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Extensive air showers
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The Pierre Auger Observatory
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Hybrid detector
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e Calorimetric estimation of E
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Depth of shower maximum

e Direct measurement of first and
second Xm.x moments with FD

 Extension to higher energies with
DNNs & SD measurements

number of particles

depth X (g/cm?)
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o Interpretation of Xmax
moments using In A

« Systematic
uncertainties from
hadronic interaction
models

max

e Tensions for some
models

Phys. Rev. D 90 122005 (2014)
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Risetime

« Risetime %y, as time
between 10% and 50% of
total signal reached

« Sensitivity to EM and
muon component

e Similar trends of
estimated In A, as for Xmax
measurements, but
absolute estimate differs

Phys. Rev. D 96, 122003 (2017)
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Muon production depth

Assumptions that muons ...
e are produced along shower axis s
« have straight trajectories

muon production point

7/
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,/ muon traveled distance to ground

 Given shower geometry and arrival
times, muons can be mapped to

. . ground
their production depth
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Muon number

3.4

Underground muon detector _
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Fluctuations of muon number

e Fluctuations in number of muons R,

Proton-proton equivalent c.m. energy /s / TeV
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« Muon density fluctuations consistent
with expectations

« Small effect accumulating over several
interactions
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Modification of the MC X,... scale EPOS-LHC & (0°,33°)
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Outlook

 Modification of different characteristics of

hadronic interactions
(see talk by Jakub Vicha on 03.09.24)

)5 Scintillation detector (SSD)

=== e|ectrons
m— MUONS

Signal/MIP

 More tests at colliders
p-O collisions @ LHC Run 3
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« AugerPrime with additional detectors
« Scintillator surface detector

>
@ |0 EWater-Cherenkov detector (WCD)
« Underground muon detector 2
e Radio antenna o e clectrons
c — MUONS
— Dbetter discrimination of hadronic signal
(see talk by David Schmidt on 03.09.24)
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arXiv:1604.03637 t/ns
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Summary wf g T 7
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« UHECR give access to interactions in high energy regions Bw Fitwins /i:/
beyond those of human-made accelerators 4T s
L e
— Auger’s hybrid detector enables the measurementEM o oo
and muon components of EAS B I
« Auger data offers complementary information on hadronic

interaction models with measurement of p-air cross section

Testing of hadronic interaction models via

« measurement of Xmax ] e
e measurement of muon content eS| T
« Improvements in measurement of muon discrepancy ..
« Further advancements with AugerPrime expected BN

AXiax / (g/cmz)
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BACKUP
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Backup: Highly inclined events

« Fit, using reference muon map from MC (p,, 19)
Pu(T) = Nig pu,19(7: 0, @)

« Proportionality of average R, to shower energy E

« 30 — 80% deficit
in muon density
@ 10" eV

Phys. Rev. D 91, 032003 (2015)
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