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1.  Four-quark state in constituent quark model 

Nature 498, 280 (2013)



QCD is the Theory of the Strong Interaction
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Spin-independent interaction(Coulombic + linear confinement)

Spin-dependent interaction(color magnetic spin-spin 

interaction between the quarks(one gluon exchange))



is kept together by hadron exchange forces (two-

gluon exchange forces, or one-pion exchange  

forces)



Hadrons are in color singlet,                may mix with

four-quark state may mix with normal q anti-q meson

+……



2.  QCD sum rule 

M.A.Shifman, A.I. Vainshtein and V.I. Zakharov, Nucl. 

Phys. B147, 385(1979)





Continuum contribution approximation

Duality relation!



To extract reliable information of the resonance





Light four-quark state

Heavy-light four-quark state with one heavy quark





Chun-Yu, Yong-Lu Liu and Ming-Qiu Huang,  Phys.Rev. D85, 

074014(2012)

and 



All the currents may mix with each other under renormalization

T. Schafer, Phys. Rev. 

D68, 114017 (2003) 

Four quark in operator picture → Diquark in 

constituent quark picture? ? ? 



Coupling

The coupling is a coupling of a current with a 

hadron

instead of a current quark with a constituent 

quark

The interpolating current is in color singlet, 

while the quark inside has color

Can the quark operator with color create 

Fock state directly?



1, In view of the sum rule approach, the internal 

color structure of multi-quark state can not be 

detected through the couplings of interpolating 

currents to hadrons

2, In principle, there is no direct way to turn the 

operator picture into the constituent quark picture

3, Diquark: meaningful in constituent quark picture;

Not meaningful in operator picture in the framework 

of QCD sum rules



B.L.  Ioffe, 

Baryon sum rules

Interpolating currents: Color SU(3), Flavor SU(3),  Lorentz

Unique way for baryons color structure,  different ways for 

the flavor and Lorentz structure 



Y. Chung, H.G. Dosch, M. Kremer and D. Schall



Diquark + QCD sum rule 

Ailin Zhang, Tao Huang and Tom Steele,  Phys. Rev. D76, 

036004 (2007)

qq:   400  MeV

qs:   460  MeV

With spin-dependent interaction switched on

0
++ 

four-quark state

0
+

qq or qs diquark

~610  MeV

~490  MeV

~730  MeV



1
--

four-quark state

~490+B’
q

MeV

~610+B’
q

MeV

~730+B’
q

MeV



Cq diquark

R. T. Kleiv, T. G. Steele, Ailin Zhang and Ian Blokland,  

Phys.Rev. D87, 125018 (2013)

0
+
:   1.86 ±0.05  GeV

1
+
:   1.87 ±0.10  GeV

Bq diquark

0
+
,1

+
:   5.08 ±0.04  GeV

X(3872) and Y
b
(10890) are very possibly 

the J
PC

=0
++

tetraquark states



3. Candidates of four-quark state 

X(1860)

anomalous enhancement near the threshold of          

mass spectrum at BES III

J. Z. Bai, et al., (BES Collaboration), Phys. Rev. Lett. 91,

022001 (2003); Chin.Phys.C34, 421(2010)

pp

Light hadrons



/ , /  @ BESIIIJ J pp     

•31 •

Fitted with a S-wave BW, M=1861+6
-13 (stat)+7

-26 (syst) MeV/c2

G < 38 MeV/c2 (90% CL)



Charmonium-like





Eur.Phys.J.C71,1534 (2011)



Wolfgang Gradl, Talk at Charm2012



BESIII Collaboration, Phys.Rev.Lett,110,252001(2013)

M=3899.0 ±3.6 ±4.9 MeV

Γ=46 ±10 ±20 MeV

﹥ 8 σ



Confirmed by Belle and CLEO-c
Belle Collaboration, PRL,110,252002 (2013)

M=3894.5 ±6.6 ±4.5 MeV

Γ=63 ±24 ±26 MeV

﹥ 5.2 σ



Confirmed by Belle and CLEO-c
Two experiments have detected the signature of a 

new particle, which may combine quarks in a way 

not seen before--Eric Swanson

http://physics.aps.org/authors/eric_swanson


Confirmed by Belle and CLEO-c
CLEO-c results, PLB,727,366 (2013)

M=3886 ±4 ±2 MeV

Γ=37 ±4 ±8 MeV







BESIII Collaboration, Phys.Rev.Lett,111,242001(2013)



BESIII Collaboration, Phys.Rev.Lett,112,132001(2014)



Alternative explanations of the data exist that are based on less 

exotic quark-based interactions. One possibility is that the Zc is not 

a new particle but is an interaction between two D mesons. These 

D mesons are a combination of a charm quark with an up or down 

quark, so they give essentially the same quark content as in Fig. 

1(c). Some models predict that these mesons will be attracted to 

each other with sufficient strength to explain the data. The 

difference between this D meson interaction and a new four-quark 

particle is only a matter of degree, but future experiments studying 

how the D mesons interact might be able to settle the issue. From 

the theory side, continued efforts at solving QCD might reveal 

whether four or more quarks can naturally come together to form a 

particle. If the four-quark explanation is confirmed, our particle 

physics zoo will need to be enlarged to include new species. And 

our understanding of quark taxonomy will have expanded into a 

new realm



X, Y, Z ?



1. Four-quark state has been established? 

3. Theoretical study of four-quark state is 
not satisfactory, the principle (except for 
flavor,charge) of identification of four-quark 
state has not been established

2. The properties of the decays of four-quark 
state? The mechanism of hadronic decays of 
four-quark states?

4.  Conclusions and discussions

4.Reasonable way to study multi-quark states 
in QCD ? Lattice theory?
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Thanks!


