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Entanglementgeneratedfromchirality

Figure　QuantumcircuitsofgeneratingGHZstatesandtheirfidelities．

WithpartialsupportfromtheNationalNaturalScienceFoundationofChina,theresearchteamsledby
WangDaWei(王大伟)and WangHaoHuafromZhejiangUniversity,incollaborationwithZhuXiaoBo
fromthe UniversityofScienceand TechnologyofChinaandZheng DongNingfromtheInstituteof
Physics,Chinese Academy ofSciences,demonstratedtheinterplay betweenchiralityand quantum
entanglement,whichwaspublishedinNaturePhysics(http://doi．org/１０．１０３８/s４１５６７Ｇ０１８Ｇ０４００Ｇ９)．

InEinstein􀆳swords,entanglementisthe“spookyactionatadistance”,wherethemeasurementofone
particleinstantaneouslydeterminesthequantumstateofanotherremoteparticle．Notonlyhasitinitiateda
longtimedebateonthecompletenessofquantum mechanics,butalsoithasintriguedthefundamentally
securequantumcommunication．Thegenerationofanincreasinglylargenumberofentangledquantumbits
(qubits)iscentralforquantumcomputation,quantumsimulation,quantum metrologyandfoundational
studiesofnonlocalityandquantumＧtoＧclassicaltransition．

Inthisstudy,theauthorsrealizedtheentanglementofqubitsthroughchirality．Anobjectorasystem
haschiralityifitisdistinguishablefromitsmirrorimage．Lookatourleftandrighthands,althoughthey
aremirrorimagestoeachother,thereisnowaytotransformonehandtotheotherwithoutdisintegrating
andrebuildingit．FrenchscientistPasteurdiscoveredthechiralityofmoleculeswhenhemeasuredthe
variationofthepolarizationoflightpassingthroughasolutionoftartaricacid．Moleculeswithdifferent
chiralityareusuallycalledleftＧhandedorrightＧhanded．However,accordingtoquantum mechanics,chiral
statescannotbenonＧdegenerateeigenstatesofaparityＧconservingHamiltonian．Thisisincontradictiontothe
existenceofchiralmolecules—afactknownastheHundparadox．Theoriginofmolecularandbiologicalchirality
isconjecturedtoberelatedtoparityＧbreakinginteractionsorenvironmentaldecoherence,butaquantum
superpositionoftwochiralmolecularstateswithdistinctiveopticalactivitieshasneverbeenobserved．To make
progressinansweringthesequestions,itisimportanttoconstructanartificialquantumsystemthatbreaksthe
paritysymmetryandthatcanbepreparedinasuperpositionoftwochiralstates．

WangDaWeiand WangHaoHua􀆳sgroupsynthesizedtheparityＧbreakingantisymmetricspinexchange
interaction(ASI)inanallＧtoＧallconnectedsuperconductingcircuitcontainingfivesuperconductingqubits．
TheyshowedvariouschiralspindynamicsinthreeＧ,fourＧandfiveＧspinclusterswithtunableconfigurationsofASI．

Furthermore,theydemonstrated
athreeＧspinchirallogicgate
and entangled up to five
qubitsinGreenbergerＧHorneＧ
Zeilinger (GHZ)states,the
maximallyentangledstateof
the manyＧbodysystem．This
researchprovidesanew way
to generate entanglement,
helpstounderstandtheorigin
ofmolecularchirality,andis
promisinginquantumsimulation
ofmagnetismwithASI．


