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Discovery of cosmic rays by Victor HESS (in
1912) getting on a balloo
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Cosmic rays: Particles from outer space (H, He, C, N, O,...Fe nuclei)
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Tibet-lll Air Shower (AS) Array

4,300 m a.s.l. (606 g/cm?)

O Number of Scinti. Det. 0.5 m?x 789 ‘ X
O Effective Area for AS ~37,000 m? \
O Energy region ~3TeV - 100 PeV
O Angular Resolution ~0.4° @10 TeV \ \
(Gamma rays) ~0.2° @100 TeV \ . ” g sho
O Energy Resolution ~50% @10 TeVe— llll\"‘ e
Gamma rays ~20% @100TeV ..l ;-,:ﬁ;ﬁ ) ® g
|:|$:.o.v. ) -2 sr g Tg” @@H g g °
O Trigger Rate 1.7 KHz el e I =
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Air Shower Array
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Air Shower Detection
2"d particle timing

2"d particle density
i |
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Cosmic ray energy Cosmic ray direction
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Air shower rate triggered by Tibet |1l ~1700Hz



Performance by Moon’ s Shadow

The Astrophysical Journal,
692, 61-72(2009)
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Number of Dificit Events

Diff.

Search for TeV anti-protons by the Moon’s shadow

3TeV 400

Angular Distance (degree)

—1000

West East
\1 £
|5
\\ \ Z
/, II
’
1.0p7, A
\
\
i i \\,‘
b § ) !
Vv 10 \
J l’ (e 1
[ b :
0.0", - 4
12 e 2
1 (
| 7
H 1\
\ |
¢ ’
1 )
) s
-1.0H
’
1
1 /
| 8 £
~~ =]
R -~ ( ?
o olisem g ey
2.0 -1.0 0.0 1.0 2.0

Angular Distance (degree)

Amenomori et al.

Astropartlcle Phy5|cs 28, (2007) 137-142

-10

Significance

Antiproton / proton Ratio

0.23°

| Westward

1
—4.0

1
—20

Angular Distance from the Moon Center
in the East—West direction (deg.)

100 T T

leet 1
7% of CR @90%C. I:

10~

™

o

102 3 ",“

r{ Buffington (1981)
) Golden (1984)

% Streitmatter (1990)
Salmon (1990)
IMAX (1996)
CAPRICE (1997)
4 Basini (1999)
BESS (1999)
BESS (2000)
CAPRICEZ2 (2007)
+ HEAT (2001)
MACRO (2003)
L3+C (2005)

107°5E

[ @0 « -

Present work

> Bogomov (1987- 1990)

TIBET-I (1991-1993) 1
TIBET_II (1999-2003) 1

aaanal i i sl i i saaal
102 10° 104

i
Primary Energy (GeV)
Dashed line: leaky box

10°

M.Simon et al. ApJ 499 (1998)250.

Dotted line: extragalactic anti-matter model

S.A. Stephan et al. Space Sci. Rev. 46 (1987) 31.
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Gauss fit
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Cosmic Ray Anisotropy at multi—-TeV energies (FEH#R) DIHE
2D Large—scale Anisotropy Map
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>300 TeV new component!, consistent with IceCube >400 Te\1/6



Compton-Getting Anisotropy at Solar Time Frame

. local solar time Amenomori et al., ApJL, 672 (2008) L53
cOSMIC rays Oh x2 / ndf 24,65/ 22
6h / 1'00155 | | ::;itude o.ooo4059¢2.oe$jt1);
SRR __ rotation 2 0005k +O 05 %
;evolution orbit o - § : : i ‘ i
\\\ :E:ogsgsz ‘_O 05 % |
\‘\ 09993— | | | | | | |
/ \ ' 18h | 3 Observatlon Energy 12TeV—7OTeV
12h ‘1 local solar time (hours)
Expected Amplitude 3.86x 1072 % Phase 6 [hr]
Data Amplitude (4.06 ==0.21) x 102 % Phase 6.1%0.2 [hr]
mm) CG detected at 19.6c consistent with expected

@ Reliability and calibration for sidereal anisotropy (~ 0.01%)
@ Only Tibet ASy experiment showing a clear sinusoidal curve



All Particle Energy Spectrum in the Knee region
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All particle spectrum around the knee

(Slide from M.Shibata, Y.N.U.)
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Extra component

T
All data agree If we apply energy scale
correction within 20% by normalizing to e
direct observations. 5.

uy

Extra component can be approximated by

E % exp[- i],
4PeV
suggesting nearby source(s).
Since P and He component do not show
the excess at the knee, the extra
component should be attributed to heavy
element such as Fe.

(Slide from M.Shibata, Y.N.U.)
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Tibet P +He spectrum does not
show excess at the knee

P+He
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Tibet All particle
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3 model
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(Slide from M.Shibata, Y.N.U.)
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Sun’s shadow

Deficit (%)

= ¥

Sunspot number

Past Results (Tibet-1l >10TeV)

Amenomori et al, PRL, 111, 011101 (2013)
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v" Comparison b/w coronal MF models (PFSS/CSSS)
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Earth-directed CME catalog (Richardson & Cane 2010)
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Earth-directed CME catalog (Richardson & Cane 2010)
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Amenomori et al., PRL, 120, 031101(2018)
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Amenomori et al., PRL, 120, 031101(2018)

N-S Displacement

(a) Away (b) Toward it ARDXL

L
2 F S o Data/MCLL >
[} “I MC e}
% 1k |jé_ Mo ok T |04k Away 1'54i0'21stati0'205yst
S osf' () =0.303+0.053 |-0.6F " 0y (°) = -0.407 £ 0.060 .
-(Ez 0.6E ' %b(J_S g).ossstatio.osesyst) o8k %b(i 0.034,,,, +0.049, ) Toward : 1.62E O':I'Sstati O'zzsyst
Bl F F

0.4 -1 ? —

N RISETILOREL 2

2o | -INTUUXILIT4—ILRETIL

10 100 10 100 ) =] H=1 g s 510
Rigidity R (TV) Rigidity R (TV) é@%ﬁ%?ﬁ;ﬂ?%ﬁ""§
TILANDAZ Y
E-W Displacement

= (c) Away (d) Toward

© oF
~L L [ RN
g 0% ¢ ozt RAHEDXL
g % o > [FEAEMB T TIHREATES
2 06 8 oul)=-0242+0.046 | -06f 0 e(°)= -0.205 £ 0.038
S g (£ 0034, 0.029,,5) o g (+ 0.029,,, + 0.025, )
u—loJ . 1l
N 12 -1.2
O =

§_14 o -1.4 L o

10 100 10 100
Rigidity R (TV) Rigidity R (TV)

° e 32



Several bright TeV y point sources !

Possible diffuse y signal from Cygnus region?!
P, He, all-particle E-spectrum (Cosmic rays
accelerated to the knee region)
IRILF—EEITENFOINSHEM

m

1. 100 TeV (10 — 1000 TeV) region y astronomy

Tibet-11l + MD
2. Chemical composition (p ?, Fe?) Tibet-1ll + YAC

. ‘ -a |4 AYa — :_:

\NR /U 1A



O Next Plans (Bt X TO [ R Ep @ 7 80)

1. JEFrk (F~ANvEkTon-going)
Tibet AS + MD + YAC EXPERIMENT
Gammaray. Tibet Muon Detector (MD)

Cosmic Rays: Tibet Yangbajing Air shower Core
detector (YAC-II)

2. BEK(RUETTE
ALPACA PROJECT

XH)

T
ol
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Tibet AS + MD: 100 TeV y-ray astronomy

100 TeV4$EE (10-1000TeV)H > TR IE
By
Tibet-111 (AS) + a large underground

muon detector array (MD)
100 TeVELE®D H<RZ8BATE N [X1H 7 1)

>0rigin of cosmic rays and acceleration

mechanism (PeVatron) and limit at SNRs.

>Diffuse gamma rays



Origin of Cosmic Rays at the Knee

«°Fi(=.E,)  Kelner et al., PRD 74, 034018 (2006)
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p/y discrimination by muons
TeV p, He... TeVy

Atmosphere

Number of muons (<100 m from core, 4300m a.s.l.)

100TeV Proton 100TeV Gamma
~50 ~1
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Sensitivity to y-ray point sources (AS 1yr/ IACT 50hrs, 5c or 10 ev)
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MD construction scene



Installing a 20 inch PMT in a MD cell.
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Tyvek sheet walls and two 20 inch PMTs









WM EEDEA(F Ny k=EER)
Data vs MC
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[DMZEE] DI RILX—ARY ML

10710

107"

1072 Tibet AS+MD

Tibet-lll
Tibet AS+Proto.MD
HESS(2003-2005)

HESS(2013)

MAGIC
HEGRA

1 10 102 10°
Energy (TeV)

The highest energy y ~450 TeV = sub-PeV T THERIFDIRFEY
Amenomori et al., PRL 123, 051101, (2019)

%% : HEGRA DT —4A& ( Aharonian—+, ApJ, 614, 897 (2004) ) &#EH & LI-5&
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SNR G106.3+2.7 (VERITAS [Z & A E5:H)

Excess count map > 0.63 TeV

’9? Boomerang PWN 250

S 61.3

=

2 61.2 200

© .

£ o1 Radio (1.4 GHz)
a 150 CO emission

(o))
-

Tl U PSR J2229+6114

50

60.9

60.8

60.7

0

60.6

60.5 -50
2232 22"30™ 22h2g™ 22"26™ 22"24™
Right Ascension (hours)
> 5 10 kyr EEEfE 0.8 kpc (if SNR is associated with Boomerang PWN)
RZE 14pc x 6pc
> U T#R(>0.63 TeV) ST fEIE D Il E D FEDIGATIZ—E
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Declination [ °]

SNR G106.3+2.7 (HAWC |Z & A ER:A)

S Signific- :
“Radi€

Boomerang P

Energy spectrum

--- VERITAS 2009 (scaled) Joint fit (leptonic model)
10-11 —— HAWC 1350 days, point source & MILAGRO 2009
~~~~~~~ Joint fit (hadronic model) ¢ MILAGRO 2007
S|
61.0 3
s | e T e
% l = e 1
W e R
% 10712 I e
I ! I

VERITAS  © _
338 337 336 335

RiE_ht Ascension |[ ° |
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Ny, [cm™2] le21
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FR oy FEEOEAGEE | SNR G106.3+2.7
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v #RIREE L COMETMBIED b "R SN 5 0 FEE&BE TR DMBE & —2
XVERITASO#ER & —3K

50



FRy FEEOEAGEE | SNR G106.3+2.7
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sub-PeViRiAIEILELH > < #%

SRR RPeVF IR T — b RARERYE (BT) sub-PeV7 > <k
(0.4 -1 PeV)

. 4 . Radi
Figure from slide presented by A. Kéépa (Bergische HZ?tlr?ﬁfgirl]CeTgilH(lll\gg% Tibet ASV %’"%ﬁ
. mw

Universitdt Wuppertal) at CRA2019 workshop Dickey & Lockman (1990)

Amenomori+, PRL 126, 141101 (2021)
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Event Distribution

Equatorial coordinates

Blue points:
Tibet AS +MD
(Circle size o< Energy)

Red plus marks:
TeV sources
(TeVCat catalog)

>0.398 PeV (10%° TeV)
38 events in our FoV

—>Not from known TeV sources!
& No signal > 10 TeV around them

M. Amenomori et al., PRL, 126, 141101 (2021) «
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Distribution of distance to the closest TeV source for events > 0.398 PeV

| ! |
10 } —i—l_f_._{_ -- } " g
- Fom———— 1
0 0 = '
) 10 2 . : ----- o' —
S :
) —mmmaad
0 1
- :
-] L EL LD
< 10 3 : e
: E Isotropic MC  -====---
—————t Diffuse Model MC ]
i Data >398TeV —e—i
10'2 ! 1 1 1 1 1 11 | 1 1 1 1 1 L1 | L 1 1 1
0.1 1 10

Distance to the closest TeV source [deg.]

no peak around O -> no correlation with known TeV sources
Diffuse Model: Lipari & Vernetto, PRD 98, 143003, (2018)



Galactic latitude distributions

0 :
oF ()100 E(T eV) < 158

100 — 158 TeV

158 — 398 TeV

. Shaded Histograms: Model shape
: normalized to DATA (|b|<5°)
398 -1000TeV ; -
¢ Model: Lipari & Vernetto,
| PRD 98, 143003, (2018)
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Number of sub-PeV events in the direction of galactic plane
observed by Tibet AS+MD array

Highest gamma-ray energy = 0.957 (+ 0.166 - 0.141) PeV
(Eres ~10 % around 400 TeV & energy scale uncertainty ~13% in quadrature)

TABLE S1. Number of events observed by the Tibet AS+MD array in the direction of the galactic plane. The galactic
longitude of the arrival direction is integrated across our field of view (approximately 22° < | < 225°). The ratios (o) of
exposures between the ON and OFF regions are 0.135 for |b| < 5° and 0.27 for |b| < 10°, respectively.

|b] < 5° |b| < 10°
Energy bin Non Nga Significance Non Nga Significance
(TeV) (= aNorr) (o) (= aNorr) (o)
100 — 158 513 333 8.5 858 655 6.6
158 — 398 117 58.1 6.3 182 114 5.1
398 — 1000 16 1.35 6.0 23 2.73 5.9

TABLE S2. Galactic diffuse gamma-ray fluxes measured by the Tibet AS+MD array.

Energy bin Representative £ Flux (25° <1< 100°, [b| < 5°) Flux (50° < I < 200° |b] < 5°)
(TeV) (TeV) (TeV™' cm™2 57! sr7 1) (TeV™' cm™2 s7 ' sr7 1)

100 — 158 121 (3.16 £0.64) x10~'° (1.69 10.41) x10~ ™

158 — 398 220 (3.88 £1.00) x101° (2.27 £0.60) x1071°

398 — 1000 534 (6.86 T3:39) x10~'7 (2:99 Tl 16—
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Energy Spectrum

Models: Lipari & Vernetto, PRD 98, 143003, (2018)
4 ev /10 ev from
Cygnus cocoon (< 4°)

= ® Tibet AS+MD

L B ARGO-YBJ

——— Space independent CR
L | = - - Space dependent CR

‘\\““ "'c,
---------- Pulsar halo model - = -0
s
o -=" ~, N
. 3

After excluding the contribution
from the known TeV sources
(within 0.5° in radius) listed in
the TeVCat catalog

10

dJ/dE x E?7 (GeV'” cm2 s sr)

(~13% to the diffuse flux, but no - Inner Galaxy

contamination to events > 0.398 [ (a) 25°</<100°, 1bI<5°

PeV) 10 Ll Ll Ll Ll ol IR
10?2 10" 1 10 10 10° 10°

~ ® Tibet AS+MD

= ¥ CASA-MIA

—— Space Independent CR
- - —= Space Dependent CR

The measured fluxes are
reasonably consistent with Lipari’s
galactic diffuse gamma-ray model
assuming the hadronic cosmic-ray
origin.

10

— = = = = ==
-
= - ~

dJ/dE x E?7 (GeV'” cm2 s sr)

(b) 50°</<200°, 1bl<5°

10'5 1 11 11 I 1 IIIIIIII IIII 1 111 1 1111111 1 1 11111
102 10° 10*

102 10™ 1 10
Energy (TeV)

Amenomori+., PRL 126, 141101,(2021) 57




Electron origin? vs Proton origin?

0.398 — 0.957 PeV
gamma rays

Galactic coordinates

~
v' Observed gamma rays are isolated, not coming from known gamma-ray sources.
— Electrons lose their energy quickly, so they should stay near the source.
— Protons don't lose energy and can escape farther from the source. y

Strong evidence for sub-PeV v rays induced by cosmic rays

v This is the first evidence for existence of PeVatrons, in the past and/or present
Galaxy, which accelerate protons up to the Peta electron volt (PeV) region. -




YACETHE (Yangbajing Airshower Core detectors)
Towards Chemical compositin and energy spectrum
measurement in the Knee Energy Region




YAC-Il (Yangbajing Air-shower Core )
detectors for chemical composition
study in Knee region
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YAC-Il started in 2014, accumulating
data
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il + YAC-Il + MD (MC) for Knee Study
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Events

Features of YAC-II observables
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Events

500

480 FT
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50

ANN output

Proton separation

Jwork/RD/400sum/analize/pb7sp1.500/bminie2ndibtopled

Purity=83%
Efficiency=80%

P 4+
He

MNuclej ---#---1 o

0.2 0.4 0.6 0.8

Target value T

Contamination is exclusively
by helium nuclel.

The fraction of helium events
missidentified as protons is
about 40% of helium events by
Tc=0.4.

P+He separation

Jwork/RD/A00sum/analize/pb7spl.500/bmin1e2ndibtopied

1800

160 -1 Purity=95%
1400 | Efficiency:96%
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Target value T

20% of heavier nuclei than
helium contaminates to
P+He region.
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Expected proton spectrum

(YAC-1I) Proton kneeZift
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Expected He Spectrum (YAC-II)

Hellum knee"éh:'li'

Expected Helium flux by 3 years
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The ALPACAExperiment

Andes
Large-area

PArticle detector for
Cosmic ray physics and
Astronomy



The ALPACA Collaboration

M. Anzorena A, C. A. H. Condori €, E. de la FuenteP, A. Gomi E, Y. Hayashi B, K. Hibino F,
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Y. Tameda P, K. Tanaka Q, R. Ticona €, |. Toledano-Juarez P, H. Tsuchiya R, Y. Tsunesada 'K, S. Udo F,

K. Yamazaki H, Y. Yokoe A et al. (The ALPACA Collaboration)

ICRR, Univ. of Tokyo 4, Dept. of Phys., Shinshu Univ.B, IIF, UMSA €, Univ. de Guadalajara °,
Fac. of Engn., Yokohama Natl. Univ.t, Fac. of Engn., Kanagawa Univ.t, Utsunomiya Univ.S,
Coll. of Engn., Chubu Univ.”, Astro. Obs., Chubu Univ.!, Grad. Sch. of Sci.,
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North

FLACA Site

Mt. Chacaltaya, Bolivia
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UMSACosmic Ray Laboratory

v Mt Chacaltaya(5,200m asl)

v CR Lab at the highest altitude

v Discovery of pion
C. F. Powell in1947 (1950 Nobel
Prize)



Main purpose of ALPACA

« 100 TeV vy-ray astronomy In South
e Locating origin of comic rays

by detecting cosmic 100 TeV gamma rays
from cosmic ray accelerator in our galaxy:

PeVatrons!
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Why in Bolivia

e Flat land at high altitude: (> 4000m)

Cosmic rays absorbed in atmosphere before reaching sea level

e Galactic Center: Observable in the southern
hemisphere (not in the northern hemisphere)

Most promising candidate of the origin of cosmic rays

e Long-term collaboration between Bolivia and Japan
(Good infrastructure: Electricity, water, road,...)

Since 1962 in the field of cosmic rays, for example, BASJE



Observation Cite: Chacaltaya Plateau
500 m X 500 m flat within £ 1°
4,740 m above sea level (16° 23S, 68° 08" W)

.,;‘f - o -“"T ¥ gt
e, v
7 el - -t iy, T
@, f% S




1. Array coverage 82,800m? e €€ 300m >
= 401 x 1m? plastic scintillators .. ST T T T T T T TN
2. Underground water Cherenkov B 2
muon detector (MD) 3600m?2 ““" .....................
Soil over 2m (~16.X;) S === = A e
= 56m?with 20"¢ PMT, x4 LIl
cells 1
e, 1D IIIIIIIIIIIIIIIII
v' Cosmic-ray BG rejection power >99.9% @100TeV. - ;mnjj;fn‘f:;:m“ilsz(j‘;’)::z)
v" Angular resolution ~0.2° @100TeV, Energy resolution ~20%@100TeV |
v' 100% duty cycle, FOV 6, <40° (well studied), 6,..<60° (in study)

Original ALPACA design

zen

zen
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Performance of ALPACA air shower array

Location: 4. 740 m above sea level
(16°23'S, 68°08 W)

# of scintillation detectors 1 m<2 x 401 detectors

Effective area ~83,000 m?

Modal energy ~5TeV

Angular resolution ~0.2° @100 TeV
Energy resolution ~20-25% @100TeV

Field of view ~2 Sr
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ALPACA staging plan

ALPAQUITA in 2023 |
(97 + 60) SDs + 1 MD

ALPACA in 2024
401 SDs + 4 MD
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MD design (1 MD =4 x 4 cells

o]

- -
—
- - —==

2023:
2024:

1 MD
3 MDs

92950 59 o o
“ESTUDIO Y DISENO FINAL DE DEL MODULO MD POOL”
DEL ALPACA EN RAYOS
TORRICELLI CONSTRUCCION E INGENIERIA S.R.L
PROSPECCION GEOFISICA

TOMOGRAFIA ELECTRICA RESISTIVA-ERT
CHACALTAYA - LA PAZ Escala_1:2000
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Sensitivity to VHE Gamma-Ray Sources

Sensitivity curves in 1yrb o
10-10 x W T v ¥ A | T T ]
ALPAQUITA 1yr (5 0 &10ev, 6 < 400
~ ALPACA 1yr (50 &10e:v, 0 < 60—

AQUITA w/o MD
10-11 - ]

- ~7 sources in 1-yr obs.
above 10 TeV

10-12 "

: A

- 4 sources will be
detected above 100 TeV !
HESS J1616-508
HESS J1702-420
HESS J1708-443

Integral Flux x E( TeV cm?s! )

16

-14 PR/ |
0 o0 HESS J1843-033
Energy (TeV)
UNID
SNR —
Observed PWN —

Extrapolation----- Composite —  For the energy spectra of the sources:

Binary — H.E.S.S. A&A 612, A1 (2018)A8WC Phys. Rev. Lett 124, 021102 (2020)
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Targety Sources

Galactic Center

Fermi Bubbles

Young SNR

Other Galactic Point-like Sources
Nearby Extragalactic Sources



Int. Flux x E (TeV cm™ 8'1)

10 s —
Point HESS —e—
Diffuse HESS x10 —=—
Best-fit —
| Maxp=2.9PeV --------
-10 — fffffff - MaXPZO.GPeV ---------- _
10F 4(% Maxp=0.4PeV
I | Q,ALPACA (2YrS 4()  mm—
+
1071
10712 o 35280 N
10713 ______

Galactic Center as PeVatron?

1 10

Energy (TeV)

Galactic latitude (degrees)

v’ Detection of diffuse
component

v' >100TeV y-ray expected

v PeVatron candidate

-
-

+00.2

ey S e | S
00.5 00.0 359.5

Galactic longitude (degrees)

Abramowski, et al, Nature (2016)
5 ~-29°
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Fermi Bubbles

v" sub-PeV y rays expected, if sub-PeV v’s
detected by IceCube are of hadronic origin.

v Fermi Bubbles: Very extended (~0.8sr) y-ray
sources difficult for IACTs to cover them all.
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Young SNRs
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Young SNRs
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Young SNRs
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Nearby Extragalactic Source CenA

-10
10 —rrr
[ HESS —— | v Di . |
FormiL AT Distance: 3.8Mpc very nearby!
10! L Southern Array (2yrs 40) —— ]

v" Relativistic jet
v" Flat spectrum above TeV region?

v" No significant time variation?

Int. Flux x E (TeV cm™@ g™

Energy (TeV)

Aharonian et al, ApJ, 695, L40 (2009)
Sahakyan, et al, ApJ, 770, L6(2013)




ALPAQUITASEER : I R4E

MAXRICH T2 FERETEOER

— lceCube Eth=~10TeV (-90°<Dec.<-20°)
— ALPAQUITA Eth= ~5TeV (-70°<Dec.<+30°)
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ALPAQUITA AS Array Performance for Gamma Rays

Target events: Gamma rays W/ T'= —2.5 & Oyye < 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
10° 1.0 — R
Energy determinatic _ » Picompmaliel 8
P 0% =
0.8 5
,>_;Lo2 .é 1r
- 0.6 © ;
= 5
o =
g L 04 8
R0t ﬁ £
4“1 resolution G
02 5
= 0.4r
e [
100 0.0 I N P | " PR S |
101 P 102 P 103 10 102 + 10
10TV Ip 100 TeV 10 TeV 2P 100 Tev

2p: Total density of particles recorded the AS array
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ALPAQUITA
(Iittle ALPACA)

« Prototype array of 25% ALPACA area coverage
» 97 surface detectors
« 1MD

« Targets
e Infrastructure establishment
« Afew bright >100TeV sources
e CR anisotropy

MD :ZEHA. FH A< T/

2019.09
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ALPAQUITA & infrastructure

Central electronics hut
Perimeters

Powerline (branch from the substation-Chacaltaya observatory
line)

Cable drains
Lightning rods
Long distance Wifi

Detector

ROYECTO ALPACA

SUPERFICIE APROX. 170.25 M2

Detector
(center of array)

Domiorio 1

omtonod |

e T
T e

05

‘Iua 015 deep

Renjove Window

Remove Window

i Io s: 0.15 deep
G (ground for electronics)

Water system
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First Good Event

Relative position [m]
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Relative position [m]
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Number of events

Even-0Odd Array
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Moon Shadow

Cumulative deficit events
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F=EH

> Tibet ASy EE&R: FAYLE/R #ZE54,300m on-going
65,700m? AS + 3,400m? )KFzL 2aT7EMD

% Targets

10 - 1000 TeV gamma-ray astronomy (Northern sky)
CR anisotropy, Chemical composition ~ 10> eV, Sun shadow

> ALPACAETIE]: FAILAYIU 8 E=4,740m
83,000m2 AS (~400&)+ 3,600m2 JKF L >a7EMD

% Targets

10 - 1000 TeV gamma-ray astronomy (Southern sky)
CR anisotropy, Chemical composition 10*° eV , Sun shadow

> ALPAQUITA: JARIATERIYT—7LA
1.0m2 X 1575 . 0.4 X ALPACA AS+ 900 m2 MD
2022-234F (20224 IZAS) —ER A TR BB ER)

> ALPACA: 83,000m2 AS + 3,600m2 MD 20244



Thank you for your attention!
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ALPAQUITA AS started partial operation in 2022
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