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FARQUEST is a prospective analysis of quantum information science and technology. The goal is to 
synthesise scenarios of future developments for collaborative significant problem-solving with answers 
and ideas outside the core disciplines of quantum information and inspired by cross-disciplinary fields. 

Related goals are to raise the awareness of the current and future potential of quantum information and its 
technologies, and to shed light on present needs in terms of matching research questions, societal needs, research 
programmes, infrastructures, science policy, and education. 

2011 – 2012 
 

Proposal 
Scoping workshop 
1. Workshop 
2. Workshop 
3. Workshop  
Outreach 
Consensus meeting 
Draft report 
Final conference  http://qurope.eu/projects/farquest 

http://qurope.eu/projects/farquest
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Exhibit I: Panel discussion on a common FARQUEST VISION 
 

Discussion results Flip charts / Posters 

Leading Questions 

 

- How well are the working groups 1, 2, 3 represented in the draft text? 

- Where do we agree? What is missing or needs to be changed? 

 

Discussion on Vision 

- Balance needed (SC) 

o Effectiveness! (matters more) 

o Clarity of focus: a good story 

- “bio” should lead to something NEW,  yet not all novelty is in biotech 

(SC) 

- AGREE: novelty comes from different areas 

- Studying quantum complexity based on bio 

- Complex quantum systems 

o Quantum theory – bottom-up 

o Quantum biology – top-down 

- We need quantum technologies 

o Enabling our vision 

o Starting point  

- Idea of a “visual” roadmap (towards vision) 

o All 3 working groups contribute 

- Writing “abstract” of 1 paragraph 

- Integrated vision: 

o Top-down 

o Bottom-up 

views reflect totality 
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o 3 Co-Chairs together 

- There is no Quantum Biology existing today (university & RTO 

implemented) 

- “bio-vision” is included in a more general vision 

- “Vision” of WG 2 is not reflected by bio-vision 

- Reformulate abstract 

o Reflecting consensus of WG 2 

o (Include visualization - interconnectivity) 

- Extend Luca’s paper with input from other groups 

- What is a quantum machine? 

- Include KETs in abstract 
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Exhibit II: Working & Writing Session: Prioritizing and specifying Strategic Research Topics 

 

 

 

 

 

 

 

 

Leading Questions 

 

- What is our key strategic research topic? Precise illustration and specific instances 

- Which “knowledge” do we have for other groups? Which “knowledge” do we need from other groups? 

 

WG 1 
 

Key strategic research topic: 

- What controls non-classical coherence and the extent of quantumness in biological processes and can we engineer it? 

What is the best illustration? 

- Charge separation in photosynthesis 

 

What knowledge do we have from other groups: 

- How to control the coherence in non-bio systems 

- How to shape the structure of the environment to design the extent and stability of the quantum domains involved 

 

Which knowledge do we need from other groups? 

- How to enquire for quantum without destroying it 

- From WG 2: How in a non-living noisy system coherence is maintained and how this is controlled 

- How to identify the key quantum resources and their usefulness and how to achieve the ability to engineer the properties of the environment 

and its interaction with a quantum system to control (enhance or suppress) these quantum resources 

- WG3: ..............? 
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WG 2 
 

Key strategic research topic: 

Emergent quantum phenomena 

In order to control multi-scale, multi-component quantum systems 

on relevant time scales requires: 

- to understand pre-conditions for quantum coherence and 

beyond to prevail in noisy environments 

- to formulate the appropriate theoretical framework for an 

effective description, characterization and prediction of non-

equilibrium quantum dynamics (on large scales -in time and 

space) 

- to identify (experimental) building blocks to mimic quantum 

dynamics on a complexity level comparable to macromolecular 

functional units 

The construction of a Quantum Machine ought to integrate these 

different aspects - much alike the task to construct a plane: it 

needs to fly, despite being heavy, being exposed to turbulences, 

and having fragile components on various levels. We will need to 

achieve a comparable degree of scalability on the quantum level. 

Also here will we get inspiration from stunning examples in biology, 

and learn how function is preserved, but are not constrained to 

using feathers alone. 

 

Illustration/specific instances: 

- on an exemplary experimental level (quantum optics), test 

cases of quantum features that prevail or even are stabilized by 

incoherent processes, are well established (micro laser 

physics), and we do now have means to scale such set-ups, 

with much reduced experimental overlap 

- considerable progress on (de-)coherence processes and 

WG 3 
 

Definition of “Quantum Machine”: 
Large scale composite quantum system with global non-

classical properties 

 

Key strategic research topic: 

- Controlling quantum coherence from the component to the 

system level 

- Explanation: Quantum machine, built from different 

components that are quantum connected, i.e. share common 

quantum properties such as entanglement. 

- Simpler: Develop a quantum device from modular 

components with properties beyond the sum of the individual 

components through global quantum effects. 

 

Examples: 

- Quantum materials (high-Tc superconductors, engineered via 

quantum simulations, may allow loss-less transport of 

electrical energy over long distances) 

- Entangled Clocks (GPS, cm-level position determination, may 

allow autonomous cars, also required for deep-space 

missions) 

- Quantum sensors (gravimeters to detect natural resources 

(e.g. oil); electric & magnetic field sensors for monitoring 

brain activity at the single-neuron level) 

- Secure quantum internet (allow secure messaging across the 

internet) 

 

Knowledge transfer: 

- Quantum simulator  WG2 

o Explanation: Uses many (possibly entangled) qubits to 



|FARQUEST› A foresight activity on research in quantum information science and European strategy development 

 

 
  

characterization thereof in multi-component quantum systems 

(ion-traps, NV centers, NMR, quantum dot arrays, hybrid CQED) 

 

Knowledge from other groups: 

- learn “dirty details” on biological functional units, to build 

reliable effective theories 

- learn about hierarchical structure of bio-systems 

- techniques of probing and controlling (in terms of hardware, as 

well as of experimental protocols) 

 

Knowledge to other groups: 

- tools to certify and quantify degrees of coherence and of 

(classical and quantum) 

- complexity (work group 1 and 3) 

- analysis and certification of scaling properties (group 3) and 

hierarchical structures (group 1) 

- engineering cooperativity 

 

Central Headline: 

Quantum machines will rely on non-trivial quantum effects on 

a hierarchy of length and time scales. Much as in life systems, 

these need to be identified as emergent quantum phenomena 

in interacting quantum systems far from equilibrium. 

 

simulate a certain problem that cannot be simulated 

efficiently on a classical computer. An example is 

high-Tc superconductivity.  

- Sensors  WG1, WG2 

Explanation: Sensors that exhibit quantum-enhanced 

sensitivity, e.g. through entanglement of many quantum 

probes. 

- Quantum materials  WG1, WG2 

o Explanation: 

 

Story: 

- Dialectic: individual coherent quantum system (current state 

of the art) hot environment (biology) 

- The larger the quantum system, the harder to isolate from 

environment. Larger systems, such as quantum 

computers/simulators need to be isolated from environment. 

Need novel protocols/techniques to achieve this. This 

enhanced sensitivity to the environment can be turned 

around to use the same techniques to build novel quantum 

sensors, outperforming classical sensors. 

- Bottom-up approach: start with well-controllable quantum 

systems to build more complex machines; complementary to 

WG1 

- Simulate biological systems in a clean environment 
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Exhibit III: Working & Writing Session: Meeting Challenges (I) 

 

Guiding questions for the identification of challenges in regard to the specified key research topics 

- What are our scientific challenges? 

- What are our technological challenges? 

 

WG 1 

What are our scientific challenges 

- The key biological challenge is to understand how biological systems can maintain coherences for relatively long times in warm, wet 

environments and at the same time control them. 

- Actively control quantumness (feedback), experimental methods to identify coherence/quantumness, effective theory/models to 

describe/predict/control quantum 

- What can I change in a protein (the environment) that affects coherence 

- How can we selectively modify the protein environment (for instance phonons) to amplify or destroy coherence? 

- Development of a theoretical framework not only able to simulate but also to predict how a quantum process couples to selective vibrations 

and a noisy environment. 

- What is missing in our understanding of receptor/ligand interactions? Are these missing data subtle quantum effects? 

- Can the efficiency of photosynthesis be enhanced by controlling quantumness? 

 
What are our technological challenges? 

- Develop single molecule coherent detection techniques and general quantum probes 

- Develop techniques to manipulate/control (at the quantum level) vibrations 

- Numerical methods for biological simulations taking account of quantum properties (linear scaling DFT, ...) 

- Transferring quantum information concepts to biology for characterization and numerical simulation of quantum properties in complex 

biological systems. 

- Develop quantum-controlled artificial photosynthesis 

- Design drugs 

- Make flies stink 
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WG 2 

Scientific challenges 

Stuff to be done: 

- define and implement robust observables of non-classicality on 

hierarchical scales! (scales from WG1) 

- to identify scaling limit for the deterministic engineering of 

quantum features? (capacities of engineering from WG3) 

- are robust quantum features on large scales bound to be 

transient or can they emerge as features of an off-equilibrium 

steady state? (inspiration from WG3) 

- comprehensive transport theory for quantum networks 

(implementations and benchmarking from WG3) 

 

Impediments to progress: 

- a lack of common and agreed-upon, well-defined terminology 

prevents substantial communication and actual progress and 

innovation 

- terminology needs to be unified across the scientific 

communities, or, alternatively, scientists need to be trained 

with interpreters’ skills 

- fundamental research, by construction, cannot come up with 

concrete promises in terms of “usefulness” beyond the 

usefulness of any cultural activity. However, by experience, we 

can CERTAINLY predict the outcome of technologically 

revolutionary, but, hence, a priori unpredictable results 

- fragmented knowledge in different communities 

 

Technological (experiment/theory/software/hardware) challenges 

- specific experimental tools to control on many-particle, many-

degree of freedom systems (WG3 - collective degrees of 

WG 3 

Scientific challenges 

- Quantum interconnects (large-scale entanglement creation, 

interaction engineering, connecting systems, lack of 

modularity due to quantum correlations between systems, 

different energy scales between systems, …) 

- Holistic systems approach for quantum machines (interaction 

between components crucial in quantum systems)  WG2 

- decoherence in large systems  learn from biology 

(currently, decoherence is detrimental; learn from biology 

how to make systems resilient or insensitive to decoherence) 

 WG1 

- lack of theoretical modeling/tools for quantum machines 

(complexity of simulating quantum machines scales 

exponentially with the size; e.g. beyond 40 qubits, no classical 

computer can do this)  WG1 

- Quantification of “quantumness”, e.g. entanglement (what is 

a good measure of the quantumness of a large system? E.g. 

entanglement criteria exist only for 2 qubits)  WG1,2 

- Validation of quantum systems (How do we now they work as 

expected?)  WG2 

 

Technological challenges 

- Exquisite control over classical parameters in the lab required 

- Material/systems engineering at the quantum level 

(complexity increases with available options (e.g. entire 

periodic table)) 

- Miniaturization of quantum technology components to bring 

systems from the lab onto the street (e.g. for quantum 

sensors; also for efficient scaling) 
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freedom, collective measurements, etc.) 

- independent certification (numerical simulation vs. 

measurement statistics vs. inverse problems/tomography) of 

effective models for increasingly complex systems (WG3) 

- precise/statistical definition of boundary and initial conditions 

for truly complex systems (inspiration and close interaction 

with WG1 - e.g., addressability issues) 

 

- From demonstration experiments to actual applications 

- Many different technologies to enable hybrid quantum 

systems 

- Efficient sources and detectors 

- Complexity of the classical control system for a quantum 

machine 
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Exhibit IV: Working & Writing Session: Meeting Challenges (II) 

 

Guiding questions for identifying additional challenges, which were not 

considered so far 
 

- What other challenges do we need to address? 

 

Funding & Cooperation 

- setting up integrated and sustainable FUNDING SCHEMES for QM 

(‘umbrella’) 

o Setting up a “competent” review process 

o Creating a QM community 

o Sources and mix of funds 

o Coordination (Priority-setting, Synergy between programs) 

- Encouraging international cooperation (US [existing cooperation on 

health], China, etc.) 

Education & Human Resources 

- HIGHER EDUCATION: interdisciplinary curricula “studium generale” 

o Undergraduate program: “Physics of Life” 

o Post-graduate excellence: “Dr. Universalis” 

o Senior Sabbatical 

- SCHOOL EDUCATION: awareness, encouragement 

- Junior scientists (above PhD level) will be those at the forefront of 

developing the research towards creating quantum machines. The 

challenge is then to open up opportunities for driven and bright junior 

researchers to develop their ideas 

- Problems with unskilled young mathematicians 

- Astrophysics and astronomy is an example for interdisciplinary 

education in physics 
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Infrastructure & Policy 

Infrastructure challenges: 

- Electronics/software/hardware, classical control systems 

- General problem: sustainability of knowledge within research groups 

 sourcing- out knowledge to companies? 

- Secure access to supercomputers for performing simulations of 

quantum systems that require powerful machines 

- Sustainability of knowledge, high fluctuations in personnel, huge loss 

of technical knowledge (forgetting of skills) 

o outsourcing to big enterprises (e.g. MDB) 

o facilities and environments that are run by scientists but also 

including technicians to guarantee for sustainable knowledge 

o  “fab-line” – new profession in US 

o Access to laser facilities (network) 

o RTOs 

 

Policy challenges: 

- Lack of sustainable funding (basic research, technology supported 

experiments) 

- Member-state involvement (national engagement in European 

funding), (ERA-NET) 

- Synergy between programs (ERC, Marie-Curie, FET) on European level & 

national level 

- Overarching funding structures on European level – diverse sources, 

funding-mix 

- Synergies between countries should be identified in order to enable 

European funding, It should be possible to apply for funding in another 

country 

- Suitable Funding instruments, e.g. ERC-type structure for small-scale (1 

M€) projects involving a small number of partners  from different EU 
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countries 

- Simplification of administration 

- Priority-setting 

Communication & PR 

- Public awareness for emerging S&T field (How to attract public 

attention in a new emerging field in competition with other traditional 

fields of science?) 

- Clear profile 

- Get attention of journalists (“instancies”, “stories”) 

- Competition vs. cooperation? 

- Reach out to young people/kids (media) 

- Set-up strategy to diff stakeholders 

- Engineering QMs (energy ex) 

- Festivals 

- Attention and attraction are main challenges, especially at the 

beginning 

- Depends very much on the target group (colleague scientists, policy 

makers) 
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Exhibit V: Working & Writing Session: Recommendations 

 

Guiding questions for recommendations 

- What are institutional frameworks (networks, etc.) to support our 

work? 

- How to request public funding? 

 

Education & Human Resources / Infrastructure & Policy 

- Create a new type of scientists 

- Unusual requirement of building a new interdisciplinary field 

- Interdisciplinarity should be stressed in order to attract funding but not 

as a selfsufficient argument, but as a reason for sustainable funding 

- New funding scheme that would allow sort of fast-track small-scale 

collaborations within Europe, major hurdle is to foster new ideas, so 

this would be very suitable 

- Laser Lab Europe, where you get access to that and you can apply for 

funds and access time, could be interesting for a new proposal in order 

to influence the chosen key area 

- Example Germany: Money also goes to engineers at the Fraunhofer 

Institute (who gave a longterm commitment to support university 

research) who then sustain not pure scientific knowledge 

- Two-tier funding: foundational/basic research and engineering/laser 

labs 

- dedicated technology development to perform basic research 

- laser facilities to perform experiments across European science 

landscape (not a specific laser for specific experiments) 

- Dr. Universalis 

- Some of trainings are open, students can go anywhere in the UK to do 

their PhD, there should be an obligation that students can go 

anywhere, should be very open and elitist 
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- Small aliens, small is different 

- Research professorships, where people apply for interdisciplinary 

research, in order to learn something new or different 

- Schools 

- Sabbatical 

- Putting physics into the context 

Communication & PR 

- Events, festivals to attract journalists, quantum machine exhibitions, 

etc. 

- Foundations, organisations should support the external communication 

of the field by events (e.g. annual science festival in Graham) 

- Build up a quantum machine, i.e. a good example for a quantum 

machine, that we could engineer (e.g. solar cell), would be a very good 

PR-tool 

- Develop a communication strategy, set up the right discussions in the 

overarching programme, to have a unified strategy also for schools, 

public, funders, etc. 

Funding & Cooperation 

- Identify stakeholder that are directed towards recommendations  

- Set up an overarching funding scheme 

- Set up a negotiation with the US (why is the next framework 

programme not linked to the NSF?) 

- Two recommendations: one focussing on EU-internal aspects, one 

going outwards, international cooperation (e.g. with US NSF) 

- Funding programs at the level of Marie Curie but that can fund a larger 

number of applicants than current schemes do. 

 


