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@ Muon Production Depth (MPD) and EPOS

@ Sensitivity to pion diffraction

@ Results
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WMPDandEPOS | PionDiffraction _____________________ Resulls
Muon Production Depth measured by PAO

Inclined events to avoid

EM contamination:
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@ Independent surface
detector measurement

=% geometric delay of arriving

muons
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=% decent resolution
and no bias

L. Cazon et al., Astropart.Phys. 36 (2012) 211-223
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Muon Production Depth and EPOS

@ 2independent mass composition measurements <X__>and <X* >
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=% both results should be between p and Fe

=% both results should give the same mean logarithmic mass for the same model

<% problem with EPOS appears after corrections motivated by LHC data
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Muon Production Depth and EPOS

@ 2independent mass composition measurements <X _ > and <X* >

500

450

400

=% both results should be between p and Fe

=% both results should give the same mean logarithmic mass for the same model

<% problem with EPOS appears after corrections motivated by LHC data
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< introduce central diffraction and
improve rapidity gap distributions

w5 ' @ Effect on MPD: @ shallower MPD
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(In)elasticity
& Difficult to measure = large uncertainty

= Difference in diffraction

4 low mass / high mass / central diffraction
=¥ difference for pions/Kaons/nucleons

4 very few data (and at low energy)

=% Rapidity gap : first precise measurement at high energy ATLAS Collaboration
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Pion Diffraction and MPD

@ Rapidity gap measurement fixed by LHC

9

=% one should not change proton interactions
MPD driven by long chain of pion-Air
interaction

=% Modify in EPOS pion diffraction only

=% Change total diffractive cross-section but not
inelastic and single diffractive (existing
measurements)

=@ first check existing pion data to tune
parameter to REDUCE pion diffraction

new “tune”

=% EPOS (LHC) o_. : reduce diffractive cross
section (small effect ~ 10%)
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-30 g/cm? back to EPOS 1.99

Strong effect of the
change of pion-air
elasticity in EPOS !

To be confirmed by test on reconstructed MPD (as measured by Pierre Auger Observatory)
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Summary

@ Inelasticity linked to diffraction
= weak influence on electromagnetic X _ since only 1st interaction really matters

< cumulative effect for X”rnaX since muons produced at the end of hadronic sub-cascade

=% rapidity-gap in p-p @ LHC to be improved in models

<@ lower pion diffraction cross-section reduce a lot X“rnax with little effect on XrnaX and Nu

=@ very strong sensitivity of MPD on pion diffraction which is badly measured

& MPD can be used to constrain models
& then MPD can not be used for mass composition (X _ less sensitive to details) unless more
accelerator data can constrain models

@ Outlook: new data from NA61 (this session)
=% models under-predict p° production

<@ possible source of discrepancy of muon production in EAS (more muons (less m° (to be confirmed
with W), larger attenuation length (larger mean energy), higher production high (MPD) (less
generation))
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Rapidity Gap and (In)elasticity
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Is X¥ _ Important for Muons at Ground ?

@ For EM particles : shiftin X = change in EM at ground
=i« strong atmospheric absorption
@ For muons : shiftin X¥ % change in muons at ground

=i« weak atmospheric absorption
=+ model dependent energy spectra
=i« distance to core dependence
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