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Dynamicquantumphasetransitionsinquantumwalks

WiththesupportbytheNationalNaturalScienceFoundationofChina,theresearchteamledbyProf．
XuePeng(薛鹏)atBeijingComputationalScienceResearchCenter,reportedanexperimentonsimulating
dynamicquantumphasetransitionsinphotonicquantumwalks,whichwaspublishedinPhysicalReview
Letters(２０１９,１２２:０２０５０１)．

Topologicalphasesfeatureawealthoffascinatingpropertiesgovernedbythegeometryoftheirground
statewavefunctionsatequilibrium,buttopologicalphenomenaalsomanifestasnonＧequilibriumquantum
dynamicsindrivenＧdissipativeandFloquetsystems,aswellasinquenchprocesses．Thestudyofphase
transitionsliesatthecoreofthedescriptionofequilibrium statesof matter．Besidesconventional
continuousphasetransitionsthataresignalledbysymmetrybreaking,topologicalphasetransitions,
characterizedbythechangeoftopologyintheirgroundＧstatewavefunctions,haveattractedmuchattention
sincethediscoveryofquantum Halleffects．

Prof．Xue􀆳sgroupandtheircollaboratorsreportthefirstexperimentalstudyofdynamicquantumphase
transitionsusing discreteＧtimequantum walksofsinglephotons．Theysimulate manyＧbody quench
dynamicsbetween distinct Floquettopologicalphases using photonic quantumＧwalk dynamics,and
experimentallycharacterizedynamicquantum phasetransitionsandtheunderlyingdynamictopological
orderparametersthroughinterferenceＧbased measurements．Theirexperimentdirectly confirmsthe
relationbetweendynamicquantumphasetransitionsanddynamictopologicalorderparametersinquench
dynamicsoftopologicalsystems．Thisexperimentopensuptheavenueofinvestigatingdynamicsquantum
phasetransitionsandrelateddynamictopologicalphenomenausingquantumwalkdynamics,whoseflexible
controlpavesthewayforfuturestudiesinnovelcontextssuchasengineerednonＧunitarydynamics,with
decoherence,orinhigherdimensions．

Figure　(a)Experimentalsetupforthesimulationofdynamicquantumphasetransitionsusingquantumwalks．Pairsofsingle
photonsaregeneratedviatypeＧIspontaneousparametricdownconversion．Coinrotationsandconditionaltranslationsare
realizedbytwohalfＧwaveplates (HWPs)andabeam displacer (BD),respectively．FornonＧunitaryquantum walks,a
sandwichＧtypeHWPＧPPBSＧHWPsetupisinsertedtointroducethepartialmeasurement．Avalanchephotodiodes(APDs)detect
thesignalandheraldＧingphotons．(b)Phasediagramforquantumwalks．


