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RealizationoftheantiＧparityＧtime
symmetryindiffusivesystems

WiththesupportbytheNationalNaturalScienceFoundationofChinaandtheBirdNestPlanofHUST,
theresearchteamledbyAssoc．Prof．ZhuXueFeng (祝雪丰)attheSchoolofPhysicsandInnovation
Institute,Huazhong UniversityofScienceandTechnology,demonstratedtheantiＧparityＧtime (APT)
symmetrywithheatconvectionintwocounterＧmovingchannels,whichwaspublishedinScience (２０１９,
３６４(６４３６):１７０—１７３)．

ParityＧTime(PT)symmetryensurestheeigenvaluesofthenonＧHermitian Hamiltoniantobereal
numberseventhoughthegainorlosshasbeenintroducedintothesesystems,whicharousesgreatinterests
inscientificcommunities．Inthepastdecades,PTＧrelatedphysicsandpotentialapplicationshavebeen
extensivelystudiedinwavesystems,includingoptics,acousticsandmicrowavesystems．However,APTＧ
relatedresearchisratherlackingbecauseitisdifficulttorealizetheimaginarycouplingsinwavesystems．

BeforetheyobtainedthebreakthroughofrealizingAPTsymmetryindiffusivesystems,Assoc．Prof．
Zhu􀆳sgrouphadwidelyinvestigatedthePTＧrelatedphenomenainacousticsandoptics．Theyhavestudied
theextraordinaryscatteringcharacteristicsanddesignedtheunidirectionallytransparentPTＧsymmetric
acousticcloaks,which waspublishedinPhysicalReview X,andstudiedtheanisotropicreflection
oscillationpatternsin periodic PTＧsymmetric multilayerstructures,which waspublishedin Optics
Express．AllofthesefindingsarealsosupportedbytheNationalNaturalScienceFoundationofChinaand

Figure　HeatconvectionintwocounterＧmovingchannels．

theBirdNestPlanofHUST．
CooperatingwithShanhuiFan􀆳sgroup

atStanfordandChengＧWeiQiu􀆳sgroupat
the National University of Singapore,
theyrecentlyprofoundlyproposedanew
routetorealizeAPTsymmetrywithheat
convection in two counterＧmoving
channels．Furtherly,theyexperimentally
demonstratedthespontaneoussymmetry
breaking in a phase transition from
motionlesstemperature profiles (APT
symmetricphase),despitethemechanical
motion ofthe background,to moving
temperatureprofiles(APTbrokenphase)．
Incontrasttothewavesystemsgoverned
bythehomogenousHelmholtzequations,
heattransferisdescribed bythe nonＧ
homogenousdiffusion equations． Thus the ratio of the heat exchange between two channels,
correspondingtothecouplingcoefficientinwavesystems,isimaginaryintheeffectiveHamiltonian．The
profoundphysicsandexperimentalresultsoftheScience􀆳sfindingswouldopenopportunitiesforusing
diffusivedynamicstostudyPTＧrelatedphysicsandprovideinsightsintothedevelopmentofcontrol
mechanismsinthebroadareaofnonequilibriummassorenergytransport．


