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Introduction

In the conventional quark model since 1964:
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Introduction

The study of hadron-hadron

• Nucleon-nucleon (NN) interaction

• ππ interaction is also a classical subject in the field of 
strong interactions

Controversy!

f0(980) and a0(980)

molecule state 

compact tetraquark 

qqbar  meson 
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Introduction

Different explanations for the X!2239"

Molecule state Jun-Tao Zhu, Yi Liu, Dian-Yong Chen, Longyu Jiang,
Jun He, Chin.Phys. C44 (2020) no.12, 123103.

Compact state Qi-Fang Lv, Kai-Lei Wang, Yu-Bing Dong,
arXiv:1903.05007.
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Introduction

baryon-baryon interaction

decuplet-decuplet interaction is 
almost deeply attractive

octet-decuplet interaction is 
weakly attractive

octet-octet interaction is more 
weakly attractive or repulsive  

meson-meson interaction 6



Different research methods

• Lattice QCD

• QCD sum rule

• Triangle singularity

• Quark model 

• Heavy chiral unitary approach

...

2. Theoretical framework
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(1)  Quark delocalization color screening  model

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

• Two new ingredients
quark delocalization               (orbital excitation)
color screening                        (color structure)

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

deuteron, d*, NN, NΛ, NΩ, …

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

NK, Nπ, Pc, …

Theoretical framework
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"2#The wave function of the four-quark system

The meson-meson structure:
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• The flavor wave function

The flavor wave functions of the four quark cluster

The flavor wave functions of the meson cluster:
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• The spin wave function

The spin wave functions of the four quark cluster

The spin wave functions of the meson cluster:
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• The color wave function

The color wave functions of the four quark cluster

The color wave functions of the meson cluster:
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• parameters :
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• the masses of the mesons:
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• the possible quantum number:
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• The effctive potential:

Figure 1:  I = 0 states
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Figure 2:  I = 1 states.
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Figure 3:  I = 2states.
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Figure 4:  I = 1/2states.
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Figure 5:  I = 3/2states.
• The interaction between two vector mesons is almost deeply attractive;
• The one between a pseudoscalar meson and a vector meson is repulsive or weakly 

attractive; 
• The one between two pseudoscalar mesons is almost repulsive.
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Figure 6:  IJ = 11. 

• The contributions to the effective potentials

• The kinetic energy term provides an attractive interaction
• The one-gluon exchange provides deep attraction for the ρρ state,while it is 

repulsive for the ηρ state 22



Figure 7:  IJ = 20. 

• The kinetic energy interaction is attractive for the ρρ state,while it is 
repulsive for the ππ state

• The one-gluon exchange provides repulsive interaction for both ππ and 
ρρ states

23



Figure 8:  IJ =11 and  IJ = 20

• The delocalization parameter ε

• The delocalization parameter approaching to 1 means that the quarks 
are more willing to run between the two mesons, thereby reduce the 
kinetic energy and introduce the attractive interaction. 24



Figure 9:   IJ = 02 

the same reason with Figure 8
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• The interaction between two vector mesons is almost 
deeply attractive;the one between a pseudoscalar meson 
and a vector meson is repulsive or weakly attractive;the 
one between two pseudoscalar mesons is always
repulsive.

• The meson-meson interaction is similar to that of 
baryon-baryon interaction.

• The kinetic energy relates to the intermediate-range 
attraction mechanism in QDCSM.
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Thanks for your attention!
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