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lceCube Lab

50m

1450 m

2450 m
2820 m

IceTop

81 Stations, each with
2 IceTop Cherenkov detector tanks
2 optical sensors per tank

324 optical sensors

IceCube Array

86 strings including 8 DeepCore strings
60 optical sensors on each string

5160 optical sensors

December, 2010: Project completed, 86 strings

DeepCore
/ 8 strings-spacing optimized for lower energies
480 optical sensors

*i| Eiffel Tower
324 m

P 86 strings

(8 Deep Core)

81 IceTop stations

5484 optical sensors

1 billion tons of ice




AbN10

configuration (years) livetime (d) | trigger rate (kHz) | neutrino rate (d*)
AMANDA 19 strings (2000-2006) 1387 0.1 5

9 strings (2006) 137 0.08 1.7

22 strings (2007) 275 0.6 28

40 strings (2008) 375.5 1.1 37.6

59 strings (2009) 348 1.9 1245

79 strings (2010) ~ 365 2.3 170

86 strings (2011) about 1 month 2.7 190*
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Data selection

1TeV—-1PeV ' 1PeV-100 PeV

Upgoing region efficiency:

(eff trigger * eff L3 * eff PS-
final) = 0.79%0.76*0.27 = 16%
in 59 strings (eff PS-final = x
2 than 40 strings)

(AN
o -0.5
40 string data

Final sample from straight cuts on variables on track quality, direct light hits,
zenith of “split’ events, angular resolution estimate, muon energy proxy




Upgoing region: final selection

@ For 59 strings we improved the selection using 2 BDTs with variables with

small correlation

@ This enhances the efficiency by 40% and
up to a factor of more than 2 at 100 GeV

Ratio A, BDT/SC

data/MC vs zenith (upgoing)
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Angular Resolution (°)

PSF in ANTARES and IceCube
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eevent - emoon [deg]

Sub-degree Pointing proved on the Moon

moon

)*sin(0,,.,) [deg]

Moon shadow LH analysis (to be presented at

ICRC2011): 2 analyses with fine binning and unbinned
and consistent results

More than 120 underfluctuation in 59-strings

Cosmic Rays




Addition of the downgoing region

=§| black lines: E- contour
Sl from 5% to 95%

Energy proxy cut vs cos(zenith) to keep event

rate constant.
Done to select the high energy tail of
atmospheric muons and limit number of events to

be used in the LH method

2 3 4 5 6 7 8 ; : : — — Atmospheric (up-going)
|Og10E /GeV . —— E? (up-going)
: 3 : E? (down-going)
E"® (down-going)

Northern sky = TeV-
PeV astronomy

10

dP/d[log, (E/GeV)]

IceCube, Astrophys.J.732:18,2011

Iog (E /GeV)




LH analysis and PDFs

likelihood function

background PDF from scrambled data B(x. [ )
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TEST STATISTICS DISCOVERY POTENTIAL

Test statistics. Fit parameters that minimize test
statistics or maximize the likelihood ratio

Sy e
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Reliable results: Blind analysis, background from data, p-values from scrambling




The golden channel: point-sources

From AMANDA...

Max Significance
5=54°, a=11.4h
3.380

Observatory data: http://www.icecube.wisc.edu/science/data




22-string all-sky results

Northern sky (v bkg
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..to 1/2 IceCube Map

14139 up-going (x2 from AMANDA in x3 less time), 23151 down-going in 375.5 d
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IceCube, Astrophys.J.732:18,2011
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Selected Source List
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E-2 median sensitivity and upper limits (90%cl)

|C59 350 d

preliminary IC59 and IC59+40 sensitivity are preliminary
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Biggest Shower in IC40 EHE Analysis

IceTop HLC in 4(+1) Stations!

250,086 photons . F¥
65° zenith g

10 PeV in detector /. /1

A. Ishihara, S. Yoshida 18
the event is rejected by blind cuts




CRAB

paper submitted to Ap)

(STEADY EMISSION)

lceCube 40 strings
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- = Upper limit 90% CL |]
— Flux prediction

Kappes et al.
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1 For isotropic emission the E~Z limit
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[ of I x 10 ergs-| ~1.7

luminosity between 0.4-40 TeV.

| L &B 2006: ions accelerated to A

threshold with constant E-field

[ (1) orlinearly increasing E-field
| (2) with height above n star

| surface. Most optimistic

| predictions rejected @> 90% cl

Blasi & Amato 2003: close to exclude most optimistic values of the plerion wind Lorentz

factor (107) and of effective target density for protons.

Kappes et al, 2007: protons
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Stacking the Milagro Pevatrons (SNR in molecular clouds)

Galactic Latitude (deg)

-10

Declination [°]
N
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Catalogue

Med Sens

upper limit
(90%ccl)

6 Milagro SNR

Model (Gonzalez-Garcia et al., arXiv:0902.1176): if E-? cut-off at 300 TeV (10% of the knee of

2.9x prediction

7.2 X prediction

their CR primaries) => 5a in 3 yr of IceCube
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Stacking and extended sources

The origin of Galactic cosmic-ray ions has remained an enigma for almost a century. Although it has generally
been thought that they are accelerated in the shock waves associated with powerful supernova explosions ...we
may be on the wrong track altogether in looking for isolated regions of cosmic-ray acceleration.

(Y. Butt Nature 2009)
discovery potential flux at 50, P = 50% s
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ALL SKY SCAN IN TIME-ENERGY-5PACE
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CRAB FLARE
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/9 string data
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Preliminary PER'OD'C SYSTEMS
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lceCube-lceTop unique capability of CR
composition measurement at and
above the knee

High Energy atmospheric muons and neutrinos + IceTop are sensitive to the composition in the knee
region and above.

lce Top, paper in preparation

to be presented also at ICRC201 | Final PS sample 40 string zenith distribution
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Overall strategy for updated CR
composition model

* Fit direct measurements with broken PL
to fix A and spectral index Y2 before the knee

*Use polygonato® function

*or exponential cut-off function

* Fit proton parameters and derive Ep, Ay,é&.

*Fit p and He using Kascade and Tibet data separating those derived with QGSJET and SIBYLL and
fixing parameters:A and Y- inside 20 of direct measurements error, Z dependent knee Ez = Z x Ep
and same slope as proton above the knee

*Sum all components and compare to all particle spectrum

*Ad a Superheavy’ component and an EG to fill the gap to HiReS data




Direct detection data

PAMELA Science 201 |

CREAM, Ap) 728 (201 1),Ap) 714
(2010)

ATIC, Bulletin of the Russian
Academy of Sciences: Physics,
2009, Vol. 73, No. 5

RunJob: Astrop Phys 16,2001,

JACEE, ApJ 502 (1998)

BESS-TeV: Nuclear Physics B (Proc.

Suppl.) 166 (2007) 62
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Composition
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Common Fit for heavy nuclei
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Proton and He example

(Kascade + Tibet)
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All particle result

(SIBYLL)

. exponential - polygonato
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The exponential goes so fast down above the knee that
a very high knee of about 10 x 26 x Ep would be

needed to fill the gap to HiReS




Polygonato+components
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delta_proton — 0.5 and epsilon_c + 0.2




Exponential + components
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First results...(do not trust them ;)
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Conclusions

@ Tools are ready for a discovery covering a
wide spectrum of hypothesis

@ Time dependent searches have great
potential

@ IceCube is sensitive to the composition at
and above the knee




