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Exotic mesons

• Charged Z: ~3900 (BES3), 4020 (BES3), 

4025(BES3), 4050(Belle), 4200(Belle), 

4250(Belle), 4430(Belle, LHCb)  

• X and Y: charmonia interpretation not 

excluded

• Z: at least 4 quarks, molecules? tetraquark? 

Cases to identify tetraquark possible 
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X(5568) in     

• D0 (1602.07588)
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• Quark content bsud, a possible tetraquark
(BK: ~200 MeV higher & W-T term=0; molecule not favored)

• If exists, can be a partner of the non-

confirmed DsJ(2632)  
(a tetraquark assignment can naturally interpret its abnormal decay 

into DK & Ds from PRD70,094009)

• Unfortunately, difficult to understand both 

low mass (many papers) and its production
(1603.03250 , Y. Jin, S.Y. Li, S.Q. Li)

• LHCb does not confirm it (no formal paper)

• A real challenge for theorists?

X(5568) in     
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Other tetraquark systems exist?

• Here:

(1)

Molecule  tetraquark since only short-

range gluon-exchange contributes

(2) 

LHCb observed 4 states in J/ channel

Simple color-magnetic interaction(CMI) model
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X’s in J/+ (cc+ss)
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LHCb new data: 1606.07895

Broader 4140
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Theoretical interpretations

• Charmonium?  Open charm decay channels 

dominate

• Two      states X(4140) and X(4274): not hybrids

(      )

• X(4140) as                 molecule not 

supported, but may be a cusp due to 

• X(4274) molecule and cusp not supported

• Dynamically generated resonances?

• Coupled channel effects?
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tetraquark?

(1) QSR, 1606.03179, Chen et al.:

X(4500) and X(4700) as D-wave tetraquarks

(2) QSR, 1606.05872,1607.00701, Wang: 

X(4500): first radially excited

X(4700): ground 

X(4140): diquark-antidiquark not favored

(3) Diquark-antidiquark model, 1607.02405, Maiani et al.: 

X(4140), X(4274): 1S multiplet;

X(4500), X(4700): 2S multiplet;

J^PC of 4274=1^++?
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(4) Diquark-antidiquark, 1607.02799, Zhu:

X(4140), X(4274):

X(4500):                radially excited 

X(4700):                radially excited 

(5) Rescattering mechanism, 1607.01385, Liu:

X(4140), X(4700): OK

X(4274), X(4500): genuine resonances, 4274 as

(6) Quark potential model, 1607.05570, Lu and Dong:

X(4140): ground tetraquark

X(4700): 2S excited tetraquark

X(4500):

X(4274): 

tetraquark?
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tetraquarks in CMI model

• Stancu in 0906.2485:

effective mi contains kinetic energy, Coulomb, confinement

• Diagonalizing the basis                    and           

with various spin combinations 

to get
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tetraquarks in CMI model

4140

4274
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• We use diquark-antidiquark picture, diagonalize

and                with various combinations to get 

• Because effective mass not well determined, several 

methods to estimate the tetraquark masses and check 

consistency (coupling constants from hadron masses)

• One of them: if we assume Y(4140) as the lowest          

tetraquark, the spectrum is estimated with

(Used to estimate Tcc mass in PLB721,56 Hyodo et al.)
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• Y(4274) as a tetraquark OK;

• X(4350) observed by Belle (also D0 and 

CMS?) probably a scalar state;

• More ground tetraquarks are possible

• X(4500) and X(4700) not ground 

tetraquarks

• Also: obtained         not always consistent 

with Stancu’s picture. Should be?
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tetraquarks?

• Pauli principle may work 

(again diquark-antidiquark picture)

Reference mass

18



tetraquarks?
Reference masses
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tetraquarks?

Lowest state is expected to be J=0 !

Reference masses
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Summary

• Lowest                   tetraquarks are scalars 

with attractive CMI

• Assignment for X(4140), X(4274), X(4350) 

as ground tetraquarks is consistent

• More tetraquark states expected to be 

announced
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Thank you very much

for your attention!
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