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Activity in 2021

@ International conferences

36t International Cosmic Ray Conference (Berlin), 7/15-22, online 3 talks
— Current status of ALPACA for exploring sub-PeV gamma-ray sky in Bolivia D777
— A simulation study on the performance of the ALPAQUITA experiment ID857

— Half ALPACA and its sensitivity to sub-PeV gamma rays from the Galactic Center D947

@ Domestic conferences/meetings
JPS, 9/14-17, online 2 talks
— ALPACAZEES2?2 : Half ALPACAEB O MBS I 2L —3 32
— ALPACAZEES23 : ALPAQUITAEEBR D MREEHES S 2L —> 3 7
$®—ECRCHV=—F1%, 8/10, online 1 talk

Activity in 2022

@® Domestic conferences
ISEEEFRMRES I KBIREIRIBEFERTE 2L —ay | TREMZEMT7X7
(CHITHRERE 1. RUKEE - -FEHEBEOHXFMERRESS, 3/1-2  1tak
JPS, 3/15-19, 4 talks
— ALPACASEER24 © FRERIRN & 2022 D ETIE
— ALPACAZEE®25 : ALPACASEERDMRERH T 2L — 3~
— ALPACASEER26 : H > VIgaEHTE LB T2/ RO VEEERET VI L 21 EEMH
— ALPACAZEER27 : XEFIBEEDXAF I v 7 LT DYk
@ Refereed papers
Detectability of southern gamma-ray sources beyond 100 TeV with ALPAQUITA,
the prototype experiment of ALPACA, Experimental Astronomy, 9/25, Published online
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Dawn of sub-PeV gamma-ray astronomy
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Let us go to south!
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Tibet ASy >100TeV diffuse y
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ALPACA

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

Mt Chacaltaya Bolivia
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Original ALPACA design

1. Array coverage 82,800m? —— T 300m R
= 401 x 1m? plastic scintillators R

2. Underground water Cherenkov
muon detector (MD) 3600m?
Soil over 2m (~16.X)
= 56m? with 20"¢ PI\/IT# X 6)4 cells eneleeble

Fast timing PMT

HV cable

1.0m,

20inch PMT

O Water 1.5 m et
a®

Cherenkov light

Reinforced concrete Waterproof material and reflector

| dm

|
1
« 1m?2 AS Detector x (97+304) (82,800 m?)

v" Cosmic-ray BG rejection power >99.9% @100TeV. e ASDettr x (9709 €200
v Angular resolution ~0.2° @100TeV, Energy resolution ~20%@100TeV T ————
v' 100% duty cycle, FOV 8,.,<40° (well studied), 6,.,,<60° (in study) 10



ALPACA staging

ALPACA (half) in 2022-2023
T 200'SD5+ 4 MDs

ALPACA (High Density)
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ALPAQUITA in 2022 ‘ ‘
1
=TT AS DewTlor x (97+304) (82,800 m?) = 1m? AS Detector x (97+108) (82,800 mzi 1

97 SD S + 1 M D [J 58 m2 Muon Detector x (16+48) (3,700 m?) [ 58 m? Muon Detector x (16+48) (3,700 m?)




ALPAQUITA
(Iittle ALPACA)

« Prototype array of 256% ALPACA area coverage R
« 97 surface detectors e o S
cIMD e LN

e
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« Targets L. R TE
e Infrastructure establishment C o T N
« Afew bright >100TeV sources
« CR anisotropy
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MD design (1 MD = 4 x 4 cells WERE - MEEL
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ALPAQUITA AS Array Performance for Gamma Rays

Target events: Gamma rays W/ T'= —2.5 & O¢prye < 40°

Trigger efficiency* 100% =20 TeV
Energy resolution +27% — 21% @ 100 TeV
Angular resolution ~ (0.2° @ 100 TeV (50% containment)
*Efficiency for events w/ true core positions inside the AS array
1 Energy determinatio - » 50% containment ragfi;U/S A
—~ Y% *
< i 90% =
[ =
2
~102 § 1k
3 s
= g
@ E
< o
4101 E
resolution %
S 0.1t
= [
100 i K a4 4 gl A FE S S S |
10! P 102 P 103 10" 4 102 > 10°
10 TeV zp 100 TeV 10 TeV Zp 100 TeV

14
Yp: Total density of particles recorded the AS array



Muon Selection Criterion

To maximize the detection significance of signal y rays
XN, : Total number of muons recorded with the muon detector

10°
102
10’
3
=,
~ 10° bt »
(=3 ®
1o B 84%
: 50%
ZNI,I, < 0.1 - 10'2 E m m m [aul m ; I BNty LIRS IR R _§ ]_6%
10’ f 10° f 103
10 TeV Zp 100 TeV

Survival ratio of gamma rays ~80% @100 TeV

Rejection power for BGCRs ~ 99.9% @100 TeV y. eq.
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Sensitivities of ALPAQUITA, ALPACA (half)
and ALPACAO (HD)

-10
10 : e e g
] Galactic Cent
ALPAQUITA (1yr50 & 10ev) — A ab
ALPACA (1yr50 & 10ev) — | half-ALPACA 1yr 5 o (GC trajectory) —— |

ALPAQUITA 1yr 5 o
ALPACA(8,,,<60°) 5 o

jry
-

—

ol
—
—
—_
o

L
N

Integral Flux xE (TeV cm2s™)
)

—
ou
—_
w
T
-
S,
@

| Composite
Binary

Integral Flux x E( TeV cm?s’ )
S

—h

o
N
N

107 10° 10 102 10°
Energy (TeV)

—
o|

Energy (TeV)

« ALPAQUITA can detect some sources in 1 year
« ALPACA (half) can touch the Galactic center flux in 1 year 1



Sensitivity to VHE Gamma-Ray Sources

Sensitivity curves in 1yrb o

T R U ————
E ALPAQUITA 1yr (5 0 &10eV, 6 < 40°) ==
ALPACA 1yr (50 &10ev, 6 < 60°) =]
— o i ALPAQUITA w/o MD
2 SN\ T
o ~ \\ 1
5 NN - ~7 sources in 1-yr obs.
>
@ above 10 TeV
o 1072 | A
x - 4 sources will be
5 detected above 100 TeV !
(@)}
g 107} HESS J1616-508
HESS J1702-420
HESS J1708-443
10-14 pp oy eyl NP _
= = o HESS J1843-033
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UNID ——
SNR =
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Binary —

H.E.S.S. A&A 612, Al (2018HAWC Phys. Rev. Lett 124, 021102 (2020)
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ALPAQUITA & infrastructure

I > PROYECTO ALPACA Detector

°SUPERFICIE APROX. 170.25 M2 (center of array)

« C(Central electronics hut

« Perimeters I 156 L = i L.

« Powerline (branch from the substation-Chacaltaya observatory line) *_’E AL AAT e, il b

« Cable drains — i T

« Lightning rods e | = -
« Long distance Wifi '

« Water system
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Summary

v Sub-PeV gamma-ray astronomy is crucial to identify the PeV
particle accelerators, PeVatrons
* Recent successes by Tibet ASy, HAWC and LHAASO open a

sub-PeV window in the northern sky

« New experiment in the southern hemisphere is desired
« Rich targets in south thanks to HESS up to 10TeV

v ALPACA explores southern sky in Bolivia first time with the
technic established by Tibet ASy

v ALPAQUITA will start operation in 2022

v ALPACA (half) will start operation in 2022-2023, and eventually
upgraded to ALPACA (HD)

v Mega ALPACA is discussed as a future plan to explore PeV
energy range

21
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