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ABSTRACT 

In 1957, the launch of the first artificial satellite ushered in a new era for modern 
space science. In ancient China, there are detailed records about novae, Halley comet 
and aurora. The past 50 years’ developments in China’s space science have witnessed 
many major missions, and substantial progress has been achieved in space science 
study, exploration technology as well as experiment technology. Strategic Priority 
Program on Space Science was officially started in 2011, which include five satellites, 
HXMT, QUESS, DAMPE, SJ-10 and KUAFU, Intensive Study of Future Space 
Science Missions, and Advanced Research of Space Science Missions and Payloads. 
Through both self-developed space science missions and those with international 
cooperation, it is expected that the innovative breakthroughs will be realized, leapfrog 
development of related high-tech will be achieved to establish the important strategic 
status of space science in national development. To sum up, the implementation of the 
Strategic Priority Program on Space Science will definitely promote the rapid 
development of China’s space science endeavor, making contributions to China’s 
development and the progress of human civilization.  
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Ancient China, one of the cradles of human 

civilization, has created a splendid culture. As early as 
2000 BC, the great eclipse was recorded in Yin Zheng, 
Shang Shu, one of the ancient Chinese Classics. Two 
events of comet visiting which happened in 613 BC and 
467 BC respectively were recorded in another Chinese 

Classic, Spring and Autumn, which are regarded as the 
two earliest observations in the human history of Halley 
comet’s return. The records of sunspot observations in 
28 BC were documented in China, which is almost 1000 
years earlier than the similar documentation in the west. 
Ancient Chinese also holds the record as the earliest 
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observer of supernova in the world, which dates back to 
about 1300 BC, and what’s more, ancient Chinese has 
detailed records of aurora observations (Figure 1). 

In 1957, the launch of the first artificial satellite 
ushered in a new era for modern space science. The past 
50 years’ developments in China’s space science have 

witnessed many major missions: Dongfanghong-1, 
sounding rockets, Shijian series scientific experiment 
satellites, manned spaceflight, Double Star Program, 
lunar exploration program, etc. Substantial progress has 
been achieved in space science study, exploration 
technology as well as experiment technology.   

 

 
 

Fig.1  Ancient Chinese records about novae, Halley comet and aurora 

 
In January 2011, Chinese Academy of Sciences 

(CAS) has deliberated and approved the implementation 
plan of Strategic Priority Program on Space Science, 
signaling the official start of the Strategic Priority 
Program on Space Science. According to CAS, the 
fundamental research related to this program during the 
“Twelfth Five-Year Plan” period (2011-2015) will 
focus on black hole properties, physical laws under 
extreme conditions, the nature of dark matter, kinetic 
properties of matter and rhythm of life in space 
environment, solar influence on the Earth space weather 
as well as the test of nonlocality of quantum mechanics 
theory. Through both self-developed space science 
missions and those with international cooperation, it is 
expected that the innovative breakthroughs will be 
realized, leapfrog development of related high-tech will 
be achieved to establish the important strategic status of 
space science in national development. Furthermore, it 
is requested to make selection of future space science 
missions of the “Thirteenth Five-Year Plan” period, to 
develop key technology for the preparation of the 
implementation. It is also requested to make the outline 
of mid-long-term development of space science, to 
propose new space science missions and to develop key 
techniques which may promote the development of 
space science. 

The main goal of the Strategic Priority Program on 
Space Science is dedicated to deepen our understanding 
of the universe and planet earth, seeking new 
discoveries and new breakthroughs in space science via 
the implementation of both independent and co-operational 
space science missions (Figure 2). 

During the Twelfth Five-Year Plan period, the 

Strategic Priority Program on Space Science implements 
the following missions and studies: Hard X-ray Modulation 
Telescope, Quantum Experiments at Space Scale, Dark 
Matter Particle Explorer, Shijian-10, Kuafu Mission, 
Intensive Study of Future Space Science Missions and 
Advanced Research of Space Science Missions and 
Payloads (Figure 3). 

 
 

Fig.2  The main goal of Strategic Priority Program on Space Science 
in “Twelve Five-Year Plan” 

 

  
 

Fig.3 Block diagram of Strategic Priority Program on Space Science 
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1  Hard X-ray Modulation Telescope 

1.1  Background 

X-rays are emitted by the high energy physics processes 
in space. They are related to extreme physical conditions 
such as high temperature, high density, strong magnetic 
field, and strong gravitational field, and thus are major 
tools to study black holes and neutron stars. Because 
X-rays are absorbed by the Earth atmosphere, astronomical 
X-ray observation can only be done in the outer space. 
The first U.S. X-ray satellite Uhuru, which was 
launched by NASA in 1970, carried out all-sky survey, 
discovered hundreds of X-ray sources, and opened a 
new window to observe the universe (Figure 4). 

1.2  Scientific Objectives 

The Hard X-ray Modulation Telescope (HXMT) 
proposed in 1993 by Li Tibei, an academician of the 
Chinese Academy of Sciences, will be China’s first 
astronomical satellite. It will perform a broad band 
(1-250 keV) all-sky survey, in which a large number of 
massive black holes and other high energy objects will 
be detected, and the properties of cosmic X-ray 
background will be more tightly constrained. HXMT 
will conduct pointed observations of black hole and 
neutron star X-ray binaries (Figure 5), study their 
multi-wavelength variability, and probe the dynamics 
and high energy radiation process in the strong 
gravitational field or magnetic field. 

 

 
 
Fig.4  Top left: X-ray radiation image in galactic center; bottom left: all-sky X-ray image by Uhuru mission; right: Uhuru X-ray satellite 
 
 

 
 

Fig.5  Left: all-sky X-ray image at 0.5-20 keV by HEAO A-1; middle: the accretion of a binary system by black hole; right: X-ray binary 
system of a neutron star 
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1.3  Satellite and Payloads 

The total mass of HXMT is about 2700 kg. It will be 
launched by a Long March-4B rocket into the orbit of 
an inclination angle of 43° and height 550 km. Its 
nominal operating lifetime is 4 years. The payloads 
onboard HXMT include the High Energy X-ray Telescope, 
 

the Medium Energy X-ray Telescope, the Low Energy 
X-ray Telescope, as well as a Space Environment 
Monitor (Figure 6).  

1.4  Current Status 

HXMT is now in its engineering qualification model 
phase (Figure 7). 

 

 
 

Fig.6  Left: illustration of HXMT in operation; right: main payload structure of HXMT 
 
 

 
 

Fig.7  Left: integration test of HXMT electrical reference model; right: the assembly of HXMT payload’s mechanical model 
 
 
2  Quantum Experiments at Space Scale 

2.1  Background 

Quantum key distribution, Bell’s inequality test and 
quantum teleportation have become the frontier of the 
quantum information and technology since the quantum 
mechanics theory was founded in the early 20th century. 
The main developed countries and regions in the world 
have all put a lot of efforts into carrying out long-distance 
quantum communication theory and experiment research, 
preparing for the quantum communication experiment 
between the satellite and the ground station (Figure 8). 

 
 
Fig.8  Illustration of satellite-ground entanglement distribution by 
European Space-Quest program 
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The Chinese scientist Pan Jianwei, who is an 
academician of the Chinese Academy of Sciences, has 
made several important breakthroughs with his research 
group in the field of free-space quantum entanglement 

distribution and teleportation (Figure 9). All of their 
work has laid a solid foundation for long-distance 
quantum communication and fundamental tests of the 
laws of quantum mechanics. 

 
 

 
 

Fig.9  Left: illustration of quantum key distribution experiment in a balloon above Qinghai Lake; right: illustration of the entanglement 
distribution experiment equipment 
 
 
2.2  Scientific Objectives 

The scientific objectives of Quantum Experiments at 
Space Scale include:  
 Implementation of long-distance quantum comm- 

unication network based on high-speed Quantum 
Key Distribution (QKD) between the satellite and 
the ground station, to achieve major break- 
throughs in the realization of space-based practi- 
cal quantum communication. 
 Quantum entanglement distribution and quantum 

teleportation on space scale, fundamental tests of 
the laws of quantum mechanics on global scale. 

2.3  Satellite and Payloads 

The Quantum Experiments at Space Scale (QUESS) 
will be launched by a Long March-2D rocket into the 
Sun-synchronous orbit with an altitude of 600 km and 
an inclination of 97.79°. Its operating lifetime is 2 years. 
There will be four kinds of payloads, i.e. quantum key 
communicator, quantum entangled transmitter, quantum 
entangled photon source and quantum control processor 
(Figure 10). 

2.4  Current Status 

QUESS is now in its engineering qualification model 
phase. 

 
 

Fig.10  QUESS satellite 
 

3  Dark Matter Particle Explorer 

3.1  Background 

The existence of dark matter is clearly proven by the 
gravitational effects, but it has not been directly 
detected by the electromagnetic waves. For a long time, 
it is one of the core issues in particle physics and 
cosmology, and relevant results may lead to a significant 
breakthrough in basic science. 

The Chinese scientist Chang Jin, a research fellow of 
CAS, has made several important breakthroughs with 
his research team in the detection of high energy cosmic 
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rays and gamma-ray (Figure 11). Their work has laid a 
solid foundation for the detection of dark matter 
particles. 

3.2  Scientific Objectives  

The scientific objectives of Dark Matter Particle Explorer 
are: 
 to search for and study dark matter particles by 

conducting high-resolution observation of high- 
energy electron and gamma ray; 
 to study the origin of cosmic rays by observing 

the high energy electron and heavy nuclei above 
TeV; 
 to study the propagation and acceleration mechanism 

of cosmic ray by observing high-energy gamma 
ray. 

3.3  Satellite and Payload 

Dark Matter Particle Explorer (DAMPE) will operate at 
Sun-synchronous orbit with an altitude of 500 km and 
an inclination of 97.4° with 3-year lifetime. Its total 
mass is less than 1900 kg, and it will be launched by a  

 

Long March-2D rocket. There will be five payloads 
onboard the satellite: Si-Pin array, plastic scintillation 
hodoscope array, BGO calorimeter, neutron detector 
and payload data management system (Figure 12). 

3.4  Current Status 

DAPME is now in its engineering qualification model 
phase (Figure 13). 

4  Shijian-10 

4.1  Background 

Recoverable satellite Shijian-10 (SJ-10), proposed by 
Hu Wenrui, an academician of the Chinese Academy of 
Sciences, is designed for space experimental research of 
microgravity science and space life science (Figure 14). 

4.2  Scientific Objectives 

The major scientific objectives of SJ-10 are to get 
innovative achievements in kinetic properties of matter 
and rhythm of life by carrying out various scientific 
experiments in space. 

 

 
 
Fig.11  Top left: dark matter and dark energy in universe; top right: long-period balloon test site in south pole; bottom: China-US dark matter 
particle balloon 
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Fig.12  Top: an artist’s view of DAMPE satellite in orbit; bottom left: the integrated structural design of platform and payload; bottom right: 
desktop test of payload electrical reference model 
 

 
 
Fig.13  Left: beam test in CERN; right: the official start of DAMPE 
 

 
 

Fig.14  SJ-10 satellite 
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Fig.15  SJ-10 re-entry module and orbital module 

4.3  Satellite and Payloads 

The satellite (Figure 15) is planning to be launched by 
the Rocket of Long March-2D. The mass of the satellite 
is 3600 kg. The orbit inclination angle is 63°, the 
perigee altitude is 220 km, the apogee altitude is 482 km, 
and the operating lifetime is 15 days. 19 scientific 
experiments will be carried out onboard the satellite. 
Among them 10 experiments are for microgravity 
science research, and the other 9 experiments are for 
space life science research. These experiments belong to 
6 different fields:  microgravity fluid physics, micro-
gravity combustion, space materials science, space 
radiation biology, gravity biology, and space bio-
technology (Figure 16). 

 

 

  

 

 
 

Fig.16  The experiments conducted on SJ-10 
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4.4  Current Status 

The Shijian-10 is now in its preliminary design phase 
(Figure 17). 

5  Kuafu Mission 

As the governing body of the solar system, the Sun 
exerts a crucial influence on the planets and 
interplanetary space. At present, more than a dozen of 
satellites are deployed in the space between the Sun and 
Earth, with the focus on certain physical processes in 
the cause-and-effect chain of space weather. Exemplified 
by SOHO and Cluster/Double Star, satellite experiments 
of this kind have achieved remarkable breakthroughs. 
Yet, integrated and simultaneous observations of the 
entire space weather system, as represented by Kuafu 
 

Mission, have not yet been performed. 
Kuafu will perform integrated, continuous, multi-layered 

long-term observation of the origin of solar wind and 
CME eruptions, determine the earthward velocity and 
energy output of these disturbances, track their 
propagation and evolution in interplanetary space, solve 
systematically the problem of what drives space weather, 
and improve the quality of the space weather hazard 
forecast (Figure 18). 

Kuafu will imagine the Sun-Earth space weather 
system and perform in-situ particle measurements. The 
mission is under comprehensive review. China will be 
responsible for the development and launch of the 
Kuafu A satellite situated at the first Lagrangian point. 
International partners are being sought to participate in 
the development of Kuafu B1 and B2 satellites (Figure 19). 

 

 
 
Fig.17  Left: schematic growth arrangement; right: GaSb single crystals grown by Czochralski method 
 
 

 
 

Fig.18  Science questions Kuafu aims to address 
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Fig.19  Illustration of Kuafu in operation 
 
 
6  Intensive Study of Future Space 

Science Missions 

In the Strategic Priority Program on Space Science, a 
group of study projects are called Intensive Study of 
Future Space Science Missions. The aim of the projects 
is to carry out intensive studies in the selected future 
science missions including scientific objectives, payload 
definitions, and related key techniques, and to make 
preparations for implementing the missions during the 
“Thirteenth Five-Year Plan” period. 

The first batch of future space science missions have 
been selected in 2011, which are Solar Polar Orbit 
Telescope, Magnetosphere-Ionosphere-Thermosphere 
coupling exploration, X-ray Timing and Polarization 
mission and Space Millimeter Wave VLBI Array.  

6.1  Solar Polar Orbit Telescope 

The scientific objectives of Solar Polar Orbit Telescope 
(SPORT) are to:  
 characterize CME propagation through, and inter- 

action with, the inner heliosphere; 
 understand the acceleration, transport and distri- 

bution of energetic particles in the corona and 
heliosphere; 
 discover solar high-latitude magnetism associated 

with eruptions and solar cycle variation; 
 investigate the origin and properties of the fast 

solar wind. 

6.2  Magnetosphere-Ionosphere-Thermosphere 
Coupling Exploration  

The scientific objectives of Magnetosphere-Ionosphere- 

Thermosphere coupling exploration (MIT) are to: 
 investigate the origin of the upflow ions and their 

acceleration mechanism, 
 understand the impact of the outflows ions on 

magnetic storm development, 
 characterize the ionosphere and thermosphere 

storm driven by magnetic storm, 
 discover the key mechanism for the magnetosphere, 

ionosphere and thermosphere coupling. 

6.3  X-ray Timing and Polarization Mission 

The scientific objectives of X-ray Timing and Polarization 
mission (XTP) are summarized as: 
 1 singularity (Black Hole); 
 2 compact stars (Neutron Star, Magnetar); 
 3 extremes (Physics under extreme gravity,   

density and magnetism). 
With a detection area of ~1 m2 and a combination of 

various types of X-ray telescopes, XTP is expected to 
make the most sensitive temporal and polarization 
observations with good energy resolution in 1-30 keV. 
XTP will open a new window using its powerful 
capability of polarization observations (MDP 3%@1 
mCrab, 1×106 s). 

6.4  Space Millimeter VLBI Array 

The scientific objectives of Space Millimeter VLBI Array 
(SVLBI) are: 
 high-resolution imaging of emission structure 

surrounding super-massive black hole (SMBH) to 
study 
 SMBH Shadow (e.g. M87), 
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 disk structure & dynamics, SMBH mass (water 
mega-masers), 

 astrophysical Jet in Active Galactic Nuclei 
(AGN);  

 formation and evolution of stars. 
 
The second batch of future space science missions 

have been selected in 2013, which are Search for 
Terrestrial Exo-Planets, Advanced Space-based Solar 
Observatory, Einstein-Probe and Water Cycle Observation 
Mission. 

6.5  Search for Terrestrial Exo-Planets 

The scientific objectives of Search for Terrestrial 
Exo-Planets (STEP) are to: 
 search for the nearby (20pc) terrestrial exo-planets, 
 conduct comprehensive research and detection on 

the nearby planetary systems, 
 conduct calibration on the distance indicator of 

the universe. 

6.6  Advanced Space-borne Solar Observatory 

The scientific objectives of Advanced Space-borne 
Solar Observatory (ASO-S) are to: 
 simultaneously observe the full disc vector magnetic 

field, non-thermal images of hard X-rays, and 
initiation of CME; 
 understand the causality between magnetic field 

and flares, magnetic field and CMEs, flares and 
CMEs. 

6.7  Einstein-Probe 

The scientific objectives of Einstein-Probe (EP): 
Time-domain census of soft X-ray transient and variable 
sources in the universe, aiming to 
 discover quiescent black holes over all astrophysical 

mass range and other compact objects via high- 
energy transients, 
 discover and locate electromagnetic-wave sources 

 

of gravitational-wave events by synergy with new 
GW detectors, 
 systematic census of soft X-ray transients and 

variability of known X-ray sources over wide 
time-scales at high cadence. 

6.8  Water Cycle Observation Mission 

The scientific objectives of Water Cycle Observation 
Mission (WCOM) is to better understand the status and 
process of the Earth's water cycle system under the 
global change environment by simultaneous and fast 
measurement of a set of water cycle key parameters 
(soil moisture, ocean salinity, ocean surface evaporation, 
snow water equivalent, frozen/thaw, atmospheric vapor, 
etc). 

7  Advanced Research of Space Science 
Missions and Payloads 

Advanced Research of Space Science Missions and 
Payloads is targeted for the advanced research on key 
techniques for future space science satellites by plann- 
ing a cluster of research subjects, including innovative 
concepts of space science missions, key techniques of 
payloads, ground calibrations as well as short-time 
flight demonstrations. 

The project is divided into two groups during each 
five-year plan, with 1-2 years research cycle. 

Endorsed by the State Council of China in March, 
2010, the Strategic Priority Program was initiated by 
Chinese Academy of Sciences to make world-leading 
original achievements by focusing on the breakthroughs 
in scientific and strategic high-tech frontline, which is of 
great significance to China’s international competitiveness, 
long-term economic and social sustainable development, 
national security and new S&T revolution trend. The 
implementation of the Strategic Priority Program on 
Space Science will definitely promote the rapid 
development of China’s space science endeavor, and 
make contributions to China’s development and the 
progress of human civilization. 
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