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The man turning China
into a quantum
superpower

Jian-Wei Pan, China’s “father of quantum’, is
masterminding its drive for global leadership in
technologies that could change entire
industries.

by Martin Giles  December 19, 2018 NOAH SHELDON
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n September 29,2017, a Chinese satellite known as Micius

made possible an unhackable videoconference between

Vienna and Beijing, two cities half a world apart. As it
whisked across the night sky at 18,000 miles (29,000 kilometers) per
hour, the satellite beamed down a small data packet to a ground station
in Xinglong, a couple of hours’ drive to the northeast of Beijing. Less
than an hour later, the satellite passed over Austria and dispatched

another data packet to a station near the city of Graz.
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The packets were encryption keys for securing data transmissions. What
made this event so special was that the keys distributed by the satellite
were encoded in photons in a delicate quantum state. Any attempt to
intercept them would have collapsed that state, destroying the
information and signaling the presence of a hacker. This means they
were far more secure than keys sent as classical bits—a stream of
electrical or optical pulses representing Is and Os that can be read and

copied.
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The video encryption was conventional, not quantum, but because the
quantum keys were required to decrypt it, its security was guaranteed.
This made it the world’s very first quantum-encrypted intercontinental

video link.

The man behind this achievement is Jian-Wei Pan. A professor at the

University of Science and Technology of China (USTC), sometimes
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known as “China’s Caltech”, 48-year-old Pan has produced a series of
breakthroughs that have propelled him to scientific stardom in the
country. His work has won plaudits from President Xi Jinping, and he’s

often referred to in local media as “the father of quantum.”

Quantum communications and computing are still nascent, but they are
among the technological “megaprojects” on which China’s government
wants breakthroughs by 2030. It sees an opportunity to lead the
dawning quantum era in much the same way that the US dominated the

advent of computing and the information revolution that it sparked.

Pan, who in 2011 became the youngest-ever member of the Chinese

Academy of Sciences, is central to this effort.

In an interview with MIT Technology Review, Pan talked about the
importance of international collaboration, but he also made clear that
China sees a unique window for it to shape the next meta-shift in the
technology landscape. “We were only the follower and the learner at the
birth of modern information science,” he said. “Now we have a chance ...

to be a leader.”

Pan’s ambitions include a plan to create a globe-spanning constellation
of satellites that constitute a super-secure quantum internet. Also on his
checklist: helping China catch up with—and perhaps overtake—the US
in building powerful quantum computers. The fundamental units of
computation in these machines are qubits, which—unlike bits—can
occupy a quantum state of 7 and 0 simultaneously. By linking qubits
through an almost mystical phenomenon known as entanglement,
quantum computers can generate exponential increases in processing

power.

In the future, the machines could be used to discover new materials and
drugs by running simulations of chemical reactions that are too much
work for classical computers. They could also turbocharge artificial
intelligence. Secure networks using quantum key distribution (QKD)
could transmit sensitive data for things like financial transactions and

provide utmost secrecy for military operations and communications.
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Researchers are also working on quantum sensors that would let
submarines navigate without relying on satellite signals, and quantum

radar that may be able to spot “stealth” aircraft.

The picture of the receiver shows a spotting laser used to help the satellite connect to the ground station.

JOINT EFFORTS

Despite the intense US-China competition in quantum technologies, the
video call made possible by the Micius satellite—named for an ancient

Chinese scientist and philosopher—is very much a result of



international cooperation.

It came out of a collaboration between a team led by Pan and another
led by Anton Zeilinger, a quantum physicist at the Austrian Academy of
Sciences. Zeilinger was Pan’s doctoral supervisor in the 1990s, and he
saw potential in the young Chinese student. “When he came here, he
was one hundred percent focused on theoretical physics,” recalls
Zeilinger. “But I realized he could do more, so I suggested he switch to

experiments, and he did that very successfully.”

So successfully, in fact, that Zeilinger was only too happy when his
former student proposed a collaboration on intercontinental QKD in
2011. Pan’s team had already conducted experiments over a number of
years to prove a space-based system could work, and it eventually got
the Chinese government’s green light to build a dedicated satellite,
which was launched in 2016.

Making QKD work on the ground is hard enough. Doing it from a
satellite meant solving a host of extra problems, from aligning the
satellite’s transmissions precisely with the ground stations to
minimizing the number of photons lost in the atmosphere. Observers
were impressed, says Hoi-Kwong Lo, a physics professor at the
University of Toronto. He adds, “There’s a huge amount of resources
being devoted to quantum in China, which means they can do things

other countries can’t.”

China’s other achievements include

building the world’s longest terrestrial

QKD network. The 2,032-kilometer Pan foresees d
(1,263-mile) ground link between d ay Wh en d at a

Beijing and Shanghai was also

masterminded by Pan and sends Centers on
quantum-encrypted keys between way d i.ﬁ: er ent

stations, offering an ultra-secure
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connected via the

cities are also building municipal



networks. q ua nt um

Gauging exactly how much China is Satel I ites he,S
investing in these and other quantum plan n i ng

projects is hard because funding for
government programs is opaque. But
Pan says the money devoted to an
upcoming national quantum plan for China will be “at least the same
order of magnitude” as Europe’s recently launched Quantum
Technologies Flagship project, a 10-year, €1 billion ($1.1 billion)

Initiative.

While money matters, there’s more to China’s success than the
bankrolling of satellites and other projects. The country also benefits
from a decades-long strategy of sending young researchers abroad to
learn from experts like Zeilinger and then enticing them home to

continue their work.

China is producing plenty of high-quality quantum science papers, and
the number of Chinese patents being registered in areas like quantum
communications and quantum cryptography has also soared, far

surpassing those being registered in the US and elsewhere.

To help develop future quantum researchers, the country is building a
$1 billion National Laboratory for Quantum Information Sciences in
Hefei that will open in 2020; it will bring together experts from a range
of disciplines such as physics, electrical engineering, and materials
science. Some of the money will be for a new USTC campus on the same
site to train quantum researchers. “We are working hard to develop the

workforce of the future in quantum technology,” says Pan.

He’s already created a center for quantum information and quantum
physics at USTC. In June 2018 a team at the center announced it had set
a world record for entangling qubits, linking 18 together. Advances like
this will bring us closer to the point at which a quantum machine will
finally be able to outstrip even the most powerful conventional

supercomputer for certain tasks.



There are also ambitious plans to scale up efforts in space. Pan says that
over the next four to five years, China will launch four more low-orbit
quantum satellites, and a high-orbit geostationary one will follow
shortly thereafter. The long-term vision is to create a continent-
spanning, quantum-secured internet that could eclipse today’s version.

Looking much further ahead, the technology could one day be used to

secure everything from smartphones to laptops.




Jian-Wei Pan, standing in front of a receiver used in the transmission of ultra-secure signals from the
Micius satellite, has helped lead Chinas quantum efforts.

LEADER AND LAGGARD

So is China really set to dominate the emerging quantum era? And what

will it do with that dominance if so?

The answer to the first of those questions is nuanced. While Micius and
the ground-based QKD networks give China the edge—for now—in
secure quantum communications, it still trails the US in quantum
computing. However, as Pan’s team’s success with entangling qubits
shows, it’s making swift progress. Big Chinese tech companies like
Alibaba and Baidu are investing heavily in quantum computing, too.
Alibaba has launched a cloud computing service that lets people
experiment on quantum processors, mirroring similar efforts by US

companies such as IBM and Rigetti.

Isaac Chuang, an MIT professor and pioneer of quantum computing,
notes that one of the reasons China has done so well in quantum science
is the close coordination between its government research groups, the
Chinese Academy of Sciences, and the country’s universities. Europe
now has its own quantum master plan to prompt such collaborations,
but the US has been slow to produce a comprehensive strategy for

developing the technologies and building a future quantum workforce.

Whatever happens elsewhere, China will press forward. Pan emphasizes
commercial opportunities. Businesses are already using the Beijing-
Shanghai network to ship information securely. And he foresees a day
when data centers on different continents will be connected via the

constellation of quantum satellites he’s planning.

Those satellites, of course, could also be used for military purposes. Elsa
Kania at the Center for a New American Security, a Washington, DC,

think tank, says various parts of China’s armed forces are funding



research into quantum communications, sensors, and radar. Big
companies like China Shipbuilding Industry Corporation, one of the
country’s largest builders of warships and submarines, are working with
universities on quantum projects. If China thinks the technology could
give it a military edge, it might pull back on international collaborations

and keep innovations to itself.

A more optimistic view sees China remaining open to the kinds of
interchanges that have helped turn it into a quantum superpower, and
doing its utmost to profit from a new, quantum-inspired data economy.
The notion that China could seize the lead here seems to inspire its top
officials: Xi Jinping has even talked publicly of quantum science

opening up “a new industrial revolution.”

Whichever scenario ultimately plays out, China will be counting heavily

on the father of quantum to steer it to success.

Correction: An earlier version of this article said that Anton Zeilinger is
a quantum physicist at the University of Austria. He is in fact at the

Austrian Academy of Sciences.
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