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EmergenceofacompleteheavyＧquark
spinsymmetrymultipletofseven

molecularpentaquarks

Figure　Thepredicted massesandspinＧparitiesof
theseptuplet．ScenarioA:thespinsofPc(４４５７)
andPc(４４４０)are３/２and１/２;ScenarioB:the
opposite．Thehorizontaldottedlinesdictatethe
experimentalstatesdiscoveredbyLHCb．

WiththesupportbytheNationalNaturalScienceFoundationofChinaandtheThousandTalentsPlan

forYoungProfessionals,theinternationalresearchteamledbyProf．GengLiSheng(耿立升)andProf．

ManuelPavonValderramaofBeihangUniversityproposedahadronicmoleculepicturetoexplainthelatest

LHCbdiscoveriesofthreenarrowpentaquarkstates,whichwaspublishedinPhysicalReview Letters
(２０１９,１２２:２４２００１)．

ThequarkmodelfirstproposedbyGellＧMannandNe􀆳emanin１９６４hasbeentremendouslysuccessfulin

explainingtheobservedhadrons (thesmallestparticlesobservedinnaturewhichinteractstrongly)．

Startingfrom２００３,aseriesofnewparticles,collectivelyreferredtoasXYZstates,suchastheX(３８７２)

andZc(３９００),havechallengedthenaïvequark modelandourunderstandingofthenonＧperturbative

strongforce,byunveilingtheexistenceofmultiＧquarkstates．In２０１５,theLHCbcollaborationreported

thediscoveryoftwopentaquarkstates,thePc(４４５０)andPc(４３８０),givingthefirstevidenceonthe

existenceofmultiquarkheavyflavorbaryons．In２０１９,theLHCbcollaborationsurprisedtheworldagain

bydiscoveringasplittingofthePc(４４５０)intotwostates,Pc(４４４０)andPc(４４５７),andanewnarrowstate

Pc(４３１２)．TheresearchteamofGengetal．demonstratedthatthesestatesmightbeboundstatesofa

charmedantimesonandacharmedbaryonandbelongtoamultipletofsevenmembersusinganeffective

fieldtheoryconstrainedbyheavyquarkspinsymmetry,whichfittheexperimentaldiscoveriesverywell．

Thismultipletisreminiscentoftheeightfoldway
by which GellＧMannand Ne􀆳eman organizedthe

thenobservedmesonandbaryonstatesintoSU(３)

multiplets．Here a beautiful parallelism can be

drawn．Whiletheeightfold waystemsfrom the

lightnessoftheup,downandstrangequarks,the

pentaquarkseptupletisgroundedontheheavinessof

thecharm quark．Iffutureexperimentsfindthe

missingmembersoftheseptuplet,theywillconfirm

thenatureofthesepentaquarkstatesandwemay
lookforwardtoacompletelynewperiodictable．
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