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Cosmic ray spectrum

Three linked problems:

Nature of
Interactions?

Where do they 
come from? 
How 
accelerated

What are these 
particles? 
protons, nuclei?
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Extensive air showers

Proton, 100 TeV
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Auger Event display

http://wminho.lip.pt/AugerVisualizer/v2/


6

How do we determine what the cosmic rays are?

Need model to 
determine 
mass

Can we trust 
them ?
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Average longitudinal profile

Models seem good  
→ interpretation of Xmax as mass of primary ok!

(thesis F. Diogo)
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Number of muons and fluctuations

(L. Cazon, R. Conceição, H. Dembinski, FR)
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Muons in the future: one, two, …?

(L. Cazon, R. Conceição, M. Martins, FR)

Phenomenology:

Measurement requires high statistics

Ideally precise measure of number of muons
AugerPrime & MARTA
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CERN/FIS-PAR/0031/2019

CERN/FIS-PAR/0034/2019
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Measurement of the average shape of longitudinal profiles 
of cosmic ray air-showers at the Pierre Auger Observatory

The Pierre Auger Collaboration, JCAP03(2019)018
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Hybrid measurement
Extensive air showers
initiated by cosmic rays

Calibrate surface detector
using fluorescence measurements
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Distinguish primaries
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In the future
Surface detector &
radio upgrade
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Average longitudinal profile

(F. Diogo, S. Andringa, R. Conceição)

Models seem good  
→ interpretation of Xmax as mass of primary ok!
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