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Ultra High Energy Cosmic Rays
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Pierre Auger Observatory

Completed in 2008
Taking data since 200

" _lao

e ~ 1600 Surface detectors (SD)
*Ina 1.5 km hexagonal grid
e 3000 km?

e 4 Fluorescence Detectors (FD)
6 x4 Fluorescence Telescopes

~ 60 km

Built to detect and study the extremely rare UHECR
ruben@lip.pt



Hybrid Technique (FD + SD
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Exploration of inclined showers

+ Muons 2 Assess Hadronic
iInteraction models

+ Data selection ¢+ Energy given by the Fluorescence Detector

+ Zenith angles [62° ; 80°] + 281 hybrid events
+E>4x1018 eV
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+ Inclined shower 2> Muons
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Monte Carlo EAS simulation [CORSIKA]

Extensive Air Showers

Electromagnetic component

Hadronic component

Muonic component
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Shower description

O
Pierre Auger coll., Phys.Rev.Lett. 126 (2021) 15, 152002
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Combination of different measurements reveals tension between data and all
Muon hadronic interaction models
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gx + Light propagation: attenuation length in water, 4,

+ Light reflection: Tyvek reflectivity, R
< Light collection: PMT geometry, QE

+ Other effects: water-air transition, ice formation, water level...
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SD calibration (VEM)

Pierre Auger Coll., NIM A 798 (2015) 172
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+ Use omni-directional atmospheric muons to obtain
reference Vertical Equivalent Muon (VEM)




SD calibration (VEM)

Pierre Auger Coll., NIMA 798 (2015) 172
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MARTA - Muon Array with RPCs tor Tagging Air showers

P.Abreu et al, Eur.Phys.J.C 78 (2018) 4, 333

+ Combine a water Cherenkov Detector with Resistive Plate Chambers to
directly detect the shower muon component

+ Take advantage of the fast timing and segmentation of the RPC
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The RPC hodoscope at the Auger test WCD
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muon track

+ Resistive Plate Chambers (RPC): position-sensitive detectors

¢ Trigger on atmospheric muons and study the WCD response for selected trajectories
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PMT# 1, 2, 3
RPC active area

Results: VEM calibration

¢+ Shower size in Auger is given in VEM unit
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Results: inclined muons

Pierre Auger coll., JINST 15 (2020) 09, P0O2002

+ WCD signal response for
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EAS muon puzzle

Pierre Auger coll., Phys.Rev.Lett. 126 (2021) 15, 152002

Proton-proton equivalent CM energy /s / TeV
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+ SD calibration well understood and allowed to
investigate the relative muon fluctuations

+ Whose agreement with model predictions
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Multi-nybrid shower events

(A plethora of measurements to fully understand the shower)
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Auger Prime (SSD + WCD)

+ Upgrade should be completed
at the beginning of next year

+ Crucial assess the calibration
of the scintillator (SSD) and the
WCD

Ruben Conceicao 1 8



Back to the calibration with the RPC hodoscope

¢+ RPC hodoscope installed in the Gianni Navarra tank was reconfigured to include
one of the Auger Prime detectors
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+ The data acquisition system was also
upgraded to cope with the new
electronics board of the WCD and have
a more robust/faster acquisition system
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Back to the calibration with the RPC hodoscope

¢+ RPC hodoscope installed in the Gianni Navarra tank was reconfigured to include
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+ The data acquisition system was also
upgraded to cope with the new
electronics board of the WCD and have
a more robust/faster acquisition system
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The dawn of Machine Learning @ Auger

Pierre Auger coll., JINST 16 (2021) 07, PO/7019 Pierre Auger coll., JINST 16 (2021) 07, PO7016
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Extraction of Xmax from Extraction of Nmu from

the SD ground signal the WCD signal for vertical showers

+ Both method have good resolutions comparable to those achieved with hybrid events

+ Algorithms highly dependent of simulations and might be picking up unknown less controlled shower
characteristics

+ Itis vital to create strategies to achieve selt consistent solutions = RPC hodoscope

Ruben Conceicao 2 1



Summary

The ability of Auger to scrutiny the shower physics mechanisms
will dramatically improve in the coming years

To take the tull potential of multi-hybrid events calibration and
detector systematic uncertainties will need to be mitigated

The RPC hodoscope will certainly take an important part on this
endeavour
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Explore hybrid events

+ Combined fit of energy scale (Rg)
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Peter Mazur WCD station
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