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Abstract

The KM2A is the largest sub-array of the Large High Altitude Air Shower Observatory (LHAASO). It consists
of 5216 electromagnetic particle detectors (EDs) and 1188 muon detectors (MDs). The data recorded by the EDs
and MDs are used to reconstruct primary information of cosmic ray and gamma-ray showers. This information
is used for physical analysis in gamma-ray astronomy and cosmic ray physics. To ensure the reliability of the
LHAASO-KM2A data, a three-level quality control system has been established. It is used to monitor the status
of detector units, stability of reconstructed parameters and the performance of the array based on observations
of the Crab Nebula and Moon shadow. This paper will introduce the control system and its application on the
LHAASO-KM2A data collected from August 2021 to July 2023. During this period, the pointing and angular
resolution of the array were stable. From the observations of the Moon shadow and Crab Nebula, the results
achieved using the two methods are consistent with each other. According to the observation of the Crab Nebula
at energies from 25 TeV to 100 TeV, the time averaged pointing errors are estimated to be −0.003◦±0.005◦ and
0.001◦ ± 0.006◦ in the R.A. and Dec directions, respectively.

Keywords: LHAASO-KM2A, Data Quality, Crab Nebula, Moon shadow

1 Introduction

Cosmic ray, first discovered by Victor Hess in 1912 through balloon flight experiments [12], are high-energy particles
originating from deep space in the cosmos. They are primarily composed of various atomic nuclei, as well as a small
amount of electrons and gamma-ray. The energy spectrum of cosmic rays mostly follows a power-law function
from 109 to 1020 eV. However, there is a notable change in the power-law index around several PeV (1PeV=1015
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eV), resulting in a ”knee” structure in the spectrum. This structure contains important information about the
origin of cosmic ray. It is generally believed that cosmic ray with energies around and below the knee originate from
astrophysical sources within our Galaxy. However, the exact nature of these sources and the mechanisms responsible
for accelerating cosmic ray to such high energies remain a longstanding major scientific question. Ultra-high-energy
(UHE) gamma-ray with energies greater than 0.1 PeV, unaffected by interstellar magnetic fields, are an important
tool of searching for and identifying the PeV cosmic ray sources. A review about the progress of UHE gamma-ray
astronomy can be found in [30]. The LHAASO-KM2A, as the most sensitive UHE gamma-ray detector, will play
a crucial role in unraveling the PeV cosmic ray sources.

The LHAASO is located on Haizi Mountain in Daocheng County, Sichuan Province, China, at an altitude
of 4410 m above sea level. It is a composite extensive air shower (EAS) detector array consisting of three sub-
arrays: the Kilometer Square Array (KM2A), the 78,000 m2 Water Cherenkov Detector Array (WCDA), and the
Wide Field-of-view atmospheric Cherenkov Telescope Array (WFCTA). The KM2A is primarily used for detecting
gamma-ray with energies above 10 TeV. It was constructed and operated incrementally, with half of the array
beginning scientific operations at the end of 2019, three-quarters of the array starting in December 2020, and
full array operations commencing in July 20th, 2021. The operational duty cycle is close to 100%. Based on the
previous data from KM2A, the LHAASO collaboration has made several breakthrough advances in UHE gamma-ray
astronomy. These include the discovery of the first dozen ”PeVatrons”, revealing a wonderful fact that the Milky
Way is full of PeV particle accelerators [2]. Recently, the number of UHE gamma-ray sources has been increased
to 43 [18]. Additionally, amazing progress was also achieved when measuring the brightest gamma-ray burst GRB
221009A [13], the Cygnus region [15], and the Galactic diffuse gamma-ray [16]. In the work about the observation of
the Crab Nebula [3], with the data of half KM2A array, KM2A has demonstrated strong abilities, like the rejection
power of cosmic ray induced showers is better than 4 × 103 at energies above 100 TeV, and the pointing error for
gamma-rays is less than 0.1◦. These exciting physical achievements are all supported by high-quality experimental
data, primarily achieved through the KM2A’s three-level quality control system.

All detectors of the KM2A and their corresponding electronics are exposed to the harsh outdoor environment,
which poses a challenge for the stable operation of the detectors, especially during the rainy season. Therefore,
we need to monitor the status of over 6000 detectors, perform maintenance on those that are malfunctioning, and
exclude the abnormal data from subsequent event reconstruction and physical analysis. In response to the data
collected by the KM2A detectors, we have established an automated data transfer, calibration and reconstruction
system. To ensure timely data reconstruction, each file is submitted to a separate CPU for reconstruction. We also
need to monitor the quality of the reconstructed data and select high-quality data files for the entire collaboration
in subsequent physics analysis. The stability of array performance including pointing accuracy, angular resolution,
and detection efficiency is crucial. Therefore, we should also monitor the standard source to ensure the physical
reliability of the entire dataset. This constitutes the third level quality control system of KM2A data. In this
article, we will introduce the specific implementation of the three-level quality control system for KM2A data from
August 2021 to July 2023, and present the data status during this period.

2 The detector and data processing flow of KM2A

2.1 The KM2A detector

KM2A is the largest sub-array of LHAASO. It contains 5216 electromagnetic particle detectors (EDs) and 1188
underground muon detectors (MDs), which are distributed in an area of 1.3 km2. Within a radius of 575 m from
the center of the array, EDs are arranged with a spacing of 15 m, while MDs are distributed with a spacing of 30
m. In the outer ring region, the spacing of EDs is enlarged to 30 m, with no MDs.

The ED is a plastic scintillation detector. Each ED consists of 4 plastic scintillation tiles (0.25 m2 each) covered
by a 0.5 cm thick lead plate to convert the gamma-ray into electron-positron pairs. When a high energy charged
particle traverses the scintillator, it loses energy and excites the scintillation medium to emit scintillation photons.
Each ED also includes a 1.5-inch photomultiplier tube (PMT) to convert the scintillation photons to electrical
signals to be recorded. The detection efficiency of a typical ED is about 98%. The time resolution is about 2 ns.
The average single rate of an ED is about 1.7 kHz. The electrical signals recorded by EDs are used to reconstruct
the primary information of the cosmic ray air shower, such as the primary direction, core location, and energy.

The MD is a super-pure water Cherenkov detector enclosed within a cylindrical concrete tank with an inner
diameter of 6.8 m and a height of 1.2 m. An 8-inch PMT is installed at the center of the top of the tank to collect
the Cherenkov light produced by high energy particles as they pass through the water. The detectors are covered
by a layer of soil 2.5 meters thick, which are used to absorb the secondary electrons/positrons and gamma-rays in
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Figure 1: The processing flow of the KM2A data. The process nodes marked with orange color indicate the three-
level quality control system established for KM2A data.

showers while let the muons pass through. The detection efficiency of a typical MD to muons is about 95%. The
time resolution of an MD is about 10 ns. The average single rate of an MD is about 8 kHz. The number of muons
recorded by MDs are used to discriminate between gamma-ray and hadron induced showers.

More details about the ED and MD design can be found elsewhere [23, 24]. KM2A operates around the clock,
since both EDs and MDs can work during both day and night. The KM2A detectors were constructed and merged
into the data acquisition system (DAQ) in stages since February 2018. The KM2A with the full configuration has
operated since July 20th, 2021. The trigger logic of KM2A for a shower requires at least 20 EDs firing within a
window of 400 ns. The starting time of the window is called the trigger time. For each event, the DAQ records 5
µs of data before the trigger time and 5 µs of data after the trigger time, including all EDs and MDs that have
signals. The event trigger rate of KM2A is about 2.5 kHz, and the typical data size recorded in one day is about
2.5 TB.

2.2 The data processing flow

The data recorded by KM2A are stored in a binary file format, with the size of each file being approximately
1 GB. The daily data volume from KM2A is 2.5 TB, with approximately 2000-2500 files. These data files will
be timely transmitted from the LHAASO site to the National HEP data center in Beijing. These data are used
for physical analysis after the data processing, as shown in Fig. 1. First, the binary data will be decoded into a
ROOT file. Then, the arrival time and signal integrated charge of secondary particles recorded by EDs and MDs
are calibrated using an offline method. Details about the calibration method can be found in [31, 32]. After that,
the states of all the detectors are monitored, picking out the abnormal detectors that will not be considered in the
following reconstruction process. The arrival time and number of the particles recorded by normal EDs are used to
reconstruct the primary information of the shower event, including the zenith angle (θ) and azimuth angle (ϕ), core
position, number of electromagnetic particles (Ne), lateral distribution function and so on. The arrival time and
number of the particles recorded by normal MDs are used to reconstruct the number of muons (Nµ). The events
with this information will be used for physical analysis both in gamma-ray astronomy and cosmic ray physics.

To ensure the quality of the data used for the physical analysis, the files with reconstructed data should also be
monitored and the files with abnormal data should be filtered out. The final surviving normal data files will be used
to monitor the performance of the KM2A through observations of the Crab Nebula and the Moon shadow. After
this processing flow, the surviving normal files will be opened to the LHAASO collaboration for formal physical
analysis. The pipeline of the data processing is shown in Fig. 1, where the process nodes marked with orange
color indicate the three-level quality control system established for LHAASO-KM2A data. All the physical results
published by the LHAASO collaboration that relate to KM2A data are achieved using the data produced by this
control system. In the following section, we will introduce the details of this control system.
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Figure 2: (a): The distribution of EDs count rate. (b): The distribution of MDs count rate. A data file collected
on 7th Feb 2022 is used for this figure.

3 The three-level quality control system of KM2A data

The data recorded by EDs and MDs are used to reconstruct primary information of showers. Therefore, the first
level is to monitor the detector status and filter out abnormal detectors, which will ensure only data recorded by
normal detectors are used for event reconstruction. The second level is to monitor reconstructed data and filter out
any abnormal data, which will ensure only reconstructed data collected during normal periods are used for physical
analysis. The third level is to monitor the performance of the KM2A through observations of the Crab Nebula
and the Moon shadow, which will ensure the stability of the KM2A performance. To introduce the details of this
three-level quality control system, the KM2A data collected from August 2021 to July 2023 are analyzed in this
section.

3.1 The detector status monitoring

All detectors of the KM2A and their corresponding electronics are exposed to the harsh outdoor environment. The
maximum temperature difference in Daocheng can be more than 50 ◦C, with a maximum exceeding 20◦C and
minimum dropping below -35◦C. The rainy season from June to October brings precipitation levels of up to 515.2
mm. All these pose a challenge for the stable operation of the detectors, especially during the high lightning season
[27]. Extreme low temperatures can cause abnormal noise in detector electronics, and some of the detectors are
struck by lightning every rainy season. Therefore, they have a certain probability to go wrong. This will result in
abnormal data recorded by some detectors and the direct impact is on the count rate of the detectors. It is worth
noting that, we have previously established a similar monitoring system mainly for the maintenance of the detectors
[26]. That system primarily relied on hourly data, however, the monitoring presented here is based on each data
file, corresponding to 40 seconds of data.

The count rate refers to the frequency at which a detector is triggered, which can be used to reflect the noise level
of the detector and the environmental background level under normal conditions. A high count rate is generally
due to significant electronic noise, while a low count rate is generally due to insufficient detection efficiency or loss
of data for some time periods. Most of the signals from all EDs and MDs during the period from 5 µs to 1 µs before
the trigger time are due to random particles and noise signals. Therefore, the data during this period are used to
estimate the count rate of each detector.

Basing on each data file, we can obtained the count rate of each ED and MD as shown in Fig 2 for example.
According to the detector efficiency and statistical error, the typical count rate of a ED should be 1-2 kHz, while
a typical MD rate ranges from 6-11 kHz. Detectors beyond this range are labeled as abnormal detectors. The hits
recorded by these abnormal detectors will not be used in the following reconstruction process. In this example file
on 7th Feb 2022, 66 out of 5216 EDs and 5 out of 1188 MDs were flagged as abnormal detectors. After the above
screening work, we can eliminate the impact of extreme environments on the detectors.
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3.2 Reconstructed data monitoring and selection

Following the detector status monitoring, the data recorded by the abnormal detectors are isolated during the
event reconstruction phase. Nonetheless, the resultant reconstructed data might not meet the necessary quality for
subsequent physical analysis. The second level would focuses on monitoring reconstructed data and filtering out
any abnormal data. If there is a large fraction of abnormal detectors, the performance of the array diverges from
the normal values. Although we can conduct physical analysis based on partial detector array data from KM2A,
this will requires us to employ more complex data analysis methods. In order to maintain stability in detector
performance and simplify the data analysis process, we generally require that the percentage of normal EDs and
MDs (denoted as NED and NMD, respectively) reaches 95% or more. Otherwise, we will label such data as abnormal,
and they will not be used for physical analysis. Of course, if there are short-term important burst phenomena during
the period of the excluded data, we will still analyze them using more complex analysis methods. In addition to
requirement of at least 95% good detectors, we will also monitor the average values of the following parameters for
each data file:

• Ne and Nµ: Ne is the number of electromagnetic particles recorded by EDs. Nµ is the number of muons
recorded by MDs. Ne will be used in the energy reconstruction, and the ratio of Ne and Nµ will be used for
particle identification. These parameters also serve as indicators of the detectors for particle count.

• θ and ϕ: θ is the zenith angle and ϕ is the azimuth angle. θ and ϕ represent the source direction of the
event, and are important parameters in gamma-ray astronomy. These parameters also serve as indicators of
the event direction reconstruction.

• χ2: χ2 is the time residual squared during shower front fitting for direction reconstruction which reflects the
stability of detector time measurement. This parameter also serves as an indicator of detector time resolution
and time calibration.

• R: This parameter is the ratio of events with few muons. This parameter serves as an indicator of the discrim-
ination power between cosmic ray and gamma-ray. In our subsequent physical analysis, specific conditions
may be employed to help select events generated by gamma-ray. During this phase, we employ a relatively
lenient screening criterion aiming to preserve a larger portion of the cosmic ray events.

The events of KM2A being triggered are basically isotropic with only a 0.1% level of anisotropy, and do not vary
with time. Therefore, the distribution of the above parameters in each file should be almost the same and remain
stable over time, making them suitable for data quality monitoring. However, in actual measurements, there are
slight modulation effects on these variables on a daily and yearly basis due to meteorological effects and atmospheric
changes. Additionally, the variation in the number of normal detectors also affects the corresponding parameter
changes. Therefore, when using the above parameters to monitor reconstructed data and select abnormal data, we
primarily identify data files that deviate significantly from the distribution based on the daily behavior of these
parameters over time.

Our initial step involves applying a broad condition to screen out files exhibiting extreme anomalies. Subse-
quently, Gaussian fitting is conducted on the remaining files to derive the mean and standard deviation. Considering
the daily volume of generated data files (2000-2500), we have instituted a 4σ filtering criterion. This stringent con-
dition aims to exclude aberrant data while mitigating the potential risk of erroneously discarding more than one
normal file per day. Upon completion of the filtering process, a compilation of normal data files is generated,
deemed suitable for further analysis in the physical domain. Upon completion of detector status monitoring and
reconstruction data quality monitoring, a total of 1,700,628 reconstructed data files spanning from July 20, 2021, to
July 31, 2023, corresponding to the initial 2 years of full array operation, were obtained. Applying all the filtering
criteria led to the exclusion of 30,066 files, accounting for approximately 1.77% of the total dataset.

Fig 3 (a) shows the variation of the exclusion rate in the monthly data. It is evident that there is a seasonal
effect, with the exclusion rate being significantly higher from June to October each year, which is the rainy season.
During the annual rainy season, the electronics of the ED and MD detectors are susceptible to lightning strikes,
occurring approximately once or twice a year. Each lightning strike can result in damage to tens to hundreds of
detector electronics or power supplies. Due to the extended duration of repairs, the normal detectors are generally
unable to meet the requirement of 95% for good EDs and MDs during this period, resulting in a relatively high
data exclusion rate, reaching as high as 10% in October 2022. Additionally, because rainwater contains radioactive
radon elements, this can lead to an increase in the background noise rate of the ED detectors, thereby affecting the
triggering efficiency of the array and causing changes in various parameters, resulting in an increased data exclusion
rate. When there are no lightning strikes, the data exclusion rate is around 1% during the rainy season. During
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Figure 3: (a): The percentage of data files excluded based on different criteria. (b): The ratio of excluded data files
reference to the primary total data files in each month during the period from August 2021 to July 2023. (c): The
ratio of excluded data files in non-rain season.

the non-rainy season, the data exclusion rate ranges from 0.04% to 0.4% for a total of 1855 files, mainly due to
abnormal Ne and Nµ or χ2.

Among the excluded files, 68.3% of the files were excluded because they had ¡ 95% good EDs and MDs, 14.0%
were due to χ2, 10.3% were due to Ne and Nµ, 3.8% were due to θ and ϕ, 3.2% were due to R, and 0.4% were
due to other reasons. The distribution is also shown in Fig 3 (b). During the non-rainy season shown in Fig 3 (c),
32.0% of the files were excluded due to Ne and Nµ, 31.6% were due to χ2, 14.2% were due to θ and ϕ, 11.3% were
due to R, 8.1% were due to ¡95% good EDs and MDs, and 2.8% were due to other reasons.

After monitoring and filtering out any abnormal data from the reconstructed data, the remaining qualified
data will be used for subsequent physical analysis, including cosmic ray physics, gamma-ray astronomy, and so
on. To provide an overview of the long-term data status, Fig 4 shows the variation of the parameters NED and
NMD and three average values for each data file. This R increases when the number of normal MDs decreases.
This is primarily due to the fact that the gamma-ray/cosmic ray discrimination power is mainly determined by the
detection efficiency of the muon detectors. For the majority of the time, nearly 99% of the detectors are in a normal
state and this R remains stable.

3.3 The array performance monitoring

Before using the reconstructed data for physical analysis, the final step to ensure data quality is to monitor the
performance of the KM2A by observing a gamma-ray source, the Crab Nebula and a cosmic ray deficit source,
the Moon shadow. In this work, we use two years of data collected from August 2021 to July 2023 by the KM2A
full-array to analyze the Crab Nebula and Moon shadow. For background estimation, we employ the equal zenith
angle method. The likelihood method presented in [19] is used to estimate the significance map, position, point
spread function and so on.

7



Figure 4: The parameters NED and NMD and three average values for each data file during the period from July
20th, 2021 to 31st July 2023. The dotted lines indicate the requirement of 95% good detectors.
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Figure 5: Left: The significance map around the Crab Nebula at gamma-ray energies of 25-100 TeV. Right: The
significance map around the Crab Nebula at gamma-ray energies above 100 TeV. The red star is the fitting position
and the black cross is the expected position at R.A.=83.63◦, Dec=22.02◦.

3.3.1 Observations of Crab Nebula

The Crab Nebula, located approximately 2 kiloparsecs from Earth, is recognized as the brightest pulsar wind nebula
in the northern celestial region. It is the remnant of a supernova explosion, which was recorded in Chinese and
Japanese chronicles dating back to 1054 A.D.[28]. The Crab Nebula is one of the most studied objects in the sky,
and its emission spectrum extends from radio waves up to PeV gamma-ray [20]. Below a few GeV, the Crab Nebula
has been observed to exhibit flaring behavior, but in the very high energy (VHE) band, it remains a constant
source and is currently utilized as the standard reference by different instruments. The performance of the KM2A
half-array on gamma-ray has been tested through the analysis of the Crab Nebula [3].

For this work, the significance map around the Crab Nebula is shown in Fig 5. The significance of the Crab
is 113.9σ in the energy band of 25-100 TeV and 52.5σ above 100 TeV. Therefore, it is significant enough for us
to conduct monthly monitoring of the performance of KM2A for gamma-ray detection. The monthly results are
presented in Fig 6. According to this figure, the pointing errors in both R.A. and Dec direction are much less than
0.1◦ at 25-100 TeV and less than 0.2◦ at >100 TeV in all the months. Constant values are adopted to fit the points
at 25-100 TeV, yielding that ∆R.A.= −0.003◦ ± 0.005◦ and ∆Dec= 0.001◦ ± 0.006◦. The χ2/ndf of the fitting
are 26.66/23 and 32.62/23, respectively. The corresponding values at >100 TeV are ∆R.A.= −0.016◦ ± 0.007◦ and
∆Dec= −0.002◦ ± 0.010◦. The χ2/ndf of the fitting are 40.39/23 and 35.13/23, respectively. So 0.008◦ and 0.023◦

can be seen as conservative upper limits for combined systematic and statistical errors at 25-100 TeV and >100
TeV.

To monitor the detection efficiency of KM2A, we estimate the event rate from the Crab Nebula, which is also
shown in Fig 6. A constant value is adopted to fit the points at 25-100 TeV, yielding that Rate= 0.68 ± 0.01 per
hour and the corresponding χ2/ndf is 23.46/23. For the events at >100 TeV, the corresponding value is Rate=
0.054± 0.004 per hour and χ2/ndf is 36.18/23. Therefore, the detection efficiency is also stable month by month.

Compared with the point spread function (PSF) of the KM2A detector, the intrinsic extension of the Crab
Nebula is negligible. Therefore, the angular distribution of gamma-ray from the Crab Nebula can be directly used
to estimate the detector angular resolution. The monthly angular resolution results are also shown in Fig 6. A
constant value is adopted to fit the points at 25-100 TeV, yielding σPSF= 0.248◦ ± 0.004◦ and the corresponding
χ2/ndf is 34.85/23. For the events at >100 TeV, the corresponding value is σPSF= 0.146◦ ± 0.005◦ and χ2/ndf is
29.67/23. Therefore, the angular resolution is stable month by month. So 0.252◦ and 0.151◦ are the upper limits
for combined systematic and statistical errors at 25-100 TeV and >100 TeV.

3.3.2 Observations of Moon shadow

Cosmic ray arrive at Earth in an almost isotropic manner. However, as the Moon blocks any cosmic ray arriving
from that direction in the sky, a deficit in the flux can be observed. Many EAS experiments have observed the
Moon shadow, providing unique information on the performance of cosmic ray, including pointing and angular
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Figure 7: Left: The significance map around the Moon at gamma-ray energies of 25-100 TeV. Right: The significance
map around the Moon at gamma-ray energies above 100 TeV. The yellow star is the fitting position of the Moon
shadow and the black cross is the expected Moon position.

resolution [29]. Additionally, the shadow is displaced along the east-west direction from the Moon’s actual position
due to geomagnetic deflection, which can be used to determine the absolute energy scale of the primary cosmic ray.
However, that part of the research goes beyond the scope of this article.

For this work, the significance map around the Moon shadow is shown in Fig 7. The significance of the Moon
shadow is -139.6σ in the energy band of 25-100 TeV and -86.8σ above 100 TeV. The monthly results are presented
in Fig 7. Since the Moon shadow is displaced along the R.A. direction by the geomagnetic field, the position in the
Dec direction is usually adopted to check the array pointing accuracy. According to Fig 7, the pointing error in the
Dec direction is much less than 0.1◦ in all the months. A constant value is adopted to fit the points at 25-100 TeV,
yielding that ∆Dec= −0.003◦ ± 0.004◦. The corresponding value at >100 TeV is ∆Dec= 0.001◦ ± 0.003◦. The
χ2/ndf of the fitting is 36.09/23 and 26.55/23, respectively. This result is consistent with result achieved using the
Crab Nebula. So 0.007◦ and 0.004◦ are the upper limits for combined systematic and statistical errors at 25-100
TeV and >100 TeV.

The cosmic ray Moon shadow is formed when the Moon blocks cosmic ray. Its expected deficit of events can
be accurately estimated based on the distribution of background of events. Therefore, by comparing the measured
deficit with the expected deficit, the data quality can be accurately evaluated. Fig 8 also shows the ratio of the
measured Moon shadow deficit to the expected deficit obtained each month. In this study, the expected deficit is
the number of background events within 0.26◦ of the shadow position, while the measured deficit of events was
measured within 1.5◦ of the shadow center for 25-100 TeV and 0.8◦ for > 100 TeV. This angle is larger than the
angular resolution because of the impact of energy resolution. Cosmic ray with the same reconstructed energy band
have a certain spread in their true energy, and cosmic ray with different energies are deflected differently by the
Earth’s magnetic field, resulting in an angular spread range larger than the angular resolution. According to Fig 7,
we can see that the measured deficit is in good agreement with the expected value and remains stable over time. A
constant value is adopted to fit the points at 25-100 TeV, yielding Deficit ratio = 0.98±0.02 and the corresponding
χ2/ndf is 47.10/23. For the events at >100 TeV, the corresponding value is Deficit ratio = 0.99 ± 0.04 and the
corresponding χ2/ndf is 37.50/23.

The intrinsic Moon shadow is an extended source like a disc with a radius of 0.26◦. Therefore, the effect of
intrinsic extension needs to be removed from the angular distribution of the Moon shadow events when used to
estimate the detector angular resolution. The monthly angular resolution results are also shown in Fig 8. A constant
value is adopted to fit the points at 25-100 TeV, yielding that σPSF= 0.286◦±0.003◦ and the corresponding χ2/ndf
is 22.09/23. For the events at >100 TeV, the corresponding value is σPSF= 0.161◦±0.003◦ and χ2/ndf is 41.75/23.
Therefore, the angular resolution is stable month by month. So 0.289◦ and 0.164◦ are the upper limits for combined
systematic and statistical errors at 25-100 TeV and >100 TeV.

KM2A is a large field-of-view detection device that can observe the entire sky region in the Dec range from
−20◦ to 80◦ when events with a zenith angle less than 50◦ are selected. If events with a zenith angle less than 60◦

are chosen, it can observe the entire sky region in the Dec range from −30◦ to 90◦. According to the first catalog
of celestial sources detected by LHAASO, the gamma-ray sources detected by KM2A are widely distributed in the

11



0.100

0.075

0.050

0.025

0.000

0.025

0.050

0.075

0.100

 D
ec

 (°
)

(a) Dec = 0
Dec 25-100 TeV
Dec >100 TeV

0.00

0.25

0.50

0.75

1.00

1.25

1.50

1.75

2.00

De
fic

it 
ra

tio

(b) Deficit ratio = 1
Deficit ratio 25-100 TeV
Deficit ratio >100 TeV

20
21

08

20
21

10

20
21

12

20
22

02

20
22

04

20
22

06

20
22

08

20
22

10

20
22

12

20
23

02

20
23

04

20
23

06

20
23

08

20
23

10

20
23

12

Month

0.10

0.15

0.20

0.25

0.30

0.35

0.40

0.45

0.50

ps
f (

°)

(c) Fit psf 25-100 TeV = 0.29
Fit psf  >100 TeV = 0.16
Ext 25-100 TeV
Ext >100 TeV

Figure 8: Panel A: The monthly measured centroid of the Moon shadow relative to the expected Moon position
in Dec direction as a function of time. The solid line shows a constant value that fits the centroid for all times.
Panel B: The ratio of the measured Moon shadow deficit to the expected deficit as a function of time. Panel C:
The monthly angular resolution obtained using the observation of the Moon shadow as a function of time.

12



20 10 0 10 20 30
Dec (°)

0.100

0.075

0.050

0.025

0.000

0.025

0.050

0.075

0.100

|
De

c|
 (°

)

Dec = 0

Figure 9: The differences between the fitted and expected Dec of the Moon shadow vs. Dec. According to the Dec
range of the Moon shadow in the KM2A field of view, Dec −20.4◦ to 27.6◦ is selected, with each 8◦ interval being
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Dec direction. However, most of these sources are extended sources, and only the Crab Nebula with Dec = 22◦ is
suitable as a standard source to test detector performance. The pointing accuracy of KM2A for sources at different
Dec has not been rigorously tested. Similar to KM2A, the HAWC array has found potential declination-dependent
systematic biases in its pointing. The position of the Moon in the celestial coordinate system changes over time, and
its Dec can vary monthly between −28◦ and 28◦, providing us with the opportunity to test the pointing accuracy
of the array in different Dec regions and very different zenith angles. Fig 9 shows the measured position of the
Moon shadow relative to the expected position in different Dec intervals. It can be seen that the measured position
is consistent with the expected position, and no significant declination-dependent systematic bias has been found
with an accuracy of 0.03◦.

4 Summary

As the most sensitive gamma-ray detector at energies above 10 TeV, KM2A has continuously monitored the overhead
sky with the whole detector configuration and almost full duty cycle since July 20th, 2021. The KM2A comprises
a large amount of detectors with more than 6000 units. All the detectors and their corresponding electronics are
exposed to the harsh outdoor environment. To ensure the reliability of the data used for physical analysis, a three-
level quality control system has been established for LHAASO-KM2A data. With this system, the data recorded by
the abnormal detectors or in the abnormal data files can be filtered out. According to application to data collected
during the period from August 2021 to July 2023, about 1.8% of data files are filtered out. Within this system, the
stability of the KM2A performance is also verified by monthly monitoring via the observations of the Crab Nebula
and the Moon shadow. The pointing accuracy, angular resolution and detection efficiency have been very stable
during the two years for operation. According to our result, 0.008◦ and 0.023◦ can be seen as conservative upper
limits for combined systematic and statistical errors at 25-100 TeV and >100 TeV for the pointing accuracy on
Crab Nebula observation, and 0.252◦ and 0.151◦ are the upper limits for combined systematic and statistical errors
at 25-100 TeV and >100 TeV for the angular resolution on Crab Nebula observation. Similarly, 0.007◦ and 0.004◦

are the upper limits for combined systematic and statistical errors at 25-100 TeV and >100 TeV for the pointing
accuracy on Moon shadow observation, and 0.289◦ and 0.164◦ are the upper limits for combined systematic and
statistical errors at 25-100 TeV and >100 TeV for the angular resolution on Moon shadow observation.

In conclusion, we have established a quality control system for KM2A data, which effectively ensures data quality
and monitors data stability. The LHAASO collaboration has conducted subsequent physical analyses based on the
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data generated by this system and has achieved numerous high-quality physics results. This quality control system
could also applied to other EAS arrays.
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