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- Information from the Presidency

Quantum Technologies are expected to lead to a spectrum of new applications that can radically
transform many industry and markets. Quantum computers could signal the birth of a new age to
meet the ever-growing demand for computing power and data processing. Nearer term applications
in the field of communication, simulation, sensing and metrology will lead to a significant increase
in security, predictive power, sensitivity and precision. To fully reap the benefits of this second
quantum revolution a European effort is needed in which academia, industry and institutions work

together towards ambitious unifying goals building on the excellent European science base.
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In this context the EU Presidency organized the Conference Quantum Europe 2016: A New Era of
Technology on 17-18 May in Amsterdam, in cooperation with the European Commission and the
QuTech institute in Delft. A European team of scientists, industries and policy makers handed over
a Quantum Manifesto containing a proposal for the set-up of a Flagship initiative in the field of
Quantum Technologies, as set out in the annex to this note. This Manifesto is endorsed by over
3400 top experts throughout Europe and was called for by the European Commissioner of Digital
Economy and Society. The European Commission announced to start the preparations of the

Flagship initiative in the European Cloud Initiative that was presented on 19 April 2016’

In Amsterdam, leading scientists, industrialists and investors from Europe and the world discussed
the Manifesto and the preparations of the flagship. The following notions were highlighted at the

Conference:

1. A European Flagship initiative is both timely and needed as the technologies are at a tipping
point and global investments are rising. The preparation and set-up should be efficient, open

and flexible to ensure a quick start and a solid base for the programme.
2. Public-private partnerships are key for the commercialization and involvement of industries.

3. Ambitious unifying goals and roadmaps to achieve these goals need to be developed. The

high risk, high gain applications should be at the core of the flagship programme.
4.  Training and education at all levels is vital to attain a future workforce for quantum industries.

5.  International cooperation within Europe and with allied partners is necessary to meet the

scientific and technological challenges ahead.

To organize the preparations of the flagship, a High Level Group (HLG) will be established with a
broad European representation of academia, industries and institutions. The European Commission
will mandate this HLG to take the necessary steps for the preparations of the flagship. The HLG
will deliver a first report in October 2016.

' Doc. 8099/16.
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ANNEX

QuantumManifesto
o A Nt-:-'t.rqr Era of Technology May 2016
e
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This manifesto is a call to
launch an ambitious
European initiative in
quantum technologies,
needed to ensure Europe’s
leading rolein a
technological revolution
now under way.
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Manifesto foran initiative

This Manifesto calls upon Mernber States and the European Commission to launch 3 €1 billionflagship-
scale initiative in Quarturn Technology, preparing fora start inzo18withinthe European Hzozo researdh
and innov ation framew ork programme. |t is endorsed by a broad commuonity of industries, research
institutes and sciemtists in Europe.

This initiative aimng to place Europe at the forefront of the second quantu mrevolution now unfolding
worldwide, bringing transforrnative advances to science, industry and society. ltwill create new
commercial opportunities addressing global challenges, provide strategic capabilities for secu rity and
seed 35 yvet unimagined capabilities for the future. As is now happening arou nd the warld, developing
Europe's capabilities in quantumtechnologies will create a lucrative knowledge-based industry, leading
to long-termeconomic, scientific and sodetal benefits. Itwill resultin 3 rore sustainable, more
produdive, more entrepreneurial andmore secure European nion.

Goals of this inidarive

+ Kick-start 3 competitive European quarnturmindustny to position Europe as a leaderin the future global
industrial landscape.

+ Expand European scientificleadership and excellence in quanturnresearch.

+ Make Europe a dynamic and attractive region for innovative business andinvestments in quanturn
technologies.

+ Benefitfrorm advances inquantumtechnologies to provide better solutions to grand challenges in such
fields as energy, health, seqrrity and the emironment.

Key acdvides suggesved by this Manifesto

1. Ssupportgrowwth inscientfic activities linked to quartu mtechnaologies.

2. Create a favourable ecosystern of innovation and bu siness creationfor quanturn technologies.

3. Facilitate a new level of coordination between acadernia and industny to move advances in quanturn
technologies fromthe [aboratony to industry.

4. Create a new generation of quanturntechnology professionals in Europe through foosed education at
the irtersection of science, engineering and business, and by strengthening public awareness of key
ideas and @mpabilities.

c. Coordinate publicinvestrments and strategies inquanturntechnologies at the European level.

6. Promiote the imvolvernent of mernber regions that do not currently have a strong quartun technolo-
gies research prograrnne.

Tha zupparting partizs of thiz Manifasta, azlisted inths Appandix, callupon Mamber Statzs and tha
Eurnpsan Cornmissianto implamsnt the proposs d actions prograssivaly and to offerthair support to
halp 2atablizh the Europaan flagship-acalz initiativa,

ThaEurapzan Cammmizsian hazracognizad in itz Communication from igth of April 2o & ona
Eurnpzan Cloud Initiative’tha impartance of Quanturn Technologizz andths nzzdtolaunch an
ambitinus Eurapzan flagship initiative to 2nsure that Europa atays at the farsfront of thistachnnlngy
andtakss alzaderzhip ralz inits futurz indu strial sxplaitation,

' Cormmunicationon s EumpeanCloud Initiative- Building 3 compet itive data and knowledge econarmy in Europs
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Europe needs strategic
investment now in order
to lead the second
quantum revolution.
Building upon its scientific
excellence, Europe has the
opportunity to create a
competitive industry for

long-term pros;
security.

verity and
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SECTION 1: Why Europe needs to act now

Furope needs srategic invesmment ...

Technologies based on the laws of quantom mechanics, which govern physics onan atormic scale, will
lead to 2 wave of new technologies that will create many new businesses and help solve many of today's
global challenges. Owver the last certurny, hurnankind has rastered the underlying quarturn physics. Mow,
previously untapped aspects of quanturntheony are ready to be used as a resource intechnologies with
far-reaching applications, including secure comrnunication netw orks, sensitive sensors for biormedical
imazing and fundarmentally new paradigms of computation. In eadh of these applications, quantum
technologies could resutt inrevolutionany immprovernerts in terms of capacity, sensitivity and speed, and
will be the decisive factor for success inrmany industries and rarkets. Applications are of strategic
impaortance to Europe's independence and safety - inthe field of secure information stormge and
transrission, forinstance, and in creating new rnaterials for energy solutions and medicine.
Governments and cormpanies worldwide, including Google, Microsoft, Intel, Toshiba and IBM, are
investing substantially to unleash this potential. For Europe to remmain atthe forefront of this emmerging
technology and to participate in a global quantum indu stry, it needs to scale up investrnents and rake
the bestuse of its excellence in science and engineering.

.. in order 1 Jead the second quanum rewlukdon ...

The first quanturnrevolution - understanding and applving physicl laws in the microscopic realm -
resulted ingroundbreaking technologies such as the transistor, solid-state lighting andlasers, and GPS.
Today, our ability to use previously untapped quantum effects in custormised systems and materials s
paving theway for 3 second revolution, with quanturmn theony now fully establizhed, we are required to
look atthe world ina fundarmentally nevw way: objects can be in different states atthe same time
(superpositiom and can be deeply connected without any direct phoysical interactiong ertanglerment).
There are rany transformative applications, vanying from products with a relatively short tirne to market
ta revolutionany new technaologies that may require more than 3 decade of research and developrnent.
Quantum cormputers are expected to be able to solve, ina few minuotes, problems that are unsolvable by
the supercomnputers of today and tornorrow. This, intarn, will seed breakthrou ghs in the design of
chernical processes, new rmaterials, such as higher termperature supercondu ctors, and new paradigrms in
rnachine learning and artificial intelligence. Based onquanturncoherence, data can be protected ina
completely secure way that makes eavesdropping impossible. Given the explosie growth of orbercrime
and espionage, thisis a highly strategic capability. Quanturn tecnologieswill also give rise to sinnulation
techniques well beyond current capabilities for rmaterialand chernial synthests, and to clocks and sensors
with unprecedered sensitivity and accuracy, with potential impactin navigation, the synchronisation of
future smart networks and medical diagnostics.

The developrments inthe leading areas of quanturn technalogies - illustrated inthe figure - can be
expected to produce transforrmative applications with real practicalirmpact on ordinary people. Each of
these areas has its owen timmeline, Mew quantum sensors are expected to emerge in commercial markets
inthe near future, forinstance, whereas quanturm comnputers are more than a decade axway The
technology tracks showing the underlying scientific and engineering milestones paving the way for
disruptive applications are based on predictions fram leading scientists in Europe. This tirmeline should
be seen asillustrative and incornplete. History has proven that it is very difficultto predict the key
applications of a disruptive technology; suchtechnologies imeariably create their own applications.
Section 3 provides 3 rore detailed description of the rilestones onthe technology tracks.
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Quantum Technologies Timeline
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Atornic quanturn clockscan be synchronised with GPS to provide very high levels of
tirning stability andtraceability, even inhostile environmentswhere GPS is onavailable or
denied. These timing solutions can be useful within future stnart netwarks, for instance
forthe syndhroneation of energy grids, aswell as intelecorms, broadcasting, energy and
SECUMLY.

Cuartur sznzorzthat exploit quantum superposition and/or entanglernent to achieve 3
higher sensitivity and resalutionwill be purchased andused by cormpanies and public
institutions for demanding constru ction projects; for instance, to measure voids under
the ground and to detect mineral deposits or legacy infrastructure. They will alzo be used
to provide non-invasive point-of-care diagnosis.

A secure intzreity quanturn link between a nurnber of European cpitals will allow
transmission of highly sensitive datawithout any risk of interception. It may contain
ground or satellite-based proteded nodes derived fromthe developrnent of trusted
nodes and quanturn repeaters.

Curantur simulatorz @n be constro cted forthe special purpose of simulating materials
orchernical reactions. Sinnulation allows nevw processes or properties to be explored
before the raterial exists, as atool to desizn new rmaterials that are needed in multiple
sectors, such as energy or transport,

A global quanturn-zafz communication network -2 quanuminternet combining
quarturwith classial information and encryption - offers security for internet
transactions againstthe threat of a quanturmcomputer breaking purely classical
encryption schermes.

Univarsal quanturn cornputar swill be available with computational power at a level of
performnance that will exceed even the most powerful classical comnputers of the futore.
They will be reprograrnrmable rmadhines used to solve dernanding cornputational
problerns, such as aptirnisation tasks, database seardhes, machine learning and image
recognition. They will contribute to Europe's srart indu stoy, helping to make European
manufaduring industries rore efficient.

Building on Furope’s scientific excellance ...

Quanturn physics was created in Europe inthe first decades of the tawentieth century by 2 generation of
woung physicists who are now familiar narmes: Bohr, Planck, Einstein, Heisenberg, sdradinger, Pauli,
Drirac, Curie, De Broglie and others, One hundred vears on, Europe still plays 2 leading role inquantum
research. Cornparedto the rest of the warld, Europe bas more researchers and a broaderreseardh scaope,
linking fundarmental and applied science and engineering. Top institutions can be found across Europe,
covering all aspects of quanturm technologies from basic physics to electronics and computer science. At
the European level, £og billionhave beeninvested over the [ast 2o wears 1o support. pioneering research
inthis dorain. Early-stage support from the EU Future and Ermerging Technology (FET) prograrmme has
been instrurnental infostering awell-organised and truly Europeanscientific comrmunity with widely
acknowledged world-class scientific and technical expertise in quanturntechnologies. Financial support
for quanturntechnologies is increasing inseveral Member States, rmost notably the UK £27o millionfor a
fore-wear programme) and the Metherlands (146 millionfor aten-year programme] aswell as throogh 3
£zomillion ERAMNet programrne [QuantERA) for quartumscience and technologies.
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... and established and growing inwerest from indos oy,

Interestfromindustry inEurope, including corpanies like Airbus Defence and Space, Alcatel Lucent,
85ML, Bosch, |BM, Nokia, IMEC, Safran, Siemens and Thales, is growing. High-tech SMEs, like e2v, Gooch
£ Housego, ID Quantique, M Squared Lasers, Muquans, Single Quanturn and Toptica, occupy leading
positions intheir specific markets. Europe's key position in global walue chains for the sermiconductor,
electraonics and optical industries makes further indostrngtake-up likehe 1t isvital that the interests of
cornpanies be recognisedin afuture prograrmme, if quantumtechnologies are to have an econormic
impact. It is companies that will deliver devices engineered for use and manufactu red within a
cornmercial ervironment. They will drive higher-volurme production, reduce costs and stimu late the
growth of new applications and markets. Other parts of the world, including the US, China and lapan, are
alsoshowing inoeased interest inharnessing the potential of quanturntechnologies. Gowernrments are
raising their strategic and econornic ambitions and rany non-European industries are already investing
significant amounts, both inside and outside Europe.

About Quantum Communication
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SECTION 2:
Launch ofan ambitious European programme

... b cTeate a competitive indusuy for long-term prosperityand securiy.

To make sure Europe reaps a large share of the benefits of the second quanturmrevolution and secures its
independence and prosperity, we needto act now 1o scale upand coordinate European efforts. A world-
wide race for technology and talent has started, asthe strategic and econormic stakes are high. Other
parts of theworld are speeding up and Europe cannot affardto lag behind and so risk a brain and
knowledze drain. [tis importantto recognise that, as yet, there is no coherent, large-scale Europe-wide
quantum technologies programme to compare with those already inexistence inthe US and other
countries, European quanty rtechnologies researdh and developrnent risk fragrnentation and replication
of efforts. Continued investrnent by Mermber States and the Commission overthe pasttwo decades has
given Europe 3 strong pasitionthat should enable it to capitalise on the ererging opportunities.
Targeted investrnent in developing technologies would leverage pastinvestrnent in the underpinning
science, potentially to great advantage. In addition to the main applications, spin-off technologies with
economic and sodetal impact in other sectors usually result from game-changing technologies.

an ambitious, long-term, flagship-scale initiative combining education, science, engineering and
innovation across Europe is needed in orderto unlock the full potertial of quarturn technologies,

to acelerate their developrment andto bring commercial products to public and private markets.
Aninch sive European prograrmme will see excellent researchtearns andrelevantindustny adors
collabarating onan ambitiou s roadmap towards a comrmon set of goals, while balancing long-term
quantum technology researchwith comnplernentans imeestmment in shomer-term programmes. Public
support for innovation rust be rade available for comnpanies to kick-startthe supply chainforthese
neww technologies andto translate laboratony dermonstrators into commercial products. Elements of a
Europeanprogrammme are shownin the diagram below:
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The quanturntechnologies prograrnrne strucure builds on a strong fou ndation of education and scence.
It uses migsion-driven engineering projects working onfocused goals to transition this foundation into
innov ation that strongly attracts the interest of companies.

This prograrnme combines the strength and flecibility of 2 broad, de-centralized programmne withthe
clustering and coordination of focused initiatives. While 3 broad prograrnme can harness many different
capahilities and ideas from rultiple academic and industry partners across Europe, it simultane oosly
provides the resources needed to accelerate those concepts agreed as having the largest potential.

Theengineering referredto inthis programme is understanding the design, constru ction and use of new
technologies. Generally speaking, itis the transition from concepts, thearies and one-off experirnents to
devices auitable for use inanapplication.

Eadh elerment of this structarewill address 2 wital cormponent of a future knowledze-drivenindustry for
Europe, whichwill bring it prosperity, deaner energy, better health and security. For this to achieve the
maximurn irmpact, itis essential that no part of the structure be left out. Itis estirnated that the taotal
armount of funding needed farthis prograrmme is approxirnately£1 billion overthe tenyears required 1o
develop thistechnology andbring it into use.

1. Education

+ Runeducational prograrmmes for a new generation of technicians, engineers, scientists and application
developers inquartumtechnologies.

+ Runacampaignto inform European citizens about quanturntechnologies and engage widely with the
publicto identify issues that may affect society.

About Quantum Sensors
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+
+

+

3.

+

.

+

science

Irwest in excellent scientific projects across Europe, frarmbasicscience to proof-of-principle experi-
ments. Sustainedinvestrnent is needed to attract nevw researchers into the fieldand to Europe.
support European research calls where excellence inthe field of quantum science and technologies is
the leading criterion.

Encourage international collaboration, and cooperation betweenuniversity and government. [aboratao-
ries, through new international funding medianismns.

Emginearing

Establish afocused prograrmme to foster ecosysterns of scientists, engineers and companies to work
on shared mission-driven technology roadrmaps and to develop and standardise tools and software.
suppart engineering hubsthat enable open consortia of rainpanners towork together in geographi-
cal ecosysterns with openties to other partners in Europe and the world.

Recognise and support the need for engineering approaches before marketable technology is ready. In
this highly technical field, expanded engineering activity is also needed for basic scientfic advances.

Innovation

Develop an E-wide quanturninnovation fund to finance companies of alltypes and sizes that are
working to turn quantumtechnologies into products. This funding rust make the madmumm use of the
skillz and expertise that reside within companies; they should be used for projects that are led by
cornpanies, perfarmmed within companies and conducted incollaborationwith research and technology
arganisations (RTQs) and acadernia. These projects should suppaort companies working on all parts of 2
future supply chainfor quanturn technologies.

Fromote market-finding activities to explore realisticand profitable applications and sectors for
quanturmn technologies, both pu blicand private,

Create incubataors and support technology transferfor small, high-potential quantumtechnology
companies. Provide these companies with facilities, skills, public and private funding and the cortacs
with larger organisations thatwill allow thernto grow.

Coherence inthe prograrnme-related adivities throughout Europe is 3 keyfactor for success. To enhance
cooperation and coordination, the prograrmrme will:

*

+

+

It

Coordinate national strategies and adivities through strategic platformne, since national programmes
already exist, and any EU programre should build anthese ina coherent woay

Promote international collaboration, exchange and netwarking of peaple and information betw een
differert centres, and across acadernia and industny, thus prormoting mobility and knowledge
exchange.

Irtegrate national retrological institutes in developing qu arturn-based standard: forthe most
rhature quanturtechnologies(e.z quanturm key distribution.

Forrnan industry leadership group to steer and guide actions thatwill generate and sustaina greater
level of interest from industry.

Imstil 2 strong sense of purpase and direction through an advisany body, comprising individu als drawn
frorn acadernia, business and government, that will oversee this prograrmme and make recormmen-
dations to ensure that itisworking a3 effectively as possble

Identify those governmental needs that are best senved by quanturn technologies.

Promote the integration of and collaboration between education, sdence, engineering and innovation,
Assist nascent quantumtechnologies programmes to ensare that the whole of the EU contributes to
and reaps the benefits of the second quanturmrevolution.

shiou ldbe noted that Figure 1 has been produced to show the structure for a future prograrnme only.

Details such asthe themes associated with each pillar the nurmber and respective size of the pillars and
the split infunding betweenthe four components (education, science, engineenng and innovation] will
be reviewed in 2 process following this report. Inthis design phase of the programme, 2 suitable
governance rodelwill be chosen.
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QU tum Rey dis ribution system auiohomals GHIa ke profatype, H. Zhiiden, Universityaf Geneva.

About Quantum Computers
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Conclusion

Europe needs bold stmtegicinvestrment now in orderto lead the second quanturnrevolution. Building on
its scientific excellence, Europe has a window of opportunity tofoster the competitive quantum
technology industry essertial forthe deliveny of long-termprosperity and seourity.

Tothat end, this Manifesto calls upon Mernber States and the European Commission to launch an
arnbitious, long-term, flagship-scale initiative combining education, science, engineering and entrepre-
neurship across Europe.

To suaceed, this initiative shouldairn, onthe one hand, at consolidating Europe's excellent position in
research, keeping a broad scope and allowing the time it takes to achieve the basicresults. Onthe cther
hand, it should engage with industry to unlods the full innovation potertial of quanturn technologies,
thu s accelerating their developrment and take-up by the market in orderto deliver fully on their promis-
ing econoric and societal bernefits.

A micron -s0a k nanaw ke device for demonsirating conce prs af topokegical Integrated quan tumsensors (snseg prokct fnded in
quantum camputing. D, Ragmadze, Gente B Quantum Dewices, University e /7 FET Opeh programme
of openfiagen.
1&
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SECTION 3:
R&D goals in quantum technologies

Shore-rerm goals (0-5 years)

+ Develop the core tedhinology of quanturmsignal repeaters thatworkwith oy ptography capability and
egvesdropping detection, enabling long-distance point-to-point quanturn-seaire links.

+ Realise 3 quanturnsirulator to address problerns relevantto chemical processes and the design of raterials.

+ Develop rmore precise atomic clocks that can be used for synchronisation of future smam networks, suchas for
energy and telecormnrnunications.

+ Demonstrate ecponential protection and control of atopological qubit.

+ Integrate afunctional quantumn cirasitwith high-speed cryogenic dassical control hardware.

+ Develop quanturnsensors for special-purpose applications, suchas gravity sensors for defence, oil and gas
and space, quanturnclocks fortirning applications and magnetic sensors for medical use and imaging.

+ Discover new algorithrs, protocols and fields of application for quanturm simulators, corputers and cornmu-
nication networks. For instance, to analyse and designuseful chemical processes.

+ Dernonstrate 3 small quanturprocessor exeasting quartumalgorithms and the operation of a logical qubit
protected by quanturnerror correctionin an atomic or solid-state platform

+ Develop the supply chain of components like cryogenic or elecronic amplifiers and corponents, orlaser
sources, These are fundarmertalto building quantumn devices, aswell as to numerous spin-off applictions.

Mediur-rerm goals (5-10 years)

+ Realiseversatile sirnulators of material magnetism and of such electronic properties as superoonductivity,
supporting the development and desizgn of new materials with exaotic properties.

+ Simplify quanturmsensors sothatthey an be produced at lower costforlarger-volu mme applications such as
rmanufacturing, automotive, construdion and geosurveying.

+ Enable seqire communication between distant cities via quantum networks, which enhance information
security and rake eavesdropping immpossible.

+ Salve prablems in chernistny and materials science with spedal-purpose quantu m computers operating at high
speeds beyond ane hundred physical qubits.

+ Develop handheld quanturmnavigation devices precise ta1 mmyfday and able to function indoors.

+ Engineer quanturndevices to improve their manofacturabilite and reliability, reduce theircost and make them
available for more mainstrearn markets,

+ Dernaonstrate ground-to-satellite quantu mcrvptozraph.
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Long-rerm goals (> 10 years)

+ Create a secure and fast quantuminternet connecting the major cities in Europe using quanturn
repeEaters running quantumoommunication protoools.

+ Designnew materialswith tailored properties (e.g. electric condu dtivity or magnetism) using special-
purpose quarturn hardware.

+ Build a universal quarturn computer able to dermonstrate the resolution of 3 problern that, with
currenttechniques on a supercomputer, would take longerthanthe age of the universe.

+ Develop quantumcompoters to model phvsical and chermical problemns and to sobee chemical reaction
problerns faster and more acarrately than is possible with the fastest supercormputer. For instance, for
the developrnent of novel catabysts and for drug design.

+ Develop on-chip quartumn sensor devices that canintegrate within mobile phaones, etc, to allow
quarturn information and sensing applications withinmukiple consurmer applications.

+ Correlate measurerments fromman array of gravity sensors to create gravity images.

+ Inmtegrate quantumsensors with consurmer applications, such as integrated photonicor solid-state

devices for mobile devices.

Develop other applications like quanturn credit cards and quantunn keys, a8 well 3s onanticipated

discoveries and applications.

+

Top: Gmmsioner Gun ther ettinger and tinister Henk Kamp kit QuTech kb Defft,
Battom: Sommissiongr detthger vk 1Q5T bk Ulm
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Appendix:
Map of Europe with alistof allendorsing parties

The QuarturmManifesto was endarsed by more than oo individuals from acadernia and indu sty This
shows the broad support for an arbitiou s flagship-sale intiative inthe field of Quanturn Technologies
across Europe. The cormplete list of endorsers is found at httpyfqurope. eufmanife stofe ndorsers,
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