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Abstract

This paper presents a comprehensive analysis of the photometric system of the
University of Chinese Academy of Sciences 70 cm Telescope located at the Yan-
qi Lake campus of the University of Chinese Academy of Sciences. We evalu-
ated the linearity, bias stability, and dark current of the camera. Utilizing the
Johnson-Cousins Blue-Visible-Red-Infrared filter system and an Andor DZ936
charge-coupled device camera, we conducted extensive observations of Landolt
standard stars to determine the color terms, atmospheric extinction coefficients,
photometric zero-points, and the sky background brightness. The results in-
dicate that this telescope demonstrates excellent performance in photometric
calibration and good system performance overall, meeting the requirements for
limited scientific research and teaching purposes.
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1. Introduction
The UCAS 70 cm Telescope (UCASST) is a Corrected Dall-Kirkham (CDK)
telescope manufactured by Planewave Instruments, located at the Yan-qi Lake
campus of the University of Chinese Academy of Sciences in Huairou, Beijing.
The site coordinates are 40°24�34�N, 116°40�35�E at an altitude of 96 m above
sea level. UCASST is managed by the School of Astronomy and Space Science
at the University of Chinese Academy of Sciences and has been in operation for
two years, primarily for student training and research purposes.
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Recent scientific activities conducted with UCASST have focused on cataclysmic
variables (CVs), follow-up observations of supernovae (SNe), and studies of oc-
cultations of Neptune’s moon Triton [?, ?]. Major objectives include the 50 Mpc
Nearby Galaxies Survey, which aims at long-term monitoring of nearby galaxies
within 50 Mpc of Earth to discover transient sources [?]. Alongside survey obser-
vations, UCASST has also conducted follow-up observations of newly discovered
transient sources. The telescope has also been employed for relatively simple
tasks that make efficient use of its observing time and are suitable for teaching,
such as investigating CVs. These highly variable close binary systems consist
of a white dwarf accreting material from a low-mass companion [?], exhibit-
ing variability including large or small outbursts, moderate periodic variations
of hours, and fast variations from seconds to kiloseconds [?]. Capturing their
variability is crucial for understanding basic properties such as orbital periods
and superhump periods, and for revealing their active and variable accretion
processes. Although several time-domain sky surveys such as the All-Sky Au-
tomated Survey for Supernovae (ASAS-SN) [?] and Zwicky Transient Facility
(ZTF) [?] have been ongoing, their sparse sampling intervals (typically spaced
over several days) make dedicated monitoring an important objective. Conse-
quently, we conducted a CV monitoring project using UCASST from 2022 to
2023, aiming to characterize some poorly known systems. The 70 cm aperture
allows us to achieve a sufficient signal-to-noise ratio (SNR) in a single image to
observe objects at magnitudes down to 15.5.

Despite accumulating a large amount of observational data, comprehensive test-
ing of UCASST remains incomplete. Here, we report observations of numerous
standard stars using a Blue-Visible-Red-Infrared (BVRI) filter system and an
Andor DZ936 charge-coupled device (CCD) camera, providing systematic pho-
tometric zero-points, color index coefficients, and other parameters of UCASST,
as well as measuring atmospheric extinction coefficients and on-site sky bright-
ness. Additionally, we conducted performance tests of the camera to determine
the linearity, bias stability, and dark current of the CCD.

The overall structure of the paper is as follows: basic parameters of the observa-
tion system and observations are introduced in Section 2, CCD test results are
described in Section 3, photometric calibrations are presented in Section 4, the
system performance of UCASST is presented in Section 5, scientific results pro-
duced by UCASST are presented in Section 6, and conclusions and discussions
are presented in Section 7.

2. Observation System and Observations
2.1 Observation System

UCASST is equipped with a CCD camera to fulfill observation requirements
and will support spectrometry in the near future. The CDK optical system
shows excellent optical quality. With a 4,557 mm focal length and F/6.5 focal
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ratio, the corrector enables a substantial 70 mm imaging circle. The UCASST
filter system is equipped with seven filters, four of which are Johnson–Cousins
BVRI filters; the other three are H𝛼, [S II], and [O III] narrow-band filters. Fig.
1 [Figure 1: see original paper] shows the transmission curves for UBVRI filters.
Center wavelengths and half-width wavelengths are presented in Table 1 .

In this work, all sources were observed using the Andor DZ936 CCD camera
with the Johnson-Cousins BVRI filter system. The significant parameters of
the camera are listed in Table 2 and Table 3 . The combination of the telescope
and camera provides a resolution of 0.611� pixel−1 with a 20.8� × 20.8� field of
view (FoV).

2.2 Observations

We performed photometry on Landolt standard stars from September 30, 2023,
to June 4, 2024. The observed stars [?] are listed in Table 4 , and the observation
logs are given in Table 5 . We generated Table 4 by cross-matching the observed
standard stars with the Landolt catalog and extracting the matched items from
the catalog. The complete Landolt catalog can be obtained through the Vizier
website. Table 5 includes the names of the observed standard stars, observation
bands, exposure times, and the number of images taken for each band. We
switched the filter after each exposure to ensure that the observation conditions
for each band were as similar as possible.

Several cloudless, moonless photometric nights with good air quality were chosen
during the target time period to perform accurate flux calibrations for UCASST
using observed standard star data. Additionally, we determined the atmospheric
extinction coefficient of the site by observing some star fields. For CCD testing,
bias images were taken from June 6–8, 2024, for more than 30 hours to test
bias stability. Tests for gain and readout noise used conventional methods, and
dome flat observational images were taken on June 16, 2024, to test linearity.

3. CCD Test Results
3.1 Bias

CCD bias refers to the baseline or offset voltage level present in each pixel of a
CCD sensor during image capture. Bias is dependent on the characteristics of
the CCD being used and can be measured by taking bias images with a 0-second
exposure (i.e., direct readout with no exposure). By subtracting this bias image
during image processing, we can correct errors caused by the CCD bias. Bias
stability has a significant impact on photometric accuracy.

To test bias stability, bias images were taken over 30 hours, with results shown
in Fig. 2A [Figure 2: see original paper]. We took 10 individual bias images
with an exposure time of 0 s as a “bias group” for each observation, with a time
interval of 10 minutes between each bias group.
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For the long timespan bias test, bias data taken between September 2022 and
June 2024 are shown in Fig. 2B [Figure 2: see original paper]. Similar to
the previous method, the bias group here was composed of bias images all
recorded on the same day, providing a single data point. Based on these data,
we concluded that the bias was stable and correlated with the temperature of
the CCD during observations. For longer timespans, the mean value of the bias
did not change significantly. Therefore, a single master bias can be used over
the whole night without requiring time-variable corrections. We note that the
CCD temperature was not constant because of instabilities in the power supply
at the observation site. At constant temperature, it is likely that the change in
bias would decrease.

3.2 Gain and Readout Noise

We tested the gain and readout noise of the Andor DZ936 camera. CCD gain is a
parameter that describes the conversion factor between the number of electrons
recorded in each pixel and the corresponding analog-to-digital units (ADU) that
the camera outputs. It is typically measured in electrons per ADU (e−/ADU).
Knowing this value helps evaluate the performance of a CCD. CCD readout noise
is the electronic noise introduced during the process of reading out the charge
from each pixel and converting it to a digital signal, measured in electrons (e−).

To determine the gain and readout noise, two bias frames and two flat frames
are needed [?]. The basic formulas for calculating the gain (G) and readout
noise (RN) are:

𝐺 = 𝐹1 − 𝐵1 + 𝐹2 − 𝐵2
2𝜎2

𝐹1−𝐹2
− 𝜎2

𝐵1−𝐵2

𝑅𝑁 = 𝐺
𝜎𝐵1−𝐵2√

2
where 𝐹1 and 𝐹2 are the mean values of two independent flat images, while
𝐵1 and 𝐵2 are the mean values of two independent bias images. 𝜎𝐹1−𝐹2

and
𝜎𝐵1−𝐵2

are the standard deviation of the difference image of two independent flat
images and the standard deviation of the difference image of two independent
bias images, respectively.

A few days of twilight flat fields with different exposure times were chosen to
test the gain and readout noise. We used the 4x mode of the Andor DZ936
camera with a readout speed of 1 MHz. Detailed specifications given by the
manufacturer can be found in Table 3, and our test results are shown in Table
6 .

We found that the readout noise and gain were stable over a long period of
operation. The values of readout noise were comparatively lower than the cor-
responding values given by the manufacturer, and the gain values were similar
to the corresponding value given by the manufacturer.
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3.3 Linearity

To test the linearity of the CCD camera, a stable in-dome light source was
used to measure the ADU counts as a function of exposure time. We took
these linearity test data in 4x mode at night on June 16, 2024, with exposure
times ranging from 2.0 s to 1,800 s. Linearity test results are shown in Fig. 3
[Figure 3: see original paper]. When the ADU count value was below 10,000, the
Andor DZ936 camera exhibited excellent linearity with a correlation coefficient
of 0.999996. Over the entire range of ADU count values up to 60,000, the camera
still maintained perfect linearity, with a correlation coefficient of 0.999974.

3.4 Dark Current

Dark current is usually generated by the accumulation of electrons in the po-
tential well of each pixel and is expressed as the number of thermal electrons
generated per second per pixel (e− pix−1 s−1). These signals, generated by
thermal electrons, are indiscernible from light photons but can be ignored if
the generation rate is low enough. Dark frames in this work were obtained on
September 19 and 20, 2022, with integration times of 60 s, 120 s, 180 s, 300 s,
and 600 s. We measured that the mean generation rate of the Andor DZ936
camera at –40°C was 0.074 e− pix−1 s−1. This dark current is relatively low, so
dark correction can be neglected for short-exposure observations.

4. Photometric Calibrations
Photometry was performed using the sep package, based on Python. The main
photometric processes include bias combination, flat combination, CCD process-
ing, World Coordinate System solving, background subtraction, and aperture
photometry.

4.1 Color Terms

To convert between the instrumental magnitude obtained by UCASST and the
standard magnitude found in Landolt or other BVRI catalogs, precise photo-
metric calibration is needed. Transform equations of a photometric calibration
can be expressed as:

𝑏 = 𝐵𝑚𝑎𝑔 + 𝑍𝐵 + 𝑘′
𝐵𝑋 + 𝐶𝐵(𝐵𝑚𝑎𝑔 − 𝑉𝑚𝑎𝑔)

𝑣 = 𝑉𝑚𝑎𝑔 + 𝑍𝑉 + 𝑘′
𝑉 𝑋 + 𝐶𝑉 (𝑉𝑚𝑎𝑔 − 𝑅𝑚𝑎𝑔)

𝑟 = 𝑅𝑚𝑎𝑔 + 𝑍𝑅 + 𝑘′
𝑅𝑋 + 𝐶𝑅(𝑉𝑚𝑎𝑔 − 𝑅𝑚𝑎𝑔)
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𝑖 = 𝐼𝑚𝑎𝑔 + 𝑍𝐼 + 𝑘′
𝐼𝑋 + 𝐶𝐼(𝑅𝑚𝑎𝑔 − 𝐼𝑚𝑎𝑔)

where 𝑏, 𝑣, 𝑟, and 𝑖 are the instrumental magnitudes normalized to an expo-
sure time of 1 s, 𝐵𝑚𝑎𝑔, 𝑉𝑚𝑎𝑔, 𝑅𝑚𝑎𝑔, and 𝐼𝑚𝑎𝑔 are the standard magnitudes ob-
tained by Landolt [?], 𝑍𝐵, 𝑍𝑉 , 𝑍𝑅, and 𝑍𝐼 are the zero-point magnitudes of
the transformation, 𝑘′

𝐵, 𝑘′
𝑉 , 𝑘′

𝑅, and 𝑘′
𝐼 are the first-order atmospheric extinc-

tion coefficients, 𝑋 is the airmass, 𝐶𝐵, 𝐶𝑉 , 𝐶𝑅, and 𝐶𝐼 are the color terms, and
𝐵𝑚𝑎𝑔−𝑉𝑚𝑎𝑔, 𝑉𝑚𝑎𝑔−𝑅𝑚𝑎𝑔, and 𝑅𝑚𝑎𝑔−𝐼𝑚𝑎𝑔 are the color indices of the standard
stars.

By observing bright Landolt standard star fields or open clusters, we can de-
termine the color terms for the transformations [?]. When calculating these
parameters, different stars in the same FoV were used, so their airmasses can
be considered to be the same. This allows Equations (3)–(6) to be rewritten as:

𝑏 = 𝐵𝑚𝑎𝑔 + 𝑍𝐵 + 𝐶𝐵(𝐵𝑚𝑎𝑔 − 𝑉𝑚𝑎𝑔) + constant

𝑣 = 𝑉𝑚𝑎𝑔 + 𝑍𝑉 + 𝐶𝑉 (𝑉𝑚𝑎𝑔 − 𝑅𝑚𝑎𝑔) + constant

𝑟 = 𝑅𝑚𝑎𝑔 + 𝑍𝑅 + 𝐶𝑅(𝑉𝑚𝑎𝑔 − 𝑅𝑚𝑎𝑔) + constant

𝑖 = 𝐼𝑚𝑎𝑔 + 𝑍𝐼 + 𝐶𝐼(𝑅𝑚𝑎𝑔 − 𝐼𝑚𝑎𝑔) + constant

From these equations, we can easily include different stars in the same FoV
with varying colors to determine the color terms. Measurement results using
different star fields, taken on different days, are presented in Table 7 . Color
terms were calculated from single or multiple star fields using the linear fitting
method from the curvefit function in the scipy Python package. For multiple
star fields, weighted averages were performed to obtain a relatively accurate
result. The overall result is the average value of the results obtained from every
single date.

4.2 Atmospheric Extinction Coefficient

The atmospheric extinction coefficient is an important parameter for measuring
atmospheric conditions at an observation site. By measuring it with different
filters, we are able to obtain the atmospheric extinction coefficients of different
bands [?]. Because we are only concerned with the variation of one individual
standard star with airmass, the color term is held constant. Here, Equations
(3)–(6) can be rewritten as:

𝑏 = 𝐵𝑚𝑎𝑔 + 𝑍𝐵 + 𝑘′
𝐵𝑋 + constant
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𝑣 = 𝑉𝑚𝑎𝑔 + 𝑍𝑉 + 𝑘′
𝑉 𝑋 + constant

𝑟 = 𝑅𝑚𝑎𝑔 + 𝑍𝑅 + 𝑘′
𝑅𝑋 + constant

𝑖 = 𝐼𝑚𝑎𝑔 + 𝑍𝐼 + 𝑘′
𝐼𝑋 + constant

where 𝑘′
𝐵, 𝑘′

𝑉 , 𝑘′
𝑅, and 𝑘′

𝐼 are the first-order atmospheric extinction coefficients.
We assume that the atmospheric extinction coefficient 𝑘′ does not change with
time, so that it can be obtained easily using linear fitting. Fig. 4 [Figure 4: see
original paper] gives an example of fitting the atmospheric extinction coefficient.
The photometric data of SA 114548 was observed on November 11, 2023, which
was a clear and moonless photometric night. Several standard stars in the field
were used to give the values of 𝑘′ in different bands. Weighted averages were
performed for different stars in the same band to give a relatively precise value
of 𝑘′. Final results are presented in Table 8 .

4.3 Photometric Zero-points

After finding the values of color terms and atmospheric extinction coefficients,
photometric zero-points of each band can be easily calculated using Equations
(3)–(6). We used the mean value of the photometric zero-points of each star as
the zero-point for a single image and applied the same method on each image
as the zero-point for an entire photometric night.

In Table 9 , we show photometric zero-points from different nights. The pho-
tometric zero-points show the effect of the observation environment and the
instrument. For the photometric nights during November and December of
2023, the photometric zero-points were relatively stable. For the photometric
observations on May 30, 2024, the zero-point was approximately 1.7 lower in
each band, which indicated a change in the observing environment. We will
further discuss this in Section 7.

4.4 Calibration Results

We used the data from November 18, 2023, for the photometric transformations
and plotting, and results are shown in Fig. 5 [Figure 5: see original paper]. The
standard deviations of the BVRI bands are 0.105, 0.040, 0.033, and 0.036, respec-
tively. This means that we can make good transformations from instrumental
magnitude to the standard Johnson–Cousins system. This can be performed
using the equations:

𝑏 = (−22.157±0.148)+(0.336±0.029)𝑋+(0.228±0.008)(𝐵𝑚𝑎𝑔−𝑉𝑚𝑎𝑔)+𝐵𝑚𝑎𝑔; 𝜎 = 0.105
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𝑣 = (−22.510±0.066)+(0.218±0.016)𝑋+(0.003±0.005)(𝑉𝑚𝑎𝑔−𝑅𝑚𝑎𝑔)+𝑉𝑚𝑎𝑔; 𝜎 = 0.040

𝑟 = (−22.302±0.045)+(0.163±0.012)𝑋+(0.072±0.003)(𝑉𝑚𝑎𝑔−𝑅𝑚𝑎𝑔)+𝑅𝑚𝑎𝑔; 𝜎 = 0.033

𝑖 = (−21.037±0.052)+(0.107±0.014)𝑋+(−0.122±0.005)(𝑅𝑚𝑎𝑔−𝐼𝑚𝑎𝑔)+𝐼𝑚𝑎𝑔; 𝜎 = 0.036

5. System Performance
5.1 System Throughput

System throughput gives the overall efficiency, including the efficiency of opti-
cal components, transmission of the filters, quantum efficiency of the detector,
and the transmission of the atmosphere [?]. The system throughput can be
calculated as:

𝐸𝜆 = 𝐹𝜆10−0.4𝑚𝜆𝜋 (𝐷
2 )

2
Δ𝜆

which finds the energy intake per second from a star of magnitude 𝑚𝜆 in a circle
of diameter 𝐷 outside the Earth’s atmosphere. Here, 𝐹𝜆 represents the flux of
a 0-magnitude star at wavelength 𝜆, and Δ𝜆 represents the half-width of the
transmission wavelength of the filter.

After finding 𝐸𝜆, we can further calculate the incoming photons (𝑁𝑐𝑎𝑙𝑐) as:

𝑁𝑐𝑎𝑙𝑐 = 𝐸𝜆
ℎ𝜈 = 𝐸𝜆𝜆

ℎ𝑐

where ℎ is the Planck constant and 𝑐 is the speed of light.

We can also calculate the extinction-corrected count rate of the CCD (𝑁𝑜𝑏𝑠) as:

𝑁𝑜𝑏𝑠 = 𝐶𝑟𝑎𝑤
𝑇𝑒𝑥𝑝

10−0.4𝑘𝑋𝐺

where 𝐶𝑟𝑎𝑤 is the integrated count of the star, 𝑇𝑒𝑥𝑝 is the exposure time, 𝑘 is
the first-order atmospheric extinction coefficient, 𝑋 is the airmass, and 𝐺 is the
gain of the CCD. The total throughput 𝐸 is defined as:
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𝐸 = 𝑁𝑜𝑏𝑠
𝑁𝑐𝑎𝑙𝑐

Our calculation results are given in Table 10 . Here we find a similar situation
to the results of the photometric zero-points in Section 4.3, with the system
throughput reaching its lowest on May 30, 2024.

5.2 Sky Background Brightness

Sky background brightness is a significant reference for performing observations.
To estimate the sky brightness, we used the background functions in the pho-
tutils Python package to extract and measure the flux of the sky background,
which was transformed and normalized using Equations (3)–(6). The color terms
and atmospheric extinction coefficients use the overall average values given in
Table 7 and Table 8. Zero-points for each day can be found in Table 9.

The sky background brightnesses measured on different days are shown in Table
11 , expressed in units of mag/arcsec2. The illumination of the Moon is shown
in the last column, and the values in parentheses indicate the angle of the target
from the Moon during the observation.

On moonless photometric nights during November and December of 2023, the
mean sky background brightness values of the BVRI bands were approximately
19.87 in the B band, 19.02 in the V band, 19.16 in the R band, and 19.19
in the I band. During the moonless photometric night on May 30, 2024, the
sky background brightness increased substantially and significantly correlates
with a drop in zero-point magnitude and system throughput. Comparisons
with observations taken at the Yan-qi Lake Observatory and other professional
observatories are shown in Table 12 . We find that the night sky brightness
at Yan-qi Lake is much higher than most other professional observatories, and
compared with that in 2023, the night sky brightness in 2024 has significantly
increased. We have subsequently communicated with the relevant departments
of the Yan-qi Lake campus and made efforts to control light pollution near the
observatory.

5.3 Limiting Magnitude and Photometric Precision

The SNR of an observed object [?] can be calculated as:

𝑅𝑆𝑁 = 𝑁𝑠𝑡𝑎𝑟

√𝑁𝑠𝑡𝑎𝑟 + 𝑛𝑝𝑖𝑥(𝑁𝑆 + 𝑁𝐷 + 𝑁2
𝑅)

where 𝑁𝑠𝑡𝑎𝑟 is the total number of photons received from the source, 𝑁𝑆, 𝑁𝐷,
and 𝑁𝑅 are the total number of photons given by the sky background, the dark
current per pixel, and the CCD readout noise (from Section 3.2), respectively.
𝑛𝑝𝑖𝑥 is the whole pixel area used for the SNR calculation. Table 13 shows the
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limiting magnitudes of the different moonless photometric nights with corre-
sponding exposure time when 𝑅𝑆𝑁 = 10.
The limiting magnitudes for 𝑅𝑆𝑁 = 10 with an exposure time of 10 s in Novem-
ber 2023 are 15.5 in the B band, 15.7 in the V band, 15.6 in the R band, and
15.1 in the I band; they decrease to 14.9 in the B band, 14.7 in the V band, 15.2
in the R band, and 14.5 in the I band during May 2024.

The limiting magnitudes at 𝑅𝑆𝑁 = 10 with a 30 s exposure during November
2023 are 16.5 in the B band, 16.5 in the V band, 16.4 in the R band, and 16.1
in the I band.

The errors of Landolt standard stars observed on moonless photometric nights
are shown in Fig. 6 [Figure 6: see original paper]. The photometric precision
of a 30 s exposure is $�$0.01 mag for stars brighter than 13.6 in the B and V
bands, 13.5 in the R band, and 13.0 in the I band. For an exposure time of 10
s, the corresponding values are 13.0 in the B, V, and R bands, and 12.4 in the
I band.

6. Results
Because UCASST has a relatively bright limiting magnitude, it is well-suited
to observing bright sources such as supernovae and bright variables. Taking
this into consideration, we organized two different observing tasks on UCASST,
including the Nearby Galaxies Survey and the Cataclysmic Variables Monitoring
Program.

For the Nearby Galaxies Survey, UCASST is capable of performing both sur-
vey and follow-up observations of transient targets because of its medium-sized
FoV. The observed targets are shown in Table 14 , including nearby galaxies
and supernovae. We acquired and compiled these notable supernovae from the
Transient Naming Server (TNS) and performed long-term observations. For
the galaxies presented, we only concentrated on the relatively near and bright
galaxies because of the low detection efficiency of UCASST.

For the Cataclysmic Variables Monitoring Program, we selected two CVs
observed by the Large Sky Area Multi-Object Fiber Spectroscopic Telescope
(LAMOST) from Hou et al. [?] and Sun et al. [?] and a W Ursae Majoris-type
eclipsing variable (EW-type) as observing targets. Specifically, we observed
the bright (gmag = 13.3) nova-like star LAMOST J0925 (first reported by Hou
et al. [?]) over seven nights using Johnson V or R filters with a 20 s exposure
time. We performed differential photometry using circular apertures, and the
resulting light curves clearly show significant rapid variations on a timescale of
several minutes (see Fig. 7 [Figure 7: see original paper]), which are likely due
to accretion-induced flickering or quasi-periodic oscillations. The magnitude
error of the target and the magnitude standard deviation of a nearby check
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star (which is approximately 0.06 mag fainter than the target) are both less
than 0.01 mag.

We also acquired light curves over 10 nights for the CV candidate LAMOST
J0148 (gmag = 15.4, reported in Sun et al. [?]). The R band light curves
give good results compared with Transiting Exoplanet Survey Satellite (TESS)
observations (see Fig. 8 [Figure 8: see original paper]—note that the TESS
fluxes are contaminated by a nearby source). The original 20-second cadence
TESS light curve is binned to a 180-second cadence to match the 180-second
exposure time of the UCASST observation. With a narrower filter bandwidth
than that of TESS, UCASST achieves a higher SNR, demonstrating the ability
of the telescope to observe relatively faint sources.

Interestingly, there is an EW-type eclipsing variable star ATO J027+36 in the
same FoV. The averaged V band magnitude of this variable is 15.49. In Fig.
9 [Figure 9: see original paper] we present the V and R band light curves of
the EW-type variable, which are folded using a period of 0.155836 day, and
compare them with the ZTF g and r band data. The real orbital period is
twice this period. However, because the time coverage of the data is less than
a single orbital period and the levels of the primary and secondary minimums
differ slightly, we chose to fold the data by half the orbital period. The phase
profiles obtained from UCASST observations and ZTF are consistent.

7. Discussion and Conclusions
We have introduced UCASST and evaluated its photometric calibration, system
performance, and basic site condition, finding that:

1. Considering the basic parameters of the Andor DZ936 CCD camera, bias,
gain, and readout noise of the CCD demonstrated good stability over
short and long periods of time. The CCD has good linearity up to approx-
imately 60,000 ADU and relatively low dark current for short-exposure
observations.

2. Deriving the coefficients of photometric calibrations based on Landolt stan-
dard stars, including color terms, first-order atmospheric extinction coef-
ficients, and photometric zero-points, we found that the color terms are
relatively small. This indicates that the BVRI system for UCASST has
similar response curves to the standard system used by Landolt. The at-
mospheric extinction coefficients presented are stable, and the atmospheric
extinction coefficients are slightly larger than those measured at Xinglong
Observatory, which indicates good atmospheric conditions. Additionally,
the photometric zero-points are stable during observation nights in Novem-
ber and December 2023 and dropped by approximately 1.7 in each band on
May 30, 2024 (see Table 9). This can be rationalized as being due to newly
constructed street lights illuminating the telescope system during observa-
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tions (see Fig. 10 [Figure 10: see original paper]). This also explains the
drop in system throughput, the elevated sky background brightness, and
the decline in limiting magnitudes (see Tables 10, 11, and 13).

3. The system performance of UCASST is evaluated in this work, includ-
ing system throughput, limiting magnitude, photometric precision, and
sky background brightness. The limiting magnitudes for UCASST, with
𝑅𝑆𝑁 = 10 and a 30 s exposure time, are 16.5 in the B band, 16.5 in the
V band, 16.4 in the R band, and 16.1 in the I band. The photometric
precision for a 30 s exposure is $�$0.01 mag for stars brighter than 13.6 in
the B and V bands, 13.5 in the R band, and 13.0 in the I band. The sky
background brightness at the observation site is much higher than that of
other professional observatories and continues to increase.

Because UCASST is located on the Yan-qi Lake campus of UCAS, the effect
of artificial lights is severe, which directly leads to limited observation depth
and low SNR of observations. We strongly urge that the effects of artificial
light in the vicinity of UCASST should be minimized during observation time
so that UCASST can be used under the best possible observation conditions.
UCASST can be used for limited scientific research, such as studying bright
binaries, observing nearby supernovae, monitoring CVs, and observing bright
occultations. It is also well-suited to teaching purposes.
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