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* Muons in extensive air showers (EAS)

* Relation of muons to hadronic interactions
« Comparison: EAS - fixed target experiment
* Investigation of phase space

» Existing accelerator measurements

« Conclusions
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Motivation

Interpretation of CR data

relies heavily on MC T}.
L - m
simulations T
U

MC uncertainties arise &
predominantly from £

hadronic interaction models =

Muons are one of the main
ingredients to infer E, A

FluxE *° J

Muon component is very
sensitive to hadronic
interactions
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(see T. Pierog’s talk)

importance for muon production?

Which hadronic interactions are of major
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Muon production in EAS f
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CORSIKA simulations:
- On average 6 interactions before muon production « QGSJet 01

* Number of generations increases with smaller « GHEISHA
muon energy threshold
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Muon energy on ground K
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Last hadronic interaction f
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EAS vs fixed target experlment /-
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Selection of lateral range and energy K
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Expected differences in phase space K
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EAS simulation: Simulation of single collisions
CORSIKA with QGSJET:
Egrandmother=80'400GeV p+air, p+C, Ebeam=160GeV

B Interplay between

Secondaries

Pion-/Kaon decay
Target
‘ Beam _
particle

Interaction with
air nuclei

Fixed target: secondary particles
(pions, kaons) measured directly

PartiCIe Energy (Pdecay =~ Pinteraction)
Pion 130 GeV
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X4 Of S€CONdary pions f
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X5, Of Secondary kaons f
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Rapidity of pions f:
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Rapidity of pions f:
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KASCADE range: 50-200m
Nucleons (~160GeV) + Air
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Rapidity of kaons f

GEMEINSCHAFT

Interesting range:
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Rapidity of kaons f
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KASCADE range: 50-200m
Nucleons (~160GeV) + Air
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Transverse momentum of pions f
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KASCADE range: 50-200m
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Transverse momentum of kaons K
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KASCADE range: 50-200m
Nucleons (~160GeV) + Air

-

-g' 10 1 K fixed target, p+air
\ — fixed target, p+C
p, distribution in EAS ___ EAS,  peair

similar to p, distribution in
fixed target simulation. i
— Low transverse 107 |

momenta of interest :

1/N dN/2rp
=)
M
|

10°F

............VJ.I‘l.ﬂH

0 0.5 1 1.5 2
p, (GeV)

C2CR 10.09.2005 Christine Meurer 17/25



f.-
HELMHOLTZ

GEMEINSCHAFT

E~160GeV

KASCADE range: 50-200m; Nucleons (~160GeV) + Air
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KASCADE range: 50-200m; Nucleons (~160GeV) + Air
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Inclined shower: 60° f:
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Existing accelerator data
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Conclusions f
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« Interpretation of CR data relies heavily on MC simulations
 Muons are main ingredients to infer E, A

« Similarity between hadron production in EAS and
fixed target experiments

 Relevant hadronic interactions for muon production are in the
= energy range: 10 — 1000 GeV
= phase space region: low p, and forward direction

« Only a few measurements available in phase space region
important for EAS

 Region accessible by fixed target experiments
like, for example, HARP, NA49 and MIPP
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