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Abstract: The Large Array of imaging atmospheric Cherenkov Telescopes (LACT) is a next-generation Cheren-
kov telescope array designed to study the morphology and energy spectra of ultra-high-energy gamma-ray sources in
hybrid operation with the Large High Altitude Air Shower Observatory (LHAASO). With its excellent angular resol-
ution, large effective area, and powerful gamma/hadron discrimination capabilities, LACT achieves outstanding
sensitivity for observations of gamma-ray sources In this paper, we present an optimized configuration for the LACT
array, developed through comprehensive Monte Carlo simulations. Based on these simulations, we conducted on-site
surveys at the LHAASO site and selected the most effective array layout. Detailed performance studies show that
this optimized configuration delivers excellent sensitivity across various observational modes. Furthermore, we
present a detailed outlook on LACT's potential observations of gamma-ray sources in the LHAASO catalog. By in-
corporating the measured energy spectra from LHAASO and accounting for LACT's detector response function at
different zenith angles, we estimate the number of detectable events over a one-year observation period. This analys-
is provides a foundation for developing a preliminary observation strategy for LACT in the coming years.
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I. INTRODUCTION

Since the Whipple Cherenkov telescope experiment
detected TeV gamma rays from the Crab Nebula in 1989
[1], the Imaging Atmospheric Cherenkov Telescope
(IACT) technology has been successfully applied to
ground-based gamma-ray astronomy. Over the past 30
years, the detector technology in this field has developed
significantly. The experiments such as VERITAS [2],
MAGIC [3] and H.E.S.S. [4], have obtained significant
observational results in the TeV energy range, discover-
ing more than 200 cosmic ray sources both within and
beyond the Galaxy. These vibrant observational results
have also driven the development of theoretical models
for the acceleration and propagation of cosmic rays.

At higher energies, the Large High Altitude Air
Shower Observatory (LHAASO), located in Daocheng,
Sichuan, discovered 12 gamma-ray sources exceeding
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100 TeV in 2020 [5] and published its first catalog in
2024, reporting 43 ultra-high-energy gamma-ray sources
with energies above 100 TeV [6]. Notably, LHAASO has
also detected multiple photons with energies greater than
1 PeV, setting a new record for the highest-energy
photons observed by humans and posing a significant
challenge to traditional cosmic-ray acceleration models
[7]. The sizes of most sources detected by LHAASO are
larger than 0.5°. For example, the three brightest sources,
LHAASO J1825-1326, LHAASO J1908+0621, and
LHAASO J2226+6057, have extensions of more than 1°
in the 100 TeV energy range. Within such regions, there
are usually multiple TeV candidate sources. For instance,
in the vicinity of LHAASO J1908+0621, there are two
bright pulsars and a supernova remnant. However, with
an angular resolution greater than 0.25°, LHAASO is un-
able to clearly distinguish the contributions of individual
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sources to gamma-ray flux, and thus cannot reveal the ac-
celeration mechanism of these sources. Therefore, al-
though ultra-high sensitivity and strong surveying capab-
ilities of LHAASO provide a guarantee for the search of
100 TeV gamma-ray sources, its limited angular resolu-
tion means it cannot precisely resolve the spatial struc-
ture and morphology of sources, making it difficult to
identify PeVatron sources. Furthermore, the detailed mor-
phologies of gamma-rays sources can also provide direct
information on the propagation and injection of relativist-
ic particles [8].

Currently, the IACTs that are in operation internation-
ally have higher spatial resolution, but their original
design targets were optimized for detecting gamma rays
in the TeV energy range. Beyond 100 TeV, due to the
significant decrease in gamma-ray flux, their sensitivity
has become too low to detect these sources. The pro-
posed Cherenkov Telescope Array Observatory (CTAO)
consists of two sites: CTA-South and CTA-North. The
CTA-North site, which shares overlapping sky coverage
with LHAASO, is planned to be equipped only with
Large-Sized Telescopes (LSTs) and Medium-Sized Tele-
scopes (MSTs), with no Small-Sized Telescopes (SSTs)
included. Whilst it can detect gamma rays with energies >
100 TeV, it is optimised for the energy range from 20
GeV to 5 TeV. And it lacks synergistic observational cap-
ability with LHAASO at energies above 10 TeV [9, 10].
Therefore it is crucial to develop a new large-array ima-
ging atmospheric Cherenkov telescope to improve the de-
tection sensitivity in the 100 TeV energy range. The
Large Array of imaging atmospheric Cherenkov Tele-
scopes (LACT), consisting of 32 Cherenkov telescopes
with an aperture of 6.4 m, is under construction. It will be
built on the site of LHAASO, covering the entire array.
The combination of LACT and LHAASO will enable a
powerful synergy between high-sensitivity wide-field sur-
veys and high-precision deep observations of gamma-ray
sources [11]. With its large effective area, high angular
resolution, and a wide field of view (FOV) of up to 8°,
the primary scientific objective of LACT is to enable pre-
cise observations of source fine structure and to conduct
high-precision energy spectrum measurements of ultra-
high-energy gamma-ray sources observed by LHAASO
and other experiments, thereby advancing our under-
standing of the physical nature of cosmic-ray accelera-
tion.

Different layouts of the 32 LACT telescopes will sig-
nificantly affect on the experimental performance, such
as effective area and angular resolution. To achieve the
optimized performance that fulfills the physics require-
ments within a fixed experimental cost, detailed optimiz-
ation of the telescope design and layout is necessary.
Based on the optimization, combined with site surveys at
the observation location, the final configuration is de-
termined. The experimental performance under different

observation modes and conditions is then given based on
this configuration.

Compared to the ground-based array LHAASO,
which is capable of all-weather observations, LACT can
only observe gamma-ray sources during nighttime, result-
ing in significant limitations on its effective observation
time and the number of observable sources. To maximize
the scientific return from LACT's limited observing time,
a systematic evaluation of candidate sources and a de-
tailed, feasible observation plan are required. We calcu-
lated the trajectories of gamma-ray sources within the
LACT field of view (FOV) during dark hours and, using
measurements from LHAASO and other experiments, es-
timated the expected signal event rates for each source.
This allowed us to select a set of promising targets with
relatively strong expected signals. Due to LACT's nar-
row FOV and its restriction to nighttime observations,
when = candidate sources concentrated in right
ascension—such as those toward the Galactic center or
anti-center—exhibit considerable overlap in their visible
time windows within the LACT FOV. Therefore, it is es-
sential to comprehensively consider both the expected
signal significance and the physical relevance of each
source in order to scientifically arrange LACT's observa-
tion schedule and target priorities.

In this paper, Section 2 introduces the design of the
telescopes and the overall experiment setup, and provides
a detailed description of the generation of simulation data
as well as the selection of events. Section 3 discusses the
simulation-based optimization of the experimental layout,
which guides the on-site surveys. Candidate layout
schemes derived from the actual site surveys are evalu-
ated through comparative studies, and the final optimized
layout is presented. The experimental performance based
on this optimized layout is then studied in detail. Section
4 describes the procedure of calculating the observation
time and presents the expected of gamma-ray event rates
from LACT observations. Based on this, a brief discus-
sion of the observation plan for LACT's gamma-ray
sources is presented. The final section provides a sum-
mary and discussion.

II. SIMULATION AND RECONSTRUCTION

A. LACT Experiment

The LACT will be constructed within the LHAASO
array (location: 29°21'27.6''N, 100°8'19.6 ' 'E, altitude
4410 m) to jointly observe ultra-high-energy gamma-ray
sources with LHAASO. The design of the telescope is
shown in the left panel of Figure 1. The reflector follows
a Davies—Cotton design, with an overall diameter of ap-
proximately 6 m and a focal length of 8 m. It consists of
54 hexagonal sub-mirrors, each having a curvature radius
of 16 m and a side-to-side length of 0.8 m (right panel of
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Fig. 1.  (color online) Design of the LACT telescope (left),
layout of the reflective mirror segments (right).

Figure 1). The camera consists of 1616 silicon photomul-
tipliers (SiPMs), with each SiPM pixel having a size of
approximately 0.19°, forming a total FOV of approxim-
ately 8°. For further details on the telescope design,
please refer to [12, 13].

As shown in Figure 2, at the 4410 m observation
level, showers with small zenith angles have a steep later-
al distribution of Cherenkov photons, which favors the
observation configuration with small telescope spacing.
However, for showers with large zenith angles, the longer
path they travel through the atmosphere provides suffi-
cient atmospheric depth for shower development. As a
result, the lateral distribution of Cherenkov light is exten-
ded. Additionally, their light "pools" are elongated and
cover a wide area, which is best matched by configura-
tions with larger telescope spacing. Moreover, for obser-
vations at energies below several TeV, the intensity of
Cherenkov photons produced by gamma rays is relat-
ively weak, requiring smaller telescope distances. In the
low-energy region, the gamma-ray flux is higher, and suf-
ficient statistics can be accumulated in a shorter observa-
tion time. As the energy increases, the intensity of Cher-
enkov photons produced by gamma rays becomes
stronger, and multiple telescopes can be triggered even
when the telescope spacing is larger. However, as the en-
ergy continues to rise, the gamma-ray flux drops sharply.
At this point, a larger effective area and longer observa-
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tion time are needed to obtain sufficient statistical events.
Therefore, LACT observations will be conducted in two
modes. The layout of the telescope array differs between
the two modes: in Mode 1, all 32 telescopes are operated
as a single array, whereas in Mode 2, the array is divided
into four separate sub-arrays, each comprising eight tele-
scopes. Importantly,Mode 1 has closer telescope spa-
cings than Mode 2. Mode 1 targets sources with small
zenith angles and energies above 400 GeV. In this mode,
all 32 telescopes track a single source simultaneously.
Mode 2 focuses on sources at large zenith angles and en-
ergies above several TeV. In this time, each sub-array
tracks an individual source, enabling the simultaneous
observation _of four different sources, although each
source will accumulate exposure over timescales on the
order of years. In the optimization of the telescope array
layout, both observation modes will be studied separately.

B. MC Data Generation

The Monte Carlo simulation is mainly divided into
two stages. First, the atmospheric showers are simulated
and Cherenkov photons are generated within these
showers. Subsequently, the photon information is input
into the detector simulation program, where the propaga-
tion of the photons is tracked and the detection response
of the detector to the photons is simulated.

1. Cherenkov Light Generation

The simulation of Cherenkov light in air showers is
performed using the CORSIKA software (version
7.7410) [14]. The energies of gamma rays range from 400
GeV to 400 TeV. To avoid poor statistics at high ener-
gies, events are generated separately in three energy
bands: 400 GeV-4 TeV, 4 TeV-40 TeV, and 40
TeV-400 TeV, with a power-law spectral index of —2. To
study the performance of the telescope at different obser-
vation directions, zenith angles are set at 20°, 40°, and
60°, respectively. In this work, the performance study is
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(color online) The lateral distribution of Cherenkov photons produced by gamma-ray showers with different zenith angles at

an altitude of 4410 m and an energy of 30 TeV (left), and the lateral distribution of Cherenkov photons produced by gamma-ray

showers with different energies at a zenith angle of 70°(right).
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based on point sources. The primary particles are ran-
domly and uniformly distributed within a circular area
perpendicular to the shower direction, centered on the
LHAASO array center, with a radius of 1300 m. The
high-energy and low-energy hadronic interaction models
used in the simulation are QGSJETII-04 and GHEISHA,
respectively.

In the simulation, the positions of the telescopes for
collecting Cherenkov photons are arranged according to
different array layouts, generating different data samples.
To avoid missing photons at the edges, the photon collec-
tion radius is set to 4 m, which is larger than the actual re-
flector aperture of the telescopes. In order to improve the
efficiency of event generation, each primary event is res-
ampled ten times. Using CORSIKA simulations, we ob-
tain the direction, position, wavelength, and arrival time
of all Cherenkov photons reaching the entrance aperture
of each telescope at ground level, as well as the produc-
tion height and key properties of the primary particles.
These data are used as input for the subsequent telescope
simulation to perform detector response and photon track-
ing simulations.

2. Detector Simulation

The detection response simulation of Cherenkov light
by the telescope utilizes the sim telarray software
commonly employed in ground-based imaging atmo-
spheric Cherenkov telescope experiments [15]. The tele-
scope is configured according to the actual parameters of
LACT. During the mirror simulation process, the surviv-
al of each Cherenkov photon is assessed based on its dir-
ection, position, and wavelength, taking into account at-
mospheric absorption and scattering as well as mirror re-
flectivity. Surviving photons are then tracked to the focal
plane which is positioned 8 m away from the center of the
mirror. During the ray-tracing process, detailed consider-
ations are given to photon shading by the SiPM array and
its support structure, as well as the gaps between mirror
segments.

In the simulation of the SiPM array, the diameter of
each pixel is approximately 25.8 mm. When Cherenkov
photons reach the SiPM array, a photon response simula-
tion is performed for the Winston Cone integrated in front
of the SiPM [16]. Then detailed considerations are given
to the photon collection efficiency, the photoelectric effi-
ciency of the SiPM, night sky background noise (NSB),
and trigger mode, among others. At the LHAASO site,
the NSB value measured by the operational WFCTA is
approximately 0.5 photoelectron (PE)/m?%20ns [17]. Con-
sidering the differences in mirror area and pixel accept-
ance between LACT and WFCTA telescopes, the NSB
value used in the LACT telescope simulation is scaled to
0.15 PE/ns/pixel.

C. Reconstruction

1. Event Selection

The event reconstruction for LACT is based on a ste-
reoscopic approach. To ensure the reconstruction accur-
acy, it is necessary to select the observed images, remov-
ing those of poor quality. Only images that pass the selec-
tion (referred to as "good images") are used in the recon-
struction. The following three criteria are applied:

e Cut-1: Total Number of PEs

First, noisy SiPMs are cleaned using the traditional
tail-cut method [18, 19]. For signal SiPMs, their photo-
electron count ¢ should satisfy the condition ¢ > ¢;, and
at least one of the adjacent SiPMs should satisfy
q>q> (gi>q,). After preliminary optimization, the val-
ues of (¢1,q2) adopted in the analysis are (20,10). After
noise” suppression, the total number of photoelectrons
(SIZE) in an image must exceed 200.

e Cut-2: Hillas Parameters

Hillas parameters [18] play a important role in image
selection. The parameters used in this analysis include the
image's major axis (L), minor axis (W), SIZE (S), dis-
tance between the image center and the camera center
(D), and the distance from the source direction (projected
on the camera) to the major axis (MISS). The MISS para-
meter characterizes the reconstruction accuracy of the
shower-detector-plane (SDP). Events detected by LACT
generally trigger multiple telescopes, so each event cor-
responds to multiple images. This is especially true for
higher-energy events, which can trigger telescopes at lar-
ger distances. For images with large distances, small
sizes, and low aspect ratios (L/W), the reconstruction ac-
curacy is poor.

As an example, Figure 3 shows the two-dimensional
distribution of the image parameters L/W versus S/D for
events with energies between 40 TeV and 400 TeV and a
zenith angle of 40°. The left panel shows images with
MISS > 0.1°, while the right panel shows images with
MISS < 0.1°. Through optimization, the red lines shown
in the figure are adopted as selection criteria. Images that
fall in the region above and to the right of the red line are
considered good-quality images, while those below and
to the left are considered poor-quality images. Depend-
ing on primary parameters such as energy, zenith angle,
and observation offset, the proportion of removed images
varies slightly. Approximately 80% of images with
MISS > 0.1° (poor-quality images) are removed, while for
images with MISS < 0.1° (good-quality images), about
10% are removed. After this sclection, as shown in the
left panel of Figure 3, the reconstruction quality of the
SDP for images from high-energy events is significantly
improved, and the final direction reconstruction accuracy
is also greatly enhanced. It is worth noting that after this
Hillas parameter selection, the number of images used in



Design of LACT Detector Layout and Expectation for Gamma-ray Sources Observation

Chin. Phys. C 50, (2026)

the reconstruction per event decreases. However, the trig-
ger efficiency is only slightly reduced. The comparison of
effective areas after these two selections is shown in the
right panel of Figure 4.

o Cut-3: Image Leakage

For high-energy events, their impact distance to the
telescope is relatively large, and many images are loc-
ated near the edge of the FOV, leading to image trunca-
tion. A parameter, LEAKAGE, defined as the ratio of the
number of photoelectrons in the outermost two rings of
pixels to the total number of photoelectrons, is used for
selection. The leakage cut is primarily applied in energy
reconstruction. LEAKAGE > 0.15 is set as the optimal se-
lection criterion, which removes most of the images with
significant leakage.

Among the image selection criteria mentioned above,
Cut-1 is a primary criterion while Cut-2 and Cut-3 are ap-
plied to different parameter reconstructions, respectively.
Cut-2 removes images with weak signals and is primarily
used for geometric reconstruction, whereas Cut-3 re-
moves images with significant leakage, mainly for en-
ergy reconstruction. In the reconstruction, a two-step se-
quential selection is applied to ensure both geometric and
energy accuracy while maintaining a large effective area.

Geometric reconstruction requires multiple good-
quality images per event, where “good-quality images”

o

are defined as those passing Cut-2. The number of such
images per event (N:*") affects angular resolution: a
higher N§*™ yields better resolution but reduces effect-
ive area. To balance these factors, we set different
thresholds depending on the observation mode: N§*™ >3
in Mode 1 (prioritizing angular resolution) and N§*™ > 2
in Mode 2 (balancing resolution with effective area).

After geometric information is reconstructed, energy
reconstruction follows next. Its main challenge is image
leakage—images near the camera edge suffer from in-
complete energy deposition, degrading accuracy. Critic-
ally, images used for energy reconstruction are a subset
of those already selected in the geometric step. To mitig-
ate leakage, we compare two approaches, as demon-
strated in Figure 5. The most direct method is to geomet-
rically exclude images whose centers are located near the
edge of the camera (e.g., by setting the condition D > 3°,
labeled as Cut-4). Although this condition improves en-
ergy resolution, it significantly reduces the effective area
at high energies (see right panel of Figure 5). As an al-
ternative to Cut-4, we apply Cut-3 to select higher-qual-
ity images from the geometric-quality set (i.e., images
that have already passed Cut-2). For energy reconstruc-
tion using this approach, we require only
Ng™ > 1—meaning that at least one of the images already
used for geometry must also satisfy Cut-3.

o
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(color online) Distribution of the image parameter L/W versus S/D for gamma-ray events with energies between 40 TeV and

400 TeV and a zenith angle of 40 degrees. The left panel shows images with MISS > 0.1°, while the right panel shows images with
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ent image selection criteria.

Thus, the two-stage strategy links the selections: geo-
metry sets the baseline image sample by requiring mul-
tiple Cut-2 images (N§*™ > 2 or 3), and energy further re-
fines it by applying Cut-3 to at least one image
(Ng™" > 1), maintaining effective area without comprom-
ising energy resolution.

2.  Geometric and Energy Reconstruction

The direction reconstruction of air showers employs
the traditional Hillas parameter method. After selecting
good-quality images, pairs of these images are combined.
The intersection point of the major axes of the two im-
ages in each pair is taken as the direction of the air
shower. Since LACT events typically involve more than
two telescopes in the reconstruction, several reconstruc-
ted directions are obtained. These directions are then
weighted and averaged to obtain the final event direction,
using weights based on factors such as-the reduced size of
the image pair (defined for individual image signal sizes
S;and S; as Siq =S5:5;/(S;+S ), the ratio of the major
axis to the minor axis of the images, and the angle
between the major axes of the two images. Once the dir-
ection is reconstructed, the core position of the event and
the distance R, from the event to each detector can be de-
termined based on the geometric positions of the tele-
scopes.

The energy reconstruction of events uses a lookup ta-
ble method. The table includes four-dimensional paramet-
ers: energy, total number of photoelectrons in the image,
distance between the telescope and the shower axis, and
the zenith angle. The table is established using simulated
gamma-ray event samples, and both the table construc-
tion and the images used in energy reconstruction are
based on good-quality images that have passed the selec-
tion. If a shower event contains multiple good-quality im-
ages, the multiple energy estimates obtained from the re-
construction are weighted-averaged to determine the fi-
nal energy of the event. The weight for each image is the
inverse of the energy distribution width at the corres-
ponding parameter grid point in the lookup table. The
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(color online) Energy resolution (left) and effective area (right) of gamma-ray events with a zenith angle of 40° under differ-

study of improved direction and energy reconstruction us-
ing alternative methods is ongoing.

III. TELESCOPE LAYOUT DESIGN

In the design of the telescope layout, several aspects
must- be considered, such as the detection energy
threshold, effective area, angular and energy resolutions,
as well as the balance between experimental physics per-
formance and telescope construction cost. We have stud-
ied the performance of the two observation modes under
both uniform and grouped arrangements of the 32 tele-
scopes, with particular emphasis on angular resolution
and effective area, which are most sensitive to the layout.
Through simulation studies, a theoretically optimized lay-
out is obtained. Based on this, an on-site survey is con-
ducted, and the candidate positions provided by the sur-
vey are compared in detail to determine the final optim-
ized layout. Finally, using this optimized layout, the ex-
perimental performance of LACT under different obser-
vation angles in the two observation modes is evaluated.

A. Telescope Layout Optimization

The effective area of the telescope array is directly re-
lated to the sensitivity of the experiment. The main sci-
entific goal of LACT is the deep observation of ultra-
high-energy gamma-ray sources. The flux of gamma rays
in the ultra-high-energy range decreases significantly. To
detect sufficient photons required for spe ctral and mor-
phological analysis, a large effective area is needed. The
effective area of a single Cherenkov telescope is roughly
the projected area of the Cherenkov light cone from an air
shower (on the order of 10° m?). The most direct way to
significantly increase the effective area is to use multiple
telescopes to cover as large an area as possible. On the
other hand, angular resolution is also a key parameter that
determines the sensitivity of the experiment. The angular
resolution of a Cherenkov telescope array is roughly de-
termined by the number of telescopes triggered by an air
shower event.

Generally, the more telescopes triggered by an event,
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the more precise the direction reconstruction using the
stereoscopic method. Therefore, the telescope arrange-
ment cannot be too sparse. Considering both aspects, one
possible layout is to place a large number of telescopes
uniformly covering the entire LHAASO site with appro-
priate spacing. However, this would require a consider-
able number of telescopes. In other words, given a fixed
number of telescopes, the distance between them needs to
be increased to cover the full LHAASO array.

Another option is to form relatively dense sub-arrays,
each comprising multiple telescopes. The spacing
between telescopes within a sub-array can be relatively
small, while the spacing between sub-arrays can be lar-
ger. This approach balances the need for good angular
resolution provided by the sub-arrays and the large effect-
ive area provided by the full array. Thus, we have ex-
plored two layout schemes: uniform layout and grouped
layout. In the uniform layout (the left panel of Figure 6),
different telescope spacings are considered. In the
grouped layout, different group configurations are stud-
ied while keeping the intra-group telescope spacing fixed
(middle and right panels of Figure 6). The distance para-
meters for both observation modes are listed in Table 1.

Figure 7 shows the distribution of effective areas as a
function of the energy for the four layouts. It can be seen
that in Mode 1 (left panel), the effective area of the
grouped layout is generally larger than that of the uni-
form layout. The effective area of Group-1 is the largest,
while that of Uniform-1 is the smallest. The difference in-
creases with energy, reaching a maximum of about 20%
around 100 TeV. From the right panel, it can be seen that

in Mode 2 observation mode, the effective areas of the
four layouts are similar. The Uniform-1 layout has the
smallest average telescope spacing and thus the smallest
effective area.

The angular resolutions are shown in Figure 8, which
presents the results that for Mode 1 observation mode
(left panel), there is almost no difference in angular resol-
ution among the four layouts. For energies above 2 TeV,
the resolution of all four layouts is better than 0.04°.
From the right panel, which shows the results for Mode 2,
it can be seen that in the low-energy region below 3 TeV,
the angular resolution of the uniform layout is better than
that of the grouped layout. However, above 3 TeV, the
situation is reversed, with the grouped layout achieving
an angular resolution of about 0.04°, compared to approx-
imately 0.06° for the uniform layout. Since the energy
threshold —typically defined as the peak energy in the re-
constructed event energy distribution under a given as-
sumed spectral model, for Mode-2 is approximately 3
TeV, the grouped layout has better angular resolution
than'the uniform layout in the energy range above the de-
tection threshold.

In summary, the angular resolution and effective area
performance of the grouped layout are superior to those
of the uniform distribution in both observation modes. In
the grouped layout, each group consists of four tele-
scopes arranged in a square, with an inter-telescope spa-
cing of about 140 m within each group. Combining this
with previous research on ideal layout optimization in
Mode-1, the telescope spacing has only a very slight in-
fluence on performance and can vary between 120 m and
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Fig. 6. (color online) Schematic diagrams of the arrangement of telescopes in the LACT uniform distribution (left) and grouped dis-

tributions (Group-1 (middle) and Group-2 (right)) layouts. Note that the layout shown in the left panel corresponds to Uniform-2. Uni-

form-1 follows the same arrangement but with a reduced spacing between the telescopes.

Table 1.

Average distances between telescopes in different observation modes within the array layout. Note that the spacing listed for

Mode 1 of group-1 and group-2 refer to the average spacing between telescopes within each group, while all other values represent the

average spacing across the entire array. (Unit: m)

Uniform-1 Uniform-2 Group-1 Group-2
Mode 1 150 175 140 140
Mode 2 320 372 360 362
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and Mode 2 (right) observation modes.

160 m [20].

To investigate the impact of inter-group distance vari-
ations on performance, we increased the telescope spa-
cing in the Group-1 layout to 160 m and the group dis-
tance to 450 m, generating two data samples with zenith
angles of 40° and 60°, respectively. The results show that
in terms of angular resolution, the large-distance layout
performs worse than the small-distance layout below ap-
proximately 10 TeV, while above 10 TeV, the difference
is minimal. Regarding effective area, the large-distance
layout exhibits a larger effective area across all energy
ranges, nearly 40% higher in the low-energy region. This
difference decreases as energy increases, with about a
15% advantage remaining at the highest energy levels.

B. Site Survey

LACT will perform hybrid observations of gamma-
ray sources together with LHAASO. In data analysis, the
combination of Cherenkov images observed by LACT
and muon information measured by LHAASO will be
used to enhance gamma/hadron discrimination, thereby
achieving strong background rejection and precise meas-
urement of gamma-ray sources. Based on the results of
the array layout simulation study in Section 3.1, and con-
sidering the actual topography of the LHAASO site as
well as the layout of existing detectors, an on-site survey
was conducted. The site already hosts LHAASO's Elec-
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tron Detector (ED) and Muon Detector (MD), and there
are terrain features such as rivers and hollows that are un-
suitable for telescope placement.

Additionally, considering factors such as the trans-
portation and installation of telescopes, the placement
locations should be as close as possible to the main roads
of the site. Therefore, the candidate positions for each
group of telescopes were slightly adjusted based on the
square arrangement. Moreover, in the Mode 2 observa-
tion mode of LACT, 32 telescopes are divided into four
sub-arrays to track different sources. Telescopes at the
same vertex position in each quadrilateral are assigned to
the same sub-array. To ensure that the performance of
each sub-array is comparable, the quadrilaterals are re-
quired to be nearly parallel in orientation. Taking all
these factors into account, three candidate LACT layouts,
named Layout-1, Layout-2, and Layout-3, were proposed
after the site survey, as shown in Figure 9. In Layout-1
and Layout-2, the upper-right six groups are identical,
with only the lower-left two groups differing. Layout-3
has larger inter-telescope distances within each group and
larger spacings between groups compared to the first two
layouts. To compare their performance, simulated data
samples with a zenith angle of 40° were generated, and
the performance under both Mode 1 and Mode 2 was
evaluated for each sample.

From the comparison of angular resolution in Figure
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and Mode 2 (right) observation modes, respectively.

10, it can be seen that under the Mode 1, the angular res-
olution performance of the three layouts is comparable.
Under the Mode 2, for energy regions below 3 TeV, the
angular resolution of Layout-1 and Layout-3 is similar,
while Layout-2 is slightly worse than-the other two lay-
outs. For energies above 3 TeV, the angular resolution of
the three layouts is almost the same. The comparison of
effective area distribution in Figure 11 shows that in both
observation modes, Layout-3 has the largest effective
area, followed by Layout-2, while Layout-1 has the smal-
lest effective area. Compared with the Mode 2, the differ-
ences in effective area under the Mode 1 are more signi-
ficant, with the maximum difference being about 16%,
compared to about 9% for Mode 2. In summary, the three
actual surveyed layouts have comparable angular resolu-
tion performance. In terms of effective area, Layout-3,
with its slightly larger telescope spacing and broader cov-
erage, provides a larger effective area than the other two
layouts. Therefore, Layout-3 is chosen as the final layout.

C. Array Performance

In this section, we present the experimental perform-
ance and provide a preliminary estimation of the experi-
mental sensitivity under different observation conditions
for the final optimized layout. Figure 12 shows the effect-
ive area of LACT at zenith angles of 20°, 40°, and 60°
under Mode 1 (left) and Mode 2 (right). The effective
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(color online) The candidate telescope layout schemes used: Layout-1(left), Layout-2 (middle) and Layout-3 (right), at the
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(color online) The angular resolution as‘a function of energy for the three layouts with 40° zenith angle under Mode 1 (left)

area generally increases with zenith angle, except in
Mode 1, where, due to atmospheric absorption of
photons, the effective area at 60° zenith angle is lower
than that at 20° and 40° below about 3 TeV. Under the
Mode 1 observation mode, the effective area reaches 1
km? for energies above approximately 1 TeV, and reaches
2 km? when the energy is above 5 TeV. In the 30 TeV en-
ergy range, the effective area at 60° zenith angle even
reaches 5 km”. Compared with the Mode 1, the energy
threshold is higher in Mode 2 due to the larger telescope
spacing as shown in Table 2. When observing at zenith
angles of 20° and 40°, the effective area reaches 1 km?
when the energy exceeds around 4 TeV. The effective
area is the largest at 60° zenith angle, reaching 4 km?
around 30 TeV. Under the optimized layout, LACT
achieves a larger effective area, far exceeding that of cur-
rent ground-based imaging atmospheric Cherenkov tele-
scope experiments, providing the necessary foundation
for detecting ultra-high-energy gamma-ray signals with
sufficient statistics.

Under the optimized layout, LACT not only has a
large effective area but also excellent angular resolution.
Figure 13 shows the angular resolutions at zenith angles
of 20°, 40°, and 60° under Mode 1 (left) and Mode 2
(right). In Mode 1, below 10 TeV, the angular resolution
at 40° is better than that at 20°. Above 10 TeV, the angu-
lar resolution is comparable around 0.045°. In Mode 2,
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Table 2. The energy threshold of LACT at different zenith
angles under two observation modes. (Unit: TeV)

Mode 20° 40° 60°

Mode-1 0.92 0.72 1.48

Mode-2 3.33 243 1.78

below 10 TeV, the angular resolution at 20° is relatively
poor and gradually improves with increasing energy.
Above 10 TeV, the angular resolution at 20° and 60° is
comparable, while that at 40° is the best, reaching better
than 0.07° and 0.05°, respectively. At 100 TeV, the angu-
lar resolution for all zenith angles is better than 0.06°.
Figure 14 shows the sensitivity distribution, which
characterizes the overall performance of the LACT exper-
iment. The sensitivity is defined as the minimum flux re-
quired to detect a gamma-ray signal that exceeds the
background fluctuation by a factor of 5, using the Crab
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(color online) The effective area of LACT at zenith angles of 20°, 40°, and 60° under Mode 1 (left) and Mode 2 (right).

Nebula as a standard, i.e., achieving a signal significance
of 5¢0-. By utilizing the muon information provided by the
KM2A experiment, LACT's background rejection capab-
ility has been significantly improved [20]. In the sensitiv-
ity estimation, the energy is divided into bins with a
width of Alog,, E = 0.2. The significance is calculated us-
ing the Li & Ma formula (1) [21], which is commonly
used in gamma-ray astronomy. In our analysis, we adopt
a =1, corresponding to equal exposure and acceptance
between the on-source and off-source regions. This is ap-
propriate for our simulated data, where observation con-
ditions are identical for both regions. To avoid the influ-
ence of background fluctuations, the number of gamma-
ray signals in each bin is required to be at least 10. Be-
low 10 TeV, the sensitivity in Mode 1 (20° zenith angle)
is better than that in Mode 2 (60° zenith angle). Above 10
TeV, the situation is reversed, the sensitivity at 60° zenith
angle is better than that at 20°, reaching approximately
twice the level.

1
S= 2 {Nonln (ﬂ Non

[ Non + Nog

>+N0ﬁ1n ((1+a)-i>} )

Non +Noff
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Fig. 14.  (color online) The sensitivity of LACT at zenith
angles of 20°(Mode 1) and 60° (Mode 2) within 50 hours and
500 hours of observation. The sensitivity of LHAASO [22],
CTA-north [23], VERITAS [24] and ASTRI [25] are also
presented in the figure.

IV. GAMMA-RAY SOURCE OBSERVATION EX-
PECTATIONS

A. Gamma-Ray Source Exposure Time Calculation

An important scientific objective of the LACT experi-
ment is the observation of ultra-high-energy gamma-ray
sources. However, the gamma-ray flux decreases dramat-
ically in this energy range. To ensure measurement accur-
acy, sufficient signals must be obtained. Therefore, the
observation time for each source should be at least on the
order of years. The detectors in the LACT experiment are
new-generation Cherenkov telescopes equipped with
SiPMs as photosensors, which allows them to operate
even on moonlit nights. To avoid direct moonlight con-
tamination, observation periods are selected such that the
angular separation between the gamma-ray source and the
Moon is greater than 30°. By doing so, the observation
time of LACT increases by approximately 50% com-
pared to the operation limited to moonless, dark nights
only.

When calculating the exposure time, the first step is
to determine the duration of nighttime each day. The mo-
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(color online) The variation of angular resolution with energy at zenith angles of 20°, 40°, and 60° under Mode 1 (left) and

ment when the Sun sets below the horizon and twilight
ends is recorded as the start of nighttime. The end of
nighttime is marked by the beginning of dawn, i.e., be-
fore the Sun rises. Next, based on the trajectory of the
gamma-ray source in the telescope's FOV, the times
when the source transits within the telescope's FOV dur-
ing the nighttime are calculated. This time depends on the
zenith angle range of the observation. Here, we set the
maximum observation zenith angle at 70°. Based on this
algorithm, we calculated the total exposure time for the
90 sources in the LHAASO catalog over a calendar year,
with the results shown in Figure 15. The left panel shows
the distribution of total exposure time for sources under
all-weather observation conditions (covering both day
and night), as with LHAASO. It can be seen that the
higher the declination of the source, the longer the expos-
ure time. Considering the nighttime conditions, the ex-
posure time is reduced to about one-third compared to all-
weather observation, and the exposure time also depends
on declination, increasing with higher declination.

At the LHAASO site, the period from May to
September is the rainy season. Due to precipitation, cloud
cover, and thunderstorms et. al, the LACT telescope can-
not be operated. Therefore, the observation time for these
months is removed, with the results shown in the right
panel of Figure 15. Since the observation in the direction
of the Galactic Center is in summer nights, the exposure
time for the Galactic Center direction is significantly re-
duced after removing the summer period, while the ex-
posure time for the anti-Galactic Center direction is less
affected.

B. LACT Gamma-Ray Source Observation
Expectations

Based on the effective area of LACT and the expos-
ure time calculated along the trajectories of the gamma-
ray sources, we used the spectral information of gamma-
ray sources provided by the LHAASO catalog to calcu-
late the expected number of signal events for each source.
To ensure the accuracy of source measurements, we se-
lected sources with relatively strong signal events in the
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Table 3. The total exposure time in a calendar year (T), the expected gamma-ray signals above 30 TeV (&,), and the exposure time
ratios (F (%)) at different zenith angle ranges for several typical sources observed by LACT.
Name RA (deg) Dec (deg) N, T (hour) F (ze < 30°) F (30° < ze <50°) F (ze > 50°)

J0542+2311u 85.71 23.11 1015 947.2 46 26 28
J0703+1405 105.83 14.05 2240 953.0 41 29 30
J2228+6100u 337.01 61.0 999 551.7 5 44 51
J0056+6346u 14.1 63.46 488 889.5 0 56 44
J2018+3643u 304.65 36.43 484 350.1 17 29 54
J1843-0335u 280.91 3.36 352 142.6 0 30 70

high-energy region for study. There are 45 sources with
more than 120 expected gamma-ray signals per year
above 30 TeV. An observation plan for LACT candidate
sources can be developed from among these sources.

As described in Section 2.1, the different observation
modes of LACT are suitable for different zenith angle
ranges. Therefore, we conducted a detailed analysis of the
trajectory zenith angles of the target sources within the
FOV and found that they can be roughly divided into
three cases: 1) For sources with a right ascension (RA)
less than 180°, most are located in the northern celestial
hemisphere (i.e., with declination > 0°) and primarily ap-
pear during winter nights. The exposure times for these
sources are concentrated at small zenith angles below
30°, often exhibiting a sharp peak at a specific angle (e.g.,
sources J0542+2311, J0703+1405, etc.). 2) For sources
with RA greater than 180°, they mainly appear in the
FOV during summer. However, as noted in Section 2.1,
LACT cannot operate from May to September due to
meteorological constraints such as frequent rainfall, cloud
cover, and thunderstorms during the rainy season. Con-
sequently, these sources are observable only for very lim-
ited periods during spring nights before May and autumn
nights after September. Their exposure times are predom-
inantly distributed at large zenith angles above 40°,
showing an approximately uniform distribution across
this range (e.g., sources J1908+0615, J2018+3643, etc.).
3) For high-latitude sources (with declination > 60°), re-
gardless of the season in which they appear, their expos-

ure times are mainly distributed at zenith angles above
30°. A sharp peak is observed at a specific angle between
30° and 50° (e.g., sources JOO08+7303, J2229+5927,
etc.), followed by a rapid decline. At zenith angles above
50°, the distribution is nearly uniform. As an example,
Table 3 summarizes the proportions of exposure times
across different zenith angle ranges for the three source
types described above, along with information such as
total exposure time and expected signal counts.

V. SUMMARY

The LACT experiment involves 32 telescopes. A lay-
out design has been investigated based on the full simula-
tion optimization and an on-site survey. First, the selec-
tion criteria for Cherenkov images have been studied.
Different criteria and requirements for the number of im-
ages are adopted for geometric and energy reconstruction,
ensuring both good angular and energy resolution, as well
as a large effective area. Second, two types of layouts—
grouped and uniform layouts—have been explored. The
grouped layout was found to be superior in performance.
Finally, based on the theoretical optimization, an on-site
survey of the experimental station was conducted and
three candidate layouts were proposed. Based on the
comparison, the optimal layout for practical implementa-
tion was selected, and the experimental performance of
the final layout under various observing conditions was
evaluated.
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Furthermore, by tracking the trajectories of 90
gamma-ray sources from the LHAASO Phase-I catalog
within the LACT FOV, the exposure time of these
sources over a calendar year was estimated. Based on the
calculated exposure times of the gamma-ray sources and
the effective area at different zenith angles under the op-
timized layout, we estimated the expected gamma-ray

event counts for these sources, selected those with strong
signals, and grouped them according to their visibility
durations in the LACT FOV. In actual observations, each
sub-array will track one group of sources. This research
provides a solid foundation for coming observations after
the completion of LACT construction.
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