
ANNEX I

LIST OF PARTICIP ANTS AND DESCRIPTION OF WORK

Network Title: QuantumComplex Systems:EntanglementandDecoherencefrom Nano-to Macro-Scales.

Network Short Title: QUACS.

Part A - The Participants

ThePrincipalContractorandtheMemberslistedbelow shallbejointly andseverally liable in theexecutionof work
definedin partB of thisannex:

The Principal Contractor

1. TheWeizmannInstituteof Science[Weizmann] establishedin Israel.

The Members

2. Institut fuerExperimentalphysikderUniversitaetWien [Vienna] establishedin Austria.
3. UniversitaetKaiserslautern[Kaiserslautern] establishedin Germany.
4. CentreNationaldela RechercheScientifique[Orsay-CNRS] establishedin France.
5. Kungl. TekniskaHögskolan [Stockholm] establishedin Sweden.
6. TechnischeUniversitaetBerlin [Berlin] establishedin Germany.
7. Istituto Nazionaleperla FisicadellaMateria[Naples-INFM] establishedin Italy.

Part B - The Joint Programmeof Work

1 Project Objectives

The largely unexplored domainof interference,entanglementand decoherencein QuantumComplex Systems
(QUACS), namely, molecular, quasimolecularand condensedmedia,will be researchedby the Participants. The
unifying themesof thenetwork are:(a) interferometricandprobe-scatteringcharacteristicsof matterwavesandtheir
entanglementin QUACSandthehamperingof thesecharacteristicsby decoherence;(b) activecontrolof decoherence
andentanglementin QUACS by electromagnetic(EM) fields. Progressalongtheselines will be accomplishedby
collaborative experimental-theoretical studiesstriving towardsthefollowing objectives:

Objective A. Theoretical and Diagnostic Approachesto Entanglement and Decoherencein QUACS: A1)
Dynamical approachto entanglementand decoherence:Thesoughtnovel approachto decoherencewill consistin
dynamicallyanalysingtheevolution of information(QI) flow betweenthesystemandits reservoir, allowing for the
correlation(“memory”) timeor spectral responseof thereservoir. A2) Characteristicsof internally-translationally
entangledwavepackets: Thenetwork will studythepropagationof such wavepackets,their informationflowandits
redistribution whentwo suchwavepacketsbecomeentangledbyvariousmechanisms(seeObjective D).

Objective B. Developmentof Matter -Wave Interfer ometry for QUACS: Experimentalandtheoreticalinvesti-
gationsof innovative interferometersfor matterwavesof complex systemswill bethefocusof this objective. It will
encompass:B1) a laser-basedinterferometerfor moleculardimers;B2) an interferometerfor macromolecules;B3)
mesoscopicandsuperconductingsolid-stateinterferometers(for chargedquasiparticlesor Cooperpairs).Thesestud-
ieswill strive for theultimategoalof matter-waveinterferencewith controlled entanglementof internalandexternal
(translational)states.

Objective C. Probe Correlations in QUACS and their Implications: The network will undertake to charac-
terize the probe-scatteringspectra and their statistical correlationsfor bi-particle or multiparticle systems. This
theoreticalanalysiswill help to interpretthesub-femtosecondprobingof protonentanglementeffectsunderambient
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conditionsin molecularandothercondensedmedia,primarily by neutronscattering.In particular, thepossibilityof
protonentanglementeffectsin biologicallyor biochemicallyactive substanceswill beinvestigated.

Objective D. Strategiesfor Manipulating Decoherenceand Entanglement in QUACS: A collaborative effort
involving mostpartnerteamswill consistin theoreticallydevelopingandexperimentallyimplementingnew manipu-
lation strategies,basedon appropriatelydesignedEM controlfields. Two goalswill bepursuedin this context. D1)
Entanglement “engineering”: The network will considerhow to constructthe desiredentangledstateof a given
QUACSvia Hamiltoniancontrol. D2) Decoherencecontrol: This goalwill bepursuedvia frequentmeasurements
or field-inducedAC-Starkmodulationof thesystem-reservoir coupling,so asto yield eithertheaccelerationor the
inhibition of decoherence.

2 Research Methods

A. Theoretical Methods (Stockholm,Orsay, Weizmann,Vienna):
For multi-level systemsandinternally-translationally entangledwavepacketscoupledto arbitrary reservoirs,numer-
ical or approximatedsolutionsof couplednon-Markovian equationswill yield the decoherenceand adiabatictime
scalesfor thepertinentobservables.Thesesolutionsandthespace-timedependentflow of QI will serve to analyse
thetransitionfrom unitarity to classicality.

B.1. Laser-BasedInterfer ometry of Dimers and Entanglement. (i) TheKaiserslautern groupwill useahigh-
vacuummolecularbeamanddeveloplaser-frequency stabilization,aimedatachieving longcoherencetimes,in order
to implementSTIRAP-basedmatter-wavemirrorsandbeamsplittersfor dimers.Theseelementswill subsequentlybe
combinedinto a molecularmatter-wave interferometer. (ii) Feasibilitystudiesof entanglingpairsof moleculeswill
attemptto replacethecoherentpumplaserin theSTIRAP-basedbeamsplitterby a quantizedmodeof a moderate-Q
resonatorexternallydrivenby anopticalparametricoscillator(OPO).(iii) Thefeasibilityof transferingentanglement
from dissociatedmolecularfragmentsto two photonsin high-

�
cavitiesor to correlatedlight beamswill beexamined

(Weizmann,Kaiserslautern). (iv) Thefeasibilityof preparingentangleddimerstatesusingfield-inducedinteractions
will beinvestigated.

B.2. Interfer ometry of Polyatomic Molecules.Theexperimentsplannedin Viennawill beaimedatdeveloping
novel sourcesof slow (thermo-labile)moleculesin internally-coldstates.Part of the studieswill recur to the laser
desorptiontechniquesof massspectroscopy, but with neutralratherthanchargedparticles.Methodsof coherentfield-
inducedinterferometry(beam-splittersandinterferometers)will alsobe explored,with help from Kaiserslautern.
The useof lithographicgratingswill be explored. Controlledcouplingto the environmentwill permit to studythe
operationalQI flow andpossibleinternal-translational molecularcorrelations(with Orsay, Weizmann).

B.3. Interfer ometry in Superconducting and MesoscopicStructur es. TheWeizmann(experimental) group
will develop new high-visibility electroninterferometers.Theseinterferometerswill be usedto testeffectsof con-
trolleddephasingof correlatedmesoscopicsystems(“which path”experiments).Thepossibilityof electronentangle-
mentin superconductingand/ormesoscopicstructureswill besought(by Weizmann/Delft,Viennaand Naples).

C. Proton Entanglementin CondensedMedia. Mostof theBerlin experiments(in partialcooperationwith the
subcontractorsUppsalaandISIS) will employ theneutronComptonscattering(NCS)technique.Theseexperiments
will be mostly performedat the ISIS facility, UK. Their analysis(with help from Orsay, Weizmann and Vienna)
will searchfor possibleeffectsof decoherenceandentanglementin variousenvironments.

D. Entanglementand DecoherenceControl. D1. Electromagneticfieldsandfield-inducedinteractionswill be
investigatedasameansof entanglementanddecoherencecontrol of multilevel or multi-atomsystemsandinternally-
translationallyentangled(atomic or molecular)wavepackets (Orsay, Weizmann, Vienna). D2. Non-holonomic
controlof Rydberg dimerstatesby RF variationof theStarkfield will beattempted(Orsay). D3. TheNaplesgroup
will work on the novel high-��� superconductivity (HTS) � -junctions,striving for reductionof decoherencein � -
junction loops. D4. Feasibilitystudiesof circuitscomprisedof � -junction loopsand/orsemiconductormesoscopic
structureswill beorientedtowardsentanglementanddecoherencecontrol(Naples,Stockholm,Weizmann/Delft).

Thechartbelow (Fig. 1) indicatesthetopicalstructureof collaborationwithin thenetwork.
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Figure1: Structureof collaborationwithin thenetwork.

3 Work Plan

� Scheduleand Milestones

Notes: (a) The threeworkpackages(WP) aredivided into specifictasks. (b) The milestonespertainingto each
taskaredenotedby M; I or II - indicatemilestonesaimedat beforeor after themidtermreview. (c) First teamlisted
in eachtaskis the oneresponsiblefor it. (d) Obj. – denotesthe pertinentprojectobjective. (e) RM – denotesthe
pertinentresearchmethod.(f) Thebarlengthindicatestheschedulefor themilestone(aimedto beachieved).

Year1 Year2 Year3 Year4
WP1: Theoretical and DiagnosticTools
Task1.1Dynamical QI flow to reservoirs/continua (Obj. A1,

RM A) (Stockholm,Orsay, Vienna,Weizmann)
M1.1.1.II Space-timescalesof QI flow, decoherenceand

quasiadiabaticity
Task1.2 Inter nally-translationally entangledwavepackets

(Obj. A2,D; RM A,D1)
M1.2.1I QI flow, entanglement& decoherence(Vienna,

Weizmann,Orsay, Stockholm,Kaiserslautern)
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Year1 Year2 Year3 Year4
WP2: Interfer ometry and ProbeScattering
Task2.1Dimer interferometry (Kaiserslautern, Weizmann)

(Obj. B1; RM B1,D1)
M2.1.1.IMolecularbeam-splitter& mirror
M2.1.2.IFeasibilityof entanglementtransferfrom dissociated

dimersto high-
�

cavity fieldsor correlatedbeams
M2.1.3.IFeasibilityof molecularOPO-basedinterferometer
M2.1.4.II Molecularinterferometry
M2.1.5.II Interferometricsignaturesof entanglement& decoherence
Task2.2Macromolecular interferometry (Vienna,

Kaiserslautern, Weizmann,Orsay) (Obj. A1,A2,
B2; RM B2)

M2.2.1.ISlow-beamsources
M2.2.2.IBeam-splitters& interferometers
M2.2.3.II QI flow analysis
M2.2.4.II Lithographicgratings
Task2.3Mesoscopicinterferometry (Weizmann,Delft,

Stockholm,Vienna) (Obj. B2,D1; RM B3,D1,D3,D4)
M2.3.1.IConstructionof high-visibility interferometers
M2.3.2.II Controlled-dephasingexperimentsand

investigationsof entanglement
Task2.4Neutron scattering by correlated/entangledprotons

(Berlin/Uppsala/ISIS, Weizmann,Orsay, Vienna)
(Obj. C; RM C)

M2.4.1.IProtonentanglementanddecoherencein solids
M2.4.2.II Entanglementof H and/orC atomsin organicmaterials
M2.4.3.II Feasibilityof H entanglementeffectsin biologicalDNA
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Year1 Year2 Year3 Year4
WP3: Engineering/Control of Entanglement

and Decoherence
Task3.1Theoretical developmentof entanglementcontrol

(Orsay, Kaiserslautern, Weizmann)(Obj. D1;
RM D1,D2)

M3.1.2.IEntanglementcontrolandtransferin complex (multi-level
or multi-particle)systems

M3.1.3.II QI processingin complex systems
Task3.2Theoretical developmentof decayand

decoherencecontrol (Weizmann,Orsay, Delft)
(Obj. D2; RM D1,D2)

M3.2.1.IPhase-amplitudemodulation& non-holonomiccontrol
M3.2.2.II Controlof decoherenceanddecayin multi-level systems
Task3.3Exploration of entanglementand decoherence

control in moleculesand multi-atom/multi-pr oton
systems(Orsay, Kaiserslautern, Weizmann,Vienna,
Berlin) (Obj. B1,B2,D1,D2;RM B1,B2,D1,D2)

M3.3.1.IFeasibilityof entanglementcontrolin dimersvia optical
fieldsandfield-induced(dipole-dipole)interactions

M3.3.2.II Feasibilityof entanglementcontrolin Rydberg dimers
M3.3.3.II Feasibilityof decoherencecontrolin dimersand

polyatomicmolecules
Task3.4Exploration of superconducting and/or semiconducting

structuresaimedat entanglementand decoherence
control (Naples/Weizmann,Delft, Stockholm)
(Obj. B2,D1,D2;RM B3,D3,D4)

M3.4.1.ITechnologiesfor HTS junctions(Naples)
M3.4.2.II Engineeringof HTS circuits/mesoscopicstructures

(Naples/Weizmann)
M3.4.3.II Feasibilityof entanglementanddecoherencecontrolin

superconducting/mesoscopic structures(Weizmann/Delft)
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� Research Effort of the Participants

Professionalresearcheffort on thenetwork project

Youngresearchersto Researchers Researchers
Participant befinancedby the to befinanced likely to contribute

contract from othersources to theproject
(person-months) (person-months) (numberof individuals)

(a) (b) (c)
1. Weizmann/Delft 45 108 12
2. Vienna 44 96 10
3. Kaiserslautern 58 96 8
4. Orsay 33 96 7
5. Stockholm 22 48 4
6. Berlin/Uppsala/ISIS 35 48 6
7. Naples 46 64 7

Totals 283 556 54

Notes:
(a) TU Delft, theNetherlands,will actassubcontractorto theWeizmannnode.Mutual visits of theseniorstaff and
longsecondmentsof youngresearchers(upto 10months)will beusedfor joint researchandtraining,aspertasks2.3
and3.4.Budgetenvisaged:Eur10240(in additionto thesecondments).
(b) Uppsala, Sweden,andISIS (RutherfordAppletonLab.), UK, will actassubcontractorsto theBerlin node.Ex-
tensive mutualvisits will beusedfor joint work on Tasks2.4and3.3. Budgetenvisaged:Eur10000.
(c) During thecourseof thecontract,asubcontractmaybeconcludedbetweenBerlin andLund , Sweden,to perform
work relatedto Task3.3. Priority will begivento thenetwork youngresearchers.

4 Organisationand Management

A. Thecoordinatorwill closelymonitor(by e-mail,phoneandsemi-annualtrips) theactivities of eachteam.
B. Thedesignationof a responsibleteamfor eachjoint task(Sec.3) will facilitatetheir coordination.
C1. Thetheorygroups(at Kaiserslautern, Orsay, Stockholm,ViennaandWeizmann) will teamup in theface

of thechallengingWP1. Thedemandingtasks1.1-1.2will bejointly researchedby thesegroups.
C2. Eachexperimentalteamwill have oneor moretheoreticalgroupsasactivepartners in thedesignof exper-

imentsandtheir analysis:i) Task 2.2: The Vienna group(with theoreticalinvolvementof Orsay andWeizmann)
will work with Kaiserslautern. ii) Task 2.3: TheWeizmann (exp.) group(with theoreticalinvolvementof Weiz-
mann/Delft and Stockholm) will beassistedby theViennagroup;iii) Task2.4: TheBerlin/Uppsala will beassisted
by thetheoreticalgroupsof Weizmann,Orsay andpossiblyVienna. iv) Tasks3.2-3.3: Theclosesharingof experi-
mentaldesignandtechniquesis envisagedby Orsay, Kaiserslautern, Vienna andBerlin /Uppsala (with theoretical
involvementof Weizmann/DelftandOrsay). v) Task3.4: TheNaplesgroupwill betheoreticallyassistedby Stock-
holm andWeizmann/Delft.

D. Thehighestlevel of controlover theresearchandtrainingaspectsof thenetwork will beexecutedby aSteering
Committee, consistingof the scientists-in-charge from all nodesand representatives of the young researchers,at
the annualnetwork conferences.Shouldthe needarise,extraordinarymeetingsof the SteeringCommitteewill be
summoned.Thenetwork progresswill beassessedby theSteeringCommitteebasedon thesuccessof recruitment,
mutualvisitsof participantsandexchangesof youngresearchersbetweennodes,aswell asthescopeof collaboration
andthenumberof joint publications.

E. Theparticipationof all theyoungresearchersat theannualnetwork meetingswill bestronglyencouragedby
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thecoordinatorandthesteeringcommittee,aspartof their responsibilitiesfor thetrainingof youngresearchers.
F. Oneof theseannualmeetingswill includethemidtermreview, at whichprogresstowardsthemilestoneslisted

in Sec.3 will beevaluated.If needed,thesemilestonesand/ortheschedulefor theirattainmentwill thenberedefined.
G.Networkprogressreportsandjoint publications(e.g.,in Phys.Rev., Phys.Rev. Lett.,Europhys.Lett.,Opt.Com-

mun.,J.Opt.B, Europhys.J.)will consolidatecollaborationandensuretheeffective disseminationof theresults.
H. Thepublicationof a focusissue/review of thenetwork researchin a Europeanjournal (e.g.,J. Opt. B; Euro-

phys.J.;Z. Naturforschung;Phys.Rep.)will beof highpriority.
Thechartbelow (Fig. 2) indicatestheanticipatedorganizationandinteractionsin thenetwork.
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Figure2: Organizationandmanagementstructure.
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5 Training

� Appointment of Young Researchers

A minimum overall total of 283person-monthswill be provided by young researchers whoseemployment
will be financedby the contract.

Youngresearchersto befinancedby thecontract

Youngpre-doctoral Youngpostdoctoral Total (a+b) Scientific
Participant researchersto be researchersto be specialities

financedby the financedby the in which
contract contract trainingwill

(person-months) (person-months) beprovided
(a) (b) (c) (d)

1. Weizmann 45 P-03,-04,-07,-10,-13
2. Vienna 44 P-03,-04,-07,-14,C-08
3. Kaiserslautern 58 P-03,-04,-07
4. Orsay 33 P-03,-04,-07
5. Stockholm 22 P-03,-04,-07,-10,-13
6. Berlin 35 P-07,14,C-08
7. Naples 46 P-10,-13

Overall Total
Totals 283 283

A. Recruitmentwill be facilitatedby (i) the exchangepolicy within the network, as outlined in the Training
Programmebelow; (ii) extensive advertisingof availablepositions.Theadvertisingwill beundertaken,by thecoor-
dinatoraswell asby theotherparticipants,via availableelectronicmailing lists, websiteadvertisementsandposters
distributedamongphysicsandchemistrydepartmentsandconferencevenues.Websiteadvertisingwill bemade,e.g.,
throughTIPTOP, AssociationBernardGregory, JOST, WORKinOPTICS.com.

B. Typical lengthsof appointmentswill rangefrom 1 to 2 years,with theexceptionof Vienna,wherea44-month
long appointmentwill be sought. Shorterappointmentswill be discouraged,unlessthey are in the framework of
short-termexchangesbetweenparticipants.

C. In caseof recruitmentdifficultiesexperiencedby any of theparticipants,aspecialeffort will bemadeto direct
thereoneor more young researchersfrom other nodes,as part of the rotation policy (seebelow). As last resort,
redistribution of fundsmaybeconsideredby theSteeringCommitteebeforethemidtermpoint.

D. The recruitmentof youngfemaleresearcherswill bestronglyencouragedby thecoordinatorandthepartici-
pantsanddiscussedat network meetings.Thecreationof a congenialspirit for maleandfemaleyoungresearchers
alike will becontinuouslypursuedby thecoordinatorandtheparticipants,andwill beraisedat network meetings.

� Training Programme

1. Theoutstandingcollective expertise,complementarityandmulti-disciplinarityof theparticipantteamswill be
exploitedto achieve thefollowingprimary trainingobjectives:

a) train youngtheoristsin a broadrangeof techniquespertinentto in-depth,quantitative analysisandcontrolof
entanglementanddecoherencein complex systems;

b) train youngtheoristsin close,active collaborationwith experimentalists,aimedat helpingthemdesignnew
experimentsandinterprettheir results;
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c) train youngexperimentalistsin designing,building andoperatingchallengingnovel setups,basedupondeep
understandingof thetheoryandthebroadcontext of theissues;

d) helpyoungresearchersacquireexperiencein presentingtheir scientificresults,undertheclosescrutiny of their
peers.

2. Complementarytrainingobjectiveswill include:
a) theencouragementof tutoringandsupervisionof Ph.Dstudentsby postdoctrainees;
b) theinvolvementof postdoctraineesin networking andprojectmanagement.

3. Theseobjectiveswill bepursuedthroughthefollowing means:
a) Long-term,6-12 month-longexchangesof young researcherswill be strongly encouragedbetweenall the

groups,particularlyfor trainingonspecialinstruments,suchasISIS(UK), theBraunSubmicronCenter(Weizmann)
or thefacilitiesatDelft.

b) Short-termexchangesof youngresearchers,1-4 month-long,will bestronglyencouragedin theframework of
the“r otation” policy amongall groups. This policy is meantto ensurethateachyoungresearcheris exposedto and
participatesin asmany researchtasksaspossiblewithin thevariousfieldsof thenetwork.

c) Eachvisiting youngresearcherwill beassignedamentor, to providebothadministrativeandscientificguidance.
d)Theannualnetwork meetingwill beheldin theYoungEuropeanResearcherformat,with oralpresentationsby

theyoungresearchers.Thescientistsin chargewill provide tutorials/overviews.
e) Winter or SummerSchoolswill beorganizedfor theoreticalandexperimentaltraining,with lecturesgivenby

well-known expertsin pertinentfields. Discussionsessions,seminarsandposterswill begivenandorganizedby the
youngresearchers.

f) Eachparticipantwill berequestedby thecoordinatorto sendtheyoungresearchersto conferences,summeror
winter schoolsandworkshops.Theresultingpresentationtitleswill beincludedin theannualreportanddiscussedat
theannualnetwork meetings.

4. Multidisciplinarity is at the heart of the QUACS network, encompassing(i) quantumdynamics,opticsand
information; (ii) moleculeprobingandmanipulationby electromagneticfields or neutronscattering;(iii) transport
manipulationin superconductorsandsemiconductors.It will be inherentin boththeindividual trainingprogramme,
dueto thecollaborative componentsof theexperimentalandtheoreticaltasks,aswell asin thenetwork-wide train-
ing. The long-termandshort-termexchanges(the“rotation” policy explainedabove) will by necessityexposeeach
youngresearcherto a broadvarietyof scientificdisciplines.Themultidisciplinaryknowledgethusacquiredwill be
systematizedandconsolidatedduringtheannualnetwork conferences.

5. Connectionsto industrymaydevelop in thecourseof thenetwork activity from thecontactsthatalreadyex-
ist betweenindustryandseveral of the teams,shouldthe network identify topicsof promisingR&D collaboration.
Activities relatedto entanglement,decoherencecontrolandmatter-wave interferometryin moleculesandsolid struc-
tureshave a potentialfor technologicalapplications,hencethe prospectsfor industrialcollaboration.Shouldthese
prospectsmaterialise,youngresearcherswill be stronglyencouragedto take part in both technicalandcommercial
aspectsof suchcollaboration.
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