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Working Group 2 (WG2): Quantum many-body systems and complexity 
 

Workshop Agenda 
 

The workshop is embedded in the project FARQUEST, which is taking a forward look on science, technology and 
society relevant, plausible future developments in cross-‐disciplinary research areas of quantum information science 
and technology to derive science policy recommendations. 

Working-‐group 2 takes on a fundamental and test-applicative 
perspective. It builds on previously identified topics of 
relevance for complex quantum systems (cf. Workshop 1), and 
focuses on promises and needs for preparing, controlling and 
exploiting quantum information processing more efficient than 
classical one in disordered systems and noisy environments, 
which includes the development of theory, suitable model 
systems, tools and devices for anticipated test applications. 

Based on outcomes of scoping and kick-off workshops (2011), 
the workshop started from the participant’s own expertise, 
gathered and linked individual research areas and crystallized 
deep questions shared between participants that require 
collaborative problem-solving. To this end, development of promising research topics were explored, discussed, 
clustered and selected to shed light on where the research was expected to be profitable in the future – and to gather 

http://qurope.eu/projects/farquest	   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	  
	  

1.	  Proposal	  
2.	  Scoping	  workshop	  
3.	  Workshop	  I	  
4.	  Workshop	  WG2	  
5.	  Meeting	  WG3	  
6.	  Workshop	  II	  
7.	  Workshop	  III	  
8.	  Outreach	  
9.	  Consensus	  meeting	  
Draft	  report	  
Final	  conference	  (ESF)	  
Final	  report	  (ESF)	  

» Determine	  operational	  criteria	  for	  distinguishing	  
“quantum”	  from	  “classical”?	  

» Does	  “quantumness”	  survive	  in	  the	  collective	  
properties	  of	  complex	  resp.	  many-‐body	  systems?	  
(Addresses	  more	  or	  novel	  systems,	  materials,	  or	  
phases	  of	  matter	  in	  which	  it	  is	  relevant.)	  

» What	  spatial	  and	  temporal	  phenomena	  (including	  
at	  non-‐equilibrium)	  characterize	  complex	  quantum	  
systems?	  And	  how	  to	  probe	  them?	  

» How	  can	  we	  automate	  the	  discovery	  of	  new	  
effective	  models	  for	  many-‐body	  systems?	  

» Which	  degree	  of	  quantum	  control	  can	  we	  achieve	  
through	  disorder	  and/or	  noise?	  
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the “technology drivers” of such development: new scientific advances, instrumentation and lab tools, model systems, 
materials, computation capacities, etc. 

• Overall project structure 

Working-groups work in series of three workshops. The task of the groups is to work toward (I) creating scenarios of 
plausible future developments (cross-disciplinary topics, targets, means, challenges, needs, societal contributions) that 
are either inspired and “spilling over” into other research fields and applicative areas through past and current 
advances or anticipated to be further advancing quantum information theory and technology; and (II) addressing needs 
and deriving recommendations addressing specific stakeholder groups (science policy makers, national funding 
organizations, the larger public). Working-groups are coordinated by co-chairs for each group. The workshop series is 
followed by a “Consensus Meeting” among the Science Committee and working-group co-chairs which serves to 
discuss the draft report on activities, scenarios and recommendations. A “Final Conference” will be organized by the 
ESF to launch dissemination and is summoned after a time window for community feedback (“Outreach”). It serves 
to disseminate the finalized report on activities, scenarios and recommendations. 

• Guiding question 

Take the "long view" (10+ years) and summarize your vision regarding the following question: 
Can quantum resources in noisy environments be efficiently identified and exploited in order to implement 
robust information processing and open avenues to develop new knowledge & ideas for the description of 
complex quantum systems?  
Visions are at the downstream end of the timeline, where reality is the status quo. They work best when being bold, 
motivating, compelling, out of the comfort zone, and truly challenging. That does not mean unrealistic (only if still 
unrealistic today, but supported by science-based anticipations and beliefs about the future). Visions are not 
predictions; they are mostly qualitative in nature and their impact related to what momentum they can create to shape 
the future (rather than becoming 'true'). In FARQUEST we look for visions that have cross-disciplinary aspects. 

• Workshop structure 

Following the opening and brief introduction of the FARQUEST project in terms aims, goals, and previous outcomes, 
as well as the workshop agenda of the first half of the day and approach, participants introduced each other and 
informed about their research questions and recent work. The workshop built on 
the guiding question to find and inspect the deep issues and questions concerning 
complex quantum systems in disordered systems and under the presence of noise. 
Further substantiated questions were addressed by research topics and identified 
directions for future research developments, including support factors with a basis of theory, instrumentation, or 
computing power. Notwithstanding a substantial degree of uncertainty, the impact of research developments was 
described from the researcher’s perspective and clustered in several social sectors. 
 

Main Results 

 

• COMPLEX QUANTUM SYSTEMS 

Working Group 2 (WG2): Quantum many-body systems and complexity 
CONTEXT: FROM QUANTUM SIMULATIONS TO CONDENSED-MATTER PHYSICS AND MATERIAL SCIENCE  
 

Composite quantum systems in noisy environments exhibit a wealth of dynamical features whose complexity will 
increase very rapidly with the number of components. A major challenge is to develop efficient algorithms to model 
and simulate the dynamics of such complex systems, so as to unveil the inner mechanisms that lead to a fruitful 
coexistence between quantum coherence, superpositions, entanglement and correlations, and external noisy influences 

» What	  fields	  will	  gain	  from	  solving	  
these	  deep	  issues?	  
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which are in most cases optimized not to be destructive to quantum information processing.  Another challenge is to 
realize experimental systems where the noisy environment and partly coherent effects can be controlled, studied and 
compared to the theories.  
In parallel, a more fundamental reconsideration of the boundary between 
classical and quantum description of reality is needed in view of recent 
proposals and experiments where distinctively quantum features have been 
unveiled in macroscopic and complex systems, involving natural and artificial 
devices (e.g. in cooling of nano/optomechanical devices, naked-eye detection 
of entanglement or non-locality in macroscopic states of light).  
These feats demonstrate that the quantum description of the world extends far 
beyond the microscopic realm, and raise the question of efficiently exploiting 
the most relevant quantum features in order to upgrade quantum technology to 
real-world applications. The traditional paradigm for quantum information processing relied on arrays of pure, isolated 
qubits and coherent interactions to engineer and manipulate quantum superpositions and entangled states of such 
registers. A number of new perspectives (e.g. dissipative noise, non-Markovian quantum evolution, or quantum 
correlations other than entanglement) have now emerged challenging such a paradigm, and potentially bringing 
quantum information processing closer to mainstream implementation. 
 

a) Research topics, targets,  and potential impacts (cf. Exhibit III and V) 
Five research topics (1-5) suitable and profitable through added-value for a complex quantum systems 
approach: 

(1) Quantum diagnostics 
(2) Quantum matters 
(3) Non-equilibrium quantum dynamics 
(4) Effective Hilbert spaces for quantum calculation / Quantum theory automation 
(5) Real world experimental realization of controlled quantum dynamics 

 

 
 

 
 
 
 

» What	  is	  the	  relationship	  in	  terms	  
inputs	  and	  outputs	  of	  problems,	  
ideas	  for	  problem-‐solving,	  
knowledge	  base	  and	  experience	  
between	  WG2	  and	  quantum	  biology	  
(WG1)	  respectively	  WG2	  and	  
quantum-‐enabled	  technologies	  
(WG3)?	  
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b) Methods resp. tools and instrumentation (cf. Exhibit IV) 
Eleven enabling methods (1-11) for a complex quantum system approach: 

(1) Self-assembling nanostructures 
(2) Variational methods for quantum master operators 
(3) Many-particles path integrals 
(4) Quantum large deviation theory 
(5) Efficient single photon detectors 
(6) Non-Markovian unravellings 
(7) Real-space RG 
(8) Computing memory 
(9) Fourier-space experimental control of correlations of disorder 
(10) Sparse matrix algorithms 
(11) Hybrid systems engineering. 

 

• Participants of Special Workshop on complex quantum systems 
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