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• Ratio of μ+ over μ- reflects excess 
of π+ vs π - and K+ vs K-.

• Above critical momentum of      
115 GeV/c pions start to interact 
before they decay (850 GeV/c for 
Kaons) → predicts a change in 
charge ratio between 0.1 and 1 
TeV.

• The momentum range 0.2 to          
1 TeV/c is sparsely covered by 
measurements.

Charge ratio of atmospheric muons 

Previous measurements 

PDG review 2008

Constrains models of cosmic showers. 
Important for understanding 
atmospheric neutrinos.



MTCC analysis
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Uses a perfectly left-right symmetric fiducial volume: equal acceptance for μ+ 
and μ- (trigger and reconstruction). Only hits inside the fiducial volume are 
accepted (symmetric illumination plot).
 
Same selection as in CMS Note 2008/016: fiducial volume and track quality cuts.
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Cosmic-muon events

6

Cosmic muons crossing the CMS detector from top to bottom, 
recorded in CRAFT08, leave signals in the muon system, tracking 
detectors and calorimeters.



Propagation to the Earth’s surface
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Material map used in CMS cosmic muon generator to 
calculate the expected energy loss of muons, along straight 
line extrapolation from Earth surface to surface of CMS.







Table 3: systematic uncertainties
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Fit results
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The CMS result, together with previous measurements, along with a 
fit of the pion-kaon model to the CMS data. Result from the fit in the 
region p < 100 GeV/c:

R = 1.2766 ± 0.0032(stat) ± 0.0032(syst), with χ2/d.o. f. = 7.3/11



Conclusions  
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We ask for APPROVAL of PAS MUO-10-001

• We have measured the flux ratio of positive- to negative-charge cosmic 
muons, as a function of the muon momentum, using CMS data.

• We have obtained the most precise measurement to date of the 
charge ratio in the regions p· cos θz < 650 GeV/c and p < 850 GeV/c.

• This measurement implies a good understanding of:

• muon reconstruction in full p range

• muon (L1) trigger efficiencies

• muon tracking alignment, especially at high p remarkable at this

 early stage of the experiment.

• This is the first muon physics measurement with the complete CMS 
detector.  Also, the first in the TeV region !




