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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
guantum 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

A New Era of Technology May 2016
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This manifesto isa 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 for aninitiative

This Manifesto calls upon Member States and the European Commission to launch a €1 billionflagship-
scale initiative in Quarturn Technology, preparing for a start in2o18within the European Hzozo researdch
and innovation frarmework prograrmne. Itis endorsedby a broad community of industries, research
institutes and scientists in Europe.

This initiative aims to place Europe at the forefromt of the second quantu mrevolution now unfolding
worldwide, bringing transformative advances to science, industry and society. [Lwill create new
commercial opportunities addressing global challenges, provide strategic capabilities for security and
seed 3s vet unimnagined capabilities for the future. Asis now happening arou nd the world, developing
Europe's capabilities in quantumtechnologies will create a lucrative knowledge-based industry, leading
tolong-term econommic, scientific and sodetal benefits. [twill resultin 3 raore sustainable, more
produive, more ertrepreneurial andmore secure European nion.

Goals of this indvarive

+ Kick-start a competitive European guanturindustry to position Europe as aleaderin the future global
industrial landscape.

+ Expand European scientificleadership and excellence in quanturnresearch.

+ Make Europe 3 dynamic and attractive region for innovative business and investrments in quantum
technologies.

+ Benefitfrom advances inquanturmtechnologies to provide better solutions to grand challenges insuch
fields as energy, health, searrity and the ervironment.

Loy acvvides sugpested by this Manifesto

1. Support growth in scientific activities linked to quantu rtechnologies.

2. Create a favourable ecosy stern of innovation and business creationfor quarturn technologies.

3. Farilitate 3 new level of coordination betw een acadernia and industny to move advances in quantum
technologies fromthe laboratoryto industry.

¢, Create 3 new generation of quanturntechnology professionals in Europe throogh foo sed education at
theintersedion of science, engineering and bu siness, and by strengthening public awareness of key
ideas and @mpabilties.

. Coordinate publicinvestrnents and strategies inquanturtechnologies at the European level.

6. Promote the imvolvernent of mernber regions that do not currently have a strong quanturn technolo-
2ies research programime.

Tha supporting partizs of thizs Manifasto, azlistad inthe Appandix callupon Mambar 3tates and the
Eurapzan Commiszion taimplament the proposed actionz prograssively and to afferthair suppor ta
hzlp 2stablish ths Eurnpzanflagship-zealz initiatirs,

ThaEurnpzan Cammizainn hasrarmgnised inits Comnrnu nication fram gth of Aprilzma an g
Eurnpzan Cloud Initiative' the impartancs: of Quanturn Tachnologissand the needto launch an
ambitiouzEurapaan flag zhip initiativs to gnaurs that Eurnps stavs at the forsfront of thistachnology
andtakas alzadsarship rols initsfuturs industrial sxploitation,

* Cormrunicationon 3 Eum peanCloud Initiatie- Building 2 compet itive data and knowlkedge economy in Europe
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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 prosperity and
security.
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SECTION 1: Why Europe needs to act now

Furope needs smaregic inve sument ...

Technologies based onthe laws of quantur rechanics, which govern physics on an atormicscale, will
lead to 3 wave of new technologies that will create rany new businesses and help solve many of today's
global challenges. Owver the last certuny, hurnankind has rastered the underlying quarturn physics. Mow,
previously ontapped aspects of quanturntheons are ready 1o be used 2 3 resource in technologies with
far-reaching applications, including secure commmunication netw orks, sensitive sensors for biomedical
imaging and fundamentally new paradigms of compotation. Ineady of these applications, quantum
technologies could resu bt inrevolutionany immprovernerts in termns of capacity, sensitivity and speed, and
will be the decisive factor for suocess inmany industries and rarkets. Applications are of strategic
importance to Europe's independence and safety - inthe field of secure information stormge and
transrnission, forinstance, and in creating new materials for energy solutions and medicine.
Governments and companies worldwide, incloding Google, Microsoft, Intel, Toshiba and 1IBM, are
imeesting substantially to unleash this potential. For Europe to rermain atthe forefront of this emmerging
technalogy and to participate in 3 glabal quartur indu stoy, & needs to scale o p investrnents and make
the bestuse of its excellence in science and engineering.

... in order 1 lead the second quantum revoludcn ...

Thefirst quantumrevolution -understanding and applying physicl lzws inthe microscopic realrn -
resulted in groundbreaking technologies such asthe transiston, solid-state lighting andlasers, and GPS.
Today, aur ability to use previouslyuntapped quanturneffects in customised systerns and materials i
paving theway fora second revolution. With quantum theony now fully established, we are requiredto
look attheworld ina fu ndarmentally new way: objects can be in different states atthe same time
(superposition) and can be deeply conneded without any direct physical interaction(entanglernent).
There are many transformative applications, vanging from products with a relatively short time to market
torevalutionary new technologies that ray require more than a decade of research and developrment.
Quantumcornputers are expected to be able to salve, in a few minutes, problermns that are unsolvable by
the supercornputers of today and tornorrowe. This, intarn, will seed breakehroughs inthe design of
chermical processes, new materials, such as higher temperature supercondu ctors, and new paradizgrs in
rmachine learning and artificial intelligence. Based onquantum coherence, data can be protected in a
comnpletely secure way that makes eavesdropping impossible. Given the explosive growth of cybercrime
and espionage, this is 3 highly strategic capability, Quartum tedhnalogies will alsa give rise to sirmulation
techniques well beyond current pabilities for materialand chermial synthesi, and to clocks and sensors
with unprecedented sensitivity and accuracy, with potential immpact in navigation, the synchronisation of
future smart networks and medical diagnostics.

The developrments inthe leading areas of quanturm technologies —illustrated inthe figure —can be
expected to produce transformnative applications with real practical immpact on ordinary people. Each of
these areas has its awn timeline. Mew quantumn sensors are expected to ernerge in cornmercial markets
inthe near future, forinstance, whereas quanturn computers are more than a decade away The
technology tracks showing the underlying scientific and engineering milestones paving the way for
disruptive applications are based on predictions from leading scientists in Europe. This timeline should
be seen asillustrative and incormplete. History has proven that it is very difficu ltto predict the key
applications of a disruptive technology; suchtechnologies invariably create their own applictions.
Section I provides 3 more detailed description of the milestones onthe technology tracks.

9243/16 EV/ch 9
ANNEX DGG3C EN

www.parlament.gv.at


https://www.parlament.gv.at/pls/portal/le.link?gp=XXV&ityp=EU&inr=104147&code1=RAT&code2=&gruppen=Link:9243/16;Nr:9243;Year:16&comp=9243%7C2016%7C

Quantum Technologies Timeline

1. Communicati on
0 - 5 vaars

4 Conetech mbg],rc-fqua ntum

repeaters

B Secune point-to-point
quantur links

2, Simulators

A 5|mulau:|rof motion cn"

electrons in rmaterikk

m

e algarith me forguantum
simuktorsand netwarks

& <
&% st

A

3

SENS0rs

Qualntum sensnr;sfm ni:hlenC|
applitions (inc ity 3
mEgQnetic sensors %r health
e, gecsu ray 3 nd security

Wiore precise atomic clocks
Bravnchonistionof

future smart netwoarlks,

incl. energy grids

. Cnmntum netwarks betwean
distantcities

[ Comntumcreditcads

_ Developrrentand design af
rew comp ke materials

[ wersatile simukto ref quantum
ragnetizmand elkectricity

=

Cnmntunn sersnrs far Iar?e
walumeapplications including
autamative, construction

Handheld quantun navigation
ces

4, Computers

A Opemtion ofa lbgicalqubit

protected byarorcomaction
ortopologicaly

m

Mew aloarithrs for quantum
computers

 Srnallquartum processor
executing technokbgically
rekvant algorithms

[ Sahding cheristry and
materials science problens
with special purposa quantum
computer » 100 physical qubit

E ChEntum repeaters
with cryptagrphy and
eawesdropping detection

F Sacune Europe swide inter nat
rmerging quantum and
clazsizl cornmunication

m

Simuktars of quentum
dynamicsand chemical
reaction mechanisme fo
supportdrug design

-

Grawity iraging devices based
on gravity sensors

Integrate quantum sensors
withconsumerap Il:atnns
including mobile dew

m

Integratio nat quanturn cincuit
and cryogenic chssicalcontol
hardwarz

Generlpurposs quantum
computersen:aaa
computational powerof
chssicalcomputers

m

9243/16
ANNEX

DGG3C

www.parlament.gv.at

EV/cb


https://www.parlament.gv.at/pls/portal/le.link?gp=XXV&ityp=EU&inr=104147&code1=RAT&code2=&gruppen=Link:9243/16;Nr:9243;Year:16&comp=9243%7C2016%7C

Atormic quantumn clock s can be synchronised with GPS to provide very high levels of
tirning stabilty andtraceability, eveninhaostile ervironrnents where GPS is unavailable ar
denied. These timing solutions can be useful within future smart networks, for instance
forthe synchroneation of energy grids, aswell asintelecomns, broadcasting, energy and
security.

Cuantum zanzorzthat exploit quanto msuperposition and/or entanglement to achieve a
higher sensitivity and resolutionwill be purchased andused by companies and public
institutions for demanding constru ction projects; forinstance, to measure voids under
the ground and to detect mineral depaosits or legacy infrastructure. They will also be used
to provide non-invasive point-of-care diagnosis,

A secure intaroty quantum link between a number 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 quantum repeaters.

Cuanturm zimulatars @n be constru cted forthe special purpose of simuolating materials
orcherical reactions. Sirnulation allows new processes or properties to be explored
before the material exists, as atool to design new rmaterials that are needed in mukiple
sectors, such as energy or transpart.

A global quanturn-zafs cornmunication netwark - 2 quantuminternet combining
quantu mywith classicl information and encryption - offers secority for internet
transactions againstthe threat of 3 quantu rmcorrputer breaking purely classical
encryption scheres.

Lnivarzal quantum carmputarawill be available with cormpotational power at a level of
performance that will exceed even the most powerful classical cormputers of the future,
They will be reprogrammable madiines used to solve demanding compuotational
problerns, such as optimnization tasks, database searches, machine learning and image
recognition. They will contribute to Europe's srrart indu stry, helping to rrake European
rrenufacuring industries rore efficient.

Euilding on Furope s scientdfic excellence ...

Quarturnphysicswas created in Europe inthe first decades of the twentieth century by 3 generation of
voung physicists whao are now familiar names: Bohr, Planck, Einstein, Heisenberg, Schrédinger, Pauli,
Drirac, Curie, De Broglie and others. One hundred vears an, Europe still plays 2 leading rale inquamum
research. Comparedtothe rest of the world, Europe has more researchers and a broaderreseardh scope,
linking fundamental and applied science and engineering, Top institutions can be found across Europe,
covering all aspects of quarturn technologies from basic physics to electronics and cornputer science. At
the European level, €£o.5 billion have beeninvested over the last 20 years to support pioneering research
inthis dornain. Early-stage support from the EU Future and Emmerging Technology (FET) programrne has
beeninstrurnertal in fostering awell-organised and truly European scientific cornmunity with widely
acknowledged warld-class sciemificand technical expertise in quanturntechnologies. Financial support
for quanturntechnologies is increasing inseveral Member States, most notably the UK £27o0 millionfor 2
fire-year programme) and the Metherlands a6 millionforaten-year programme] aswell as throogh a
£3omillion ERAMet programmne [ QuantERA) for quantumscience and technologies.
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... and established and growing inwerest from indus ay.

Interest fromindustry inEurope, including comnpanies like Airbu s Defence and Space, Alcatel Lucent,
ASML, Bosch, IEM, Mokia, IMEC, Safran, Siernens and Thales, is growing. High-tech SMEs, like eav, Gooch
fr Housego, ID Quantique, M Squared Lasers, Muquans, single Quantur and Toptica, occupy leading
positions intheir specific markets. Europe's key position in global value chains for the sermiconductor,
electronics and optical industries makes further indu strytake-up likehe 1t is vital that the interests of
companies be recognisedin a future prograrmme, if quantumtechnologies are to have an econommic
impact. It is companies that will deliver devices engineered for use and ranufacturedwithin a
cornrnercial emvironment. They will drive higher-valurne production, reduce costs and stirmu late the
growth of new applications and markets. Other parts of the world, including the US, Chinaand lapan, are
also showing indeased interest inharnessing the potential of quarnurmtechnologies. Governments are
raisingtheir strategic and econoric 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 of an ambitious European programme

. L0 (TeALe 3 compe drive indus oy for long-verm prosperivyand securicy.

To make sure Europe reaps alarge share of the benefits of the second quanturnrevolution and secures its
independence and prosperity, we needto act now to 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 the warld are speeding up and Europe cannat. affordta lag behind and so risk a brain and
knowledge drain. [tis important to recognise that, as yet, there is no coherent, large-scale Europe-wide
quantum technologies programme to compare with those already in existence inthe Us and other
countries. European quantumtechnologies researc and developrnent risk fragrnentation and replication
of efforts. Continued imvestrnent by Mermber States and the Commission overthe pasttwo decades has
given Europe 3 strong positionthat should enable it to capitalise onthe emnerging oppaortu nities.
Targeted investrnent in developing technologies would leverage pastimeestrnentin the underpinning
science, potertially to great advantage. In addition to the main applications, spin-off technologies with
economic and sodetal impact in other sectors usually resuk from zame-changing technologies.

An ambitious, long-term, flagship-scale initiative cormbining education, science, engineering and
innovation across Europe is needed inorderto unlock the full potential of quanturn tedhinologies,

to acelerate their developrnent andto bring cormmercial producs to public and private markets.
Aninclusive European programme will see excellent researchtearns andrelevantindustry acors
collaborating onan ambition s roadmap towards 3 common set of goals, while balancing long-term
quanturn technology research with complernentany investrnent in shorter-terrn prograrmmes. Public
support for innovation rust be rade available for cornpanies to kick-startthe supply chainfarthese
neww technologies andtotranslate laboratony dernonstrators into cornrnercial products. Elernents of a
Europeanprograrnme are shownin the diagrarmbelow.

Innowation
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The quanturntechnologies programnne strudure builds on 3 strong fou ndation of education and science.
It uses missian-driven engineering projects working onfocused zoals ta transition this foundation irta
innov ation that strongly attracts the interest of companies.

This programme combines the strength and flexibility of 3 broad, de-centralised programme withthe
clustering and coordination of focused initiatives. While 2 broad prograrmme can harness rany differert
capabilities and ideas from multiple academic and industny partners across Europe, it simultane oushy
provides the resources needed to accelerate those concepts agreed as having the largest potential.

The engineering referredtaoin this prograrmme is understanding the design, construction and use of new
technologies. Generally speaking, it is the transition from concepts, thearies and one-off experirnents to
devices suitable for use inanapplication.

Eadh elernent of this strocture will address a vital component of a future knowledge-drivenindustne for
Europe, whichwill bring it prosperity, deaner energy, better health and security. For this to achieve the
maximurn impact, itis essential that no part of the structure be left out. Itis estimated that the total
armount of funding needed forthis prograrmme is approxirately €1 billion owerthe tenyears required to
develop this technology andbring it into use.

1. Education

+ Runeducational programmes for 3 new generation of tedhnicians, engineers, scientists and application
developers inquantumtechnologies.

+ Runa campaigntoinforrn European citizens about quanturmntechnologies and engage widely with the
publicto identify issues that may affect society.

About Quantum Sensors
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+
+

+

z.

+

4.

+

+

Scienca

Irvest in excellent sciertific projects acrass Europe, frambasicscience to proof-of -principle experi-
rments. sustainedinvestrnent is needed to attract new researchers intothe field and toEurope.
SupportEuropean research calls where excellence inthe field of quanturnscience and technologies is
the leading criterion.

Encourage international collabaration, and cooperation betweenuniversity and government. laborato-
ries, through new international funding medanisms.

Enginesring

Establish a focused prograrmme to foster ecosysterns of scientists, engineers and companies towork
on shared mission-driven technology roadrmaps and to develop and standardise tools and software.
support engineering hubs that enable open consortia of rmainpamners towork togetherin 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 iz also needed for basic scientific advances.

Innovation

Develop an E-wide quantuminnovation fund to finance companies of alltypes and sizes that are
working to turn quanturmtechnologies into products. This funding must malke the macmom use of the
skills and expertise thatreside within companies; they should be used for projects that are led by
companies, performed within cornpanies and conducted incallabarationwith research and technology
organisations (RTOs) and academia. These projects should suppaort cornpanies working on all parts of 2
future supply chainfor quantumn tedhinologies.

Prornote market-finding activities to explare realistic and profitable applictions and sectors for
quarturn technologies, both publicand prvate.

Create incubators and support technology transferfor small, high-potential quantumtechnology
companies. Provide these companies with facilities, skills, publicand prvate funding and the cortacts
with larger arganisations thatwill allow thernto grow.

Coherence inthe prograrmme-related activities throughout Europe is a keyfactar for success. To enhance
cooperation and coordination, the prograrmrme will:

+

+

+

It

Coordinate national strategies and adivities throo gh strategic platforms, since national prograrmmes
already exist, and any EU programrne should build onthese ina coherantway.

Promote international collabaration, exchange and networking of people and information between
different centres, and across acaderia and industny, thus promoting robilitg and knowledge
exdhange.

Imegrate national metrological institotes in developing quantum-based standards forthe most
rnature quanturntechnologies(e.g quantum key distribution).

Forrman industry leadership group to steer and guide actions thatwill generate and sustaina zreater
level of interest fromindustny.

Instil 3 strong sense of purpose and direction through an advisory body, comprising individu als drawn
from acaderia, business and governmnent, that will oversee this programre and ra ke reconmnnmen-
dations to ensure that itis working as effectively as possible.

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

Prornote the integration of and collaboration between education, sdence, engineering and innovation.
Assist nascert quantumtechnologies prograrmmes to ensure thatthe whole of the EU contributes to
and reaps the berefits of the second quantumrevalution.

shiouldbe noted that Figure 1 has been produced to show the strocture for a future programone only.

Details such as the thernes associated with each pillan the number and respective size of the pillars and
the split. in funding betweenthe four components {education, science, engineering and innovation will
be reviewed in 3 process following this report. Inthis design phase of the programmne, 2 suitable
governance modelwill be chosen.
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About Quantum Computers
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Condusion

Europe needs bald stmtegicimeestrnent now in orderto lead the second quantumrevolution. Building on
its scientific excellence, Europe has a window of opportunity to foster the competitive quantum
technology industny essertial forthe deliveny of long-termprosperity and seaurity

Tothat end, this Manfesto calls upon Member States and the European Commmission to lau nch an
ambitiou s, long-term, flagship-scale initiative combining education, science, engineering and entrepre-
neurship across Europe.

To succeed, this initiative shouldairn, onthe one hand, at consolidating Europe's excellent position in
research, keeping a broad scope and allowing the tirne it takes 1o achieve the basicresults. Onthe other
hard, it. should engage with industry to unlods the full innovation potential of quanturn technologies,
thus accelerating their developrment and take-up by the market in order to deliver fully on their promis-
ing econoric and societal benefits,

B

Amiron-acd ke hanow e device for demonsirating conhce pis of topakogical Iri Eegrafesd o AR EUT Sensans fsense) proer Efunded in
qUAR UM Computng. D, Rammadze, Gentet By QUAn UM Devies, Univasity e AP7 FET Opeh pRogramimie

of Gopenfiagen.
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SECTION 3:
RED goals in quantum technologies

Shorererm goals (0-5 years)

Developthe core techinology of quanturnsignal repeaters thatworkwith ayptography capability and
eavesdropping detection, enabling long-distance point-to-point quanturn-seare links.

Realise a qguantum simulator 1o address problems relevant to cherical processes and the design of materials.
Develop mare precise atomic clocks that can be used for synchronisation of future smam networks, suchasfor
energy and telecormrunications.

Demonstrate ecponential protection and control of atopological qubit.

Irmtegrate a functional quanturn cirasitwith high-speedcnyogenic dassical cortrol hardware.

Develop quarturmsensars for special-purpose applications, suchas gravity sensors for defence, oil and gas
and space, quanturnclocks fortimning applications and magnetic sensors for medical use and imaging.
Discover new algorithrms, protocols and fields of application for quantum sirnulators, computers and comru-
nication networks. For instance, to analyse and desiznuoseful chemical processes.

Dermonstrate 3 small quanturnprocessor exeoting quanty malgorithme and the operation of 2 logical qubit
protected by quanturnerrarcarrectionin an atamic ar solid-state platfarm

Developthe supply chain of components like cryogenic or eledranic amplifiers and cornponents, arlaser
sources. These are fundarmental to building quanturn devices, aswell 35 to numerous spin-off applictions.

Medivn-rerm goals (5-10 years)

+

+

+

Realiseversatile sirmulators of raterial magnetism and of such electronic properties as superconductivity,
supporting the developrnent and design of new materials with exatic properties.

sirmplify quanturnsensors so thatthey can be produced at lower costforlarger-volu rne applications such as
rnanufacturing, autarnative, constry dion and geosuneying.

Enable seqsre comrmu nication between distant cties via guanturn networks, which enhance information
security and make eavesdropping impossible.

Solve problerns in chermistry and materials science with spedal-purpose quantuy mcomnputers operating at high
speeds beyond one hundred physicl qubits.

Develop handheld quamumnavigation devices precise to1 mny/day and able to function indoors.

Engineer quantum devices to imnprove their manufacturability and reliability, redu ce their cost and rake thermn
available for more mainstrearn rmarkets,

Dermonstrate ground-to-satellite quantu mcryptography.
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Long-term goals (»10 years)

+ Create a secure and fast quanturminternet connecting the major cities in Europe using quantumm
repeaters running quanturn communication protooals.

+ Designnew materials with tailored properties(e.g. electric condu divity or magnetism) using special-
purpose quarnturn hardware.

+ Build a universal quantum computer able to demonstrate the resolution of a problem that, with
currenttechniques on 3 supercormputer, would take longerthanthe age of the universe.

+ Develop quarturncormputers to model physical and chemical problerns and to sobve chermnical reaction
problerns fasterand more acorrately than is possible with the fastest supercornputer. For instance, for
the developrment of novel catalysts and for drug design.

+ Develop on-chip quarturn sensor devices that canintegrate within mobile phones, etc, to allow
quanturn information and senzing applications within mu fiple consy mer applications.

+ iZorrelate measurements froman array of gravity sSensors to create gravity IMages.

+ Integrate quantumsensors with consurnerapplications, suchas integrated photonic or solid-state

devices for mobile devices,

Develop ather applications like quarturn credit cards and quanturn keys, a5 well 3s onanticipated

discoveries and applications.

+

Top: Gymmsioher Gunthet Oettiger and tinister Henk Kampukit QuTech kb De fit.
Boftam: Gommissionar Oetthget vk 1Q5T kb b Ulm
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Appendix:
Map of Europe with a listof all endorsing parties

The QuarturnManifestowas endorsed by more than 3qoo individuals from acadernia and indu stry. This
shows the broad support for an ambitiou s flagship-sale intiative inthe feld of Quarnturm Technologies
across Europe. The cornplete list of endorsers is found at httpeffqurope eufmanifestofendorsers,
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