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Cosmic rays at the highest energies
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Extensive Air Showers
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Extensive Air Showers

Primary Particle
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• The relation between the shower geometry and the muon arrival delay relative to the shower 

front plane allows to obtain the position of muons upon their creation.

Muon Production Depth

Phys. Rev. D 90, 012012 (2014)

Auger data

E ~ 90 EeV
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EAS Muon Puzzle

• Data from the Pierre Auger Observatory reveals that models and simulations underpredict the 

number of muons in extensive air showers.

arXiv:2105.06148 (2022) 4



Altitude: 4770 m
Energy range: ∼ 100 GeV − 10 PeV

vs

https://wminho.lip.pt/swgo/ 

Altitude: 1400 m
Energy range: ∼ 10 PeV − 100 EeV

https://opendata.auger.org/ 5



Characterisation of MPD at PeV energies

Objective: Research the Muon Production Depth of Extensive Air Shower with the 
Southern Wide-field Gamma-ray Observatory. 
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Results: Xmax
μ

vs  Nμ

S1: EPOS LHC-R model, E = 1014 eV, 𝜃 = 20°. S2: EPOS LHC-R model, E = 1015 eV, 𝜃 = 20°.
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Questions?



Gaisser-Hillas fit

S1: EPOS LHC-R model, E = 1014 eV, 𝜃 = 20°. S2: EPOS LHC-R model, E = 1015 eV, 𝜃 = 20°.
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Results: Xmax
μ

distribuitions  

S1, S2 and S3: EPOS LHC-R model, 𝜃 = 20°. S2, S6 and S9: E = 1015 eV, 𝜃 = 20°.
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