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Overview of the major Chinese government QC programs

Quantum communication Quantum computation and 
simulation

Quantum  Metrology

� 2006-2010 (Eleven Five-Year Plan) ~1 billion CNY
� 2011-2016 (Twelve Five-Year Plan) ~5 billion CNY
� 2016-present (Thirteen Five-Year Plan) ~2 billion CNY
~4 billion CNY from Anhui , Shanghai, Shandong, etc. Province
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China’s Future National Projects

Global Quantum 
Communication Networks

Scalable Quantum Computation 
and Quantum Simulation

Super-resolution Quantum 
Metrology

CAS Center is now playing a leading role in organizing
� National Science and Technology Project on Quantum Information in the next 15 years, similar to

European Quantum Technologies Flagship
� National Laboratory for Quantum Information Sciences (NLQIS)



Introduction to the CAS Center
• Jointly supported by CAS and the Ministry of Education
• Annual budget ~100 million RMB

Hosted by USTC
includes top institutes and universities on quantum physics

and excellence groups among China’s universities:
Tsinghua University, Peking University, Fudan University, etc. 
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National Quantum Communication Backbone Project

� Inter-city quantum communication backbone with 32 trusted relays (~2000km)
� For financial applications, public affairs, etc.
� Test-bed for quantum foundations (e.g. frequency dissemination)
� Established in the end of 2016
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�Quantum Science Satellite “Micius” was launched on Aug 16, 2016

�Tracking the satellite
(in Xinglong observatory, Beijing)

CAS Strategic Priority Research Program: Quantum Satellite
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~1200km

� High-rate quantum key distribution (QKD) between satellite and ground
� Quantum entanglement distribution from satellite, test of “spooky action

at a distance” under strict Einstein's locality condition
� Quantum teleportation between ground and satellite

Micius’ Three Missions



National Laboratory for Quantum Information Sciences (NLQIS): Organization



Overview of the major Chinese government QC programsTowards Global Quantum Communication Network

� Widespread fiber quantum communication infrastructure
� Compatibility with classical optical communication networks
� Quantum repeater enabling quantum communications at a range of ~1000km
� Technology standards for quantum communication

……



� Quantum Constellation covering the whole earth directly, with MEO
and GEO satellites which will be launched in next 5-10 years

� Global quantum communication infrastructure Æ “Quantum Internet”

Towards Global Quantum Communication Network



Candidates for Quantum Computation and simulation 

Superconductor Photons Cold atoms

Topological Trapped  ions NV center

NMR Quantum dot …
~1/3 of budget will go to QC  



Scalable Quantum Computation and Simulation



Precise Timing Information Sharing

Global microwave time and
frequency network
Long time instability below 10-15

Fiber frequency transfer
long time instability to 10-19, 4 magnitudes
better than microwave scheme

V. S.



Precise Timing Information Sharing

The Project “High-precision ground-based time service system” 

� To build the world's largest optical fiber time-frequency transfer
network, with the most advanced indicators of the performance

� 3 primary stations, 5 secondary stations and 19 tertiary test stations
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High-resolution and Highly Sensitive Measurements





Commercial partner of CAS Center

Most of the commercial applications are focused on the quantum
communications. Alibaba sponsored CAS center since 2016, and
established CAS-Alibaba quantum computing laboratory





Superconducting QC groups in China

IOP-China, Tsinghua university,
and Beijing Computational Science
Research Center

Nanjing university

Zhejiang university

USTC-Shanghai



Qubit characterizations 

ü Transmon/Xmon qubits: 

Best T1 ~ 30 µs (10 – 20 µs on 
average),  T2* above 20 µs ( - 10 µs on 
average).

ü Single-qubit gate fidelity above 
99.9% (RB), two-bits gate ~99.1%

5 qubits
6 qubits
9 qubits

10 qubits
20 qubits

…



Readout with home-made paramps



Single Qubit Gates

Single	qubit	gate	randomized	benchmarking>99.9%

Q7	at	optimal	point Q7	at	optimal	point Q7	at	optimal	point

Q7	at	optimal	point Q7	at	optimal	point
Q8	336MHz	detuned
from	optimal	point



CZ Gate

CZ	randomized	
Benchmarking

70	random	sequences	
1500	averages



10-Qubits processor with complete connection 
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List of parameters

ωB/2π ≈ 5.795



Full state tomography

GHZ state fidelity 
is about 66% PRL 119, 180511 (2017)



4 qubits HHL algorithm



4 qubits HHL algorithm

PRL 118.2105
04 (2017)



Controlling a large number of photon entanglement



Quantum logic, QEC, and algorithms




