ANNEX |
LIST OF PARTICIP ANTS AND DESCRIPTION OF WORK

Network Title: QuantumComplex SystemsEntanglemenandDecoherencéom Nano-to Macro-Scales.

Network Short Title: QUACS.

Part A - The Participants

ThePrincipalContractorandthe Memberdlisted belov shallbejointly andseverally liable in the executionof work
definedin partB of thisanne:

The Principal Contractor
1. TheWeizmanninstituteof SciencdWeizmann] establishedhn Israel.
The Members

2. Institut fuer Experimentalphysikler UniversitaetwWien [Vienna] establishedn Austria.

3. UniversitaetKaiserslauteriKaiserslautern] establishedn Germauy.
4. CentreNationaldela Recherché&cientifiqugOrsay-CNRS]  establishedn France.

5. Kungl. TekniskaHogslolan[Stockholm] establishedn Sweden.
6. TechnischaJniversitaetBerlin [Berlin] establishedn Germauy.

7. Istituto Nazionaleperla FisicadellaMateria[Naples-INFM]  establishedh Italy.

Part B - The Joint Programme of Work

1 Project Objectives

The largely unexplored domainof interference entanglemenand decoherencén QuantumComple Systems
(QUACS), namely molecular quasimoleculaand condensednedia, will be researchedby the Participants. The
unifying themesof the network are: (a) interferometricandprobe-scatteringharacteristicef matterwavesandtheir
entanglemenn QUACSandthe hamperingf thesecharacteristicby decoherencdp) active controlof decoherence
and entanglemenin QUACS by electromagneti¢dEM) fields. Progressalongtheselines will be accomplishedy
collaboratve experimental-theoretitatudiesstriving towardsthe following objecties:

Objective A. Theoretical and Diagnostic Approachesto Entanglementand Decoheencein QUACS: Al)
Dynamical approachto entanglementand decoheence: Thesoughtnovel approacho decoherencwiill consistin
dynamicallyanalysingthe evolution of information (QI) flow betweenthe systemandits reserwir, allowing for the
correlation(*memory”) timeor spectal responsef thereseroir. A2) Characteristics of internally-translationally
entangledwavepackets: Thenetwork will studythe propagation of sud wavepakets,their informationflow andits
redistrilution whentwo suchwavepacletsbecomesntangledy variousmedhanismgseeObjective D).

Objective B. Developmentof Matter-Wave Interfer ometry for QUACS:. Experimentabndtheoreticainvesti-
gationsof innovative interferometergor matterwavesof complex systemswill bethefocusof this objectve. It will
encompassB1) a laserbasedinterferometefor moleculardimers;B2) aninterferometeifor macromoleculesB3)
mesoscopiandsuperconductingolid-statdnterferometergfor chagedquasiparticlesr Cooperpairs). Thesestud-
ieswill strive for the ultimategoal of matterwaveinterferencewith contolled entanglementf internal and external
(translational)states.

Objective C. Probe Correlationsin QUACS and their Implications: The network will undertalk to charac-
terize the probe-scatteringspecta and their statistical correlationsfor bi-particle or multiparticle systems This
theoreticalanalysiswill helpto interpretthe sub-femtosecongrobing of proton entanglemengffectsunderambient
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conditionsin molecularandothercondensednedia,primarily by neutronscattering.ln particular the possibility of
protonentanglemengffectsin biologically or biochemicallyactive substancewill beinvestigated.

Objective D. Strategiesfor Manipulating Decoheenceand Entanglementin QUACS: A collaboratve effort
involving mostpartnerteamswill consistin theoreticallydevelopingandexperimentallyimplementingnen manipu-
lation stratgies, basedon appropriatelydesignedEM controlfields. Two goalswill be pursuedn this contet. D1)
Entanglement “engineering”: The network will considerhow to constructthe desiredentangledstateof a given
QUACS via Hamiltoniancontrol. D2) Decoheencecontrol: This goalwill be pursuedvia frequentmeasurements
or field-inducedAC-Starkmodulationof the system-resenir coupling,so asto yield eitherthe acceleratioror the
inhibition of decoherence.

2 Reseach Methods

A. Theoretical Methods (Stockholm, Orsay, Weizmann,Vienna):.
For multi-level systemsandinternally-translatianally entangledvavepacletscoupledto arbitrary reserwirs, numer
ical or approximatedsolutionsof couplednon-Marlovian equationswill yield the decoheenceand adiabatictime
scalesfor the pertinentobserables. Thesesolutionsandthe space-timalependentlow of QI will sene to analyse
thetransitionfrom unitarity to classicality

B.1. Laser-BasedInterfer ometry of Dimers and Entanglement. (i) TheKaiserslautem groupwill useahigh-
vacuummolecularbeamanddeveloplaserfrequenyg stabilization,aimedat achiezing long coherencéimes,in order
to implementSTIRAP-basednatterwave mirrorsandbeamsplittersfor dimers.Theseelementswvill subsequentlpe
combinedinto a molecularmatterwave interferometer (ii) Feasibility studiesof entanglingpairsof moleculeswill
attemptto replacethe coherenpumplaserin the STIRAP-basedeamsplitterby a quantizednodeof a moderate-Q
resonatoexternallydrivenby anoptical parametricoscillator(OPO).(iii) Thefeasibility of transferingentanglement
from dissociatednolecularfragmentgo two photonsn high-Q) cavities or to correlatedight beamswill be examined
(Weizmann,Kaiserslautem). (iv) Thefeasibility of preparingentangledlimerstatesusingfield-inducednteractions
will beinvestigated.

B.2. Interfer ometry of Polyatomic Molecules. The experimentglannedn Viennawill beaimedat developing
novel sourcesof slow (thermo-labile)moleculesin internally-coldstates. Part of the studieswill recurto the laser
desorptiortechnique®f massspectroscop but with neutralratherthanchagedparticles.Methodsof coherenfield-
inducedinterferometry(beam-splittersand interferometersvill also be explored, with help from Kaiserslautem.
The useof lithographicgratingswill be explored. Controlledcouplingto the ervironmentwill permitto studythe
operationall flow andpossibleinternal-translatiosl molecularcorrelationgwith Orsay, Weizmann).

B.3. Interfer ometry in Superconducting and MesoscopicStructur es. The Weizmann (experimental) group
will develop new high-visibility electroninterferometers.Theseinterferometersvill be usedto testeffectsof con-
trolled dephasingf correlatednesoscopisystemg“which path” experiments).The possibility of electronentangle-
mentin superconductingnd/ormesoscopistructureswill be sought(by Weizmann/Delft, Viennaand Naples.

C. Proton Entanglementin CondensedMedia. Most of the Berlin experimentgin partialcooperatiorwith the
subcontractortlppsalaandISIS) will emplgy the neutronComptonscattering NCS)technique.Theseexperiments
will be mostly performedat the ISIS facility, UK. Their analysis(with help from Orsay, Weizmann and Vienna)
will searchfor possibleeffectsof decoherencandentanglemenin variousenvironments.

D. Entanglementand DecoheenceControl. D1. Electromagnetidields andfield-inducedinteractionswill be
investigatechsa meansf entanglemenanddecoheencecontol of multilevel or multi-atomsystemsandinternally-
translationallyentangled(atomic or molecular)wavepaclets (Orsay, Weizmann, Vienna). D2. Non-holonomic
controlof Rydbeg dimer statesby RF variationof the Starkfield will be attemptedOrsay). D3. The Naplesgroup
will work on the novel high-T superconductity (HTS) w-junctions, striving for reductionof decoherencén «-
junctionloops. D4. Feasibility studiesof circuits comprisedof w-junctionloopsand/orsemiconductomesoscopic
structurewill be orientedtowardsentanglemenanddecoherenceontrol (Naples,Stockholm, Weizmann/Delf).

Thechartbelowv (Fig. 1) indicatesthetopical structureof collaborationwithin the network.
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Figurel: Structureof collaborationwithin the network.

3 Work Plan

e Scheduleand Milestones

Notes: (a) The threeworkpackagegWP) are divided into specifictasks. (b) The milestonespertainingto each
taskaredenotedoy M; | or Il - indicatemilestonesaimedat beforeor afterthe midtermreview. (c) Firstteamlisted
in eachtaskis the oneresponsibldor it. (d) Obj. — denoteghe pertinentprojectobjective. (e) RM — denoteghe
pertinentresearchmethod.(f) The barlengthindicatesthe scheduldor the milestong(aimedto be achiaved).

Yearl | Year2 | Year3 | Year4

WP1: Theoretical and Diagnostic Tools
Task1.1Dynamical QI flow to resewoirs/continua (Obj. Al,
RM A) (Stockholm, Orsay, Vienna, Weizmann)

M1.1.1.1l Space-timescalesof QI flow, decoherencand
gquasiadiabaticity
Taskl.2Inter nally-translationally entangledwavepackets
(Obj. A2,D; RM A,D1)
M1.2.11 QI flow, entanglemen& decoherencéVienna,
Weizmann, Orsay, Stockholm, Kaiserslautem)

Page3 of 9



QUACS

Yearl

Year2

Year3

Year4

WP2: Interfer ometry and Probe Scattering

Task2.1Dimer interferometry (Kaiserslautem, Weizmann)
(Obj. B1; RM B1,D1)

M2.1.1.1Molecularbeam-splitte& mirror

M2.1.2.1Feasibilityof entanglementransferfrom dissociated

dimersto high-Q) cavity fieldsor correlatecheams
M2.1.3.1Feasibilityof molecularOPO-basedhterferometer

M2.1.4.11 Molecularinterferometry

M2.1.5.11 Interferometricsignhature®f entanglemen& decoherence

Task2.2 Macromolecular interferometry (Vienna,
Kaiserslautem, Weizmann, Orsay) (Obj. A1,A2,
B2; RM B2)

M2.2.1.1 Slow-beamsources

M2.2.2.1Beam-splitter& interferometers

M2.2.3.11 QI flow analysis

M2.2.4.11 Lithographicgratings

Task2.3Mesoscopidnterferometry (Weizmann, Delft,
Stockholm, Vienna) (Obj. B2,D1;RM B3,D1,D3,D4)

M2.3.1.1 Constructiorof high-visibility interferometers

M2.3.2.11 Controlled-dephasingxperimentsand

investigationof entanglement
Task2.4 Neutron scattering by correlated/entangledprotons
(Berlin/Uppsala/ISIS, Weizmann, Orsay, Vienna)
(Obj. C; RM C)
M2.4.1.1Protonentanglemerdanddecoherence solids

M2.4.2.11 Entanglementdf H and/orC atomsin organicmaterials

M2.4.3.11 Feasibilityof H entanglemengffectsin biological DNA
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Yearl

Year?2

Year3

Year4

WP3: Engineering/Control of Entanglement
and Decoheence
Task3.1Theoretical developmentof entanglementcontrol
(Orsay, Kaiserslautem, Weizmann) (Obj. D1,
RM D1,D2)
M3.1.2.1Entanglementontrolandtransferin complex (multi-level
or multi-particle)systems

M3.1.3.11 QI processingn complex systems

Task3.2 Theoretical developmentof decayand
decoheencecontrol (Weizmann, Orsay, Delft)

(Obj. D2; RM D1,D2)
M3.2.1.1Phase-amplitudmodulation& non-holonomicontrol
M3.2.2.11 Controlof decoherencanddecayin multi-level systems
Task3.3Exploration of entanglementand decoheence

control in moleculesand multi-atom/multi-pr oton

systemgOrsay, Kaiserslautem, Weizmann,Vienna,

Berlin) (Obj. B1,B2,D1,D2;RM B1,B2,D1,D2)
M3.3.1.1Feasibilityof entanglementontrolin dimersvia optical

fieldsandfield-induceddipole-dipole)interactions
M3.3.2.1l Feasibilityof entanglementontrolin Rydbeg dimers
M3.3.3.1l Feasibilityof decoherenceontrolin dimersand
polyatomicmolecules
Task3.4 Exploration of superconducting and/or semiconducting
structur esaimed at entanglementand decoheence
control (Naples/\\Aeizmann, Delft, Stockholm)

(Obj. B2,D1,D2;RM B3,D3,D4)
M3.4.1.1Technologiedor HTS junctions(Naples)

M3.4.2.11 Engineeringof HTS circuits/mesoscopistructures
(Naples/Me&izmann)

M3.4.3.1l Feasibilityof entanglemeranddecoherenceontrolin
superconducting/mescofc structuregWeizmann/Delft)
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e Reseach Effort of the Participants

Professionatesearcteffort on the network project

Youngresearchers Researchers Researchers
Participant befinancedby the to befinanced likely to contritute
contract from othersources to theproject
(person-months) | (person-months)| (numberof individuals)
(a) (b) (©)
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, the Netherlandswill actassubcontractoto the Weizmannnode.Mutual visits of the seniorstaf and
long secondmentsf youngresearcher@up to 10 months)will be usedfor joint researctandtraining,aspertasks2.3
and3.4. Budgetervisaged:Eur 10240(in additionto the secondments).

(b) Uppsala, SwedenandlISIS (RutherfordAppletonLah.), UK, will actassubcontractorto the Berlin node. Ex-
tensve mutualvisits will beusedfor joint work on Tasks2.4and3.3. Budgetervisaged:Eur 10000.

(c) During thecourseof the contracta subcontractnaybe concludedetweerBerlin andLund, Swedento perform
work relatedto Task3.3. Priority will begivento the network youngresearchers.

4 Organisationand Management

A. Thecoordinatowill closelymonitor (by e-mail,phoneandsemi-annualrips) the actiities of eachteam.

B. Thedesignatiorof aresponsibléaeamfor eachjoint task(Sec.3) will facilitatetheir coordination.

C1. Thetheorygroups(at Kaiserslautem, Orsay, Stockholm, ViennaandWeizmann) will teamupin theface
of thechallengingWP1. Thedemandingasks1.1-1.2will bejointly researchetly thesegroups.

C2. Eachexperimentalteamwill have oneor moretheoreticalgroupsasactive partness in the designof exper
imentsandtheir analysis:i) Task 2.2 The Vienna group (with theoreticalinvolvementof Orsay andWeizmann)
will work with Kaiserslautem. ii) Task 2.3 The Weizmann (exp.) group (with theoreticalinvolvementof Weiz-
mann/Delft and Stockholm) will beassistedby theViennagroup;iii) Task2.4: TheBerlin/Uppsalawill beassisted
by thetheoreticalgroupsof Weizmann, Orsay andpossiblyVienna. iv) Tasks3.2-3.3 Theclosesharingof experi-
mentaldesignandtechniquess ernvisagedby Orsay, Kaiserslautem, ViennaandBerlin/Uppsala (with theoretical
involvementof Weizmann/DelftandOrsay). v) Task 3.4 TheNaplesgroupwill betheoreticallyassistedy Stock-
holm andWeizmann/Delft

D. Thehighestevel of controlovertheresearctandtrainingaspect®f the network will beexecutedoy a Steering
Committee consistingof the scientists-in-chge from all nodesand representaties of the young researchersat
the annual network conferences Shouldthe needarise,extraordinarymeetingsof the SteeringCommitteewill be
summoned.The network progresswill be assessetly the SteeringCommitteebasedon the succes®f recruitment,
mutualvisits of participantsandexchange®f youngresearcherbetweemodesaswell asthe scopeof collaboration
andthe numberof joint publications.

E. The participationof all the youngresearcherat the annualnetwork meetingswill be stronglyencouragedy
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the coordinatorandthe steeringcommittee aspartof their responsibilitiedor thetraining of youngresearchers.

F. Oneof theseannualmeetingswill includethe midtermreview, atwhich progresdowardsthe milestonedisted
in Sec.3 will beevaluated.If neededthesemilestonesnd/orthescheduldor theirattainmenivill thenberedefined.

G. Network progresseportsandjoint publicationge.g.,in PhysRev., Phys Rev. Lett., EurophysLett., Opt.Com-
mun.,J. Opt. B, EurophysJ.)will consolidatecollaborationandensurethe effective disseminatiorof theresults.

H. The publicationof a focusissue/eview of the network researchn a Europearjournal (e.g.,J. Opt. B; Euro-
phys.J.; Z. NaturforschungPhys.Rep.)will beof high priority.

Thechartbelown (Fig. 2) indicatesthe anticipatedbrganizationandinteractionsn the network.

(Coérdinator)

Figure2: Organizatiorandmanagemergtructure.
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5 Training

e Appointment of Young Reseachers

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

Youngresearchert befinancedoy the contract
Youngpre-doctoral| Youngpostdoctoral| Total (a+b) Scientific
Participant researchert be researcher® be specialities
financedby the financedby the in which
contract contract training will
(person-months) | (person-months) be provided
(a) (b) (©) (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 outlinedin the Training
Programmebelaw; (ii) extensve adwertisingof availablepositions. The adwertisingwill be undertakn, by the coor
dinatoraswell ashy the otherparticipantsyia availableelectronicmailing lists, websiteadwertisementandposters
distributedamongphysicsandchemistrydepartmentandconferencezenues Websiteadwertisingwill bemadee.g.,
throughTIPTOR, AssociationBernardGregory, JOST WORKInOPTICS.com.

B. Typicallengthsof appointmentsvill rangefrom 1 to 2 yearswith the exceptionof Vienna,wherea44-month
long appointmentwill be sought. Shorterappointmentswill be discouragedunlessthey arein the frameavork of
short-termexchangedetweerparticipants.

C. In caseof recruitmentdifficulties experiencedy ary of the participantsa specialeffort will bemadeto direct
thereone or more young researcherfrom other nodes,as part of the rotation policy (seebelaw). As lastresort,
redistrilution of fundsmaybe consideredy the SteeringCommitteebeforethe midtermpoint.

D. Therecruitmentof youngfemaleresearcherwill be stronglyencouragedby the coordinatorandthe partici-
pantsanddiscussedt network meetings.The creationof a congenialspirit for maleandfemaleyoungresearchers
alike will becontinuouslypursuedy the coordinatorandthe participantsandwill beraisedat network meetings.

e Training Programme

1. Theoutstandingcollective expertise,complementarityand multi-disciplinarity of the participantteamswill be
exploitedto achieve thefollowing primary training objectives

a) train youngtheoristsin a broadrangeof techniquepertinentto in-depth,quantitatve analysisand control of
entanglemenanddecoherencen comple systems;

b) train youngtheoristsin close,active collaborationwith experimentalistsaimedat helpingthemdesignnew
experimentsandinterprettheir results;
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¢) train young experimentalistsn designing,building and operatingchallengingnovel setupsbasedupondeep
understandingf thetheoryandthe broadcontet of theissues;

d) helpyoungresearcheracquireexperiencen presentingheir scientificresults,undethe closescrutiry of their
peers.

2. Complementaryraining objectiveswill include:
a) theencouragemerdf tutoringandsupervisiorof Ph.Dstudentsy postdodrainees;
b) theinvolvementof postdodraineesn networking andprojectmanagement.

3. Theseobjectiveswill be pursuedhroughthe following means:

a) Long-term, 6-12 month-longexchangesof young researchersvill be strongly encouragedetweenall the
groups particularlyfor trainingon specialinstrumentssuchaslSIS (UK), theBraunSubmicronCenter(\Weizmann)
or thefacilitiesat Delft.

b) Short-termexchange®f youngresearchersl-4 month-long,will bestronglyencouragedh the frameavork of
the“r otation” policy amongall groups This policy is meantto ensurethateachyoungresearcheis exposedto and
participatesn asmary researchiasksaspossiblewithin thevariousfields of the network.

c¢) Eachvisiting youngresearchewill beassigne@mentor to provide bothadministratie andscientificguidance.

d)Theannualnetwork meetingwill beheldin the YoungEuropearResearcheiormat,with oral presentationby
theyoungresearchersThe scientistdn chagewill provide tutorials/averviews.

e) Winter or SummerSchoolswill be organizedfor theoreticalandexperimentalraining, with lecturesgiven by
well-knowvn expertsin pertinentfields. Discussionsessionsseminarsandposterswill be givenandorganizedby the
youngresearchers.

f) Eachparticipantwill berequestedby the coordinatorto sendthe youngresearcherto conferencessummeror
winter schoolsandworkshops.Theresultingpresentationitles will beincludedin theannualreportanddiscussedt
theannualnetwork meetings.

4. Multidisciplinarity is at the heart of the QUACS network, encompassingi) quantumdynamics,opticsand
information; (ii) moleculeprobingandmanipulationby electromagnetidields or neutronscattering;(iii) transport
manipulationin superconductorandsemiconductorslt will be inherentin boththe individual training programme,
dueto the collaborative component®f the experimentalandtheoreticattasks,aswell asin the network-wide train-
ing. Thelong-termandshort-termexchangegthe “rotation” policy explainedabove) will by necessityexposeeach
youngresearcheto a broad variety of scientificdisciplines. The multidisciplinaryknowledgethusacquiredwill be
systematize@ndconsolidatediuringtheannualnetwork conferences.

5. Connectiongo industrymay develop in the courseof the network activity from the contactshat alreadyex-
ist betweenindustryand serseral of the teams,shouldthe network identify topics of promisingR&D collaboration.
Activities relatedto entanglementlecoherenceontrolandmatterwave interferometryin moleculesandsolid struc-
tureshave a potentialfor technologicalapplicationshencethe prospectdor industrial collaboration. Shouldthese
prospectsnaterialise youngresearchersviill be stronglyencouragedo take partin bothtechnicalandcommercial
aspectof suchcollaboration.
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