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Abstract: The National Space Science Center of the Chinese Acade-
my of Sciences (NSSC, CAS), as the leading institute responsible for
the overall management of scientific satellite missions in China, is
China’s gateway to space science. NSSC is the cradle of China’s first
artificial satellite “Dongfanghong-1" (DFH-1). In the course of more
than 60 years’ development, NSSC has led the implementation of
“Double Star Program?”, the first science-driven space mission in
China, and successively implemented a fleet of scientific missions
under the Strategic Priority Program on Space Science (Phase I and
II), such as the Dark Matter Particle Explorer (DAMPE, or Wukong),
the Quantum Experiments at Space Scale (QUESS, or Micius), the
Hard X-ray Modulation Telescope (HXMT, or Insight), the Tazji-1,
the Advanced space-based Solar Observatory (ASO-S, or Kuafu) and
the Einstein Probe (EP). Currently, the space science satellite series
has been established, yielding substantial scientific output. For the
future, the Solar wind Magnetosphere Ionosphere Link Explorer
(SMILE), a China-ESA joint mission, will be launched in 2025. In
addition, the newly released National Mid- and Long-term Program for
Space Science Development in China (2024-2050), the first of its kind at
the national level, has identified five key scientific themes. A fleet of
future scientific missions revolving these themes will deepen man-
kind’s scientific understanding of the universe.
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1. China’s artificial sat-
ellite endeavor com-
menced with DFH-1

During the first International
Geophysical Year (from July 1, 1957
to December. 381, 1958), the Soviet
Union launched Sputnik-1, the
world’s first artificial satellite, on
October 4, 1957, marking the be-
ginning of the space age. On Jan-
uary 31, 1958, the USA launched
Explorer-1, the world’s first scien-
tific satellite, which discovered the
Earth’s radiation belts—Van Allen
Belts.

Shortly after the founding of
the People’s Republic of China,
Chinese scientists QIAN Xuesen
(Hsue-Shen Tsien, 1911-2009)
and ZHAO Jiuzhang (Jeoujang
Jaw, 1907-1968), both CAS Mem-
bers, actively proposed to the
central government that China
should develop and launch ar-
tificial satellites. It was ZHAO
who originally put forward the
general plan for China’s artificial
satellite. He organized sounding
rocket experiments and the pre-
liminary study of satellite pro-

Copyright © 2024 by the Chinese Academy of Sciences and published by the journal Bulletin of the Chinese Academy of Sciences. This paper is licensed and distributed under
the Creative Commons Attribution-NonCommercial-NoDerivatives license 4.0 as given at https:/creativecommons.org/licenses/by-nc-nd/4.0/.

BCAS * 03 | 2024



gram, carried out the technology
study of the first Chinese artificial
satellite DFH-1, led the satellite
design, and formulated a series
of satellite development plans.
After arduous work, DFH-1 was
successfully launched on April 24,
1970, making China the 5™ coun-
try in the world to independently
develop and launch an artificial
satellite. DFH-1 officially kicks
off China’s exploration of space.
Since 2016, April 24 is celebrated
as “China Space Day” every year.
In 1999, ZHAO Jiuzhang was
posthumously awarded the medal
for the development of the atom-
ic and hydrogen bombs and man-
made satellite. The Chinese Acad-
emy of Sciences (CAS) and the
Committee on Space Research
(COSPAR) jointly established
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the CAS/COSPAR Jeoujang Jaw
Award' as one of its eight major
awards. The award is given every
two years since 2006. Professor
Dan Baker from the University of
Colorado at Boulder, a Member
of the U. S. National Academy of
Engineering, won the award at the
45™ COSPAR Scientific Assembly
in Busan, South Korea, on July 15,
2024 (Fig. 1).

2. The Double Star
Program-Cluster Mis-
sion realized six-point
three-dimensional ex-
ploration of geospace

China implemented the Dou-
ble Star Program (DSP), the first

Fig. 1. Prof. WANG Chi, CAS Member and Director General
of NSSC, delivered the CAS/COSPAR Jeoujang Jaw Award

to Prof. Dan Baker
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Chinese science-driven mission,
with two launches in December
2003 and July 2004 respectively.
The two spacecraft were named
TC-1 and TC-2 (Fig. 2). Prof. LIU
Zhenxing (1929-2016) from NSSC,
a Member of CAS, originally pro-
posed the DSP mission concept in
1997, which consists of two satel-
lites: TC-1 operating on the near-
Earth equatorial orbit and TC-2
on the polar orbit, covering the
near-Earth magnetospheric activ-
ity zone that had not yet been ex-
plored by international geospace
exploration satellites. The scientific
objectives of DSP include revealing
the triggering mechanism of space
storms in the Earth’s magneto-
sphere and discovering important
pathways for the transportation of
energy particles.

! Committee on Space Research (COSPAR) » Jeoujang Jaw Award (cnes.fr), https:/cosparhq.cnes.fr/awards/jeoujang-jaw-award/

BCAS * 03 | 2024



In July and August 2001, the
European Space Agency (ESA)
launched four satellites of the
Cluster mission operating in a
higher polar orbit, which formed
a tetrahedral structure in space.
On July 9, 2001, the China Na-
tional Space Administration
(CNSA) and ESA officially signed
the cooperation agreement on
the DSP, specifying that ESA
supplies seven scientific payloads
which are from the Cluster mis-
sion, both sides jointly develop
the Neutral Atom Imager on TC-
2, and that ESA aids China in
some key technology issues in
mission development (Liu et al.,
2005).

From 2004 to 2007, the
joint science operations of the
DSP-Cluster mission demon-
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strated an unprecedented detec-
tion capability. The joint effort
realized the first simultaneous
“six-point” exploration of geo-
space using identical or similar
detectors (Fig. 3). This successful
international collaboration has
produced a number of scientif-
ic discoveries, and has attracted
considerable attention from
the international space science
community and the public. The
discoveries include large-scale
oscillations in magnetotail plas-
ma sheet, ion-density voids in the
solar wind, and pulse-modulated
magnetic reconnection lasting
several hours, and the proposal
of the “frontal surface” theory of
substorms. Together with NA-
SA’s IMAGE satellite, the TC-2
satellite also realized, for the first

Fig. 2. The Double Star TC-2 spacecraft in the Sun sim-

ulation test on 29 June 2004.
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time, the simultaneous imaging
of the inner magnetosphere from
the north and south poles.

As a milestone of China’s
space science satellite, the DSP,
starting from scratch, is a crucial
space science mission imple-
mented by CNSA with the en-
gagement of ESA. It is the first
major scientific cooperation proj-
ect between China and ESA. In
2010, the DSP was awarded the
First Prize of China’s National
Science and Technology Progress
Award, while the joint team of
DSP-Cluster mission was award-
ed the Laurels for Team Achieve-
ment by the International Acade-
my of Astronautics (IAA) in 2010.
The DSP has attracted the world’s
attention on space science in
China.

Copyright: Courtesy CNSA/CAST/CSSAR(NSSC)



3. Chinese space sci-
ence satellite series es-
tablished by Strategic
Priority Program on
Space Science

In 2011, the Strategic Priority
Program on Space Science is
approved by the Chinese gov-
ernment with CAS responsible
for its implementation. As a for-
ward-looking major scientific
program with strategic signifi-
cance, it has been implemented
in two phases by far, and its over-
all goals include making major
scientific breakthroughs through
independent scientific missions
and international cooperation in
scientific satellites, and promot-
ing the leapfrog development
of related high technologies, in
a bid to demonstrate the strate-
gically important role of space
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science in the development of
the country (Wu et al., 2022). The
Strategic Priority Program on
Space Science covers the whole
life cycle from the proposal of
original ideas all the way to the
major scientific output. The re-
search projects in the framework
of the Strategic Priority Program
on Space Science can be divided
into two categories, namely, ad-
vanced-study projects and scien-
tific satellite engineering projects.

The Strategic Priority Pro-
gram on Space Science (Phase 1)
adopted four scientific missions,
namely the Dark Matter Particle
Explorer (DAMPE, or Wukong,
launched in December 2015), Shi-
Jian-10 (SJ-10, launched in April
2016), Quantum Experiment at
Space Scale (QUESS, or Micius,
launched in August 2016), and
Hard X-ray Modulation Telescope
(HXMT, or Insight, launched in

Fig. 8. Sketch of the Earth’s magnetosphere with the orbit of the Double Star TC-1
spacecraft (in yellow) and the Cluster satellite quartet (in red) around May 2004.
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June 2017). Another four missions
were adopted by the Strategic
Priority Program on Space Sci-
ence (Phase II), including the Ein-
stein Probe (EP), the Advanced
space-based Solar Observatory
(ASO-S, or Kuafu-1), the Solar
wind Magnetosphere Ionosphere
Link Explorer (SMILE) and the
Gravitational wave high-energy
Electromagnetic Counterpart
All-sky Monitor (GECAM, or Hu-
airou-1). The Taiji-1, the first tech-
nology demonstration mission of
Taiji Program, was launched for
the exploration of gravitational
waves. For the time being, the
engineering implementations
of all the scientific satellite mis-
sions in Phase II are progressing
smoothly. All the missions are in
orbit operation phase, except for
SMILE, which is currently in the
flight model development phase.

Substantial scientific achieve-

magnetosheath
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ments have been materialized by
the Strategic Priority Program
on Space Science (WANG et al.,
2024). The DAMPE mission has
produced, so far, the world’s most
accurate spectral features of cos-
mic ray electrons, protons and
helium nuclei (DAMPE Collabo-
ration, 2017; DAMPE Collabora-
tion, 2019; Alemanno et al., 2021).
In 2020, the HXMT mission
directly measured the strongest
magnetic field in the universe for
the first time in history, and in
July 2022, the mission created a
new observation record (Kong et
al., 2022), confirming the existing
assumption that fast radio bursts
originate from magnetic stars (Li
et al., 2021). The QUESS mission
is the first in the world to realize
satellite-to-ground quantum en-
tanglement distribution over the
scale of 1000+ kilometers (Yin
et al., 2017), satellite-to-ground
quantum key distribution (Liao et
al., 2017), and satellite-to-ground
invisible state quantum telepor-
tation experiments (Ren et al.,
2017). In addition, the mission
completed the gravitation-in-
duced quantum entanglement
decoherence experiment, and
constructed an integrated space-
ground large scale quantum key
communication network, which
makes China the leading nation in
space quantum science research.
The Shijian-10 mission is the first
to realize the development of cel-
lular embryos to blastocysts under
microgravity conditions (Lei et
al., 2020). The mission also ob-
tained the microscopic structure
and dynamics study of glandular
segregation mechanism in micro-
gravity environment, which is in-
spirational to industrial processes
requiring mixing or separation (Li
et al., 2021). Kuafu-1 has realized
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China’s first hard X-ray imaging
of the Sun, and its observations of
white-light flares play an import-
ant role in our understanding of
the energy deposition and energy
transport processes of solar and
stellar flares (Gan, 2024). The Ein-
stein Probe mission has, by far,
detected 3000+ known sources,
200+ stellar flares, 20+ high-confi-
dence transient sources, and 200+
faint transient sources. In addi-
tion, it has successfully detected
high-redshift gamma-ray bursts.
The scientific satellite series
established by the Strategic Pri-
ority Program on Space Science
has provided an unprecedented
platform for Chinese scientists
to carry out well-organized mis-
sion-driven basic research in
space science. It is a systematic
program to support the develop-
ment of space science in China. In
doing so, the Chinese space scien-
tists are no longer bystanders and
minor participants, but key play-
ers approaching the center of the
world’s space science community.

4. China-ESA SMILE
mission to be launched
in 2025

The Solar wind Magnetosphere
Ionosphere Link Explorer
(SMILE) mission is a joint effort
at the mission level between the
European Space Agency (ESA)
and the Chinese Academy of Sci-
ences (CAS). It is an all-round co-
operative space science mission.
Both sides created a new pattern
of in-depth cooperation starting
from mission planning, call for
proposals, spacecraft develop-
ment, launch campaign, mission
operation to science output. The

SMILE mission (Fig. 4) aims to
study the global interactions of
solar wind-magnetosphere-
ionosphere innovatively by im-
aging the Earth’s magnetosheath
and cusps in soft X-rays and the
northern auroral region in ultra-
violet (UV) while simultaneously
measuring plasma and magnetic
field parameters in the solar wind
and magnetosheath along a high-
ly-elliptical and highly-inclined
orbit (Sun et al., 2024). The mis-
sion engineering development is
jointly managed by the National
Space Science Center and ESA,
while the spacecraft is managed
by the Innovation Academy for
Microsatellites of CAS (IAMCAS).
The satellite will be launched by
the Arianespace Vega-C launcher
from the Kourou launch site in
French Guiana (Branduardi-Ray-
mont et al., 2018).

On September 27, 2024, the
SMILE mission passed the flight
model review in Shanghai, Chi-
na, and the spacecraft platform
was ready for shipment, marking
the completion of the mission’s
flight model development phase
that includes spacecraft testing,
system interface testing and envi-
ronmental testing carried out in
China since January 2023 (Fig.5).
According to the joint implemen-
tation plan, the satellite platform
and payload module are expected
to arrive at the European Space
Research and Technology Center
(ESTEC) in the Netherlands in
October 2024 to carry out the as-
sembly and testing of the whole
flight model together with the
payload module developed by
ESA. It is expected to be shipped
to the Kourou launch site in
French Guiana in the second half
of 2025, with a launch window
before the end of 2025

? China-Europe SMILE satellite for solar-wind investigation completes dev't-Xinhua (news.cn). https:/english.news.cn/20240927/e5ca27fef8484f-

8c8665f3b228{2810b/c.html
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Fig. 4. Mission concept of SMILE

Fig. 5. Magnetic testing of the SMILE flight model.
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5. Conclusion

Based on the achievements of
China’s space endeavor over the
past 60 years, China has begun to
establish a space science satellite
series. The past 10 years, in partic-
ular, have witnessed that space sci-
ence in China entered into a new
era of development. The priority
of major scientific objectives and
the orientation of major scientif-
ic output have become the most
important principles for the space
science mission solicitation, selec-
tion and implementation in China.
Sticking to the principles of equal-
ity and mutual benefit, peaceful
utilization and win-win cooper-
ation, CAS has been carrying out
international cooperation at dif-
ferent levels, from joint scientific
research, payload collaboration,
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