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Quantum Information Project& US
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NATIONAL STRATEGIC
OVERVIEW FOR QUANTUM
INFORMATION SCIENCE

U.S. Government research spending by area
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Legislation & | Examples: hr5, sres9, "health care”

Home > Legislation > 115th Congress > H.R.6227

H.R.6227 - National Quantum Initiative Act

115th Congress (2017-2018)




QUANTUM FRONTIERS
REPORT ON COMMUNITY INPUT TO THE NATION'S

STRATEGY FOR QUANTUM INFORMATION SCIENCE
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A STRATEGIC VISION FOR
AMERICA’S QUANTUM
NETWORKS
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February 2020




Quantum Information Projects EU

QuantumManifesto

May 2016

A New Era of Technology

Quantum Technologies Timeline

-

0-5years oo

Core technology of quantum

repeaters

Secure point-to-point
quantum links

Simulator of motion of

electrons in materials

New algorithms for quantum
simulators and networks
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2015

3. Sensors

A Quantum sensors for niche

applications (incl. gravity and
magnetic sensors for health
care, geosurvey and security)

@

More precise atomic clocks
for synchronisation of
future smart networks,
incl. energy grids

Operation of a logical qubit

protected by error correction
or topologically

New algorithms for quantum
computers

Small quantum processor
executing technologically
relevant algorithms
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Quantum ks between

distant cities

Quantum credit cards

Devel and design of
new complex materials

Versatile simulator of quantum
magnetism and electricity

C Quantum sensors for larger
volume applications including
automotive, construction

D Handheld quantum navigation
devices

Solving chemistry and
materials science problems
with special purpose quantum
computer > 100 physical qubit
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Quantum repeaters
with cryptography and
eavesdropping detection

Secure Europe-wide internet
merging quantum and
classical communication

Simulators of quantum

dynamics and chemical
reaction mechanisms to
support drug design

E Gravity imaging devices based
on gravity sensors

F Integrate quantum sensors
with consumer applications
including mobile devices

|n(€g|’6(l0l’| of quantum circuit
and cryogenic classical control
hardware

General purpose quantum
computers exceed
computational power of
classical computers
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The future is
Quantum
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QUANTUM WINDFALL

Europe’s Quantum Flagship programme will spend €132 million (US$150
million) overall on 20 projects spanning 6 themes for its first 3 years.
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PILLARS OF ACTIVITY

OF THE QUANTUM FLAGSHIP

FROM VISION TO REALITY

FUNDING OPPORTUNITIES NOW AND IN THE FUTURE

Developments in leading areas of gquantum
technologies can be expected to produce
transformative applications with real practical
impact on society. That is why the Quantum

Flagship has divided research and innovative
efforts in five main areas of research and
innovation.
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Quantum Information Projects UK

A A five-year £270M programme started from 2014 © more than £1B until now

QUANTUM
® TECHNOLOGIES

National strategy for
guantum technologies

A NEW ERA FOR THE UK

Government
Office for Science

The Quantum Age:
technological opportunities

Universiglpf Bristol

UK Quantum Technology Hub in Oiintum Enhanced Imaging (QuantiC)

Royal Holl.ay London

Unwersﬁ' Sheffield
University@} Glasgow
University @§trathclyde
Heriot-WlUniversity
Durhami@piversity
Universitfipf Oxford
University@Liverpool

University@ Warwick

UK Quantum Technology Hub for O.num Communications Technologies
UK Quantum Technology HllB for Sensors and Metrology

University@Edinburgh Universffof York
University @ambndge

University i)lottingham
Universif Sussex

University dfBirmingham

Universigipf Leeds

Universiffjof Bath
University o&umampton
UK Quantum Technology Hub: NQIT - Nef@lorked Quantum Information Technologies

Gjantum Technology Hubs \ /National Facilities \

¢ Quantum Metrology Laboratory
(National Physical Laboratory)

¢ Kelvin Nanotechnology
(University of Glasgow)

* Optoelectronic Research Center
(University of Southampton)

 Defense Science and Technology

4 Lead Universities, 16 partner Universities, many Laboratory. (DSTL)
companies, and Government departments / & others j

University G@ege London

* Networked Quantum Information Technologies
(NQIT)

* Quantum Sensing and Metrology

¢ Quantum Communications Technologies

* Quantum-Enhanced Imaging (QuantIC)

(Quantum Systems Engineering Skills Hubs \

¢ Quantum Engineering and Science
* Quantum Enterprise
* Innovation in Quantum Business
3 Lead Universities, several partner
Universities, many companies, several

\ Government departments /




Quantum Information Project& Australia
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AUSTRALIAN RESEARCH COUNCIL CENTRE OF EXCELLENCE

EQUS

Australian Research Council
Centre of Excellence for

Engineered Quantum Systems

We are Sydney

Quantum Academy

i llaboration between four NSW universities to supp e
development of a quantum ecosystem through educatio

community engagement, and entrepreneurship.

e THE UNIVERSITY OF %
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Australian Government

Australian Research Council



Quantum industry Queensland
. . : B Max Kelsen
activity in Australia New South Wales
B Microsoft (US)
B Silicon Quantum Computing
Redback Systems

Lucigem
Q-CTRL

Australian Capital Territory
B Quantum Brilliance
Nomad Atomics
Quintessencelabs
Liquid Instruments

Quantum sectors Victoria
B Quantum computing W [BM (US)
Quantum sensing B h-bar Consultants
MOGlabs

Quantum communications
B Consultancy
Enabling technology

South Australia

B Archer

B Rigetti Computing (US)
Cryoclock

Quantum-related private Funding and investment

()

organisations around Australia (2017-2019)

CSIRO




Quantum Information Project& China

Total estimated

Yi : :
ear Project Funding amount (USD)
1998-2006 Minor projects mixed with other fields NSFC 10 M
2006-2010 1. Quantum control 1. MOST
2. Single quantum state detection and interaction 2. NSEC
3. Long distance quantum communication 3. CAS 150 M
4. Key technology research and verification of quantum 4. CAS
experiments at space scale
2011-2015 1. Quantum control 1. MOST
Quantum metrology 2. NSFC
3. National major scientific research instruments and equipment 3. NSFC
development 4. CAS 490 M
4. Quantum experiments at space scale 5. CAS
5. Coherent control of quantum systems and metrology physicsin 6. NDRC,
atomic systems CAS, etc.
6. Quantum secure communication backbone
2016-now 1. Quantum control 1. MOST 337 M




Quantum Experiments at Sp

Quantum key
communication
equipment

entanglement
transmitter

Experimental
processing system

entanglement source

ace Scale

Quantum leaps

China's Micius satellite, launched in August 2016, has now validated across a record 1200 kilometers the
“spooky action” that Albert Einstein abhorred (1). The team is planning other quantum tricks (2-4).

Light-altering crystal —_

creates entangled
photon pairs

4 Global network
Future satellites and
ground stations could
enable a quantum

internet. >
e/ &

®

~~~~~

500 km altitude)

1. Spooky action

Entangled photons were sent to
separate stations. Measuring
one photon’s quantum state
instantly determines the other’s,
no matter how far away.

Pair

2. Quantum key distribution
Micius will send strings of entan-
gled photons to the stations,
creating a key for eavesdrop-
proof communications.

$-8
Pair string

3. Quantum teleportation
Micius will send one entangled
photon to Earth while keeping its
mate on board. When a third
photon with anunknown state is
q[stangled with the one on Earth,
and their states jointly mea-
ured, the properties of the last
photon are instantly teleported
to Micius.
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nature » letters » article

Published: 09 August 2017
Ground-to-satellite quantum teleportation

Ji-Gang Ren, Ping Xu, [...] Jian-Wei Pan

Nature 549, 70-73(2017) ‘ Cite this article
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(£ Satellite-based entanglement distribution over 1200
o kilometers

Juan Yin"2, Yuan Cao'-%, Yu-Huai Li'?, Sheng-Kai Liao"%, © Liang Zhang??, Ji-Gang Ren'-%, Wen-Qi Cai'', Wei-Yue Liu'..

@ + See all authors and affiliations
Science 16 Jun 2017:

e Vol. 356, Issue 6343, pp. 1140-1144
DOI: 10.1126/science.aan3211

PHYSICAL REVIEW LETTERS 120, 030501 (2018)

nature
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nature > articles » article

Published: 09 August 2017

Satellite-to-ground quantum key distribution
Sheng-Kai Liao, Wen-Qi Cai, [...] Jian-Wei Pan

Nature 549, 43-47(2017) | Cite this article

nature
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Satellite-Relayed Intercontinental Quantum Network

Sheng-Kai Liao,"* Wen-Qi Cai,"? Johannes Handsteiner,™* Bo Liu,*’ Juan Yin,"? Liang Zhang,z‘6 Dominik Rauch,**
Matthias Fink,'1 Ji-Gang Ren,l'2 Wei-Yue Liu,]‘2 Yang Li,"2 Qi Shen,l'2 Yuan Cao,]‘2 Feng-Zhi Li,"2 Jian-Feng Wang,7
Yong-Mei Huang,8 Lei Deng,[J Tao Xi,10 Lu Ma,” Tai Hu,lz Li Li,l'2 Nai-Le Liu,l‘2 Franz Koid],13 Peiyuan Wang,13

Yu-Ao Chﬁ:n,"2 Xiang-Bin Wung,2 Michael Sleind()rfer,|3 Georg Kirchner,” Chao-Yang Lu,"2 Rong Shu,z‘6
Rupert I‘Jrsin,‘x'4 Thomas Scheidl,‘x'4 Cheng-Zhi Peng,"2 Jian-Yu Wang,z‘6 Anton Zeilinger,}‘4 and Jian-Wei Pan'*

nature » articles » article

Article | Published: 15 June 2020

Entanglement-based secure quantum cryptography
over 1,120 kilometres

Juan Yin, Yu-Huai Li, Sheng-Kai Liao, Meng Yang, Yuan Cao, Liang Zhang, Ji-Gang Ren, Wen-Qi Cai, Wei-
Yue Liu, Shuang-Lin Li, Rong Shu, Yong-Mei Huang, Lei Deng, Li Li, Qiang Zhang, Nai-Le Liu, Yu-Ao Chen,
Chao-Yang Lu, Xiang-Bin Wang, Feihu Xu, Jian-Yu Wang, Cheng-Zhi Peng &3, Artur K. Ekert & Jian-Wei Pan

Nature 582, 501-505(2020) | Cite this article
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Quantum computational advantage using photons

Han-Sen Zhong''2", ® Hui Wang'-2", ® Yu-Hao Deng'-2", ® Ming-Cheng Chen!-Z", ® Li-Chao Peng'-2, ® Yi-Han
Luo'+2, @ Jian Qin'2, ® Dian Wu'+2, Xing Dingm, YiHu'/2, Peng Hu®, © Xiao-Yan Yang3, Wei-Jun Zhang3, Hao
Li3, © Yuxuan Li4, @ Xiao Jiang'-2, ® Lin Gan* Guangwen Yang®, @ Lixing You?, © Zhen Wang?, ® Li Li'-2, © Nai-Le
Liu'2, Chao-Yang Lu'2, @ Jian-Wei Pan':21

THefei National Laboratory for Physical Sciences at Microscale and Department of Modern Physics, University of Science and
Technology of China, Hefei, Anhui 230026, China.

2CAS Centre for Excellence and Synergetic Innovation Centre in Quantum Information and Quantum Physics, University of Science and
Technology of China, Shanghai 201315, China.

3state Key Laboratory of Functional Materials for Informatics, Shanghai Institute of Microsystem and Information Technology,
Chinese Academy of Sciences, Shanghai 200050, China.

4Deparrment of Computer Science and Technology and Beijing National Research Center for Information Science and Technology,
Tsinghua University, Beijing 100084, China.

éTCorresponding author. Email: pan@ustc.edu.cn

<4* These authors contributed equally to this work.
- Hide authors and affiliations

Science 03 Dec 2020:
eabe8770
DOI: 10.1126/science.abe8770
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Hefei Comprehensive National Science Center .
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To utilize quantum computing technoques to promote the development of Al
To support quantum algrithms and quantum Al;

To provide a comprehensive Quantum infrastructure as a Service (QaaS). FFAALE R ARRE Tt E R B
i 3 To break through the bottlenecks of quantum computing with the advantages of Al -
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Unified Programming Quantum Hardware Interface Quantum Network 0 L FHERL e

5| Key Areas

Bl Byt and Internet A5y Quantum Neural Networks Information Security
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HHNEFEEALE o mSHETHE Rl e A g meme ‘ () B
@ Distributed Quantum Superconducling Cireuit Design Quantum and Noise Intermediate-Scale Quantum Algorithms 3 Blockehain

Information Processing Post-Quantum Crypto i RS Rt S

sFHE
Quantum Algorithm

B#r Aims
HYEFESBITERNEFEE

To design efficient quantum algorithms for specfic tasks
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o extend the design and analysis of classical algorithms to the quantum scenario

MAEREEF(ZRR)EE, RRATHEAGRME

To optimize existing quantum (classical) algorithms and explore their feasibility and limitations
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