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What is ASTROPARTICLE PHYSICS?



Pierre Auger Observatory and Cherenkov Telescope Array

PHOTONS

PROTONS, NUCLEI

At the 
highest 
energies

Gamma
ray 
attenuation
length

Proton
interaction 
length

CTAO

AUGER

FZU - Team of more than 20 people,
AUGER, CTAO, SWGO + SST1M (Patrik)

AUGER – AugerPrime, 
AugerPhase II has started

CTAO - construction, ready for
operation in  2024
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Motivation Gamma TeV energies

Hadrons > 55 EeV energies
Similar sources !?
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Motivation

Cherenkov detection - CTA

Fluorescence detection - Auger
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What are the sources of the highest energies?

Direct observation, 
gammas, CTA

Indirect hints from 
hadrons, AUGER : 
• energy spectrum
• mass composition
• anisotropy searches
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Most energetic particles -
The Pierre Auger Observatory

(AUGER)



History:  Discovery of cosmic rays

1912

Viktor Hess has 
discovered cosmic rays.

Some of his balloon 
flights starting 
from Bohemia.

1936 – Nobel Prize



… radiation of
very high penetrating power enters the atmosphere 

from above, and
still produces in the lower layers a part of the 

ionization observed . . . ”
(V. Hess 1912).

7. 8. 1912
@ 6:12 h



Pierre Auger Observatory
~ 3000 km2

Cosmic ray flux
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Scaled cosmic ray flux
500 TeV
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Indirect detection – extensive air showers
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Detection of athmospheric showers

100% duty cycle
Lateral profile only

15% duty cycle
longitudinal profile
Precise energy reconstruction
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Pierre Auger collaboration
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Pierre Auger Observatory
HEAT (mirrors from CZE)

COIHUECO 
(mirrors from CZE)

AMARILLA (mirrors from CZE)

MORADOS

LEONES
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Pierre Auger Observatory
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Fluorescence detector
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Surface detector

• Water Cherenkov tanks sensitive to muons 
and EM component
• 100% duty cycle
• Signal attenuation corrected by the CIC 
method (data driven)
• Energy calibration using FD, resolution 17-12 
%, angular < 1° above 10 EeV
• For zenith angles > 60° SD signal dominantly 
from muon component

24



Measurement principle
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Measurement principle
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Our data
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Spectral features
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Low energy spectrum
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Combined spectrum
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Spectrum features
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Mass composition

Models of hadronic interactions tuned to the 
LHC data (Run I)
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J. Vícha, UHECR 2024, Nov 2024



Anisotropies at the Highest Energies
(above ~ 50 EeV)
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Measurement principle
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Energy evolution of the anisotropy

Large-scale cosmic-ray anisotropies above 
4 EeV measured by the Pierre Auger 
Observatory 
ApJ 868 (2018) 4
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K.-H. Kampert, HEACOSS 2024, Oct 2024



Questions

• What is the origin of the flux suppression?
• What is the proton fraction at the end of E spectrum?
•   Is there an energy dependence of anisotropies?
• What about hadronic physics at highest energies?

We need a large-exposure detector with
good composition sensitivity!

38



AugerPrime – Upgrade of
the Pierre Auger Observatory, finished November 2024
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Pierre Auger Observatory 2018

• AUGERPrime – upgrade of the Observatory

- 30 SSDs in the field
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R&D and Pierre Auger Observatory 2018
• FAST – simplified (future) FD

• telescope at TA in Utah since Oct. 2018

• FAST telescope at Pierre Auger Observatory since
2019, further three to come in 2025
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