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"muon puzzle"

WHISP report, 2001.07508; muon puzzle review 2105.06148

● new physics?
● bad extrapolations to

highest energies?

slope non-zero

with 8 σ significance
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Nµ fluctuations

Pierre Auger Collaboration, PRL 126, 152002 (2021)

→ fluctuations dominated by first interaction
→ suggests cause of muon deficit cumulative effect of whole cascade

Cazon et al., PLB 784, 68 (2018)
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Hadronic interactions in EAS

π±-Air interactions
most important
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Particle lineage in CORSIKA 8

technical details: Alves et al., Proc. of 25th CHEP conf., to appear
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Number of generations

● 0.785(17) generations / decade
● Heitler-Matthews model multiplicity 18.8(1.2)
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all muons muons with r > 1 km

low-energy (<100 GeV) interactions 
more emphasized
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Pseudorapidity

(in center-of-mass system)

Elab ~ 1 PeV

from Heitler-Matthews
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Pseudorapidity

(in center-of-mass system)

Elab ~ 1 TeV
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Pseudorapidity

(in center-of-mass system)

Elab ~ 100 GeV
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Summary
● CORSIKA 8 allows to inspect complete cascade 

history
● we study number of generations w.r.t. muon 

lateral distance
● we apply muon weighting to η distributions to 

quantify importance
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Supplementary material
dependency on zenith angledependency on interaction model
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fit log(E) vs N
gen
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