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Cosmic-Ray All-Particle Spectrum
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Cosmm-Ray All Particle Spectrum
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. Cosmm—Ray All Part1cle Spectrum
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The Usual Observables

Figure credit:
K. Bernlohr

=<3—— First interaction (usually several 10 km high)

~3—— Air shower (particle cascade) evolves
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Some of the
: R rticles reach

Measurement of Cherenkov pa

y 3 the ground

light with telescopes 3
Measurement of particles with G I v e
scintillation counters or with AR 2

h X water Cherenkov counters /l\ /]\/I\
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Non-imaging /

Measurement of radio waves
Low—energy muons under

Cherenkov counters Measurement with 5T
Geiger-Miiller b A
Measurement of particle tracks counters High—energy muons deep underground
with Cosmic Ray Tracking counters (under ground. water, or ice)

Sensitive to forward physics 2/9



Large Uncertainties
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IceCube Laboratory

Data is collected here and
sent by satellite to the data
warehouse at UW-Madison

Digital Optical
Module (DOM)

5,160 DOMs
deployed in the ice

Figure credit:
IceCube
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HH Data
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High pT Muons

pr = /p,% + p; for shower along z direction

Muons far away from
shower cores
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Puzzling Discrepancy

Angular distributions of showers
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PRELIMINARY Results

Arb. Unit
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10” 5 2.00
108 1.50 LI_
- 1.257
5 :
7 i
107 o 100 - |
< 0.75
10° 0.50 r =
1 025 - | —— This work
IceCube data
10° . . . 0.00 ! . . .
100 200 300 400 500 0.2 0.4 0.6 0.8 1.0
Separation (m) cos(shower zenith)

Reasonable agreement with data 8/9



Conclusions

Cosmic-ray composition is an important observable

Measurements suffer from large non-perturbative
uncertainties

High-pT muons are promising observables

Aim to resolve discrepancy in angular distribution to
utilize for composition measurement
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