183

-80°

sef: (bb}

hard (VWV}

line {uY)

lceCube Preliminary

unanty bound

no thermal relic

T
10°
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Stanev, Gaisser, PDG

cosMic rays

Grigorov a
JACEE v
MGU v
TienShan ¢
Tibet07 @
Akeno e
CASAMIA =
Hegra o
Flys Eye ¢
Agasa ¢
HiResl e
HiRes2 B

» SNe have enough power to sustain the G g 5D L
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» galactic CR believed to be accelerated
in expanding shock waves initiated by
supernova explosions

E%2'F(E) [GeV!' T m2 s sr!]
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Auger hybrid 4
CR population against escape from the .
Galaxy and energy losses, if there is a 0% 101010t [;@]17' 105 109 10
mechanism for channeling ~ O(1)% of
the SN mechanical energy release into
relativistic particles

Horandel, Astrop. Phys., 19-2, 193 (2003)
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» diffuse shock acceleration can
accelerate CRup to 3-10'°-Z eV
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Stanev, Gaisser, PDG

COSMIC rays

Grigorov a
JACEE v
MGU v
TienShan ¢
Tibet07 @
Akeno e
CASAMIA =
Hegra o
Flys Eye ¢
Agasa ¢
HiRes1 e
HiRes2

SNe have enough power to sustain the oD

CR population against escape from the S

Galaxy and energy losses, if there is a 10 10 105 100 107 108 10° 10%
. o E [eV]

mechanism for channeling ~ O(1)% of

the SN mechanical energy release into

relativistic particles
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» galactic CR believed to be accelerated
IN expanding shock waves initiated by
supernova explosions
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Horandel, Astrop. Phys., 19-2, 193 (2003)
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diffuse shock acceleration can
accelerate CRup to 3-10'°-Z eV

N

galactic CR expected to be isotropic :
scrambled by galactic magnetic field
over very long time
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CcOSMIC rays anisotropy

» measure relative CR variation in
iNndividual declination bands

» arrival direction anisotropy of O(104)

R Abbasi, JC Diaz Vélez, PD




CcOSMIC rays anisotropy

» measure relative CR variation in
iNndividual declination bands

» arrival direction anisotropy of O(104)

Amenomori et al., Science, Vol 314, pp 439-443 (2000)
1.002

1.0015

1.001

1.0005

1

R Abbasi, JC Diaz Vélez, PD




COSMIC rays anisotropy

» measure relative CR variation in
iNndividual declination bands

» arrival direction anisotropy of O(104)

3

Relative Intenslg

systematic uncertainties

I ' ' l 1 L L
100

R Abbasi, JC Diaz Vélez, PD

I 1 l 1 1 I 1 l I 1 'l I I
250 300 350
Right Ascension




preliminary

1.002

1.0015

1.001

1.0005

1

2418719 10.58/19
0.1894 0.9372

0.0007341 = 0.0000324 -0.0002959 = 0.0000645
63.38 = 2.54 -86.82 = 12.47
-0.0002114 = 0.0000326 0.0001502 = 0.0000643
24.89 = 4.39 109.7 = 124
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R Abbasi, JC Diaz Vélez, PD lceCube-22 : anisotropy persists at high energy
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cOosmicC ray anisotropy

* probe for local environment

» heliosphere = TeV

» Interstellar matter = TeV

amplitude[%)]

e properties of interstellar magnetic field 192

10 10° 10° 10° G
Primary energy[GeV] (1 1G)

» galactic neighborhood (~ 1 pc) 10 10° 10° 107 1 gyro-radius (po)
20 200 2,000 20,000 200,000 gyro-radius (AU)

heliospheric influence galactic influence

» diffusion of cosmic rays




cOosmicC ray anisotropy

* probe for local environment

» heliosphere = TeV

amplitude[%]
=)

» Interstellar matter = TeV

e properties of interstellar magnetic field 1o
10° 10° 10* 10° 10°
Primary energy[GeV] (1 1G)

» galactic neighborhood (~ 1 pc) . 10% 10° 10° 1 gyro-radius (po)
20 200 2,000 20,000 200,000 gyro-radius (AU)

 heliospheric influence  galacticinfiuence

» diffusion of cosmic rays

e connection to the origin of CR : contribution of nearby recent SN explosions

» single source contribution to the knee of CR spectrum

arXiv:astro-ph/0601206, Erlykin & Wolfendale




summary

e |ceCube will be completed at the beginning of 2011 : 86 strings
e lower energy threshold with Deep Core : ~ 30 GeV
e sensitivity for neutrino searches will improve at least x 2 wrt |C-40
e search of extended sources, UHE, EHE neutrinos
® {00 soon to invoke non stanaard models
e search for non-std particle physics & indirect search for dark matter
® CcosMic ray anisotropy as probe of local IS environment or of origin of CR’s

® cnergy dependence, small angular scale
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effective scattering coefficient, b, [m"]
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Deep Core
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¢ 6 dedicated + 7 lceCube strings

e /2m inter-string spacing (125m) o l } I AI\/lANDA

I

veto cap

e /m DOM spacing (17m)

e high QE PMT (38% higher)

|
i
» = 5x effective photocathode _ b | R
density |

e [ceCube as veto + veto cap

¢ in the clearest ice

® Aatten ~ 40-45m (cf. 20-25m in

shallower ice)
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scattering

pas®

e absorption T Bt Measurements:
| P in-situ light sources
P atmospheric muons

absorptivity [m'l]
=3
|

® [aboratory ice
® (Cleanest AMANDA-II ice
® (Cleanest AMANDA-A ice

effective scattering coefficient [m'l]
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absorption by pure ice
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Average optical ice parameters:
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|
c e I o p e I e s & IceCube-40 interstring (surface) distances
500 s 208 e
7528 J7% i % s 74 B
o & ’ 125 ¢
0 r§.:~ %‘\;‘c . 24871 1248 v k, 2 ﬁ,? "fz

Analyses are sensitive to the
optical properties of the ice.

Below 1400 m, dominated by
Impurities in the ice

Measure with ‘dust logger’

¢ |ce layers are not completely planar
Up to 70 m/km tilt

i Holez!
. W Hole 5

Dust Logger Signal

1600 2200 2400
3 Meters
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growing lceCube

Livetime

U rate

V rate

|37 days

80 Hz

1.7 / day

275 days

550 Hz

28 / day

~365 days

1000 Hz

110 / day

~365 days

1500 Hz

160 / day

~365 days

1650 Hz

220 / day




seasonal variations in lceCube

effective temperature Relative Muon Rate and T, vs Days
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Moon shadow
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events / 1000

5 months of IC40

Moon max. altitude at the South Pole
(2008). 28°

Median primary cosmic ray energy: 30TeV

Deficit: 5 o (~900 events of ~28000) -
consistent with expectation.

Verification of angular resolution and
apbsolute pointing.

More statistics will allow study of
angular response
function
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atmospheric neutrinos & non-standard oscillations

Abbasi et al., Phys. Rev. D 79, 102005 (2009), arXiv:0902.0675
Violation of Lorentz Invariance VLI Model Limit Curves
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VLI Limits (90% acceptance regions)
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[C40 sensitivity
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atmospheric neutrinos & non-standard oscillations

Abbasi et al., Phys. Rev. D 79, 102005 (2009), arXiv:0902.0675
V|olat|on of Lorentz Invanance VLI Model Limit Curves
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VLI Limits (90% acceptance regions)
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atmospheric neutrinos & non-standard oscillations

» VVector Model

» violation of rotational
iInvariance of standard
iInteraction coefficients

Iogm(EV/GeV)

» oscillations as a function of
, . 150 200 250
Ev, L and direction Right Ascension

preliminary
IC40:
a’’ <13x107%

TX ,TY _27
c, " <2.5%10
ynzaleZ<Garcia, Halzen, and Maltoni, PRD 71, 093010 (2005)

>
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N

Iogm(EV/GeV)
w

150 200
Right Ascension

Warren Huelsnitz
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IC40 6 months: Best Fit Gamma for Source at Dec. -50° IC40 6 months: Best Fit Gamma for Source at Dec. -50°
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search for dark matter

» Kaluza Klein Dark Matter Abbasi et al., arXiv:0910.4480
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AMANDA (1997-99)

search for dark matter

» WIMP (X) annihilation in the Earth

» muon flux

Achterberg et al., Astropart. Phys. 26:129-136 (2006)
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oo Carsten Rott  arXiv:0912.5183

search for dark matter

» WIMP from galactic halo

A RA=18 N

halo models
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improvement expected with Deep Core (low energy extension) My [GeV]
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Deep Core from above

e 6 strings with hi Qg PMT

» 60 DOMSs/string

e 7/ surrounding lceCube strings

» 22 DOMs in DC range




Deep Core

Optical efficiency from freezer tests
| . | T T
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— quantum efficiency ~38% higher (405 nm, -40C), ~ 30% higher noise rate in ice.

— low temperature (-40°C) noise behavior scales with quantum efficiency as expected.

46




Deep Core (animation)




drill (animation)
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lceCube-22 : significance
Rasha Abbasi



» data from 1997 to 2005
» 1874 days livetime

» 3.7-1070 events

» angular resolution ~ 0.9°

Dec. (degqg)

» modal CR energy ~ 3 TeV
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anisotropy seems to disappear :
co-rotation of cosmic rays ?

Tibet-lll Array

galactic cosmic ray anisotropy - Paolo Desiati
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2D skymap of relative intensity in
arrival direction
(normalized in each declination band)

Amenomori et al., Science Vol. 314, pp. 439 (2006) 50
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