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• Tetraquark states

meson-meson (c anti-c)—(c anti-c)

diquark-antidiquark (cc)—(anti-c anti-c)

• Hybrid (c c anti-c anti-c g)

• Coupled-channel interaction

• Triangle-singularities

• CUSP

……



 Our work   
Eur. Phys. J. C. 80, 1083 (2020) 

• Bound state calculation

meson-meson 

diquark-antidiquark

• Effective potentials

• A stabilization method (real scaling method)



1. Quark Models

(1) Quark delocalization color screening model (QDCSM)

• QDCSM was developed by Nanjing-Los Alamos collaboration in1990s 
aimed to multi-quark study.       (PRL 69, 2901, 1992)

• Two new ingredients (based on quark cluster model configuration)

quark delocalization (orbital excitation) 

color screening (color structure) 

• Apply to the study of baryon-baryon interaction and dibaryons 

deuteron, d*, NN, N, NΩ, …

• Apply to the study of baryon-meson interaction and pentaquarks

NK, Npi, Pc, … 

II. Fully heavy tetraquarks 
Eur. Phys. J. C. 80, 1083 (2020) 





(2) Chrial Quark Model (ChQM)

Provide the intermediate-range attraction by      meson-exchange.
Rep. Prog. Phys. 68, 965 (2005)

SU(2) ChQM: only      meson-exchange;

SU(3) ChQM: full scalar octet meson-exchange.
PRC 75, 034002  (2007)







2. Wave functions

The wave function of the four-quark system 

The meson-meson structure 

The diquark-antidiquark structure 



• Flavor wave functions

• Spin wave functions



• Color wave functions

Meson-meson structure Diquark-antidiquark structure 



3. Fully charm tetraquarks  

• Bound state calculation

 The energies are above the corresponding theoretical threshold in both two 
models with different sets of parameters.

 The channel-coupling effect is very small and cannot help much.
 There is no any bound states with the meson-meson structure in both two models. 

Meson-meson structure



 The energies of this configuration are higher than that of meson-meson configuration. 
 The effect of the channel-coupling is also very small in both two models. 

Diquark-antidiquark structure

Is there any resonance state because of the color structure?



 In ChQM, the minimum potential of each channel (except the first channel of IJ=00) 
appears at the separation of 0.3 fm, which indicates that two subclusters are not willing 
to huddle together or fall apart.  So each state is possible to be a resonance state. 

 In QDCSM, the results are similar. The minimum potential of each channel appears at 
the separation of 0.5 fm. So it is also possible for each channel to be a resonance state 
in QDCSM.

• Effective potentials



• A stabilization method (real scaling method)

J. Simon, J. Chem, Phys. 75, 2465 
(1981).



E. Hiyama, A. Hosaka, M. Oka, and J-M. 
Richard, Phys. Rev. C  98, 045208 (2018)

One resonance  at 4690 MeV







IJ^P=00^+: 6205 ~ 6270 MeV, 
6825 ~ 6975 MeV, 
7140 ~ 7170 MeV, 
7210 ~ 7260 MeV

IJ^P=01^+: 6740 ~ 7150 MeV, 
7250 ~ 7280 MeV

IJ^P=02^+: 6725 ~ 7050 MeV

X(6900) J^P=0^+
X(7200) J^P =0^+ or 1^+
X(6600) ?
X(6200), X(7100) J^P=0^+



4. Fully bottom tetraquarks  

IJ^P=00^+: 
19122 ~ 19344 MeV

IJ^P=01^+: 
19184 ~ 19354 MeV

IJ^P=02^+: 
19236 ~ 19374 MeV  



III. Fully heavy dibaryons 

1. Heavy-Antiquark-Diquark Symmetry (HADS)

Heavy diquark behaves as a heavy anti-quark from color freedom

Phys.Lett. B248 (1990) 177-180, Phys.Rev. D73 (2006) 054003



M. Liu, F. Peng, M. Sanchez and M. Valderrama, Phys. Rev. D 98, 114030 (2018).
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Phys. Rev. Lett. 123 (2019) 162003

2. Theoretical work of heavy dibaryons

• Deuteron like Heavy Dibaryons from Lattice Quantum Chromodynamics

The binding of these dibaryons becomes stronger as they become heavier in mass.

• Very Heavy Flavored Dibaryons

Phys. Rew. Lett. 124 (2020) 212001

Very heavy dibaryons with three charm quarks and three beauty quarks
bbbccc, cccccc, bbbbbb

no bound state is found

Bound states:

• Dibaryon with Highest Charm Number near Unitarity from Lattice QCD

Phys. Rev. Lett. 127 (2021) 072003

• Prediction of an Dibaryon in the Extended One-Boson Exchange Model

Chin. Phys. Lett. Vol. 38, No. 10 (2021) 101201

using a constituent model



3. Quark model study of fully heavy dibaryons

• Bound state calculation
Eur. Phys. J. C. 82, 805 (2022) 

 The dibaryon composed of six c or b 
quarks with J = 0 is able to be bound.

 The channel coupling between the 
color-singlet and hidden-color 
channels causes the binding energy 
to increase.

 It is difficult for the dibaryon with the 
color-singlet type ΩcccΩbbb to form 
any bound state.

 It is possible for the ΩccbΩbbc state to 
be bound. 

 The channel coupling of all channels 
of both ΩccbΩbbc and ΩcccΩbbb

structures leads to the bound 
conclusion of this fully heavy system 
composed of three c quarks and 
three b.



• Study of interaction between two heavy baryons

 The interactions between two Ωcccs or Ωbbbs are attractive.
 There is no attractive interaction between Ωccc and Ωbbb. 
 The principal reason is that there is no symmetry requirement between the 

clusters Ωccc and Ωbbb because the quark c and quark b is nonidentical quarks. 
While for the Ωccc or full Ωbbb, the requirement of the antisymmetrization
between the same baryon clusters introduce attractive interaction between 
two full heavy baryons, which leads to a super-heavy bound dibaryon.



• Low-energy scattering phase shifts



IV. Summary

1. For the fully charm tetraquark systems, there may exist some resonance 

states, with masses range between 6.2 GeV to 7.4 GeV, and the quantum 

numbers J^{P}=0^{+}, 1^{+}, and 2^{+}.

X(6900), J^P=0^+;  X(7200), J^P=0^+ or 1^+;  X(6600), ?;  

X(6200), X(7100), J^P=0^+

The study of scattering process is needed.

2. The separation between the diquark and the antidiquark indicates that these 

states may be the compact resonance states. 

3. For the fully beauty tetraquark systems, the wide resonances with masses 

around 19.1~ 19.4 GeV are possible. 

4. The dibaryons composed of six c/b quarks or 3c3b quarks is possible to be 

bound states. 
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