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GOAL
* Measurement of angular muon 
distribution from zenith to nadir
* Selection of events based solely 
on quality
* Investigation of detector 
systematics
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Filters

cos(zen)=0.25 (78°)
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Minimum Bias Cuts

cut

zenmedian

zen

Ldir

logLred
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Zenith Angle Resolution

SLOPE 1:
Random Alignment 

Parabola
(Gaussian)

Bad
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Zenith Angle Resolution

SLOPE 1:
Random Alignment 

Parabola
(Gaussian)

Bad
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Reduction

Misreconstructed Tracks
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Same as Fraction
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PSF
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After First Cut

Region of MuonFiltered Data
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    logLred < 9
subtracks < .7rad
.15m/ns < vLF <.40m/ns

.4 < Smoothall <.4
          Ndir(75ns) <7

Muon Filter Cuts

BAD!

Coincident Muons
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nothing

Coincident
=

Single

Final Cut Level
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misreconstructed
tracks

main peak

Zenith Angle Resolution
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0.70.8°

Zenith Angle Resolution
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unity

MC/Data Ratio

slope

break

excess
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unity

MC/Data Ratio
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Efficiency

UW PS Average

True over Reco Angle
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Minimum Bias
Strongest Cuts

Nhits cos
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Physics?
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Reference Flux
Meson Production (,K) 
Atmosphere
CR Flux
CR Composition
Charm




logE
PeVTeVGeV

100 1 10 100 1 10 100
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Prompt Muons

Conventional
Muons
(near horizon)

<1PeV
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Eprim,nucleon/E
≤10 

(T.K.Gaisser, “CR&Part.Phys.”)

!
CR Composition

Composition Change at ≥few PeV

n

Same Energy Region as Charm!
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astroph/0505413

KASCADE Composition
modeldependent
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“PolyGonato” Model

J.R. Hoerandel, astroph/0210453



Utrechtse 
Collaboratievergadering

Patrick Berghaus, UW
Muons

Not Available Offline

1event/hour

100200 Muons in IC22 above 1PeV

IceCube Muon Rates
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dE/dx

dE/dx: shower energy
Bundle Size

Bundle Size: reject high
multiplicity showers

Essential Observables:
Slant Depth

Slant Depth: mwe traversed
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30TeV 100TeV

Separation by Slant Depth

Maximum
Purity
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Separation by Energy

10PeV Primary
=

100TeV muon
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Low Multiplicity

High Multiplicity

Showers produce
more early hits!

Separation by 
Early Hits
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Next Steps
* Photonics/Ice!
* CORSIKA near horizon
* HighE Muon Analysis


