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Inclusive atmospheric leptons

Atmospheric (cosmic) muon flux
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New calculation methods
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> Accelerated solver of hadronic coupled cascade equations
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> Solves simultaneously >6000 equations for individual particle
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https://github.com/afedynitch/MCEq
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Origin of atmospheric muons
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Hadron species taking part in atmospheric lepton production
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Possible to distinguish mother hadrons
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Why don’t accelerators solve all problems?
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Phase-space: the leading particles are important

Phase-space regions contributing
to inclusive muon neutrino flux
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Looking on atmospheric leptons means

looking into forward phase-space. Fedynitch (VLVNT) EPJ Web
Conf. 116, 11010 (2016)
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Yield dN /dxp

Fixed-target data as “anchor”
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Energy extrapolation?
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Big differences among models

Muon yield in single air-shower
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Quantifying the effect

Elimination of leading mesons through
setting of (pi+ = pi-,...)

Modeling of leading particle effect contributes to large uncertainties
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Interpretation of atmospheric muon data
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This measurement helps to adjust pions.
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How to adjust kaons?

> Muon neutrino flux becomes dominated by kaon
Super-K Coll. (2015), arXiv:1510.08127
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Muon flux measurement in IceCube
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“Characterization of the Atmospheric Muon Flux in IceCube”
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Implications for hadronic models
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Scaled flux EZ°J(E) (mZs'sriev'®)

Interpretation ambiguity from the primary flux
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Interpretation ambiguity from secondary interactions
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Conclusion and outlook

> Studying hadronic interactions using inclusive lepton measurements is possible

> Unique source of constraints for the energy dependence of the leading particle effect
> Studied particle production phase-space is very forward and inaccessible to colliders
> Feedback into air-shower simulations through tuning of interaction models

> Neutrino detectors have already published some relevant measurements of atmospheric

neutrinos and muons at very high energies
> SIBYLL 2.3 is the only model which takes into account atmospheric lepton data
> EPOS-LHC has good overall agreement, except for the muon charge ratio

> DPMJET-III currently under test as a cosmic ray hadronic interaction model

Anatoli Fedynitch | CRIS 2016, Ischia, IT | 2016/07/08 | Page 19



Measurement of flavor ratio not reproduced without oscillations

Super-K Coll. (2015), arXiv:1510.08127
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