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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 evaluated 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 indicate that this telescope demonstrates excellent
performance in photometric calibration and good system performance overall, meeting the requirements for limited

scientific research and teaching purposes.

Keywords: Astronomical instrumentation; Astronomical
techniques

Located at the University of Chinese Academy of Sci-
ences, Yan-qi Lake, Huairou, Beijing, the UCAS 70 cm
Telescope (UCASST) is a Corrected Dall-Kirkham (CDK)
telescope manufactured by Planewave Instruments'. The
coordinates of the site 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 Univer-
sity of Chinese Academy of Sciences and has been in oper-
ation for 2 years.

It is mainly used for student practice and research pur-
poses. The main science activities conducted with
UCASST in recent years concern cataclysmic variables
(CVs), follow-up observations of supernovae (SNe), and
studies on the occultation of Neptune's moon, Tritonl!-2],
Major objectives performed by UCASST include the 50
Mpc Nearby Galaxies Survey, with the goal of long-term

detectors; Optical telescopes; Photometry; Astronomical

monitoring of nearby galaxies within 50 Mpc of Earth(3]
to discover transient sources. Alongside the UCASST sur-
vey observations, we have also conducted follow-up obser-
vations of newly discovered transient sources.

UCASST has also been used for relatively simple
tasks, which make good use of its observing time and are
suitable for teaching. These tasks include investigating
CVs. Each of these highly variable close binary systems
consists of a white dwarf accreting material from a low-
mass companion!¥l. Their variability includes large or
small outbursts, moderate periodic variations of hours,
and fast variations on the order of seconds to
kilosecondsl?). Capturing their variability is crucial for

1. https://planewave.com/product/cdk700-0-7m-cdk-telescope-sys-
tem/
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understanding their basic properties, such as orbital peri-
ods and superhump periods, and for revealing their active
and variable accretion processes. Although several time-
domain sky surveys, such as All-Sky Automated Survey
for Supernovae (ASAS-SN)] and Zwicky Transient Facil-
ity (ZTF)I7], have been ongoing, their sparse sampling inter-
vals (typically spaced over several days) make dedicated
monitoring an important objective. Consequently, we con-
ducted 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 suffi-
cient signal-to-noise ratio (SNR) in a single image to
observe an object at magnitudes down to 15.5.

Despite accumulating a large amount of observa-
tional data, the comprehensive testing of UCASST is still
incomplete. Here, we report observations of a large num-
ber of standard stars using a Blue-Visible-Red-Infrared
(BVRI) filter system and an Andor DZ936 charge-cou-
pled device (CCD) camera?, providing systematic photomet-
ric zero-points, color index coefficients, and other parame-
ters of UCASST, as well as measuring atmospheric extinc-
tion coefficients and on-site sky brightness. Additionally,
we conducted a performance test of the camera to find
out the linearity, bias stability, and dark current of the CCD.

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

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 4557 mm focal length and F/6.5
focal ratio, the corrector enables a substantial 70 mm imag-
ing circle. The UCASST filter system is equipped with
seven filters, four of which are Johnson—Cousins BVRI fil-
ters3; the other three are Ha, [S II], and [O III] narrow-
band filters. Fig. 1 shows the transmission curves for
UBVRI filters. Center wavelengths and half-width wave-
lengths 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 which
are listed in Table 2 and Table 3. The combination of the
telescope and the camera provides a resolution of 0.611"
pixel™! with a 20.8" x 20.8’ field of view (FoV).

We performed photometry on Landolt standard stars
from September 30, 2023, to June 4, 2024. The observed

100 Optolong Photometrics UVBRclc

90 — UV
80 +
70 + —Rc
60 - —Ic
50 F
40 +
30 F
20 +
10 +

0
300

Transmittance/(%)

600 700 800 900
Wavelength/nm

400 500 1 000

Fig. 1. Transmission curves for the Johnson—Cousins UBVRI
filters manufactured by Optolong.

Table 1. Center wavelengths and half-width wavelengths of the
Johnson—Cousins BVRI filters

Band Name B \Y% RCousins lCousins
Ac/nm 38.4 40.0 668.1 814.2
ANMnm 0 40 180 160

Table 2. Parameters of the Andor DZ936 CCD camera

Features Specifications
2048 x 2048
13.5 pm x 13.5 pm

27.6 mm X 27.6 mm

Pixel number
Pixel size
Imaging area

AD conversion 16 Bit
Scan rates 50 kHz, 1 MHz, 3 MHz, 5 MHz
Read noise @ 1MHz 64¢e
Software-selectable gains 1%, 2%, 4x
Gain @ 4x mode 1.0e" /ADU
Dark current 0.001 e pix!'s"!@ —70°C
Nonlinearity <1%

Table 3. Main parameters of the Planewave CDK700
observatory system

Features Specifications
Optical design Corrected Dall-Kirkham
Focal length 4557 mm
Aperture 700 mm
Focal ratio F/6.5
Image circle 70 mm
Image scale 22 pm/(")
Focus port Two Nasmyth focus ports
Mount type Alt/Az
Motors Direct drive motors with encoders
Maximum speed 10°/s

starst®] are listed in Table 4. and the observation logs are
given in Table 5. Here we should note that we generated
Table 4. by cross-matching the observed standard stars
with the Landolt catalog and extracting the matched items

2. https://andor.oxinst.com/products/ikon-xl-and-ikon-large-ccd-se
ries/ikon-1-936

3. https://optolong.com/cms/document/detail/id/111.html
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Table 4. Landolt's standard stars used for photometric calibration

Star (J2000) 8(J2000) Vinag BunagVimag Vinag—Romag Runag—Tmas
SA 92250 005437 +00 38 56 13.178 0.814 0.446 0.39%4
SA 92253 00 54 52 +00 40 20 14.085 1131 0.719 0.616
SA 92347 005526 +00 50 49 15.752 0.543 0.339 0318
SA 92348 00 55 30 +00 44 34 12.109 0.598 0.345 0.341
SA 93317 015438 +00 43 00 11.546 0.488 0.293 0.298
SA 94171 0253 38 +00 17 19 12.659 0.81 0.480 0.483
SA 94242 025721 +00 18 38 11.728 0.301 0.178 0.184
SA 94296 025520 +00 28 14 12.255 0.750 0.415 0.387
SA 94394 02 56 14 +00 35 10 12.273 0.545 0.344 0.330
SA 94401 02 56 31 +00 40 05 14.293 0.63 0.389 0.369
SA 94702 0258 13 +01 10 53 11.59 1.418 0.756 0.673
SA 9515 03 52 40 ~00 05 22 11.302 0.712 0.424 0.385
SA 9566 035507 ~00 09 31 12.892 0.715 0.426 0.438
SA 104461 1243 07 ~003221 9.705 0.476 0.289 0.290
SA 113167 214241 +00 16 08 14.841 ~0.034 0.351 0376
SA 114548 224137 +00 59 07 11.601 1362 0.738 0.651
PG0231-+051 0233 41 +05 18 40 16.105 ~0.329 ~0.16 -0.371
PG2213-006 221628 ~0021 15 14.124 -0.217 ~0.092 ~0.110

Table 5. Observation log table of stars from the Landolt
catalog

Observation

Date Target Band EEII)I? :}lsre pil;ag; Tlsd
(yyyy/mm/dd)

SA 113167 B,V,R,1 10 54
SA 114548 B, V,R,1 10 10
2023/11/11  PG0231+051 B, V,R,1 10 28
PG2213-006 B, V,R,I 10 45
SA 92253 B,V,R,I 10 12
2023/11/12 PG0231+051 B, V,R,I 10 23
2023/11/16  PG0231+051 B, V,R,I 30 30
SA 93317 B, V,R,I 30 18
20231117 PG0231+051 B, V,R,I 30 12
SA 92348 B, V,R,1 30 30
2023/11/18 SA 93317 B,V,R,1 30 30
SA 94171 B, V,R, I 30 29
2023/11/19 SA 94296 B,V,R,I 30 29
SA 94394 B,V,R,I 30 16
SA 94242 B, V,R,1 30 24
2023/11/23 SA 94401 B,V,R,1 30 29
SA 9515 B,V,R, 1 30 33
2023/11724 SA 94401 B,V,R,I 30 30
2023/11/25 SA 95301 B,V,R,I 10 21
SA 94401 B,V,R,I 30 30
2023/12/01 SA 94702 B,V,R,I 30 13
SA 94242 B, V,R,1 30 30
2023/12/02 SA 9515 B,V,R,1 30 54
SA 92250 B, V,R,I 30 20
2023/12/03 SA 94242 B,V,R,I 30 27
SA 9515 B,V,R, 1 30 23
SA 92347 B, V,R,1 30 68
2023/12/04 SA 9566 B,V,R,1 30 32
2024/05/30 SA 104461 B, V,R,I 10 18
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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 simi-
lar 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 observ-
ing some star fields. For CCD testing, bias images were
taken from June 6-8, 2024, for more than 30 hours, to
test the bias stability. Tests for gain and readout noise
used conventional observational data, and dome flat
images were taken on June 16, 2024, to test the linearity.

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 is being used, and by taking bias images with a 0-sec-
ond exposure (i.e., direct readout with no exposure). By
subtracting this biased image during image processing, we
can correct the errors caused by the CCD bias. Bias stabil-
ity has a significant impact on photometric accuracy.

To test the bias stability, bias images were taken over
30 hours, with the results shown in Fig. 2A. We took 10

4. https://vizier.cds.unistra.fr/viz-bin/VizieR-3?-source=I11/183 A
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Fig. 2. Stability test results on the bias of the Andor DZ936 CCD camera. The bias stability test results over 30 consecutive hours are
shown in (A), and the long-term stability during over 20 months are shown in (B). The mean values and standard errors of these bias
groups are shown as blue points with error bars, while the CCD temperature is shown with red dots.

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.

For the long timespan bias test, bias data taken
between September 2022 and June 2024 are shown in
Fig. 2B. Similarly to the previous method, the bias group
here was composed of bias images all recorded on the
same day, providing a single data point. On the basis of
these data, we concluded that the bias was stable and corre-
lated with the temperature of the CCD during the observa-
tions. For longer timespans, the mean value of the bias
did not change by much. Therefore, a single master bias
can be used over the whole night, without involving time-
variable corrections. Here we should note that the CCD
temperature was not constant because of instabilities in
the power supply at the observation site. At constant tem-
perature, it is likely that the change in the bias will
decrease.

The gain and the read noise of the Andor DZ936 cam-
era were tested. CCD gain is a parameter that describes
the conversion factor between the number of electrons
recorded in each pixel and the corresponding analog-to-digi-
tal units (ADU) that the camera outputs.

It is typically measured in electrons per ADU (e”/
ADU). Knowing this value helps to evaluate the perfor-
mance 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 sig-
nal, and is measured in electrons (e”).

Table 6. Test results for gain and readout noise

To give 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 (Ry ) are:

G=—F—7—5— (1)
Uzpl—Fz 0%1—32
and
Glog,-B
Ry = (Tz) )

where F; and F, are the mean values of two independent
flat images, while B; and B, are the mean values of two
independent bias images. or,_r, and o, _p, are the stan-
dard deviation of the difference image of two indepen-
dent flat images and the standard deviation of the differ-
ence image of two independent bias images, respectively.

A few days of twilight flat fields with different expo-
sure 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 the gain were sta-
ble over a long period of operation. The values of read-
out noise were comparatively lower than the correspond-
ing values given by the manufacturer, and the gain val-
ues were similar to the corresponding value given by the
manufacturer.

Average readout

Test date Readout mode Readout noise/ (e7) Gain/ (e~ /ADU) noise/(c) Average gain /(e” /ADU)
2024702701 ix@ 1 MHz 40980017 0.985 £ 0.004
2024/03/09 4x @ 1 MHz 435450018 1,043 + 0,004
2024/03/13 4x @ 1 MHz 4344+0.018 1,003 = 0.004
2024/03/22 4x @ 1 MHz 4444+ 0.019 1,044 + 0,004 4.322£0.018 1.024%0.004
2024/05/11 4x @ 1 MHz 453440019 1039 = 0.004
2024/05/12 4x @ 1| MHz 4157+0017 1029 = 0.004
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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 the
exposure times ranging from 2.0 s to 1800 s. Linearity

10* F

— R=0.999 996

103 +

Counts (ADU)

102 +

10! 10?
Exposure time/s

test results are shown in Fig. 3. When the ADU count
value was below 10000, the Andor DZ936 camera exhib-
ited excellent linearity with a correlation coefficient of
0.999996. Over the entire range of the ADU count value
up to 60000, the camera still kept perfect linearity, with a
correlation coefficient of 0.999974.

60000 — R=0.999974
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30000
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1500

Fig. 3. Linearity test results of the Andor DZ936 camera. The correlation coefficients are 0.999 996 and 0.999 974 for ADU
counts up to 10 000 and counts over the entire interval, respectively.

Dark current is usually generated by the accumula-
tion of electrons in the potential well of each pixel, and is
expressed as the number of thermal electrons generated
per second per pixel (e” pix~! s7!). These signals, gener-
ated by thermal electrons, are indiscernible from light pho-
tons but can be ignored if the generation rate is low
enough. Dark frames in this work were obtained on Septem-
ber 19 and 20, 2022, with integration times of 60 s, 120 s,
180 s, 300 s, and 600 s. We measured that the mean gener-
ation rate of the Andor DZ936 camera at —40°C was
0.074 ¢ pix! s!. This dark current is relatively low,
so dark correction can be neglected for short exposure
observations.

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

b = B +Zg + kX + Ce(Bmag — Vinag)s 3)
V = Vinag + Zv + k4 X + Cv(Vimag — Rinag): 4
7 = Rinag + ZR + kg X + CR(Vinag — Rimag), (5)
and
i = Inag + Z1 + kX + Ci(Rinag — Imag), (6)
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where b, v, r, and i are the instrumental magnitudes normal-
ized to the exposure time of 18, Biag, Vinagy Rmag> and Iae
are the standard magnitudes obtained by Landolt!®], Zg,
Zy, Zg, and Z; are the zero-point magnitudes of the transfor-
mation, k'g, k'y, k'r, and k| are the first-order atmo-
spheric extinction coefficients, X is the airmass, Cg, Cy,
Cr, and Cj are the color terms, and Bpae — Vinags Vimag —
Rinag» and Ry, — Inye are the color indices of the stan-
dard stars.

Here, photometry was performed using the sep’ pack-
age, based on Python. The main photometric processes
include bias combination, flat combination, CCD process-
ing, World Coordinate System solving, background subtrac-
tion, and aperture photometry.

By observing bright Landolt standard star fields or
open clusters, we can determine the color terms for the
transformationst'%l, When calculating these two parame-
ters, different stars in the same FoV were used, so their air-
masses can be considered to be the same. This allows Equa-
tions (3)—(6) to be rewritten as:

b = Biag +Zp + CB(Bmag — Vinag) + Constant, @)
V= Vinag + Zy + Cyv(Vinag — Rmag) + constant, 8)
7 = Riag + Zr + CR(Vinag — Rinag) + constant, 9

5. https://sep.readthedocs.org/
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and

i = Inag + 71 + C1(Riag — Imag) + constant. (10)

From these equations, we can easily include differ-
ent stars in the same FoV, with varying colors, to deter-
mine the color terms. Measurement results using differ-

Table 7. Measured color terms

ent star fields, taken on different days, are presented in
Table 7. Color terms were calculated from single or multi-
ple star fields using the linear fitting method from the
curvefit function in the scipy Python package. For the multi-
ple 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.

Test date Center field star Cg£ oy Cy=*ogy Cr*ocy Ci+oq
SA 113167 0.239+0.012 —0.151+0.010 —0.071 £ 0.009 —0.334+0.012
2023/11/11 PG0231+051 - 0.075 £+ 0.029 0.082 +0.033 -

PG2213-006 0.202 + 0.006 —0.045 £ 0.007 0.042 +0.008 —0.197+0.012
Weighted Average 0.209 £ 0.005 —0.071 £0.005 —0.004 = 0.006 —0.265 + 0.008

SA 92253 0.239 + 0.005 0.117 + 0.003 0.183 +0.002 0.015 £ 0.003
2023/11/12 SA 92330 0.257 £ 0.015 —0.007 £ 0.007 0.114 + 0.003 —0.054 £ 0.004

PG0231+051 0.211 £ 0.015 0.033 +0.007 0.108 = 0.004 -

Weighted Average 0.238 £ 0.005 0.083 + 0.003 0.148 + 0.002 —0.017 £ 0.002
2023/11/16 PG0231+051 0.453 £ 0.008 —0.009 £ 0.006 0.107 £ 0.003 —0.100 + 0.006
2023/11/17 PG0231+051 0.132+£0.018 0.008 + 0.012 0.116 = 0.007 —0.054 £ 0.007
SA 95102 - - 0.074 £ 0.006 -0.256 £ 0.011
2023/11725 SA 95301 - —0.006 = 0.006 0.058 £ 0.004 —0.065 + 0.006
Weighted Average - —0.006 = 0.006 0.064 + 0.003 —0.109 + 0.005
2023/12/02 SA 9515 0.151 +0.001 —0.046 + 0.001 0.025 + 0.001 —0.161 + 0.001
2023/12/03 SA 9515 0.187 £0.002 —0.004 = 0.002 0.023 £ 0.002 —0.167 £ 0.002
SA 92250 0.119+£0.011 —0.022 £ 0.006 0.069 £+ 0.003 —0.106 + 0.002
Weighted Average 0.184 + 0.002 —0.006 = 0.002 0.033 £ 0.001 —0.142 +£ 0.002
2024/05/30 SA 104461 0.230 + 0.020 0.071 + 0.006 0.083 + 0.003 —0.131 £ 0.005
Overall Average 0.228 +0.008 0.003 £ 0.005 0.072 +0.003 -0.122 £ 0.005

The atmospheric extinction coefficient is an impor-
tant parameter for measuring atmospheric conditions at an
observation site, and by measuring it with different filters,
we are able to obtain the atmospheric extinction coeffi-
cients of different bands[!!l. Because we are only con-
cerned with the variation of one individual standard star
with one airmass, the color term is held constant.

Here, Equations (3)—(6) can be rewritten as:

b = Biag + Zp + kX + constant, (11)
V = Vinag + Zy + ki, X + constant, (12)
7 = Rmag + Zr + kX + constant, (13)
and
i = Imag + Z1 + kX + constant, (14)

where k'g, k'y, k'r, and k'| are the first-order atmospheric
extinction coefficients. We assume that the atmospheric
extinction coefficient &' does not change with time, so
that it can be obtained easily using linear fitting. Fig. 4

gives an example of fitting the atmospheric extinction coef-
ficient. The photometric data of SA 114 514 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 the %'
Final results are presented in Table 8.

After finding the values of color terms and atmo-
spheric 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 used the same method on each image as the zero-
point for an entire photometric night.

In Table 9, we show photometric zero-points from dif-
ferent nights. The photometric 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 sta-
ble. 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.
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Fig. 4. Images of atmospheric extinction coefficients obtained using Landolt standard stars in different bands. The x-axis shows
airmass and the y-axis shows the difference between instrumental magnitude and standard magnitude presented in the Landolt
catalog. The BVRI bands are plotted in (A), (B), (C), and (D).

Table 8. Measured atmospheric extinction coefficients

Test date k'g £ oy k'y £ owy k'r £ oy k£ o,
2023/11/11 0.322+0.031 0.165+0.018 0.156 +0.014 0.136 £ 0.018
2023/11/12 0.261 +0.022 0.177+£0.015 0.171+0.011 0.079 +£0.013
2023/11/16 0.320+0.038 0.239+0.016 0.145+0.012 0.083 +0.021
2023/11/19 0.437 +0.051 0.288 +0.029 0.223 +£0.021 0.168 £ 0.017
2023/11/23 0.314+0.019 0.256 +0.019 0.181+0.013 0.120+0.018
2023/12/02 0.359+0.015 0.286 +0.008 0.221 +0.008 0.151 +0.006
2024/05/30 - 0.114 +£0.007 0.046 + 0.006 0.012 +0.006

Overall average 0.336 +£0.029 0.218£0.016 0.163 £0.012 0.107 £0.014

Mu et al.[12] 0.335+0.022 0.193+£0.018 0.090+0.013 0.070+0.017

Table 9. Measured photometric zero-points
Test date gt oz Zy+ oz, Iyt oz Zi* oy

2023/11/11 —22.421 +£0.161 —22.637 £0.090 —22.472 £0.079 —21.201 +0.083
2023/11/12 —22.387 £0.140 —22.632 +£0.044 —22.433 £0.048 —21.108 + 0.069
2023/11/16 —22.360 +0.301 —22.657+0.011 —22.453 £ 0.066 =21.113 £ 0.057
2023/11/17 —22.380+0.188 —22.636 £ 0.039 —22.436 +0.051 —21.233 £0.203
2023/11/18 —22.157 £ 0.148 —22.510 £ 0.066 —22.302 £ 0.045 —21.037 £ 0.052
2023/11/19 =22.174 £ 0.049 —22.479 +0.033 —22.249 £ 0.027 —21.017 £ 0.007
2023/11/23 —22.383+£0.156 —22.612 +0.048 —22.405 £ 0.023 —21.143 £ 0.047
2023/12/02 —22.361 £0.163 —22.552+0.075 —22.367 £ 0.040 —21.065 +0.052
2024/05/30 —21.683 £ 0.146 —21.755 + 0.053 —21.622 £ 0.038 —20.315 +0.074

The standard deviations of the BVRI bands are
0.105, 0.040, 0.033, and 0.036, respectively. This means
that we can make good transformations from instrumen-
tal magnitude to the standard Johnson—Cousins system.

We used the data from November 18, 2023, for the
photometric transformations and plotting, and results are
shown in Fig. 5.

204 www.ati.ac.cn



Transformed Bmag
&
\
\

10 11 12 13 14 15 16 17
Catalog B,

Transformed Rmag
&
.

10 11 12 13 14 15 16 17
Catalog R,

w
> X o o> 3
\
-,
\
\
\

\,

Transformed Vmag
\
\

\-

S
\

10 11 12 13 14 15 16 17
Catalog Vi,

w)
N P NI
\

-
\
\
\
\

Transformed /mag
%

= 0
LY
-\

S
\

10 11 12 13 14 15 16 17
Catalog /,,,

Fig. 5. Transformation fitting results for the BVRI bands. The data used for plotting was observed on November 18, 2023. The
dotted red line shows the ideal transformation result, and the fitting slope from the data point is very close to 1.

This can be performed using the equations:

b=(-22.157+0.148) + (0.336 £ 0.029) X+

(0.228 +0.008)(Bmag = Vinag) + Bmag, 0 = 0.105, (15)
v=(-22.510+£0.066) + (0.218 = 0.016)X +

(0.003 +0.005)(Vinag = Rinag) + Vinag, 0 = 0.040,  (16)
r=(-22.302+0.045)+ (0.163 £ 0.012)X+

(0.072 +£0.003)(Vimag — Rmag) + Rmag, 00 =0.033, (17)

and

i=(-21.037+0.052)+(0.107 £0.014)X+

(=0.122 £ 0.005)(Rmag — Imag) + Imag, 0 = 0.036.  (18)

System throughput gives the overall efficiency, includ-
ing the efficiency of optical components, transmission of
the filters, quantum efficiency of the detector, and the trans-
mission of the atmospherel!3]. The system throughput can
be calculated as:

2
E/l - F11070'4 m/ln(g) A/l’

(19)

which finds the energy intake per second from a star of

magnitude m; in a circle of diameter D outside the Earth's
atmosphere. Here, F; represents the flux of a 0-magni-
tude star at wavelength A, and Al represents the half-
width of the transmission wavelength of the filter.
After finding E; , we can further calculate the incom-
ing photons (N, as:
E, Eja

Negle = — = —, 20
cale =y he (20)
where % is the Planck constant and c is the speed of light.
We can also calculate the extinction-corrected count rate

of the CCD (N, ) as:

Nopbs = Loy 10704X @,

exp

21

where C,, is the integrated count of the star, 7., 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 £ is defined as:

N, obs
N, calc

E= (22)

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

Sky background brightness is a significant reference
for performing observations. To estimate the sky bright-
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ness, we used the background functions in the photoutils
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 atmo-
spheric extinction coefficients use the overall average val-
ues given in Table 7 and Table 8. Zero-points for each
day can be found in Table 9.

The sky background brightnesses, measured on differ-
ent days, are shown in Table 11, expressed in units of
mag/arcsec?. 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 bright-
ness values of the BVRI bands were ~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. Com-
parisons with observations taken at the Yan-qi Lake Obser-

Table 10. System throughput of different bands

System throughput/(%)

Date
B \% R I
2023/11/11 11.26 11.89 7.15 2.46
2023/11/12 10.19 12.16 6.98 243
2023/11/16 11.57 13.02 7.38 2.58
2023/11/17 12.06 13.34 7.49 2.63
2023/11/18 8.81 11.33 6.62 2.44
2023/11/19 9.00 10.77 6.15 2.28
2023/11/23 9.70 12.26 6.95 2.57
2023/12/02 8.11 10.33 5.99 2.27
2024/05/30 4.82 5.57 3.29 1.12

vatory 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 observato-
ries, and compared with that in 2023, the night sky bright-
ness in 2024 has significantly increased. We have subse-
quently communicated with the relevant departments of
the Yan-qi Lake campus and made efforts to control light
pollution near the observatory.

Table 11. Mean sky background brightnesses in various photometric bands

Mean sky background brightness/(mag/arcsec?)

Date Moon illumination/(%)
B v R I
2023/11/11 19.53 +£0.24 18.67 £0.20 18.90+0.18 19.31+£0.22 3.5 (Below horizon)
2023/11/12 19.97 £0.16 19.07 £0.16 19.16 £ 0.13 19.03 £0.14 1.0 (Below horizon)
2023/11/16 20.21 £0.03 19.40 £ 0.04 19.48 £ 0.04 19.09 £ 0.09 10.7 (Below horizon)
2023/11/17 19.75 £0.35 18.92 £0.26 19.11 £0.19 19.34 £0.09 18.5 (Below horizon)
2023/11/18 19.02 +0.11 18.13£0.15 18.25+0.16 18.90 £0.12 27.9 (58°)
2023/11/19 19.00 +0.22 18.14£0.15 18.26 £ 0.14 18.78 £0.16 38.7 (339)
2023/11/23 18.65 £0.06 17.90 £ 0.04 17.89 +0.07 17.74 £ 0.21 82.1 (34°)
2023/12/02 19.26 £0.16 18.36 £0.15 18.57+0.13 19.06 £ 0.05 74.5 (78°)
2024/05/30 19.10 £ 0.04 18.06 £0.18 18.31+£0.18 18.38 £0.08 50.0 (Below horizon)

The SNR of an observed object!®! can be calculated as:
_ Nitar
N =
o[ Nsar +pis (N5 + N+ N3)

Rs , (23)

where Ny, is the total number of photons received from

Table 12. Sky background brightnesses at different observatories

the source, Ng, Np, and Ny are the total number of pho-
tons given by the sky background, the dark current per
pixel, and the CCD readout noise (in Section 3.2), respec-
tively. 7, is the whole pixel area used for the SNR calcula-
tion. Table 13 shows the limiting magnitudes of the differ-
ent moonless photometric nights with corresponding expo-
sure time when Rgy = 10.

Sky background brightness/(mag/arcsec?)

Observatory Reference
B \Y% R I
Xinglong 21.70 21.20 20.50 19.10 Shi et al.[14]
20.90 20.00 19.30 18.10 Huang et al. [10]
Lulin 22.00 21.3 21.00 19.50 Kinoshita et al. [13]
Weihai 20.17 18.90 18.95 19.11 Hu et al.[5]
La Palma 22.70 21.90 21.00 20.00 Benn & Ellison!!®]
Paranal 22.60 21.60 20.90 19.70 Patatl!7]
Yan-qi Lake (2023) 19.87 19.02 19.16 19.19 this work
Yan-qi Lake (2024) 19.10 18.06 18.31 18.38 this work
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Table 13. Limiting magnitudes of BVRI bands measured on
moonless photometric nights

Limiting magnitude/mag

Date Exposure time/s
B A% R I
2023/11/11  15.54 15.57 15.60 15.19 10
2023/11/12 1550 15.78 15.70 15.00 10
2024/05/30 1494 14.70 15.16 14.50 10
2023/11/16 16.73 16.80 16.62 16.04 30
2023/11/17 1631 1623 16.24 16.20 30

The limiting magnitudes for Rqy = 10, with an expo-
sure time of 10 s in November 2023, are 15.5 in the B

A 0.200
- B band
o 01751, V band
£ 0150}« Rband
= s I band
5 0.125¢
5 0.100 |
'g
£ 0075}
=]
& 0.050 | e
> 2
0.025 | x
0.000 — -
1 12 13 14 15 16

Magnitude/mag

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 dur-
ing May of 2024.

The limiting magnitudes at Rgy = 10, with a 30 s expo-
sure 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 moon-
less photometric nights are shown in Fig. 6. The photomet-
ric 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.

B 0.200
+ B band
y 0175 | oo
£ 0150« Rband
s\g 0.125| = 1band
© 0.100 |
3
2 0075}
g 0050
2o
0.025 |
0.000 - -
11 12 13 14 15 16

Magnitude/mag

Fig. 6. Magnitudes plotted against magnitude errors for moonless photometric nights. (A) the magnitudes against magnitude errors

for a 10 s exposure time. (B) the same for a 30 s exposure time.

Because UCASST has a relatively low limiting magni-
tude, it is well-suited to observing bright sources such as
supernovae and bright variables. Taking this into considera-
tion, 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 capa-
ble of performing both survey and follow-up observa-
tions of transient targets because of its medium-sized
FoV. The observed targets are shown in Table 14, includ-
ing nearby galaxies and supernovae.

We acquired and compiled these notable supernovae
from the Transient Naming Server® (TNS), and per-
formed long-term observations. For the galaxies pre-
sented, 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 all'8] and Sun et al.l'l and a W Ursae
Majoris-type eclipsing variable (EW-type) as observing tar-
gets. Specifically, we observed the bright (gy,, = 13.3)
nova-like star LAMOST J0925 (first reported by Hou et
al.l!81) 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 signifi-
cant rapid variations on a timescale of several minutes
(see Fig. 7), which are likely due to accretion-induced flick-
ering or quasi-periodic oscillations. The magnitude error
of the target and the magnitude standard deviation of a
nearby check 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 candi-
date LAMOST J0148 (gpe, = 15.4, reported in Sun et
al.l%). The R band light curves give good results, com-
pared with Transiting Exoplanet Survey Satellite (TESS)
observations (see Fig. 8&—note that the TESS fluxes are con-
taminated 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 rela-
tively 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 we present the V and R band light curves of the
EW-type variable, which are folded using a period of

6. https://www.wis-tns.org/

Astronomical Techniques and Instruments, 2(3): 198-209, 2025 207


https://www.wis-tns.org/
https://www.wis-tns.org/
https://www.wis-tns.org/

Table 14. Targets observed by the Nearby Galaxies Survey

Object 1ol
Name R.A. Dec. Type observations
(Days)
SN 2023bvj; 09:50:56 +33:33:11 SN 20
SN 2023ixf 14:03:39 +54:18:42 SN 76
SN 2023wuk 22:19:30 +29:23:18 SN 7
SN 2023zqy 11:15:22 +31:31:25 SN 13
SN 2024gy 12:15:51 +13:06:56 SN 21
SN 2024jz  15:33:05 —01:37:30 SN 19
SN 2024ka 12:04:10 +01:49:34 SN 20
SN 2024ws 08:28:40 +73:44:53 SN 21
SN 2024any 03:08:57 —02:57:19 SN 10
SN 2024apt  10:25:37 —02:12:40 SN 12
SN 2024bch  10:21:48 +56:55:49 SN 11
M6l 12:21:55 +04:28:26 G 41
M 77 02:42:41 —00:00:48 G 34
M 81 09:55:33 +69:03:55 G 45
M 109 11:57:36 +53:22:28 G 37
NGC2841 09:22:03 +50:58:35 G 33
NGC 6946 20:34:52 +60:09:13 G 28
-0.4
03l t Object J0925
o, t Check star
0.2+ , ..”:“"'o“." " ‘..".“o". o
S o1l o ) B
0.1F

0.110 0.115 0.120 0.125 0.130 0.135
BID - 2460029

Fig. 7. The differential light curve of J0925 in the R band.
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Fig. 8. Light curves of the candidate cataclysmic variable
J0148.

0.155836 day, and compare them with the ZTF g and r
band data. The real orbital period is twice this period. How-
ever, because the time coverage of the data is less than a
single orbital period and the levels of the primary and sec-
ondary minimums differ slightly, we chose to fold the
data by half the orbital period. The phase profiles obta-
ined from UCASST observations and ZTF are consistent.

We have introduced UCASST and evaluated its photo-
metric calibration, system performance, and basic site condi-
tion, finding that:
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Fig. 9. Light curves of an EW-type eclipsing binary ATO
J027+36.

(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 peri-
ods of time. The CCD has a good linearity up to approxi-
mately 60000 ADU and relatively low dark current for
short exposure observations.

(2) Deriving the coefficients of photometric calibra-
tions based on Landolt standard stars, including color
terms, first-order atmospheric extinction coefficients, and
photometric zero-points, we found that the color terms are
relatively small. This indicated that the BVRI system for
UCASST has similar respond curves to the standard sys-
tem used by Landolt.

The atmospheric extinction coefficients presented are
stable, and the atmospheric extinction coefficients are
slightly larger than those measured at Xinglong Observa-
tory, which indicates good atmospheric conditions. Addition-
ally, the photometric zero-points are stable during observa-
tion nights during November and December of 2023, and
dropped 1.7 in each band on May 30, 2024 (see Table 9).
This can be rationalized as being because of newly con-
structed street lights illuminating the telescope system dur-
ing observations (see Fig. 10). This also explains the drop
of system throughput, the elevated sky background bright-
ness, and the decline in limiting magnitudes (see Tables
10, 11, and 13).

Street lights illuminating the dome

Atrtificial lights from library and bell tower

Fig. 10. Artificial lights illuminating the observation area.

(3) The system performance of UCASST is evalu-
ated in this work, including system throughput, limiting
magnitude, photometric precision, and sky background
brightness. The limiting magnitudes for UCASST, with
Rgy = 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 expo-
sure 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 cam-
pus of UCAS, the effect of the 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 mini-
mized 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 super-
novae, monitoring CVs, and observing bright occultations.
It is also well-suited to teaching purposes.
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