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A new air shower array in the Southern Hemisphere
looking for the origins of Cosmic rays: the ALPACA experiment
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Abstract

The Tibet ASγ experiment successfully detected sub-PeV γ-rays from the Crab nebula us-
ing a Surface Array and underground muon detector. Considering this, we are building in
Bolivia a new experiment to explore the Southern Hemisphere, looking for the origins of
cosmic rays in our Galaxy. The name of this project is Andes Large area PArticle detector
for Cosmic ray physics and Astronomy (ALPACA). A prototype array called ALPAQUITA,
with 1/4 the total area of the full ALPACA, started observations in September 2022. In
this paper we introduce the status of ALPAQUITA and the plans to extend the array. We
also report the results of the observation of the moon shadow in cosmic rays.
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1 Introduction

The southern celestial hemisphere is know to be rich in astrophysical objects emitting>100 TeV
γ-rays [1], which in turn are concentrated near the galactic plane, particularly on the Galactic
center. This comes as a result of the γ-ray attenuation with the CMB photons, hindering the
possibility of observing these energetic sources in the current northern observatories. Then,
the Southern hemisphere is an excellent location for searching the origin of Galactic Cosmic-
rays, since their acceleration could imply the production of >100 TeV γ-rays coming from π0

decays. However, sub-PeV photons could also be emitted through the inverse Compton process
from sub-PeV electrons, making the solution of this mystery very complex.

The detection and spectral measurement of >100 TeV γ rays from their celestial sources,
together with multi-wavelength (radio and X-ray) observations, will bring key information,
allowing us to discriminate between two processes (cosmic-ray/electron origins), locate the
acceleration site of cosmic rays (PeVatrons which accelerate cosmic rays up to PeV energies)
and to verify the standard acceleration model. The γ-ray air shower experiments such as
the Tibet ASγ, HAWC and LHAASO, currently in operation in the northern hemisphere, have
good sensitivity above 100 TeV and have surveyed the northern sky region with a wide field
of view; discovering many sub-PeV gamma-ray sources [2–6]. The Tibet ASγ experiment,
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has successfully observed gamma rays above 100 TeV from an astrophysical source [2], and
diffuse gamma rays >400 TeV from the Galactic plane [7] using a hybrid technique (surface
array+underground muon detector).

With this motivation, the Andes Large area PArticle detector for Cosmic ray physics and
Astronomy (ALPACA) is a new air shower array project in collaboration between Bolivia, Japan
and Mexico. The detector is currently under construction near the Chacaltaya mountain and
will be the first experiment to observe high energy γ-rays in the southern hemisphere. In 2022
the prototype of ALPACA (ALPAQUITA) started observations with around 1/4 of the total size
of the full array. In 2025 the construction of the first underground muon detector (MD) and
a further extension of the surface array is planed. In this paper, we present the design and
the construction plan of ALPACA and ALPAQUITA, then demonstrate the initial performance
of ALPAQUITA.

2 The ALPACA experiment

ALPACA is aiming at being the first experiment to observe >100 TeV γ rays in the Southern
Hemisphere. Located at the Chacaltaya plateau in Bolivia (16◦23′S, 68◦8′W) at an altitude of
4740 m (572 gcm−2), ALPACA will observe γ-ray initiated showers near their maximum de-
velopment. The experiment is composed of surface air shower (AS) array and underground
water Cherenkov muon detectors (MD). MD detectors allow to discriminate the large CR back-
ground [8]. The AS array will cover and area of 83000 m2 with 401 plastic scintillators of
1 m × 1 m × 0.05 m each. The MD array has 4 underground MD pools, each divided in 16
cells of 7.5 m×7.5 m. The cells in the pools are cover with water proof material to collect the
light generated by high energy muons entering the pool (>1.2 GeV). Meanwhile, the 2 m soil
overburden works to absorb the electromagnetic component associated with γ-ray showers.
The collected light is detected using a 20-inch PMT installed at the ceiling of the cell. Figure
2 shows a cross section of one MD pool.

In 2022, the prototype of ALPACA, ALPAQUITA, started observations. ALPAQUITA is roughly
1/4 of the full ALPACA, covering an area of 18450 m2. Figure 1 shows an schematic diagram
of the ALPAQUITA. The construction of the underground MDs will start soon. A detailed Monte
Carlo (MC) simulation study and performance study of ALPAQUITA, including one MD pool at
the center of the array, is reported in [9]. According to this study, ALPAQUITA will be capable
of detecting five γ-ray sources above 10 TeV with high statistical significance (> 5σ) in one
year of observation.

The performance of ALPACA/ALPAQUITA in detecting point-sources is evaluated through
MC simulation of the response of the detector to an air shower event (CORSIKA+GEANT4).
In this analysis, we reconstruct the events that trigger the detector and then obtain the energy
and angular resolution of the experiment. A very important part of this study is theγ-ray/CR
discrimination, which is done by using the information from the MDs. Figure 3 shows the
output from MC simulation comparing γ-ray and CR induced showers. The Figure presents
the distribution of the particle densities detected by the AS array (

∑

ρ) against the total signal
in the MD (
∑

Nµ). The distribution for the case of γ-ray showers is shown on the left panel of
the Figure and the distribution for CR is shown on the right panel. In the analysis, the lower
limit on the number of muons is defined as 0.1 for all the MD cells, and events with

∑

Nµ < 0.1
are piled up at around

∑

Nµ = 0.01. Gamma-ray events are observed to be muon-poor, while
CR events are muon-rich and therefore;

∑

Nµ is useful to discriminate between them.
For 100 TeV γ-rays, the angular and energy resolutions are estimated at about 0.2◦ and

25 %, respectively. The hadron rejection power of MDs is more than 99.9 % at 100 TeV, while
keeping about 90 % of the γ-ray efficiency. Figure 4 shows the sensitivity curve of ALPAQUITA,
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Figure 1: Schematic diagram of the ALPAQUITA array and principle of function

Figure 2: Schematic diagram of one underground MD pool in the ALPACA experiment
and principle of function. Figure taken from [10].

along the energy spectra of 3 γ-ray sources that could be detected within one year of obser-
vation. The detection of gamma rays beyond 100 TeV is possible for HESS J1702-420A if the
spectrum extends without cutoff [9]. The blue solid line represents the energy spectrum of
Crab Nebula as reference. A more detailed study including the full array is presented in [9].

3 Construction plan and current status

In 2022 we installed an array of 97 detectors, which comprises the ALPAQUITA (little-ALPACA).
This initial configuration is shown in the left panel of Figure 5. After the initial operation and
maintenance, ALPAQUITA has been stably operating since April 2023. By the end of 2024, the
construction of the first MD is about to start, and we will cover the surface with additional
60 detectors (configuration shown of the right panel of 4). Considering this, the gamma-ray
sensitive operation of ALPAQUITA SD+MD will start in 2025. Figure 6 shows a panoramic
view of the ALPAQUITA in 2023.

The air shower trigger signal of ALPAQUITA/ALPACA is issued when any four fold coin-
cidence appears in the detectors, each of which records more than ∼ 0.6 particles within
a coincident width of 600 ns. Under these conditions, the trigger rate of ALPAQUITA is ap-
proximately 280 Hz. The modal energy of observed cosmic-ray air showers is estimated to be
approximately 7 TeV by MC simulation [11].

Events are reconstructed using the relative timings and particle densities from the scintil-
lation detectors. The timing information is corrected using the cable length fro each detector,
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Figure 3: Distribution of the
∑

Nµ against particle density
∑

ρ for different types of
showers. Distribution in the left corresponds to γ-ray events and the one on the right
is for CR. Events with mk=0 < 0.1 are accumulated at the bin 10−2

which is measured every 20 min and helps reduce the temperature effects in the determination
of the arrival direction. The PMT transit times is also required to measure relative timings pre-
cisely, therefore we characterize this by measuring cosmic muons simultaneously each detector
in coincidence with a small reference scintillation detector placed on top. At each detector, the
particle density is obtained from the PMT output charge divided by the charge of the single
particle peak [11]. The event reconstruction routine first determines the AS core location us-
ing hit detector positions weighted by the detected particle densities, then the timings in the
AS front are fitted with a conical shape located at the core location to determine an arrival
direction.

To test the angular resolution of the array we applied the even-odd analysis. In this, first
we divide the detectors into 2 sub arrays and determined independently the arrival directions
of the same shower with the two sub arrays. The distribution of the angular difference of two
directions is shown in Figure 7. The blue crosses histogram shows the result of the experimen-
tal data, while the green hatched histogram shows the result of MC simulation, assuming the
cosmic-ray spectrum and mass composition. Both distributions agree well, having a median
values of 1.95◦0.01 and 1.76◦0.03 for experiment and MC, respectively. The median values
are related to the angular resolution of the array but degraded by two factors. One is the re-
duction of statistics by splitting the data in half, and the other is the differentiation of the two
reconstructed directions. By considering each term contributes by a factor

p
2, the angular

resolution of the ALPAQUITA array is estimated to be ∼1◦ .
A more accurate measurement of angular resolution can be obtained by observing the

shadow of the Moon in the cosmic ray flux. The first hypothesis of the Sun and the Moon
(an apparent size of 0.5◦) casting a shadow in high energy cosmic rays was presented in [13].
Taking this into account, the Tibet AS array successfully detected the moon shadow and used
it to monitor the pointing accuracy and angular resolution [14]. Figure 8 shows the Moon
shadow observed by the ALPAQUITA AS array for 310 live days from April 2023 to May 2024.
The peak deficit position of the shadow is observed to shift westward from the apparent Moon
position, which is an expected result due to the influence of the geomagnetic field. The statis-
tical significance of the peak deficit position is estimated to be −8σ. The angular resolution
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Figure 4: Sensitivity curve of ALPAQUITA with the γ-ray spectra of 3 sources in the
field view that can be detected within one year of observation.
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Figure 5: Construction plan of the ALPACA experiment. Left panel: layout of the
ALPAQUITA array. Right panel: After the construction of the first MD unit, the surface
array will be extended as enclosed by the solid-line octagon and will be operated as
ALPAQUITA + MD. Full coverage array ALPACA will be eventually achieved

estimated from the Moon shadow observation is approximately 1◦ which is consistent with the
MC simulation.

4 Conclusion

>100 TeV gamma-ray observation is crucial to search cosmic-ray accelerators called PeVatrons.
Tibet ASγ, HAWC, LHAASO Collaboration has pioneered sub-PeV energy gamma-ray astron-
omy in the Northern Hemisphere. The ALPACA experiment is a project aiming to search for
sub-PeV gamma-ray sources in the Southern Hemisphere for the first time using a new air
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Figure 6: Panoramic view of the ALPAQUITA AS array located at the Chacaltaya
plateau in Bolivia (June 2023)

Figure 7: Distributions of the angular difference between two directions determined
by the two sub arrays. Blue crosses shows the result of the experimental data while
the green hatched histogram show the result of Monte Carlo simulation. Figure taken
from [12].

shower array in Bolivia. The ALPAQUITA AS array has been successfully operated at Chacal-
taya plateau in Bolivia, located at an altitude of 4740 m. With this array, we have detected
the cosmic-ray Moon shadow with a statistical significance of −8σ. The angular resolution
estimated based on the Moon shadow observation is 1.0◦, which is consistent with results ob-
tained by the MC simulation. By the end of 2024, we will start construction of an underground
MD pool with and the extension of the AS. Furthermore, in 2025, we are planning to start con-
struction of the full-scale ALPACA AS array and three additional underground MD pools. The
ALPAQUITA and ALPACA experiments will help answering the long-standing problem, the ori-
gin of galactic cosmic rays, by opening a new gamma-ray window to the southern sky in the
sub-PeV energy range.
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Figure 8: 2D significance map of the Moon shadow observed by the ALPAQUITA air
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