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Abstract: The Water Cherenkov Detector Array (WCDA) is a major component of the Large High Altitude Air
Shower Array Observatory (LHAASO), a new generation cosmic-ray experiment with unprecedented sensitivity, cur-

rently under construction. WCDA is aimed at the study of TeV y-rays. In order to evaluate the prospects of searching

for TeV y-ray sources with WCDA, we present a projection of the one-year sensitivity of WCDA to TeV y-ray
sources from TeVCat using an all-sky approach. Out of 128 TeVCat sources observable by WCDA up to a zenith

angle of 45°, we estimate that 42 would be detectable in one year of observations at a median energy of 1 TeV. Most

of them are Galactic sources, and the extragalactic sources are Active Galactic Nuclei (AGN).

Keywords: TeV y-ray astronomy, observational prospect, LHAASO-WCDA
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1 Introduction

Very high energy (VHE, >100 GeV) y-rays open a
crucial window for exploring the non-thermal phenom-
ena in the Universe in the most extreme environments.
Their detailed observation allows to comprehend the
puzzles in modern astrophysics and cosmology, particu-
larly of the origin of Galactic and extragalactic cosmic

rays, the acceleration and radiation process in violent en-
vironments like supernova remnant (SNR) shocks, active
galactic nuclei outflows or pulsar winds. Besides, they
may contribute to cosmological issues by constraining the
annihilation cross-section of dark matter like WIMPs and
searching for Lorentz invariance violation.

The astrophysical y-ray sky is usually decomposed
into the individually detected sources and the diffuse y-
ray emission. The former, including point sources and ex-
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tended sources, contain many different types: Galactic
sources like SNRs, pulsar wind nebulae (PWN), binaries
etc., and extragalactic sources like AGN. Galactic cos-
mic rays (GCRs) are accelerated by shock waves gener-
ated in SNR [1]; electrons gain energy effectively at the
termination shock of PWN where the pulsar wind is ter-
minated by the surrounding gas, emitting TeV y-rays via
the inverse Compton scattering [2-3]. Beyond our
Galaxy, almost all known TeV y-ray sources are AGN
and their y-ray emissions are thought to originate from
one or multiple regions of particle acceleration in the jets.
The diffuse y-ray emission is mainly attributed to the in-
teractions of CR electrons and nuclei with interstellar gas
[4] and photon fields in the Galactic plane, and provides a
key insight into the character of propagation of CRs in
the Galaxy.

Various techniques have been developed to detect
very high energy (VHE) y-rays. The Fermi Large Area
Telescope (Fermi-LAT), one of the space-borne observat-
ories, has found thousands of y-ray sources in the GeV
band. However, due to their limited effective area and
low y-ray flux at higher energies, the space detectors are
insensitive compared with the ground-based observator-
ies in the VHE range. There are two main techniques
used in ground observatories. One is the imaging atmo-
spheric Cherenkov telescope (IACT), such as H.E.S.S.
[5], MAGIC [6] and VERITAS [7], which observe the
Cherenkov light emitted by secondary particles gener-
ated in air showers. The other is the extensive air shower
(EAS) array technique, like Tibet AS y [8] and ARGO-
YBJ [9], where secondary particles are detected at the
ground level. The use of the water Cherenkov technique
for gamma-ray observations was developed by Milagro
[10], where secondary particles (e* and muons) pass
through pure water. This technique allows better
photon/hadron discrimination compared with EAS arrays.
While it does not have the excellent angular and energy
resolution and the strong background-rejecting capability
of IACT, the water Cherenkov detector exhibits a high
duty cycle and a wide field of view (FOV) with moderate
angular resolution and background rejection ability.
Therefore, it is suitable for monitoring the whole sky and
observing extended sources.

HAWC has reported the detection of at least 39
sources in the Northern sky survey [11]. Given its larger
effective area, WCDA will provide an improvement with
respect to the previous and current experiments like
HAWC. The prospects of WCDA to search for y-rays are
presented in this paper. We introduce WCDA in Sec. 2,
and describe the properties of the sources and the simula-
tion process in Sec. 3. The analysis method, namely the
all-sky method, is presented in Sec. 4. Finally, we predict
the significance of the detection of the sources and the
diffuse y-rays in Sec. 5.

2 The Water
(WCDA)

Cherenkov Detector Array

WCDA detects showers in the primary energy range
from 100 GeV to 20 TeV, and constitutes an important
part of LHAASO, located on the Daocheng site, Sichuan
province, P.R. China ( 29°21’31” N, 100°08’15” E), at an
altitude of 4410 m. The original array covers 90,000 m?2
as reported in [12], which is divided into 4 subarrays with
a size of 150 m x 150 m. Each subarray contains 900 de-
tector units measuring 5 m x 5 m. One upward-facing 8-
inch photomultiplier tube (PMTs) is anchored at the cen-
ter of the unit, at its bottom. The prospects of WCDA re-
ported in this paper are based on this original configura-
tion. The design has been modified and we discuss the ef-
fect of the differences on our result in Sec. 6.

The simulation based on the original design men-
tioned above was reported in [13, 14]. The simulation
used CORSIKA6735 [15] to simulate the cascade pro-
cesses of y-rays and cosmic rays in the atmosphere. A
program based on GEANT4 [16] was employed to study
the detector responses. The simulation tracked the Crab
Nebula, a source typically used as a "standard candle" in
VHE y-ray astronomy, to generate y-ray and CRs events.
We call this simulation the Crab-centered simulation. We
adopt the Crab spectrum measured by HEGRA [17], and
the spectra of cosmic rays follow the Horandel model
[18]. The direction of the simulated events were recon-
structed by fitting the shower fronts. Based on this simu-
lation, we selected a data set to study the properties of
WCDA, mainly the effective area, point-spread function
(PSF), and photon/hadron discrimination. Three prin-
ciples for data selection were adopted: first, the recon-
structed zenith angle has to be less than 45°; second, the
number of triggered detectors needs to be more than 128;
third, the "compactness" [19, 20] should be larger than
14.4. The compactness is defined as nPMTs/CxPEys,
where CxPEys is the maximal energy deposition of photo-
electrons (PEs) recorded by one PMT beyond a radius of
45 meters from the reconstructed air shower core; nPMTs
denotes the number of triggered PMTs. The median en-
ergy in the data set is around 1 TeV. After obtaining these
properties, the detection ability of WCDA to other
sources is estimated from a fast simulation described in
Section 3.

The effective area for y-rays as a function of energy
and zenith angle is shown in Fig. 1, and for CRs in Fig. 2.
The effective area for y-rays is used to generate the y sig-
nals from different sources, and the effective area for cos-
mic rays is used to produce the background, as explained
in Section 3.

PSF gives the difference between the original direc-
tion and the reconstructed direction after accounting for
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Fig. 1.  (color online) y-ray effective area of WCDA as a

function of energy and zenith angle. Red dots denote the ef-
fective area in 8° —20° zenith angle range; black dots de-
note the effective area in 20° —32° zenith angle range;
green dots denote the effective area in 32° —45° zenith
angle range.
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Fig. 2. (color online) Cosmic-ray effective area of WCDA as

a function of energy and zenith angle. Red dots denote the
effective area in 8° —20° zenith angle range; black dots de-
note the effective area in 20° —32° zenith angle range;
green dots denote the effective area in 32° —45° zenith
angle range.

the detector response. PSF for the selected data set is
shown in Fig. 3. The direction of the y-ray signals from
the sources are smeared with this function. The blue
dashed line in Fig. 3 shows the PSF of WCDA, and the
red line shows the PSF for our fast simulation. The two
lines agree which demonstrates that our fast simulation
spreads the signals from the y sources according to the
PSF of WCDA. PSF convolutes the energy bins. We ana-
lyze only one energy bin with the median energy of 1
TeV, so that one specific PSF is used. Due to the PSF of
WCDA, y-ray signals from a point source follow a cent-
ral symmetric distribution around the source. We integ-
rate the signal and cosmic-ray background counts within
a circular disc centered on a sky position. The optimal
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Fig. 3. (color online) PSF of WCDA. The blue dashed line is

the PSF derived from the selected data set. The red solid
line is the PSF for our fast simulation. The two lines agree
which ensures the reliability of our fast simulation. The red
vertical line denotes the optimized angular radius ( 0.56°)
with the best signal-to-noise ratio.

disc radius is found by maximizing the figure of merit
S/ VB where S is the number of signal counts, and B of
the background counts. The best signal-to-noise ratio oc-
curs at 0.56°, denoted by the red vertical line in Fig. 3.
Therefore, the angular smoothing radius is 0.56°.

WCDA uses the compactness parameter to discrimin-
ate y-rays from cosmic rays. Statistically, the compact-
ness distributions of y-rays and cosmic rays are different,
as shown in Fig. 4. The compactness of y-ray showers is
smaller than of cosmic rays, because secondary muons
are more likely to deposit energy in PMTs far from the air
shower core, and they mainly originate from hadronic
cosmic ray interactions in the atmosphere. We quantify
the performance of the photon/hadron rejection method

by calculating its Q factor defined as Q = \’/7,%, where 7,

and 7., are the efficiencies of simulated y-rays and cos-
mic rays for a compactness greater than a certain value.
We scan for the maximal Q factor by varying the com-
pactness as shown in Fig. 5. For this data set, the optim-
ized photon/hadron discrimination is a compactness
> 14.4, with the efficiency of y-rays (n,) and CRs () of
40% and 0.27%, respectively.
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Fig. 4. (color online) Compactness distribution of y-rays

(red line) and cosmic rays (blue line).
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3 Fast simulation

Apart from the Crab-centered simulation, we per-
formed a fast simulation of the array exposure across its
field of view (FOV) to calculate the detection signific-
ance of all sources in TeVCat". In this work, the FOV of
WCDA is defined as the portion of the sky with a zenith
angle <45°. We project this FOV in local coordinates
(zenith and azimuth), in which the zenith angle (9) is
binned in 0.08° bins and the azimuth (¢) is binned in 2’1385
bins, so that each window contains the same steradian
units for the solid angle Q = 1.95x 107°. Also, the sider-
eal day is divided into 3600 time bins, in other words, one
day contains 3600 maps with an exposure time of 24
seconds. The predicted number of cosmic rays or diffuse
v rays in a window (z,6,¢) is calculated as

Ni(t,9,¢)=Tlif¢i(E)Ai(9,E)QdE5t,
E

(M

Table 1.

where Q is the solid angle in steradian units, and ¢¢ is the
period of one map, that is 24 seconds. In the case when i
stands for CRs, A;(6, E) is the differential effective area of
cosmic rays, ¢;(E) is the cosmic ray spectrum [21], and
is the efficiency of CRs which passed the photon/hadron
criterion. When i stands for the diffuse y-rays, these para-
meters are the values for y rays. We take the diffuse y-
rays spectra from Ref. [22]. We track every source loc-
ated in FOV and calculate the number of y-ray events
from each source. The predicted number in a window
(1,6, 0) is calculated as

Ny(t,6.4) = 1, fE #(E),A,(0, E)dEst. 2)

The meaning of each parameter is the same as in Eq. (1),
but represent y-rays excluding the solid angle. The spec-
tra of the sources used are listed in Tables 1, 2, 3, 4. The
spectra of sources are described by a power law with a
fixed index ¢(E) = NO(EEO)*ﬁ , where N, is the differential
flux at Ey, and 8 is the spectral index. If the spectra of the
sources are measured with an exponential energy cut,
they are in the form ¢(E) = (EEO)‘ﬁeﬁE“, where E.y is the
exponential cutoff energy of the sources. For the exten-
ded sources, the extension is determined by fitting the ex-
cess map with a two-dimensional (2D) Gaussian convo-
luted with PSF [34]. Therefore, we use the 2D Gaussian
model to produce the morphologies of the extended
sources. The parameters for each source are listed in
Tables 1,2,3.,4.

Significance of superbubbles, SNRs, Shells, Binaries. o is the significance of the sources, Ny the differential flux at Ey, 8 the spectral index,

and Extension is the extended angular radius (in degrees) assuming the two-dimensional Gaussian model.

TeVCat Name R.A./() Dec./(°) o No/(TeV~'em=2s71) Ey/TeV B Extension/(°) Ref.
LS1+61303 40.14 61.26 9.4 1.80x 10712 1 2.34 - (23]
HESS J1912+101 288.20 10.15 9.7 3.66x 10714 7 2.64 0.7 [11]
W51 290.73 14.19 10.0 2.61x 10714 7 2.51 0.9 [11]

ARGO J2031+4157¢ 307.8 42.50 67.5 3.50% 1072 0.1 2.16 2 [9]
Cassiopeia A 350.81 58.81 7.2 1.45%x 10712 1 2.75 - [24]

a: Identified as the counterpart of the Cygnus Cocoon at TeV energies, whose spectrum exhibits an exponential cutoff at 40 TeV.

Table 2. Significance of PWN. o is the significance of the sources, Ny the differential flux at Ey, 8 the spectral index, and Extension is the extended
angular radius (in degrees) assuming the two-dimensional Gaussian model.
R.A./(®) Dec./(°) o B Ref.
83.63 22.01 307.7 2.58 [11]
98.12 17.37 107 223 [11]
277.85 -9.90 94  2.64 [11]
292.63 18.87 239 274 [11]

1) http://tevcat.uchicago.edu
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Table 3. Significance of AGN. o is the significance of sources, Ny the differential flux at Ey, 8 the spectral index, and E is the exponential cutoff

energy of the sources.

RA./C) Dec./(°) o B Ref.
35.27 35.94 6.4 3.8 [25]
80.44 21.21 12.4 3.44 [26]
107.61 59.15 5.8 2.69 [27]
166.08 38.19 236.8 221 [11]
184.45 30.10 52 3.6 [28]
185.36 30.19 17.9 3.13 [29]
185.38 28.23 11.1 3.81 [30]
187.70 12.40 6.8 221 [6]
217.14 42.67 61.6 3.54 31]
253.47 39.76 475 1.6 [11]
300.00 65.15 28.8 2.54 [32]
314.18 49.67 9.7 2.77 [33]
356.77 51.71 19.2 2.46 7]

f: The spectrum of this source is in a flare state.

Table 4. Significance of unidentified sources (UID). o is the significance of sources, Ny the differential flux at Ey, 8 the spectral index, and Extension
is the extended angular radius (in degrees) assuming the two-dimensional Gaussian model.

TeVCat Name R.A./(°) Dec./(°) o No/(TeV~lem™2s~1)Ey/TeV B Extension/(°) Ref.
2HWC J1309-054 197.31 -5.49 7.8 1.23x10714 7 2.55 - [11]
HESS J1813-126 273.34 -12.69 5.9 2.74%x 10714 7 2.84 - [11]
2HWC J1825-134 276.46 -13.40 8.0 2.49% 10713 7 2.56 0.9 [11]
2HWC J1829+070 277.34 7.03 11.1 8.10x 10715 7 2.69 - [11]
2HWC J1837-065 279.36 —6.58 35.1 3.41x 10713 7 2.66 2 [11]
2HWC J1844-032 281.07 -3.25 10.8 9.28x 10714 7 2.51 0.6 [11]
2HWC J1852+013 283.01 1.38 27.8 1.82x 10714 7 29 - [11]

JlS?fg(fz97 284.40 2.97 9.2 6.10x 10712 1 2.39 0.1 [34]
HESS J1858+020 284.58 2.09 8.3 6.00x 10713 1 217 0.08 [34]
2HWC J1902+048 285.51 4.86 31.1 830x10°15 7 3.22 - [11]
2HWC J1907+084 286.79 8.50 31.6 7.30% 10-15 7 3.25 - [11]
MGRO J1908+06 286.98 6.27 10.9 8.51 %1014 7 2.33 0.8 [11]
2HWC J1914+117 288.68 11.72 20.5 8.50x 10°13 7 2.83 - [11]
2HWC J1921+131 290.30 13.13 20.9 7.90% 10~ 7 2.75 - [11]
2HWC J1928+177 292.15 17.78 20.1 1.07x10714 7 2.6 - [35]
2HWC J1938+238 294.74 23.81 26.3 7.40% 10~15 7 2.96 - [11]
2HWC J1953+294 298.26 29.48 21.8 830x10°1 7 2.78 - [11]
2HWC J1955+285 298.83 28.59 7.8 5.70% 10~ 7 2.4 - [11]
2HWC J2006+341 301.55 34.18 119.6 9.60% 10~ 7 2.64 - [11]
VER 12019+407 305.02 40.76 22.9 1.50% 10712 1 2.37 0.23 [36]

4 Analysis method nals and the background CRs, the key point is to estimate

the background properly and test whether there is a signi-
Since the events in each pixel contain the y-ray sig- ficant excess. We use the All-Sky analysis method to es-
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timate the background events, which has been success-
fully used in the Tibet AS y experiment [37].

The detection efficiency largely depends on the zenith
angle, because more inclined events pass through a great-
er atmospheric depth. However, the efficiency in one
zenith belt is independent of the azimuth angle given that
WCDA is sitting almost in a horizontal plane. In the es-
timate of the background events in a window in the fast
simulation, the window is called the "on-source window",
and the sideband windows in the same zenith angle belt
are referred to as the "off-source windows". The back-
ground events in the "on-source window" are estimated
from the average number of "off-source windows". FOV
in equatorial coordinates is divided into small pixels
which measure 0.1°x0.1°, and each window marked as
(t,0,¢) in the fast simulation corresponds to a pixel
marked as (i, j) in equatorial coordinates. The number of
events in the on-source window is denoted as N4 and
the relative intensity as I; ;, the number of events in the
¢’-th off-source window as N, g, and the relative intens-

“"’ >. For the FOV of

N,

ity as Ir ; , and we have % =< 7%

WCDA,

g o

Here, ny represents the number of windows in the 6 zenith
belt. We get the relative intensity /; ; and the estimated er-
ror 61;; by minimizing ¥* The background in each pixel

_Z[(NM

lJ

1S Niigi j = 1}’— The relative intensity gives the deviation in
the number of events from the backgrounds expectation.
The significance of deviation is calculated as o = 151__1

In the fast simulation, the skymap contains y-rays
from the sources and the diffuse emissions. However, the
signal counts from the sources near the Galactic plane
may have an underlying diffuse component. We adopt the
likelihood ratio method to decompose the two compon-
ents [11].
L(signal model)

L(Null model) * “)

In the analysis, the signal model considers the signal
counts from two components, M;; =N, +N N, ; is the
source contribution to the pixel (i, ) derlved from the
source flux and the detector response. The morphology of
the point sources is described by PSF, and that of the ex-
tended sources can be characterized by the extended
source shapes (2D Gaussian model) convoluted with PSF.
To evaluate the maximum possible contribution of the
diffuse emission to the source signal counts, we assume
that N, is a constant number for each pixel in a circular
3° region of interest (ROI) centered on our source. There-
fore, the signal likelihood is L(signal model)= }; ;InP; ;
(Ni j» Npkei,j+ M j), where P; ; is the Poisson probability of

L=In

observing N; ; counts given the expectation Npig j+ M, ;.
As for the null model, the expectation only considers the
background counts Np; ;. We use the Minuit library [38]
to maximize the likelihood ratio.

5 Results

The sensitivity of WCDA as function of declination is
presented in Fig. 6, and the spectrum index is -2.62.

The y-ray signals from the sources are based on the
spectra in TeVCat, and the spectra of diffuse emissions
are calculated by the spatially dependent diffusion model
[22], which accounts well for the Galactic plane flux
measured by Fermi-LAT [39]. Therefore, we use this
model to calculate the spectra of diffuse y-rays in the
TeV range. In this model, two regions contribute to the
diffuse volume, one is close to the Galactic disk called
the inner halo, and the other is the outer halo. The turbu-
lences in the inner halo originate from supernova explo-
sions, while the turbulences in the outer halo are mainly
generated by CRs themselves. Therefore, the energy
spectra of turbulences in the inner halo are harder than in
the outer halo while the diffusion is slower. In the outer
halo, the diffusion coefficient is only rigidity dependent,
while in the inner halo it is both rigidity and spatially de-
pendent, and is anti-correlated with the SNR distribution.
We used the DRAGON code [40] to numerically solve
the distribution of CRs. CRs interact with the interstellar
medium of the Milky Way to produce diffuse y-rays. The
average vy-ray flux of the inner Galactic plane
(22° <1<62°,-2° < b < 2°) is shown in Fig. 7. The black
line shows the total diffuse emission of the three pro-
cesses, the dashed green line shows the y-rays produced
in 7° decays, the dashed blue and green lines denote the
y-rays produced by electrons in the inverse Compton (IC)
and bremsstrahlung processes, respectively. The expo-
nential cutoff at tens of TeV is due to the cutoff of the in-
jection spectrum at 150 TeV, which corresponds to the
CR spectrum measured by CREAM [41]. In fact, the
cutoff energy of diffuse y-rays is one order of magnitude
higher than the median energy in our work and does not
affect our results.

We generate two skymaps, one that considers only the

3
Q
S0t
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e - 20mCrab
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=10 ] 10 20 30 40 50 60 70
Déc.(¢)
Fig. 6. (color online) Sensitivity as function of declination.
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Fig. 7.  (color online) Average flux of the inner Galactic

plane (22° <1<62°,-2° < b <2° [ is the Galactic lon-
gitude and b the Galactic latitude). The black line shows the
total diffuse emission of the three processes, the dashed
green line shows the y-rays produced in a° decays, the
dashed blue and green lines denote the y-rays produced by
electrons in the inverse Compton (IC) and bremsstrahlung
processes.

TeV sources, and the other that shows only the diffuse
emissions. The two skymaps are then combined to ana-
lyze the prospect of their detection with the one-year ex-
posure. The one-dimensional projection of the signific-
ance is shown in Fig. 8. The red line is the standard nor-
mal distribution and the black line the significance distri-
bution across the sky. For low values, the significance is
well reproduced by the normal distribution. However, lar-
ger values are due to the y-ray sources and diffuse emis-
sion. The two-dimensional skymap is shown in Fig. 9.
Although the significance of many of sources is greater
than 15, the significance in Fig. 9 is limited to the range
from -5 to 15 for visualization.

The combined skymap presented in Fig. 9 includes
the TeV source signals and the diffuse emission. There
are 22 sources (ARGO J2031+4157, LS 1 +61303, HESS
J1912+101, W51, HESS J1831-098, 2HWC J1837-065,
2HWC J1825-134, MAGIC J1857.6+0297, TeV
J1930+188, 2HWC J1844-032, 2HWC J1852+013, HESS
J1858+020, 2HWC J2006+341, 2HWC J1902+048,

2HWC  J1907+084, MGRO J1908+06, 2HWC
J1914+117, 2HWC J1921+131,2HWC J1928+177,
2HWC  J1938+238, 2HWC J1953+294, 2HWC

J1955+285) in the Galactic plane (-2° < b <2°), and the
signals from these sources could be overestimated due to
the diffuse y-ray contributions in the combined skymap.
We decompose the two components as described in Sec.
4 and calculate the signal count (Ngcy) from the com-
bined map. To estimate the uncertainties due to the dif-
fuse emission, we compare Ny, Of the sources in the
combined skymap with the signal count (Ngetected) in the
source map, Since Ngegected 1S the source signal count con-
sidering that the source skymap excludes diffuse emis-
sion. The ratio of Neaicy t0 Neetected changes with Nyegected »

10°°

E — Simulation
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Fig. 8.
skymap (black line) and the standard normal distribution
(red line).

(color online) Significance distribution for the
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Fig. 9.
diffuse emission in the equatorial coordinates (J2000.0

(color online) Significance of all TeV sources and

epoch). The significance is limited from -5 to 15 for visual-

ization.
1.2 " a
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Fig. 10. (color online) Uncertainty of the source signal count

in the Galactic plane ( —2° < b < 2°) caused by the diffuse
emission. The y-axis is the ratio of Ncaiey t0 Ngetected, and
the x-axis is Ngegected in the source skymap.

as shown in Fig. 10. Ny, in the combined map tends to
Netected for large source signal counts, and we can limit
the uncertainty of the diffuse emission to the level of
20%, which agrees with the results in [11]. After subtract-
ing the diffuse emission, the predicted significances and
the information about the sources (location, spectrum, en-
ergy cutoff, extension) are presented in Tables 1,2,3,4.
Among the sources with a significance greater than 5 o,
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there are 29 Galactic sources, constituting 20 unidenti-
fied sources, 4 PWN, and 5 other sources (superbubbles,
SNRs, Shells and Binaries). There are 13 extragalactic
sources, all of which are AGN. Another work [42] pre-
dicts that 9 sources (Mrk 421, 1ES 1215+303, 1ES
1218+304, W Comae, H 1426+428, 1ES 1959+650, Mrk
501, 1ES 2344+514, RGB J0710+591) could be detected
after considering the extragalactic background light
(EBL) absorption effect, which agrees with our results.
We also predict that WCDA could detect M 87 with 6.82
o. This source is not included in Ref. [42]. Apart from
these sources, the spectra of S3 0218+35 and RGB
J2056+496 are measured in flare sates; the redshift of
VER J0521+211 is more than 0.1, while we use an extra-
polated spectrum from observation and do not consider
the EBL absorption effect.

6 Discussion

WCDA is designed to detect y-rays from hundreds of
GeV to tens of TeV for studies of the propagation and ac-
celeration of cosmic rays. The results obtained in this
work unveil the scientific potential of WCDA in the
search for y-ray sources. We study the y-ray sources and
the diffuse emissions simultaneously, and then determine
the sources that have the potential to be observed with a
significance of more than 5 o in a one-year exposure of
WCDA.

The ground-based IACTs have detected tens of AGN
at VHE. Compared to IACTs, WCDA has a wide FOV
and a long duty time, which increase its potential to de-
tect AGN with long-term emissions. The prospects of

WCDA to detect the already-known AGN are presented
in Table 3. However, there are two uncertainties in these
results. One is the unpredictable variability of the AGN
flux. We use the measured time-averaged spectra rather
than the spectra in flare states, and extend the spectra
without energy cutoff. We also assume that these sources
have constant flux, and then calculate the significance of
their detection. The other uncertainty is due to the absorp-
tion effect by the extragalactic background light. We are
limited to the nearby AGN (the redshift distances of these
AGN are less than 0.13 except S3 0218+35) whose cor-
responding optical depth is less than 1, which means that
the y-rays emitted by these AGN will not be strongly ab-
sorbed. Therefore, this work ignores the EBL absorption
effect.

As mentioned in Section 2, the design of WCDA has
been modified. The new design is described in Ref. [ 14].
Its area is changed from 90,000 m? to 78,000 m? since
one large subarray measuring 300 m x 110 m will re-
place two original subarrays. The number of detector
units is 3,210,390, smaller than in the original design. A
reduction in the effective area results in a sensitivity re-
duction of approximately 20%. Moreover, one detector
unit consists of two PMTs at the center of each cell. In
the first pond, each detector unit consists of one 8-inch
and one 1.5-inch PMT, while each detector unit in the
other two ponds consists of one 20-inch and one 3-inch
PMT. The small PMTs are used for a joint observation
with the Cherenkov telescope array (WFCTA) above 100
TeV, and the change from 8-inch PMTs to 20-inch PMTs
aims to improve the sensitivity around 100 GeV. Since
our analysis is performed at 1 TeV, these differences do
not change our results significantly.
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