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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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November Revolution

Traditional hadron states

meson baryon 

E. Eichten, K. Gottfried, T. Kinoshita, K. D. Lane,
and T. M. Yan, Phys. Rev. D 17, 30390 (1978)
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The “Y ” problem

M.  Ablikim et al.   [BESIII ], Chin . Phys. C 44, 04001 (2020)

�+�−annihilation
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Y (4260)

More precise experimental results 

Y (4220)+Y (4390)

Y (4220)+Y (4320)

B. Aubert et al. [BaBar], Phys. Rev. Lett  95, 142001 (2005), M. Ablikim et al. [BESIII ], Phys. Rev. Lett 118, 092001 (2017),
M. Ablikim et al. [BESIII ], Phys. Rev. Lett 118, 092002 (2017) 

�+�− → �/��+�− �+�− → ���+�−
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Y (4220)

l  � ����  and � ����  can be killed by 
introducing interference effect between 
� ����  and � ���� , and the 
continuum background

D. Y. Chen,  X. Liu, and T. Matsuki, Eur. Phys. J. C 78, 126 (2018)

l  � ����  must be introduced.
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Theoretical explanations to Y (4220)
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N. Husken, E. S. Norella, and I. Polyakov, arXiv:2410.06923

Quenched  potential model

  � � ��  
4433.0 MeV

~200 MeV

  � � ��  
4433.0 MeV

 � � ���� 

����. � ± �. � MeV

~200 MeV

There is no room 
for the � ���� 

 � ����  as a         
scaling point
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Unquenched  quark model

�� �� ∼ ���� ���

Y. B. Dong, K. T. Chao, and D. H. Qin, Phys. Rev. D 51, 5064 (1995)

B. Q. Li and K. T. Chao, Phys. Rev. D 79, 094004 (2009)

B. Q. Li, C. Meng,  and K. T. Chao, Phys. Rev. D 80, 014012 (2009)

L. P. He, D. Y. Chen, X. Liu, and T. Matsuki, 
Eur. Phys. J. C 74, 3208 (2014)

Coupled –channel model ~ Screened potential model 
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4S-3D mixing scheme 
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What  dynamical mechanism constrains the mixing angle within this range?
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J. Z. Wang, D. Y. Chen, X. Liu, and T. Matsuki, Phys. Rev. D 99, 114003(2019)
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Screening potential
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 Formalism
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Godfrey-Isgur potential model
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We need to find an alternative source for the 4S-3D mixing scheme 

The mixing scheme induced by the tensor term

The tensor term The coupled-
channel effects

4S-3D mixing dynamics
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Once subtracted  method (��/� 

The 4S-3D mixing scheme induced by a coupled-channel model 
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Quark pair 
create model

Two-body strong 
decay widths 

Coupled channel model

Numerical 
wave function

max

1
( ) ( ) ( )

L L

n

nLM n nL LM P
n

P C R P Y   ���� = 20

16



 Results for � ����  and � ����  
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 Results for  � ��  and � ��  

0)(0  MMMM DD0)(0  MMMM SS
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 Results for  � ��  and � ��  

 � ��  strongly couples with：
��∗, �∗�∗, ��� ���� ,
�∗�� ���� , �∗�� ���� , 
and �∗�� ����  

 � ��  strongly couples with ：
�∗�∗, ��� ���� �,
��� ���� , �∗�� ���� �,
and �∗�� ����  
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The mixing induced by the coupled -channel effects   
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 Decay width for ���−��
′

 

l  Total width of ���−��
′  is 32.0 MeV

l  The dominant decay channel: �∗�∗ ��. �% 

� = ��°

l  � ����  can be regarded as the ���−��
′

Prediction 21



 The properties of ���−��
′′  
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� = ����. � ± �. � ±1.8 MeV
� = ��. � ± ��. � ± �. �MeV
M. Ablikim et al. [BESIII ],
Phys. Rev. D 104, 092001 (2021)

More precise experimental data are required to conclusively determine its properties

l  Total width of ���−��
′′  is 44.1 MeV

l   The dominant decay channels :

�∗�∗ ��. �%                                                           
�∗�� ����  ��. �% 

�∗�� ����  ��. �% 

�∗��
∗ ��. �% 

l  The mass of ���−��
′′  is 4387.1 MeV

�+�− → ����

Prediction
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 Summary 

l   � ����  can be assigned as the ���−��
′ . 

 Thanks for your attention

l  The � �� − � �� mixing angle is         
determined be � = ��° by a dynamical analysis. 

l   � ����  can be searched for in �∗�∗, 
�∗��(����), �∗�� ���� , and �∗��

∗  channels. 
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