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Scatteringresonancesbetweenultracoldatoms
andmoleculesobservedforthefirsttime

WiththesupportbytheNationalNaturalScienceFoundationofChina,theNationalKeyR&DProgram
ofChina,andtheChineseAcademyofSciences,theresearchteamledbyProf．PanJianWei(潘建伟)and
Prof．ZhaoBo(赵博)attheUniversityofScienceandTechnologyofChinahavesuccessfullyobserved
scatteringresonancesbetweenatomsand moleculesatultralowtemperatures,sheddinglightonthe
quantumnatureofatomＧmoleculeinteractions．ThisworkwaspublishedinScience(２０１９,３６３:２６１—２６４)．

Quantum computationandquantum simulationholdsthepromisetosolvethehardproblemsthat
classicalcomputerscannotsolveefficiently．Intheresearchfieldofchemicalphysics,calculatingtheatomＧ
moleculeormoleculeＧmoleculeinteractionpotentialenergysurfaceandsimulatingthecollisionaldynamics
underthesepotentialenergysurfacesbelongtothiskindofproblem．Intheory,describingthepotential
energysurfacerequiressolvingtheSchrödingerequationinvolvingmanyelectronsandnuclei,whichis
notoriouslydifficultduetotheelectroncorrelations．Many powerfulnumerical methodshavebeen
developedtocalculatethepotentialenergysurface．Thesemethodsareverysuccessfulincalculatingthe
potentialenergyfaceofthesmallmoleculesystem．However,forheavymoleculeswithmanyelectrons,
thetheorycannotgiveareliablepotentialenergysurfacethatcanbeusedtosimulatethecollisionand
reactiondynamics．

Theimportantinformationofthepotentialenergysurfacemaybeobtainedbymeasuringthescattering
resonancesbetweenatomsandmolecules．Thescatteringresonancesarethemostaccurateandglobalprobe
ofthepotentialenergysurface,whichcanbeusedtoconstructanempiricalmodelofthepotentialenergy
surface．However,scatteringresonancesareaquantum phenomenon,which will manifestitselfat
ultracoldtemperatures．Inrecentyears,withthedevelopmentofultracoldatomsandultracoldmolecules,
wellＧcontrolled moleculescan beprepared byassembling ultracoldatoms．However,observingthe
scatteringresonancesinthesemoleculesystemsremainschallenging．TheresearchteamattheUniversity
ofScienceandTechnologyofChinapreparetheultracold２３Na４０K moleculesintherovibrationalground
stateandmixthem withthe４０Katoms．Bytuningthemagneticfield,theyvarytheenergydifferences
betweenthetrimerboundstatesandtheatomＧmoleculescatteringstate．Theysuccessfullyobserved１１
resonantlyenhancedlossfeaturesinthemoleculelossspectrum．Theseresonancesprovideimportant
informationoftheshortＧrangeportionofthepotentialenergysurfacebetween２３Na４０Kand４０K,which
contains４９electronsand３nucleiandthusistoocomplextobecalculated．

Figure　IllustrationofmagneticallytunableatomＧmoleculescatteringresonances．


