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1. Quark models & Vector meson exchange

⚫ 1964 – Invention of constituent Quark Model
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Successful for SU(3) mesons and baryons of spatial ground states 



Extension to light mesons and baryons:    surprisingly well !

S. Godfrey, N. Isgur, PRD 32 (1985) 189                                                3251 cites        

Mesons in a relativized quark model with chromodynamics
S.Capstick, N. Isgur, PRD 34 (1986) 2809                                              1478 cites
Baryons in a relativized quark model with chromodynamics

⚫ 1974 – Cornell potential forcc spectrum
E.Eichten et al., PRL 34 (1975) 369               1294 cites

spin tensor force



⚫ 1984 – Chiral Quark Model
                       A. Manohar, H. Georgi, NPB 234 (1984) 189             2328 cites

slide from Masa Harada



slide from Masa Harada



⚫ 2023 – Chiral Quark Model w/ Vector meson Ex of HLS
    B.R.He, M.Harada, B.S.Zou, PRD 108 (2023) 054025; EPJC 83 (2023) 1159

Meson exchange  ~  quark exchange effect

➢ Masses of N, c , b are fitted well, mainly owing to the 

effects of  meson : attractive forqq & repulsive for qq

➢ Masses of all observed g.s. hadrons are beautifully fitted, 

with unobserved ones predicted in agreement with LQCD

➢ Tcc-molecule-like structure,  Tbb-diquark-like structure 



2. Vector-meson exchange for Pc states

      Prediction of Dc D*c molecules by VME fits Pc states very well !



Dc− − D*c− − D*c− − Dc*− − D*c*− −   −  −

 

Contact    23.6              27.4           21.6               23.6              28.4          25.6       

Fit-2

 

VME         23                 23               23                  23                 23             23       

     

M.L.Du et al., PRL 124 (2020) 072001

Effective contact potential with 2 free parameters’ fit to the Pc  data 

compared with expectation from VME only  

→ VMD to be a good approximation

N.Yalikun et al., PRD 104 (2021) 094039

Influence of one-pion-exange potential ?   How to deal with its contact -term ?

Our preferred solution is to drop 79% of its contact -term and save VMD      



3. Predictions for hidden & double heavy hadronic molecules

Pc

Pcs

hidden charm  -- X.K.Dong, F.K.Guo, B.S.Zou Progr. Phys. 41 (2021) 65



Meson-meson molecules (I=0) Baryon molecules (I=1) withcc
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12

Double-charm --  X.K.Dong, F.K.Guo, B.S.Zou, Commun.Theor.Phys.73(2021)125201



2.0       2.2       2.4      2.6       2.8 2.0       2.2       2.4      2.6       2.8  GeV

CLAS, PRC89(2014)019901

S.M.Wu, F.Wang, B.S.Zou, PRC108(2023)045201

() ()

K* K** molecules from p→p reactions

K* ~1880         K*  2086        K** ~ 2280 

 N*(1875)            N*(2080)               N*(2270) 



◆ vector meson exchange is very important for light quark 

interactions as well as for hadron interactions

◆  quark model needs to be unquenched

◆  observed multiquark states can be explained as hadronic 

molecules, many more are predicted

◆ Further experimental confirmation and extension for 

whole multiquark spectroscopy are necessary

 ep/p@JLab, 10/K10@JPARC, BelleII, BESIII, Eic/EicC, 

PANDA@FAIR, STCF etc.  may play a important role here!

4. Summary and prospects



Thank you for 

your attention!
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