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The Chinese Space Station Survey Telescope (CSST) is an upcoming Stage-IV sky survey telescope, distinguished
by its large field of view (FoV), high image quality, and multi-band observation capabilities. It can simultane-
ously conduct precise measurements of the Universe by performing multi-color photometric imaging and slitless
spectroscopic surveys. The CSST is equipped with five scientific instruments, i.e. Multi-band Imaging and Slitless
Spectroscopy Survey Camera (SC), Multi-Channel Imager (MCI), Integral Field Spectrograph (IFS), Cool Planet
Imaging Coronagraph (CPI-C), and THz Spectrometer (TS). Using these instruments, CSST is expected to make
significant contributions and discoveries across various astronomical fields, including cosmology, galaxies and active
galactic nuclei (AGN), the Milky Way and nearby galaxies, stars, exoplanets, Solar System objects, astrometry, and
transients and variable sources. This review aims to provide a comprehensive overview of the CSST instruments,
observational capabilities, data products, and scientific potential.

Telescope, cosmology, galaxy
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Gong Y., et al. Sci. China-Phys. Mech. Astron.

xx (2025) Vol. xx  No. x 000000-3

Citation: Gong Y,, Miao H., Zhan H., et al.,

, Sci. China-Phys. Mech. Astron. xx, 000000 (2025), https://doi.org/??

1 Introduction

Sky survey is an important means of exploring the Uni-
verse. In the past two decades, the development of sev-
eral sky survey projects has greatly advanced our under-
standing of the Universe, including the Two-degree-Field
Galaxy Redshift Survey (2dF or 2dFGRS) [1], Six-degree
Field Galaxy Survey (6dF or 6dFGS) [2], Sloan Digi-
tal Sky Survey (SDSS) [3], WiggleZ Dark Energy Sur-
vey (WiggleZ) [4], SDSS-III Baryon Oscillation Spectro-
scopic Survey (BOSS, e.g. [5]), SDSS-IV extend BOSS
(eBOSS, e.g [6]), etc. Especially in recent years and the
near future, with the operation of next-generation photo-
metric and spectroscopic survey projects, e.g. the Dark
Energy Spectroscopic Instrument (DESI, e.g. [7,8]), Eu-
clid [9], Nancy Grace Roman Space Telescope (RST or
WFIRST) [10], and Vera Rubin Observatory’s Legacy
Survey of Space and Time (LSST) [11], the understand-
ing and solutions to important issues in astronomy are
expected to be further promoted.

As a Stage-IV survey telescope, the Chinese Space
Station Survey Telescope (CSST) is an off-axis three-
mirror anastigmat (TMA) telescope with a primary mir-
ror of 2 meters in diameter, designed to probe the Uni-
verse with extremely high levels of precision [12-16]. The
CSST is scheduled to be launched in 2027, which will
be co-orbiting with the China Space Station (CSS or
Tiangong) at an altitude of about 400 kilometers, and
it can rendezvous and dock with the CSS for on-orbit
servicing (OOS). Aiming at different scientific goals and
astronomical targets, it is equipped with five scientific
instruments, i.e. Multi-band Imaging and Slitless Spec-
troscopy Survey Camera (SC), Multi-Channel Imager
(MCI), Integral Field Spectrograph (IFS), Cool Planet
Imaging Coronagraph (CPI-C), and THz Spectrometer
(TS). The design parameters of the telescope and scien-
tific instruments are summarized in Table 1.

By using these instruments, the CSST can perform
photometric imaging and spectroscopic surveys in dif-
ferent fields, including 17,500 deg? wide field, 400 deg?
deep field, 9 deg? ultra-deep field (UDF) by CSST-SC,
and 300 arcmin? extreme-deep field (XDF) by CSST-
MCI. It can obtain more than one billion galaxy images
and one hundred million galaxy spectra, and discover
millions of active galactic nuclei (AGN) and other astro-
nomical objects in a large redshift range, covering near-

ultraviolet (near-UV), optical, near-infrared (near-IR),
and THz bands. The nature of dark energy and dark
matter, theory of gravity, and cosmic large-scale struc-
ture (LSS) will be fully investigated by precise measure-
ments using several cosmological probes, e.g. weak grav-
itational lensing, galaxy clustering, galaxy clusters, cos-
mic voids, Type Ia supernovae (SNe Ia), baryon acoustic
oscillation (BAO), etc. The morphology, formation and
evolution of galaxies will be carefully studied, as well
as AGNs and supermassive black holes (SMBHs). Be-
sides, the CSST will explore the Milky Way (MW) and
nearby galaxies, stars, exoplanets, Solar System objects,
and transients and variable sources.

In this review, we briefly introduce the CSST instru-
ments, observation strategy, data processing, and dis-
cuss its scientific potential. The paper is organized as
follows. In Section 2, we list the scientific objectives of
the CSST. In Section 3, the design of the survey plat-
form, primary optical system, and the five scientific in-
struments are introduced. In Section 4, we discuss the
CSST observations for different instruments. In Sec-
tion 5, we introduce the CSST data processing and data
release. In Section 6, the details of the CSST science are
discussed. We summarize in Section 7.

2 Scientific Objectives

The CSST scientific objectives focus on important sci-
entific issues in various fields of astronomy, which are
divided into primary and other scientific objectives. In
this section, we discuss them in details.

2.1 Primary scientific objectives

CSST will perform 17,500 deg? wide-field and 400 deg?
deep-field multi-color photometric imaging and slitless
spectroscopic surveys in ten years, and plans to carry
out 9 deg? UDF observations in the first two years. It
is expected to obtain huge amounts of photometric and
spectroscopic data of a large number of galaxies, AGNs
and supernovae. The CSST primary scientific objectives
are as follows:

1. Cosmology

(a) Measure the evolution history of the Uni-
verse, reveal the observational characteristics
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Table 1  Summary of CSST instruments and surveys.

Telescope

2 m primary, off-axis TMA, focal length = 28 m, orbit ~ 400 km, lifetime ~ 10 years

CSST Platform

Pointing control &

Target switching

Staring accuracy/stability (30): 3"/0.85"@1200 s (with FGS), 9"/9"@600 s (w/o FGS); Scanning/tracking angular
rate (30): 0.00025"~5"/s (high accuracy), 0.1'/s~1'/s (w/o FGS); Target switching duration: 1° #50 s, 20° #100 s

Communication 20 Tb/day scientific data downlink in Ka band
Maintenance Performing rendezvous and docking (RVD) for on-orbit servicing at the CSS
Primary Optical System / OTA
Field of view (FoV) 1.72 deg? (full), 1.1 deg? (primary imaging)

Spatial res. (point / 0™ spec.)

<0.15"/0.3" (A= 0.6328 um, in 1.1 deg?, 80% energy concentration region)

Working band range

0.255 ~ 2.5 um and Terahertz band

Scientific Instruments

Multi-band Imaging and Slitless Spectroscopy Survey Camera (SC)

Primary focal plane detector

30 9kx9k CCD, 10 pm pixel/0.074", read noise < 5 e/pix, dark current < 0.02 e7/(pix-s)

Celestial calibration detector

Same as primary focal plane, read noise < 10 e/pix @150 kHz

Near-IR detector

8 640512 HgCdTe, 15 um pixel, read noise < 50 e7/pix @1MHz, dark current < 5 e7/(pix-s) @80 K

000000-4

Photometric imaging: NUV u g r i z" v J H’
Band (nm) 252-321 | 321-401 | 401-547 | 547-692 | 692-842 | 842-1080 | 927-1100 | 0.9-13um | 1.3-1.7 um
Survey field 17,500 deg? wide field / 400 deg? deep field
Exposure time (wide) 4x150s | 2x150s | 2x150s | 2x150s | 2x150s | 2x150s 4x150's 1x150 s 1x150 s
Exposure time (deep) 16x250s | 8x250s | 8x250s | 8x250s | 8x250s | 8x250s | 16x250s
Mag. limit (point, 56 AB mag) | 254/26.7 | 25.4/26.7 | 26.3/27.5 | 26.0/27.2 | 25.9/27.0 | 25.2/26.4 | 24.4/25.7 235 23.0
Slitless spectroscopy: GU GV GI" J’ H
Band (nm) 255-410 400-640 620-1000 0.9-1.3 um 1.3-1.7 pm
Survey field 17,500 deg? wide field / 400 deg? deep field
Exposure time (wide) 4x150 s 4x150 s 4x150 s 1x150 s 1x150 s
Exposure time (deep) 16x250 s 16%250 s 16x250 s
Mag. limit (point, 56 AB mag) 232/24.4 23.4/245 232/243 20.7 20.5
Spectral resolution (R) >200 >200 >200 >100 >100

Multi-Channel Imager (MCI)

Detector 9kx9k CCD for each channel, pixel size: 0.05"
Channel UV: 255-430 nm, Opt-blue: 430-700 nm, Opt-red:700-1000 nm; 30 filters (10 for each channel)
Observation XDF ~ 300 arcmin?, FoV=7.5'x7.5’, spatial res. <0.18", magnitude limit: CBV>30, CBU & CBI>29
Integral Field Spectrograph (IFS)
Detector 6kx6k CCD, read noise ~ 5.5 e7/pix

Efficiency & Sensitivity

Efficiency > 40% (0.42~0.55 um, 0.61~0.82 um), S/N>10 (B band 17 mag/arcsec? source with 20x300 s exposure)

Observation

FoV > 6''x6", spatial resolution~0.2", spectral range: 0.35-1 um, R>1000

Cool Planet Imaging Coronagraph (CPI-C)

Contrast imaging

#10"® @600-900 nm

Inner working angle (IWA)

#0.55" @633 nm

THz Spectrometer (TS)

Frequency range

0.41-0.51 THz

Observation

IBW>1 GHz (each of two channels), freq. resolution<100 kHz, sensitivity<150 mK (3o, 200 s integration time)

* Cut off by detector quantum efficiency.
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of dark energy, and test general relativity on
cosmic scales.

(b) Measure the cosmic structure of dark matter
at different scales, test the dark matter the-
ory, and reveal the physical properties of dark
matter.

CSST will accurately measure the BAO signal in
the wide-field survey and the light curves of about
2,000 SNe Ia at z < 1.3 in UDF, so as to accurately
illustrate the expansion history of the Universe,
obtain the evolution information of the equation of
state of dark energy, and test the theories of grav-
ity. CSST also will perform high-precision mea-
surements of weak and strong gravitational lens-
ing, galaxy angular and redshift-space clustering,
galaxy clusters, cosmic voids, etc. It can pro-
vide convincing answers to important cosmological
problems, such as spatial distribution and prop-
erties of dark matter, neutrino mass, primordial
non-Gaussianity, and Hubble constant.

2. Galaxy and AGN

(a) Measure the galaxy structure parameters at
different redshifts, understand the causes of
their morphological diversity, reveal the as-
sembly and mass growth process of galaxies,
and establish a panoramic view of the cosmo-
logical evolution of galaxies.

(b) Construct a large AGN sample at different
redshifts and in different environments, reveal
the relationship between black hole activity
and star formation and galaxy evolution, and
test theoretical models of the co-evolution of
massive black holes and host galaxies.

CSST will obtain multi-band photometric and slit-
less spectroscopic data of a large number of galax-
ies and AGNs in a redshift range from 0 to 7. By
measuring the morphology and structure parame-
ters of large samples of galaxies in different envi-
ronments at different redshifts, it will reveal the
evolution law of the galactic bulge, disk and other
structures, probe the intrinsic physical process of
galaxy formation and the influence of the exter-
nal environment, and provide an important obser-
vational basis for the theoretical model of galaxy
formation and evolution. By constructing a large
sample of AGN in different environments at differ-
ent redshifts, the physical parameters of massive

xx (2025) Vol. xx  No. x 000000-5

black holes and their host galaxies can be mea-
sured, and an accurate physical model of the co-
evolution of massive black holes and host galaxies
will be established.

2.2 Other scientific objectives

1. Milky Way and nearby galaxies

(a) Measure the structure, formation, and evolu-
tion of the Milky Way and nearby galaxies.

(b) Investigate the interstellar medium (ISM)
and galactic ecosystems of the Milky Way and
nearby galaxies.

CSST will perform resolved star observations for
galaxies within 4 Mpc, and deeply explore the
structure, formation and evolution of the Milky
Way and nearby galaxies, as well as the ISM
and galactic ecosystem. It will precisely describe
the structure of the Milky Way’s bulge, halo and
nearby galaxies, and is expected to accurately mea-
sure the mass distribution of dark matter; by
studying special stars in chemistry and dynamics,
it will be able to trace the early history of the
Milky Way and nearby galaxies. CSST will mea-
sure the interstellar extinction, dust and neutral
carbon distribution of the Milky Way and nearby
galaxies, and study the relationship between galac-
tic dynamic characteristics and the ISM environ-
ment; it will deeply explore the disk-halo interac-
tion, black hole-star feedback and large-scale struc-
tural accretion, characterize the baryon circulation
process in the galactic ecosystem, and reveal the
key factors of galaxy evolution.

. Stars

(a) Study the formation, structure and evolution
of stars and explore stellar population.

(b) Detect compact objects and stellar activity.

The CSST main survey will obtain photometric
data of billions of stars and hundreds of millions
of stellar spectra in the Milky Way and nearby
galaxies, covering a wide range of star types and
stellar populations. At the same time, CSST-IFS
can observe protoplanetary disks with high spatial
resolution. Based on the CSST main survey and
IF'S observations, it is expected to comprehensively
explore the formation, structure and evolution of
stars, accurately characterize the life course of
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massive stars, and deeply understand the physi-
cal mechanisms in stellar evolution; build a large
sample of binary stars with high-precision stellar
parameters to accurately reveal the key physical
processes of binary star evolution; analyze the
key physical mechanisms in the star formation
process, reveal the characteristics of different stel-
lar populations, discover rare stellar objects and
new stellar populations. CSST will detect stellar
magnetic fields and stellar coronal mass ejection
events, carry out detection of faint stars and white
dwarf candidates, greatly expand the sample of
compact stars, and establish an optical and UV
sample of accreting neutron stars and a sample of
black hole binary candidates.

In addition, CSST will also explore exoplanets,
Solar System objects, astrometry, transients and
variable sources, as briefly described below:

3. Exoplanets

(a) Directly image neighboring Jupiter-like plan-
ets and protoplanetary disks.

(b) Detect exoplanets in the direction of Galac-
tic center and characterize the atmosphere of
exoplanets, to study planetary formation and
evolution.

4. Solar System objects

(a) Explore the spatial distribution, physical and
chemical properties and evolutionary history
of small objects in the Solar System, and dis-
cover new asteroids, comets, irregular satel-
lites, etc.

(b) Study the faint, irregular satellites of giant
planets.

5. Astrometry

(a) Achieve milliarcsecond-level positioning and
orbit determination, and measure and classify
the orbits and types of moving Solar System
objects.

(b) Achieve milliarcsecond-level accuracy in the
calculation of stellar proper motions and
parallaxes, and provide a celestial reference
frame for deeper and fainter of the sky.

6. Transients and variable sources

xx (2025) Vol. xx  No. x 000000-6

(a) Study cosmological parameter measurement
and star formation and evolution in the early
Universe based on supernova observations.

(b) Investigate gravitational wave
gamma-ray bursts (GRBs), fast radio bursts
(FRBs), high-energy neutrino events, black

hole tidal disruption events (TDEs), etc.

events,

3 Telescope and instruments

CSST consists of the survey platform and optical facility
(see the left panel of Figure 1), with a total weight of
15.5 t and a total length of about 16 m in observation
state. It will operate independently in the same orbit
as the CSS, and can rendezvous and dock with the CSS
for on-orbit servicing during its 10-year lifetime. The
optical facility is composed of a primary optical system
or optical telescope assembly (OTA) and five scientific
instruments, i.e. SC, MCI, IFS, CPI-C, and TS. These
instruments share the primary optical system, as shown
in the right panel of Figure 1. The details of the CSST
instrumental design can be found in Table 1.

3.1 CSST platform

CSST platform and survey optical facility adopt in-
tegrated design and development methodology for the
CSST scientific objectives. It can provide high-precision
and high-stability pointing for both staring and track-
ing/scanning modes, rapid attitude maneuvering and
switching of astronomical targets, electrical power man-
agement, and space-ground communication support.
The survey platform is responsible for the attitude con-
trol, autonomous orbit maintenance, active rendezvous
and docking during the 10-year mission. It is the first
long-life low Earth orbit (LEO) platform that takes the
CSS as the spaceport and can accept on-orbit services.

3.2 Primary optical system

The CSST primary optical system adopts the Cook type
off-axis TMA design. Its primary mirror has an aperture
of 2 m and a focal length of 28 m with a full field of view
(FoV) of 1.72 deg® and a FoV of 1.1° x 1° in the pri-
mary imaging area. Within this area, the dynamic im-
age quality can reach Rgggy < 0.15”, where Rgggg is the
radius of the point spread function (PSF) of 80% energy
concentration region. Around it, there are short-wave
infrared areas, wavefront sensing areas, fine guidance
sensor (FGS) areas, etc. As shown in the right panel
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Figure 1

MCI & IFS
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System

The CSST is composed of the platform and optical facility (left panel). The CSST platform can rendezvous and dock with

the CSS for on-orbit servicing. The optical facility includes the primary optical system (or OTA) and five scientific instruments, i.e. SC,

MCI, IFS, CPI-C, and TS (right panel).

of Figure 1, the primary optical system is equipped with
six image plane interfaces, which is symmetrically dis-
tributed on both sides of the primary mirror and ter-
tiary mirror, corresponding to the five scientific mod-
ules including SC, MCI, IFS, CPI-C and TS, as well as
one reserved interface. The switching between the fo-
cal planes is achieved by the module switching and the
steering of the focusing mechanism. The CSST ensures
the stability of the optical axis orientation during the
observation through precise image stabilization systems
(e.g. FGS and fast steering mirrors), passive vibration
isolation and other means.

3.3 Survey camera

The SC is used to perform the main tasks of CSST multi-
band photometric imaging and slitless spectroscopic sur-
veys, which is composed of the main focal plane and the
celestial calibration component, the short-wave infrared
component, the filter component, the slitless spectro-
scopic component, calibration light source, etc.

The focal plane contains 2.6 billion pixels, correspond-
ing to an angular size of 0.074” per pixel, a FoV of ~1.1
deg? and dynamic image quality Rgggy < 0.15”. The lay-
out of the main focal plane is shown in Figure 2. The
main focal plane is divided into 7 photometric imaging
bands (i.e. NUV,u, g, r, i, z, and y) and 3 slitless spectro-
scopic bands (GU, GV, and GI, with an average spectral
resolution of R > 200), covering the wavelength range of
255-1000 nm. The transmission curves of the seven pho-
tometric bands and three slitless spectroscopic bands are
shown in Figure 3. The photometric imaging bands are
located in the central area, and the slitless spectroscopic
bands are arranged in the upper and lower “L”-shaped
areas. The charge-coupled devices (CCDs) of the main
focal plane are fixedly installed with the filters or grat-

ings.
Gl ] GV l oU GU l
GI ' GV l GU H GU l GV
. : | o ]
y 1 g r
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z NV || Nuv u y
LY [ [ S | I | S | S| S—
— =
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GI ;
i
T
- |
1.1° !
Figure 2 The Layout of the main focal plane of the CSST-SC.

Slitless spectroscopic observation is achieved by direct
dispersion in the imaging optical path using the trans-
missive blazed gratings. Each CCD corresponds to two
gratings, and the working order of each grating is biased
towards the direction of the opposite grating, thereby en-
suring that the spectra of all astronomical objects within
the corresponding FoV of the CCD fall on the photosen-
sitive surface of this CCD. To alleviate the problem of
spectral overlap of astronomical objects, the dispersion
directions of the upper and lower gratings are rotated
relatively, and the rotation angle is only 2° due to struc-
tural limitations. In the case that the effective radius of
most galaxies detectable by the slitless spectroscopy is
less than 0.3” and the surface density is only a few per
square arcminute, a 2° rotation can work effectively.
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— Multi-color imaging
—— Slitless spectroscopy
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Figure 3 The transmission curves of the seven photometric imag-
ing bands, i.e. NUV, u, g, r, i, z, and y (solid curves), and three
slitless spectroscopic bands, i.e. GU, GV, and GI (dashed curves)
for the CSST-SC [13].

The CSST-SC plans to conduct cumulative observa-
tions for approximately 7 years during the 10-year or-
bital period, obtaining wide-field survey data of 7-band
photometric imaging and 3-band low-dispersion slitless
spectroscopy in a 17,500 deg? sky area, as well as deep-
field survey data of 400 deg? in these bands. At the same
time, the near-IR two-band (i.e. J' and H’) imaging
and slitless spectroscopic observations covering 0.9-1.7
pm will be carried out in small sky areas.

The CSST wide-field survey mainly covers the mid-
high galactic latitude and mid-high ecliptic latitude re-
gions. The g-band magnitude limit can reach 26 (for
point source, 5o-, AB magnitude). It is expected to ob-
tain the photometric data of more than 1 billion galax-
ies and 1 billion stars, as well as hundreds of millions
of spectra. It will be the most important dataset for
CSST frontier research, and will also provide high-value
observational targets for the other four CSST scientific
instruments and other telescopes.

3.4 Other instruments

3.4.1 MCI

The MCI divides the optical path into three channels:
near-UV (255-430 nm), optical-blue (430-700 nm) and
optical-red (700-1000 nm), achieving the function of si-
multaneous imaging of the three channels. It also adopts
a relay optical system for focus of expansion to obtain
an angular size of 0.05” per pixel and a dynamic image
quality Rgggg < 0.18”. Each channel of MCI uses a CCD
to cover the 7.5" x 7.5 FoV, and the filter is switched
through a wheel to meet the observational requirements
of different scientific goals [17].
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The MCI is equipped with a total of 30 filters, with
10 filters for each channel. Among them, 4 filters cover
the entire FoV, and 6 filters cover 1/4 of the FoV. The
near-UV channel CBU filter, optical-blue CBYV filter, and
optical-red CBI filter basically cover the spectral range
of the channel, and will be used in the observation of
the MCI XDF of ~300 arcmin?, with magnitude limits
CBV > 30, and CBU and CBI > 29. The filters NUV, u,
r, zand y can be used to assist the flux calibration of the
SC. The remaining ones include the narrow-band, mid-
band and broad-band filters, mainly used in scientific
research such as high-redshift (high-z) and neighboring
galaxies, and ionized gas [17-19].

The key tasks of MCI include establishing high-
precision flux calibration catalog of standard stars and
conducting the UV and optical XDF observations. The
former provides a guarantee for the CSST survey to
achieve high-precision photometry, while the latter will
achieve an unprecedented exposure depth in the UV and
optical bands, and play a key role in the research of the
joint evolution of galaxies and black holes, strong grav-
itational lensing of galaxy clusters, SN Ia cosmology,
asteroids and drastically changing objects.

3.4.2 IFS

The IFS uses an image splitter with a cutting unit of
0.2” to divide the FoV into 32 units, and disperses these
units within 0.35 -1 um in two bands of red and blue to
obtain the spectrum of each unit. It has a FoV greater
than 6”7 x6”, a spatial resolution of ~ 0.2”, and a spectral
resolution R > 1000, covering the entire optical band of
0.35 — 1 um in the three-dimensional spectroscopic ob-
servation.

The IFS transmission efficiency combined with the de-
tector efficiency is more than 40% on average in the two
main red and blue bands. The detection capability of
the surface source requires that the signal-to-noise ratio
(S/N) of a single spectral resolution unit for the tar-
get source with a surface brightness of 17 mag/arcsec?
in the B band should be >10 after 20 X 300 s exposure
stacking. The detector readout noise is approximately
5.5 e  /pixel, which is usually the main source of noise
during IF'S observations. In practice, the detectors can
be combined for read out, which can provide the pos-
sibility of further improving the detection efficiency for
sciences that do not require high spectral resolution or
spatial resolution.

The observation of IFS can simultaneously obtain the
two-dimensional structure and spectral information of
the target, which is suitable for the research that re-
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quires spatially analyzing the chemical composition or
physical properties of the observational target, such as
the physical properties of the core region near the SMBH
at the center of the galaxy, the co-evolution of galaxies
and black holes, star formation in specific environments
within galaxies, the dynamic properties of the source
galaxy of the strong gravitational lensing and its dark
matter distribution, Galactic nebulae, TDEs, Solar Sys-
tem objects, etc.

3.4.3 CPI-C

The CPI-C adopts pupil modulation and high-precision
wave aberration correction technology to suppress the
diffraction photons and speckle noise generated by the
primary optical system, achieving ultra-high contrast
imaging of exoplanets (< 10~® in 600-900 nm, and the
high-contrast inner working angle (IWA) is not greater
than 0.55” at 633 nm).

The CPI-C aims to search for mature Jupiter-like
planets and super-Earths located in nearby solar-like
stars from the habitable zone to the snow line (0.8-5
AU). Tt can perform ultra-high contrast direct imaging
detection and multi-band photometry research on these
targets, and carry out high-contrast imaging detection
and studies on circumstellar disks and zodiacal dust, pro-
viding important observational evidence for the theory
of planet formation and evolution.

344 TS

The TS mixes the 0.41 — 0.51 THz signal received by
the primary optical system with the signal generated by
the local oscillator signal on a superconducting mixer
(the refrigerator provides an operating temperature of 8
K, and the mixer works in the superconducting state),
and then performs Fourier transform on the intermedi-
ate frequency signal obtained by mixing to obtain the
spectral information of the observed signal. The instan-
taneous bandwidth (IBW) of each of the two TS chan-
nels is over 1 GHz, the frequency resolution is better
than 100 kHz, and the instrument sensitivity with 200 s
integration time is better than 150 mK (30).

TS will be used to conduct spectral line surveys and
CI mapping observations, detect the chemical compo-
sition of astronomical objects and ISM, search for new
molecular species, reveal the atomic and molecular phase
transition processes in galaxy evolution, study the for-
mation and evolution mechanisms of molecular clouds,
and combine with other multi-band observational data
to deepen the understanding of the structure formation,
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dynamical evolution, chemical evolution and star forma-
tion process of nearby galaxies.

4 Observation

After CSST enters orbit, it will perform on-orbit testing
to fully verify the system functions and performance,
complete the initial calibration, and obtain the opera-
tion control parameters. After that, it will enter the
scientific operation phase, including early scientific ob-
servations, multi-color imaging and slitless spectroscopic
surveys, establishment of a high-precision flux standard
star catalog, XDF observations, free application obser-
vations, and target of opportunity (ToO) observations.

4.1 Observation strategy

The survey strategy of the CSST main survey is deter-
mined by the survey scheduling algorithm. The algo-
rithm assigns weights to various constraints and require-
ments (e.g. orbital environment, hardware, and opera-
tion control), selects the current optimal direction, forms
a direction sequence of about 6 to 7 years, and adjusts
the weights to meet the requirements of survey depth
and area, as well as a small number of other observation
requirements.

The MCI, IFS, CPI-C and TS each observe for about
4.5 months during the scientific operation period (ex-
cluding parallel observations), which mainly depends on
the observation window of the targets or areas within
one year and one orbit. Usually, several pointing direc-
tions are arranged in one orbit for observation.

For the ToO observations, the CSST can point to the
right position in a few minutes. Considering it may take
at least several hours for a scientific module to start
up and cool down, observations requiring fast response
should use the currently working module.

4.2 SC observation

The CSST main survey performed by the SC aims to
achieve the following goals:

1. 17,500 deg? multi-color imaging wide-field survey:
Focus on observing the middle and high Galactic
and ecliptic latitudes (dark blue regions in Fig-
ure 4). Each sky area is covered by each photo-
metric band at least twice, with a single exposure
time of approximately 150 s. The magnitude limit
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The preliminary planned survey fields of the CSST-SC (ecliptic coordinates). The deep and light blue regions are the survey

areas of the CSST 17,500 deg? wide-field and 400 deg? deep-field surveys, respectively. The yellow regions show the selected sky areas
that Euclid has completed as CSST priority observations. The 9 deg? UDF and microlensing observations of Galactic bulge area are

shown in green and red regions, respectively.

of the g band is not less than 26 mag, and the av-
erage magnitude limit of the NUV, u, r, i, and z
bands is not less than 25.5 mag.

2. 17,500 deg? siltless spectroscopic wide-field survey:
The survey area is the same as that of the multi-
color imaging wide-field observation, and the two
observations are performed simultaneously. The
magnitude limit of the GU band is not less than
22 mag, and that of the GV and GI bands is not
less than 23 mag.

3. 400 deg? multi-color imaging deep-field survey:
Multiple sky areas will be selected throughout the
entire sky, with a total area of not less than 400
deg? (e.g. the light blue regions shown in Figure 4).
The magnitude limit is at least one magnitude
deeper than the multi-color imaging wide-field sur-
vey. Each sky area is covered by each photometric
band at least 8 times, and the single exposure time
is approximately 250 s.

4. 400 deg’ slitless spectroscopic deep-field survey:
The sky area is the same as that of the multi-
color imaging deep-field survey, and both obser-
vations are performed simultaneously. The mag-
nitude limit of the GU band is not less than 23
mag, and that of the GV and GI bands is not less
than 24 mag.

The preliminary results of the survey simulation show
that the SC can complete 19,500 deg? of wide-field and
450 deg? of deep-field in 7-year observation, with nearly
700,000 exposures, and an average of nearly 300 shots
per day. In actual operation, it is expected that 10% of
the exposures will be used for calibration observations,
and the area that can be completed will be reduced ac-
cordingly.

In addition, the SC may also perform other observa-
tions, such as selecting priority observations of some sky
areas that Euclid has completed (e.g. the yellow regions
in Figure 4), 9 deg? UDF observations (60x250 s, g > 28,
e.g. the green region in Figure 4), microlensing obser-
vations of Galactic bulge area (red region in Figure 4),
and observations of the Milky Way and nearby galaxies.

4.3 MCI observation
The key tasks of the MCI are:

1. Establish the CSST high-precision flux standard
star catalog, assisting the SC and other scientific
instruments to achieve high-precision flux mea-
surement of astronomical objects.

2. Carry out XDF observations, with a depth of 0.2
magnitude deeper than the Hubble Space Tele-
scope (HST) XDF, achieving the deepest obser-
vations in the near-UV and optical bands.

In addition, MCI will also be widely used in the obser-
vation and research of static universe and time domain
astronomy.

The flux standard stars include primary standard
stars (e.g. GD71, GD153 and G191B2B) and MCI-
selected secondary standard stars (18-19 mag, evenly
distributed throughout the sky). The MCI will observe
using the same u, r and z bands as the SC, and the cu-
mulative S/N of each band after multiple observations
is greater than 1000. The flux standard stars can be
arranged for observation in the sunlit area and revisited
once a year.

The MCI XDF observations will be conducted in the
CBU, CBV and CBI bands in the Earth’s shadow region,
with a cumulative exposure of 510,000 s in each band and
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magnitude limits of no less than 29, 30, and 29, respec-
tively. Six directions will be selected for the XDFs, to-
taling 300 arcmin?, of which four directions will be used
to observe galaxy clusters. The HST XDF is tentatively
selected as one of the CSST XDFs, and is planned to be
completed in the first two years of scientific operation.
The remaining XDFs will be completed roughly simulta-
neously in the following seven years. MCI can conduct
observations in parallel with IFS or CPI-C, obtaining
additional valuable observational data.

4.4 TFS observation

The IFS mainly observes brighter sources, such as
SMBHs and their surrounding environments, star form-
ing regions, gravitational lensing objects, and planetary
nebulae, bulge regions and star clusters in the nearby
Universe. The IFS FoV is only 6” X 6", and the direc-
tion needs to be accurately adjusted through the survey
platform and fast steering mirror to ensure effective cov-
erage of the targets. Most IFS targets require multiple
exposures to accumulate the spectral S/N. If each tar-
get needs to be exposed for 2 hours, based on the IFS
observation window in the current CSST observation ar-
rangement, it is expected that about 600 targets can be
observed.

IF'S can carry out observations in parallel with MCI or
CPI-C. When other modules are used as the main obser-
vation, IFS can capture the sky background or perform
internal calibration.

4.5 CPI-C observation

The CPI-C uses thousands of FGK-type stars within 40
pc of the Sun as its main targets, searching for possi-
ble planets near these stars through high-contrast imag-
ing observations. The distances of these stars from
the Earth are much smaller than the thickness of the
Milky Way disk, so they are basically evenly distributed
throughout the sky.

The CPI-C adopts the staring mode for observation.
In order to achieve better calibration of system aber-
rations and avoid FoV occlusion, the telescope can be
rotated around the visual axis by a certain angle after
completing a staring observation. Through the quasi-
static aberrations at different rotation angles and the
position changes of the exoplanet target, the quasi-static
aberrations can be partially removed to improve the tar-
get S/N. Such continuous shooting conditions need to be
considered when arranging observations.
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4.6 TS observation

The TS performs observations mainly around the follow-
ing three scientific goals:

1. Galactic gas cycle: On-The-Fly (OTF) mapping
observations of nearby molecular clouds, CO dark
clouds, massive non-nebular cores, massive pro-
tostellar objects, and ultra-compact HII regions,
with a total effective observation time of 450 hours.

2. THz spectral line survey: Single-point deep obser-
vation of high and low-mass star-forming regions,
carbon stars, and low-mass protostars. The cumu-
lative effective observation time for a single source
is expected to be 50 — 100 hours.

3. M31 neutral carbon survey: CI mapping observa-
tions of M31 are conducted with an area of 4° x 1°
in the OTF mode for approximately 450 hours.

Candidate targets have been collected for these sci-
entific objectives, and after simulation verification, ob-
servations of these sources can be completed within the
allocated observation windows.

4.7 ToO observation

ToO are observations that are arranged in a short period
of time for targets that cannot be pre-specified under
certain triggering conditions, such as important astro-
nomical events. CSST will arrange rapid response ob-
servations with appropriate time when necessary to seize
the extremely rare scientific opportunities provided by
time-domain astronomy.

5 Data

5.1 Data processing

The raw data generated by CSST in its ten-year oper-
ation is close to 5 PB. After processing, at least 30 PB
of data products will be generated. The CSST scientific
data processing system runs in a cloud computing envi-
ronment and utilizes high-throughput computing capa-
bilities to complete the processing of massive data.

The CSST Scientific Data Processing System gener-
ates level-1 and level-2 data products based on the origi-
nal observational data (level-0 data). Level-1 data refers
to scientific data that has been corrected for instrument
effects and calibrated. Level-2 data refers to data prod-
ucts that have been further analyzed on the basis of
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level-1 data to form catalogs and complete the extrac-
tion of preliminary scientifically usable parameters, in-
cluding model photometry of galaxies, photometric red-
shift (photo-z), stellar atmospheric parameters, etc. The
CSST data products include:

1.

SC multi-color imaging data: To form level-1 scien-
tific image data, the output images of each photo-
electric detector are processed by instrumental ef-
fect correction and cosmic ray effect removal, and
position and flux calibration are also performed.
On this basis, level-2 merged image data (multi-
color images of multiple observations of the same
sky area are merged to increase the magnitude
limit) and level-2 catalog data are formed. The
catalog data will include the position, flux, mor-
phology and other parameters of the detected as-
tronomical objects and their errors.

. SC astrometric data: Carry out target extraction,

centering and astrometry of single-frame images to
generate level-1 astrometric scientific data. Carry
out astrometric parameter estimation for the sky
area that has accumulated multiple observation
data. Identify the fast-moving Solar System ob-
jects in the image, and determine the orbits and
classification for the targets of multiple observa-
tions. Finally, generate level-2 astrometric data
products including astrometric catalogs and So-
lar System fast-moving object ephemerides with
parameters such as the three-dimensional position
and motion of astronomical objects.

. SC slitless spectroscopic data: The level-0 two-

dimensional spectral image of each photodetec-
tor is processed to generate the level-1 two-
dimensional spectral scientific image data. After
flux and wavelength calibration, the level-1 one-
dimensional spectral data are generated. On this
basis, the level-2 catalog data are generated, which
will include parameters such as redshift, informa-
tion of emission line and their errors.

. MCI data: Instrumental effect correction, back-

ground light and cosmic ray removal, and calibra-
tion are performed to form level-1 scientific image
data. Based on the above data, the merged image
data, image subtraction data, and level-2 catalog
data are generated according to scientific needs.

. IFS data: Perform instrumental effect correction,

background light and cosmic ray removal, spec-
trum tracking and other processing to generate

xx (2025) Vol. xx No. x

000000-12

the level-1 single-exposure three-dimensional spec-
trum data cube, and perform multiple exposure
stacking, wavelength and flux calibration to gen-
erate the level-1 three-dimensional spectrum data
cube. Further perform spectral line and continu-
ous measurement processing on the level-1 data,
and use the measurement results to generate the
level-2 scientific data cube.

. CPI-C data: Perform instrumental effect correc-

tion, background light and cosmic ray removal and
other processing to generate level-1 image data.

. TS data: Pointing correction, frequency and speed

correction, position correction and efficiency cor-
rection are performed to form the standard spec-
tral line level-1 data with fixed integration time.
The spectral line data of the same sky area and the
same frequency are merged to generate the level-2
data product.

8. On-orbit calibration data:

(a) On-orbit calibration of focal plane instru-
ments: Each focal plane instrument compares
the processing results of the fluxes and po-
sitions of the standard stars in each band
with the known results, and obtains the corre-
sponding calibration data as the on-orbit cal-
ibration data product for other observational
data processing. After the reference image
data collected by each focal plane instrument
is processed by image merging, etc., the level-
1 reference image data is formed and used in
the observational data processing.

(b) Cross-calibration between instruments: The
MCI can conduct dedicated on-orbit calibra-
tion observations of the SC standard stars for
the calibration processing of the SC. The IFS
needs to be accompanied by the MCI dur-
ing observation to obtain calibration data.
The data is processed according to the nor-
mal data processing pipeline of the MCI and
forms the calibration data products required
by the IFS.

9. Simulation data: Before entering orbit, simulated

CSST observations are performed based on the de-
sign and operation characteristics of the primary
optical system and scientific modules. The output
photometric images and spectral data are used to
verify the effectiveness of the scientific data pro-
cessing pipeline. After entering orbit, as the al-
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gorithms and parameters of the data processing
pipeline are updated, the same simulation research
of observational data still will be carried out.

5.2 Data management

China Manned Space Program uses a space-based track-
ing and control system supported by the “Tianlian” relay
satellites. In the CSST mission, the tracking and con-
trol communication system is responsible for both data
downlink and tracking and control management. The
scientific and engineering data packets of the CSST are
downlinked to the ground stations through relay satel-
lites, and then transmitted to the Space Application Sys-
tem. The tracking and control coverage is arranged ac-
cording to demand, and the data downlink rate is 1.2
Gbps.

The Space Application System is responsible for es-
tablishing the ground facilities of CSST, including the
Payload Operation Management Center, the Science and
Application Data Center, the Scientific Data Processing
System, and the Astronomical Data Science Center. The
Payload Operation Management Center is the hub of
CSST operation, and is responsible for CSST operation
management and status monitoring. The Science and
Application Data Center is responsible for the construc-
tion and operation of the public cloud, and the quality
analysis, archiving, storage and external release of the
level-O~level-2 scientific data products. The Scientific
Data Processing System generates the level-1 and level-
2 data based on the public cloud platform.

In addition, the Digital Telescope System is also under
development, providing digital support for understand-
ing the CSST operating status and abnormal monitor-
ing. To support CSST scientific data research, the CSST
Data Science Center is established, which connects to
the public cloud system. On the one hand, it can pro-
vide the storage and computing resources for CSST long-
term tasks, and on the other hand, it can make full use
of the artificial intelligence (AI) technology.

5.3 Data release

The data policy of CSST is similar to that commonly
used in the international astronomical community. The
specific regulations of CSST on the protection objects,
protection period setting, and regular release of scien-
tific data at all levels will be announced later. The data
planned for regular release includes:

e Simulation data: Numerical simulation data of the
CSST generated by the scientific data system, including
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survey strategy simulation, mock catalog, simulated ob-
servational data including instrument effects and various
physical effects, etc.

e Level-0 scientific data: Photometric images, spectra
and other data generated by telescope observations after
protocol unpacking and regularization, as well as aux-
iliary data from additional platforms and instruments,
such as pointing, exposure time, shutter characteristics,
detector parameters, FGS pointing solution, etc. Other
downlink engineering data are generally not released sep-
arately, and scientific users can obtain them after sub-
mitting an application according to the process.

e Level-1 scientific data: Single-exposure imaging
data and two-dimensional slitless spectroscopic images
after deducting various instrument effects and complet-
ing calibration, spectral data cube, etc. Level-1 data
also includes relevant additional information, such as
observation information (e.g. exposure time, observa-
tion quality, calibration file history of the observed ob-
ject, etc.), PSF model, optical distortion image, shield-
ing area (mask), etc.

e Level-2 scientific data: Merged imaging data, one-
dimensional spectral data; list of basic physical property
parameters of astronomical objects, including photomet-
ric and spectral data, and basic physical parameters and
their errors obtained after data processing.

After the latest raw observational data is downloaded
and the above data products are generated, the interme-
diate products will be provided to the CSST scientific
team during the internal testing period for data quality
verification. The publication of papers during the in-
ternal testing period must go through a certain review
process. The official data product is regularly released
to domestic and foreign scientific teams every two years,
and the final data includes all the observational data
over a 10-year (or full life cycle) period.

The data collected by CSST for free application ob-
servations are subject to a certain applicant-exclusive re-
search protection period, after which the data products
are released publicly.

6 Science

The CSST Science Committee is organized to guide
CSST scientific research and review top-level scientific
policies. Five science centers have been established, i.e
the Peking University Science Center, the NAOC (Na-
tional Astronomical Observatories, Chinese Academy of
Sciences) Science Center, the Yangtze River Delta Re-
gion Science Center, the Guangdong-Hong Kong-Macau
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Greater Bay Area Science Center, and CSST Data Sci-
ence Center, to provide support platforms for the CSST
scientific teams. The NAOC Science Center also serves
as the CSST Joint Science Center, collaborating with
all the science centers to jointly plan and manage CSST
scientific projects.

Based on the CSST scientific objectives, CSST scien-
tific teams will conduct extensive and in-depth scientific
research in relevant fields, such as cosmology, galaxy and
AGN, the Milky Way and nearby galaxies, stars, exo-
planets, the Solar System objects, astrometry, and tran-
sients and variable sources. In this section, we discuss
the scientific potential of the CSST in these fields.

6.1 Cosmology

Cosmology is the science that explores the origin and
evolution of the Universe, the composition and prop-
erties of matter, and the laws of fundamental interac-
The development of theories and observations
over the past century has greatly deepened the under-
standing of the Universe, and established a picture of

tions.

the evolution of the Universe from the beginning to ~14
billion years. In this framework, the Universe experi-
enced an extremely early inflation phase dominated by
the quantum vacuum field, and then entered the phase
dominated by radiation and matter. At the beginning
of the Big Bang, the Universe was in a high temperature
and density state, and matter in the Universe existed in
the state of relativistic elementary particles. As the Uni-
verse expanded, the temperature gradually dropped, and
baryons, atomic nuclei, and atoms were formed. Subse-
quently, stars, galaxies, galaxy clusters and so on grad-
ually emerged, eventually forming the current Universe
with rich structures.

However, there are still many fundamental questions
that remain unanswered at present, including the phys-
ical mechanism of the early inflation process, the nature
of dark energy and dark matter, the mass and properties
of neutrinos, and the fundamental properties of gravity,
etc. These are major issues in cosmological research in
the 21st century and the main scientific goals of various
cosmological survey projects.

As one of the Stage-IV survey projects, CSST will uti-
lize its high-resolution, multi-band photometry and slit-
less spectroscopic surveys to provide high-quality and
massive data for cosmological research. It will conduct
research on the above major scientific issues through cos-
mological probes, such as gravitational lensing, galaxy
clustering, galaxy clusters, supernovae, etc., and collab-
orate with other observational projects.

xx (2025) Vol. xx No. x 000000-14

6.1.1 Dark energy

Explaining the accelerating expansion of the Universe is
one of the greatest challenges in modern astronomy. Ac-
cording to Einstein’s general theory of relativity, a uni-
verse that only contains matter (e.g. baryonic matter,
dark matter, photons, neutrinos, etc.) can only expand
at a deceleration rate but not at an acceleration rate.
Theoretically, accelerating expansion implies that either
about 70% of the energy in the Universe is provided by
the so-called “dark energy” with negative pressure, or
that general relativity needs to be modified on cosmo-
logical scales.

The physical property of dark energy is mainly deter-
mined by the ratio of its pressure p to energy density p,
i.e. the equation of state w = p/p. For example, in the
ACDM model, dark energy is the cosmological constant
and can be seen as vacuum energy, that we have w = —1.
On the other hand, in dynamical dark energy models, w
is a function of the redshift z, which can be seen as a
scalar field, e.g. quintessence with w > —1 [20], phan-
tom with w < =1 [21], and quintom with w crossing —1
[22]. Therefore, it is crucial to reconstruct the evolution
history of w from astronomical observations for studying
the nature of dark energy.

One of the commonly used forms of w is the
Chevallier-Polarski-Linder (CPL) parameterization [23,
24], which takes the form as

Z
= + wa(l - = + wq P 1
w=wy + wu(l —a) =w Wa T (1)

where a = 1/(1 +z) is the scale factor, and wy = w(a = 1)
and w, = —dw/da. Therefore, the two parameters have
clear physical meanings, and different dark energy mod-
els can be naturally classified in the wy — w, parameter
space. Besides the parameterization method, we can also
use the non-parameterization method to study the prop-
erty of dark energy without assuming the form of w(z)
to obtain more accurate result in principle.

At present, various cosmological probes have been
used to precisely measure the properties of dark energy,
including SN Ia [25-27], BAO [28,29], weak gravitational
lensing [30, 31], cosmic microwave background (CMB)
[32-34], etc. In particular, the current constraint results
from DESI BAO measurements tend to favor the dynam-
ical dark energy model over the ACDM model [35-37],
which is in tension with the results from previous mea-
surements. This indicates that we need more accurate
data from different cosmological probes to further inves-
tigate the evolution of dark energy with redshift.

CSST can explore the nature of dark energy with high
precision by various cosmological probes in a large red-
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shift range, e.g. weak and strong gravitational lensing,
galaxy angular and redshift-space clustering power spec-
tra, galaxy cluster, cosmic void, SN Ia, BAO, redshift-
space distortion (RSD), etc.

6.1.1.1 Weak gravitational lensing

The weak gravitational lensing is sensitive to both of the
matter distribution and expansion history of the Uni-
verse, which are tightly related to the property of dark
energy. By studying weak lensing, especially in different
tomographic redshift bins, we can effectively constrain
the equation of state of dark energy. The CSST photo-
metric imaging survey can perform high-precision weak
lensing measurements as its main cosmological probe.
The high-resolution and multi-band observations of the
CSST will provide high-quality data for the shear and
photo-z measurements.

The signal of weak gravitational lensing, as its name
implies, is weak and particularly sensitive to systematics.
Therefore, it is necessary to perform detailed studies on
various possible observational and physical systematic
errors, which come from the calibrations of shear and
photo-z measurements, galaxy intrinsic ellipticity and
alignment, baryonic feedback and non-linear effects, etc.
[38].

For the shear calibration, to achieve the capability of
the CSST cosmological study, an accuracy at the level
of one-thousandth is required, which is extremely chal-
lenging. We need to carefully study the systematic errors
caused by undersampling, detector effects, etc. At the
same time, detailed numerical simulations are required
to provide accurate PSF models for helping construct
the PSF using stars. Besides, CSST-MCI also can help
to calibrate the shape of galaxies, since the magnitude
limit of its XDF observation is about three magnitudes
deeper than the SC wide-field survey and its spatial res-
olution also can match that of the SC.

On the other hand, for the upcoming weak gravita-
tional lensing surveys like CSST, the required photo-z
accuracy is extremely high, with the accuracies of the
redshift bias Az being at the level of one thousandth and
the scatter o, is at the level of one percent. CSST has
the wavelength coverage from near-UV to near-IR, with
a total of seven bands, which has advantages for accu-
rately measuring photo-z. Using the traditional spectral
energy distribution (SED) fitting method, it is found
that o, can achieve ~ 0.03, and the outlier or fraction
of catastrophic redshift is less than 5% [14, 18] for the
CSST photometric survey. When adopting the machine
learning methods with appropriate training data from
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spectroscopic surveys, o, can be better than 0.02 and the
outlier fraction will be less than 3% [39-44]. When con-
sidering the measurements in the other bands from other
telescopes, e.g. Fuclid Y, J and H bands, the photo-z ac-
curacy can be further significantly improved [14,45].

It is expected that the CSST 17,500 deg® wide-field
photometric survey can obtain more than one billion
galaxy images with a spatial resolution higher than 0.15”
and a number density of ~ 28 arcmin~2, and the galaxy
redshift distribution has a peak abound z = 0.6 —0.7 and
can extend to z > 4 [15]. Based on the results derived
from Jiutian simulations [46] and theoretical predictions,
the shear two-point correlation functions or power spec-
tra in different tomographic redshift bins can be pre-
cisely measured at 0 < z < 3, and the constraint accuracy
of w can reach ~ 10% level when only using the data of
the CSST shear measurements [47-50].

In addition, since the weak lensing effect is closely re-
lated to the LSS, the main signal comes from the nonlin-
ear structures, which is highly non-Gaussian. Hence, the
shear two-point correlation cannot reflect all the cosmo-
logical information. On the other hand, the peak statis-
tics of weak lensing are concentrated in nonlinear regions
and highly complementary to the shear two-point statis-
tics [51-53]. The constraint strength of w can be further
improved when cooperating the two weak lensing probes.

The weak lensing survey also can cross-correlate with
galaxy angular clustering measurement to obtain three
two-point correlation functions (3x2pt) for cosmologi-
cal constraints, i.e. shear, galaxy angular and galaxy-
galaxy lensing correlation functions or power spectra.
The 3x2pt data can effectively break the degeneracies
between model parameters, and improve the constraints
on the cosmological parameters and significantly sup-
press the effects of systematics, e.g. photo-z uncertain-
ties [49]. In Figure 5, we show the constraint results of
Q, — o and wy — w, from the CSST 3x2pt surveys (see
blue contours), where Qy, is the total matter density pa-
rameter and o is the amplitude of matter fluctuation on
the scale of 8 ~~'Mpc. The systematics from the shear
calibration (multiplicative and additive errors), photo-z
uncertainties (redshift bias and scatter), intrinsic align-
ment, galaxy bias, non-linear effects and instruments,
have been considered in the analysis. The details can
be found in [48]. We can find that the CSST 3x2pt
surveys can constrain Q,, og, and equation of state of
dark energy with accuracies ~ 3%, ~ 1%, and ~ 8%,
respectively.
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Figure 5 The predicted contour maps of Qn, vs. og and wy vs. w, derived from the CSST 3x2pt, galaxy spec-z, and galaxy cluster surveys.
The 68.3% and 95.5% confidence levels (CLs) are shown. The gray dotted lines show the parameter fiducial values. The systematics have
been considered in the constraint process, such as the shear calibration, photo-z uncertainties, intrinsic alignment, galaxy bias, non-linear

and instrumental effects.

6.1.1.2 Galaxy redshift-space clustering

Besides multi-band photometric imaging survey, CSST
also will simultaneously perform the slitless spectro-
scopic wide-field survey with three bands, i.e. GU, GV,
and GI. The main targets of the CSST spectroscopic
survey are the emission line galaxies (ELGs) with He,
[O II1], and [O II] emission lines. The spectral resolution
R is higher than 200, and the spatial resolution is about
0.3”. It is expected that the CSST slitless spectroscopic
wide-field survey can obtain more than one hundred mil-
lion galaxy spectra with a surface number density 2 — 3
arcmin™? in 17,500 deg? survey area. The galaxy redshift
distribution has a peak around z = 0.3 and can extend
to z > 1.5 derived from the zCOSMOS catalog, which
means that the galaxy number density n, is greater
than 1072 43Mpc™ at 0 < z < 0.6 and 107 *Mpc™ at
0.6 <z < 1.2 [15].

In a spectroscopic survey, the galaxy clustering is
measured in redshift space, i.e. the redshift-space galaxy
power spectrum Pé(k, 1) at the linear regime in a spectro-
scopic redshift (spec-z) bin i, where k is the wavenumber
and u is the cosine of the angle between k and the line of
sight. Theoretically, P,y(k, 1) is dependent on several ef-
fects, e.g. the Alcock-Paczynski (AP) effect [54], Kaiser
effect [55], damping effect, and shot noise. The uncer-
tainty of Py(k, u) is tightly related to the galaxy selection
function, survey volume, galaxy number density and the
spec-z accuracy. The spec-z accuracy is one of the most
important sample-selection criteria in the CSST cosmo-
logical study.

For a slitless spectroscopic survey with relatively low

spectral resolution, it is challenging to obtain accurate
galaxy spec-z in data processing, which can be affected
by different effects, e.g. spectrum blending, wavelength
calibration, etc. Among the galaxy spectra measured
by CSST, a considerable portion may not meet the re-
quired CSST spec-z accuracy, i.e. o, = 0.002 — 0.003.
This will not only affect the number density of available
galaxies, but also may significantly change the galaxy
power spectrum at a redshift, due to the interloper
galaxies with incorrect redshifts. The spec-z accuracy
of the CSST slitless spectroscopic survey could be ef-
fectively improved by including the photometric data in
the redshift analysis or making use of machine learning
to achieve o, < 0.002 [39,56].

In Figure 5, the contour maps of Q,, —og and wy —w,
from the CSST slitless spectroscopic galaxy survey have
been shown. We can find that the constraint accuracies
of Qn,, 0g, and equation of state of dark energy are about
10%, 2%, and 20%, respectively, which are weaker than
the results of the CSST 3x2pt surveys.

6.1.1.3 Galaxy cluster

Galaxy cluster is the largest virialized system in the Uni-
verse with a typical mass 104 —10'5 M, which is formed
as a gravitationally bound system that has reached a
state of equilibrium. Since the formation of galaxy clus-
ters is tightly related to the LSS, they can be adopted
to constrain the property of dark energy, e.g. using the
number counts of galaxy clusters.

Accurately measuring the redshift and mass of galaxy
clusters is crucial in the cosmological study of galaxy
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clusters. CSST can simultaneously conduct photomet-
ric imaging and slitless spectroscopic surveys, which is
highly advantageous for the identification and verifica-
tion of galaxy clusters, as well as for measuring their
redshift and mass. We note that the redshift and mem-
bers of a cluster can be determined by the CSST spec-
troscopic observation, and the mass can be derived from
the gravitational lensing and richness measurements in
CSST photometric survey. Therefore, in principle, we
can precisely perform the number counts of galaxy clus-
ters in a mass range (2 10'* My) at a given redshift for
the CSST surveys.

At 0 < z < 1.5, which is the redshift range covered
by both CSST photometric and spectroscopic surveys,
about 200,000-400,000 galaxy clusters can be detected
according to the theoretical estimation based on the halo
mass function, and the peak of cluster redshift distribu-
tion is around z = 0.6 [48,57]. The constraint results of
Q. — og and wg — w, from the CSST number counts of
galaxy clusters are shown in red contours in Figure 5.
We can find that the constraint accuracies of Qp, og,
and equation of state of dark energy are ~ 5%, ~ 1%,
and ~ 13%, respectively, which are better than that
from the CSST galaxy redshift-space clustering measure-
ments. However, we should notice that, for other param-
eters, e.g. Q, and ng, the constraint power of the CSST
number counts of galaxy clusters could be worse than
the galaxy redshift-space clustering, due to low sensitiv-
ity to these parameters [48].

6.1.1.4 Cosmic void

In contrast to galaxy clusters, cosmic voids are regions
of low matter density in the Universe. It is characterized
by low density, large volume and linear evolution, which
is suitable to study the evolution of the LSS, property
of dark energy, and modified gravity theories. Since the
typical size of cosmic voids can range from 10 to 100
Mpec, it needs to explore extremely large survey volume
to have sufficient statistical significance for studying rel-
evant issues accurately.

The upcoming Stage-IV survey telescopes such as
CSST will probe more than ten thousand square degrees
of sky area with great depth and sensitivity. Hundreds of
thousands of cosmic voids are expected to be identified
in the CSST spectroscopic survey at 0 < z < 1.5 [58,59].
Using this spec-z void sample, we can precisely measure
the void size functions [58], void number counts [59], and
void power spectra [60] at different redshifts for inves-
tigating the equation of state of dark energy and other
cosmological parameters.
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Additionally, the CSST photometric survey also can
be used to measure the power spectra of 2-dimensional
(2D) voids in different photo-z tomographic bins in the
range 1 <z <2 [61]. Since the cosmic voids identified in
spectroscopic surveys are usually limited by low number
density and low redshift range, the 2D voids identified in
photometric surveys can be adopted to perform the cos-
mological constraints for eliminating these limitations.
As the result derived from Jiutian simulations, the con-
straint power on w from the 2D void power spectrum
is comparable to that from the galaxy angular cluster-
ing in the CSST photometric survey, with an accuracy
of ~ 15%. The constraint accuracy can be further im-
proved in the void and galaxy joint constraints, using
the 2D void auto, galaxy angular auto, and void-galaxy
cross power spectra [61].

6.1.1.5 SN Ia

The nature of dark energy determines the background
evolution of the late Universe, and SNe Ia at differ-
ent redshifts serve as “standard candles” for measuring
the background evolution of the Universe. By utilizing
SNe Ia, the distances at different redshifts can be mea-
sured, so that the evolution history of the Universe can
be accurately derived, and the nature of dark energy
could be investigated with high precision.

CSST-SC preliminarily plans to conduct a 9 deg? UDF
survey during the first two years, utilizing a single ex-
posure time of 250 s and a total of 60 exposures. This
means CSST can probe a patch of sky in the UDF av-
eragely every ~ 12 days, which is close to the best ca-
dence found in [62]. The magnitude limit of a single
exposure can reach i = 25.9 AB mag (50 detection for
point sources) in the photometric observation [16]. So
the CSST UDF photometric survey can effectively dis-
cover SNe ITa and precisely measure their light curves.

Using simulated CSST-SC SN Ia observational data,
it is found that after removing the contamination of core-
collapse supernovae (CCSNe) through methods such as
light curve fitting, the photometric observations of the
CSST UDF can obtain high-quality data of light curves
of more than 2,000 SNe Ia within two years [63]. It is
found that the fraction of high-z SNe Ia in the CSST
UDF survey is ~ 80% at z > 0.5 and ~ 15% at z > 1,
which is is very advantageous in constraining the dynam-
ical evolution of dark energy. Using this SN Ia sample,
the precision of constraints on cosmological parameters
such as the equation of state of dark energy can be im-
proved by almost twice compared to the current SN ITa
observation data [63].
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In addition, the CSST XDF planned by CSST-MCI
also will make significant progress in SN Ia cosmology.
The CSST-MCI can capture full-band light variation
events with a time scale of more than 5 minutes (1 hour)
for astronomical objects at a depth of at least 26 (27)
magnitude, which is very helpful in capturing high-z su-
pernovae in the CSST XDF, and can quickly and simul-
taneously determine their coordinates and approximate
redshift information. The CSST-MCI XDF observation
is expected to discover 100-200 SNe Ia at 1.0 <z < 1.5in
one year (2 hours of deep exposure per week), which can
help us gain a decisive understanding of the equation of
state of dark energy.

Besides the CSST UDF and XDF surveys, the CSST
wide-field survey also can detect a large number of SNe
in ten years. It is estimated that approximately 5 mil-
lion different types of SNe will be observed, among which
there are about 7,000 SNe Ia as the “gold” sample that
can be followed-up by time-domain telescopes [64]. This
is obviously can promote the SN Ia studies, help to mea-
sure the expansion history of the Universe and the equa-
tion of state of dark energy.

6.1.1.6 BAO and RSD

BAO and RSD can be used to measure the cosmic back-
ground expansion and structure growth history, respec-
tively, and provide observational support for the study
of dark energy. Therefore, the measurement of BAO and
RSD is one of the key scientific goals of almost all large
galaxy spectroscopic surveys.

BAO is caused by the fact that in the early Universe,
baryons and photons were coupled together, and under
gravity and pressure, oscillation was formed. This oscil-
lation caused the local matter fluctuations formed and
propagated outward as sound waves, i.e. BAO. It can
be seen as the “standard ruler”, which is roughly 150
Mpec, for measuring the cosmological distance and the
property of dark energy.

RSD is a measure of the anisotropy of three-
dimensional clustering caused by the peculiar motion of
galaxies. Affected by the local gravitational potential,
galaxies have peculiar velocities, and this information is
reflected in the redshift of the galaxies. In spec-z surveys,
the redshift of galaxies can be precisely measured. If the
sample is large enough, we can use statistical methods
to obtain information about the gravitational potential
and structure formation at a given redshift. The RSD
data can be directly used to constrain cosmological pa-
rameters, especially those related to structure formation,
such as the equation of state of dark energy.
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The CSST slitless spectroscopic survey can observe
17,500 deg? sky area, and obtain more than one hun-
dred million galaxy spectra and about four million AGN
spectra [65]. This indicates that CSST can not only
measure BAO with galaxies but also with AGNs over a
larger redshift range. By considering the reconstruction
technique, it is found that the CSST spec-z survey can
measure the two BAO scaling parameters ¢ and o, with
precisions ~ 1% using galaxies at 0.3 < z < 1.2. When
using AGNs, the precisions can reach ~ 3% at z < 3. By
combining the BAO data from CSST spec-z galaxy and
AGN surveys, the constraint accuracy of w is expected
to achieve ~ 9% [65].

We should note that, since the CSST-SC spectral reso-
lution R > 200 is relatively low, the spec-z accuracy may
not be higher than o, = 0.002, which may affect the
measurement of ¢ in the radial direction. Hence, it re-
quires o, < 0.005 for precisely measuring ¢ in the CSST
slitless spectroscopic survey [65,66]. Otherwise, we can
only measure «, accurately, or perform a 2D BAO mea-
surement with the CSST photometric data [67,68].

For the RSD observation, based on theoretical estima-
tion, CSST can measure the structure formation factor
fog with a precision of ~ 2% at 0.4 < z < 1, where f is
the growth rate. Compared with DESI, CSST RSD ob-
servation can constrain fog more accurately by a factor
of 2 at least at z < 0.6 [69], since CSST spectroscopic sur-
vey has larger survey area and deeper magnitude limit.
This means that the CSST spec-z survey can be com-
plementary to other spec-z surveys such as DESI. By
combining the CSST and other spec-z surveys, we ex-
pect to measure the equation of state of dark energy at
a high level of precision in a large redshift range.

6.1.1.7 Strong gravitational lensing

The strong gravitational lensing systems detected by
CSST also can be used to constrain the property of dark
energy [70]. There are several commonly used strong
lensing methods in cosmological study, such as the ve-
locity dispersion of lens galaxies and time delay between
multiple images.

In the study of the velocity dispersion of strong lens-
ing on the galaxy scale, by combining the strong lens-
ing of lens galaxies (mostly early-type galaxies) with the
observational data of stellar dynamics, the velocity dis-
persion (VD) of lens galaxies can be used as a statistic
to estimate the cosmological parameters and the mass
density profile of lens galaxies [71]. By generating and
analyzing the mock strong lensing sample in the CSST
photometric survey and considering DESI survey, it is
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found that the CSST lens galaxy VD data can provide
the constraint on w with an accuracy higher than 20%,
which is several times higher than the result from the
current measurements.

For the strong lensing time delay measurement, due
to the luminosity variation of the variable source, e.g.
AGNs, supernovae, kilonovae, etc., we can measure the
time delay between different images reaching the Earth.
At the same time, through high-resolution imaging of
the host galaxy light arc, the gravitational potential of
the lens also can be measured. With the information of
time delay and gravitational potential, we can get a mea-
surement of the so-called “time delay distance” [72,73].
This quantity is a combination of three angular diameter
distances, depends on the redshift of the source and the
lens, and reflects the space-time geometry information.
The time delay distance is highly dependent on the Hub-
ble constant, and also dependent on other cosmological
parameters such as the dark energy equation of state.
Due to the high spatial resolution, large FoV and multi-
bands, CSST is very beneficial for the search of these
sources. When cooperating with follow-up observations
of other telescopes, the CSST strong lensing time de-
lay measurement will also provide strong constraints on
cosmic expansion history and the nature of dark energy.

Besides, the Multiple Source Plane (MSP) system,
which is a special strong gravitational lensing system
and has two or more background sources at different red-
shifts in the line of sight, also can be used to constrain
the cosmological parameters, such as w and Q. Since
the background sources at different redshifts correspond
to different Einstein radii in the lens plane, this type
of system is also called a multiple Einstein ring system.
With the launch and operation of the new generation
of space survey telescopes, such as Euclid and CSST,
it is expected that about 100,000 strong gravitational
lensing systems will be observed, including about 2,000
Double Source Plane (DSP) systems [74] and dozens of
triple source plane systems [75]. The key information
contained in the MSP system is the relative distance
scaling factor 8 in the multi-plane lens equation. It is
independent to the Hubble constant and the distance be-
tween the observer and the lens, and can reflect the ratio
of the critical surface density corresponding to different
background sources and the same foreground lens.

It is expected that, about 60% of the strong lensing
systems observed by CSST are located at z > 0.5, and
about 15% at 1 < z < 2 [74]. Therefore, The MSP
system in the CSST strong lensing sample can provide
a supplementary tool for studying the proportion and
evolution of dark matter components in the Universe
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at z < 2. Besides, we can not only use MSP systems
independently, but also combine the MSP system with
other cosmological probes (such as CMB, BAO, time
delay, etc.) to more accurately constrain Q, and w.

By combining all the CSST data discussed above and
perform a joint fit, the constraint accuracy of w is ex-
pected to be higher than 5%, and the redshift evolution
of w can be precisely measured by the CSST cosmologi-
cal survey.

6.1.2 Dark matter

Dark matter is the most important component of the
Universe besides dark energy, accounting for more than
80% of the total amount of matter, far more than ordi-
nary baryonic matter that can produce electromagnetic
radiation. Baryonic matter falls into the dark matter
gravitational potential well under the action of gravity,
and is considered to be the driving factor for the forma-
tion of cosmic structures from galaxies to galaxy clusters
and even larger structures like superclusters and fila-
ments. Evidence for the existence of dark matter comes
from its gravitational effects on photon propagation and
baryonic matter. It was first discovered in 1933 in the
measurement of galaxy velocity dispersion within galaxy
clusters. Since then, it has been confirmed that it is
ubiquitous on various scales from galaxies to the entire
Universe, but its physical nature has always been an un-
solved mystery. With the help of gravitational lensing
observations, we can observe how these non-luminous
matter are distributed in the Universe and infer their
nature through the structures they form.

The CSST survey will accurately measure the dark
matter structure at various scales since the redshift
z = 1.5, trying to answer several of the most impor-
tant questions about dark matter: Is dark matter cold?
Do dark matter particles have self-interactions? What is
the structure evolution of dark matter on cosmic scales?
How do galaxies form and evolve in dark matter halos?

At small scales, the main method for measuring dark
matter is through the dynamics of stars, gas or globular
clusters and strong gravitational lensing, while at large
scales, weak gravitational lensing is used as the main
means to obtain dark matter distribution.

6.1.2.1 Cold and warm dark matter

Since the 1980s, the cold dark matter (CDM) model has
achieved great success. This type of dark matter had
only very small kinetic energy in the early Universe, so
it is called “cold” dark matter. In such a universe, small
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structures are formed first and grow into large struc-
tures through mergers. At present, the cold dark matter
model can well explain most cosmological and galaxy for-
mation observations, but the corresponding CDM par-
ticles have not yet been discovered. Weakly interacting
massive particle (WIMP) is currently the most promis-
ing CDM candidate, but no confirmation of the existence
of WIMP has been found.

In recent years, with the observations such as X-ray
emission lines in the center of galaxy clusters and the
problems such as “missing satellite” problem, the possi-
bility of another type of dark matter model, i.e. “warm”
dark matter (WDM), has been considered. This type of
dark matter model can give observational predictions of
galaxy formation and structure formation that are very
similar to those of cold dark matter. The only difference
is that dark matter halos with very small masses will not
form in the universe filled with WDM.

CSST sky surveys can detect a large number of strong
gravitational lensing systems that have never been dis-
covered before (estimated to be about hundreds of times
the current number), which can provide information on
the distribution of dark matter at small scales. Using
the abundance of these small-scale dark matter struc-
tures, it can be effectively distinguished whether dark
matter is cold (such as WIMPs) or warm (such as sterile
neutrinos).

6.1.2.2 Axion dark matter

Leaving aside the debate over the “temperature” of dark
matter, the CDM model itself also contains a variety of
different candidates, such as the axion.
a hypothetical scalar particle proposed in the 1970s to
solve the strong CP problem in quantum chromodynam-
ics [76-78]. The mass of the axion is weakly constrained
in theory, and has a very wide possible mass range. The
axion is a good candidate particle for cold dark matter.

The axion is

In cosmology, the ultra-light axion (ULA) with a mass
of about 10722 eV has attracted much attention. For
ULA dark matter, due to the extremely small particle
mass, its de Broglie wavelength can reach the order of
magnitude of the dwarf galaxy or galaxy scale, so the
ULA is consistent with the prediction of the standard
CDM model at large scales (> 10 kpc); but at smaller
scales, the ULA dark matter model shows some unique
characteristics. It can affect the transfer function of mat-
ter power spectrum and suppress the small-scale struc-
ture formation.

Since ULAs have a suppression effect on the small-
scale matter clustering, their particle mass m, and the
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fraction of total dark matter f, can be effectively con-
strained through observations such as weak gravitational
lensing and galaxy clustering. By using the CSST 3x2pt
data, considering the effects of neutrino and baryonic
feedback, and including the systematics from shear cal-
ibration, intrinsic alignment, galaxy bias and photo-z
calibration, it is found that m, and f, can be well con-
strained [50]. As shown in Figure 6, m, can be con-
strained with an upper limit 10722 eV (with baryonic
effect) and 10720 eV (without baryonic effect) in 1o CL
for the CSST 3x2pt surveys.
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Figure 6  The prediction of the constraint results of m, and f,

with (red) and without (blue) baryonic effect in the CSST 3x2pt
surveys [50]. The contours show the 68.3% (1o) and 95.5% (20)
CLs.

6.1.2.3 Self-interacting dark matter

For a fundamental particle, the two most important
properties are mass and interaction cross section. It
is known that dark matter basically does not interact
with visible matter, so do dark matter particles collide
with themselves, and what is the cross section? These
questions are crucial for understanding the nature of
dark matter. Self-interacting dark matter (SIDM) has
a self-scattering cross section that is comparable to the
nucleon-nucleon scattering cross section [79].

In a dark matter halo, when the surface density of
dark matter particles multiplied by the self-scattering
cross section exceeds a certain threshold, collisions be-
tween dark matter particles will lead to complex struc-
ture evolution. In the initial stage of this process, due
to the scattering of dark matter particles, the central
density of the dark matter halo will decrease, forming a
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structure similar to a galactic bulge. At the same time,
scattering will also strip off the dark matter halo from
the small dark matter clumps surrounding the large-
scale structure, making these substructures more sus-
ceptible to tidal gravity and reducing their number. The
structure formation order of SIDM is the same as that of
CDM, but it will slowly change the distribution of dark
matter in high-density areas.

In astronomy, merging galaxy clusters are natural
large particle colliders, providing ideal laboratories for
measuring dark matter self-interactions [80, 81]. Dur-
ing the process of galaxy cluster merging, the non-
gravitational interactions between dark matter and
standard model particles will be more significant. In
addition to galaxy cluster mergers, we can also study
SIDM at the scale of galaxy clusters and their sub-
structures. Considering that cluster subhalos and main
cluster halos probe different regions of velocity space,
these studies at different scales are helpful for exploring
the potential velocity dependence of the self-interaction
cross section of dark matter. These effects can be pre-
cisely measured in the CSST gravitational lensing and
galaxy cluster observations.

In addition to explore the property of dark matter
particle, CSST also can use various cosmological probes,
such as weak and strong gravitational lensing, galaxy
clustering, galaxy clusters, etc., to weight total dark
matter in the Universe, i.e. constrain the matter density
parameter Q. (e.g. see the left panel of Figure 5), since
the baryon density parameter Qy can be precisely deter-
mined by Big Bang nucleosynthesis (BBN) and CMB.

6.1.3 Neutrino

Neutrinos are one of the important links between nu-
clear physics, particle physics, astrophysics and cosmol-
ogy [82,83], and the mass of neutrinos has been one of
the research focuses in the past decades. Neutrinos af-
fect almost every aspect of the early Universe, and var-
ious cosmological probes can constrain the sum of the
three mass eigenstates of neutrinos. These observational
constraints from cosmology complements the results of
neutrino oscillation experiments.

There are three generations of neutrinos in the Stan-
dard Model of particle physics. Research on neutrino
properties has always been an important area in particle
physics. In 1998, experiments confirmed the existence
of neutrino oscillation, which shows that the mass of
neutrinos is not zero [84]. At present, experiments on
atmospheric neutrino and solar neutrino have measured
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the difference between the squares of the masses of three
generations of neutrinos [85-87], but the measurement of
the absolute mass of neutrinos is very difficult and no
conclusion has been reached yet. Based on the measure-
ments, there are three possible orders of neutrino mass:
1. Normal hierarchy; 2. Inverted hierarchy; 3. Quasi
degenerate, which is called “hierarchy” problem of neu-
trino mass. In addition, is there a fourth generation of
neutrinos besides the three generations? These are all
problems to be solved in the field of particle physics.

By observing the influence of neutrinos left over from
the Big Bang on the LSS and the CMB, it is possible
to measure the sum of neutrino mass ¥m, and effective
generations N,, and solve the neutrino hierarchy prob-
lem, which are difficult to achieve in ground-based par-
ticle physics experiments. The change of the effective
number and total mass of neutrinos mainly affects the
position of the CMB sound wave peak and the suppres-
sion of the small-scale power spectrum, which degenerate
with other cosmological parameters. The observational
results of the LSS obtained from the CSST survey can
effectively break these degeneracies, thereby obtaining
better constraints on Xm, and N,,.

Massive neutrinos mainly change the scale dependence
of the growth of cosmic structure. After decoupling,
as the expansion rate of the Universe continues to de-
cay, neutrinos become non-relativistic particles. Freely
diffused neutrinos will smooth out the fluctuations in
the neutrino density field that are smaller than the free
streaming scale. Dark matter interacts with neutrinos
through gravity. Since neutrinos do not form clusters
at small scales, they also affect the growth rate of dark
matter fluctuations at small scales. Therefore, the net ef-
fect is that freely diffused neutrinos will limit the growth
rate of small-scale structure, which will cause the mat-
ter power spectrum to have a suppression effect at small
scales, and the magnitude of this suppression is propor-
tional to Xm,,.

Using the CSST 3x2pt data, we can effectively con-
strain ¥m,, considering other cosmological and system-
atical parameters. In Figure 7, the constraint result of
¥m, and some of other cosmological parameters have
been shown. The systematics from shear and photo-z
calibration, intrinsic alignment, galaxy bias, and bary-
onic feedback effect have been considered in the analysis.
It is found that the CSST 3x2pt surveys can provide
a stringent constraint on the total neutrino mass with
Em, < 0.36 (0.56) eV at 68% (95 %) CL, which is about
one order of magnitude tighter than the current 3x2pt
results [49, 88]. By including other cosmological data,
such as CMB and BAO, the degeneracies between pa-
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rameters can be effectively broken, and the constraint
accuracy of ¥m, can be further improved [29, 89, 90].
Hence, CSST is expected to measure m, with extremely
high precision, and can decisively distinguish the neu-
trino mass hierarchy.
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Figure 7 The prediction of the constraint results of ¥m, in the
CSST 3x2pt surveys [49]. The contours show the 68.3% (10) and
95.5% (207) CLs.

6.1.4 Gravity

As discussed above, within the framework of general rel-
ativity, we can introduce dark energy to explain the ac-
celerating expansion of the Universe. Another possibility
is that general relativity is no longer applicable on cos-
mological scales, that is, a new modified gravity theory
can be introduced. However, even if we can accurately
measure the expansion history of the Universe, e.g. us-
ing SNe Ia, BAO, gravitational waves, etc., it is difficult
to distinguish between dark energy and modified grav-
ity. Under low energy conditions, most modified gravity
theories can be approximated by an equivalent “scalar
tensor theory” and generate the “fifth force” through an
additional scalar field, thereby changing the formation
history of the LSS. Therefore, in order to strictly dis-
tinguish dark energy from modified gravity theory on
cosmological scales, we need to use CSST weak gravita-
tional lensing and galaxy clustering surveys, combined
with the RSD information in the CSST slitless spectro-
scopic survey, to reconstruct the structure growth his-
tory of the Universe with high precision.

A series of experiments in the inner Solar System and
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observations of binary pulsar timing have shown that
Einstein’s general relativity is strictly applicable in these
two environments. Therefore, any modified gravity the-
ory must rely on a special “screening mechanism” to
fully restore general relativity in areas of high density
or high gravitational potential. The currently popular
screening mechanisms of modified gravity can be roughly
divided into two categories: the first is the thin-shell
screening mechanism based on the strength of the scalar
field, such as the chameleon mechanism, the symmetron
mechanism, and the dilaton mechanism; the second cat-
egory is the kinetic screening mechanism based on the
first or second derivatives of the scalar field, such as the
Vainshtein mechanism and the K-mouflage mechanism.
These two types of shielding mechanisms will have dif-
ferent predictions for the redshift and scale dependence
of cosmic structure growth. By combining cosmological
numerical simulations based on different modified grav-
ity theories, the CSST survey can provide high-precision
constraints on the modified gravity models.

The popular modified gravity theories in cosmolog-
ical research include the models of f(R), f(T), DGP,
Galileon, Horndeski, etc. For example, the f(R) the-
ory is a generalization of the Einstein-Hilbert action,
which generalizes the action from the Ricci scalar to an
arbitrary function of the Ricci scalar. For the transla-
tional gauge theory of gravity equivalent to general rela-
tivity, there is also a similar f(7T") theory that generalizes
the torsion scalar to an arbitrary function of the torsion
scalar [91].

The CSST weak gravitational lensing or shear mea-
surement can directly probe the dependence of dark mat-
ter clustering on scale and redshift in the Universe. The
matter clustering predicted by most modified gravity
theories is on a near-linear scale, and the S/N of the
shear signal is strongest at this scale. Therefore, if the
CSST shear measurement has any statistically signifi-
cant deviation from the predictions of the general rel-
ativity+dark energy model, we believe that there may
be evidence of modified gravity on the relevant scale.
However, the baryonic process and neutrinos may also
have a large impact on the matter power spectrum at
this scale, thereby weakening the constraints of cosmic
shear on modified gravity. In addition, we can also use
the stronger signal in cosmic shear, i.e. the peak statis-
tics of weak gravitational lensing, to constrain gravity
models. For the f(R) theory, it is found that the CSST
weak gravitational lensing measurement can constrain
|frol = [df/dR|,—o to an accuracy of ~ 107°. Besides, us-
ing the CSST SN Ia and BAO data, we can also obtain
stringent constraint on the f(R) theory [92].
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Brans-Dicke theory is another typical scalar-tensor
modified gravity theory that is widely discussed. The
characteristic of Brans-Dicke theory is that the gravita-
tional constant G is no longer a constant, but is replaced
by a scalar field that can change with time and space,
i.e. ¢ ~1/G. This will theoretically affect the formation
and evolution of the LSS, so galaxy surveys can be used
to effectively constrain this gravity theory. It is found
that the CSST spec-z galaxy survey can constrain the
absolute value of the characteristic parameter w of the
Brans-Dicke theory to ~ 1000, and the relative change
of the Newtonian gravitational constant over time, i.e.,
G/G, to within 107!3 per year [93].

Besides, using the data of the CSST photometric and
spectroscopic surveys, the quantity Eg, which can be
adopted to test the gravity theory, could be precisely
measured [94]. This quantity measures the ratio of
the galaxy-galaxy lensing cross power spectrum to the
galaxy-velocity cross power spectrum, and is therefore
not affected by the uncertainty of the galaxy bias and
the matter clustering amplitude og. It is expected that
the statistical error of Eg; measured by CSST can be
reduced to less than 5%.

Additionally, galaxy clusters also can be used to test
the gravity theory and study the modified gravity. CSST
wide-field multi-band photometric survey can detect ap-
proximately 300,000 galaxy clusters with a mass greater
than 10'* M, at z < 1.5, providing an excellent sample
of massive dark matter halos for measuring the struc-
ture growth history of the Universe and testing modified
gravity theories. Using the shear signal of galaxy clus-
ters, CSST will accurately measure the density profiles
of galaxy clusters with different satellite galaxy abun-
dances between 0.1 ~~'Mpc and 30 A~'Mpc, thereby de-
tecting the density enhancement effect caused by some
modified gravity models near the Virial radius of galaxy
clusters [95]. The CSST weak gravitational lensing sur-
vey can also measure the “splashback radius” of the dark
halos of galaxy clusters with an accuracy of one percent,
which can be used to study the modified gravity theories
[96]. Besides, combined with data from spectroscopic
surveys, CSST can also use the Galaxy Infall Kinemat-
ics (GIK) method to test modified gravitational theories
[97].

6.1.5 Primordial perturbations

The primordial metric perturbations of the Universe
contain information about the early Universe, and are
of great significance for exploring the origin of the Uni-
verse and the physical laws at ultra-high energy scales.

xx (2025) Vol. xx No. x 000000-23

In the standard model, the large-scale primordial metric
perturbations of the Universe originate from the inflation
[98,99]. The power spectrum of the primordial pertur-
bations given by the simplest single-field slow-roll infla-
tion, referred to as the “primordial power spectrum”, is
very close to a power-law, which is also supported by the
CMB observations.

Besides, the primordial perturbations in the single-
field slow-roll model are also very close to a random
Gaussian field, and the localized non-Gaussian parame-
ter f;f’fal is of the order of the slow-roll parameter, which
is at most the order of O(1072). Current observations
with Ilﬁf"‘l accuracy ~ O(1) are still far from detecting
the non-Gaussianity of the single-field slow-roll model.
Accurately measuring these properties of primordial per-
turbations is of great significance for detecting the origin
of the Universe and testing different cosmological mod-
els.

At present, the most effective method to study the pri-
mordial perturbation is to look for “non-trivial events”
beyond the single-field slow-roll model. These effects of-
ten leave detectable features in the power spectrum and
bispectrum of the primordial perturbation. Except for a
small amount of information overlap with the CMB lens-
ing and the late integrated Sachs-Wolfe (ISW) effect, the
data of the LSS almost independently contains informa-
tion about the primordial perturbation of the Universe.

Compared with the two-dimensional CMB data, the
matter density field of the Universe is three-dimensional,
and in principle contains more information, especially
at linear scales. For instance, the primordial non-
Gaussianity can affect the galaxy bias and make it scale-
dependent at linear scales [100], which can be used to
constrain fio°. Therefore, at least at linear scales, it is
reliable to use the LSS or galaxy clustering data to con-
strain the property of primordial perturbations. Using
the galaxy clustering data in the CSST spectroscopic
survey [15], it is found that the 1o error of fi&* can
reach ~ 6, which is comparable to the CMB result [101].

The scalar spectral index ng and the running of the
spectral index a; = dng/dInk of the primordial power
spectrum also can be tightly constrained by the CSST
3x2pt, peak statistics of weak gravitational lensing, and
galaxy spec-z clustering observations, with an accuracy
higher than 3% [15,48-50].

6.1.6 Hubble parameter

The Hubble constant H, characterizes the current ex-
pansion rate of the Universe, and the Hubble parameter
H(z) is used to describe the evolution of the expansion
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rate of the Universe at different redshifts. They directly
affect the age, distance, and formation and evolution of
the structure of the Universe. Therefore, the precise de-
termination of Hy and H(z) is of great significance to
cosmological research.

The direct measurement of the Hubble constant is
mainly based on the distance ladder of the nearby Uni-
verse (e.g. Cepheid variables, Tip of the Red Giant
Branch (TRGB) [102], SNe Ia, RR Lyrae, Type II su-
pernovae, etc.), the time delay of strong gravitational
lensing, and other methods, and thus is limited to the
observation of the low-z Universe. On the other hand,
by analyzing the CMB data, Hy can be obtained by fit-
ting the parameters of the cosmological model. How-
ever, there are significant differences in the Hy results
measured by different methods, especially the latest re-
sults based on the distances of Cepheid variables and
SNe Ia differ by more than 50 from the results derived
from the CMB data [103,104], i.e. the so-called “Hub-
ble tension”. If this is indeed caused by the evolution
of the Universe, rather than some unknown systemat-
ics, it means that there are new physics to be discovered
beyond the standard model of cosmology.

The differential age, also known as the cosmological
chronometer, is one of the main methods for directly
measuring Hubble parameter, and the results of the mea-
surements are often referred to as observational Hubble
parameter data (OHD) [105]. However, due to the large
measurement error, it is necessary to use large galaxy
samples to improve the accuracy of the OHD reconstruc-
tion.

CSST will carry out precise measurements of Hy and
OHD based on Cepheid variables, TRGB, galaxy sur-
face brightness fluctuations (SBF) [106], low-redshift
SNe Ia and strong gravitational lensing [107], and the
differential age of the Universe. It is expected to obtain
important results in revealing the nature of the Hub-
ble tension and accurately measure the evolution of the
Universe.

In addition to the probes mentioned above, other
cosmological probes, such as AP effect [108], galaxy-
ellipticity correlation [218], and cosmic optical back-
ground [110], also can be used in the CSST photometric
and spectroscopic surveys to test cosmological models or
theories, and constrain the cosmological parameters.

CSST also has excellent synergy with other telescopes
in the cosmological study. Compared to other Stage-IV
survey telescopes, such as Euclid, RST and LSST, CSST
has some significant advantages. For example, CSST-SC
has high dynamic image quality (Rggso < 0.15”), near-
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UV observation (NUV band), and multi-band coverage
(7 photometric and 3 spectroscopic bands), which can
obtain high-resolution images, accurate photo-z estima-
tion, and adequate spectral information for cosmologi-
cal and other studies. This provides a good foundation
for cooperation with other Stage-IV telescopes, and has
excellent complementarity in observational bands (e.g.
near-UV and near-IR bands) and other aspects [14,45].
In addition, CSST can also conduct joint observations
with telescopes or detectors in other bands or meth-
ods, such as CMB experiments [111], radio telescopes
like Five-hundred-meter Aperture Spherical Telescope
(FAST) [112] and MeerKAT [113] for detecting 21-cm
signal, and the future gravitational wave detectors [114].
Considering all these observations, CSST is expected
to make great contributions in the above cosmological
fields.

6.2 Galaxy and AGN

Galaxies are the basic units that make up the Universe.
Their properties and morphological structures are rich
in diversity, and they also constitute part of the cosmic
ecosystem. In addition, SMBHs at the center of galax-
ies co-evolve with their host galaxies through AGN feed-
back. Uncovering the key processes of galaxy evolution
and interaction with SMBHs is one of the core scientific
goals in astrophysics. In this field, by making use of the
unique capabilities of CSST, e.g. large sky area, multi-
band coverage, high spatial resolution, slitless spectral
capability, multiple instruments, etc., and considering
other space and ground observations, we can build large
and complete photometric and spectroscopic samples of
galaxies and AGNs covering the low-z to high-z Universe.
We will comprehensively understand the various proper-
ties, physical processes, and cosmological evolution of
galaxies, AGNs, and their central black holes, and try
to solve a series of frontier issues on the formation and
evolution of galaxies.

6.2.1 AGN and massive black hole

The SMBH accretion during the AGN phase can produce
intense energy release and influence the galaxy evolution.
They are also the key to galaxy evolution and material
circulation. In recent years, with the breakthrough of
observational technology and the development of multi-
band survey projects, the exploration of the physical na-
ture of AGNs and SMBHs has entered a new stage.
Research on the AGN structure, accretion process and
radiation mechanism will not only help reveal the in-
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trinsic connection between black hole growth and galaxy
co-evolution, but also provide key observational evidence
for understanding the issues such as AGN feedback, mat-
ter transport and dark matter distribution. Meanwhile,
the application of multi-band data will promote the clas-
sification and physical modeling of AGN light curves,
accretion disk and special types (such as changing-look
AGN;, binary black hole system, etc.), and achieve a
full range of analysis from statistics to microscopic pro-
cesses. Using the high-angular resolution multi-color im-
ages, high-precision multi-color photometric and siltless
spectroscopic data of the CSST main survey and supple-
mented by the data from MCI, IFS and other telescopes,
it enable us to carry out research in the following four
aspects.
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Figure 8  The QSO spectra at z = 0.8 (blue dashed curve) and

z = 22 (red solid curve), and F-type star spectrum (gray solid
curve), compared to the CSST transmission curves of the seven
photometric bands (i.e. NUV, u, g, r, i, z, and y). The NUV and u
bands of the CSST are important for estimating photo-z of quasars
and distinguishing them from stars.

First, a large sample of AGNs and quasars (or quasi-
stellar object, QSO) will be constructed, and their statis-
tical properties and cosmological evolution can be stud-
ied in details. The CSST slitless spectroscopic survey
will identify quasars brighter than 21 mag (per resolu-
tion element, ~ 23 mag for a spectroscopic band), cre-
ate a quasar identification catalog, and conduct physical
and statistical analysis. On the other hand, the magni-
tude limit of the CSST multi-color imaging survey is
about 26 mag, which is several magnitudes deeper than
that of the slitless spectroscopic survey. This indicates
that a considerable number of quasar candidates cannot
be identified by their spectra. Therefore, for candidates
with a high predicted probability (such as p(QSO) > 0.9)
between 21 and 26 mag, their photo-z can be estimated
(see Figure 8), and used in a series of subsequent studies.
In addition, by combining the CSST main survey data
with the X-ray survey data, it is expected that a large
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sample of reliable AGNs will be identified. Based on the
CSST 400 deg? deep-field survey data, we can obtain a
AGN sample in the nearby Universe, especially a sample
of low-mass AGNs.

Based on these large AGN samples, it is expected that
the average relationship between black hole mass and
halo mass can be established, and its redshift evolution
can be obtained. By comparing with simulation data, it
will also provide accurate constraints on the co-evolution
model of SMBHs and host galaxies. With the greatly
improved constraints on the galaxy stellar mass surface
density, it can significantly enhance the measurement
accuracy and provide effective constraints on the theo-
ries of the AGN triggering and quenching, as well as its
evolution.

Second, the structure, accretion, radiation mechanism
and light variation of AGNs and quasars will be probed.
The advantages of CSST AGN survey are high spatial
resolution and multi-band observations in large sky area,
which are helpful for the resolution and identification
of large samples of low-luminosity AGNs and eliminat-
ing the UV luminosity contamination of host galaxies.
Besides, the CSST slitless spectroscopic survey can ob-
serve broad emission lines such as HB, Mg II and C IV.
Repeated observations can simultaneously provide the
spectra of bright sources and the changes in emission
lines. At the same time, the narrow emission lines mea-
sured in slitless spectra can provide the physical param-
eters of narrow-line clouds, making it possible to deter-
mine AGN classification. Using the CSST high spatial
resolution data, combined with theoretical models and
multi-band light variation observations, we can study
the accretion disk structure, black hole accretion pro-
cess and radiation mechanism of AGN. We will analyze
the physics behind the special light variation behavior,
and further explore the complex interaction between ac-
cretion physics and black hole spin and feedback effects.

Third, with the help of multi-band data provided by
CSST and other telescopes, special AGNs and quasars
(such as changing-look AGNs) can be searched and con-
firmed. Their physical origins and evolution history will
be explored, and new observational support for black
hole growth, galaxy feedback mechanisms, and large-
scale structure formation can be provided. Using the
CSST multi-color photometric and slitless spectroscopic
data, as well as ground-based and space-based multi-
band data (such as Euclid, RST etc.), CSST will dis-
cover a large number of high-z quasars (~ 4000 at z ~ 6
and ~ 700 at z ~ 7) with the blue-end dropout tech-
nology (see Figure 9), based on the luminosity func-
tions of quasars at z ~ 6 and z > 6.5 [115,116]. The
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CSST wide-field survey will detect tens of thousands
of lensed quasar candidates and further confirm strong
lensed quasars through follow-up observations to explore
a series of scientific issues involving foreground galaxies,
quasar physical properties, and Hubble constant mea-
surements. CSST also can detect thousands of new
changing-look AGNs and a batch of narrow-line Seyfert
1 galaxies (NLS1s) and blazars, and will greatly advance

the studies of these special AGNs.

—— CSST (15, 000 deg?)
104} CSST +EUCLID (15,000 deg?) .~
—— CSST + WFIRST (2,200 deg?) -~

Number of quasars

20 21 22 23 24 25
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Figure 9 The number of high-z quasars that CSST can discover as
a function of magnitude. In CSST main survey, more than 4,000
quasars at z =~ 6 and about 700 quasars z ~ 7 can be discovered.
Combining the CSST optical survey data with Euclid and RST or
WFIRST infrared data, quasars at higher redshifts can be discov-
ered. The solid curves show the depths that can be reached when
searching for quasars (note that these depths are not equivalent
to the CSST survey depths).

Besides, CSST will effectively detect binary black hole
systems, taking advantage of high spatial resolution and
high-precision photometric observations. CSST is ex-
pected to detect millions of quasars and obtain about 100
million emission-line galaxies in the slitless spectroscopic
survey. Theoretical calculations show that the fraction
of supermassive binary black hole systems is about 5%-
10% at low redshifts and increases at high redshifts [117].
Using high spatial resolution and large FoV of CSST, it is
possible to detect binary AGNs from 100 kpc to 100 pc,
and obtain the redshift evolution of their distribution, as
well as search for tidal traces left by galaxy mergers. Us-
ing the slitless spectra, the broad line regions carried by
binary AGNs or binary black holes at sub-pc scales can
be analyzed in the time domain through reverberation
mapping observations. It is expected to identify close
binary AGNs with sub-pc spacing and measure their or-
bital parameters. The late process of galaxy mergers, es-
pecially the relationship between black hole mergers and
the surface brightness distribution of the bulge clusters,

xx (2025) Vol. xx No. x 000000-26

can be obtained. Furthermore, the binary black hole
sample will be constructed, and the relationship with
pulsar timing array (PTA) observations can be estab-
lished.

6.2.2 Black hole-galaxy co-evolution

SMBHs are found to be ubiquitous in the centers of mas-
sive galaxies. The correlation between SMBHs and host
galaxies reveals that there is a tight connection between
the two in terms of mass growth and evolution [118].
Based on this, a picture of the co-evolution of SMBHs
and host galaxies was proposed [119]. It is the key to un-
derstanding the mass growth and co-evolution of black
holes and galaxies to study the physical properties and
evolutionary characteristics of AGN-galaxy systems, and
it is also one of the important scientific goals of current
and future multi-band observational projects.

Using the CSST multi-color photometric and slitless
spectroscopic data from SC, supplemented by MCI and
IFS, and data from other telescopes, we can study the
morphological structure and star formation of AGN host
galaxies, the relationship between AGN SMBHs and
their host galaxies, the triggering of AGN, and the feed-
back of AGN.

At present, the difficulties in studying the host galax-
ies of AGNs mainly lie in two aspects. First, the radia-
tion and morphology of stars in the host galaxies are
difficult to observe; second, the strong emission lines
produced by AGNs prevent the use of the calibration
method based on inactive galaxies to estimate the star
formation rate of host galaxies. Based on the CSST
multi-band high-spatial resolution images, slitless spec-
tra, IFS data, etc., we will effectively separate the galac-
tic components and AGN components of host galaxies,
efficiently observe and classify the morphology and en-
vironment of host galaxies, and measure the star for-
mation rate and star formation history of host galaxies,
revealing the co-evolution process of SMBHs and host
galaxies.

High-z quasars play an important role in studying the
formation of black holes and the evolution of galaxies.
Finding and studying the SMBHs in the early Universe
can put the most powerful constraints on seed black
holes [120]. A variety of methods (such as color, mor-
phology, light variation, etc.) can be used to identify
AGNs and quasars with redshifts ranging from 0 to 7.
Their photo-z and spec-z can be measured, a highly com-
plete large sample can be constructed, and the statistical
properties (such as luminosity function, black hole mass
function, and clustering) and cosmological evolution will



Gong Y., et al. Sci. China-Phys. Mech. Astron.

be studied.

The AGN triggering mechanism is an important part
of studying the co-evolution of galaxies and black holes.
How kpc-scale matter loses a large amount of angu-
lar momentum and falls into the accretion disk (0.01pc
scale) is the main problem in understanding the trigger-
ing of AGN . Major mergers between gas-rich galaxies
are considered to be the main mechanism for triggering
high-luminosity quasars [121,122]. By using the survey
data from CSST, large-sample studies can be carried out
to statistically investigate the correlation between major
mergers and the AGN triggering with different luminosi-
ties.

AGN feedback is another important field for studying
the co-evolution of black holes and galaxies. The radia-
tion, outflows, and jets generated by black hole accretion
may affect the galactic bulge, or even the gas and stars of
the entire galaxy, inhibiting or promoting star formation
[123]. In addition, the color, morphology, and quench-
ing of star formation of galaxies may be closely related
to the central black hole [124]. The correlation between
the physical properties of black holes and galaxies is an
important means to study AGN feedback [125]. How-
ever, the current research on high-z quasars is severely
limited by the number of quasars, so that we cannot con-
duct statistical analysis on large samples. Based on the
large FoV and high spatial resolution of the CSST sur-
vey data, we expect to discover a large number of high-z
quasars and study the evolution of their central SMBHs
and host galaxies as well as their relationship with the
surrounding large-scale environment.

6.2.3 Low-redshift galaxies

The low-z Universe is an ideal place to understand the
components of galaxies and the transformation or inter-
action between them, and also provides a local bench-
mark for the study of the formation and evolution of
medium- and high-z galaxies. Galaxies are composed
of stars of various ages, ISM, circumstellar medium,
These different components
form larger structures in space, such as disks, spiral
arms, bars, and rings. CSST-SC multi-band photomet-
ric imaging and slitless spectroscopic wide-field survey

and massive black holes.

and IFS observations will provide large-sample contin-
uous spectrum images and spectral data with high spa-
tial resolution, which can be used to study the sta-
tistical properties of different galaxy components and
structures, and understand the physical mechanisms of
driving the formation and evolution of low-z galaxies,
by combining with high-precision numerical simulations.
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Besides, the diversity of low-z galaxy types and galaxy
environments also provides a key foundation for further
comprehensive understanding of galaxy formation and
evolution theory.

The CSST main survey is expected to measure the
morphology and structure properties of young globu-
lar clusters of different galaxy types and environments
within hundreds of Mpc. The high-quality imaging ca-
pability of the CSST will provide an unprecedented large
sample of galaxy nuclear star clusters (NSCs). The high-
precision photometric capability will obtain the NSC
color index, radius, mass, stellar population, star for-
mation history, morphology, and complete distribution
of NSC physical parameters [126]. In this way, the cor-
relation with the parameters of AGN dust ring can be
established, the physical connection between the NSCs,
bulges and massive black holes in a galaxy can be ex-
plored, and the physical process from the galaxy to the
AGN transition region can be revealed.

The detailed structure of galaxies contains clues re-
lated to the evolution history of galaxies and provides
the internal environment of current evolution. The
CSST wide-field survey with high spatial resolution will
greatly expand the sample and carry out statistical anal-
ysis of the detailed structure of galaxies, which includes
developing small-scale structure characterization meth-
ods focusing on disk structure, studying formation of
deflection structure of central symmetric disks, explor-
ing the influence of non-central symmetric structure on
the distribution of gas and star formation, investigat-
ing detailed structure of galaxies in galaxy groups and
clusters, and probing thick disks.

The outer regions of disk galaxies contain unique in-
formation about the physical processes that affect galac-
tic evolution. Using the CSST high spatial resolution im-
ages, we can detect star clusters and single bright stars in
the outer disk of galaxies. Considering the large sky cov-
erage of CSST, the data at different radii of galaxies can
be stacked, so that the areas with low star surface den-
sity can be detected. This can be helpful to answer two
questions: the extension scale of galaxies and the physi-
cal mechanism that causes the growth of stellar disks. In
addition, many galaxies have extended ultraviolet disks
(XUV disks) at their outer edges [127]. CSST can be
used to conduct UV-optical observations of a large num-
ber of XUV galaxies that can resolve single stars and
study their physical properties [128].

Early-type dwarf galaxies, especially dwarf elliptical
galaxies (dE), are the most numerous type of galaxies
in low-z galaxy clusters and groups. The high spatial
resolution and multi-band coverage of the CSST wide-
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field survey will be able to provide a high-quality image
library of low-z dE galaxies. It is expected to achieve
a complete survey of NSCs in dE galaxies, a system-
atic study of the structure and stellar composition of dE
galaxies from the center to the outer regions, and the
detection of high-resolution three-dimensional structure
of low-z galaxy clusters and groups.

Star formation in galaxies is one of the main driving
forces of galaxy growth and evolution, and is closely re-
lated to the mass structure, nuclear activity and other
physical characteristics of galaxies. CSST’s multi-color
imaging survey provides near-UV high-resolution deep-
field images, which can effectively detect and analyze
small-scale (< 1 kpc) star formation and distribution in
low-z galaxies. CSST multi-color imaging survey is also
expected to quantify the relationship between the star
formation rate and molecular gas density on the sub-kpc
scale, by exploring the group behavior and statistical
properties of star formation in low-z galaxies. Besides,
CSST can conduct analyses on galaxies with strong radi-
ation in the UV spectrum, which will help explain their
origins [129].

6.2.4 Medium and high-redshift galaxies

The morphology of a galaxy is tightly related to the
merger and accretion history, intrinsic dynamics, star
formation, and the activity of SMBHs [130, 131]. The
galaxy morphology classification system (i.e., the Hub-
ble sequence) has been established for nearly a hundred
years [132], but its cosmological evolution process is still
unclear. Studying the morphology and structure prop-
erties of galaxies at different redshifts is helpful to un-
derstand the influence of the intrinsic physical processes
of galaxies and the external environment. It can build a
bridge between low-z and high-z galaxies, and provide an
important observational foundation for theoretical mod-
els of galaxy formation and evolution.

Understanding these important issues related to
galaxy formation and evolution requires high-resolution
images of a large number of galaxies in different redshift
ranges. Compared with existing sky surveys, CSST,
which has a deep observational depth (average 26 mag),
a large survey area (17,500 deg?) and a high spatial res-
olution (sub-arcsecond level, similar to HST), will be an
ideal device for studying the origin of the Hubble se-
quence and the formation and evolution of galaxy struc-
The CSST photometric survey is expected to
obtain billions of multi-band high-resolution images of
nearby Universes and even medium- and high-z galaxies,
which will greatly promote the understanding of galaxy

tures.
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formation and evolution and bring unprecedented op-
portunities to the field of galaxy morphology research.

Based on CSST observation, we can carry out research
on automatic classification of medium- and high-z galaxy
morphology, multi-component structure decomposition,
and redshift evolution of morphological and structural
parameters, to understand the physical processes related
to the formation and evolution of medium- and high-z
galaxies from the perspective of galaxy morphology and
structure.

When the resolution and S/N of galaxy images are
low (such as when the galaxy is close to the detection
limit), there are large errors in the measurement of its
structural parameters. Therefore, it is necessary to use
simulated images to test how the measurement errors of
galaxy structural parameters vary with resolution and
S/N. The mock galaxy images can be obtained by using
galaxy image analysis code (e.g. GALFIT) or real multi-
band galaxy images (e.g. HST CANDELS) [133,134].
By applying the measurement methods, we can obtain
the trend of measurement deviations of different struc-
tural parameters of galaxies as the image resolution and
S/N change, which will help to understand and correct
the statistical analysis results of galaxy image structural
parameters.

The morphology of a galaxy characterizes its internal
structure and its evolutionary stage. Galaxies of differ-
ent morphological types may have different formation
and evolution processes. The CSST image survey will
significantly increase the number of samples of medium-
and high-z galaxies, and study their formation and evo-
lution history of the morphology. It is expected that the
statistical distribution characteristics of galaxy morphol-
ogy within the highest redshift of 2 can be constructed,
and the overall evolution process of the Hubble sequence
can be reproduced [135-138]. Besides, galaxy morpho-
logical parameters have rich physical meanings, and they
are related to the star formation history of galaxies, in-
tergalactic interactions, and small-scale structures.

It is expected that CSST will provide a standard star
catalog for multi-band morphological parameter mea-
surements of galaxies, which can be used to study the
statistical properties of galaxy structural parameters at
different redshifts and different bands. CSST can also
construct a large sample of unique compact galaxies, an-
alyze their morphological parameters, and further un-
derstand the formation process of compact galaxies. It
is also intended to find more loosely structured dwarf
galaxies with nuclei, and even ultra-diffuse galaxies with
nuclei, and study their statistical properties, which will
enable us to further understand the fate of dwarf galax-
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ies after mergers.

CSST will study the formation and evolution of sub-
structures of medium and high-z galaxies [139,140]. The
multi-component decomposition and statistical analy-
sis of medium- and high-z galaxy images will be ex-
plored, and the deviation of multi-component decompo-
sition can be evaluated by using CSST simulated image
data. It is expect to obtain a multi-component decom-
position catalog of a large sample of galaxy images, and
conduct statistical analysis on physical parameters, such
as structural parameters of bulges and disks, bulge mass
fraction, and stellar population in galaxies of different
masses and star formation rates, to reveal their forma-
tion and evolution history as a function of redshift. In
addition, CSST will focus on the identification and mea-
surement of bars and spiral arms in galaxies within z = 1.
By combining HST and JWST data, CSST can identify
and measure the bar structure in the early stages of disk
galaxies and reveal the role of substructures in galaxies
in their mass growth and structural evolution. CSST
will also study the physical properties and evolution of
clumps within galaxies.

6.2.5 Galaxy evolution and assembly history

The properties and morphology of galaxies evolve over
cosmic time and also depend on the environment they
are located in. The evolution of galaxies is driven by two
different factors: internal and external. Studies have
shown that the stellar mass of a galaxy is the most im-
portant factor in its internal evolution, while the effect
of external environment at different scales is another im-
portant factor. Therefore, to fully understand the evo-
lution of galaxies, we must deeply understand the role of
environments at different redshifts and scales. CSST’s
wide- and deep-field multi-band photometric and slitless
spectroscopic surveys and IFS observations will provide
detailed data for studying galaxy evolution and the ef-
fects of environments at different scales.

Using CSST multi-band high-resolution photometric
and slitless spectroscopic surveys, combined with other
multi-band survey data, we are able to measure impor-
tant parameters, such as stellar mass, star formation
rate, dust extinction, stellar population age, and metal-
licity, for a large number of galaxies at the low and
medium redshifts [141]. CSST can also measure the over-
all properties of a large number of complete galaxy sam-
ples, combined with galaxy pairs, merging galaxy statis-
tics, and different local environment measurements, to
construct the mass/luminosity function at different red-
shifts, as well as the scaling relationship between the
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mass-structure parameters-stellar population properties.
Combined with numerical simulations or different types
of galaxy evolution models, statistical modeling of these
observations will greatly deepen our understanding of
the galaxy stellar assembly history.

During the cosmic noon at z = 2 ~ 3, the physical
properties of galaxies have changed significantly (such
as star formation, morphological structure, stellar mass,
etc.).
galaxies is dominated by mass or environment at dif-

It is crucial to study whether the evolution of

ferent redshifts for understanding the overall picture of
galaxy formation and evolution. CSST provides a high-
resolution survey from UV to near-IR bands, by com-
bining the observational data of other surveys, it can
also obtain relatively accurate photo-z and other re-
lated physical properties for medium- and high-z galax-
ies. Therefore, the large sample provided by CSST can
put observational constraints on the turning point of
galaxy evolution from mass-dominated to environment-
dominated, thereby solving the relationship between the
three factors of redshift, mass and environment in galaxy
evolution, and further testing and constraining galaxy
formation and evolution models.

Besides, since CSST can perform high-resolution
wide-field survey, it will effectively probe the morphol-
ogy and structure of galaxies and their dependence on
the environment. CSST can carry out measurements of
environments at different scales (including groups, fil-
aments, voids, etc.), and study the impact of the en-
vironment on various properties of galaxies (including
mass function, star formation rate, morphology, halo as-
sembly history, gas, etc.), and their redshift evolution
[142-145]. CSST can also use its high-resolution photo-
metric and spectroscopic survey to explore the formation
and evolution history of galaxy groups and clusters, the
formation and assembly history of the member galaxies,
and the environmental effects of different redshifts and
different types of galaxy groups/clusters on the forma-
tion and evolution of their member galaxies.

By measuring tangential shear or excess surface mass
density (ESD) around galaxies, CSST can detect the av-
erage matter density profile for studying the connection
between dark matter halos and galaxy properties. Com-
bining different galaxy observational properties (stellar
mass, structure, star formation rate, etc.) and theoret-
ical modeling methods, it will characterize in detail the
important properties of dark matter halos such as mass,
concentration, and fraction of satellite galaxies of differ-
ent galaxy groups, providing the foundation for estab-
lishing a more complete galaxy-dark matter halo model.
In addition, CSST will also discover a group of extreme
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emission-line galaxies (EELGs) and other special galax-
ies in the wide-field survey, and it is expected to greatly
improve the understanding of the structure, morphology,
gas composition and evolution of these galaxies.

6.2.6 High-z galaxies and reionization

The study of cosmic reionization and first galaxies is one
of the most important astrophysical topics, and theory
and observations show that galaxy clustering is a crucial
factor for driving the reionization process. CSST will
discover a large number of high-z protoclusters, and it
will help us understand the reionization process and the
early cosmic environment of galaxy evolution when col-
laborate with Euclid and RST. The key scientific issues
of high-z galaxies and reionization include identifying the
main contributors to reionization, understanding how
ionizing photons are generated and escape from galax-
ies, and the process of ionizing the surrounding neutral
hydrogen. It will help us gain a deeper understanding
of the reionization by studying the dynamics of gas, the
luminosity function of bright sources, the chemical evolu-
tion of galaxies, the structure evolution of protoclusters,
etc.

By utilizing the 17,500 deg? wide-field, 400 deg? deep-
field, 9 deg? UDF of the CSST-SC surveys, and the 0.1
deg? XDF of the CSST-MCI observation, considering the
high spatial resolution and slitless spectral capabilities of
the CSST, the largest high-z galaxy sample can be estab-
lished, including the Lyman break galaxy (LBG) photo-
metric sample, the Lyman-alpha emitter (LAE) spec-
tral sample, and the bright LBG spectral sample. These
samples can be used to accurately explore various char-
acteristics of early star-forming galaxies and their cos-
mological evolution, study the LSS and evolution, and
provide a powerful tool for probing the reionization.

In addition, combined with the deep fields of HST
(such as XDF, CANDELS, CLASH, Frontier fields, etc.),
as well as the deep fields of JWST, Euclid, RST, etc.,
CSST can probe red disk galaxies and high-z galaxies
exhibiting red colors in the near-IR from UV to optical
rest bands, including the extinction properties of dust-
rich galaxies, the UV morphology of red galaxies, and the
high-resolution multi-band properties of clumps identi-
fied by JWST. It is also of great significance for under-
standing the extinction properties of galaxies at different
redshifts, the history of galaxy mass growth, the forma-
tion of bulges, and the activities of central SMBHs.

CSST can search protoclusters and study LSS at high-
z. It is expected that the CSST main survey will make
the number of protoclusters at z > 4 with collapse mass
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> 1015 Mg (similar to the Coma Cluster) at least one or-
der of magnitude larger than the existing sample. Based
on this sample, we can classify protoclusters according
to the structure and properties of member galaxies, and
establish the evolution history of galaxy clusters from
the early Universe to nearby Universe, with the help
of numerical simulations. By studying the statistical
properties of member galaxies and correlation with the
whole protocluster, we will be able to probe the differ-
ences in the spatial distribution and clustering of dark
matter and baryons in the early Universe, and study the
baryon circulation process of galactic matter and energy
feedback and intergalactic medium (IGM) enrichment
in a dense metal-poor environment. Based on the CSST
sample and combined with the existing new generation
of spectroscopic surveys (e.g. DESI, PFS), we can estab-
lish the relationship between the IGM, circumgalactic
medium (CGM) of protoclusters and the cosmic struc-
ture, and carry out comprehensive three-dimensional in-
formation exploration using IGM absorption lines [146].
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Figure 10 Predicted Lya luminosity functions from CSST high-z
LAE observation. The cyan, blue, green, purple, and gray data
points denote the measured Lya luminosity functions at z = 5.6,
5.9, 6.2, 6.5, and 6.8, respectively. The theoretical Ly luminosity
functions are also shown in gray solid curves.

The large sample of high-z galaxies from CSST obser-
vation will greatly promote the study of cosmic reioniza-
tion. CSST deep-field UV observations can directly de-
tect ionizing radiation (e.g. Lyman continuum emission,
LyC), which can increase the number of LyC emitting
galaxies at z = 3 ~ 5 by nearly one order of magnitude
[147], which can give a strict upper limit on the average
escape fraction of ionizing photons for estimating the
contribution of galaxies to the reionization [148, 149].
CSST will accurately measure the Lya luminosity func-
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tion at z = 5.5-7 (see Figure 10), and obtain a complete
and large sample of LAE and LBG, which can improve
the measurement accuracy of the fraction of neutral hy-
drogen in the IGM. The large sample of galaxies and
AGNs at z > 5 detected by CSST will be effectively com-
bined with the data from next generation 2lcm survey
to explore the detailed ionization process of reionization.

6.3 Milky Way and nearby galaxies

Hundreds of billions of stars constitute a galaxy sys-
tem with complex dynamic structures bounded by grav-
ity, in which they participate deeply with gas and dust
in various physical and chemical processes, such as nu-
cleosynthesis, radiation transfer, hydromechanics, mag-
netic fields, molecular synthesis and dissociation. The
overall stellar population in a galaxy reveal the process
of star formation, evolution and death, and reflect the
formation and evolution history of the galaxy as a whole.
The complex motion trajectories of stars reveal the in-
fluence of dark matter on the galaxy scale. The “fossil”
of chemical abundance inside a galaxy reflects the im-
portant process of nucleosynthesis in the early Universe.
The ISM in a galaxy contains the distribution and evo-
lution of chemical molecules in stars and is closely re-
lated to the formation of life. Part of the ISM diffuses
to galaxy outskirts and intergalactic space and become
warm gas, which is an important component of bary-
onic matter and a link in the ecological cycle of the
Universe. Therefore, conducting detailed observational
studies on star populations, gas and dust in a galaxy,
and the galaxy as a whole has become a long-standing
basic scientific issue in the field of astrophysics, and is
of irreplaceable importance for understanding the for-
mation and evolution of the Universe.

6.3.1 Stellar population

A stellar population is a group of evolutionarily related
stars, whose physical characteristics are of great signif-
icance to the understanding star formation and galaxy
composition, and is an important link between stars and
galaxies. The stellar initial mass function of a stellar
population is a basic distribution in astrophysics. It not
only reflects the specific physical mechanism of star for-
mation, but is also an important factor for understand-
ing the formation and evolution of galaxies. Besides, it
is believed to have a profound relationship with some
rare physical phenomena (such as supernovae, gravita-
tional wave events, etc.). On the other hand, the age,
metallicity, and star formation history of stellar popu-
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lations are also crucial to the study of galaxy formation
and evolution.

As a galaxy in the nearby Universe, the study of stellar
populations in the Milky Way has made great progress
in recent years. The release of the Gaia astrometric cat-
alog combined with ground-based stellar spectral survey
data, such as the Large Sky Area Multi-Object Fiber
Spectroscopic Telescope (LAMOST) [150] and SDSS [3],
provides important observational data for the study of
the Milky Way. The study of stellar populations in the
Milky Way is mainly carried out in star clusters, field
stars, nuclear bulges, etc.

Some studies indicate that the Milky Way may be
special in the properties of star populations than other
galaxies [151], so the understanding of the formation and
evolution history of galaxies cannot rely solely on the
results of the Milky Way. The statistical results of star
populations in different types of galaxies will be helpful
to have a deeper understanding of the specific process of
galaxy formation and evolution [152].

The CSST-SC will provide multi-color imaging and
slitless spectroscopic data covering near-UV to near-IR.
The CSST-MCI can observe three bands simultaneously,
with a 7.5’ x7.5" FoV. These will be the two most impor-
tant CSST scientific instruments for studying the stellar
populations of the Milky Way and nearby galaxies.

Through CSST 10-year observation, it is expected
that the largest and most complete stellar multi-color
photometric catalog of 50-100 stellar-resolvable galax-
ies within 4 Mpc will be obtained. It includes Milky
Way-like galaxies (e.g. M31), starburst galaxies (e.g.
MB2), active galaxies (e.g. M81), elliptical galaxies (e.g.
Cen A), various dwarf galaxies (e.g. Large Magellanic
Cloud (LMC), Small Magellanic Cloud (SMC), NGC300,
and NGC55) and their surrounding single stars, satel-
lite galaxies, star clusters, etc. For the member galaxies
of key galaxy groups (e.g. M81 group, Cen A group,
Sculpter group, Local Group, etc.) and intergalactic
space, the photometric magnitude limit in g and r bands
is at least 2 mag deeper than TRGB. It is expected that
this data set will become one of the most important sam-
ples for understanding the formation and evolution of
galaxies.

Based on this sample, great progress will be made in
the properties of various stellar populations in nearby
galaxies. Important observational results of the varia-
tion of the initial mass function in different interstellar
environments will be obtained [153]. The evolution of
stellar populations in different galaxies and the charac-
teristics and evolution of stellar halos in different types
of galaxies can be accurately measured. The number
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and types of satellite galaxies, and the number, types
and spatial distribution of star clusters around differ-
ent types of galaxies will be probed. The fundamentals
of satellite galaxies and star clusters of different types
of galaxies will be established, providing unprecedented
complete data for the origin, merger and accretion pro-
cess of satellite galaxies and constraints on the formation
and evolution of star clusters.

In addition, CSST can measure the overall proper mo-
tion of the member galaxies of the Local Group, and
based on this, the dynamical structure of the Local
Group can be given, which provides unique constraints
on the dark matter distribution and dynamical evolu-
tion of the Local Group. CSST also will probe the outer
halo of the Milky Way to understand its merger history,
use different stellar populations as tracers to constrain
the dark matter halo of the Milky Way, and confirm
the boundaries of the stellar halo and thereby constrain
the galaxy formation history. A larger sample of brown
dwarfs within a few kpc from the Sun also can be col-
lected for studying the properties and evolution of brown
dwarfs.

6.3.2 Extinction and dust

The dust of various sizes, ranging from sub-nanometer
to micron, is distributed in various environments from
Solar System to the early Universe, and plays an im-
portant role in astrophysics research [154]. Although
interstellar dust accounts for only one thousandth of the
baryonic mass of the Milky Way, it interacts with elec-
tromagnetic radiation in almost the entire frequency do-
main, thus comprehensively affecting all branches of as-
trophysics. The absorption and scattering of starlight
by dust is collectively called interstellar extinction. The
measurement of interstellar extinction and infrared re-
radiation of the Milky Way and extragalactic galaxies is
the key to restore the intrinsic brightness and SED of
astronomical sources and determine the star formation
rate on a galaxy scale.

To obtain the true luminosity and intrinsic color in-
dex of astronomical sources, as well as the photometric
distance of stars, it is necessary to accurately eliminate
the influence of extinction, especially extinction in the
UV band. However, the lack of large-area UV survey
data has made detailed research of UV extinction still
challenging. In the CSST era, based on the CSST sur-
vey data from near-UV to near-IR, combined with other
survey data, it is possible to carry out the systematic
extinction study of the Milky Way and nearby galaxies.

Based on the CSST data, combined with existing
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spectroscopic, photometric, and astrometric data, we
can determine the general extinction law of the Milky
Way from near-UV to infrared bands. We can explore
the differences in the extinction law under different inter-
stellar environments due to the influence of ISM density,
background radiation, etc., and obtain the spatial distri-
bution of extinction. Finally, we will obtain the precise
extinction law and spatial distribution of the Milky Way,
providing a basis for CSST extinction correction. At
the same time, CSST and other ground and space-based
survey data can be used to obtain multi-band extinction
curves and extinction maps of nearby galaxies, providing
extinction corrections for the final star catalog products
of CSST. It will reveal how the extinction law changes
with the galactic environment, and achieve observational
constraints on the construction of dust models for nearby
galaxies.

Using the CSST multi-band photometric and slitless
spectroscopic observations of the Milky Way and nearby
galaxies in multiple sky regions and interstellar sight
lines, combined with the infrared and millimeter data
and interstellar element abundances from the Infrared
Astronomical Satellite (IRAS), Spitzer and Planck, in-
terstellar dust models can be constructed. The size dis-
tribution, chemical composition and other characteris-
tics of dust can be obtained. The relationship between
dust properties and the interstellar physical and chem-
ical environment will be analyzed, and the relationship
between dust extinction and other important interstellar
observational features (such as interstellar diffuse belts,
aromatic infrared radiation spectra, X-ray “halos”, etc.)
can be studied. The electronic absorption spectral char-
acteristics of carbon dust in the CSST UV band, such as
graphene, carbon nanotubes, nanodiamonds, fullerenes
(such as Cgp), carbon chains and non-crystalline carbon,
will be examined [155-157]. In short, CSST will bring
unprecedented opportunities for the study of extinction
and dust physics.

6.3.3 Galaxy structure

The structure, formation and evolution of galaxies are
the key to the formation of complex structures in the
Universe, whose research depends on the observation of
a large number of stars in galaxies. Although the Milky
Way is currently the only disk galaxy that we can use a
complete stellar population to study its star formation
and structure growth process, the boundary of the Milky
Way has not been observed so far, and the study of the
high extinction region of the Milky Way needs further
observations.
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CSST can resolve stars in galaxies within a distance
of Mpc from the Milky Way over a large sky area. It
can also observe about 100 deg? of the bulge region of
the Milky Way in a short time, which has both high
extinction and dense star fields. In the next 10 years,
CSST will be an important facility for the study of the
bulge and halo of the Milky Way and nearby galaxies
and probing the diversity of galaxies. It will provide a
unique observational sample for verifying the cold dark
matter model at small scales (from 3 kpc to 4 Mpc).

Through CSST observations, we can analyze the
chemical properties and kinematic characteristics of the
Galactic bar structure to distinguish halo stars from
bulge stars. Combined with numerical simulations, the
physical mechanism of the differences in the chemical
structure of the bulge can be revealed and different
bulge models will be verified. We also can study the co-
evolution of the halo and bulge in the central region of
the Milky Way through the characteristics of halo stars.

CSST will probe the structure and substructure of the
stellar halo covering the border of the Milky Way. It will
explore the Galactic gravitational potential through the
motion of halo stars, accurately measure the dark matter
distribution and the mass distribution of dwarf galaxies
within 30 kpc of the Milky Way [158]. It is expected
to find the boundary of the Galactic stellar halo, reveal
the difference in the structure of the Galactic inner and
outer halos, and constrain their evolutionary correlation.
It will probe the accretion history of the Milky Way, and
investigate its formation and evolution history.

The star clusters, giants and supergiants in the
M31/M33 galaxies will be probed by CSST. It will mea-
sure their disk and halo structure, constrain the dark
matter distribution of M31, and explore the impact of
the ecological environment of the Local Group on the
disk of M31/M33. CSST also will search for more dark
dwarf galaxies/globular clusters and tidal streams, mea-
sure the overall proper motion of more than 50 galaxies
in the Local Group. It is expected to discover a batch of
dwarf galaxy candidates with low brightness and small
size within 2 Mpc, greatly improve the completeness of
the sample of nearby dwarf galaxies, and construct a
more reliable luminosity function of satellite galaxies in
the Local Group [159]. Using these data, we can con-
struct a dynamical model of the Local Group, predict
the interaction and merger of M31 and MW in the next
four billion years, and infer the evolution and ultimate
fate of the Local Group.

Additionally, CSST will detect tidal flows in nearby
galaxy groups and establish the relationship between the
evolution of galaxy structures and the environment. It
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is expected to reveal the shape distribution of multi-
type galaxy halos and disks, deeply understand the re-
lationship between galaxy structure and formation and
its surrounding ecological environment, verify the cold
dark matter model with a large galaxy sample, and un-
derstand the particularity of the Local Group of galaxies.

6.3.4 Chemical evolution

Since chemical abundance is the only parameter that
does not change with position distribution and motion
state, the chemical evolution of the Milky Way and
nearby galaxies is not only crucial for explaining the
early merger history of galaxies and tracing the co-
evolution of different stellar population, but also pro-
vides key evidence for revealing the formation and evo-
lution of different structures at the galaxy level and ex-
ploring the history of the abundance of cosmic material.

The chemical evolution of the Milky Way is mainly
obtained by analyzing the medium and high resolution
spectra of stars, so the detection distance is very lim-
ited (mainly within 5 kpc from the Galactic plane [160]).
However, the Galactic halo representing the early evolu-
tion of the Milky Way is more than 10 kpc away from the
galactic plane [161], while the merger-dominated outer
halo of the Milky Way is beyond 30 kpc. Hence, there
is not enough chemical abundance data to trace galaxy
early history at present.

The CSST survey, which has both deep observation
and high spatial resolution, will change this situation.
From its high-precision photometric and slitless spec-
troscopic data, we can extract information such as the
chemical abundance, radial velocity and age of a large
number of stars in the Galactic halo and nearby galax-
ies, search for extremely metal-poor stars in the Galactic
outer halo and neighboring dwarf galaxies, and study
the early evolution of galaxies. At the same time, us-
ing CSST high spatial resolution data, we can describe
the chemical co-evolution of the Galactic halo, disk and
bulge. Taking advantage of CSST survey depth, we can
compare the chemical evolution of the Milky Way with
the surrounding satellite galaxies and M31, restore the
dynamic process, and reveal the history of galaxy merg-
ers, so as to deeply understand the properties of the first
generation of stars and the history of chemical enrich-
ment in the early Universe.

Based on the large number of CSST star samples, we
will obtain high-precision statistical ages of stellar pop-
ulations. Using the CSST star coverage in the direction
of the Galactic center, we can fill the gap in the study
of the macroscopic stellar formation and evolution pat-
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terns in large-scale dense star fields. By analyzing the
starquakes of high-luminosity red giants in the galac-
tic center, we will construct the first high-precision and
high-resolution asteroseismological samples in the galac-
tic center. We expect to obtain the mass, age, and rela-
tionship between the vibration period and luminosity of
such stars.

6.3.5 Galaxy ecosystem

The baryon cycle is one of the most critical and dynamic
processes in the galaxy ecosystem. This cycle closely
links galaxies, ISM, CGM, and IGM. The gas inflows,
outflows, and feedbacks it presents form a complete dy-
namic system that drives galaxy evolution. The current
theory suggests that the CGM is where the accretion in-
flow of LSS interacts with the outflow of galactic disks.
Many important physical processes occur here, includ-
ing accretion, feedback, cold and hot gas interaction and
phase transition, which directly affect star formation and
galaxy evolution. At large scales, the IGM constitutes
the skeleton of the baryonic matter network. At small
scales, the IGM profoundly affects the properties of the
gas in the dark matter halo, and together with the CGM,
it constitutes the background of galaxy evolution.

Using the CSST main survey photometric and slit-
less spectroscopic samples, as well as observational data
from the MCI, IFS, and TS, we will detect the CGM
and IGM of nearby galaxies, and conduct narrow-band
imaging and spectroscopic studies at different redshifts.
Figure 11 shows the relationship between the observa-
tion time and the expected S/N for narrow-band ob-
servations of Lya, He II and C IV emission lines at
different redshifts by CSST-MCI. It can be seen that
MCI can effectively detect weak diffuse radiation in a
short exposure time. In addition, the slitless grating of
CSST is also an important device for detecting faint dif-
fuse line radiation. Through spectral stacking, the S/N
can be significantly improved, and the ability of CSST
to detect ISM/CGM/IGM radiation can be enhanced.
Based on higher spectral resolution, more stable back-
ground control and better background subtraction, IFS
is a more effective tool for observing faint diffuse gas
radiation than narrowband and slitless gratings. It can
not only image, but also display the dynamics of gas,
allowing us to obtain deeper detection in the same time.
The FoV of IFS allows us to perfectly explore from the
fine structure of nearby galaxies to the dark matter halo
of high-z galaxies.
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Figure 11 The relationship between exposure time and S/N
for CSST-MCI narrowband observations of diffuse radiation. The
three panels correspond to the Ly, He II, and C IV emission lines.
The red dashed lines indicate the effective detection with S/N=3.

Since MCI has high spatial resolution and large FoV,
it can perform a detailed study of the first link in the
baryon cycle: the distribution of baryons and metal com-
ponents in galaxies. By studying the history of star for-
mation and comparing stellar population models [162],
it is possible to infer the mass of all baryonic matter
and metals produced by a galaxy throughout its en-
tire star formation history [163]. Compared with HST
WFC/WFC3, the advantage of MCI is that its larger
FoV can cover more of the galactic disk area of nearby
galaxies in a short period of time, providing an excellent
observational basis for the measurements of star forma-
tion history and radial distribution gradient of metals
on the galactic disk. Using the MCI and IFS observa-
tions, combined with the existing HST/COS observa-
tional data, we can make detailed estimates of the bary-
onic composition and metallicity of the CGM/IGM of
the Milky Way and nearby galaxies.

As a component of the CGM, the intracluster light
(ICL) has witnessed the unique assembly history of the
most massive dark matter halo in the Universe and
serves as a good observational proxy for the mass and
two-dimensional projection shape of the dark matter
halo. The CSST main survey (and deep-field/UDF) can
not only provide a large number of galaxy cluster sam-
ples for image stacking research, but also provide UV
band images (NUV and u bands) that are sensitive to
the properties of stellar populations. When combined
with ground-based data, CSST can also help reduce the
image confusion problem. Besides, the CSST UV obser-
vation can perform the first extended stellar disk search
over large samples in space. Cooperating the CSST opti-
cal and UV observations with the highly sensitive obser-
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vations of FAST can effectively resolve the origin of the
cold gas in the CGM. The high spatial resolution and
large FoV of CSST-SC, combined with the sensitivity
of multiple narrow-band filters of CSST-MCI and the
spectral and kinematic information of CSST-IFS, can
promote the CGM research of low-z AGN.

CSST will obtain a large number of quasar and galaxy
samples, which can verify the structure of cosmic web,
and statistically study the properties of IGM in the cos-
mic web by stacking spectra. By collaborating CSST op-
tical observations with observations in other bands such
as X-rays, we can systematically study special interstel-
lar objects (such as planetary nebulae, X-ray binaries,
etc.) and ionized gas emission regions, opening a new
window for studying the physical properties and inter-
actions of ICM. In addition, the CSST multi-band wide-
field survey is very suitable for estimating the spatial dis-
tribution and total extinction effect of intergalactic dust
(IGD) through the statistical changes of the background
galaxy color distribution. By utilizing the observational
capabilities of the MCI and IFS, it is expected that the
properties of emission line gas at the IGM/CGM inter-
face of massive dark matter halos in the rapid formation
stage (z > 2) will be directly observed, and quantitative
metallicity and kinematic measurements will be used to
probe the IGM/CGM boundary region, which is cur-
rently poorly understood.

6.4 Stars

Stars are the most common objects and the main form
of visible matter in the Universe. Stellar evolution and
catastrophic explosion lead to the chemical evolution of
galaxies and the enrichment of cosmic metal elements.
Therefore, stellar physics is the cornerstone of modern
astrophysics. The understanding of the formation, struc-
ture and evolution of stars is not only the foundation to
study the Milky Way and the Universe, but also the
starting point for exploring whether exoplanets are hab-
itable.

CSST will obtain photometric data of billions of
stars and hundreds of millions of stellar spectra dur-
ing the ten-year survey. Its high spatial resolution
(0.074” /pixel) and deep survey depth (r ~ 26 mag) will
enable us to observe single stars in the Milky Way and
dozens or hundreds of nearby galaxies, such as the An-
dromeda Galaxy and the Triangulum Galaxy. By uti-
lizing the unique advantages of CSST in the near-IR
and near-UV bands and combining with other survey
projects (such as LSST, HST, Gaia, etc.), we can ob-
tain multi-color photometry and proper motion of single
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stars in the Local Group. At the same time, slitless spec-
tra can also provide effective temperature, metal abun-
dance, surface gravity acceleration, low-precision radial
velocity and other information for some stars (r < 23
mag). CSST wide wavelength coverage (255 — 1000 nm)
can enable observations to cover more star types and
study the basic parameters of stars more comprehen-
sively.

6.4.1 Star formation

Star formation is one of the most important astrophysi-
cal processes. Interstellar gas, especially molecular gas,
is the basic material for the formation of stars. There-
fore, it is crucial to study the evolution of interstellar gas
for understanding star formation and galaxy evolution.
Protoplanetary disks are produced during star forma-
tion, and planets are born in protoplanetary disks. The
evolution of protoplanetary disks directly determines the
properties of planetary systems.

Using CSST-TS, we can conduct THz spectrum
mapping observations on different samples, including
nearby molecular clouds, objects at different evolution-
ary stages, the central molecular belt of the Milky Way,
and M31. We can obtain 492 GHz fine structure line of
neutral carbon and rotational transitions of HDO in the
same band. We will study gas circulation in the Milky
Way and M31 by combining spectral data (such as CO,
CII, HI, radio recombination lines, etc.) from other in-
struments, radiation transfer models, and astrochemical
simulations.

Using CSST-TS broadband deep spectral surveys of
different types of objects, such as star-forming regions,
late-stage stars, and near-Earth comets (opportunistic),
we can obtain high-sensitivity spectral data in the new
window of the THz band. In combination with the
molecular spectrum database and astrochemical mod-
els measured in the laboratory, we will carry out spec-
tral line identification and analysis, determine the chem-
ical composition and physical properties of astronomical
sources, and search for new molecules.

Combined with mature accretion models, the accre-
tion rate of young stars can be measured by using CSST
UV data. The disk wind can be detected by observing
the distribution of [OI]46300 using the CSST-IFS, and
the generation mechanism of the disk wind will be ana-
lyzed by comparison with the relevant model [164,165].

6.4.2 Massive stars and late evolution

Massive stars are one of the main sources of heavy el-
ements, UV radiation fields and stellar feedback in the
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Universe, and they have a significant impact on the for-
mation and evolution of galaxies. However, the evolu-
tion of massive stars is more complicated than that of
low-mass stars, and many related physical processes are
still under discussion. Improving the evolution model of
massive stars is not only related to stellar physics, but
also has important scientific significance for many fields
of astrophysics, since it profoundly affects the chemical
evolution of galaxies and star formation.

Based on the CSST main survey data, as well as the
MCI and IF'S equipment, the study of massive stars will
be promoted from two aspects: pre-main sequence evolu-
tion, main sequence and late evolution. The extremely
deep imaging depth, high spatial resolution and wide-
band spectral coverage of the CSST will provide rich
data for further development in this field.

For the pre-main sequence evolution of massive stars,
young embedded clusters in the Galactic disk provide
good observational samples. The angular diameter of
these embedded clusters is comparable to the FoV of
MCI. The high-resolution images of MCI can resolve
each member star in these embedded clusters. Even
in the case of severe extinction, MCI can detect mas-
sive young stars with an extinction of 20 mag within a
range of 3 kpc. The wide spectral coverage of the IFS
(0.35 - 1.0 um) is conducive to the precise measurement
of the spectral type, extinction and luminosity of mas-
sive young stars. Using light variation data from multi-
ple telescopes, such as CSST, Kepler, and the Transit-
ing Exoplanet Survey Satellite (TESS) [166], combined
with Gaia and LAMOST data, we can study the internal
structure and evolution of massive stars through aster-
oseismological methods, especially to advance our un-
derstanding of the laws of internal rotation and angular
momentum transfer of stars.

Using CSST multi-color photometric data, combined
with the United Kingdom Infrared Telescope (UKIRT),
the Two Micron All-Sky Survey (2MASS) and other
near-IR data and Gaia data, red supergiants (RSG) in
nearby galaxies can be identified, and the surface gravi-
tational acceleration and luminosity of massive stars will
be inferred through CSST time series data. A systematic
study can be conducted on the late-stage massive star
populations in nearby galaxies (within about 10 Mpc)
with a metallic abundance difference of about 60 times,
and the effects of stellar physical parameters (such as
initial mass function, rotation, convection, binary stars,
light variation, mass loss of stellar wind, etc.) and the
galaxy environment on their properties can be explored.

Besides, we can compare images of the same sky re-
gion taken by CSST and HST at different times to search
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for “disappearing” stars (failed supernovae), providing
direct observational constraints on massive stellar evo-
lution models and supernova explosion theories [167].

6.4.3 Binary star evolution and special objects

Current studies have shown that about half of the stars
are located in binary star systems. In modern astro-
physics, binary stars are involved in various fields, such
as planets, stars, galaxies, cosmology, high-energy astro-
physics and gravitational wave astronomy. Binary star
evolution is the inevitable way to form SNe Ia, and mas-
sive binary star evolution is the main way to produce
compact binary stars, such as binary stellar black holes,
binary neutron stars, black hole-neutron stars, black
hole-white dwarfs, and neutron star-white dwarfs. In
addition, binary star evolution also explains most of the
mysteries about stars, such as the classic Algol paradox,
spectra of symbiotic stars, and the formation of barium
stars. Besides, binary stars are also believed to related to
cosmic reionization [168] and candidate sources of grav-
itational waves [169-171].

The study of the basic properties of binary stars is
highly dependent on the establishment of binary star
samples. Most of the current sky survey projects can
only effectively detect a single type of binary star, so
there is a natural inhomogeneity and a strong selection
effect between samples. CSST has an inherent advan-
tage in building a larger and more complete binary star
sample. By utilizing the difference between the sin-
gle/binary star energy spectra, CSST’s high-precision
multi-color photometric data and slitless spectroscopic
data can efficiently detect unresolvable companion stars.

CSST’s wide wavelength range (255 — 1000 nm), espe-
cially the coverage of the UV band, can cover binaries
with larger masses and mass ratios, and realize accurate
measurement of the parameters of the primary and com-
panion stars. The magnitude limit of about 26 mag en-
ables the sample to cover at least LMC/SMC (100 kpc),
and is expected to cover M31/M33 (1Mpc), and greatly
enrich the binary star sample of 10 < a < 1000 AU. Re-
solvable binaries can be obtained through CSST’s high-
resolution imaging and milliarcsecond-level astrometric
information (proper motion and parallax). The design
of multi-color imaging and slitless spectroscopic survey
arrangement can ensure that the binary star sample has
good intrinsic homogeneity. CSST can construct a bi-
nary star sample with the largest number, good consis-
tency, and high-precision stellar physical parameters.

CSST will be a milestone in understanding the for-
mation and evolution of special stars. Since binary stars
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are generally hotter and very sensitive to near-UV light,
the CSST main survey can effectively identify special
samples, the number of which may be several orders of
magnitude higher than the currently known number. At
the same time, the number of spectra obtained by CSST
is also expected to be increased by more than one order
of magnitude, which is very helpful for studying and
solving the origin of special stars from a large sample
statistical perspective. Besides, since the radiation of
accreting white dwarfs is mainly concentrated in the UV
to X-ray band, CSST has a unique advantage in search-
ing accreting white dwarfs. CSST also is expected to
detect more hypervelocity star samples, since the radial
velocity accuracy estimated by CSST spectrum is about
tens of kilometers per second [172], which can meet the
search requirements for hypervelocity stars..

6.4.4 Asteroseismology and stellar activity

At present, the internal physical laws of some widely ex-
isting active phenomena of stars (such as magnetic fields,
material accretion and ejection) are still not clear. Aster-
oseismological observations can reconstruct the internal
structure of stars, constrain microscopic physical pro-
cesses, such as convection and material transport pro-
cesses, and open a window to solve these problems. The
habitability of exoplanets depends on the activity level
of the host star, among which stellar flares and coronal
mass ejections (CMEs) have a huge impact on the envi-
ronment and composition of the planetary atmosphere.
This is particularly important for the planetary system
of M-type dwarfs. Since the habitable zone of M-type
dwarfs is closer to the host star, the intense stellar activ-
ity is likely to be the “central engine” of the co-evolution
of the host star and the planet.

CSST will conduct multi-color imaging and slitless
spectroscopic 17,500 deg? wide-field surveys, covering
billions of stars in the Milky Way. CSST’s 400 deg?
multi-color imaging deep-field observations and a small
number of time domain observations will constitute time
series data for many stars. In addition, CPI-C and IFS
provide the possibility of observing stellar CME events.
Based on these data products of CSST with deep magni-
tude limits, high observational accuracy and high spatial
resolution, we can deeply study the magnetic field, ac-
cretion, CME and pulsation of stars, and discover new
samples of active stars for detecting the diversity of var-
ious stellar activities. Using these research results, more
comprehensive observational constraints can be obtained
to improve the existing stellar structure and evolution
models [173].
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Stellar activity is manifested as anomalous absorp-
tion and emission of activity indicator spectral lines and
changes in stellar luminosity, reflecting energy changes
caused by magnetic fields and accretion activities. CSST
near-UV and optical spectroscopic and photometric ob-
servation data contain important stellar activity infor-
mation, which can include TiO absorption band, and
Ha and Mg II h&k spectral lines. Using these data,
we can detect and characterize the magnetic field ac-
tivities of stars in the photosphere and chromosphere,
discover novel activity samples in extremely cool dwarfs
and young stars, explore the diversity of stellar activities,
and establish accurate statistical relationships between
stellar activities and basic stellar parameters based on
complete samples.

Besides, the CSST bulge region data are suitable for
analyzing the relationship between the accretion process
and magnetic field activity on young stars and related
evolutionary characteristics, as well as capturing stel-
lar white-light flare events [174]. IFS spectroscopic data
can be used to analyze the Ha spectral line profile to
detect stellar CME events with large explosions. CPI-
C can detect planetary systems with a contrast greater
than 1078, which is sufficient to ensure direct detection
of stellar CME events for nearby active star samples.
CSST bulge observations also will discover a large num-
ber of § Scuti variables, which can be helpful to further
improve stellar structure and evolution models.

6.4.5 Compact objects

Compact stars are the final objects formed in the late
stage of stellar evolution, including white dwarfs, neu-
tron stars and black holes. Due to their special physi-
cal properties, such as extremely high density and pres-
sure, and extremely strong magnetic field, they can be
regarded as natural extreme physics laboratories. Com-
pact stars have always been an important topic in astro-
nomical research, and are related to many fundamental
physical and astrophysical processes.

In the CSST main survey, about 1-10 million high-
confidence white dwarf candidates are expected to be
discovered, and the distribution laws of their parame-
ters, such as luminosity, mass and radius, will be con-
structed. A group of white dwarfs with special research
significance will be searched and confirmed, such as
white dwarfs with debris disks and planetary systems,
and their formation and evolution mechanisms will be
studied. Using the CSST-SC Galactic center direction
and MCI time domain data, a group of pulsating white
dwarfs with brightness of 19-25 mag can be discovered,
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thereby providing constraints on their internal structure
and physical state in different cooling belts.

Taking advantage of the large FoV and deep magni-
tude limit of the CSST, a complete sample of accret-
ing neutron stars can be established, especially a sam-
ple of medium-mass X-ray binaries, thereby constrain-
ing their evolution to pulsar binary systems and the ra-
diation mechanism of accreting neutron star systems.
By combining the CSST and eROSITA survey data,
and considering the optical and UV band data of Pan-
STARRS, Gaia, GALEX, etc., we can search for the can-
didates of compact object through the phase space di-
agram of multi-band flux ratio, and analyze newly dis-
covered black hole candidate sources.

In addition, we can select hot subdwarfs, white dwarfs
and other types of objects, construct the elliptical light
curves using CSST bulge time-domain photometric data,
and calculate the mass functions of binary stars. Fur-
thermore, the mass of invisible stars will be calculated
by estimating the mass of visible stars, and a batch of
quiescent stellar-mass black hole candidates can be dis-
covered.

6.5 Exoplanets

Exoplanets are a frontier and important field in astron-
omy. From the early 1990s to the early 21th century,
the radial velocity method was mainly used to detect
exoplanets. Since the 21st century, the transit method
(such as Kepler, TESS, etc.)
means of discovering exoplanets [166, 175]. Combined
with microlensing, direct imaging, astrometry and other
methods, a number of medium- and long-period exoplan-

has become the main

ets have been discovered, improving the completeness of
medium- and long-period exoplanet samples. At present,
more than 5,000 exoplanets have been discovered, and
a relatively rich sample of exoplanets has been accumu-
lated. In addition, combined with the spectral detection
of the atmosphere of exoplanets, the spectral observa-
tion of the atmospheric components and contents are
carried out to help us understand the evolution of plan-
etary atmospheres. Existing and future space telescopes
will further expand the planetary samples, improve the
completeness of detection, characterize the atmospheric
characteristics of exoplanets, and help us understand the
diversity of planetary systems and the universal laws of
formation and evolution.

CSST has the advantages of high spatial resolution,
large aperture and FoV, and its CPI-C also has direct
imaging function. Using CSST to detect exoplanet sys-
tems will help us to discover special exoplanet systems,
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expand exoplanet samples, and test the formation and
evolution theory of planets.

6.5.1 Direct imaging detection

Direct imaging technology can truly “see” planets by di-
rectly observing planetary radiation, providing the pos-
sibility for studying characteristic signals of planetary
atmospheres, and is a key technology for confirming sig-
nals of extrasolar life. So far, ground-based exoplanet
imagers have discovered a total of about 100 exoplan-
ets, most of which are more than 10 times the mass of
Jupiter. Most of the planetary systems are very young
(1-200 Myr) and have effective temperatures close to or
exceeding 1000 K. These planets also have very strong
radiation, which makes the imaging contrast require-
ments relatively low (107 ~ 107 for infrared band). At
present, ground-based observations cannot detect ma-
ture, low-temperature “cold” exoplanet.

The CPI-C module of CSST takes advantage of the
space environment without atmospheric disturbance and
the observational bands, combined with the off-axis
structure of the CSST without central obstruction, to
break through the existing ground-based high-contrast
imaging capabilities. It can further enrich the number
and types of exoplanets detected, and provide impor-
tant observational evidence for the formation and evolu-
tion mechanism of planets, laying an important technical
foundation for directly detecting “Earth-like” planets in
the habitable zone.

CPI-C produces an ultra-high contrast imaging
workspace of 1078 through pupil modulation [176-178]
and precise control of wave aberration [179]. It can ob-
tain images of exoplanets in multiple bands from optical
to near-IR, and then derive the atmospheric spectra and
physical properties of these planets through spectral fit-
ting. With an exposure time of more than 1 hour, it
can achieve a sufficient S/N (= 507) to observe a 25 mag
planet around a 5 mag star.

The imaging contrast of the CPI-C is two orders of
magnitude better than that of the ground, and it can
realize the scientific observation of “cold” exoplanets
around nearby solar-like stars (F, G, K types) for the
first time. It is expected to conduct a high-contrast
imaging survey of stars within 1,000 nearby stars, and
search for planetary systems the size of Jupiter and Nep-
tune within a range of less than 1 AU to 5 AU from the
stars. The discovered candidates need to be confirmed
by the method of proper motion analysis. If the can-
didate moves around a star, it will have similar annual
parallax and proper motion as the star. In this way,
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background objects can be eliminated from the candi-
dates.

After identifying a planet, the CSST CPI-C obtains
the distribution of reflected light energy of the target
planet through multi-band photometry. It can derive
the cloud layer, abundance, radius, effective tempera-
ture, surface gravity, mass and other physical parame-
ters of the target planet by fitting the reflected spectrum
[180,181]. Using multiple observations of the CPI-C at
different times, the orbit of the planet can also be fit-
ted to determine the dynamic mass of the planet [182].
Besides, CPI-C can be used to perform direct imaging
observations of protoplanetary disks, obtain scattered
light images in the optical and near-IR bands, and ob-
tain high-precision imaging of protoplanetary disks.

6.5.2 Microlensing event detection

The microlensing method is currently the best method
for detecting “cold” exoplanets and rogue planets (or
free-floating planets, FFPs) that are not bound by the
gravity of stars [183,184]. Since 2003, the microlens-
ing method has discovered more than 200 exoplanets.
These planets occupy relatively unique positions in pa-
rameter space, greatly improving our understanding of
“cold” exoplanets and rogue planets [185,186].

Compared with ground-based microlensing surveys,
the large-aperture space telescope CSST with a large
FoV and high spatial resolution has a natural advantage
in microlensing observations. The magnitude limit that
CSST can reach is deeper, so it can detect more stars
with smaller radii. More stars mean more microlensing
events are expected, and stars with smaller radii imply
that CSST can detect planets with smaller masses (in-
cluding rogue planets).
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Figure 12 Simulated CSST microlensing event with finite source
effect caused by a rogue planet (FFP) of Mars mass.
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Based on the known luminosity distribution function
of bulge stars and the currently estimated rogue planet
mass distribution function [187], we expect that a CSST
total observation time (i.e. exposure plus readout time)
of 15 days will be able to detect about 20 microlensing
events caused by free-floating planets of Mars mass and
smaller (see Figure 12), and roughly two dozen more
massive free-floating planets.

We also expect to detect about 50 signals from “cold”
planets gravitationally bound to their host stars. These
“cold” planets are about 1 —30 AU from their host stars
and have masses as low as about Mars mass. This type
of exoplanet is almost impossible to detect by other de-
tection methods or ground-based microlensing surveys,
and they can play an important role in testing the core
accretion model of planet formation theory. It is ex-
pected that these extremely low-mass rogue planets and
“cold” planets that CSST can detect will greatly expand
the known planetary parameter space, and have very im-
portant scientific value for understanding the formation
and evolution of planetary systems.

6.5.3 Transiting exoplanet system detection

As the main method for discovering exoplanets, the tran-
sit method has the characteristic of batch searching for
exoplanets with high efficiency. At present, nearly 5,000
exoplanets have been confirmed by the transit method,
providing a rich sample for statistical research on exo-
planets and revealing various dynamic and physical char-
acteristics of exoplanet systems. All known transiting
planets are mainly in the Kepler field, as well as in the so-
lar neighborhood [186]. The basic principle of the tran-
sit method is to measure the tiny periodic photometric
changes caused by the planet passing over the surface of
the star through high-precision time-series photometric
observations, thereby obtaining orbital characteristics,
such as planet radius and orbital period, which helps us
understand the properties of exoplanets.

The transit method for searching exoplanets requires
long-term observation of a large number of stars in the
same area of the sky. CSST has a large FoV and deep
magnitude limit, which can monitor many stars simulta-
neously and search for transit signals. Meanwhile, CSST
has a high angular resolution and can observe areas with
dense star fields, such as the vicinity of the galactic bulge
and star clusters. With a larger aperture than Kepler,
CSST can detect transiting planets around farther and
fainter bulge stars, which can reveal the planet forma-
tion mechanism in different environments throughout
our galaxy. We find that with an exposure of 300 sec-
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onds, the CSST can measure stars with a photometric
accuracy of 0.5% for magnitudes below 20, and its detec-
tion depth is higher than that of current space telescopes
which use the transit method to detect planets, such as
the Kepler apace telescope and TESS [166,175]. With an
observational time of 7 days, more than 100 transiting
exoplanet candidates can be detected.

In summary, CSST has a large FoV, high resolution
and high photometric accuracy, which can help search
for planets in Galactic bulge, star clusters, star streams
and other star-dense areas. These areas were previously
difficult to search for planetary signals due to the lim-
itations of detection methods. Therefore, CSST obser-
vations can allow us to have a deeper understanding of
the characteristics of exoplanet systems in different en-
vironments in the Milky Way, and provide new clues
for our understanding of the formation and evolution of
planetary systems.

6.5.4 FExoplanet atmosphere

Transit spectroscopy, direct imaging and Doppler spec-
troscopy are the best methods for studying the atmo-
spheres of exoplanets [188]. Although planets are too
dark and too small, their size is not that different from
their host stars. When a planet moves in front of a
star, the star light is partially blocked, so it appears
to be darker, and the degree of darkening depends on
the wavelength. The “transit method” is continuously
tracking stars, searching for the phenomenon of periodic
dimming of stars and measuring the degree of dimming
of planetary systems in multiple bands, which can be
used to detect planets and obtain the atmospheric spec-
trum of planets. When a planet moves behind its host
star, the radiation of the planet is completely blocked.
By comparing the total radiation of the entire system at
this time with that before the planet is blocked, the radi-
ation of the planet itself or its reflection can be obtained.
This is called the “secondary eclipse method”.

The CSST-SC includes a slitless spectrometer with
a resolution of about 200 and a wavelength coverage of
~0.25 to 1 um, which can be used to obtain the transmis-
sion or emission spectra of planetary atmospheres. The
CSST-IFS can provide a resolution of > 1000, a wave-
length coverage of 0.35—1.0 um transmission or reflection
spectra, and can directly distinguish some wide-spaced
planets. The CSST-MCI can provide three-color simul-
taneous high-precision light curves. These instruments
have their own advantages and can be used for observa-
tion and research of exoplanet atmospheres.

Considering the CSST instruments and band cover-
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age, cooperated with other instruments (e.g. JWST,
HST, etc.), we expected to obtain transit spectra and
multi-color phase curves of a total of 20 — 30 hot and
ultra-hot Jupiters, and perform detailed studies of their
atmospheric properties. We will also conduct atmo-
spheric studies of planets around K-type and M-type
dwarfs, and use CSST to conduct follow-up optical spec-
troscopy or multi-color observations of exoplanets that
have been observed by HST or JWST near-IR transmis-
sion spectroscopy. Besides, we will probe about 10 hy-
drogen ocean planets, super-Earths and warm planets,
and use the IFS to perform direct spectroscopic detec-
tions of a wide range of young giant planets. Moreover,
the CSST-SC spectrometer and MCI should enable effec-
tive detection of the atmospheres of most hot Jupiters,
some super-Earths and wide-spaced young planets.

6.6 Solar System objects

In addition to the large objects such as the Sun, eight
planets, dwarf planets and their satellites, the Solar Sys-
tem also has a large number of small objects, includ-
ing asteroids and comets. Asteroids are divided into
main-belt asteroids, Trojan asteroids, Kuiper belt ob-
jects, Centaurs and near-Earth asteroids according to
their distribution locations. Comets can be divided
into short-period comets, long-period comets, main-belt
comets and interstellar comets according to their ori-
gins. At present, the number of small objects discovered
in the Solar System exceeds 1.31 million, but there are
still a large number of small objects that have not been
discovered. Small objects are the remnants from the for-
mation of the Solar System, and have well preserved the
original information. Studying small objects is helpful
for studying the distribution of water in the Solar Sys-
tem and the origin of water and life on Earth, and is
helpful for studying the formation and evolution of the
Solar System.

6.6.1 Kuiper belt objects

Kuiper Belt Objects (KBOs) are located beyond the or-
bit of Neptune and contain important clues of the for-
mation and evolution of the Solar System. Research on
these objects can provide the most important evidence
for understanding the evolution of planetary orbits, the
stability of the Solar System, and the space environment.

The number of KBOs discovered so far (about 2,000)
is far less than the number of main-belt asteroids discov-
ered (more than 700,000) [189,190]. In addition, their or-
bit determination accuracy is low, and the data of phys-
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ical and chemical properties on their surface are scarce,
which greatly limits the understanding of the origin and
motion properties of KBOs. The high magnitude limit
and multi-band photometric capabilities of CSST pro-
vide an excellent opportunity to observe KBOs. In ad-
dition, CSST observations with high orbital inclinations
will help reveal the authenticity of the ninth planet.

Under the limitation of the CSST main survey, it
is still expected to obtain orbital data of hundreds of
KBOs, greatly increasing the number of KBO samples.
CSST can obtain multi-color photometric data of hun-
dreds of KBOs, reveal the essence of the correlation be-
tween KBO colors and their orbital characteristics, and
understand the formation and orbital evolution of ob-
jects in the outer Solar System.

CSST can perform surveys in the high ecliptic latitude
region (or a narrow band region) to search for small ob-
jects with orbital inclinations greater than 30 degrees. It
is expected that dozens of high-inclination objects will
be discovered during the CSST main survey, and a more
detailed distribution and multi-color photometric data of
such objects will be obtained to reveal the relationship
between their color index and orbit.

6.6.2 Active asteroids / main-belt comets

Some asteroids will have comet-like activities, which are
called active asteroids [191-195]. Active asteroids can
be divided into main-belt comets and broken asteroids
according to the different driving mechanisms of their
activity. At present, there are 42 active asteroids/main-
belt comets discovered, of which only 15 are main-belt
comets whose activity is driven by water ice sublimation.
Studying active asteroids/main-belt comets is helpful for
studying the distribution and activity mechanism of ac-
tive asteroids/main-belt comets, the source of water on
Earth, the thermal history and composition of the Solar
System, and provides some constraints on the protosolar
disk model.

Active asteroids/main-belt comets are difficult for
ground-based equipment to identify their activity char-
acteristics. CSST has the strong optical power and
a large FoV, making it very suitable for performing
CSST
will study the physical properties and activity of active

search and observation on main-belt comets.

asteroids/main-belt comets, reveal the activity mecha-
nisms, compare the activity differences between them,
and analyze the causes and mechanisms of the differ-
ences. We will explore the orbital characteristics and
spatial distribution of active asteroids/main-belt comets,
develop a CSST-based active asteroid/main-belt comet
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search and data processing program, and discover new
active asteroids/main-belt comets.

6.6.3 Physical properties and activity of comets

Comets are the remnants left over from the formation
of the Solar System, which are rich in water ice and or-
ganic matter. Studying comets is helpful for exploring
the origin of the Solar System and the source of water
and life on Earth. The activity mechanism of comets
is different at different heliocentric distances. Within 5
AU, its activity can be explained by the standard model,
that is, the volatilization drive of water ice, but outside
5 AU, its activity is mainly caused by the volatilization
of volatile gases.

Comets have a wide variety of morphological features
during their orbits. CSST has a large FoV and high reso-
lution, making it very suitable for studying the morphol-
ogy and activity of comets. We also can use the CSST
main survey to carry out observations of comets, and
build a database of comet physical parameters by com-
bining other survey data. Besides, The short-time scale
(5 =30 s) exposure full-band observation/monitoring
mode of the CSST-MCI can measure the light varia-
tion of comets with high spatial resolution at the minute
level, which can be used to study the rotation period and
activity evolution of comets. The start and end positions
of comet activity are one of the important parameters for
comparing comet activity. Since the imaging depth of
the XDF observation of CSST-MCI can reach 30 mag-
nitude in optical band, CSST-MCI can greatly expand
the heliocentric distance at which comets are active.

6.6.4 Identification and data processing of asteroids

At present, the number of asteroid samples with known
shape, rotation and other parameters accounts for a very
low fraction of the total number of asteroids. Such data
volume is far from meeting the needs of theoretical re-
search on the origin and evolution of asteroids. Com-
pared with Gaia and Euclid, CSST has a larger FoV,
is equipped with more observation modules, and has
stronger observation capabilities. Therefore, CSST can
observe more and fainter small Solar System objects. Us-
ing the photometric and spectroscopic data of asteroids
obtained by the CSST main survey, it is expected to
make a significant contribution in the research of as-
teroid physical parameters, spectral type classification,
origin and evolution.

The CSST small object observational data are mainly
obtained by utilizing the most advanced machine deep
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learning technology to realize the identification and mea-
surement of the small object signals. CSST will pro-
vide multi-color photometric and spectroscopic data of a
large number of faint asteroids. In order to realize the in-
version analysis of asteroid physical parameters, we can
combine CSST data with other space and ground ob-
servational data to establish a new asteroid photometric
model and inversion method.

6.6.5 Discovery and physical properties of natural satel-
lites

Most of the natural satellites of the large planets are
irregular satellites, which are usually very dim (> 20
mag) and difficult to observe using ground-based tele-
scopes [196-201]. The study of these faint satellites is
of great significance to the origin and evolution of the
Solar System, and also plays a key role in the navigation
of deep space exploration.

The large FoV, high resolution and sensitivity of the
CSST-SC make it possible to discover new natural satel-
lites. By rationally utilizing and planning the observa-
tional mode of CSST, it is expected to increase the ob-
servational data of faint natural satellites, greatly pro-
moting the reidentification, new discovery and dynamics
research of faint satellites.

6.7 Astrometry

CSST, with its wide wavelength coverage and high an-
gular resolution, is expected to provide a strong sup-
plement to space- and ground-based optical observa-
CSST is designed to observe celestial objects
fainter than 18 mag, potentially reaching depths up to 26
mag. It is expected to extend Gaia’s tomographic map-
ping of the Milky Way to much fainter limits, providing
milliarcsecond-level astrometric accuracy. By enabling
precise measurements of stellar proper motions and par-

tions.

allaxes, CSST is expected to complement and extend
Gaia’s results into deeper and darker regions of the sky,
opening new possibilities for high-precision astrometric
research [202,203]. This extension will enrich the key
data of the astronomical database, including parameters
such as position, parallax and proper motion.
Leveraging its high-precision astrometric measure-
ments, the CSST is anticipated to extend the Gaia ce-
lestial reference frame to substantially fainter magni-
tudes, thereby establishing the CSST celestial reference
frame as the most densely populated and deepest in mag-
nitude limit among existing celestial reference frames.
Meanwhile, given CSST’s observational cadence and as-
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trometric precision, its data are expected to serve as
a valuable complement to the Gaia catalog for sources
in the 18-21 magnitude range, thereby contributing sig-
nificantly to the maintenance and refinement of their
astrometric parameters. Considering its astrometric ac-
curacy, CSST can provide key information, such as mo-
tion and distance, required for the discovery and mass
measurement of binary star systems. In addition, CSST
is also expected to provide effective observational data
for orbital improvement and classification of small Solar
System objects, detection of gravitational deflection ef-
fects of stars with large proper motion, and search for
special objects, such as intermediate-mass black holes.

Therefore, CSST’s milliarcsecond-level astrometric
data will be used to extend from the establishment of
celestial reference frames to astrometric binary star de-
tection, Solar System asteroid dynamics, etc. With its
excellent astrometric accuracy, CSST will make great
contributions to astrometry, especially in the construc-
tion of reference frames and related astrometric scien-
tific application research. In addition, CSST will pro-
vide high-precision astrometric data for other research
fields in astronomy and enhance our understanding of
the Universe.

6.7.1 Construction of extremely deep celestial reference
frame

The celestial reference frame is an essential space ref-
erence in the fields of astronomy, geodesy, deep space
exploration, navigation, and geodynamics research. The
establishment and unification of high-precision space
references have important scientific significance. At
present, the International Celestial Reference Frame
(ICRF) consists of more than 4,000 extragalactic radio
sources. In 2022, the Gaia-CRF optical celestial refer-
ence frame was built, which consists of 1.6 million quasar
sources. Gaia successfully built a high-precision celestial
reference frame in the optical band with a high density
(about 42 stars/deg?). The CSST survey depth exceeds
25 mag, and it is expected that the reference sources ob-
served per square degree will reach the order of 1,000,
which is expected to build the world’s densest and deep-
est celestial reference frame.

To this end, it is essential to evaluate the completeness
and reliability of existing quasar identification meth-
ods, and to develop reference source selection techniques,
specifically adapted to the observational characteristics
of CSST data. To enhance the overall stability of the
CSST ultra-deep celestial reference frame, the quasar
sample should be systematically reviewed, flagged, and
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rigorously classified based on their suitability for inclu-
sion. Anomalous quasars must be accurately identified
and excluded to ensure the integrity of the reference
frame [204-206]. The astrometric performance, includ-
ing the alignment between the CSST celestial reference
frame and the Gaia-CRF, will be systematically inves-
tigated. Thanks to its broad wavelength coverage and
high precision measurements, CSST is well-positioned to
make significant contributions to the development of a
multiband celestial reference frame [207].

6.7.2 Maintaining and updating the Gaia catalog

The Gaia mission delivers star catalog with unprece-
dented astrometric precision — approximately 1 milliarc-
second for objects in the 18 to 21 magnitude range [208].
However, the accuracy of these catalogs, particularly
in terms of stellar position, deteriorates over time due
to the increasing uncertainty in astrometric parameters.
Incorporating new observations is therefore essential to
maintain, or even enhance, the initial level of precision
[209].

The CSST observations cover Gaia targets of 18 — 21
mag, and the combination of common target astrometric
observational data between Gaia and CSST can improve
the accuracy of the proper motion and parallax solution
results of the targets. We will optimally combine Gaia
astrometric epoch data with CSST astrometric epoch
data, and solve the relevant astrometric parameters in
the same set of equations.

6.7.3 Astrometry discovery and mass measurement of
binary star systems

The mass distribution and eccentricity of binary star
systems play a vital role in understanding the forma-
tion and evolution of stars. In particular, compact ob-
jects with companion stars, including black holes, neu-
tron stars, white dwarfs, etc., are the most important
objects in stellar evolution, which are laboratories with
extreme physical conditions and play a pivotal role in
astronomical research. By using astronomical measure-
ment methods and detecting the position changes of a
large number of objects, compact binaries can be effi-
ciently discovered. Accurately tracking the sky position
of stars can accurately measure the orbits of binary stars,
thereby solving the mass and providing a large sample
mass distribution.

We will first use CSST astrometric data and multiple
indicators to construct a sample of astrometric binary
candidates. Secondly, we will combine Gaia and CSST
astrometric position sequence data to confirm binary
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Finally, we will integrate multi-dimensional
observational data to reconstruct the three-dimensional

systems.

motion of the visible companion star, and thus directly
measure the mass. It is expected that a certain number
of reliable astrometric binary candidates will be discov-
ered, and a certain scale of binary mass samples will be
constructed.

6.7.4 Asteroid mass determination based on CSST

Density is one of the most basic physical parameters of
asteroids, and it is of great significance for revealing the
composition and evolution of asteroids. Currently, there
are relatively few asteroids with known density (2 400),
which is mainly because there are relatively few aster-
oids with known mass. Accurate mass parameters are a
necessary condition for accurate density measurement.
Accurate asteroid mass can improve the modeling accu-
racy of the Solar System’s gravitational field and thus
improve the accuracy of the perturbation of the target.
In addition, the accuracy of the current Mars ephemeris
is mainly affected by the accuracy of the perturbation
modeling of the main belt asteroids. Continuous im-
provement of asteroid mass will help improve the accu-
racy of the Mars ephemeris.

CSST observational data can be integrated with exist-
ing ground-based observational data and Gaia asteroid
observational data to improve the accuracy of asteroid
mass measurement, and can improve the mass measure-
ment of large-mass asteroids.

6.7.5 Measuring the mass of stars with large proper
motion based on gravitational deflection effect

Mass is one of the most important physical parameters of
stars and is also a decisive factor in stellar structure and
evolution. The range of stellar mass can range from hun-
dreds of times to several times the mass of the Sun. Most
stars have a mass from 0.1 to 10 M, while large stars in
the spiral arms of the Milky Way have a mass between
6 and 60 times the mass of the Sun. How to accurately
measure the mass of stars is a fundamental problem in
astronomy. For most isolated stars, the method of gravi-
tational microlensing can accurately measure the mass of
stars. The change in gravitational deflection caused by
the motion of stars with large proper motion is an effec-
tive tool for directly determining their mass. The mass
of stars with large proper motion can be calculated by
accurately measuring the position change of background
sources [210-212].

Considering the survey depth of CSST, the density of
objects in the FoV is very high. During the motion of
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stars with large proper motion, they will pass by a con-
siderable number of background sources. So such oppor-
tunities will increase significantly, which will effectively
enhance the probability of determining the mass of stars
based on the change in gravitational deflection.

6.7.6 Astrometric search for intermediate-mass black
holes

Current astronomical observations show that black holes
are ubiquitous in the Universe. However, there is still a
fundamental and long-lasting question about black holes
that needs to be solved: Is the mass of black holes dis-
tributed continuously? More specifically, there is a huge
gap between stellar mass black holes and SMBHs in the
mass map of black holes. Do intermediate-mass black
holes with masses between 100 and 100,000 M, exist?

Globular clusters have dense environments for stars to
merge and form intermediate-mass black holes. We can
use CSST to search for intermediate-mass black holes in
globular clusters, and try to give the clearest and most
specific detection results.

6.8 Transients and variable sources

6.8.1 Supernovae

Supernovae are violent explosions caused by the core col-
lapse of massive stars or the thermonuclear explosion of
white dwarfs. The former include Type II, Type Ib and
Type Ic supernovae and various subtypes (i.e. core col-
lapse supernovae, CCSNe), while the latter are mainly
SNe Ia. SNe Ia are important cosmic distance probes,
but the nature of their progenitors is still unclear [213].
In recent years, large-field surveys have led to the discov-
ery of superluminous supernovae (SLSNe) with bright-
nesses of about 100 times that of ordinary CCSNe. The
specific explosion physics and energy mechanism remain
a mystery [214]. Exploring the progenitors and energy
mechanisms of various supernovae and special transients
is the core issue of current supernova research, and is also
the key to understanding stellar evolution, supernova ex-
plosion mechanisms, and the formation and evolution of
compact objects.

Although CSST main scientific goal is about cosmo-
logical and galaxy observation, the CSST-SC has the
characteristics of high spatial resolution and large FoV,
which is expected to make important progress in the de-
tection of various types of transient sources in the Uni-
verse, including supernovae, during its ten-year scien-
tific operation. The deep-field, UDF surveys based on
the CSST-SC and the MClI-based XDF survey will be
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able to detect a large number of high-z supernova sam-
ples (including SNe Ia and SLSNe) and several super-
nova gravitational lensing phenomena. These data are
of great significance for further constraining the nature
of dark energy and studying the formation and evolution
history of stars in the early Universe.

6.8.2 Gamma-ray bursts

Gamma-ray bursts can generally be divided into two cat-
egories: long GRBs (duration time scale greater than 2
seconds) and short GRBs (duration time scale less than
2 seconds) [215]. The former originates from the core
collapse of massive stars, while the latter is produced by
the merger of binary compact stars. As the most violent
stellar explosion in the Universe, the instantaneous ra-
diation of GRBs is extremely bright. At the same time,
gamma-rays have extremely strong penetrability in the
ISM. These factors make GRBs detectable even at ex-
tremely long distances.

Under the guidance and coordination of high-energy
satellites, CSST is expected to make deep observations
of the optical counterparts, optical afterglows and host
galaxies of high-z GRBs, thus helping to determine their
properties, such as redshift and metallicity. CSST-MCI
observations can accurately characterize the evolution of
the GRB afterglow energy spectrum, constrain the mor-
phology and evolution of the electron energy spectrum,
and reveal the universal law of relativistic shock wave
acceleration of particles. At the same time, the detec-
tion depth of CSST can monitor the long-term evolution
of GRB optical radiation from the early, middle and
late stages, which plays a key role in revealing the pos-
sible evolution of the microscopic physical parameters
of the shocked fluid (such as particle energy and mag-
netic field energy ratio). In addition, CSST can perform
ToO observations (a small amount of total observational
time) to follow up on the electromagnetic counterparts of
gravitational waves, kilonovae of short GRBs, and high-z
GRBs.

6.8.3 Fast radio bursts

Fast radio bursts are the most energetic cosmic explo-
sions in radio bands [216], typically releasing an im-
mense amount of energy in milliseconds, which can be
the same as what the Sun produces in days or even
months. To date, more than 860 cases have been offi-
cially reported, of which about 8% have shown repetitive
bursts [217,218] and a few are extremely active with hun-
dreds to tens of thousands of bursts from a single FRB
[219,220]. In more than 40 cases, the host galaxies and
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redshifts are determined with arcsecond precision, con-
firming the cosmological origin of FRBs [221]. However,
their astrophysical origin remains a mystery and will be
an important topic in frontier research in the next 5-10
years [222].

We can take advantage of CSST’s large FoV, high sen-
sitivity, and large sky coverage to focus on observational
studies of the optical counterparts and host galaxies of
FRBs. We expect to make breakthrough progress in key
scientific issues, such as the origin and explosion mech-
anism of FRBs, and make important contributions for
revealing the physical nature of such phenomena.

6.8.4 High-energy neutrino events

Neutrinos are one of the smallest units that make up
the material world. In 2013, the IceCube Observatory
detected high-energy neutrinos with energies above TeV
from outside the Earth for the first time [223], mark-
ing the beginning of high-energy neutrino astronomy.
These neutrinos may originate from high-energy cosmic
ray particles, and the origin of cosmic rays is a major
unresolved issue in the scientific community. Finding
the origin of high-energy neutrinos and cosmic rays is
an important topic in the intersection of astronomy and
physics today [224].

Due to its large FoV and high sensitivity, CSST is
very suitable for deep observations of the objects, such as
blazars, supernovae, low-luminosity GRBs, TDEs, and
starburst galaxies, to search for the origin of high-energy
neutrinos.

6.8.5 Tidal disruption events

When a star accidentally moves to the vicinity of the
SMBH at the center of a galaxy, and the distance is less
than the tidal radius, it will be tidally disrupted. Some
of its matter will be accreted by the black hole, produc-
ing bright electromagnetic flashes. The radiation peak
is in the soft X-ray to UV band, and the duration is sev-
eral months to several years. This phenomenon is called
a black hole tidal disruption event. For a single galaxy, a
TDE occurs only once every tens of thousands of years
on average, and is an extremely rare transient source.
TDE provides a powerful method to detect the majority
of silent SMBHs in the Universe, including intermediate-
mass black holes and even binary black holes. TDE also
provides a new way to study the environment around
quiet black holes [225,226], thereby helping to under-
stand nuclear activity. Due to the diversity of TDE ob-
servational manifestations and the relatively small and
obviously biased observation samples at present, many

xx (2025) Vol. xx No. x 000000-45

key physics of TDEs are still not well understood, which
seriously limits the scientific application of TDEs.

In the CSST era, various ground-based large-field sur-
veys (e.g. the Wide Field Survey Telescope (WFST)
[227] and LSST) and X-ray space satellites (e.g. Ein-
stein Probe (EP) X-ray space telescope [228]) have been
routinely operated, and the TDE discovery rate will in-
crease by orders of magnitude. CSST has its unique ad-
vantages as a space UV and optical telescope, and will
discover TDEs in the deep-field survey, follow up impor-
tant TDEs warned by other surveys, and study the host
galaxies of TDEs.

7  Summary

CSST is China’s flagship space optical astronomical
project for the next decade. CSST includes five scientific
modules: Multi-band Imaging and Slitless Spectroscopy
Survey Camera, Multi-Channel Imager, Integral Field
Spectrograph, Cool Planet Imaging Coronagraph, and
THz Spectrometer. It will conduct in-depth research in
many scientific fields and directions, such as cosmology,
galaxies and active galactic nuclei, the Milky Way and
nearby galaxies, stellar science, Solar System objects,
exoplanets, astrometry, transients and variable sources.
It is believed that with the joint participation and ef-
forts of scientists in China and around the world, CSST
will produce a large number of excellent results, and will
play an important role in promoting the development of
astronomy and understanding of the Universe.
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