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The Andes Large area PArticle detector for Cosmic ray physics and Astronomy (ALPACA)
project is now constructing an air shower array near the Chacaltaya mountain at the altitude of
4,740 m in Bolivia. An 82,800 m2 surface area will be covered by 401 scintillating counters of
100 cm×100 cm×5 cm (thick). In addition to this conventional surface array, underground muon
detectors covering a total of 3,600 m2 allow precise identification of muon components in air
showers. Using this array, ALPACA will explore the sub-PeV gamma-ray sky first time in the
Southern hemisphere. The prime target of ALPACA is to reveal PeV cosmic-ray accelerators
presumably existing in the galactic plane including the galactic center. A prototype array AL-
PAQUITA consisting of 97 surface counters and a 900 m2 muon detector is under construction and
is planned to start data taking in 2021. The next extension to the 200 counters and 3,600 m2 muon
detectors named ALPACA (half) is scheduled for 2022. In this contribution, a general introduction
to ALPACA, the current status of ALPAQUITA with its infrastructure, and the extension plan after
2022 are presented.
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1. Introduction

Identification of PeV-particle-accelerating objects called PeVatrons is one of the most critical
topics in astroparticle physics. Gamma-ray emissions above 100 TeV are expected from PeVatrons
because typically 10% of parent energy is carried by leading 𝜋0’s, which immediately decays into
two gamma rays, when a PeV particle interacts with the interstellar medium. Because of a low
gamma-ray flux at such an energy range, high duty cycle and wide field of view observations using
air shower arrays are advantageous to the Cherenkov observations. On the other hand, traditional
air shower arrays did not have sufficient power to reject enormous background showers produced by
isotropic hadronic cosmic rays. In the last few years, high-altitude air shower arrays with improved
particle identification power have succeeded in detecting >100 TeV gamma rays in the northern
hemisphere. Following the first detection from the Crab nebula by the Tibet AS𝛾 collaboration [1],
HAWC [2] and LHAASO [3] also reported the detections. Very recent detections from Cygnus
cocoon by HAWC [4], SNR G106.3+2.7 by Tibet AS𝛾 [5], and 12 discrete sources by LHAASO [6]
open a new era of the highest energy gamma-ray astronomy. Furthermore, the detection of diffuse
sub-PeV gamma rays by Tibet AS𝛾 [7] arose various insights on the nature of cosmic-ray particles
in our Galaxy (ex. [8] [9]).

As expected from significant 𝛾𝛾 attenuation at this energy range, observed >100 TeV gamma
rays are concentrated on the galactic plane. Naturally, the number of such energetic sources is
expected more near the galactic center region that can not be observed from the current northern
observatories. As reported by the H.E.S.S. Galactic plane survey [10], many objects are known to
emit gamma rays at TeV energy range and extend their spectra above 10 TeV. One of the most exciting
targets is the galactic center from where H.E.S.S. reported hard (index of 2.3) gamma-ray emission
without a break up to 40 TeV [11]. Observations of the galactic center provide a unique opportunity
to study particle accelerations around supermassive black holes. Higher diffuse gamma-ray flux
than the northern hemisphere is predicted [12] because of a possibly higher cosmic-ray density and
abundant molecular clouds as a target of gamma-ray producing interaction. Diffuse gamma-ray
observations in the southern hemisphere are exciting topics to know the history of cosmic-ray
acceleration and its propagation.

Because of the richness of the southern sub-PeV gamma-ray astronomy and based on the
established technique, the Andes Large area PArticle detector for Cosmic ray physics and Astronomy
(ALPACA) collaboration is planning to construct a new air shower array in Bolivia near the
Chacaltaya mountain. The collaboration is now constructing a prototype array covering about
25% of the full ALPACA area, called ALPAQUITA. The operation of ALPAQUITA will start
after the construction of the first underground muon detector (MD) in 2021. In 2022 an extension
to full surface coverage but with a half detector density and three more MDs, namely ALPACA
(half), is scheduled. Detailed performance based on the dedicated MC simulations of these arrays
is presented separately in this conference [13] [14]. In this paper, a general introduction to the
ALPACA project with the current construction status and plan in the coming years are reported.
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Table 1: Specifications of the original ALPACA design. Details in the different construction stages are
summarized in Tab.2.

Location Chacaltaya plateau, Bolivia
Longitude 68◦08’ W
Latitude 16◦23’ S
Altitude 4,740 m a.s.l. (572 g/cm2)
Surface area 82,800 m2

Underground muon detector area 5,400 m2

Number of surface detector 401 (1 m2×5 cm𝑡 each)
Energy resolution (100 TeV) 20%
Angular resolution (100 TeV) 0.2◦

2. Outline of ALPACA

The site of ALPACA as summarized in Tab.1 is located on the way from the La Paz city to
the Chacaltaya mountain in Bolivia. At this latitude, a significant fraction of the southern sky is
visible. The galactic center located at the declination 𝛿 = −29◦ culminates at the zenith angle of
13◦. Annual exposures with zenith angle limits up to 45◦ and 60◦ are plotted in Fig.1 as a function
of declination. In this calculation, reduction factor cos(𝜃𝑧𝑒𝑛) of the geometrical area viewed from
a zenith angle 𝜃𝑧𝑒𝑛 is taken into account. The 45◦ limit in the zenith angle shows a good analysis
performance [13] [14], while dedicated studies are needed to analyze more inclined showers.
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Figure 1: Annual exposure from the ALPACA site as a function of declination. Thick solid (dotted) line
assumes zenith angle coverage up to 45◦ (60◦). Names of major TeV gamma-ray sources are indicated at
their declinations.

The array consists of two main components; surface air shower detectors (SDs) and underground
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MDs. The number of the SDs and the number of MDs at the different stages of ALPACA are
summarized in Tab.2, together with the construction year and surface coverage. The array layouts
at different stages are shown in Fig.2. Each SD comprises of 1 m2×5 cm thick plastic scintillator,
with a 5 mm thick lead plate on top, viewed by a fast timing photomultiplier tube (PMT) and a wide
dynamic range PMT. The MDs are water Cherenkov detectors constructed underground with 2 m
soil overburden equivalent to 16 radiation lengths. A single MD contains 16 cells, each having a
56 m2 area with 1.5 m deep clean water viewed by a PMT of 20" diameter, as shown in Fig.3. Most
of the electromagnetic particles are absorbed in the soil before reaching this water pool, while a
muon with energy above 1 GeV can penetrate into the water and generate Cherenkov lights. After
the lights are scattered on the wall, on average, 24 photo electrons on PMT are detected per a single
muon. The detection of pure muon signals enables a 99.9% rejection of hadronic showers while
keeping 80% of gamma-ray initiated showers at 100 TeV. The concept and essential performance
were intensively studied by the TibetAS𝛾 collaboration [15] [16] and validated by their recent
successful observations, as discussed in Sec.1.

Table 2: ALPACA staging

Stage Construction Surface coverage Number of MDs Reference
Year (Number of SDs) (1=16 cells)

ALPAQUITA 2021 18,450 m2 (97) 1 [13]
ALPACA (half) 2022 82,800 m2 (200) 4 [14]
ALPACA (HD) 82,800 m2 (401) 4+
Mega ALPACA 2028+ 1,000,000 m2 (1500) 50

3. Status of ALPACA

3.1 ALPAQUITA

The prototype array ALPAQUITA is now under construction. The array layout is shown in
Fig.2 (left) as the enclosed area at the left-bottom corner. In this layout (and ALPACA High Density
array) the interval of the SDs is 15 m. Though the size of the array is small, ALPAQUITA is not
only an engineering prototype. As discussed in [13] some interesting objects are already within a
sensitivity of ALPAQUITA.

Figure 4 shows photographs of the SDs, cable drain, and central electronics hut. Cable drains
are already reinforced with bricks and concrete and ready to arrange cables as seen in Fig.4 (right).
In the central hut, the data acquisition room, and workshop, kitchen, bedroom and bathroom are
available for scientists and engineers to stay during construction and maintenance works. Electric
power is supplied from a nearby substation of the DeLapaz company to the Chacaltaya observatory,
and a 200 m branch line is extended to the ALPACA site located on the way. Long-distance Wifi is
available to/from the nearby El Alto town.

Some geophysical studies are under way to decide the water source. A promising location is at
900 m from the ALPACA site, where a small lake exists, and underground water is available with a
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Figure 2: Layouts of ALPACA array at various stages. Small dots indicate SDs and grey hatched areas
indicate MDs. (Left) Layout with SDs in 15 m interval. The enclosed area in the left bottom corner is the
ALPAQUITA array under construction. Full coverage array ALPACA (High Density) will be eventually
achieved after ALPACA (half). (Right) Layout with SDs in 21 m interval called ALPACA (half), a stage
scheduled after ALPAQUITA.

Figure 3: Schematic view of an MD zooming in a single cell. A reinforced concrete structure is constructed
under 2 m soil. MDs are filled with water of 1.5 m depth and Cherenkov lights in each of 56 m2 cell are
monitored by a 20" PMT.
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well of 50 m depth. At the ALPACA site located on the top of a hill, underground water will exist
deeper than the former place. Depending on the depth of the water, the final source of water will be
decided. If the water supply is not sufficient, truck transportation from the El Alto town is possible
at a reasonable cost.

The design of the first MD is finalized soon, and the MD will be constructed in 2021. In parallel
to the MD interior setup (water proof painting, PMT installation, water filling) 97 SDs are arranged
as a shape of ALPAQUITA surrounding the MD. Then operation will start as soon as possible.

Figure 4: Photos of the ALPACA site. (Left) SDs, central hut and cable drain in preparation. The mountain
behind the hut is Chacaltaya. (Right) A cable drain reinforced with bricks and concrete.

3.2 ALPACA (half) and ALPACA (HD)

With operating the ALPAQUITA, the construction of the rest 3 MDs starts as seen in Fig.2
(right). Newly prepared 103 SDs and rearranged 97 ALPAQUITA SDs cover a larger area with the
detector interval of 21 m (

√
2×15 m). Though the detection threshold becomes slightly higher than

the ALPAQUITA and ALPACA (HD), this half density ALPACA, aka ALPACA (half), can explore
deep in the sub-PeV gamma-ray sky. Expected sensitivity with a dedicated MC study is given in
[14]. The gap between SDs will be eventually filled towards ALPACA (HD) to lower the energy
threshold and improve energy and angular resolutions.

4. Beyond PeV – Mega ALPACA

Beyond the discovery of PeVatrons, further interests are to know the particle acceleration limits
in the Galaxy. It is studied by extending the energy spectra both in the individual sources and
diffuse gamma rays corresponding to the freshly accelerating objects and acceleration history in the
Galaxy. To achieve a necessary sensitivity above PeV an array with a 1 km2 (1 Mega m2) coverage
is required. The idea of Mega ALPACA is proposed as a future extension of ALPACA based on the
established technic and experience. The expected sensitivity of Mega ALPACA assuming a 1 km2

surface coverage and 50 MDs is shown in Fig.5. SWGO will improve the sensitivities at the energy
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range covered by ALPACA and lower energy in the future [17]. Mega ALPACA covers higher
energy than SWGO complementarily and contributes in a full energy band astronomy.
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Figure 5: Integral flux sensitivity of Mega ALPACA (red line) together with other gamma-ray observatories
in the southern hemisphere (color lines) and in the northern hemisphere (grey lines).

5. Summary

Tibet AS𝛾, HAWC, and LHAASO opened a new era of astronomy above 100 TeV in the
northern hemisphere. Application of these established technics in the southern hemisphere, where
richer scientific topics exist, is desired. ALPACA is a project to construct a new air shower array
in Bolivia to explore the sub-PeV sky for the first time in the southern hemisphere. The prototype
array ALPAQUITA is now under construction and will start an operation in 2021, which will
be already sensitive to some bright sources [13]. The infrastructure of ALPAQUITA is ready at
the site, and the construction of the first MD will start in the middle of 2021. In parallel to the
ALPAQUITA operation, extension to the ALPACA (half) array is scheduled. Extrapolated fluxes
of many TeV sources discovered by the H.E.S.S. galactic plane survey [10] are in the sensitivity
of ALPACA (half). The discovery of several sources above 100 TeV is expected, and acceleration
limits of individual sources will be discussed. Beyond these discoveries, search for the highest
energy accelerators in the Galaxy will be realized by a further extension to Mega ALPACA.
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