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PEPS: Exploring the highest-energy gamma rays from the Galaxy

PeV landscape: LHASSO results anticipate an increase in PeVatron (> PeV) detection in the next years.

y. Optical

PEPS in the Southern hemisphere: 10 km2 array designed to measure gamma rays above 2 PeV



PEPS: Exploring the highest-energy gamma rays from the Galaxy

PeV landscape: LHASSO results anticipate an increase in PeVatron (> PeV) detection in the next years

y. Optical
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PEPS in the Southern hemisphere: 10 km2 array designed to measure gamma rays above 2 PeV



Excellent coverage of the Southern Sky

* To be deployed at the Pierre Auger Observatory site in Mendoza, Argentina
* FoV: excellent coverage of the Galactic Center & Galactic Plane

 Complementary with LHAASO/HAWC with an overlap with future projects aimed at lower
energies like CTA-S, SWGO and ALPACA
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How many gamma rays we expect to detect? Where from?

LHAASO measures about 25 events / km2 / year above 1 PeV,
with a highest energy of 3.7 PeV

) .
7 —— LHAASO-like sources
A —o— LHAASO measurement | |
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Flux attenuation at 2 PeV less than 30% for source distances < 5 kpc _14' LHAASO (north)
Background suppression depends on the angular resolution (expected between 10 12 13 14 15 16 17 18
0.3° to 1°) and separation power (this plot, 3e-4). log10(E / eV)
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6

Tests of super-heavy dark matter (SHDM)

Super-heavy
particles

large fluxes of
photons and
neutrinos

Super Heavy Dark Matter is a viable alternative to
WIMPs

UHE gamma rays are expected from the decay of
Super Heavy particles

Probing the multi-PeV regime —> Constrains on the
lifetime of SHDM

Improvement with respect to current limits at low and
high mass
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Detector and array layout

PEPS Phase I: a 2-km2 surface detector of water-

Cherenkov detectors

3 i ®  Auger Prime detectors

- PEPS-10 km?

Segmented tanks: separate muonic and EM components
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Probing Extreme PeVatron Sources (PEPS)



Detector and array layout

PEPS Phase I: a 2-km2 surface detector of water-
Cherenkov detectors
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Gamma-hadron separation
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Detector design and construction

Design based on segmented detectors,
leveraging expertise with 2 detectors
operating @ Auger since 2014

Considering using reflective material instead
of bladders

For the new prototypes: re-utilize
decommissioned equipment: Auger solar
panels and Unified Boards

One PMT in each water volume surrounded
by UV transparent optical windows

drawings by L. Mendez

Probing Extreme PeVatron Sources (PEPS)



PMT testing @ FZU - Prague & ULB - Brussels

e Are Hamamatsu R5912 suitable for PEPS?

* Six PMTs were tested at FZU (Prague), current Black Box
crosschecks in Brussels -
R A Pulse Gen.
* Tests: By
- Single Photo Electron spectrum
- Gain VS high voltage
- Non-linearity | Pedestal |
- Afterpulse analysis | ! o Tisl Gussian - G035

107 1

- Dark rate

102 1

* Adapting the PMT-Base-UB interface and
acquisition

Counts

10! 1

109 1

-100 0 100 200 300 400 500 600
Charge / ADC bins
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PMT gain and linearity measurements

10° -

SA5486

10’ :

Anode electron count

10° :

—— G (V: a=7.69, k=2.04E-18)

® SPE yield = 9.93E+05
’ VLED — 315 V

104

14

800 900 1000 1100 1200 1400
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1600

2000

Non-Linearity (%)
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o wn () w
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10?1 102
Peak Anode Current / mA
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PMT base development

Amplified dynode readout

Direct anode readout Onboard 5V regulator

Developed at FZU, Prague.

SHV HV input
Based on the Auger-base model y @ [
Works with R5912 / R5912-03
Compatible with UB / UUB (tested) - f fél] k

Power: 1.5 W stby, 4.5 W @ 2000V g 2 %
Optimization/integration still ongoing <2 "

Rev. 0

CAEN A7501P or Senstech PS2010 HV module

s

Base

lp:al 010 . a

]

8809
)

8808
5§

I

000 oo©

Replaceable
amplifier module

- -
807 &2
R12 -

RES  o—— §e i3
wml -
RE
[

Onboard -5V conv.
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Wireless 2.4 GHz two tier
system

PEPS communications system
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PEPS communications system
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Fraction of lost signal: 0.4950 +- 0.086% (606 603)
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Greluma 2x8dBi 2.4/5/5.8GHz Double Ubiquity airMax Rocket-Bullet 5AC =93
Bande WiFi RP-SMA Antenne Lite BaseStation o o
Freq.=2.4 + 5 GHz Freq.=2.4 + 5 GHz ,\\,\5’ ««,\?‘ \
Power Cons. =<3 W Power Cons. = > 6-8 W ¥ ¥ KN
Range >~ 1 km Range = 5-15 km time
Currently adapting and testing different off-the- P
shelf communication systems. =~

UB compatibility

* |nvestigating data transfer performance, power
consumption, operating range, overall cost, etc.
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PEPS workshops

russels, October 2025

Next one to be held in Brussels beginning

Osaka, May 2026

By
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TN SRR J

@83
@LsSWPAR-2 ®kh3?aR-2
ORME 20303

2027.
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Conclusions and outlook

* Probing Extreme PeVatron Sources: planned as the largest gamma-ray experiment deployed

at the Pierre Auger Observatory to observe the Southern hemisphere sky above 2 PeV

» Cost-effective design based on segmented water Cherenkov detectors using

decommissioned equipment from the Pierre Auger Observatory

- Hardware developments are progressing: characterization of PMT and its base, adaptation

of communications systems and mechanical parts

- Plans to deploy a small 8-station array in 2026/2027 (PEPSino) nterested? Join us!

Special thanks to the Pierre Auger Collaboration!
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Gamma absorption (CMB - IR)
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