Cosmic Rays in IceCube
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lceCube Components
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Electromagnetic Particles
(10s-100s of MeV)
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Effect of Snow Coverage

(Reconstructed Shower Core Position)
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lce Top Calibration Procedure

Natural snow density: ~ 0.35 g/cm3

Snow density in trenches: ~ 0.4 g/cm3
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Counts per bin

Tank Calibration

Muon Spectrum of DOM(19, 61)
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Snow Effects in Detector Simulation

E E H H H H H H —'; F -
£ 003F : : : : : : f _?_-"= g 03 R L
£ 003F : : . & :
g - |-=Data . = C T e
] E ‘ : —— g r ¥ *a
g 003 : : : : pa g 2 05| s 7 S
g C |- No Snow : 8 : E E * o tar T e
0025 F o SR e : - Y ans
= -=F . : N - Foy.
E = Snow ; ; : : E - * P
002 IS : ; F = L O,
= : : - = 0015 F ¥ : R8s DA
0015 e c ; —+— Data .
= -l 0ot i
001 =¥ E 5 —#— No Snow et
e ='=E'E - = E A
= —— H - -
noos Al R —— Snow i
b3 08 a6 06 07 0® 05 08 09 0% % 30 200 0 70 0 E
1:05(9,‘_1I ) N [m]
g 1.5 : B B B B B B H ‘E
E —=#— Ratio Data/No Snow : ) . .
14 2, ‘
F _L : i : —=— Ratio Data/Snow : H + + —&— Ratio Data/No Snow
13F : R ; g g g ; B
E | I : : : : 3 25 ++ ¥— Ratio Data/Snow
12F ! | ‘ e — ; ;
: 4 :: : N
= : - : : : R
LiE gt 4 - I L o
Red: - At by e S
i ™ : i - - . Ty ST S,
F + + = = ':*:_ =l - Ay, o E. ~ = :!‘ y. _— = fY -
Default Response e RS R S R M
. . E i i i i i i i L i ity _an
Parametrization I S S B =
R (T S S B S (S ' S R 1 600 400 200 0 200 400 600
1:05(9,‘_1I ) N [m]

Blue:

Snow Attenuation and Zenith Angle Shower Core Position
individual Snow Height

for each tank

Patrick Berghaus 11
Cosmic Rays in IceCube



lceTop Shower Reconstruction
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lceTop Event
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Raw IceTop-only CR Spectrum
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Inlce Muon Flux (1C22, 2008)

[ceCube-22 Data vs. Monte Carlo Simulation Data
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Muon Spectrum
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Muon Energy Losses in Matter (lce)

few TeV
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High-Energy Muon

|dentify stochastic losses
to distinguish HE muons
from high-multiplicity
muon bundles
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Fraction

Prompt Leptons from Charm Decay

Light mesons: Flux a 1/cos6__
Prompt: constant angular Flux

For vertical muons, prompt
component becomes dominant
at =200 TeV

08 |
T -V -
0.6 |

Fraction

04 -

0.2 -

charm —v
! il L

O 1 1 1 n
10° 10" 102

Source: T. Gaisser

Charm represents major
systematic uncertainty for
neutrinos above 100 TeV
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At 60°, light meson decay
dominates
up to =500TeV
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Reconstructions
are completely
Independent

Relation between
energies depends
On CR primary type
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lceTop/Inlce Coincident Event
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DOM Waveforms

InlceRawData
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IceTop/InIce Energy Correlatlon
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Seasonal Variations

260

240

220

T [K]

200

180

1?[:":' | I B |

1600
1500 |-

1| |
Y

" Observed
Pressure comected _
Pressure

1400 RAMUCIRIRLLL e S AT R ST

“i:I

1300

lceTop DOM count. [Hz)

1200 —=———
1200

Y N=20%

(
3
lam [K]

1000 MW

lceCube muon rate [Hz)

(c)

900
2007 2007 2007 2007 2008 2003

0501 0701 0901 1101 01101 03101

0501 071 0901
2008 2008 2008

0101 03

2009 2009

Atmospheric
Temperature

lceTop
(barometric)

Inlce
(temperature)

production probability

T_.: Temperature weighted by muon

S. Tilav et al., arXiv:1001.0776

Patrick Berghaus
Cosmic Rays in IceCube

24



First Extraterrestrial IceCube Signal

13 Dec. 2006:
Solar Flare seen

In lceTop
Count Rate

lceTop and Spaceship Earth Observations of the December 13, 2006 Solar Minimum GLE
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