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The Water Cherenkov Detector Array (WCDA) is an important component of Large
High Altitude Air Shower Observatory (LHAASO). The main scientific target of WCDA
is continuously surveying the northern sky at the level of few percent of Crab unit. In
this proceeding, based on its first year data of WCDA-1 data, the result about the Crab
Nebular observation and its energy spectrum measurment have been presented. And
with WCDA full array data taking since Mar. 2021, some preliminary results have been
reported.
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Figure 1: Left panel is the layout of LHAASO. Right panel is the schematic of the WCDA layout.
The lower two ponds are WCDA-1 and WCDA-2 from left to right respectively, and the upper one
is WCDA-3. The two dots in each detector unit indicate the PMTs, while the dashed lines represent
the curtains between units. Two combinations of PMTs are used: 8" and 1.5" PMTs in WCDA-1
and 20" and 3" PMTs in WCDA-2 and WCDA-3.

1. Introduction

The Large High Altitude Air Shower Observation(LHAASO) [1, 2] is located in Moun-
tain Haizi with altitude of 4410m asl, ( 29◦21’27.6" N, 100◦08’19.6" E) Daocheng, Sichuan
Province, China, which consist of Kilometer-square Array (KM2A), Water Cherenkov De-
tector Array (WCDA), 18 Wide Field of View Cherenkov Telescope Array (WFCTA).
KM2A consists of an extensive air shower detector array covering an area of 1.3 km2 with
5195 scintillator counters (ED, 1 m2 active area) and 1188 muon detectors (MD, water
Cherenkov detector with an area of 36 m2 buried under 2.5 meters of dirt).

LHAASO is designed for detection of air showers induced by all kinds of cosmic-ray
particles with energy ranging from a few tens of GeV to a few EeV. Therefore LHAASO is
a multi-purpose facility for very-high-energy gamma ray astronomical observation, cosmic-
ray energy spectrum measurements for individual species and other wide-ranging topics
associated with the cosmic-rays or air-shower phenomena. For the gamma-ray source survey,
the designed sensitivity is about 0.01 CU (Crab Unit). Its wide FoV allows LHAASO to
survey 1/7 of the northern sky at any moment for gamma-ray sources. With the operation
in full duty cycle, LHAASO scans the entire northern hemisphere every 24 hours. The
spectra of all sources in its FoV will be measured with high precision over a wide energy
range from 1011 eV to 1015 eV.

2. WCDA detector array

The Water Cherenkov Detector Array (WCDA), mainly used for surveying transient
phenomena and discovering new sources, which composed of 3 pools, and pool 1 and pool
2 are both 150m × 150m, the third pool array is 300m × 110m.
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Figure 2: Left panel is a typical high energy event recored by WCDA-1 + WCDA-2 detectors,
and right panel is also a high energy event detected by WCDA full array. Right color panel shows
the number of photoelectrons, NPE , recorded by the 8"/20" PMT in each cell.

WCDA has been built in 3 phases. The first one, denoted as WCDA-1, is a square
pond of 150 m×150 m consisting of 900 detector units. The 900 detector units divide into
25 clusters and each cluster is comprised of 4 groups in which one group is made up of 9
detector units. One electronics board control 9 detectors units that are one group. Each
detector unit is 5m × 5m that includes one 1.5 inches PMT and one 8 inches PMT. It was
completed in April 2019 and has been in operation since then. In the second phase, one
more pond of the same size, referred to as WCDA-2, has also been in operation since March
of 2020. In the thir phase, the third pond, WCDA-3, with a size of 300 m×110 m, began
operation at the March of 2021. For gamma-ray induced showers, WCDA-2 and WCDA-3
have a threshold below 100 GeV because they use a 20" PMT and 3" PMT instead of (8"
+ 1.5") combination.

3. Data and Analysis

The events are reconstructed by first fitting the spatial charge distribution to identify
the location of the primary particle trajectory as projected onto the array, which we refer
to as the shower "core", and then fitting the arrival times of the hits with a conical shower
front, the details about reconstruction and its angular resolution and shower core resolution
can be find in the paper [3].

After air showers have been reconstructed, two different background estimation are
used, one is called equal-zenith method [4], another is called direct integration [5]. The use
of water cherenkov technique has been proven an effective technique to separate gamma-ray
showers from the isotropic cosmic-ray background. After using mass sensitive parameter [5],
a sky map with gamma-like events could be constructed.

The simulations consist of two steps, the first one is the air shower propagation sim-
ulation in the atmosphere which is handled by the CORSIKA package [6], another one is
that the so-called G4WCDA programe based on the Geant4 [7] is used to simulate the
detector response to secondary air shower particles. Using above simulation samples, a
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Figure 3: Top left panel is one month significance map of the Crab Nebular for events with
Nhits>170, top right map is the distribution of excess events as function of the space angle with
respect to the Crab Nebular center. Bottom panel is the spectral energy distribution of the Crab
Nebula in the energy range from 800 GeV to 13 TeV measured by WCDA-1 one year data. As a
comparison, the SED measured by using LHAASO-KM2A and other experiments are also plotted
for comparison.

typical forward folding method is applied to estimate the spectrum energy distribution of
the sources.

In this paper, we present results from two datasets:

• WCDA-1 single pool data from April. 2019 to Sep. of 2020. Roughly speaking, this
dataset serverd as a function of a detector performance checking of our detector for
the standard candle, the Crab Nebular observation.

• WCDA full array data, which is starting data-taking since Marc. 2021.

4. Some selected results

Firstly we present the observation of the standard candle Crab Nebular from WCDA-1
single pool. As effective fired number of PMTs, Nhits, higher than 170, which is relative
to energy around 3 TeV, just as expected from the simulation, the significance of the Crab
is higher than 20 sigma, and the sigma of 2D gaussian fitting of Crab image is around
0.2◦, which means the angular resolution in this energy region is less than 0.4 deg. Fig. 3.
is the spectral energy distribution of the Crab Nebular from 0.5 TeV to 20 TeV. As a
comparison, the SED measured by using LHAASO-KM2A[8] above 10 TeV is also shown as
the green filled circles. The result shows a good agreement with all other major gamma ray
astronomy experiments. Such consistent results mean our simulation, analysis framework
works correctly and effectively.
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Figure 4: Sky map around Mrk-501 and Geminga by using WCDA full array data.

Since Mar. 2021, WCDA enters into full array data-taking mode. The famous ac-
tive galactic nuclei Mrk 501 and well-nown Geminga region have been observed with the
significance higher than 10 shown in Fig.4 based on preliminary data analysis.

5. Summary and Outlook

WCDA full array has started scientific data-taking in the March of 2021. With its
wide field of view, continuous operation and its good sensitivity, in the near future, some
new results in TeV astronomy should be expected. At the same time, many efforts on the
optmization of the Gamma/Proton separation, 8" and 20" PMT matching are still under
studying.
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