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Abstract: The Underground Muon Detector (UMD) aims to extend the detection range of the Pierre Auger Observatory to observe
cosmic rays of energies greater than 10°° eV and performs a direct measurement of the muon component (sensitive observable to
the mass composition) of the air showers. In this work, we will present an overview of the final design of the UMD and its
reconstruction techniques alongside the observations obtained during the engineering array phase. First results suggest that the
current hadronic interaction models have a muon deficit at energies between 2 x 10" eV and 2 x 10*®%eV.

1. UMD prototype array 2. Muon counting
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Engineering array:
7 sets of 2 modules of 5 m2 and Soil shielding —» only muon detection
2 modules of 10 m? buried [A] 64 scintillator strips, 64 PMTs [B]

3. Results from engineering array ¢ For EPOS- LHC increase of 38%, for QGSJetll- 04 of 50% required to explain
data [H]

Data set: 1742 events (energies [ 2 x 107, 2 x 10*®] eV and 0 < 45°)
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¢ Inp,. and X__ (directly observed with fluorescence detectors) linear with
mean logarithmic mass </n A> (Heitler model)

4. Final design: production status & performance . ey
Integrated signal: s

[P]

¢ Positive shift of energy scale would reduce the tensions

Ent

Signal

K] R
SR * 3 modules of 10 m2 buried [K] * 64 SiPMs summed [O] - :
g o * SiPM as photodetectors [D][M] ' me | Z 0 TR
I St * number of muons in 2 complementary * Muons estimated dividing signal
ways: counting and integrated signal [N] charge by mean charge of single
L muon (high densities) e T T T
— Positions in Acquisition [L] Binary Channels _ o 400] “G
= (counter mode) [N] * Two Independent channels: high asof e
High Gain (HG) gain (HG) and low gain (LG) 300 == X
Low Gain (LG) 250f %.... ' ) - - - '5 - .............. ______________
. Total Dynamic Range .+ Calibration histogram [P] IR  _.ooniBN N N
(selecting muon with binary) 100[ 44 S acaoaces o
1/ 10m? 350u / 10m? S0 L
Low particie density pigh paricie densiy  « | GIHG saturation 60/250 muons [Q] 50700 150 200 250 300" 350 400 450 500

I

- Hadronic interaction models produce fewer muons than those observed in EAS
5. Conclusions - -
_ v Full UMD array will be completed by mid 2023 marina.scornavacche@iteda.cnea.gov.ar
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