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Entanglementofthreequantummemoriesvia
interferenceofthreesinglephotons

WithsupportbytheNationalKeyR&DProgramofChina,AnhuiInitiativeinQuantumInformation
Technologies,NationalNaturalScienceFoundationofChina,andChineseAcademyofSciences,the
researchteamledbyProf．PanJianWeiandProf．BaoXiaoHui(包小辉)attheUniversityofScienceand
TechnologyofChinareportsthegenerationandverificationofentanglementofthreeremotequantum
memories via threeＧphoton interference． This work was published in Nature Photonics on ２１
January２０１９．

Quantum networkinvolving entanglementof multipleremote quantum memories hassignificant
applicationsinmultiＧpartyquantumcommunication,distributedquantumcomputing,distributedquantum
precisionmeasurement,etc．AsaphotoncanactasaflyingqubitforlongＧdistancetransmission,itsuits
wellforconnectingdifferentquantummemories．ThusgeneratingphotonＧmemoryentanglementwithhigh
brightnessandfidelityisofsignificantimportance．

Pan􀆳steammakesuseofcoldatomicensemblesforquantummemoryharnessingitssuperiorityinterms
ofretrievalefficiencyandstoragelifetime．Theyplacetheatomicensemblesinsidearingcavitytoenhance
thephotonＧatominteractionandusethecavityitselfasafilter．Besides．TheyalsouseahighＧordermode
forthecavityＧlockingbeamtoreduceitsleakageintothesingleＧphotonchannels．Bytakingabovemeans,
thephotonＧmemoryentanglementcanbegeneratedefficiently．

Basedontheefficientsourceofentanglement,threepairsofphotonＧmemoryentanglementaregenerated
separately,thenthethreeflyingphotonsaresenttogetherforinterference(Figure)．Afterinterference,
bymakingprojectivemeasurementsonphotons１′,２′,３′anddetectingtheircoincidence,GreenbergerＧ
HorneＧZeilinger(GHZ)stateofthreeatomicensemblescanbecreated．Asaresult,theentangledstate
fidelityis０．７０９±０．０２６,exceedingtheboundof０．５by８standarddeviations,provingtheexistenceof
GHZstateamongthreequantum memories,whichisthelargestentangledstateofremotequantum
memoriesreportedsofarandpavesthewaytowardsbuildinglongＧdistancequantumnetworks．
Inthenearfuture,itisexpectedthephotonＧatomentanglementwillbegenerateddeterministicallyby

harnessingRydbergblockade,thememorylifetimewillbeextendedtosecondregimebyusingoptical
lattice,andthewavelengthwillbeshiftedtotelecom,whichtogetherwillenablethecreationofheralded
multiＧnodeentanglementoveralongdistancewithahighrate．

Figure　Experimentallayout．


