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What are the questions

s

® Origin & sources of cosmic rays ?

® Acceleration & propagation ?

g
© 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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The Pierre Auger Collaboration
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Energy Spectrum

Equivalent c.m. energy \Epp (GeV)
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Energy spectrum
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Cosmic-ray mass composition
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Combining spectrum and composition measurements
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Cosmic Ray Arrival Directions

0.46
@ 3D dipole above 8 EeV
5 @ ~ 55° away from 2MRS dipole
042 g @ 6.60 significance
5 T .
- @ Strong indication for extragalactic
origin of UHECRs at > 8 EeV
0.38
90 o Galactic
Science 357 (2017) 1266 — S

@ Hotspot of 40 at Cen A/M83/NGC4945
direction

@ Signal at 3.80 for Starburst Galaxies catalog

@ 50 is expected in the Phase Il operarion

longitude

2 0 2
ApJ 935 (2022) 170 Li & Ma significance [o]
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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

Primary energy (eV)
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Interplay between mass composition interaction cross section

10} o Sibyll 2.3d G- 20% B Sibyll 23d 6y 4 Sibyll 2.3d oyt 20%
*  Auger (2012) 4 ALICE £0.5
150 ¢ ¢ Auger (2015) % TOTEM Ol e °
_ w» s 0.0[ 0 o o a9 &)y oy ) a9 W w oo w %
2 125 W ATLAS Y uas XA 10 Y 3
L ; . o
EF 4 oms X CDFETI0 s o ww ol
€100 T I AL
= 5 - - e o m
g A SR B, T
X [ === 1.0
g 75+ I +
§ : ?I— * o ......‘\’.‘...I‘.Q . .
(2 [ . 0.5 L] [
\T;)S()f _./"(/ = %.'....IQIO ‘e ® e l.OI‘
- [ ]
& 0.0 ¢ el -
251 10
[ =
0713‘ ””””14‘ ””””15‘ ‘ “““16‘ ””””17‘ ””””13‘ ””””19‘ - = '"‘*'."F’“'. 3 ".“
10 10 10 10 10 10 10 ool ‘ ‘ S - -
E [eV] 17.75 18.00 18.25 18.50 1875 19.00 19.25 19.50 19.75
1g(E/eV)
PoS (ICRC2023) 438
3/10/2024

15/19



Muon Measurements with Auger

Muon Production Depth in SD é

Hybrid showers (<60°)

Inclined hybrid showers (60-80°)

Direct measurement
with undeground detectors

Radio detection

Olena Tkachenko
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Muon Measurements with Auger: inclined showers [ oo Fotveve—er
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The AugerPrime Upgrade

o Scintilator plates on top of each SD:

» better separation between muonic and
electromagnetic components

o Upgraded SD electronics:

» better time structure of traces, more channels
o Installation of small PMTs:

> increased dynamic range

o Extension of the undeground muon detector:
» direct muon measurements

@ Radio antenna on top of each SD

o & = E A
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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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