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Abstract

Astronomy is a fundamental discipline that explores the origin
and evolution of celestial bodies in the universe. Its research objects
cover celestial bodies at all levels. Astronomy is the “vanguard” of
human understanding of the universe, occupying a basic position in the
national discipline development layout, and has effectively promoted the
development of other natural sciences and cutting-edge technologies. At
the same time, its research objects are also closely related to human life
and national security. The innovation level of astronomy has become a
comprehensive manifestation and an important symbol of the scientific
and technological strength of countries, especially major countries.
The development of Chinese astronomy has been highly valued and
recognized by the leaders of the Party and the country.

According to its research objects, astronomy can be divided into five
research fields: extragalactic astronomy and cosmology, stars, the Milky
Way and interstellar medium, solar physics, fundamental astronomy, and
emerging fields including exoplanets, gravitational waves, along with
its electro-magnetic counterparts, and particle astrophysics. Astronomy
technologies and methods, as a technical foundation supporting the

development of astronomy, are an integral part of astronomical research.
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Astronomy is a disciplinary subject that combines observation and theory,
and mutually promotes each other. Astronomical observations not only
verify, enrich, and develop the existing theoretical frameworks, but also
give rise to new theoretical systems. Meanwhile as the highly quantitative
summary of massive observations, the establishment of theoretical
frameworks establishes a new height for a deeper understanding of
new discoveries. Astronomy deeply intersects with other subjects, and
knowledge from other subjects is an important tool to explain complex
astronomical phenomena. At the same time, astronomical discoveries and
theories also promote the progress of other subjects.

Since astronomy has always been a key development discipline
for the world’s major scientific and technological powerhouse, these
countries attach great importance to talent cultivation, research team
building, observation equipment construction, and innovative research
environment cultivation in the astronomy field. From 2010 to 2019,
astronomical research in China has made significant progress, with
a more reasonable structure of talent teams and expanding number
of astronomers. The research fields cover many directions including
theory, observation, and instrument development. The number of papers
published in the international core journals has increased significantly,
and the number of internationally highly-visible and influential
achievements has also increased significantly.Chinese astronomers
have gained important positions such as Vice Chairman and Chair of
Professional Committees of the International Astronomical Union (IAU).
Overall, astronomical research level of China ranks among the top in the
developing countries, and its astronomical research team is a significant

force in the international arena. As for talent teams, according to data
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collected from various related units, as of December 2019, there is a Chinese
astronomical research team composed of about 2,500 permanent
employees and about 2,500 other employees (postdoctoral researchers,
doctoral students, and master-degree students), including over 600 persons
with senior professional titles and 900 persons with associate senior
professional titles. There are also more than 200 postdoctoral researchers,
nearly 1,200 doctoral-degree students, and nearly 1,200 master-
degree students. According to statistics from the Web of Science database
compiled by the Institute of Scientific Information (ISI) commissioned by
the authors of this book, in the astronomy field, about 5,600 projects have
been funded in the five years from 2015 to 2019, totaling nearly RMB
15 billion. In this period, the astronomy disciplinary field produced a
total of 68,422 research papers, with a cumulative growth rate of 10.7%.
China published 5,786 papers as the first author, accounting for 8.46%
of the total number of international papers, ranking second in the world.
With the number of the members of the International Astronomical
Union as a reference, the per capita paper output of Chinese astronomers
is higher than the world average level. From the indicator of the
disciplinary index, astronomical research team in China accounts for
a relatively small proportion of the entire national scientific research
team. Compared with the developed countries and regions such as the
United States, Japan, and Europe, the astronomical research team should
be expanded to more than twice the current size. The highly influential
papers in astronomy are mainly produced by first-class large scientific
devices, and the construction of astronomical large scientific devices
in China is still in the initial stage, which has resulted in a weak impact

of papers led by Chinese scholars (first-author papers), and the average
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citation frequency in astronomy research papers is half of that of the
world. From 2010 to 2019, China has built a number of characteristic and
important devices in multiple bands on the ground and in space, forming
a certain degree of international competitiveness on an observational
basis, including the Large Sky Area Multi-Object Fiber Spectroscopic
Telescope ( LAMOST ) , the Five-hundred-meter Aperture Spherical
radio Telescope (FAST), the Tian Ma Telescope, the Dark Matter Particle
Explorer ( DAMPE ) , the Dark Matter Particle detection satellite, and
the insight Hard X-ray Modulation Telescope.

Astronomy explores the origin and evolution of celestial bodies.
With the continuous advancement of detection technology, the existing
scientific questions are reshaped while new scientific questions arise. The
key scientific questions in astronomy are the engine for the development
of astronomy and the foundation of the scientific driving force. The key
scientific questions in astronomy for the next 5-15 years include: (D the
nature of dark matter and dark energy and the formation and evolution
mechanisms of galaxies; (2) the structure and evolution mechanisms of
stars and the Milky Way; 3 the structure of the sun on different scales
and its eruption mechanism; (4) the formation, detection, and dynamic
characteristics of planets; & key technologies for the next generation of
telescopes.

In response to the above key scientific questions, the overall
development strategy of Chinese astronomy includes the following
aspects.

(1) To carry out cutting-edge scientific research based on the existing
major scientific facilities. In the next 5-15 years, systematic and cutting-

edge scientific research will be conducted around the established equip-
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ment. Based on the massive spectral observation data obtained through
the LAMOST survey, the origin and evolution of abundance anomalous
stars, large sample binary stars, and compact celestial bodies will be
studied. The chemical and kinematic research of the Milky Way will be
coupled by integrating intermediate to high-resolution survey data, as-
teroseismology data, and Gaia data. The evolution of the Milky Way will
be established. Through the multi-purpose scanning survey of FAST,
massive data on pulsars and neutral hydrogen (HI) will be obtained,
which will promote radio cosmology and galaxy evolution research, sys-
tematical search and large-sample statistical analysis of various compact
celestial bodies and their outbreak phenomena (such as fast radio bursts).
Based on the continuously increasing high-quality data of the DAMPE,
the world’s most accurate 20 GeV-10 TeV electron cosmic ray energy
spectrum, a proton and helium cosmic ray energy spectrum of 50 GeV
to several hundred TeV, and the widest range of boron and carbon ratio
energy spectrum will be obtained. Moreover, breakthrough achievements
in the indirect detection of dark matter and cosmic ray research will be
achieved. Based on the HXMT, a series of high-energy variability and
spectral evolution characteristics of compact stars will be obtained, which
will help to understand the accretion process, eruption process, relativis-
tic jets, and radiation mechanisms of compact celestial bodies.

(2) To develop independent major scientific facilities to lead the in-
ternational frontier in several areas. The lack of such facilities is a crucial
bottleneck affecting the development of astronomy in China. Planning for
the next generation of major scientific facilities is an essential condition
for the future development of astronomy in China. In the medium to long

term, China plans to build the following major scientific facilities: the
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Chinese Space Station Telescope (CSST), the Five-hundred-meter Aper-
ture Spherical Telescope Array (FAST array, FASTA), the Kunlun Station
Optical and Infrared Large Field of View Sky Survey Telescope and Sub-
millimeter Telescope in Antarctica, the Large Optical-Infrared Telescope
(LOT), the 6.5-meter Multiplexed Survey Telescope (MUST), the Large
Aperture Submillimeter Telescope, the Giant Solar Telescope, the Tian-
wen-4 Jupiter Probe, the Hot Universe Baryon Surveyor (HUBS) project,
the Qitai Telescope(QTT) with a 110-meter aperture and full mobility,
the Twelve-meter Multi-Object Spectroscopic Telescope (TMOST), and
the Census of Warm-Hot Intergalactic Medium, Accretion, Feedback Ex-
plorer (CAFE) small satellite for exploring ultraviolet emission lines.

(3) To participate in the construction of international major scientific
facilities. International cooperation is an important way for modern
astronomy research, and it will further promote the development of
China’s astronomical technology. Multi-band astronomical observations
based on international facilities are also an important way to improve
China’s astronomical research level. In the medium and long term,
China will participate in the construction of several major international
astronomical facilities. The Square Kilometer Array (SKA) is a giant
radio telescope array, with an effective collecting area of 1 square
kilometer. China is one of the seven founding members of SKA. The
targets of SKA cover celestial bodies at all levels in the universe, opening
up a new era of radio astronomy research. The Thirty Meter Telescope
(TMT) is a 30-meter optical/infrared telescope under international
cooperation preparation. It is one of the world’s three 30-meter-class
optical telescopes,and complements China’s existing optical/infrared

facilities, providing high spatial resolution, high spectral resolution, and
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high sensitivity observations. The TMT will be one of the main forces for
the development of optical/infrared astronomy in the next 5-15 years.

(4) To emphasize theoretical research and the development of
numerical simulation astronomy. China’s astronomical research has a
strong tradition and occupies an important position internationally in
terms of theoretical and numerical simulation research. In the medium
and long term, China will continue to vigorously promote the theoretical
research and development of numerical simulation astronomy.

According to the overall plan, the development goals of China’s
astronomy in the future include: (D relying on the existing facilities, carry
out large-scale galaxy surveys, understand the nature of dark energy and
the early universe, develop detection methods for dark matter particle
candidates, and promote the observation and research of the large
ecological environment of galaxies; (2 establish an image of the evolution
of the Milky Way based on the LAMOST survey and international multi-
band surveys; (3 establish a national observation platform and achieve
centiarcsecond-level observations of the sun, making breakthroughs in
the field of space weather; (4) participate in deep space exploration of
the moon, Mars, asteroids, and Jupiter, explore the possibility of water
and other life materials in the solar system, and reveal issues such as
the origin of the solar system and the origin of life; ® build a complete
multi-messenger and time-domain observation network, and delve into
the “extreme universe” ; (6 build and complete several internationally
top scientific facilities, and participate in the construction of several
international major scientific facilities through international cooperation.

Based on the key scientific questions,the overall plan and

development goals, the important research directions of astronomy in
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the future include: (D the origin of the universe, and the nature of dark
matter and dark energy; @ the large-scale structure of the universe, and
the formation and evolution of galaxies; 3 supermassive black holes and
the activity in the nuclei of galaxies; 4) the formation history, structure,
and evolution of the Milky Way; (3 star formation, stellar structure, and
evolution of star, as well as interstellar matter; (& stellar explosions,and
the formation and evolution of compact object; (7 the fine structural fea-
tures of the sun and the mechanisms of coronal heating; (8) the physical
mechanisms for the generation, storage, and release of solar magnetic
fields, as well as their prediction; O the formation, detection, and dyna-
mics of planetary systems; 10 space-time reference systems, orbital dyna-
mics, and their applications; 0 key technologies and methods in optical/
infrared/ultraviolet astronomy; (2 key technologies and methods in
radio millimeter/submillimeter; (3 key technologies and methods for
high-energy radiation and particle detection.

Finally, the following funding mechanisms and policy proposals
have been formed.

(1) To promote the pre-research, project approval, and construction
of facilities such as LOT. The construction of facilities driven by scie-
ntific research is crucial for the development of astronomy. It is essential
to ensure that a batch of major scientific facilities is built within the
next 5-15 years to lay a solid foundation for the further development of
astronomy in China.

(2) To establish research centers and group research programs for
scientific research around established major observing equipment. Due
to the lack of competitive astronomical observation equipment in China,

astronomers have mainly relied on foreign archived data or a small
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number of foreign observation equipment for research. Therefore, it is
essential to encourage Chinese scholars to use the major observation
equipment that China has recently put into operation or is about to put
into operation, to carry out research.

(3) To strengthen the development and optimization of terminal
scientific instruments oriented to major scientific issues. Unlike the tele-
scope body, the pace of updating the terminal scientific instruments is
faster, usually every 10 years. This can fully utilize new technology to
explore new scientific issues or answer the existing scientific questions.
The instrument configuration of international large-scale astronomical
equipment is usually divided into three phases: construction of “genera-
tion one”, planning of “generation two”, and prospecting of “generation
three”. Currently, China’s telescope diameter and quantity are limited. It
is necessary to vigorously support the development of terminal instru-
ments for major scientific issues, to be used on international advanced
telescope observation platforms, giving Chinese astronomers the oppor-
tunity to compete for more international telescope observation time and
achieve their own scientific goals.

(4) To strengthen research in computational astrophysics. Computer
simulation (or numerical experiment) research plays a significant role in
theoretical research and guiding astronomical observations. China should
actively cooperate with the domestic computational science community,
develop independent simulation programs, fully utilize the computing
power of advanced national supercomputer centers, and gain interna-
tional leading simulation results and theoretical achievements in some
astrophysics fields, providing scientific support for national astronomical
facilities.

(5) To support international observation cooperation projects and

XXVii



WRIEIR S 2035 K e diking

cooperation on international large-scale observation equipment. Active
international cooperation can compensate for China’s shortcomings in
equipment types, bandwidth, and detection capabilities, and is an impor-
tant way to achieve disciplinary development goals. With the emergence
of a new batch of international ground and space equipment, supporting
international cooperation projects is an inevitable requirement to provide
Chinese scholars with cutting-edge research conditions. Specific coopera-
tion can include: participating in international network observation on
specific research topics; sharing international telescope observation time;
supporting participation (hosting) in large-scale international ground and
space observation plans; supporting competition for international open
equipment time; and supporting bilateral or multilateral observation proj-
ect cooperation.

(6) To recruit talents, develop university astronomy education, and
strengthen the astronomy research team. In recent years, the size and
quality of China’s astronomical research teams have been rapidly increas-
ing and tending toward younger generations. However, in terms of the
size of the research teams, China’s volume is still smaller than that of
developed countries such as France and Italy, which is not commensurate
with China’s status as the world’s second-largest economy country. It is
necessary to continue calling on the science and educational sectors to
fully recognize the societal impact of astronomy as one of the six funda-
mental natural sciences, and support university astronomy research and
education talents through dedicated funds.

(7) To promote research in emerging areas. Emerging astronomy
includes three main areas: multi-messenger astronomy, time-domain
astronomy, and planetary science. Compared with international

counterparts, China’s talent team in emerging field is severely lacking.
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It is necessary to actively promote the development of emerging field
observations and theoretical research.

(8) To promote interdisciplinary research. The mainstream of
astronomical research is astrophysics, and the fusion of astronomy with
physics has become increasingly important. In the future, China should
further strengthen the interdisciplinary research between astronomy and
physics, geology, mechanics, mathematics, and informatics, especially
the interdisciplinary research between particle physics and cosmology,
astrophysics and nuclear physics, astrophysics and plasma physics with
magnetohydrodynamics, astrophysics and laboratory plasma, astrophysics
and computational science, and astrophysics and earth science.

(9) To encourage that a certain proportion of research results
published in domestic journals should be included in the funding
project. China lacks high-impact astronomical journals. In order to
further promote the development of China’s astronomy, enhance
China’s international influence in astronomy, and encourage important
achievements, especially those based on China’s major scientific facilities
should be published in domestic journals such as Research in Astronomy
and Astrophysics, Science China:Physics,Mechanics & Astronomy, pro-
moting these journals to become mainstream international astronomical
journals. At the same time, it is recommended to implement a representa-
tive work evaluation system in the project completion assessment, and
the representative work should include at least one paper published in a

domestic journal.
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FEFRFEHCN 1, WIFRERICARHEEGE 0.66, WM TR E HAbZ Rk,
RICAHIESC BRI, ROCFIIFERI ML R/ 2 HARDURZ W & Ak
FE GBI X —FREONER T 1 iX— IR AYE, 17 HACRT 1.4, SilfEx e
IRE A, KA FRHA AR B S EmL, ROCE R 5

RE FH RS PO T 1 A B AR R E R, BRMT
B, [HE RN ERNIE, RICERST T, AR AN EREE
PRI T 1, KW AREEECN 1.38, KIHRSRIMTE RG MR
fh 0.62, FIAREIEIZZERTT W IHFFEIEIER S o

MEE—1EFRICHI S TR, FRIERSCEERIEI 118400 0.54,
RIR S22 2ER R R B G S R HE SO S [k 24—, fE4E5]
W 10% BIESCH, HRESE AR T 221 0, TR EIESCH 3.8%, AR
TEFRAE 10%. HHE2EF R R R TRIe A 2015~2019 4F,
RRAFE 5 IR 0.1%, 2269 fR1e3C, Tt 525 (75% ) 3T R
£ B —FEUR IR SCRIEOR 630, HIE #0400 69 e gk
W3, SREMNEEEEAEZTINRR,
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= DE% . s BUsI R R L A A BMATs Ot

RE B R FH A — M OLH 2R LA, R E S [T —H
EACPII RS, AT T EAE E b b s R R AR 32
%, AR EMFRA G 300 2N, P77 10 8BS AL 5T EA AL
RUE I SR AN B 9 77 THIBUS T Pl ik p, (BRI & B = 5200 T %40
BT ST R RS H

RETEEER . 402 2R RO sc IS 7 EE R, Ik
SRTUSM S T R E RN B T, B, FEAR R D ST T,
LAMOST S T RIXE . IERAF | SRR R Gt oe s ST TR B RS
T, SEAN T AR E AT R SR A o IZSUSENE eI AR 300 42,

FRIEAE R FH Yy U A 5 8 ] oK BH B A A Sy, FREHA
JUANII SE Y, FERMERFGE T, T8 S A S a8 e S0 S L
HhrE T HAAIIER . ZAURBE EE I AR 150 & A

RIEAEFEARSCAI G TT A B W 1 SR SRR A SR A,
R A, BAARES N E RS, FNERPT . SR, WasSsminsE7rm
T 2 BTk ZAIUERBLA EERF A 300 4 A

HTT AR 2 ER S0 . R SCERTE R, RS RETEIL TS
THE AP, (BRI FOAE SCE IS A 9 T TR VS 1 e /s ST R, ]
G [ AU L AP i P A5 S 1R B % T [P T 7 1 [ BRI & W L T
PR AU [ ERTFE A A 300 2 A

TR RIS AU R R IE, 1 & TR R T V2 E R — T W
Mg, AFGEL LAMOST ARERMDEEE TS . L FAST AR H B
i, LL MRS fn BT AR R RS REEs. AT XA
THEERNREEER, HEETEERR AR, RERR SRS ERD,
FORME TS . 1Z I EERFR AL 1000 42 A

M. ARSI STl

2015~2019 4, RICAGUEIITIRIGA T 150 1278, HAHEMEEm



Hom R R R

RAEFHRAZ) 11 LICH 40 {47T

B R TT U3, 2010~2019 4F, FRETEHLE 2N BE DL 23
[R5 7T TR R T — B R &, TR T A —E E bR 5e 5 77 i S0l Bt
AP IR BN AR RS, 2L, RIS AR &5, 2 1-1
FIHE T BB AT AN 75

®1-1 BORREVUNEE (NREMEE)

s G WEHR
AL TR S, 2009 FEERS A, HEEEE A 3.1 1278, 4 m AL
1 LAMOST JBYEIE, 5° Wi, 4000 MYGEF, ATEREER, Bl Hirge b AEam
FRESHFIEAL . TN DN, 2235 B B FRIAIE = A5 T
TEHARS eI, A A SBEI vE, 1989 AEELR, FEVEZY 1400 J7
JC; ARUTF 2,16 m;y I 2.16 m; HAHAUEI 9367 x9.36"; T
5 216 myesE  {EPBE365~1000 nm, HEFFAFFE: RIZTESIMA, Wi ig g .
Ty s ThE RN, EARERR; HEENSIAME RN ITTEFE,
HERHFRSGE, WZRME . KHRIMTEE S RIERNEMA, e
IIMTESE
3 2.4 m HLESS JEARYEEE T . 4% 2.4 m, 2007 SFEETAF NN, EIREZ N 3600
' " TIE, R SGEANEEE, RO 10
500 m [ /7R A S R 04T, (T 5% N B R A AT T E 1 YA M ST B
. FAST 2016 @R A, 2020 SN RGN, FER 11.7 {470, FHRNFHE
VEE| B R R 25 R R . T I S i B A2 At 5 g5 S FR 4 22 . A
SN R AN AR A R AT 6 AN TR T E
BlEERR: AR S, AR, RS friet. FiERD
5 KOs P @RI, 2012 455 Bk, 292181458 O/ 65m; I
fEPBE: L, S, C. X, Ku, K, Kaf1Q JBt
13'7m%* R T A Sk A SR =i L By
6 S FrFHESN, BT 1990 4, /28 137 m, TAEEBERZKE
e SV
sz p  DAMPE S FAS [HEIEE , AR TR 1410 kg, TTRARIN S AE(N
D”;MPS I TR 4. DAMPE fFE TR 22 H R DU SR sE A T 4T
B R = b IR i T2 b, DA AT BB IR (-
SRR PR X SRR EE, N X FERERRNE . T2
M 54 ( Gamma Ray Burst, GRB) S5 RARHHTIMAETSE, <5
. R M7 TR BARON 2 AOUIAT GRB W =R, S0 @y oL
HXMT AT TR BEARIX X BB ARl (Ge, 8 oWl m] ARG 830 . W B AR

RERARA 20 B X I Ze e, GRB ST DA RSN 28 Fh i s ik 2
e
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s

Fr FRR BEFEE

K BH Ho S35 400 5 X0 - B B BR R G T, f& FR R PR T2

e ( Chinese Ha Solar Explorer, CHASE ). 1% T AT Ha i 26 (9 23 R sl A,

9 o B K BHAMRE RS —EREMOERE, HRZEE s, KIEESIE

MRERHIFS IS I12E00158 . BRI 45 9T sl i je H 5 B &
HISC 258 DAL K BH -5 1 TS Bl FL A 5

BT KREBBSEESM

—. REERANE

RICARZRARARITAIEAL, FEE RN SR, CARR
[ B, [l IR AR A AR . ROCERI SRR A U R A K
JREIGIZE, AEREIREIHAA . Ak 5~15 FRICARI TR A AT -
O AN RER A AT LU B 2R WP RS AL QTE R MR R 45
FFIEAC R s R BAFEA [ RUEE LS5 A8 S R AL @FT 2 RTE R
TN B et O T —REmE R

LSRR R R

EPRT RSB A2, BRSNS LA R J R

(—) It R E AP, FFERTE R

RIS DN A B 2R, BAEEE RRIER R 22 )T, X
RN IRE R MR B EREL, K 5~15 4, HRCEREITERSGN
. ATV R

(1) LAMOST, G4ESU RARGEFIEIEFEMSE; 4G LAMOST Hirs
SPRRER (RS AN ), BRI (HEFR ), Sads (=3[
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