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Hadron properties difficult to derive from QCD

Particle Data Group, Phys. Rev. D 110, 030001 (2024)

QCD

Asymptotic freedom

Color confinement 

Chiral symmetry breaking

High energy: asymptotic freedom

Low energy: non-perturbative important

Hadron properties difficult to derive from QCD 

Methods: Lattice QCD, Quark Model, Effective field theory et al.
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Traditional hadronic states

meson baryon 

Exotic hadronic states  

compact picture molecule picture

hybrid state glueball

Hadronic structure
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 Experimental progress on the exotic hadronic states 
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  A unitarised three body Breit-Wigner  function 
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LHCb, Nature Commun. 13, 3351 (2022) 

 Breit-Wigner parameterization    
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LHCb, Nature Phys18, 751-754  (2022)
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�풄� and �풄� 

 LHCb, Phys. Rev. D 102, 112003 (2020)
 LHCb, Phys. Rev. Lett 131, 041902 (2023) 
 LHCb, Phys. Rev. D 108, 012017 (2023)

풄���  and 풄���

�+ → �+�−�−

�풄��
∗ (�ퟖ��) �

�풄��
∗ (�ퟗ��) �

�− → �−����
�

�+ → �∗+�−�+

LHCb, Phys. Rev. Lett 125, 242001 (2020)  LHCb, Phys. Rev. Lett 133, 131902 (2024)  

LHCb, Phys. Rev. Lett 134, 101901 (2025) 
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Theoretical explanations

ccqqcqq 11
*

1
* 1)33()33( 

ccqqqqccqqqq 11
*

11
* 1)33(1)66(  ，

 Review

• H. X. Chen, W. Chen, X. Liu, and S. L. Zhu, 
       Phys. Rept. 639, 1 (2016)
• H.X. Chen, W. Chen, X. Liu, Y.R. Liu, and S.L. Zhu, Rept.
       Prog. Phys. 80, 076201 (2017)
• F. K. Guo, C. Hanhart, U.-G. Meißner, Q. Wang, Q. Zhao, 
       and B.-S. Zou,  Rev. Mod. Phys. 90, 015004 (2018)
• Y. R. Liu, H. X. Chen, W. Chen, X. Liu, and S. L. Zhu, 
       Prog. Part. Nucl. Phys. 107, 237 (2019)
• N. Brambilla, S. Eidelman, C. Hanhart, A. Nefediev, C.-P. Shen,
       C. E. Thomas, A. Vairo, and C.-Z. Yuan, Phys. Rept. 873, 1 (2020)
• H. X. Chen, W. Chen, X. Liu, Y. R. Liu, and S. L. Zhu, 
       Rept. Prog. Phys. 86, 026201 (2023)
• M. Z. Liu, Y. W. Pan, Z. W. Liu, T. W. Wu, J. X. Lu, 
       and L. S. Geng, Phys. Rept. 1108,1 (2025) 



Formalism2
PART













 


 2/3

32
22

3
8

4
3

42 
  r

ji
ji

s
ij

ij

s

ji

ji

i i

i

i
i eSS

mm
br

rm
pmH



     �� : the effective quark mass     
                       

�� = 361.8 MeV, �� = 542.4 MeV,
�� = 1724.1 MeV, �� = 5054.4 MeV.Overestimated 

theoretical masses Upper limits

Model I：

Mass splitting model
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  CMIrefCMIref EEMM  )(

 Model II:  meson-meson threshold            underestimated       

   Model III: chose the exotic hadron as the reference state

    Lower limit

               ：the effective mass gapji mmi j

MeV2.4520MeV,6.1180
MeV6.90MeV,7.1280MeV,2.3340
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bscs

sncnbc

 
csbcbssncscn  ,

J. Wu, X. Liu, Y. R. Liu, and S. L.  Zhu Phys. Rev. D 99, 014037(2019)

Mass splitting model
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 1. The decay Hamiltonian is described by a constant 

 2. The total width is equal to the sum of two-body rearrangement 

     decay widths                  

cc qqqqqqqq 1421314321 )()(  cc qqqqqqqq 1321414321 )()( 

Rearrangement decay



Results for 푸푸��, 푸���,
and 푸푸푸�
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     lowest  �(�+) 풄풄��
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Assume �(4140) to be the lowest 1++푐�푐� 
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bcsnCMInnbb EmM  22~

풃풃��  states  

The  lowest  �(�+) 풃풃�� is a stable tetraquark about  20 MeV           
below the �∗� threshold

   Almost all theoretical studies favor this conclusion   

MeV
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�풄��
� (2900)   

The mass of I=1 and I=0 
states are degenerate

GeV
Assume ���0

� (2900) to be the  1(0+)푐��� 
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�풄��
∗ (ퟐퟖ��)  

GeV

Consistent

   �풄��
∗ (ퟐퟖ��) can be regarded as the highest  �(�+) 풄���

  The lowest �(�+) and the lowest �(�+)풄��� is stable
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 풃���  and 풃���  states  

Stable states
The lowest �(�+) and lowest �(�+)풃���

 Channels

The lowest �(�+) and lowest �(�+)풃���
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 풄���   states  

 There may exist a stable state with  �� = ퟐ+ for 풄��� case
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푸푸푸�   states  

Treat �(6600) as the ground 
scalar 푐푐푐푐 tenraquark  

GeV

The mass spectrum of thiply theavy 
tetraquark ranges from 5.2 GeV-15.5 GeV

No stable 퐐퐐퐐� state is found.

Most theoretical studies are in 
agreement with this conclusion
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푸푸푸�   states  

Six states : 5.19 GeV ~ 5.44 GeV Similar features are found in the ����, ����, ����, ����, ����, ����, and ����  states 

Similar features are found in the ����、����,  and ���� statesTwelve states: 8.48 GeV ~ 8.75GeV



Summary  

1. 푸푸�� states，�풄풄
+ (ퟑퟖ��)：the lowest �(��) = �(�+)풄풄��,

   Stable: the lowest �(�+)풃풃��.

2. 푸��� states，�풄��
� (�ퟗ��)++/�:  �(�+)풄���, �풄��

∗ (�ퟖ��): �(�+)풄���.

   Stable: the lowest �(�+)풄���, the lowest �(�+) and �(�+)풄���,

                    the lowest �(�+)and �(�+)풃���, the lowest �(�+) and �(�+)풃���.

3.  푸푸푸� states,  no stable tetraquark state is found.

Thank you for your attention !   


