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Mass composition of ultra-high-energy cosmic rays:
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Themass composition of ultra-high-energy cosmic rays (UHECR) is the key input in searches for new physics,
understanding the astrophysical processes and hadronic interactions at extreme center-of-mass energies ex-
ceeding 400 TeV. At the Pierre Auger Observatory, the largest UHECR observatory ever built, accurate infer-
ences on the UHECR mass composition were recently extended up to cosmic-ray energies of 100 EeV. This
breakthrough became possible thanks to the application of machine learning for the estimation of the depth
of the maximum of air-shower profiles on an event-by-event basis from the Surface Detector data. Our new
findings include the indications of the changes in the mass compositions correlated with the three features
of the energy spectrum (ankle, instep, steepening) and hadronic-model independent evidence of heavy and
nearly pure primary beam for E > 50 EeV. We discuss the implications of these findings for the astrophysical
and hadronic interaction models.
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