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Te}t of hadronic interaction models with air

shower data
Method:

Measure correlation between air shower components

(electromagnetic, muonic, hadronic)

Compare to predictions of hadronic interaction models

for extreme assumptions (p & Fe)

air shower simulation:
CORSIKA A

detector simulation:
GEANT 3

measurement

>

Jorg R. Horandel, Radboud University Nijmegen
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Simultaneous measurement of

shower components
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Hadronic shower core

E, ~ 6 PeV

Number of reconstructed hadrons N, =143 En > 50 GeV
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Calibration of the KASCADE-Grande hadron
calorimeter at the CERN SPS
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Calibration of the KASCADE-Grande hadron

calorimeter at the CERN SPS
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KASCADE - Test of EPOS 1.6
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KASCADE - Test of EPOS 1.6

Inelastic cross sections
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Uncertainties quantitative
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Uncertainties quantitative

QGSJET 01 cosmic-ray
Number of hadrons vs. number of muons composition from
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Models tested in CORSIKA
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SIBYLL 1.6 T. Antoni et al, J.. of Phys. G 25 (1999) 2161
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SIBYLL 2.1

NEXUS 2 W.D. Apel et al., J. of Phys. G 34 (2007) 2581
EPOS 1.6 W.D. Apel et al., J. of Phys. G 36 (2009) 035201
QGSJET-II J.R. Hérandel et al., ICRC 2009

EPOS 1.9 in progress
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Extrapolation of the uncertainties of
accelerator data to air shower observables
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Extrapolation of the uncertainties of

p-p cross section
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Extrapolation of the uncertainties of
accelerator data to air shower observables
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Average depth of the shower maximum
Heitler Model — X,,,.«

JRH, Mod. Phys. Lett. A 22 (2007) 1533 JRH, J. Phys. G 29 (2003) 2439



Average depth of the shower maximum
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Average depth of the shower maximum
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Average depth of the shower maximum
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Transverse momentum in hadronic interactions
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Transverse momentum in hadronic interactions
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Transverse momentum in hadronic interactions
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Transverse momentum in hadronic interactions
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Attenuation length of hadrons in air showers
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Attenuation length of hadrons in air showers
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Attenuation length of hadrons in air showers
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Attenuation length of hadrons in air showers
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method very sensitive to
inelastic cross sections

QGSJET 01 modified with lower
inelastic cross sections
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W.D. Apel et al, submitted to PRD (2009)



S 7 | ’ % ,,,,f 13th International Conference on Elastic & Diffractive Scattering
— _j_f =4 “"i (13th "Blois Workshop")
R

Vi =lo dl

Test of hadronic interaction models with air
shower data

air shower data ...

eare used for quantitative tests of hadronic interaction
models

eare used to improve interaction models

*provide information on hadronic interactions beyond
accelerator range

Jorg R. Horandel, Radboud University Nijmegen - http://particle.astro.kun.nl



