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SecondＧordertopologyandmultidimensional
topologicaltransitionsinsoniccrystals

WiththesupportbytheNationalNaturalScienceFoundationofChina,theresearchteamledbyProf．
LuMingHui(卢明辉)andProf．ChenYanFeng (陈延峰)attheNationalLaboratoryofSolidState
Microstructures,DepartmentofMaterialsScienceandEngineering,NanjingUniversity,hasrealizedthe
higherＧordertopologicalinsulators(HOTIs)intwoＧdimensional(２D)soniccrystals(SCs)．Thisworkwas
conductedincollaborationwiththegroupledbyProf．JiangJianHua(蒋建华)fromSoochowUniversity,
andpublishedinNaturePhysics(doi:１０．１０３８/s４１５６７Ｇ０１９Ｇ０４７２Ｇ１)．

Topologicalphasesofmattersupportgaplessedgestatesthatpromisetorevolutionizeapplicationsfrom
theuniquebackscatteringＧimmuneelectrontransporttophotonicsandacoustics．Morerecently,the
HOTIs,whichhostbothgappededgestatesandinＧgapcorner/hingestates,protectedconcurrentlybythe
bandtopology,havebeenintroduced,unveilinga new horizon beyondtheconventionalbulkＧedge
correspondence．However,thecontrolandmanifestationofbandtopologyinahierarchyofdimensions,

Figure　Gappededgestates(upperpanels)andinＧgap
cornerstates(lowerpanels)intheHOTI．

whichisattheheartofHOTIs,havenotyet
been witnessed and call for a decent
understanding．

ThequestforHOTIsisnotstraightforward,
astheexistingproposalsarebasedontightＧ
binding models with complex hopping
configurations,whichareunlikelytoberealized
inconventionalphotonicandphononicsystems．
Lu,ChenandJiangsgroupsteamedupand
proposedatopologicalcrystallineinsulatorbased
on sonic crystals with glide symmetries,
experimentallyrealizingtheHOTIthatsupports
gappededgestatesandinＧgapcornerstates．
Interestingly,thebandtopologyintheirsystem
ismanifestedinahierarchyofdimensions,that
is,inboth２Dbulkand１Dedges．Specifically,
bygappinga Diracpointin２D squareＧlattice
SCs,a bulk topological transition occurs．
Topologicaledgestatesemergeattheboundaries
betweenthetrivialandtopologicalSCs．The
underlying physics mimicsthe quantum spin
Hallinsulators, where the pseudoＧKramers
degeneracyisinducedbytheglidesymmetries

andthepseudoＧspinsareemulatedbyacousticorbitalangularmomenta．Whentheglidesymmetriesthat
inducethepseudoＧKramersdegeneracyarebrokenattheboundaries,theedgestatesaregapped,giving
riseto１DmassiveDiracacousticwaves．Remarkably,theDiracmassesofthe１Dedgestateshaveopposite
signsforedgesalongthexandydirections,leadingtoinＧgapJackiw—Rebbisolitonstates(i．e．,the
cornerstates)localizedatthecornerssharedbythoseedges．Moreover,theHOTIrealizedintheNature
PhysicspaperallowsedgetopologicaltransitionsbytuningthegeometryoftheSCs,which,combinedwiththe
bulktopologicaltransition,offersfascinatingwaystocontrolwavetransportinmultipledimensions．


