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Air showers and the complexity of composition

Hadronic interactions

Mass composition

Shower components

Muonic from decay of charged pions

+ from photo-production

Electromagnetic (EM) from decay
of neutral pions

+ from muon decay
+ from low energy pion decay

Composition complexity

Higher mass primaries induce
showers with larger hadronic
component and therefore more
muons

Electromagnetic component
remains more-or-less the same
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Pierre Auger Observatory
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Pierre Auger Observatory
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Hybrid detector

Detector signal (arb. units)
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Longitudinal shower development
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first
interaction

Depth of shower

number of particles
>

depth X (g/cm?)

Depth of shower maximum

and fluctuations therein
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Cross section measurement
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Hybrid muon measurement
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Hybrid muon measurement

No energy re-scaling necessary

Hadronic re-scaling factor 1.3-1.6
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Muon measurement with highly inclined showers
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Muon measurement with highly inclined showers
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Muon measurement with highly inclined showers
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Direct measurement with buried muon counters
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Juxtaposition
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Muon production depth

= a0
*‘ g : 0 = 59.06 + 0.08°
. < 35F =92+ 3EeV
"muon production point E E
% S ¢
K 25—
U= /14 (z— A)? 20—
,/ muon traveled distance to ground -
15[
ground -
10
sF- 1
of | | | | | |
0 200 400 600 800 1000 1200
. u -2
Assumption that muons... X" [g cm™]
= have straight trajectories .
= are produced along the shower axis Given shower geometry

and arrival time, a muon
can be mapped to its
production depth

Phys. Rev. D 90, 012012 (2014) 18/25



(InA)

uction depth

Muon prod
700— A DATA 45°-65° ‘\'E'
- ggggéit.”ﬁg“ Auger 2017 preliminary k5
650 Fe QGSlJetll-04 (=]
E ----FeEPOSLHC ~~_____. Aé
L s = E
600:— A
T eSS o
550 oo-e-o--mmmmmemmommomomTITITINT
F 89 T 39 a1 =
500 : . 5 i
450
400t - - : :
2x10" 3x10”  4x10" 10%
E [eV]
o ¢ Xmax Auger 2017 preliminary <_c:
8_ * X*;ax T +
7_ B + f *
61 ¢ ’
5- EPOS-LHC Ea
4
i ;
n Lz @ :
23""._--~;33!3!?"*
= 22eeee "~ 5
0 1Ll l Ll l Ll
10" 10*° 10%
E [eV]

1201 A DATA 45°-65°
L pacsleR Auger 2017 preliminary
100 » Ee QGSJetll-04
[ - - -- Fe EPOS-LHC
80—
60
401
201
0_ 1 1 1 1
2%x10" 3x10”°  4x10" 1™
E [eV]
o .
al Auger 2017 preliminary
7
il H
s- QGSJetll-04 NFERRS
4 R
3l L
2 " ¢
-z _ @ :
- .. - -~a0® z:
é"-”é;;;éeff" o P
o L . L o
1018 1019 1020
E [eV]

19/25



Measurement with risetime
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Measurement with risetime
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Summary

Auger’s hybrid design facilitates measurements of the electromagnetic (EM)
and hadronic components showers (through muons)

Estimates of mass composition from showers’ electromagnetic component
In conflict with measurements more sensitive to hadronic component

— Muon deficit observed in simulations (tuned to most up-to-date
hadronic interaction models)
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AugerPrime

= 4 m? Scintillator Surface Detector
atop each of the existing Water-
Cherenkov Detectors
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AugerPrime

= 4 m? Scintillator Surface Detector
atop each of the existing Water-
Cherenkov Detectors

Disentangle muonic and electromagnetic
shower components using differing responses

Hadronic interactions

Mass composition
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AugerPrime

’7/ ex H:I:

Scintillator

Disentangle muonic and electromagnetic
shower components using differing responses

Hadronic interactions

Mass composition

4 m? Scintillator Surface Detector
atop each of the existing Water-
Cherenkov Detectors

A small PMT for extended dynamic
range and improved 12-bit 120 MHz
electronics for more precisely
measured waveforms

An Underground Muon Detector
covering 23.5 km? for direct muon
measurements

A radio antenna atop each SSD+WCD
to extend mass sensitive sky
coverage and exposure

See talk by G. Cataldi from
Tuesday:

The AugerPrime Upgrade of
the Pierre Auger Observatory
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Thanks
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Backup
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