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Motivation

WHISP report, 2001.07508

● new physics?
● bad extrapolations to

highest energies?
J. Vícha, 2303.14788

1018.5...19 eV, ϑ ≤ 60°

https://arxiv.org/abs/2303.14788
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Interaction spectrum
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Shower genealogy

Alves Jr., MR, et al. (2021)

Look into the lineage of 
particles to gain insights!

hybrid simulation study with CORSIKA 8 + CONEX:
● full Monte Carlo treatment of hadrons & muons
● EM profiles via cascade equations
● 300 proton showers @ {1017 eV ... 1019 eV}

× {0°, 60°} × {Sibyll 2.3d, QGSJet-II.04, EPOS-LHC}

https://doi.org/10.1051/epjconf/202125103038
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normalized by Nµ in ring
µ

ν

π

mother
h

last hadronic projectile

Last hadronic projectile

1019 eV, QGSJet-II.04
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Heitler-Matthews model

multiplicity m,
fraction R long-lived

cascade stops at

EM profileµ at ground

J. Matthews, Astropart.Phys. 22 (2005) 387

Xmax ~ log(E0/Ec)
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Number of generations

multiplicity

0° 60°

QGSJet-II.04 34 ± 4 29 ± 1

EPOS-LHC 24 ± 2 16 ± 1

Sibyll 2.3d 18 ± 1 13 ± 1

← from cutting off
shower at ground

Heitler-Matthwes multiplicity
m = 101/slope
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Number of generations

● higher energies → fewer generations
● larger distances → fewer generations
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Muon production depth
apparent MPD = production 
depth of muons reaching ground

maximum          is composition-
sensitive

1019 eV, 60°

Pierre Auger Collaboration, 1407.5919

https://arxiv.org/abs/1407.5919


10

Xµ
max

1019 eV, 60°, p

1019 eV, 60°, p
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EM profiles by hadron generation
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EM profiles by hadron generation
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EM profiles by hadron generation

later generations start deeper, but develop shallower (on average!)

average profile
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Xmax by generation

1019 eV, 60°, p
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Xmax by generation

1018 eV, 60°, p
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Energy transfer had. → EM cascade

1019 eV, 60° p, Sibyll 2.3d

(= total Ecal)
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Outlook: anomalous showers

see also Baus et al. (2011), Blazek (2017), Novotny et al. (2019)

https://arxiv.org/abs/1111.0504
https://doi.org/10.1051/epjconf/201714401009
https://doi.org/10.1002/asna.201913597
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Summary
● genalogical information available in CORSIKA 8
● useful tool to

– test validity of toy models
– quantify relevant phase-space

in air showers
– enable exotic studies

(double bump)

removed due
to copyright
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Backup
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Pseudorapidity

(in center-of-mass system)

Elab ~ 1 PeV

from Heitler-Matthews
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Pseudorapidity

(in center-of-mass system)

Elab ~ 1 TeV
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Pseudorapidity

(in center-of-mass system)

Elab ~ 100 GeV
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