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Shower energy and Electron density and Muon density
muon density muon density
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Observation parameters:
zenith angle range and muon energy threshold
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Universal reference
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E}J(E)/ (eV> km? sriyr')

Energy rescaling

Cross-calibrate energy scales by matching all-particle fluxes
Spectrum WG: Auger 0.948 Telescope Array 1.052
GSF (matched): SUGAR 0.948 KASCADE-Grande 0.95 IceTop 1.19 NEVOD-DECOR 1.08
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Effects on the z-scale
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Az = 2 — Zmass = 31n
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mass
Nj
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E-spectrum

E, prod(0) ~ X,sec—

scanning zenith
angles = scanning
different energies at
production

db
dX

Experiment Egata/Eref | sec O E\iprod/GeV
EAS-MSU - 1.1 11.9
IceCube Neutrino Observatory 1.19 1.0 0.7
KASCADE-Grande - 1.0,1.3 1.5, 2.1
NEVOD-DECOR 1.08 23,48 8.4,18.6
Pierre Auger Observatory 0.948 1.3,24 1.8, 4.0
AMIGA 0.948 1.2 2.4

SUGAR 0.948 1.0 1.9
Telescope Array 1.052 1.3 1.4

Yakutsk EAS Array 1.24 1.1 2.6
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* The extra dependency allows to scan the muon energy spectrum at production.
e Avalue of c larger (smaller) than 0 would indicate a harder (softer) muon E-
spectrum

* Inconclusive results:
¢ totally changes when excluding NEVOD-DECOR at 78 deg.
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Conclusions

* Consistent picture after converting and cross-calibrating data
* Post-LHC models describe muons better than pre-LHC models

* Smooth increase of N %2/ N M© with energy (8 o significance)

* No deviations in the muon E-spectrum wrt models.
* Inhomogeneity observation conditions in experiments
* More work needed
» Studies of dependence with zenith angle highly valuable.
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