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Radiation from space discovered by Primary cosmic rays

= Direct/indirect detection
" Direction, spectrum, compaosition

= Physics questions
— Sources? -
— Acceleration mechanism? Y

Energies and rates of the cosmic-ray particles [
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Cosmic ray sources?

Transparency of the Universe:
Particle energy vs. Object distance
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Hillas plot
Astrophysical objects:
Magnetic field vs. object size
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Air showers-- detection methods

Measuring cosmic-ray and gamma-ray air showers

{ =+——— TFirst interaction (usually several 10 km high)

Alr shower evolves (particles are created

= and most of them later stop or decay)

Aleasurement of

fluorescence light

Some of the particles
ly’sE
Mleasurement of Cherenkov ~>——  Leach the ground (Fly’s Eye)

light with telescopes %

\

hleasurement with scintillation counters

e

f / == Measurement of low-energy muons
with scintillation or tracking detectors
Ahleasurement of particles
with tracking detectors
(with drift chambers or Measurement of high-energy
streamer or Gelger tubes) =~ muons deep underground

[C1 199G K. Bernlihc




& ICECUBE

lceCube

= Detection principle: optical Cherenkov radiation
= Detector medium: South Pole ice

= Physics
— Neutrinos: Main discovery target is astrophysical neutrinos
— Cosmic rays (~100 TeV to ~1 EeV)
— Dark matter (indirect search)
— Monopoles and other exotic particles
— Cross sections (neutrino-nucleon, air showers)

= Animations:

— ICECUBE geometry Downward event Upward event



DeepcoreAnimation_LAN_Intranet_H_264_.mov.html
mio-ehe-run-110890-id-19718500.mpg
eventAnimation_black_small.mov.html
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ICECUBE: 3D view
X-‘.- e IceTop

P s T g :-?.: - /81 Stations, each with

50mE— T L [ 2 IceTop Cherenkov detector tanks
S s A LN 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 string

1450m

DeepCore
strings-spacing optimized for lower energies
I 480 optical sensors

Eiffel Tower
2 |324m

-

2450 m

2820 m  properties measured with

D and LASER sources

Average optical parameters at 400 nm:
Aps ~110 m, A, ~20 m above the
dust layer
Aps ~220 m, A, ~40 m below the
dust layer
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Local Coincidence and Trigger

Tank A Tank B

LC-Window: £ 250ns

Simple Majority Trigger condition:

6 LC-hits within 5 us  (Readout window: £10 us, IC59-Rate: 22 Hz)

Tilo W.




Event example: June 2010 data
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IceTop-only (26 stations)
analysis example

Effective area and resolution

direction

energy ~ 0.06 (in log,y)
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Example of an Inice-only analysis

Anisotropy in TeV-Scale Cosmic Rays

arXiv:1005.2960, accepted Astrophys. J. Lett.
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Several analyses underway:
Combine surface and Inice information

= Composition analysis
= Analyze small showers for

comparison with direct Air Shower Observables
meaSU rements Primary Energy: 1 — 100 PeV
= Search for PeV gamma rays I
o10) - OO0 MeY :
= Search for Muons with large e / e

transverse momentum

Total Muon Bundle Energy

lceCube © § ¢

Muon Estimator
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L
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10%
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Simulations: correlation between surface and Inice

energy deposition; sensitivity to composition. 14



Su mmary— ICECUBE as a cosmic ray observatory

ICECUBE is now fully deployed; data analyses underway

Energy range covered ~100 TeV-1 EeV
— Overlap with direct measurements
— Main goal is to understand galactic to extra-galactic transition region

Energy estimation
— em and mu components with IceTop
— Muon component Inlce

= Direction measurement
— both IceTop and Inlce

Cosmic ray composition resolution

— Combined information from IceTop, Inlce, and angular distribution of
events

15



Extra slides




Event reconstruction (IlceTop only):
Likelihood function

Lateral distribution function

toprec likelihood function:

Charge likelihood function:
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Digtial Optical Module

Panetrator

Design Requirements:

DOM

Mainboerd | = Minimal signal loss
' = Minimal number of channels (cables)
= Minimal data traffic

= PMT with integrated HV-converter
= Onboard Digitalisation
» ATWD, 128 Samples in 422 ns
» fADC, 256 samples in 6.4 ps

= Local Coincidence with neighbors
(noise suppression)

= Onboard calibration and tests

= Autonomous operation




VEM definition and DOM Calibration

log10(vem)log10(e.gev) Vem>0,00184(0.42<SnowTr<0.43)}

Patrick's vem

black=grn; purple=e+; bliie=e-; green=mii+; red=mmu-
Snow=42-43 cm; ice= no cut

100PeV proton shower at 45 zenith.

log10(vem)

High Voltage Generator &
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DOM launch rates due to air showers

Entries 4643686
Mean 36.93

l

70 80
string ID

20



Air showers— longitudinal profiles
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Lateral profile of air shower signals measured with IceTop

htemp

Entries 76504
ST, Mean 2.575
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Hillas-plot
(candidate sites for E=100 EeV and E=1 ZeV)
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Fermi Acceleration Mechanism

Stochastic energy gain in collisions with
plasma clouds
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IceTop-only (26 stations) analysis example

Fit Procedure and Resolutions

= Negative Log-Likelihood minimization including charge, timing and silent stations

= Seven parameters: x, v, 9, @, S, B, t,

= Minimum of & stations (10 tanks) required.
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