


What are the questions
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® Origin & sources of cosmic rays ?

® Acceleration & propagation ?
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© Interactions ? i
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What do we measure A
© Energy spectrum ' "
® Arrival directions

® Mass composition
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The Pierre Auger Observatory

e e

High elevation telescopes

@ Located in Malargue, Argentina

e Total area of 3000 km?

e Surface Detector (SD)
» 1660 stations .
> 100% duty cycle : Morados 5

==z e

Fluorescence Detector (FD)

» 27 telescopes
» 15% duty cycle

Central
Campus.,

Radio and muon detectors

@ Phase I: 2004-2022

e AugerPrime upgrade: completed in 2023
@ Phase Il: till > 2035
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Energy Spectrum

Equivalent c.m. energy \Epp (GeV)
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Energy spectrum
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Cosmic Ray Arrival Directions: Large Scale Anisotropy

3D dipole above 8 EeV

~ 55° away from 2MRS dipole
6.60 significance

(1, b) = (233°, 13°)

Strong indication for extragalactic
origin of UHECRs at > 8 EeV
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Sky map in Galactic coordinates

180°

1807 Science 357 (2017) 1266
— ' Dipole direction at different E
PoS(ICRC2023)252 5«3

Olena Tkachenko Pierre Auger Observatory: Past, Present, Future

0.46

0.38

i
<




Intermediate-scale anisotropy: search for sources

Year
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Mean logarithmic mass

EPOS-LHC QGSJETII 04 SIBYLL 2.3¢c
=+ syst. { data £0sar |
I +{+
0“ { HH
b + vee (X}
f, et 'H LR 0t
L 4
(X} +
50 o o
l.'.‘

HH{+H+| i
++pure composition: » « =« H” I{Il

i

........ H.#HH {

i

17.0 175 180 185 19.0 195 200 17.0 175 18.0 185 190 195 200 17.0 175 18.0 185 19.0 195 20.0

Ig(E/eV)

Olena Tkachenko Pierre Auger Observatory: Past, Present, Future

2/09/2024

Fe

He

10/16



Combining spectrum and composition measurements

1038 L

Auger, JCAP 05 (2023) 024
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@ Acceleration ~ A
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@ Transition to heavier nuclei

e Hard injection spectrum ~ E!5-2
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Particle Physics with UHECR e w0

W Counter [ Muon M HCal
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Hadronic interaction properties
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“Interaction cross sections for. UHECR
(see Kevin Cherninant’s presentation)
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Muon Measurements with Auger

(see Jan Ebr’s presentation)
@ Muon Production Depth in SD
Hybrid showers (<60°)

o
@ Inclined hybrid showers (60-80°) i A\ e
E N~N—— |
@ Direct measurement with undeground detectors /_\
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Neural Network to extract Xfa/cm?]
Underground Muon Detector (UMD)

the muon signal from SDs

Radio detection

Improvements with AugerPrime

@ Scintilator plates on top of each SD:
better separation between muonic
and electromagnetic components

@ Extension of the undeground muon detector
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Summary

The Pierre Auger Observatory has been successfully taking data since 20 years:

@ Precise measurement of the energy spectrum at the highest energies
@ Detailed evolution of mixed primary mass composition with energy

@ Astronomy at the highest energies:
» Obervation of the large-scale anisotropies pointing at the extragalactic origin of UHECR
» Correlation of the intermediate scale anistropy with starburst galaxies

@ Particle Physics at the highest energies:

» Studies on the particle interactions beyond LHC range
» Observed inconsistencies in the hadronic interaction models = muon puzzle

What's next? = Stay tuned!
o Upgrade AugerPrime is finalized
@ The Phase Il of operation has already started
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