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Hybrid detection at the Pierre Auger Observatory

Fluorescence detector

[Nucl. Instrum. Meth. A 798 (2015) 172]
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https://www.sciencedirect.com/science/article/pii/S0168900215008086?via%3Dihub

Mass composition & tests of hadronic interactions

[POS(ICRC19)482] [Phys. Rev. D 90 (2014) 122006] AUGER
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https://pos.sissa.it/358/482/pdf
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.117.192001
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.91.032003
https://doi.org/10.1103/PhysRevD.90.122006

Motivations for adjustments of MC predictions

» Properties of 4-component shower universality:
[Astropart. Phys. 87 (2017) 23, Astropart. Phys. 88 (2017) 46]

- 8(1 OOO) = SHad+ Sem
- S, very universal

- Scale of <X,,,>and S,4(6)

(normalization and attenuation of S,,,,) are the

main differences between model predictions
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https://doi.org/10.1016/j.astropartphys.2016.11.008
https://doi.org/10.1016/j.astropartphys.2017.01.003
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https://doi.org/10.1016/j.physletb.2016.09.039
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https://journals.aps.org/prd/abstract/10.1103/PhysRevD.90.122005
https://pos.sissa.it/358/482/pdf
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.102.062005

EPOS-LHC without any adjustment to MC predictions
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https://www.tandfonline.com/doi/abs/10.1080/01621459.1987.10478480

EPOS-LHC predictions adjusted for R, (0)

One global fit of [S(1000),X ] distributions with free primary fractions and R,,_,(0) (AX__ is fixed to zero)
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EPOS-LHC predictions adjusted for R__ (0) and AX

One global fit of [S(1000),X ] distributions with free primary fractions, R__(0), AX p-value of global fit:
~2.6%
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QGSJet 11-04 and Sibyll 2.3d predictions adjusted for

PIERRE
R. (0) and AX
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Results of the analysis
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Less model-dependent mass composition

<X_.> MC scale found lower by ~10 g/cm? for EPOS-LHC mainly due to lower o(X
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Summary

PIERRE
AUGER
OBSERVATORY

« Two-dimensional distributions of [X,,.,,S(1000)] for energies 10'3°- 10'*° eV and zenith angles

< 60°, measured by the Pierre Auger Observatory, were fitted allowing for ad-hoc adjustments
of the simulated X,,,, and hadronic signals at different zenith angles 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, IS shifted towards deeper values

- Hadronic signal is increased by ~15-25%

« The statistical significance of the adjustments is greater than 5o, even for the combination of

experimental systematic shifts within 1o, that are the most favorable for the models
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Fitting procedure
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