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EmulatingmanyＧbodylocalizationwith
asuperconductingquantumprocessor

WiththesupportbytheNationalNaturalScienceFoundationofChina,aninterＧinstitutionalresearch
groupcoＧdirectedbyProf．WangHaoHua(王浩华)atZhejiangUniversity,Prof．ZhuXiaoBo(朱晓波)at
theUniversityofScienceand TechnologyofChina,andProf．Fan Heng (范 桁)andProf．Zheng
DongNing(郑东宁)attheInstituteofPhysics,ChineseAcademyofSciencesrecentlyreportedaquantum
simulationexperimentbasedona１０Ｇqubitsuperconductingquantumprocessor,wheretheysuccessfully
emulatedthemanyＧbodylocalization (MBL)effect,anactivetopicincondensed matterphysics,and
observedthe MBL hallmark,i．e．,thelongＧtimelogarithmicgrowthofthesystem􀆳sentanglement
entropy．TheresultwaspublishedinPhysicalReviewLetters(２０１８,１２０:０５０５０７)．

MBLexistsindisorderedsystemsfeaturinginteractingparticles,anditviolatesthelawofstatistical
mechanics which statesthatclosed quantum manyＧbody systemsinitializedin nonequilibrium will
thermalizeundertheirowndynamics．Onquantumsimulationplatformssuchasopticallatticeandnuclear
spins,researchershavesynthesizedtheMBLphasebycontrollingthedisorderedpotential．However,the
entanglementpropertyof MBL,though widelyexploredtheoretically,hasnotbeenexperimentally
investigatedduetotheexperimentalchallengeinefficientmultiqubitquantumstatetomography．

Thequantum processorusedinthisexperimentintegrates１０transmonqubitsfeaturingresonatorＧ
mediatedqubitＧtoＧqubitinteractions,whichcanbemappedtoaninteractingmanyＧbodymodel．Bytuning
upthedisorderedpotential,acrossoverinphasesfromthermalto MBL wasidentified．Withstrong
disorder,thesystementeredintotheMBLphaseinwhichanyinitialinformationcouldberetained．More
importantly,withthefastandaccuratedetectiontechniqueforsuperconductingqubits,thehallmarkof
MBL,i．e．,thelongＧtimelogarithmicgrowthofentanglemententropy,hasbeendirectlyobservedforthe
firsttime．

Figure　ExperimentalprocessofemulatingMBLusingthequantumprocessor．Withstrongdisorderasimposedbythecontrol
sequence,thesystementeredintotheMBLphase,whoseentanglemententropyincreasedlogarithmicallyovertimeasprobed
byquantumstatetomography．

Thisexperimentalaccomplishmentbuildsuponaseriesofrecenttechnicaladvancementsachievedbythe
sameinterＧinstitutionalresearchgroup．Lastyear,usingsimilardevicestheresearchgroupreportedthe
generationofthe１０ＧqubitGreenbergerＧHorneＧZeilinger (GHZ)state,thelargestGHZentanglement
createdsofarinsolidＧstatesystems,andthehighＧfidelitymultiqubitcontrolledphasegateswithupto４
qubits．Alloftheseexperimentalresultslaysolidfoundationsforpreciselysimulatingtheintriguing
physicsofquantummanyＧbodysystemsontheplatformoflargeＧscalemultiqubitsuperconductingquantum
processors．


