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sub-PeV y-Ray Astronomy(2019~)

v’ Search for Galactic PeV cosmic-ray accelerators, PeVatrons
v’ Tibet ASy, HAWC, and LHAASO in the northern hemisphere
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ALPACA
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ALPACA

(Andes Large area PArticle detector for Cosmic ray physics and Astronomy)

1. Air Shower (AS) Array ~83,000m?2
= 401 x 1m?2 Scintillation Detector
2. Underground Muon Detector (MD) ~3600m?
= Water-Cherenkov-Type, 2.5m overburden (~19.X;)
56m? with 20"¢ PMT x 64 Cells

Gamma rays & Cosmic rays

l'l’ Y e

Soil & Rocks 2.6m

-----------------------------------------------
-------

Reinforced concre te Waterproof & reflective material

v' Gamma-ray air shower has much less muons.
Background cosmic rays can be rejected by >99.9% @100TeV.
v Wide FoV (~2sr) observation regardless day/night and weather € >
- Angular resolution ~0.2° @100TeV 300 m
- Energy resolution ~20% @100TeV 5




ALPAQUITA AS array Gamma rays & Cosmic rays

Surface Air Shower Arra ‘
(Coverage: 18,450 m?) = FUIL ALPACA AS and MD . o
R BEEERE :Air:sﬁhbi'v.e_r (17, €)
LB N N
1m2 5mm lead plate DN L N N e
1m?2 Scintillator(50cm x 50cm x 5em x4) cboe e . BERE Geac IR
Inverse pyramid shape NG e
Stainless steel box (White painted inside) N
2-inch PMT x1 e e e
. . . < >
v" Air Shower Trigger Condition: 300 m
Any 4 detectors.vvith > (0.7 particles within 600 ns Construction status:
— Air shpvver trigger ratg: ~280 Hz | . 2022 Jun. Deploy detectors
(Any 3 trigger has been implemented since June 2024) . 2022 Sep. Partial operation
« 2023 Apr. Full operation 6

v’ Cosmic-ray mode energy ~/7 TeV



ALPAQUITA Air Shower Analysis

y-ray/cosmic ray

Interaction with atmosphere

Secondary particles (Air shower)
/ Electromagnetic (e*/-, v)

Muons (u*/-)
Hadrons (g+/-/0--+)

\

\ conical shape fitting

fv’ Surface particle detector

Air Shower Array
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Relative position [m]
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Even-Odd Method

v For estimation of angular resolution

Even-Odd opening angle ABqp:

Opening angle between directions determined i@ =
by two independent arrays (even and odd arrays) . ==
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Event selection criteria:
« Zenith angle < 40deg
* In Array flag = on

« 1.25 Any 4 flag = on
« Residual error < 1.0

v Angular resolution
G50~ (Aeop |\/|edian) / ? = ~




We can check

Moon v' Angular resolution
Shadow v Pointing accuracy

v Absolute energy scale

EAST WEST Displacement
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Schedule of ALPAQUITA MD construction

1. Construction of the Southwest MD (2024) R

2. Extension of SDs in the Southwest area (2024). « « « v v o o o o .. -
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Schedule of full ALPACA construction

3. Construction of the other three MDs (2025) N |
4. Extension of SDs in the whole area (2025)
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Chicago 2024
v ALPACA aims to observe sub-PeV gamma-ray sources

P,  Summary & Prospects

pr,

in the southern galaxy and the Galactic Center
v ALPAQUITA AS array: 2022-
v"Moon Shadow is successfully detected at 8.0 0
v'Angular resolution is estimated to be ~1 degree (CRs with mode energy < 10 TeV).
v'Schedule:
v'Construction of ALPAQUITA with one MD: 2024-
v'Full ALPACA operation (4 MDs): 2025-

- sub-PeV y-ray/CR observation will start soon in the southern hemisphere!
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ALPAQUITA Sensitivity
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For the Tibet AS+MD
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