The energy spectrum measured W|th
the P|erre Auger Observatory

FranceSco Fenu

Karlsruhe Institute of Technology ‘
. Athens, 20/07/2022

Photo: Steven Saffi,
University of Adelaide



The Pierre Auger Observatory Surface detector (SD)
' 1600 detectors ‘
1500 m array 3000 km?, 1500 m gl’ld
\  E>2.5EeV |
The largest Cosmic Ray detector 61 detectore T
ever built (~3000 km?) . +750 m array  24km?, 750 mgrid
EB>01Eev
't e
Detection of secondary R O N Fluorescence detector (FD)
particles on ground Colhueco /Zzese AErd: - A i " 4buildings
A ey e Y e _— «24 telescopes Elevation 0-30°
£ . E>1EBeV
S S  Elevation 30-60°
S _3° 3 additional telescopes  E>01EeV
Lot 5 AERA o
BN e £ - 17 km? \
, AN _ - 30-80 MHz
o R AN - * 153 radio antennas i
Fluorescence Detector Los Leones s [ \ E>01Eev ,,,,,
Detection of fluorescence Use the atmosphere as a giant . . -
it n aimoeptars target to detect UHECR , fitmospheric monitoring
Low fluxes! ]
* Lidars, cloud camera

A. Aab et al., NIM A 798 (2015) 172-213



Duty Cycle ~ 13%

The hybrid detection
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Different techniques to measure the spectrum
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The SD1500 spectrum under 60 degrees
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The SD1500 spectrum under 60 degrees
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The SD1500 reconstruction above 60 degrees
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HEAT
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—.....— The Cherenkov spectrum
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The combined spectrum
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Comparison with other experiments
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Y. Tsunesada PoS(ICRC2021)337, D. Ivanov PoS(ICRC2019)298

Generally consistent with other
experiments within systematics

Above 10 eV
Agreement with Telescope Array”
within systematics under 10" eV

Above 10*° eV

+10% per decade disagreement
between Auger and TA (not
explainable by known systematics)

Work in progress to explain the
discrepancy above 10 eV
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The astrophysical interpretation

1038

Astrophysical interpretation
based on a combined
spectral shape and
composition analysis

Extragalactic origin above 8 EeV:
proven with arrival direction distribution
Science 357, p. 1266 (2017)

Fit simple astrophysical model
to J(E) and X _ " distribution

E%J [eV? km? srl yr!]
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Propagation and shower
development accounted for /

Injected spectrum \
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Fit parameters
Luminosity of sources
Mass fraction (5 masses)

180 185 190 193 gi_o \ Steepness of escape spectrum (y) /

log, (E/eV) Cutoff energy (R_,)

E. GUidO, POS(ICR02021)311 X .= slant depth of the shower maximum. Parameter sensitive to primary mass. 13



The astrophysical interpretation

1038
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Suppression: combination of maximum accelerator
energy + propagation effects

GZK" only scenario disfavored
*Phys. Rev. Lett. 16, 748 (1966); Pis'ma Zh. Eksp.
Teor. Fiz, 4, 114 (1966)

Instep: interplay between He and CNO
components

For the description of the spectrum across
the Ankle:
Scenario 1
High Energy Extragalactic (Mixed)
Low Energy Extragalactic (Pure proton)
Low Energy Galactic (Medium mass CNO)

Scenario 2

High Energy Extragalactic (Mixed)

Low Energy Extragalactic (Mixed Nitrogen+
Proton)

E. Guido, PoS(ICRC2021)311; JCAP 04 038 (2017); Phys. Rev. Lett. 125, 121106 (2020)
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Conclusions

Above 2.5 EeV: highest exposure achieved so far (60425 km2 sr yr)
- New feature detected (instep)
> Suppression confirmed
> Ankle confirmed
> No declination dependence of spectrum

Wide range in declination covered by the spectrum above 60°
SD750 covers the region above 100 PeV

Cerenkov spectrum covers the region from 6 PeV to EeV

Suppression: combination of source maximum energy + propagation effects
Instep: interplay between He to CNO components
Ankle: extra component needed across the ankle
~ Scenario 1: Galactic+extragalactic
~ Scenario 2: Extragalactic
Transition from galactic to extragalctic: must happen between 100 PeV and 5 EeV
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Overview of all the spectra

SD spectra
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Phys. Rev. D 102, 062005 (2020)
Eur. Phys. J. C (2021) 81:966
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