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Scaled flux E*° J(E) (m?s'sr'eVv'®)
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Attenuation due to Pair Production
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Abramowski, et al. (H.E.S.S.),
Nature (2016)

Diff. Flux x E2 (TeV cm?2s™")

Galactic Center (Diffuse)

it

10710 : ‘
Diffuse HESS —e—
HESS best-fit Expected Mega-ALPACA 5yr —e—
0.6PeV cut-off Expected Mega-ALPACA 5yr —=—
107
¢
=y . T
10712 b V HESS.Best-fl
Mega byrs
..
S “o
10718 3 N
N
10714 \ N,
E,= 600TeV cutoff 3
Mega byrs ’
10715 kY
0.1 1 10 100 1000
Energy (TeV)

Vernetto+, PRD, 94, 063009 (2016)

1

0.9

0.8

o
3

o
>

o
=

Survival probability
o
o
T T T T T

000
03E os & [ stariignt
025 085 == IR A <50 um — Total
—eaL - IRA>50 um
01 0% 10% 10 10 107 —-CMBR
oF il vl i Sl o
T

Gamma ray energy (eV)

FIG. 12.  Survival probability of gamma rays for a trajectory
from the GC to the Sun, plotted as a function of the gamma ray
energy. The contributions of different radiation fields are shown.
The inset shows the contributions of starlight, infrared radiation
with wavelength A < 50 ym and EBL.



Galactic Diffuse Gamma Rays

BIRLF—FHR ERYE BIRILF—HYIR

Radio (21cm) HI Map

Figure from slide presented by A. Kiipii (Bergische Hortmeen et 11 (19%) .
Dickey & Lockman (1990) Tibet ASy

Universitit Wuppertal) at CRA2019 workshop

Expected >400 TeV (Space-Dependent CR model)
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Lipari & Vernetto, PRD 98, 043003 (2018)



Galactic Diffuse Gamma Rays
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Figure from slide presented by A. Kiipi (Bergische E:‘:;ﬁ;‘e"l‘: l"‘(ll'\g’[;%
Universitit Wuppertal) at CRA2019 workshop .
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Dark Matter Halo (E>400TeV)

Murase et al.,
PRL 115, 071301 (2015)
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FIG. 1 (color online). Diffuse all-flavor neutrino and y-ray
) intensities expected in the VHDM scenario. The ES13 model is

. . : assumed with 74y, = 3.0 x 107 5. The total (thick dashed line)
Galactic coordinate and extragalactic (thin dashed line) contributions (o the cumu-
lative neutrino background are shown with the observed data. The

. D a t’k M atter H a | o) (|\/| urase 20 1 5) expected y-ray background is also shown (thick solid) with the

latest Fermi data. We also show contributions of extragalactic

O Ga | actic D]ffuse Y (L| pa ri 2018) cascaded 7 rays and direct y rays from Galactic VHDM, which

are not affected by uncertainty of Galactic magnetic fields.

. Ba C kg roun d N 0 i se KASCADE and CASA-MIA y-ray limits are indicated.
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Int. Flux x E (TeV em?@s™)

Starburst Galaxy: Centaurus A

CenA (D=3.5 Mpc, Dec=-43°)
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SRR ERS Amenomori+ (Tibet ASy), PRL (2013)
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sub-PeVH > <G48 D FEIT

(b) E>100 TeV
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Tibet AS y Collaboration, PRL 123, 051101 (2019)

TibetASyEEA# T I 2 —RK FHRHER
T p/ yFH RN

2019 (CHFETHH T>100TeVH >~ <
RRE (WICEE) 2RE

14



Gamma-ray sky

Diffuse gamma rays Tibet ASyCoHaborallon PRL 126, 141101 (2021)

» Tibet, HAWC, LHAASOA It R D &8I % 1t
« Tibet, LHAASOIZ L B HABA > Y IRDOFER
- [AX GRAHL) | AR

Southern sky
is not covered

KM2A (E>25T 20

>25TeV

http://tevcat.uchicago.edu

Gamma—ray sources

LHAASO Collaboration, arXiv:2305.1703v1 (2023) HESS: A&A 612, Al (2018)
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ALPACA Air Shower Array

1. Array coverage 82,800m?2
= 401 x 1m2 plastic scintillators

Lead plate
i¥ intil

.....
Teay

2. Underground water Cherenkov

muon detector (MD) 3700m2 = %
SOll over 2m ("‘16)(0) WFasttrmmgPMT
— 58m2 Wlth 2011¢ PMT[I X 6}5]» Cee“S Signal cable HV cable
.................... 15m;
,IVZOim:hPMT “““““““““
Water 1.5 m “_."
mzml. ------ *
Cherenkov light et
Reinforced concrete ‘Waterproof material and reﬂeclor‘
v' Cosmic-ray BG rejection power >99.9% @100TeV. « 1m? AS Detector x (974304) (82,800 )

[ 58 m? Muon Detector x (16+48) (3,700 m?)

v' Angular resolution ~0.2° @100TeV, Energy resolution ~20%@100TeV
v 100% duty cycle, FOV 6,6,<40° (well studied), 8,,,<60° (in study) 17



ALPAQUITA

1. Air Shower (AS) Array ~83,000m?
=97 x 1m? Scintillation Detector
2. Underground Muon Detector (MD) ~3600m?
= Water-Cherenkov-Type, 2.5m overburden (~19.X)
56m? with 20" ¢ PI\ﬁT x 16 Cells

Y e

Soil & Rocks 2.6m

o et NN

Ao o yoo i
© ® OO d AL

™
‘e
‘e
.

Reinforced concrete ‘Waterproof & reflective materials

v' Gamma-ray air shower has much less muons.
Background cosmic rays can be rejected by >99.9% @ 0 eV
v Wide FoV (~2sr) observation regardless day/night and wegt
- Angular resolution ~0.2° @100TeV }
- Energy resolution ~20% @100TeV




ALPACA Construction Plan

- +| ALPAQUITA w/ MD
- :| gamma-ray sensitive observation

] | starts in 2025

Full ALPACA
construction in 2026

- 1 AS Detector x (97+304) (82800

I 58m? Muon Detector x (16+48) (3,700

= 1 AS Detoctor x (87+304) (32,800 m°)
I 58m? Muon Detector x (16448) (3,700 m°)

Current configuration

1st MD construction |: . ATl
in 2025 Loy

= 1 AS Detoctor x (87+304) (32.800 m°) = 1" AS Detoctor x (97+304) (32.800 m°)

I 58m? Muon Detector x (16+48) (3,700 ) [ 58m* Muon Detector x (16+48) (3700 )



ALPAQUITA Air Shower Array

YALPACA-scale air shower array
1m? scintillation detector x 97 with 15m spacing
Effective area ~18,000m?

1m? 5mm lead plate
1m? Scintillator
(50cm x 50cm x bem x4)

Inverse pyramid shape
Stainless steel box
(White painted inside)

2-inch PMT x1

Any 4 (Any3 since Jun 2024) detectors with >0.6 2022 Jun. Deploy detectors

particles within 600ns
-> Rate ~280Hz @ CR mode energy ~7 TeV 2022 Sep. Partial operation

Counting Mode Condition : 2023 Apr. Full operation
Anyl, Any2, Any3, Any4 rates every 0.1 sec 20

Air Shower Trigger Condition : [Constructon status:




Relative position [m]

run#=23062501 ev#=110788 mjd=60120.0175874307 #ch=74
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Moon Shadow

Center position 0.3° Westvvard

ALPAQUITA 2023/04/07-2024/04/30 ———
Angular Resolution = 1.1deg --------

1000 T

®
£
3 -1000
o
B
8 -2000
2
=
E 2 -3000
o > =
b4 o .
- 4000 £ Expected line / ]
& assuming 1.1° resolution
3
b -5000 s s s : ‘ ! . s
¢ 0 20000 40000 60000 80000 100000 120000 140000 160000
,g Number of background events
o
o .
& « Shadow of the moon is clearly detected at >8¢
z « Evolution of the deficit depth suggests the angular
2 .
3 resolution of 1.1 degree (mode energy = a few TeV)

2 1 0 -1 -2 2
Angle Distance (degree)



Performance Of ALPAQU'TA Event selection criteria:

» Zenith angle < 40deg

Even—Odd MethOd + In Array flag = on

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

700005 A Even-Odd opening angle :
600001 * ".. Opening angle between directions determined
7] C . "
50000~ g, AOor Median ~1.96 deg | by two independent arrays (even and odd arrays)
d>> Fe %
S 40000} 5 ABop N\ -EEEEE
3 e M CNEEEEE B
E 300001 i‘ \EENYEEEB @ &
z fe . . HENGENEEEEE B B
20000* \ ;
y \ Angular resolution SN NEEEEEH
10000} os0=A0pp/ 2 = ~1° EEEENYEEEEE
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Data-MC comparison

]Total number of particles \

0.04,
P iss o P — data
f T —mc_

W

L S . i

i |
0 a 6 15 L 25
Opening angle between even-odd array (degree) Log(Zp,) (m?)

Zenith angle data_akenob

1

— data
‘— MC_

°

—

normalized # of events

normalized # of events
o ¢
T[T [T T[T T[T T

[ . — data

| zenith angle ‘ e
2
L  Detector calibration data are taken into account
3 « Good agreement between experimental data and MC
H S « Air shower array shows expected performance
g 102

i
1.1 12 13 14 15 16 17 18 19
secH
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Heart of the experiment
~Underground muon detector~
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ESTUDIO Y DISENO ESTRUCTURAL DEL MODULO MD L I
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ELEVACION AR

« Long discussions with Bolivian design companies => fixed

« Public call for construction company soon

« Construction of the 15t MD will start in 2025

« First gamma-ray sensitive observation starts in 2025 »



ALPAQUITA/ALPACA®D X
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S.Kato et al., Experimental Astronomy (2021) 52:85-107

Site photo + CG image of MD by design company

2025 (CHE T I 2 —F 1ess (188) %5
20264 IZALPACARA % 52K

ALPAQUITA 1FE£AIT, FEDBIAI D TeVRIAD,
5>100TeV (sub-PeV) H > <5 % i H AT 4L

ALPACA 1£1Eo>§ﬁ,ﬁlJf E%%D@TeV?ﬂZFﬁlf/\%
>100TeV CIREFATAE o



FE&H

« Mega ALPACAIZ, ¥k PeVH v 2R XX FEZHMAT S 5HE
[SRIAFEMDIEIR] & 7> VIRTED

SRR RO M DIRE A > HREVR. FEIRD T D AR

T 1 — R F & AW R TS AT

FFERPIRE T O FHERE T R

V1135 $R 3R] D KL F HNIEE % AR EE

EREYERRN >V VHROHY, REIFRLF—TDRFHLTRIG

KEGEEICH D FTEREZE, FERIFTRNDEM

. ALPACALJ:Z;@#TR RUET ’CO)""'_*“/‘\"V—TI/'f%fE\ E SH:

« ALPAQUITAHIZR 77 L A A EER A

s WFIa—NFRHBLISHESERXTE
=> ¥ sub PeVH v VI8 R XEF % BtA

e BlEHE T LRI —ILDOALPACA%R E

27



28



Mega-ALPACA BlF BHiZ

< SRARAPeVFEBER(X AN OV )ERBOH L AT

(SR 0sEE. ERREE. BHERY )
o SRIATE D O DPeVIEEILEN S >~ < iR D S ER A

S RAIFTEBOLR - E - MEEE - JHEER DO ERE A~

s IFERAR—/N—=X MRADOFEHBIRDOIENFEE
R ANA—BEX -7 X —DIER

« KIGBl & Z D EICHITA2FEEZRD RN DER
s FERZFE L7 KBGO B EBAT

s FEHEZAVWEZFERITAOERL

29



FIRIC

| T BEDHT SR
« SRIFAIRA D /N b O RS
« Westerlund 1 (Massive star cluster)

o R %A 0383 (Central molecular zone)
 H.E.S.S. Xtk (UNID, SNR, PWN---)
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c RARFOLX—I TR —/"A—

« WEESRAIRIR (R & — /83— Z b $RiA])
« Cen A, NGC 253, LMC
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Westerlund 1 (Massive Star Cluster)

Westerlund 1 (D=3.9kpc, Dec=-46°)

-9
10
HESS (ICRC2021 Preliminaly) —e—
PL Expected Mega-ALPACA 1yr —e—
0.4PeV cut-off Expected Mega-ALPACA 1yr —a—
10710
'I_(I)
o
g 10-11
'%_, o Power-law
w % Mega lyr
X 1072 ¢ e,
E P
:‘O:
1078
E,=400TeV cutoff %
Mega 1lyr
1074
0.1 1 10 100 1000
Energy (TeV)

Mohrmann (H.E.S.S. Collab.), ICRC2021
Aharonian+, Nature Astronomy, 3, 561 (2019)

—44030'

—45°00

30/

—46°00'

30/

—47°00'

v Distance 3.9kpc
v Age 3.5-5 Myr
v Good PeVatron candidate

v" Diffuse GeV emission

H.E.S.S. preliminary
E>0.37TeV

16h5om  48m 4qm

* Westerlund 1
# HESS J1640-465
A PSR J1648-46 A PSR J1650-4601



Diff. Flux x E2 (TeV cm?2s™")

Galactic Center

Galactic Center (Diffuse) v Distance 8 kpc
-10
* HESS b ‘ fit E ‘dM DAT%:CHAFSS ‘
t-fit t - 1yr —e— .
0.6PeV out-off Expectod Moga-ALPACA 131 —=— v Diffuse component
10" .
v Good PeVatron candidate
o
=~ . T
1012 S ! HESS. Best-fit v Maximum proton energy?
Mega lyr EY
Y —p ~ 0(1/10)
1013 ) \ Emax
‘ \ »J\\T\T\ —
10-14 3 ) . g,
Ep=600TeV cutoff Y\ ] &
Mega 1yr
105 A 8
0.1 1 10 100 1000

Energy (TeV)

AR |
000 3595 359.0
Galactic longitude (degrees)
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SWGO, UHECR2024 presentation

Site

® Pampa la Bola
@© Parque Astrondmico San

q Pedro Atacama
Detector options © 4770 mas.l.
@© Letter: 80% 7, 80,000 ¢ © Space for multiple km2
Detector n . Os e } =t pro
— 5 i 1
© Number: 3 N
Layout & :
® Simulated ‘ s { { v s
© All"A" "
© A" . ;
© "E4" . v
Next steps: Pathfinder and SWGO-A
@ Constant cost
© depends on Equal nominalcost arrays, similarly B1, 1, D1, .., E4 (13 total)
detector

Target: LHAASO size array
Site: primary candidate, San Pedro Atacama
Pathfinder: 100m array

676875 -67.6850 -67.6825 676800 676775 -67.6750 -67.6725 676700 -67.6675
Longitude [*]
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