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Abstract:SincetheBaBarCollaborationannouncedanew hadron Y(2175)observedinthe

毤f0(980)invariantmassspectrumofe+e- 曻毤f0(980),bothBESandBelleconfirmedBaBar暞sob灢
servation.Meanwhile,thetheoristalsocarriesoutthestudytorevealtheunderlyingpropertiesof
Y(2175).Inthisreviewpaper,wegiveadetailedreviewofthepresentexperimentalandtheoreti灢
calstatuesofY(2175).IntermsofthepublishedexperimentaldataofY(2175),wealsodiscuss
thepossibilityofsearchingforotherenhancementstructuresafter2175MeVinthe毤f0(980)invari灢
antmassspectrum.
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1暋Introduction
Amongthe newly observed hadron states,

Y(2175)isanintriguinglighthadron,whichwas
firstreportedbytheBaBarCollaborationbyanaly灢

zingthe毤f0(980)invariantmassspectruminthe

processofe+e- 曻 毤f0(980)viainitial灢stateradia灢
tion (ISR)[1]. Later,the BES Collaboration
confirmedtheobservationofY(2175)byadifferent

Fig.1 (a)Theinvariantmassspectrumof毤f0(980)ine+e- 曻 毤f0(980)fromBaBardata;(b)theinvariantmassspectrumof

毤f0(980)inJ/氉曻毲毤f0(980)fromBESdata;(c)theinvariantmassspectrumof毤毿+毿-ine+e- 曻 毤毿+毿- fromBelle

data.
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processJ/氉曻毲毤f0(980)[2],andtheBelleCollab灢
orationalsoobservedY(2175)ine+e- 曻 毤毿+毿-

ande+e- 曻 毤f0(980)[3].Theenhancementstruc灢
tureY(2175)existingintheinvariantmassspec灢
trumof毤f0(980)or毤毿+毿- ,whichisreportedin
theabovethreeexperiments,isshowninFig.1
[1-3].

Inaddition,theexperimentalisttriestosearch
forY(2175)byitsotherdecayprocesses.Recently

theBESCollaborationreportedthatnoevidenceof
Y(2175)isseenbyanalyzingtheK*0煆K*0invariant
massspectruminJ/氉曻 毲K*0煆K*0[4].TheBaBar
Collaborationobservedanenhancementstructure
around2127 MeVinthe毤毲invariantmassspec灢
trumofe+e- 曻 毤毲viatheISR mechanism[5].In
Table.1,wesummarizetheexperimentalinforma灢
tionrelevanttoY(2175).

Table1暋 TheexperimentalmeasurementrelevanttoY(2175).Here,weuseunderlinetomarkthe

analyzedinvariantmassspectrumcorrespondingtotheexperimentalsearchforY(2175)

Experiment Channel Mass/MeV Width/MeV Remark

BaBar[1] e+e+ 曻毭ISR毤f0(980) 2175暲10暲15 58暲16暲20

BES[2] J/氉曻毲毤f0(980) 2186暲10暲6 65暲23暲17

BELLE[3] e+e+ 曻毭ISR毤f0(980) 2079暲13+79
-28 192暲23+25

-61

e+e+ 曻毭ISR毤毿+毿-

BES[4] J/氉曻毲K*0煆K*0 - - Noevidence

BaBar[5] e+e- 曻毭ISR毤毲 2127暲24 60暲50

暋暋AftertheBaBar暞sobservationofY(2175),

thetheoristisdedicatedtounderstanditsunder灢
lyingstructure.Inthefollowing,wewillgivea
systematicalreviewofthetheoreticalstudystatus
ofY(2175).InsectionIII,wewilldiscusswheth灢
erthereexistmoreenhancementsafter2175MeV
ofthe announced experimentaldata.Finally a
shortsummaryisgiven.

2暋 The Theoretical Explanationto
Y(2175)

SinceY(2175)isobservedine+e- annihila灢
tionviaISRmechanism,thequantumnumberJPC

ofY(2175)mustbe1-- .Thedecaychannel

毤f0(980)ofY(2175)indicatesthatY(2175)should
beofs焵scomponent.Intermsoftheaboveimpor灢
tantinformation,thetheoristtriestoexplain Y
(2175)fromthepointofviewoftheconventional

quarkoniumorexoticstate.
BeforetheobservationofY(2175),thereexist

twoestablishedstrangenium (s焵sstate)listedin

particledatagroup (PDG),i.e.,毤(1020)and

毤(1680),whichareofquantumnumbersn2S+1LJ

=13S1,23S1 respectively.Here,n,S,L,Jde灢
notetheradialexcitation,spin,orbitalangular
momentumandtotalangularmomentum,respec灢
tively.Ifexplaining Y(2175)asastrangenium
withthe higherradialexcitation,the possible

quantumnumberofY(2175)is23D1 or33S1since

themassesof23D1 and33S1 statespredictedina

relativizedquark model with chromodynamics[6]

areconsistentwiththatofY(2175)ifconsidering
theexperimentalerror.InRefs.[7-8],Barneset
al.oncestudiedthetwo灢bodystrongdecayofthe
strangenium with33S1 bythe3P0 model[9].The

massofthestrangenium with33S1isputas2.05
GeV,whichislowerthanthatofY(2175).Fur灢
therthepredictedtotaldecaywidthofthestrange灢
nium with33S1isabout380 MeV,whichshows

thatthestrangenium with33S1isaratherbroad

state[8].Thedominantdecay modesofthe33S1

statearepredictedtobeK* K* ,KK* (1414)and
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KK1(1273).ComparingtheresultinRef.[8]with
theexperimentalresultofY(2175),wecanfully
exclude33S1strangeniumassignmenttoY(2175)

sincethewidthofY(2175)isfarlessthantheob灢
tainedtheoreticaltotalwidthof33S1s焵sstate.

Testingthe23D1 s焵sassignmenttoY(2175)

wasperformedinRef.[10].DingandYanapplied
twoeffectivemodels,i.e.the3P0 modelandthe
fluxtube model,tocalculatethepartialdecay
widthandthetotaldecaywidthofY(2175).The
resultsobtainedunderthesetwomodelsarecon灢
sistentwitheachother.Thetotaldecay widths
fromthe3P0 modelandthefluxtubemodelare
167.21MeVand211.9MeV,respectively,which
arelargerthanthewidthofY(2175)tosomeex灢
tent.Themaindecaymodesforthe23D1s焵sstran灢
genium scenario are K煆K, K*K* , K(1460)K,

h1(1380)毲.
By the Resonance Spectrum Expansion

(RSE),theauthorsin Ref.[11]carriedouta
multichannelcalculationofexcited1-- s焵sstates.
TheincludedS灢andP灢wavetwo灢mesonchannels
comprisethelowestpseudoscalar,vector,scalar,

andaxial灢vector mesons,whileinthes焵ssector
boththe33S1 and23D1 statesarecoupled.The
numericalresultindicatesadynamicalresonance
polewhichisfoundat(2186-i246)MeV[11].Al灢
thoughthemasspredictedinRSEmodelisconsis灢
tentwiththatfromtheexperiment,thecalculated
widthishuge.AsindicatedinRef.[11],further
improvementsofthemodelareneededtothecalcu灢
lationofthepolemass.

Besides giving strangenium explanation to
Y(2175),theoristalsotriestoexploretheunder灢
lyingstructureofY(2175)fromthepointofview
ofexoticstate.Here,beforereviewingtheexotic
explanationrelevanttoY(2175),weneedtointro灢
ducetwopreviousexperimentalobservations:

(1)In2004,theBelleCollaborationreported
anenhancementnamedasY(4260)inJ/氉毿+毿-in灢
variantmassspectrumofe+e- 曻毭ISRJ/氉毿+毿- [12].
DuetothedifficultytoputY(4260)intothecon灢

ventionalvectorcharmonium,laterac焵cghybrid
stateexplanation to Y(4260)was proposedin
Refs.[13-15].

(2)In2007,theBelleCollaborationreported
thatthemeasuredwidthofY(10870)曻 毚(1S,2S)

毿+毿-is2—3orderlargerthanthoseof毚(nS)曻
毚(mS)毿+毿- (n=2,3,4andm<n )[16].Sugges灢
tionofY(10870)asab焻bcounterpartofY(4260)

wasproposedinRefs.[17-18].Thus,ifY(4260)

isac焵cghybrid,Y(10870)canberecommendedas
b焻bghybrid.

JustconsideringthesimilaritiesofY(2175),

Y(4260)andY(10870)(seeTable.2),onecanex灢
tendb焻bg and c焵cgto s焵sg,whichisrelatedto
Y(2175).ThedecaybehaviorofY(2175)asas焵sg
statewascalculatedinRef.[19]bythefluxtube
model.Thetotaldecay widthofY(2175)can
reachupto148.7MeV.Meanwhile,K*K*isfor灢
bidden.Combiningtheabovementioned23D1 s焵s
decaychannelsinRef.[10],Dingetal.indicated
thatsearchingforK* K* channelofY(2175)can
beasanimportantcriteriatodistinguishs焵sstran灢
geniumands焵sgexplanationstoY(2175).

Table2暋 ThecomparisonofY(2175),Y(4260),Y(10870)

andthecorrespondinghybridexplanation

States Y(2175) Y(4260) Y(10870)

Quantumnumber 1-- 1-- 1--

Decaychannel 毤毿+毿- J/氉毿+毿- 毚(1S,2S)毿+毿-

Hybridexplanation s焵sg c焵cg b焻bg

Besidess焵sgassignmenttoY(2175),areso灢
nancestateof毤K煆Ksystem wasproposedforex灢
plainingY(2175)[20].BysolvingtheFaddeevequa灢
tionsofdescribingthree灢bodyinteractionof毤K煆K,

theyobtainedaneatresonancepeakaroundatotal
massof2150 MeVandaninvariantmassforthe
K煆Ksystem around970 MeV,veryclosetothe
f0(980)mass,whichalsoexplainwhyY(2175)de灢
caysinto毤f0(980)[20].

WangstudiedY(2175)asatetraquarkstate
s焵ss焵sbyusing QCDsumruleandsuggestedthat
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theremaybesometetraquarkcomponentsinthe
stateY(2175)[21].Lateramoredetailedanalysisin
QCDsumrulewasperformed.InRef.[22],the
authorsstudiedthemassofthestateY(2175)of
JPC= 1-- intheQCDsumrule.Byconstructing
boththediquark灢antidiquarkcurrents(ss)(焵s焵s)and
themeson灢mesoncurrents (s焵s)(s焵s),theyfound
twoindependentcurrentsforbothcases,andde灢
rivedtherelationsbetweenthem.TheOPEcon灢
vergenceofthesetwocurrentsissufficientlyfast,

whichenablesustoperformgoodsumruleanaly灢
sis.BoththeSVZsumruleandthefiniteenergy
sumruleleadtoamassaround(2.3暲0.4)GeV,

whichisconsistentwiththeobservedmasswithin
theuncertaintiesofthepresentQCDsumrule.The
couplingofthefour灢quarkcurrentstothelower
lyingstatessuchas毤(1020)turnsouttoberather
small.ThepossibledecaypropertiesofY(2175)

werediscussedifitisatetraquarkstate.
Inaddition,a毇煀毇interpretationwasproposed

inRef.[23],whichissimilartothe毇c煀毇cbound
state assignment to Y(4260)as indicated in
Ref.[24].

InTable3,onefurthersummarizesthepossi灢
bleexplanationtoY(2175)justreviewedinthe
above.

Table3暋ThepossibleinterpretationsofY(2175)

Strangenium s焵s(23D1)

Hybrid s焵sg

Three灢bodysystem 毤K煆K

Molecularstate 毇煀毇

3暋DoThereExistMoreEnhancement
Structuresafter2175 MeVinthe
ExperimentalData?

BesidesY(2175),onecanfindanextraen灢
hancementaround2360 MeVinthe毤f0(980)in灢
variantmassspectrum.Asindicatedbythepre灢
liminaryresultgiveninRef.[25],thiscorrespon灢
dingenhancementstructure (namedasY(2360))

with2.5氁significanceisofmassm=(2360暲46)

MeVandwidth殻=(124暲105)MeV,whichisob灢
servednotonlyinBelledata[3]butalsoinBESda灢
ta[2].

IfputtingY(2360)intoconventionals焵sstate,

wecanfullyexclude33S1quantumnumberassign灢
menttoY(2360)duetothewidthofY(2360)

beingfarsmallerthanthatof33S1.Thusthemost
possiblequantum numberofY(2360)shouldbe
43S1 or33D1.Underconventionals焵sstatewith
higherradialexcitation,Y(2360)candecayinto

毤f0(980),毤毲,KK,KK* ,K* K* ,KK(1460),

KK1(1270),KK1(1400)andKK2(1430).
Thetheoreticalcalculationofthedecaybehav灢

iorisencouraged,whichwillbehelpfultoestab灢
lishY(2360)intheexperiment,especiallyinBE灢
SIIIwithalargedatabase.

4暋Summary

Inthisreview,webrieflyintroducetheexper灢
imentalobservationofY(2175),whichisanin灢
triguingnewhadronstateobservedbyBaBar,BES
andBelle.Theoristcarriedoutthestudyonthe
underlyingstructureofY(2175).Theexplanations
ofthestructureofY(2175)mainlyincludes焵swith
33S1,s焵sghybrid,K煆K毤systemand毇煀毇 molecular
state.Thus,furtherexperimentalandtheoretical
studyonhowtodistinguishtheexistedtheoretical
assignmentstoY(2175)isnotonlyaninteresting
topic,butalsoimportanttorevealtheunderlying
structureofY(2175).

Meanwhile,westillneedtotryourbestto
putY(2175)intotheconventionals焵sfamilybefore
givingtheexoticexplanationtoY(2175).Recently
BESresultannouncednoevidenceofY(2175)曻
K*0煆K*0[4],whichseemstoexcludes焵sghybridex灢
planation.Wenoticedthatthetheoreticalresultof
thedecaywidthofY(2175)under23D1s焵sstateis
largerthanthe measurementvalueofY(2175).
ExploringthestrongdecayofY(2175)underthe
assignmentofthe mixingof33S1 and23D1 s焵s
statesisencouraged,whichcanalleviatethediffer灢
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enceofthetheoreticalresultandtheexperimental
valueofthewidthofY(2175).

Consideringtheexistenceofthenewenhance灢
mentstructureY(2360)after2175inthe毤f0(980)

invariantmassspectrum,adetailedstudyofthe
underlying structure and decay behavior of
Y(2360)isnotonlyhelpfultoestablishthisnew
enhancement,butalsoimprovesourunderstanding
ofY(2360)combingwiththestudyofY(2175).

BESIIIexperimentwillprovideusagoodplat灢
formtofurthertesttheexistedtheoreticalexplana灢
tionandthepredictionofY(2175)andY(2360).
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Y(2175):一个在BaBar、BES和Belle实验上发现的新强子*

刘 翔1,2,1)
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摘暋要:BaBar合作组在e+e- 曻毤f0(980)衰变道的毤f0(980)不变质量谱上发现了一个新强子态Y(2175)。
随后,BES和Belle实验都相继证实了这一发现。与此同时,理论家们也对Y(2175)的内部性质进行了大量

的研究。本工作对目前 Y(2175)在实验和理论上的进展进行了详细的评述。同时,讨论了在 毤f0(980)不变

质量谱中的2175MeV以上能区寻找其它增长结构的可能性。
关 键 词:新强子态;奇异偶素;奇特态
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