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HelicalstateinGe/Sicore/shellnanowire

Recently,in collaboration with Prof．Ishibashiat RIKEN,Japan and Prof．Liberat Harvard
University,USA,theresearchteamledbyProfessorSunJian(孙健)attheHunanKeyLaboratoryof
Super MicroＧstructureand Ultrafast Process,CentralSouth University,reportedtheexperimental
observationofthehelicalholestateintheGe/Sicore/shellnanowire．TheresultwaspublishedinNano
Letters(２０１８,１８(１０):６１４４—６１４９)．

Ahelicalstate,exhibitingspinmomentumlocking,ispredictedtoemergein１Dballisticsemiconductor
nanowires(NWs)possessingstrongRashbaspinＧorbitinteractionunderanappropriateappliedexternal
magneticfield．SuchahelicalstateisakeyingredientfortherealizationofMajoranazeromodes,andhas
applicationforspinfiltering,andCooperpairsplitters．Adistinctexperimentalsignatureofthehelical
stateisareＧentrantconductancegapfeatureatthe２e２/hconductanceplateauasdifferentportionsofthe
banddispersionareprobed．Recentlythehelicalstatehasbeenexperimentallydetectedintheelectron
systems,e．g．inthelowestsubbandofInAsandInSbNWs．

Holesystemsofferseveralpotentialadvantagesforspintronicsandquantuminformationprocessing
application,e．g．havinganeffectivespinof３/２,andstronglycoupledmomentumandspin,whichenable
pureelectricspin manipulation．Additionally,holespinlifetimescanbesignificantlyprolongedinthe
presenceofconfinement．

Ge/Sicore/shellNWsareapromisingmaterialsystemtoinvestigatehelicalholestates．Owingtoalarge
valancebandoffsetofabout０．５eVbetweenGeandSi,holesarenaturallyaccumulatedintheGecoreand
stronglyconfinedbytheinterfacewiththeSishell．ThedopantＧfreegrowthleadstothehighmobilitywith
themeanＧfreeＧpathupto５００nm．Inaddition,bothGeandSilacknuclearspinwhichthroughhyperfine
couplingisthetypicalleadingcontributortothelimitofspincoherencetimesforIIIＧIV basedqubit
devices．Moreimportantly,astrongdipoleＧcoupledRashbatypeSOIispredictedinGe/SiNWsasaresult
ofthequasiＧdegeneracyinitslowenergyvalencebands．Prof．Sunandhiscollaboratorsexperimentally
detectedsuchhelicalstatesinaholesystem,i．e．inaquantumpointcontactformedinaGe/Sicore/shell
NW,whichhasbeenmeasuredasareＧentrantconductancefeatureonconductanceplateausobservedat
integermultiplesof２e２/h．ThehelicalspinＧgapfeaturehasbeenfurtherconfirmedbybothmagneticfield
dependenceandangulardependence,from whichtheyalsoextractedastrongspinＧorbitenergyEso＝２．１
meVandlargeLandégＧfactorof３．６forthematerial．Theresultsshowedgoodagreementwithprevious
theoreticalpredictions．

Figure　SchematicsofthehelicalholegapinthebanddiagramandthecorrespondingreＧentrantconductancefeatureinthe１Ｇ
dimensionaltransportmeasurement．


