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Hybrid detection at the Pierre Auger Observatory
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https://www.sciencedirect.com/science/article/pii/S0168900215008086?via%3Dihub

Hybrid detection at the Pierre Auger Observatory

Fluorescence detector

[NucI Instrum. Meth. A 798 (2015) 172]
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Mass composition & tests of hadronic interactions

[PoS(ICRC19)482]

17 18 E[SV} 19 20

10 llr HI] 10r

iCi - [ : I i 850f data + Gy ]

Deficit of simulated muon signal: previous analyses in Auger } e L

800 / . ]

1) Mass composition is inferred from X,,., T | ]
measurements using the nominal X,., Tgmu-_'_i'f_-.-,.'?" :

565(]— *

predictions of hadronic interaction (HI) models

600 .~

—— EPOS-LHC
---- Sibyll2.3
- QGSTetl-04 ]

Ig(E/eV)

[Phys. Rev. D 90 (2014) 122006]

19.0-19.1

s

| EPOS-LHC Fe mmmm |
N
He
p m—
3 Auger —— ]
log(E/eV) =

g

Xiax [g/cmz]

170 175180 185 100 195 200 500 600 700 800 900 1000

UHECR 2022 J. Vicha (FZU): Testing HI Models using Xmax and Signal at Ground

4/21


https://pos.sissa.it/358/482/pdf
https://doi.org/10.1103/PhysRevD.90.122006

Mass composition & tests of hadronic interactions

Deficit of simulated muon signal: previous analyses in Auger
1) Mass composition is inferred from X,,.,
measurements using the nominal X,

predictions of hadronic interaction (HI) models

2) Discrepancy in predicted and measured
ground signal is usually evaluated using the

inferences on the mass composition from the

Xax @nalysis

[PoS(ICRC19)482]
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[Phys. Rev. D 90 (2014) 122006]
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Mass composition & tests of hadronic interactions

[POS(ICRC19)482] [Phys. Rev. D 90 (2014) 122006]
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Motivations for adjustments of MC predictions

* Properties of 4-component shower universality:
[Astropart. Phys. 87 (2017) 23, Astropart. Phys. 88 (2017) 46]
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Motivations for adjustments of MC predictions
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Global fit method
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Measured data

2297 high-quality showers for log,( E., [eV] ) = 18.5-19.0, 6 < 60°
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Progressive adjustments to MC templates
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Systematic Uncertainties

« Experimental

1) Energy scale = 14% .
All four contributions

2) X..x Measurement +8, -9 g/cmz :
summed in quadrature

3) S(1000) measurement = 5%
* Method
4) Biases from MC-MC tests for each model
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Systematic Uncertainties

« Experimental

1) Energy scale = 14%

2) X..x Measurement +8, -9 g/cmz

All four contributions

3) S(1000) measurement = 5%

* Method
4) Biases from MC-MC tests for each model

summed in quadrature
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Fitted MC adjustments )y
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Most favorable direction for models in combinations of 16°"° experimental systematics:

Significance of MC adjustments

Energy + 14% & X__ - 9 glcm? & S(1000) - 5%
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Less model-dependent mass composition

(X__»> MC scale found lower at energy 10**>*° eV by ~10 g/cm? for EPOS-LHC mainly
due to lower o(X__); checked by artificially smeared X
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Summary

« Two-dimensional distributions of [X,,.,,S(1000)] for energies 10'%*- 10**° eV and zenith angles < 60°,

measured by the Pierre Auger Observatory, were fitted allowing for ad-hoc adjustments of the simulated
Xqax @nd hadronic signal for EPOS-LHC, Sibyll 2.3d and QGSJet 11-04

« For all three hadronic interaction models, the improved description of the data is achieved,
if in the simulations:
X...x 1S shifted towards deeper values - Heavier mass composition !

- Hadronic signal is increased by ~15-25% — Alleviation of the muon puzzle !

Caveat: other differences in model predictions under study (shower-to-shower fluctuations etc.)

» The statistical significance of the adjustments is greater than ~5cs™T even for the combination of
experimental systematic shifts within 1osys that are the most favorable for the models

Stay tuned: paper in preparation  restcrezozsiol
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https://pos.sissa.it/395/310/

Backup slides
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Fitting R (0) + AX

Total systematics
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0-dependent correlation between X__ and ground signal

stel(1000) [VEM]

stef(1000) [VEM]

60 60
EPOS-LHC # € (0°,33%) | . 8 € (0°,33°) | .
50 } é 100 E
a0 = 5 g
p \ 8 k|
;s e
—
30 < 30
20 8 30 C
. = [ ppos-LHC [ rota
or z W Lo QGSJet 11-04
10 e 25 = - Sibyll 2.3d \:I Hadronic
10 -
= =
0 ] ] 1 1 1 ] 0 ] 1 1 1 1 ] .E. 20
500 600 700 200 900 1000 1100 1200 500 600 700 800 900 1000 1100 1200 o~ -
XBeL [g/em’] XL [g/emn’] EoL
] -
] 15 L
— -
60 60 . = B
6e(51°,60°) | 8e (510,600 | = E
2 2 ':_‘ﬁ 10
- ‘ g . g L
o P } o 2 o Fe | " : gD -
=} [=} o
| = . i <zl .
w0 |- w B T 0f - 5
. > z B
— o0 B
30 30 8 30 -
9 0 C 1 1 I 1 1 1 | 1 1 1 I | 1 1 I 1 1 I 1 1
—
n ol 0 200 400 600 800
vl 2
10 20 DX [g/cm ]
10 |- 10 n
[ 0 2
0 ] ] ] ] 1 ] 0 ] ] ] 1 ] ] DX:8809/Cm /COS(G)_XmaX
500 600 T00 800 900 1000 1100 1200 500 600 700 800 900 1000 1100 1200

Xinax [g/cm’]

Xuax [g/cm’]

1000

UHECR 2022

J. Vicha (FZU): Testing HI Models using Xmax and Signal at Ground

25/21



Contributions to rescaling of ground signal
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ERef — 1018.7 ev

Fitting procedure
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