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Search for UHE y-ray sources and PeVatron candidates (2019~)
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Tibet ASy, HAWC, and LHAASO in the northern hemisphere
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UHE y-ray observation of the southern sky
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1. H.E.S.S. Collaboration, Nature 531, 476 (2016)
2. /7, A&A 653, A152 (2021)
3. 7/, A&A 666, A124 (2022)

E > 1TeV




ALPACA

Andes Large area PAtrticle detector for Cosmic ray physics and Astronomy

Mt. Chacaltaya plateau @ Bolivia (16° 23’ S, 4740 m a.s.l.)

- Surface air shower array (83,000m?2)
401 x 1Tm2 scintillation detectors

- Underground muon detector array: (3,600m?2)
2.0 m (~16X,) soil overburden
58m2 w/ 20” PMTs x 64 cells

* Performance

Angular resolution ~ 0.2°, Energy resolution ~20% @ 100TeV
100% duty cycle & Wide F.O.V. ~ 2 sr




Underground Muon Detector Arrauy

Soil & Rocks 2.6m

Soil + Concrete
~2 m (500 g cm™)

o, «[EEE]

@ © e+ ofmafi>

g’/f TSR TR BT ] TR ERT I B

200TeV CR shower

| 300 m

Y/CR separation by counting muons ik il i g
BG rejection power > 99.9% @ UHE range L




The ALPACA Collaboration

M. Anzorenal, H. Asukel, E. de la Fuentel23, K. Fujita4, R. Garcia®, Y. Hayashi®, K. Hibino?, R. Higuchi?,
J. Hochidos8, N. Hotta?, G. Imaizumi?l, A. Jimenez-Meza3, Y. Katayoses, C. Katol9, S. Katoll, T.
Kawashimal?, K. Kawatal, M. Kobayashi8, S. Kobayashil?, T. Koil3, H. Kojimal4, P. Mirandal®, S.
Mitsuishil0, A. Mizunol, K. Munakatal?, Y. Nakamural, M. Nishizawal5, S. Ogiol, M. Ohishil, M.
Ohnishil, A. Okumural, A. Oshimal317, M. Raljevic?®, H. Riverald, T. Saito!8, T. Sakol, T. K. Sako19, S.
Shibatal4, A. Shiomi29, M. Subietal®, F. Sugimotol, N. Tajima®, W. Takano’, Y. Takeyama8, M. Takital, N.
Tamaki?!, Y. Tameda?, H. Tanakal?, K. Tanaka?!, Y. Terakado?, R. Ticonal®, H. Tsuchiya??, Y.
Tsunesada?324, S. Udo’, Y. Yamanakal, K. Yamazaki!3 and Y. Yokoe!

1ICRR, U. of Tokyo, 2Dept. de Fis., CUCEI, Univ. de Guadalajara, 3Doct. en Tecn. de la Info., CUCEA, Univ. de Guadalajara,
“Fac. of Engn., Osaka Elec.-Comm. Univ., °RIKEN, °Dept. of Sci. and Tech., Shinshu Univ., ’Fac. of Engn., Kanagawa
Univ., 8Fac. of Engn., Yokohama Natl. Univ., Utsunomiya Univ., 1%Dept. of Phys., Shinshu Univ., 11Dept. of Phys, Kyoto
Univ., 12NICT, 13Coll. Engn., Chubu Univ., ¥* Chubu Inn. Astro. Obs., Chubu Univ., 1°IF, UMSA, 18NIl, 1’Grad. Sch. of Engn.,
Chubu Univ., 18Tokyo Metro. Coll. of Ind. Tech., 1°Dept. of Info. and Elec.., Nagano Pref. Inst. of Tech., 29Coll. of Ind. Tech.,
Nihon Univ., 2tHiroshima City Univ., 22JAEA, 23Grad. Sch. of Sci., Osaka Metro. Univ., 22NYITEP, Osaka Metro. Univ.
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Prototype: ALPAQUITA

- Surface air shower array (18,450m?2)
1/4 ALPACA with 97 AS detectors

Operation with the full array since 2023 Apr.

- Underground muon detector array (900m?)
Under construction. Wiil be completed in 2026




Significance (s) Significance (s)
1 s step contour  WesT east 1 S step contour  west

NORTH
NORTH

Angle Distance (degree)

. @1AU
Angle Distance (degree) Angle Distance (degree) Satellite
v Moon shadow with ~10s is consistent with the angular resolution Earth

Temporal variation of

v Sun shadow with ~5s is a clear evidence of turbulent solar and  snadows position, depth, and shape
interplanetary magnetic field during active solar period ’
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A. U. Abeysekara et al., ApJ, 871, 96 (2019).
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Sun
GRAPESS3 A&A 555, A139, 2013

FD amplitude [%)]

FD amplitude [%]

-5

Shock

Anzorena et al., ApJ 998, 16 (2026)
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Constraint on the rigidity spectrum in the highest rigidity range
Unique study of CR propagation with AS array detectors
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Optimization of y-ray energy estimate ===
(Yamanaka et al. in prep.)

Y. Yamanaka
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See the talk by Y. Yamanaka after this talk




Construction of Underground Muon Detectors

Site photo + CG image of MD "*...
.:gé H
.%'4. p
SN , ..
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1. Construction of the Southwest MD (ongoing) 4
2. Extension of SDs in the Southwest area (2026)
300 m

y ray obs. with ALPAQUITA will start in 2026!
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Construction of Underground Muon Detectors

Site photo + CG image of MD

= 2 f@..:@..i;.in.,@;'::-
N
3. Construction of the other three MDs (ongoing) /\
4. Extension of SDs in the whole area (2027) TN
300 m \

ALPACA Obs. will start by 2027!! | TE
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H.E.S.S. A&A (2018, 2021, 2022), Nature (2016)
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Sensitivity to Gamma-Ray Sources

Gamma-ray sources w/i F.O.V.
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I Beyond AL

Same MD coverage 4% as ALPACA

Int. Flux xE (TeV cm?2s™)
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ALPACA Collaboration, PoS(ICRC2023)632
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Where is the highest energy accelerator in our Galaxy?




v UH y-ray astronomy to sarc for Galactic PeVatrons

v' ALPACA will start UHE y-ray observations in Bolivia in 2027

v An underground muon detector is being constructed for the prototype ALPAQUITA,
aiming for the UHE y-ray observations in 2026

v ALPAQUITA CR & gamma-ray analysis are ongoing
See the talks by Y. Yamanaka after this talk & K. Fujita @ 16:00 3@ Sept., &

have a look on Anzorena et al. A J 998 16 2026 & upcomlng publlcatlons
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Mega ALPACA

Sako et al., PoS(ICRC2023)632
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- 1 km2 AS array: # of det. 1185

- Muon Detector (MD) Array:
900 m2 (16 Cells) x 60 = 54,000 m?
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Lukas Nellen, UHECR2024
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