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Dec. (deg.)

sub-PeV y-Ray Astronomy

% sub-PeV y-ray astronomy developed by Tibet ASy, HAWC, LHAASO

» First detection of sub-PeV y-rays (Crab Nebula) Tiber ASy, PRL (2019)
« Detection of PeVatron candidate (G106.3+2.7) HAWC, ApJ (2020) Tibet ASy, Nat. Astron. (2021)
 First detection of sub-PeV Galactic diffuse y-rays Tiber ASy, PRL (2021)
« Detection of dozen sub-PeV y-ray sources LHAASO, Nature (2021)
- All results by air shower arrays LHAASO Sky @ >100 TeV
in the northern hemisphere

First Detection
sub-PeV gamma rays

(deg)

Declination

R.A. (deg.)
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ALPACA Project

1. Air Shower (AS) Array ~83,000m?

= 401 x 1m? Scintillation Detector

2. Underground Muon Detector (MD) ~3600m?

= Water-Cherenkov-Type, 2.5m overburden (~19.X;)

56m?2 with 20"¢ PMT x 64 Cells
!'l’ Y e

oil & Rocks 2.6m

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
Energy resolution ~20% @100TeV
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ALPAQUITA Air Shower Array

“ALPACA-scale air shower array as = _ 1m25mm lead plate
1m2 scintillation detector x 97 with 15m spacing — _ 1m2 Scintillator
Effective area ~18,000m? s ¥ ¢ (50cm x 50cm x 5em x4)

Inverse pyramid shape
Stainless steel box
' (White painted inside)

I} &l 2-inch PMT x1

Construction status:
2022 Jun. Deploy detectors

Air Shower Trigger Condition - 2022 Sep. Partial operation
Any 4 detectors with >0.6 particles within 600ns 2023 Apr. Full operation

- Air shower trigger rate ~280Hz
Cosmic-ray mode energy ~7 TeV

9
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Weather monitors

#4AMUNIN

Problems

Critical (0) Electric Field Meter
Warning (0) localhost.localdomain :: Electric Field Meter

Unknown (0) Electric Field Meter - by day

Groups ==

localdomain 5.0

4.0

Categories
disk[dwmy] 3.0
system[dwmy] 20
weather[dwmy]

10
0.0

-1.0
Tue 12:00 Wed 00:00 Wed 12:00
Cur Min Avg.

B Electric Field Meter -319. 00m -819. 50m -391.15m
Last update: Wed Aug 31 18:35:03 2022



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

“»” Surface particle detector

<
P e

Air Shower Array

Relative position [m]

- Red arrow: E ~20 TeVl
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1. Relative arrival timing (Color scale)
2. Number of particles (Circle size)
- Reconstruct direction and energy
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Relative position [m]
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Even-Odd Method
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Event selection criteria:
« /enith angle < 40deg
e In Array flag = on

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

Even-0Odd opening angle :
Opening angle between directions determined
by two independent arrays (even and odd arrays)

Angular resolution
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Moon Shadow Detection Displacement AG 1.6°

by geomagnetic field E[TeV]

We can check

v Angular resolution i
v’ Pointing accuracy
v' Absolute energy scale |

April 7, 2023 — July 16, 2023 (83 days)
With cable length correction

- Successfully detected at 6.7

- Westward shift ~0.2° as expected

- Moon shadow verified ~0.9° resolution

EAST WEST
- 200
= ALPAQUITA Moon Shadow
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Angle Distance (degree) Time cumulative background events
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FeH

v'We successfully detected the Moon Shadow at 6.7c  with ALPAQUITA
(83 live days).

v Angular resolution is estimated to be ~0.9° as expected.

v  We will start construction of one underground MD pool in 2024.

v  We will start full ALPACA AS array and 4 MD pools in 2025.
- sub-PeV y-ray/CR observation will start soon in the southern hemisphere!

17



	スライド 1
	スライド 2
	スライド 3
	スライド 4: 2023年度ボリビア実験関係 共同利用研究採択課題一覧
	スライド 5: ボリビア実験関係共同利用研究 経費執行状況
	スライド 6: 活動状況
	スライド 7
	スライド 8
	スライド 9
	スライド 10: ALPAQUTA建設状況
	スライド 11: ALPAQUTA建設状況
	スライド 12: ALPAQUITA Air Shower Analysis
	スライド 13
	スライド 14
	スライド 15
	スライド 16: 今後の予定
	スライド 17

