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ceCube at Sout Ol€

lceCube Lab

\.’. == IceTop

- — T - 80 Stations, each with

50 m ~ S = 2 IceTop Cherenkov detector tanks
3 -y osiiinr 2 optical sensors per tank

« 1km3 volume ' - 320 optical sensors

« 80+6 Holes
. 2010: 79 strings in operation
« 60 Optlcal Modules 2011: Project completion, 86 strings

« 17 m between modules
IlceCube Arra
« 125 m between holes /86 strings incIud?;\g 6 DeepCore strings

60 optical sensors on each string

5160 optical sensors

1450 m|_____

H DeepCore

C 0 n Stfu Ct' o n /6 strir?gs-spacing optimized for lower energies
° ° ' ' 1330 as 360 optical sensors
Finished!! i Eiffel Tower
i f ; 324 m

2450 m '
2820 m




Astronomical Neutrino Sources

high energy cosmic-ray sources, e.g. AGN, GRB... ‘ Cosmic accelerator

photon

CMB
star-light

Synchrotron A Resonance
Radiation

Cosmic
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The sources of the highest energy neutrinos

EHE cosmic-ray and CMB induced neutrinos
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The main energy range: E, ~ 10°%° GeV

World UHECR Data:

» Haverah Park
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Razzagque GRB Progenitor 2003
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------ Waxman Bahcall Prompt GRB
---------- Blazars Stecker 2005
= BL LACs Mucke et al 2003
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—— — = Waxman Bahcall 1998 x 3/2
.......... ESS Cosmogenic v, +v, 2001

Neutrinos from CR sources

GZK neutrinos

-----------

E2 dN /dE, GeV cm™ s sr
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lceCube Event Gallery

Cherenkov light illuminations from particles
With 40 strings, 2008 Dec

]

With 79 strings, 2010 June  [RAAZZASIULIVERVVY

| With 40 strings, 2009 May

Run

Energy threshold ~10 GeV
>108 muons/day
>200 neutrinos/day



Directions in IlceCube:
particle screening and the energy upper bound

* Neutrinos identified as
“through the Earth” up-going
events but only upto < PeV

e EHE neutrino-induced events
are coming from above and
near horizontal direction

EHE neutrino mean free path
|n —~ 100 km << REarth
scc ~ 106 4mb

Va >Pev  UP-g0INg ¢ ipey
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— Upward-going neutrinos
« Conventional atmospheric neutrino background
* Prompt neutrinos + astrophysical neutrinos

 Directional reconstruction is important — initiated by only neutrino
Induced muon sensitive analysis

« BEROIRILF—
— All direction

— High energy
— All Flavor

EZDMROS—
— All direction
— Flavor sensitive
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GZK signal NPE vs MC truth in-ice energy
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for 2008-2009 data with the half IceCube

Level-0 Online filter data reduction

Level-1 appropriate sets of MCs/Data samples
* MCs are high energy optimized

Level-2 Quality cut

« Less systematics
« Detailed MC/Data comparisons

 Level-3 Final selection
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Number of events per livetime
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Level-1: Samples

promising GZK neutrinos = high NPE horizontal events

level-0 NPE distributions
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promising GZK neutrinos = high NPE horizontal events
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Pulse timing indicates the signal-like-ness

Earlier pulses relative to LND time -

eventLength = tino— tast |

Horizontal-> short length
Vertical - long length
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Number of events per livetime

Number of evenis per livetime

level-2 NPE distriburions: Shallow
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Summary of analysis

Level-0 Online filtering level —log NPE > 2.8

Level-1 Coincidence pulse cleaning,
MC applicability: Nch > 200 && log NPE > 3.5
Level-2 Horizontally mis-reco event cleaning for shallow and timing

distributions for deep events

Level-3 Final Candidate Selection Criteria
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Error Budget

Signal (GZK1)
= 0.8 %(stat.)
+14.0 -11.6 %(sys.)

Background
+ 17.0% (stat.)
+60.4 % -96.0%(sys.)

Err. Sources Signal (GZK model) Err. Sources Background
statistical error  + 0.8 % statistical error +17.0%
NPE Composition -83.86%
measurement
in-situ calib. ) 0 interaction model | +36.1%
18 5% +3.89/-7.22 %
in-lab calib. Coincident event 0
10.1%) (cos theta>0.2) +29.4%
neutrino cross 9.0 % Coincident event +10.5%
section (cos theta<0.2)
photo-nuclear +10.0 % ice property +30.2% / - 22.2%
interaction ' NPE

0) - 0)
LPM effect £ 1.0% measurements +37.1%/7-46.7%




Diffuse neutrinos with extremely-high energies

E-2 flux upper limit in 10%3 < Energy/GeV < 1098

333.4 days upper limit with only the half detector

4 / GeV y flux limit by Fermi
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*Yoshida et al The ApJ 479 547-559 (1997), **Kalahsev et al , Phys.Rev.Rev. D 66 063004 (2002), ***Engel et al, Phys. Rev. D, 64(9):093010, 2001, ****Ahlers et al,
Astropart. Phys. 34 106-115 (2010) #Yoshida et al, Phys.Rev.Lett. 81 5505 (1998),##Sigl et al , Phys.Rev.Rev. D 59 043504 (1998), “Razzaque et al(2003)



Near Future Sensitivity
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Expected EHE signal event rates

Models The half IceCube Thz gicnel\(/::ri:be
# of events (3 years)
GZK1 (Yoshida et al) * 0.57 3.1
GZK?2 Strong Evol. (Sigl) ** 0.91 (C.L 53.4%) 4.9
GZK3 (ESS with W =0.0) *** 0.29 1.5
GZK4 (ESS with W =0.7) *** 0.47 2.5
GZK5 (Ahlers max) **** 0.89 (C.L 52.8%) 4.8
GZK6 (Ahlers best fit) **** 0.43 2.3
Z-Burst # 1.03 (C.L 55.7%) 5.1
Top Down(SUSY) ## 5.68 (C.L 99.6%) 31.6
Top Down(QCD) ### 1.19 (C.L 66.4%) 6.3
W&B(evol) » 3.7 24.5
W&B(no evol) # 1.1 5.5

*Yoshida et al The ApJ 479 547-559 (1997), **Kalahsev et al , Phys.Rev.Rev. D 66 063004 (2002), ***Engel et al, Phys. Rev. D, 64(9):093010, 2001, ****Ahlers et al,
Astropart. Phys. 34 106-115 (2010) #Yoshida et al, Phys.Rev.Lett. 81 5505 (1998),##Sigl et al , Phys.Rev.Rev. D 59 043504 (1998), “Razzaque et al(2003)



Flavor and Angle Dependence

Effective Area [m?]
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lceCube Sees Wide Energy Range

All-flavor 90% CL limits and model fluxes

Baikal (all flaver) 1038d Razzaque GRB Progenitor 2003
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At: Time difference between intersection of shower plane with IT tank
and IT hit time stamp (raw!)

dMPE,IT:lmpaCt Parameter

(perpendicular distance to track)

Inlce Track

Eiffeltornet

Jan Auffenberg and Shirit Cohen



DOM Waveforms
and Event Topology

InlceRawData
11 T

Future implementation2: Bundles, outlying muons & more
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Outlook

e 2008-20097—4IZ&kB.EHE —a—k) /f##HIZ&>TlceCube
2B TEHGCZK=a— ) /IERDR—RFTA LML, (DraftiE
Final Collaboration reviewd ., EEH[Z[E~R—/\—SubmitLZE

9)
« 2009-2010FE T —4f#E#r$ (ICRC2011)
— 2008-2010 CombinedT—4ATIRENII VD 1/2

e 2010-2011FET—RBHIZT T LL\BG vetoD FEDR
b (ICRC2011)

e 200844 A M i520124E5H FTOCombinedT—%4£& 4T (Full
lceCube 3FENHHY) TCGZKETILDEGHA AIEE !

New pictures of the Universe shooting at South Pole
with the full IceCube detector coming soon!
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