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The single-lined spectroscopic binaries (SB1s) are composed of two components
with large difference in masses and in physical properties. The orbital and
physical parameters of a large number of such binary systems are unknown due
to lack of necessary observations. Compared with SB2s, SB1s can provide much
more stringent constraint to stellar evolutionary models at a single age. Besides,
the fainter components of SB1s are likely to be compact celestial objects, such as
a black hole or a neutron star, it is therefore interesting to determine their masses
and physical properties. CSST provides an excellent opportunity to study SBls
especially nearby ones, since it can detect astrometric wobble at milliarcsecond
level. This implies that if the motion of the visible components can be detected,
the full motion of the SB1s can be determined. In this paper, we aim to analyse
the ability of CSST to improve the orbital solutions of nearby SB1s based on
the available data by adding simulated CSST data of different observation times.
The orbital solutions of binaries determined from non-single-star orbital models
for sources compatible with combined astrometric + single lined spectroscopic
orbital model of Gaia DR3 are served as the research sample to reproduce the
orbital elements by fitting simulated CSST data.
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1 Introduction

Mass is the most important parameter of a star in deciding its physical state and
evolution, and the only reliable way to determine this parameter is the orbital determination
of a binary. Besides, binaries play a fundamental role in the evolution of stellar populations
in galaxies. Specially, the two components of single-lined spectroscopic binaries (SB1s)
has large difference in masses as well as physical properties. Thus, the two components of
SB1s could provide further stringent constraints to stellar evolutionary models compared
to double lined spectroscopic binaries (SB2s). Furthermore, the SBls may have pulsar,
brown dwarf or planet secondaries (Kiirster et al., 2008; Stefanik et al., 2011). Therefore, it
is important to determine the orbital solutions and masses of the components of SB1s.

The orbital and physical parameters of a large number of SB1s are unknown and limited
by the previous observation. The release of Hipparcos data made the determination of the
astrometric orbital for a part of SB1s realized. With Hipparcos Intermediate Astrometric
Data (HIAD) and revised HIAD (Esa, 1997; van Leeuwen, 2007), the astrometric orbits of
many spectroscopic binaries are determined (Pourbaix and Boffin, 2003; Jancart et al., 2005;
Ren and Fu, 2010; Ren and Fu, 2013) based on SB9(The ninth catalogue of spectroscopic
binary orbits) which collects the published orbital information of spectroscopic binaries
(Pourbaix et al., 2004). Then, the physical properties of the secondaries are discussed.
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The European Space Agency’s (ESA) Gaia mission was launched
on 19 December 2013, and it has a nominal 5-year mission
(Gaia Collaboration et al., 2016). The Gaia DR3 was released on
13 June 2022 including orbital elements and trend parameters
for some 800,000 astrometric, spectroscopic and eclipsing binaries
based on 34 months of satellite operations (Pourbaix et al., 2022).
Finally, for about 10° spectroscopic binaries (SBs), the radial
velocity curves of components and the astrometric wobbles of
photocenters will be obtained, respectively, by two devices on board
Gaia, ie., the Radial Velocity Spectrometer and the Astrometric
Instrument.

The China Space Station Telescope (CSST) with an aperture
of 2m and 1.1 square degrees field of view is scheduled for
launch around 2024, and it is expected to obtain the position and
photometry for billions of stars in 10 years. CSST covers a large sky
area (17,500 deg?) and wide wavelength range (from NUV to NIR)
(Zhan, 2011; Cao et al,, 2018; Zhan and Tyson, 2018; Gong et al.,
2019). According to Rayleigh criteria (R = 1.22A/D), the angular
resolution for CSST is about 0.069 arcsecond at A = 500 nm. It
can hardly resolve the two components of spectroscopic binaries.
However, CSST can realise milliarcsecond (mas) level for position
and orbital determination. For example, the position calibration
precision of point source can achieve 1 mas at 20 mag at g band for
Survey Camera (SC) and Multi-channel Imager (MCI), respectively
(Fu et al., 2023). The deeper field surveys of CSST cover a total sky
area of 400 deg?, and the sky area will be observed at least 8 or 16
times. The calculated observation time of extreme-deep field surveys
will be up to 16 days, and the exposure times will be greater than
100. For SB1s, the two components have large magnitude difference.
Therefore, The apparent orbit of the visible component around the
center of mass of the system can be detected. Also, the CSST data
can be used to identify binaries from the existing SB1 candidates
(Birko et al., 2019; Qian et al., 2019; Merle et al., 2020; Tian et al.,
2020).

In this paper, the orbital solutions of binaries determined
from non-single-star orbital models for sources compatible with
combined astrometric + single lined spectroscopic orbital model of
Gaia DR3 are chosen, and served as the research sample to illustrate
the ability of CSST to determine the orbital solution of SB1s. This
will lay the foundation for studying SB1s with Gaia, CSST as well as
other data available on a long-time baseline.

2 SBls sample and simulation data

Gaia DR3 Part 3 provides the catalogues of non-single
stars based on different models. The orbital solution of binaries
determined from non-single-star orbital models for sources
compatible with combined astrometric + single lined spectroscopic
orbital model of Gaia DR3 are served as the research sample to
reproduce the orbital elements. Among these systems, the angular
semi-major axes of the systems larger than 1 mas are chosen
as the reference orbit to simulate CSST data, and 16805 among
33467 systems satisfy the criteria'. More information please refer

1 The Gaia id and orbital parameters of the 16805 systems are provided as
supplementary materials.
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FIGURE 1

Top panel: The angular semi-major axes as a function of the orbital
period for the systems. Bottom panel: The eccentricity as a function of
the orbital period for the systems.

to (Gaia collaboration, 2022). The angular semi-major axes of the
systems and the eccentricity as a function of the orbital period for
these systems are shown in Figure 1.

The orbital motion of the visual components superimposed
on the proper motion, can be expressed with the following
equation:

x=xy+u, (t—1ty)) + (AX + FY),

y=yo+u,(t—t) +(BX+GY). (1)

Where x,, y, represent the position with respect to the coordinate
origin at the primary. 1, and 1, represent the proper motion of these
systems adapted from the tboasblc.dat document of Gaia DR3 Part
3 (Gaia collaboration, 2022). The coefficients A, B, F, and G are the
Thiele-Innes constants:

A =a(coswcosQ—sinwsin ) cosi),
B =a(coswsin Q) + sin w cos Q cos i),

F=a(-sin wcos Q — cos w sin Q cos i),

G = a(-sin w sin Q + cos w cos Q) cos 7). 2)
And
X=cosE-e,
Y= V1-e3sinE. (3)

Where g, i, Q, w, e, P, T indicate the semi-major axis of the
photocentric orbit which is in accordance with the primary orbit,
the inclination, the latitude of the ascending node, the argument of
the periastron, the eccentricity, the period, and the time of passage
at periastron.

The simulated position data are randomly distributed in the 10
years survey of CSST with 1 mas uncertainty. 10, 20, and 100 data
points at different observing time are considered to be simulated
according to Eqs 1-3. 10 and 20 data points are used to indicate
systems observed in the deeper field, and 100 data points are used
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to indicate systems observed in the extreme-deep field of CSST. For
simplicity, when we fit the simulated CSST data, we consider a, i, ) as
the adjusted parameters and keep other parameters unchanged. The
uncertainties for the derived parameters are determined from the
covariance matrix. The distribution of §,/a, §; and é, by adding 10,
20, 100 simulated CSST data are shown in Figures 2-4. We suppose
that the parameter distribution of these systems is in accordance
with the SB1s that can be detected by CSST. From the statistical
results, it only needs 10 observing data to give the preliminary orbital
solutions of majority systems. When the observing data reach 100,
the orbital solutions of majority systems can be well determined.
It means that the solutions of SBls in the deeper field of CSST
can be determined preliminarily, and the orbital solutions of the
SB1s in the extreme-deep field can be well determined. Therefore,
CSST will contribute a lot to providing orbital solutions of SB1s.
In Figure 5, the reference apparent orbit and the fitted apparent
orbit of Gaia DR3 1008179186883570304 as well as the simulated
CSST data were shown. From the Figure, we can see that the fitted
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FIGURE 2

The distribution of the relative precision of angular semi-major axes of
the primary. The panels represent the precision by fitting 10, 20, 100
simulated CSST data from the top to the bottom, respectively.
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FIGURE 3

The distribution of the precision of inclination. The panels represent
the precision by fitting 10, 20, 100 simulated CSST data from the top
to the bottom, respectively.
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FIGURE 4
The distribution of §,. The panels represent the precision by fitting 10,
20, 100 simulated CSST data from the top to the bottom, respectively.
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FIGURE 5

The dot line and the solid line represent the reference apparent orbit
and the fitted apparent orbit of Gaia DR3 1008179186883570304,
respectively. The black dot represent the simulated CSST data.

apparent orbit is basically consistent with the reference apparent
orbit by fitting the simulated CSST data. The original parameters
a, i and Q are 12.1778 mas, 113.3809° and 34.5774°, respectively.
By fitting simulated CSST data, the parameters a, i and Q are
determined as 12.31 + 0.15 mas, 114.08 + 0.77° and 34.28 + 0.30°,
respectively.

3 Concluding remarks

The sky area will be observed at least 8 or 16 times for the
deeper field surveys, and it will be observed for more than 100
times for the extreme-deep field surveys of CSST in 10 years. The
fitting of the simulated CSST data at different observation times
during 10 years at 1 mas precision indicates that CSST has the ability
to determine the orbital solutions of SB1s which can be detected,
especially for the systems in the extreme-deep field. Although the
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orbital solutions of most systems in the deeper field cannot be well
determined, preliminary solutions can be given for the guiding of
further observation.

The observable magnitude of CSST is generally not brighter
than 17 mag, while the systems of our sample are brighter than
that can be detected by CSST. Therefore, the following work will
focus on the collection of SB1s and SB1 candidates fainter than
17 mag in the deeper field surveys and extreme-deep field surveys
of CSST. Large-scale spectroscopic survey project as LAMOST,
SEGUE and Gaia-ESO survey can detect SBls fainter than 17
mag (Yanny etal.,, 2009; Gilmore etal., 2012; Zhao etal., 2012).
Once time series data of Gaia and CSST data were released in
the future, these systems with astrometric orbital solutions will be
enlarged evidently by fitting these data with a much longer time
baseline.

Meanwhile, the fitting model of various data with long-time
baseline will be developed and optimized. At present, most of the
SB1s with complete orbital solutions have relatively short orbital
periods. In combination of the present data, Gaia and CSST data, the
astrometric orbital solutions of a large number of SB1s with longer
orbital periods will be determined.
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