Seasonal Variations of High Energy Cosmic Ray Muons Observed by the IceCube Observatory as a Probe of Kaon/Pion Ratio
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The high statistics of cosmic ray induced muon events detected by the IceCube Observatory makes it possible to study the correlation of muon intensity with the stratospheric temperature over
Antarctica with high precision. Using 150 billion events collected by IceCube experiment over 4 years, the muon rate was found to be highly correlated with daily variations of the stratospheric
temperature and exhibits a + 8% annual modulation. The correlation between the muon rate and the upper atmospheric temperature is related to the relative contribution of x and K to secondary
cosmic rays. Therefore it is possible to estimate the K/x ratio from the seasonal variation of the muon rate, which was found to be 0.09  0.04 at cosmic ray median energy of about 20 TeV.
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When cosmic ray particles enter the Earth’s atmosphere, they generate a hadronic cascade in which mesons are produced, primarily pions and kaons. These mesons can either interact again or decay into
muons. The relative probability of decay or interaction depends on the local density of the atmosphere, which in turn depends on the temperature [1]. If ¢ N(Eu) is the primary spectrum of nucleons (N)
[ evaluated at the energy of the muon, the differential flux of muons with energies larger than 100 GeV can be described with good approximation as [2]

muon production spectrum 7P, ( E,0,X ) gives the muon energy spectrum as a function of atmospheric depth X(g/em?). It is the probability
distribution for meson decay to muons integrated over the parent meson spectrum [2]
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