
BY MARK ZASTROW

Nestled amongst the karst mountains of 
southwestern China lies a gargantuan 
spherical dish that fills a valley — the 

world’s single largest radio telescope. Com-
pleted in 2016, the Five-hundred-meter Aper-
ture Spherical Radio Telescope (FAST) is being 
fine-tuned and will soon be fully operational.

The 1.2 billion-yuan (US$180 million) pro-
ject is a bold investment for China, and puts its 
radio astronomers in an unfamiliar position — 
running a world-class facility, with the interna-
tional community queuing to use it. The role 
is a welcome one, but not without challenges.

“Relatively speaking, our team is not very 
experienced,” says Li Di, FAST’s chief scientist 
and leader of the radio astronomy division of 
its operator, the National Astronomical Obser-
vatories of China (NOAC) in Beijing. 

Radio astronomers are able to see a sky that 
remains invisible to their optical counterparts 
— awash in waves from astronomical objects as 
diverse as spinning neutron stars, black holes, 
and leftover whispers of the Universe’s early 
inflation. Their discipline is enhancing under-
standing of the Universe from the Big Bang 
to galactic structure. The technology used to 
receive and amplify radio waves from outer 
space also has practical applications: it was cru-
cial to the development of WiFi, and is driving 
developments in advanced data processing.

But due to weakness of the signals emitted 
by the phenomena it studies, radio astronomy 
is heavily reliant on a few vast facilities with 
large signal collecting areas. Astronomers also 
collate results from dishes around the world to 
improve resolution. This inter-dependence has 
led the field to embrace international coopera-
tion even faster than its optical counterparts, 

says Li. It also presents FAST with the opportu-
nity to make an instant global impact.

In recent years, China has surpassed the 
United Kingdom to become the world’s second 
most prolific nation in high-quality astronomy 
and space research, trailing only the United 
States in the index in 2017. Despite limited 
observing facilities, it has excelled in theoreti-
cal solar physics and the complex simulations 
of the magnetic fields of the Sun and its planets.

But China’s radio astronomers have long 
yearned for larger facilities to make a greater 
impact, says Peng Bo, FAST’s deputy manager 
and acting observatory director. He recalls 
going to conferences in the 1980s when China’s 
largest radio dish, 25 metres, was dwarfed by 
the 100-metre Radio Telescope Effelsberg in 
Germany. “I felt China’s voice was too weak,” 
he says. “Our radio astronomy was far behind 
the world.”

FAST’s capabilities will jumpstart the careers 
of Chinese researchers and students who will 
have easier access to a world-class facility, says 
Peng. “In the past, we spent six months abroad 
to use other countries’ telescopes,” he says. 

Peng and Li were key players in a group of 
Chinese astronomers who developed the con-
cept of FAST in the mid-1990s. Originally, 
it was part of a proposal to host the colossal 
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CHINA’S PLACE AMONG THE STARS
The FAST telescope dish, stretching half a kilometre, will thrust China’s radio 
astronomers into a role of global leadership.

Once in use, the scientsists behind FAST 
intend for it to be as open as possible to 
use by researchers around the world.
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international radio astronomy project now 
known as the Square Kilometre Array. The 
SKA collaboration chose sites in South Africa 
and Australia, and a design using smaller, 
cheaper dishes, but China’s government 
stepped up in 2007 to build FAST anyway.

Construction on the facility was completed 
in 2016 and it is still in the commissioning 
phase. But, it has already found 44 pulsars 
— neutron stars formed in a supernova 
explosion with powerful magnetic fields that 
appear as pulses of radio waves as they spin. 
FAST could double the known pulsar tally of 
2,000, says Peng. It’s also ideal for mapping 
gas clouds between stars and for listening for 
signals from any alien civilizations.

MIND THE GAP
The next challenge is to wrap up FAST’s com-
missioning and begin operations in earnest 
— hopefully by 2019. FAST’s unique dish is 
made of 4,450 panels, some of which can be 
angled by actuators — winches dug into the 
mountain sides to 
adjust the telescope’s 
focus. By reshaping 
its surface, it can be 
more sensitive to 
signals from a wider 
range of direction, 
off its main axis. But 
maintaining precise 
control of them has 
proven difficult.

“Ast ronomy i s 
easy; actuators are 
hard,” says Li, who 
also served as FAST’s 
deputy chief engi-
neer. “And money 
is harder.”

A quirk of China’s 
regulations means 
FAST is in a funding 
lull: its construction 
funds are exhausted, 
but until it passes its 
final review from the 
National Develop-
ment and Reform 
Commission, it’s not 
eligible for opera-
tional grants and is 
relying on stopgap 
funding from the NOAC and its parent 
organization, the Chinese Academy of Sci-
ences (CAS). This means that the project has 
not yet received any funds to prepare for the 
immense amounts of data the telescope will 
collect. The team has been working to get 
preliminary results, but the bulk of the data-
processing pipeline, which will be crucial to 
outside users, is yet to be developed. 

FAST’s leaders remain confident it will 
pass its project review within a year, at which 
point the telescope will be deemed a fully 
fledged national observatory. The design 

specifications have been met in major areas, 
such as sensitivity and tracking, says Li. And 
if it passes, some outside users will be able to 
access the telescope as soon as late 2019 — if 
they are willing to shoulder some of the bur-
den of processing the data.

OPEN SKIES
The number of international astronomers 
that will be among those outside users is 
yet to be determined. FAST’s top scientists 
intend for it to be as open as possible. “We 
will strive for an open sky policy because 
that has been the convention, particularly for 
radio astronomy, if not all astronomy,” says 
Li. However, the decision lies with NOAC 
and CAS.

Peng says some have suggested reserving 
60–70% of FAST’s observing time for Chi-
nese researchers and 20% for foreigners, with 
10–20% allocated at the director’s discretion.

Li says that the US National Science Foun-
dation has approached Chinese agencies in 

an attempt to 
secure access for 
US scientists. He 
adds: “We have 
benefitted from 
access to US astro-
nomical facilities,” 
as well as data 
from NASA space 
telescopes. “The 
trend is to become 
more open and 
that will also help 
the productivity of 
the facility.”

Peng foresees  
a challenge in 
opening the facil-
ity to interna-
tional observers: 
translating FAST’s 
voluminous docu-
mentat ion for 
operat ing and 
data processing 
f rom Chines e 
to English.

When it does 
open to other 
users, there will 
be no shortage 

of eager applicants. “It’s going to be a great 
instrument,” says Jason Hessels, an astrono-
mer at the Netherlands Institute for Radio 
Astronomy in Amsterdam. He hopes to point 
FAST towards recent supernova explosions 
to search for the faint emission from poten-
tial neutron stars. The search could yield a 
new class of objects — neutron stars emit-
ting bursts of radio waves due not to their 
rotation, but from the decay of their magnetic 
fields. “We’ve never studied such newly born 
neutron stars before, so there are bound to 
be surprises.” ■
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SMALL SCIENCE 
GROWS LARGE IN 
NEW HANDS
China’s nanotech industry is forging 
ahead, with high funding levels, a 
maturing talent pool, and international 
experience.
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1. Peking University (Fractional count: 9.12)
2. Fudan University (FC: 8.17)
3. Beijing Normal University (FC:7.80)

CHINESE INSTITUTIONS IN SUBJECT’S
GLOBAL TOP 20: 1

INTERNATIONALLY COLLABORATIVE
ARTICLES 2015–2017: 58.5%

TOP CHINESE–INTERNATIONAL
COLLABORATIVE PAIR 2015–2017:

Fudan University – University of Tübingen,
Germany (CS*: 4.92, Article count: 6)

ATTAINS WORLD NUMBER ONE: NA

TOP 5 COUNTRIES (2012–2017):

FC

2012

0

100

200

300

350

250

150

50

2017

0

China United States
Germany Japan

United Kingdom

*Bilateral collaboration score

BY SARAH O’MEARA

Three years ago, chemist David Leigh 
was ambushed by a smiling master’s 
student from Fudan University waving 

a CV and looking for a PhD position at Leigh’s 
lab in the United Kingdom.

Leigh, who leads a world-renowned lab at 
the University of Manchester, had just given a 
talk on molecular structures in Shanghai. But 
he was not familiar with Fudan. “I know now 
it’s one of the top universities in China, but I’ll 
admit I didn’t then,” he says.

The chemist, a fellow of the Royal Society, 
has become used to the huge enthusiasm 
exhibited by early-career Chinese scientists 
who attend his lectures in China. “There’ll be 
crowds at 8.30 a.m. and students gather after-
wards for autographs.” The CV-brandishing 
Zhang Liang stood out. Keen to study overseas, 
he knew winning one of the 10 places available 
each year at Leigh’s prestigious lab was a long 
shot, so he pushed himself forward.

Happily, it worked out. Leigh, who recently 
made the world’s first molecular robot con-
structed of atoms, hired Zhang. Two years 
later, the young Chinese scientist was working 
on his organic chemistry PhD in Manchester, 
while managing the creation of Leigh’s first 
nanotech lab in China at East China Normal 
University (ECNU) in Shanghai.

Over the past 20 years, China has become an 
influential force in nanoscience research, with 
particularly high publication rates in catalysis 
and nanomedicine. Yet despite the productiv-
ity and substantial funding, ground-breaking 
research with broad applications delivering 
substantial returns on investment has not fol-
lowed. To deliver such results, researchers say 
the government needs to invest more in closing 
the gap between basic research and the indus-
trialization of nanotechnologies. Compared 
with other big research countries, the per-
centage of papers with industry co-authors in 
China remains relatively low. 

CATALYSING SCIENCE
China’s rise in nanoscience is due to the coun-
try’s high levels of investment in the field and 
ambitious targets for research and develop-
ment overall, such as making the country a S
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