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Another way of  
FD… we go 
below and 3D 
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IceTop 
• 1 km2 ice-Cherenkov 
• 125 m spacing 
• 2835 m a.s.l. 680 gcm-2 
• Coverage 3 x 10-4 

KASCADE 
• 0.04 km2  
• 13 m spacing 
• 1000 gcm-2 
• Coverage 1.5 x 10-2 
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Muons detected per year: 

 

• atmospheric*    m                

7x1010 

 

• atmospheric** n  m      

>  8x104 

 

• cosmic            n  m      

~  10 

 

 

 

* ~ 3000 per second               

** 1 every 6 minutes  
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Check what variables are used 

ICRC 2015 
Sam DE RIDDER 
Tom FEUSELS 
Katherine RAWLINS 
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Check what variables are used 

14 Light grey: QGSJETII-03,   Coloured: Sibyll2.1 
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CORSIKA-Sibyll2.1-Fluka, and the HiRes-MIA result at a different 
slant depth of 860 g cm-2 (we are at 680 g cm-2). 

QGSJetII-04 and EPOS-LHC results in progress 
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Muon energy distribution in the deep ice: Proton vs Fe 

Patrick BERGHAUS 
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‘flavourless’ 



Anatoli FEDYNITCH 
ICRC 2015 

24 



25 Patrick BERGHAUS 



26 Patrick BERGHAUS 

• High energy inclusive muon spectrum compatible with additional 
contribution at high energy 

• Prompt component from charm production and unflavored η mesons 



High PT Muons 
Dennis SOLDIN: ICRC 256 
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Proton 
Fe 

Spectrum index 
sensitive to mass 
composition and 
models 

Dennis SOLDIN: ICRC 256 



Photon search, forward muon production etc… 

The plot is for Auger energy but the physics is the same… we 
always have proton background and seems model-dependent  
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we also have proposals such as air-Cherenkov telescopes, scintillator on surface, PINGU… 

• 10 km3 in-ice array with 10 km2 IceTop-like cosmic-ray array on top 
• Increase accessible cosmic-ray energy range by factor of 3 
• Increase coincident events by factor of 50 (due to increased zenith angle range) 

•  Surrounded by ~ 100 km2 veto (less sophisticated air shower detectors) 
• Enable lateral muon distribution measurements on event-by-event basis. 
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CONCLUSION 

IceCube has a broad science program for neutrino physics, particle 
physics, astrophysics and so on.  
 
The combination of IceCube and IceTop analysis offers a unique 
chance to study EM component, low and high energy and high pt 
muons of air showers. So far most analyses based on SIBYLL, will be 
updated to use post-LHC models. 
 
IceCube Gen2 is around the corner, more possibilities to do 
coincidence measurements for constraining hadronic interaction 
models. 
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THANK YOU VERY MUCH! 



 

BACKUP: WEATHER EFFECT AND CHARM 
COMPONENT 

Takao KUWABARA 
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