Mlchael Unger'

. ‘Karlsruhe Institute of Technology

\

s .Vulcano Workshop 2022 - Frontier Objects in Asfrophysic§ and Rarticle Physics



Energy Spectrum of Ultrahigh-Energy Cosmic Rays (UHECRS)
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Energy Spectrum of Ultrahigh-Energy Cosmic Rays (UHECRS)
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Energy Spectrum of Ultrahigh-Energy Cosmic Rays (UHECRSs)
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Energy Spectrum of Ultrahlgh Energy Cosmic Rays (UHECRS)
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Energy Spectrum of Ultrahlgh Energy Cosmic Rays (UHECRS)
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Detection of UHECRs: Air Showers
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Ut/ UHECR Observatories
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Air Shower Detection in the Hybrid Era
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Air Shower Detection in the Hybrid Era
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Energy Spectrum
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Propagation of UHECRs in Photon Fields
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Propagation of UHECRs in Photon Fields
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Energy Spectrum
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Measurement of Local CR Energy Density
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Energy Spectrum
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Energy Spectrum - Interpretation of Spectral Features
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Energy Spectrum - Interpretation of Spectral Features
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Longitudinal Shower Development (Fluorescence Telescopes)
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— EPOS-LHC
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Maximum Rigidity Model, Peters Cycle?
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Towards Charged Particle Astronomy
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UHECR Sky as seen by the Pierre Auger Observatory
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http://doi.org/10.5281/zenodo.6504276

Correlation with Galaxy Catalogues (E> 40 EeV)
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Correlation with Galaxy Catalogues (E> 40 EeV)
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Observation of a Dipolar Anisotropy of UHECRs (E> 8 EeV)

Pierre Auger Coll.,, ICRC21 and Science 357 (2017) 1266
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Observation of a Dipolar Anisotropy of UHECRs (E> 8 EeV)

Pierre Auger Coll.,, ICRC21 and Science 357 (2017) 1266

[ SEmm—— amplitude: 7.3 £ 0.1%, significance: 6.6 o




Summary

Golden Age of UHECR Research
¢ high-precision flux measurement

E?°J(E) [km2yrisrtev e
B

e unexpected mass composition
e large-scale anisotropy at > 50
e indication of intermediate-scale anisotropy

e maximum energy of source discovered?

e v and v limits constrain UHECR sources

e mass-dependent anisotropy
e hadronicinteractions at UHE
e search for LIV, SHDM at UHE
e transient follow-ups (GWSs, TXS 0506+056,...)
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Next Up: Charge Sensitivity and Full-Sky Equal Exposure
Under Construction: AugerPrime

composition/protons at UHE?
charged-particle astronomy?
FEmax or GZK?

muon-puzzle at UHE

Under Construction; TAx4

19/20



fluorescence detection from space?

Future Zevatron Hunters
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Photon Limits
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Comparison of TA and Auger Energy Spectra
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Figure 1: Left: Auger and TA energy spectra in the full fields of view (-90° < ¢ < +24.8° and —15.7° < ¢ <
+90°, respectively). Right: energy-rescaled spectra by the same amount (+4.5%) and in opposite directions.



Comparison of TA and Auger Energy Spectra
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Figure 2: Left: Auger and TA spectra in the common declination band (—15.7° < § < 24.8°) with a constant
shift +4.5%, Right: with an energy-dependent shift +10% x log,(E/10'° eV) for E > 10'° eV.



