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Search for UHE γ-ray sources and PeVatron candidates (2019~)

Tibet AS 𝛾 Collaboration, 
PRL 123, 051101 (2019)

>56TeV

HAWC Collabora+on, ApJ 881:134 (2019) LHAASO Collaboration, Nature, 594, 33-36 (2021)Tibet AS 𝛾 Collaboration, PRL 126, 141101 (2021)

LHAASO Collaboration Sci. Bull. 69, 449 (2024)

LHAASO Collaboration, 
Chin. Phys. C45, 023002 (2021)

Tibet AS 𝛾 Collaboration, Nature Astron., 5, 460-464 (2021)

Crab

SNR G106.3+2.7

Cygnus Cocoon

Diffuse LHAASO J1908+0621

PWN? SNR?

Tibet ASγ, HAWC, and LHAASO in the northern hemisphere

> 400 TeV

Abeysekara et al., Nature 
Astronomy (2021)
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North.
Explored

South.
Untouched

Galactic Center

HESS J1702-420A

Westerlund 1

1. H.E.S.S. Collaboration, Nature 531, 476 (2016)
2. 〃, A&A 653, A152 (2021)
3. 〃, A&A 666, A124 (2022)

Fermi-LAT GeV all-sky map

UHE γ-ray observation of the southern sky 
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ALPACA

300 m

・Surface air shower array (83,000m2)
401 x 1m2 scintillation detectors

・Underground muon detector array: (3,600m2)
2.0 m (~16X0) soil overburden 
58m2 w/ 20” PMTs × 64 cells

・Performance
Angular resolution ~ 0.2°,  Energy resolution ~ 20% @ 100TeV
100% duty cycle & Wide F.O.V. ~ 2 sr

Andes Large area PArticle detector for Cosmic ray physics and Astronomy

15 m

Mt. Chacaltaya plateau @ Bolivia (16° 23’ S, 4740 m a.s.l.)

4



e-・ e+ ・m+/m-

e-・ e+ ・m+/m-

200TeV γ shower

200TeV CR shower

Few muons (~1)

Many muons (~100)

γ/CR separation by counting muons
BG rejection power > 99.9% @ UHE range

Underground Muon Detector Array
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300 m

15 m

Soil + Concrete
~2 m (500 g cm-2)
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4200m

4000m

4400m

4600m

4800m

Cosmic Ray Observatory
at 5200m a.s.l.

ALPACA Site
4740m a.s.l

Airport La Paz

ALPACA
Site

Bolivia・Chacaltaya plateau
(16°23ʼ S, 68°08ʼ W) 7



Prototype: ALPAQUITA

・Surface air shower array (18,450m2)
1/4 ALPACA with 97 AS detectors
Operation with the full array since 2023 Apr.

・Underground muon detector array (900m2)
Under construction. Wiil be completed in 2026
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Earth

Photosphere:
Optical observation
(Zeeman effect)

@1AU
Satellite

m
odels

Temporal variation of 
Shadow’s position, depth, and shape

Sun

Shadows of Moon & Sun

ü Moon shadow with ~10s is consistent with the angular resolution
ü Sun shadow with ~5s is a clear evidence of turbulent solar and 

interplanetary magnetic field during active solar period

Significance (s)
1 s step contour

Significance (s)
1 s step contour
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K. Kawata



CR Observation

A. U. Abeysekara et al., ApJ, 871, 96 (2019).

Tail-InLoss-
Cone

ALPAQUITA FoV

HAWC & IceCube Modal energy: 
10TeV

10

7.5 Future Prospects 63

6.9 TeV

29 TeV

63 TeV

140 TeV

370 TeV

10 TeV

29 TeV

63 TeV

140 TeV

370 TeV

Tibet ASγ ALPAQUITA

Figure 7.11 Two dimensional map of the sidereal time frame anisotropy observed by com-
bining Tibet ASγ and ALPAQUITA data using HEALPix pixelization after smoothing with
a 5→ radius.

1st obs. from mid-southern latitude 

(10TeV)

See the talk by K. Fujita @ 16:00 3rd Sept.

All-particle energy spectrum Submitted to PRD

Anisotropy Kawashima, PhD thesis

ALPAQUITA (EPOS-LHC)

K. Fujita T. Kawashima



Constraint on the rigidity spectrum in the highest rigidity range
Unique study of CR propagation with AS array detectors

ALPAQUITA
Any1
Any2 

Neutron monitor
Global muon detector network

(both accidental corrected)

GRAPES3 A&A 555, A139, 2013

Anzorena et al., ApJ 998, 16 (2026)
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Observation of Forbush Decrease

T. Sako M. Anzorena A. Mizuno



Preliminary gamma-ray analysis

See the talk by Y. Yamanaka after this talk

Search for hard γ-ray pulses from Vela X 
Anzorena et al. JPS (2026)

H.E.S.S. > 5TeV

H.E.S.S. 
10 - 80GeV

Fermi-LAT 
> 1GeV
>10GeV (*40)

Very hard pulse flux

(observed by H.E.S.S. up to 20TeV)

BG counts BG counts

ON source counts
(~40TeV, 2.8σ)

Phasogram (≳40TeV) 

Particle density at 
40 m (S40) is used

Lateral particle distribution

Optimization of γ-ray energy estimate
(Yamanaka et al. in prep.)

S40
Σρ

10TeV                       100TeV                    1PeV
Erec

Energy resolution
Improvement from a 
conventional estimate!

Y. YamanakaM. Anzorena



Site photo + CG image of MD

1. Construction of the Southwest MD (ongoing)
2. Extension of SDs in the Southwest area (2026)
3. Construction of the other three MDs (ongoing)
4. Extension of SDs in the whole area (2027)

γ ray obs. with ALPAQUITA will start in 2026!

Construction of Underground Muon Detectors
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Site photo + CG image of MD

1. Construction of the Southwest MD (ongoing)
2. Extension of SDs in the Southwest area (2026)
3. Construction of the other three MDs (ongoing)
4. Extension of SDs in the whole area (2027)

14ALPACA Obs. will start by 2027!!

Construction of Underground Muon Detectors



ALPAQUITA MD Construction (Jul. 2026)

15

Northeast

2026/3

Northwest Southwest

Southeast

Photos taken by Pedro Miranda



North. South.

Galactic Center

HESS J1702-420A

Westerlund 1

H.E.S.S. A&A (2018, 2021, 2022), Nature (2016)

Fermi-LAT GeV all-sky map

Detection of PeVatron Candidates
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H.E.S.S. GPS, ~ 80 sources @ TeV range



Sensitivity to Gamma-Ray Sources

Crab

GC

S.K et al., EXPA (2021) 52:85-107

Galactic CenterGamma-ray sources w/i F.O.V.

ALPACA

Ecut = 2.9 PeV
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Beyond ALPACA  Mega (m2) ALPACA
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1km

Where is the highest energy accelerator in our Galaxy?

ALPACA Collaboration, PoS(ICRC2023)632

Same MD coverage 4% as ALPACA



Summary

ü UHE γ-ray astronomy to search for Galactic PeVatrons
ü ALPACA will start UHE γ-ray observations in Bolivia in 2027
ü An underground muon detector is being constructed for the prototype ALPAQUITA, 

aiming for the UHE γ-ray observations in 2026
ü ALPAQUITA CR & gamma-ray analysis are ongoing

See the talks by Y. Yamanaka after this talk & K. Fujita @ 16:00 3rd Sept., &
have a look on Anzorena et al. ApJ 998, 16 (2026) & upcoming publications 
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Backup Slides



Mega ALPACA

1 km

1 
km

ALPACA

Mega-ALPACAALPACA

CTA

H.E.S.S.

Galactic Center

Sako et al., PoS(ICRC2023)632

・1 km2 AS array: # of det. 1185
・Muon Detector (MD) Array:

900 m2 (16 Cells) x 60 = 54,000 m2



Mega ALPACA and SWGO

22

Towards a !nal design

๏Bigger tanks are more cost e"ective 
๏Graded layout to get to km2

13

Ruben Conceição

A next generation observatory
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SWGO-RECO

CORSIKA

AERIE

PYSWGO

Simulation of 
extensive air showers

Detector 
simulation

Shower 
reconstruction

High-level  
reconstructions (IRFs)

Observational Panorama 
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� Cherenkov Atmospheric 
Telescopes 
o  20% duty-cycle 
o  Pointing (few degrees FoV) 
o  Energy threshold down to 10s GeV 
o  Good energy and angular resolution 

� Particle Detector Arrays 
→ 100% duty-cycle 
→ Wide-field of View (~ steradian) 
→ Energy range 100s GeV up to 100s TeV 
→ Continual view and accurate 

background determination 
LHAASO


HESS


MAGIC


VERITAS


LHAASO 
approx

100 TeV1 TeV

Preli
mina

ry

LHAASO 
approx

100 TeV1 TeV

Preli
mina

ry

A1

A5

A7A4

— SWGO | Gamma2024 in Milan —  

A1

A4

A7

A

Comprehensive simulations of 13 configurations completed; 
several reconstruction and γ/hadron separation passes.

E

F

D8: 1km2, 3 Zones 
Fill factor: 70%/4%/1.7%

Important: 
Analysis chain 

exists
MegaALPACA

Figure 9: Differential point source sensitivity for SWGO and SWGO-A compared to CTA South, HAWC, and LHAASO. While the continuous lines of SWGO show
the expected sensitivity calculated using simulations, the light markers denote extrapolations.

PWNe, and gamma-ray binaries). Section 5.2.1 discusses the
specifics of the alternative interstellar emission models consid-
ered and the capabilities of SWGO to detect diffuse emission. A
potential view of the Galaxy above 1 TeV as seen by SWGO after
5 years of observation is given by Figure 10, which shows the
significance of the excess above the CR background integrated
in a 0.1� correlation radius.

The number of expected detections above a given test statis-
tic (TS) value, TS > 25 is computed as a benchmark quantity.
For simplicity this number is estimated only for the Asimov
data set (i.e counts equals predicted counts, see Cowan et al.,
2011), which gives a limit on the expected detection for the true
simulated model. For this benchmark a minimal interstellar
emission model (IEM) is used as in the CTA-GPS simulation,
which yields an upper estimate for the number of detectable
sources.

In Table 2, the expected detections from SWGO are com-
pared to the ones expected for the CTA-GPS, and to the catalogs
from the current generation of instruments such as H.E.S.S.,
HAWC, and LHAASO. This result clearly shows that SWGO
will have a transformational impact on the field by multiplying
the number of detected sources by up to a factor of 3 in a single
year and up to a factor of 6 in 10 years.

In this paper there is not attempt to derive a catalog from
scratch as was done for the CTA-GPS simulation analysis (see
Appendix D of Abe et al., 2024), but the same techniques could
be applied. Above 10 TeV where the sensitivities and angu-
lar resolution are comparable, similar performances could be
expected. At lower energies, where both spectral and angular
resolution are degraded, larger confusion effects are expected
so it will be more difficult to identify individual sources, or to
study energy-dependent morphology. But these issues could be

alleviated by performing joint analyses with CTAO.
Table 2 also demonstrates that the expected number of de-

tections of the CTA-GPS is matched by SWGO in about 5 years,
while so far the scheduling of the CTA-GPS is proposed to be
spread over 10 years. The presence of SWGO may therefore
have a direct impact on CTAO observation strategy. Regard-
ing the synergy between SWGO and CTAO, among the sources
detectable by whether SWGO or CTAO, about 70% would be
significantly seen by both instruments independently. As SWGO
and CTAO are both committed to deliver open data this would
offer great opportunities for joint analyses to the community,
and even the possibility to build a joint catalog of gamma-ray
sources over four decades in energy. This could even be ex-
tended to six decades in energy, with the inclusion of Fermi
Large Area Telescope (LAT) data.

5.2. Extended Galactic Structures
The study of astrophysical sources with extended VHE emis-

sion has become a central topic in modern astrophysics. In par-
ticular, morphological characterization provides critical insights
into the physical mechanisms driving particle acceleration and
propagation. SWGO is designed as a survey instrument with a
large FoV, to efficiently map substantial portions of the Galac-
tic disk and to study extended sources. Its high sensitivity at
VHE, along with an enhanced spatial, and energy resolution
will enable the investigation of extended sources and the diffuse
emission of the Galactic Plane.

5.2.1. Galactic Diffuse Emission
The local measured CRs up to the Knee or even up to EeV

are believed to originate from Galactic sources. However, in-
formation about CR sources and the CR energy distribution at
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SWGO Collaboration, arXiv:2506.01786

in optimization

Lukas Nellen, UHECR2024

ALPACA Collaboration, PoS(ICRC2023)632


