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Motivation 

 What is the hidden-color components?  

 

 Quark cluster model for multiquark system(𝑞𝑚𝑞 𝑛, 𝑚 + 𝑛 > 3): 

 

    two clusters, A and B    multiquark system 
 

     Clusters A and B are colorless,  A+B colorless,  

                                                                      color singlet component 

 

     Clusters A and B are colorful,  A+B colorless, 

                                                                      hidden-color component 



9th Workshop on hadron physics 

in China and opportunities 

worldwide, Nanjing, 2017.7,26 

Multiquark states 

 Tetraquark: Zc(3900), Zb(10610) 

 

 Pentaquark: Pc(4380), Pc(4450) 

 

 Dibaryon: d* (IJP=03+), WASA-at-COSY experiments:  

                     NΩ ?  (star@RHIC) 

          

    PRL 102, 052301 (2009);  M=2.36 GeV, Γ=80 MeV  

     PRL 106, 242302 (2011);  M=2.37 GeV, Γ=70 MeV   IJP=03+ 

     PLB  721, 229 (2013);       M=2.37 GeV, Γ=70 MeV  

     PRC 88, 055208 (2013);   M=2.37 GeV, Γ=70 MeV  

     PRL 112, 202301 (2014);  M=2.3800.010 GeV, Γ=405 MeV  
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CERN Courier 2011 
 http://cerncourier.com/cws/article/cern/46855 
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CERN Courier 2014 
 http://cerncourier.com/cws/article/cern/57836 



Multiquark era?! 

 Structures:  a lots of controversies 

   hadronic molecules 

   compact multiquark states 

   hybrids 

   …… 

 Hidden-color: a new degree of freedom? 
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 Physical bases and symmetry bases 
 Description of multiquark states 

 

 In nuclear physics : Elliott model  

(𝑆𝑈4
𝜏𝜎⊃ 𝑆𝑈2

𝜏 × 𝑆𝑈2
𝜎) × (𝑆𝑈3 ⊃ 𝑆𝑂3) 

                                  𝜐          𝐼𝑀𝐼   𝑆𝑀𝑆       𝜐        𝐿𝑀𝐿 

 Symmetry basis:  

 
𝜐

𝐼𝑀𝐼𝐿𝑆𝐽𝑀𝐽
  

 Physical basis: 

𝒜 𝜓𝐼1𝑆1
𝐴1 𝜓𝐼2𝑆2

𝐴2 𝐼𝑀𝐼

𝑆𝑀𝑆
𝐹𝐿(𝑹)

𝐼𝑀𝐼

𝐽𝑀𝐽
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 Extended to quark model 

M. Harvey: NPA352(1981)301:             SU(2) - isospin 

J.Q. Chen: NPA393(1983)122 

F.Wang, J.L.Ping, T. Goldman: PRC51(1995)1648:   SU(3)  -- flavor 

 

Group chain: 

 

Physical basis: 

 

 

 

Symmetry basis:  
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Unitary transformation 

 The transformation between two sets of orthonormal bases 

 Symmetry bases and physical bases are orthonormal?  

        Yes, if the single particle states are orthonormal 

                                       𝑟 𝑟 = 𝑙 𝑙 = 1, 𝑟 𝑙 = 0 

       The usual single-particle orbital states 

            𝑙 =
1

𝜋𝑏2

3/4
𝑒

− 𝒓+
𝒔

2

2
/2𝑏2

 

            𝑟 =
1

𝜋𝑏2

3/4
𝑒

− 𝒓−
𝒔

2

2
/2𝑏2

                      m = 𝑟 𝑙 ≠ 0 
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Harvey’s method 
 Introducing separation dependent normalization factor 

𝑁 6 , 𝑠 = 1 + 9𝑚2 + 9𝑚4 + 𝑚6 

𝑁 42 , 𝑠 = 1 − 𝑚2 − 𝑚4 + 𝑚6 

𝑁 51 , 𝑠 = 1 + 3𝑚2 − 3𝑚4 − 𝑚6 

𝑁 33 , 𝑠 = 1 − 3𝑚2 + 3𝑚4 − 𝑚6 

                                                           Symmetry bases are orthonormal 

 

 Physical bases are orthonormal if the separation is infinity. 

  

 

                                       transformation table 

 Problem: no direct expressions for physical bases 
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Transformation (con’t) 

 The relation 

 

 

 

 

    

  valid for non-orthogonal single particle orbital states 

               and without the separation dependent normalization 

 

Note: the physical bases are not orthogonal in general 
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Applications 

 repulsive core of nuclear force         HC?  No 

                        attribute it to CMI of one-gluon-exchange 
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Similarity between 

nuclear force and molecular force 

       spin singlet                            spin triplet isospin singlet 

  interaction between atoms             interaction in deuteron 



CPEP statement in Standard model chart 

 The strong binding of color-neutral protons 

and neutrons to form a nuclei due to residue 

strong interactions between their color 

charged constituents. It is similar to the 

residual electrical interaction that binds 

electrical neutral atoms to form molecules.   
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 Intermediate-range attraction         HC? Yes （partly） 

 Quark Delocalization Color Screening Mode:  

                                                      model the effect of HC 

 the similarity: molecular and nuclear force  

    

     Atoms: electric neutral,  

       electric charge and orbital distortion     molecular force 

                               (electron percolation) 

 

     Nucleons: color neutral, 

       color charge and orbital distortion      nuclear force 

                               (quark delocalization) 
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QDCSM 
   Color screening： 

          qq interaction: inside baryon 

                                  outside baryon      different 

 

 

 

 

 

 

 

 

 

 the color structure is taken into consideration 

              three gluons exchange 0 (inside baryon) 

                                                    = 0 (outside baryons) 
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   Quark delocalization: 

 

 

 

 

 

     the parameter ε is determined by system dynamics。 

     

 The main advantage of QDCSM :  

              Quark and gluon distribution:  self-consistent 

    the delocalization parameter is determined through its 
own dynamics, so multiquarksystem choose its most 
favorable configuration by variation.  
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deuteron 
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narrow width of d* 

 Bashkanov-Brodsky-Clement: PLB 727(2013)438 
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  Huang-Zhang-Shen-Wang: arXiv:1408.0458 

              CC channel: 66%--68%    70 MeV 

 

Huang-Ping-Wang: PRC89(2014)034001 

                                                                    (rms: 1.2—1.3fm) 

Juan-Diaz,T.S.H. Lee,  

Matsuyama, Sato: 

PRC76(2007)065201 
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 hidden-color channel 

 d*  compact object ----- 

       taking limit:  six quarks in one bag   
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6 quarks are in the same orbit:   []=[6] remains,  

                                                          [42] disappears 

 

Symmetry basis: only [6][33][33] exists 

              ------> number of physical basis:  1    

 

                             and CC  are the same ! 

 

                            <  | CC > =1 
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 Numerical results 

Calculation method:  RGM+GCM 
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+S/2, -S/2:  the reference centers of baryons 

            S0,  [6] exists,  [42] disappears 

                                         <  | CC > =1 

Continuity     <  | CC >  approx. 1,   when S is small. 

 

    S (fm)           <  | CC >               S (fm)           <  | CC >  

        3                       0                          0.3                   0.997 

        2                    7x10-3                     0.2                   0.999 

        1                      0.7                        0.1                   0.99996 

        0.5                   0.98                      0.001               ~ 1 

        0.4                   0.99  
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Matrix elements: 

 

 S (fm)           <  |H|  >     < CC |H|CC >      <  |H| CC >  

        3                   2580                    7770                     ~0 

        2                   2571                    4870                     9.9 

        1                   2451                    2679                   1616 

        0.5               2649                     2714                    2609 

        0.3               2739                     2763                    2741 

        0.2               2771                     2782                    2774 

        0.1               2791                     2794                    2792  
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d* in chiral quark model (two channels:  and CC) 

 

 S(fm)         0.1            0.2            0.3           0.4            0.5 

 

 E(MeV)      2404.0      2404.0      2404.1     2404.1     2405.0 

  (%)         50             50.2          40.8          85.2         94.2 

 CC(%)         50             49.8           59.2         14.8           5.8 

 

 

Physical basis and symmetry basis:   same results   



Using Harvey’s method 

 S(fm)           0.1            0.3            0.5           0.7            0.9 

 E(MeV)      2745.7      2706.4      2635.0     2546.0     2463.5 

  (%)         46             46              50           54            60 

 CC(%)         54             54              50           46            40 

 

 S(fm)           1.1            1.3            1.5           1.7            1.9 

 E(MeV)      2423.6      2454.0      2513.7     2550.6     2567.1 

  (%)         71             87              97           100           100 

 CC(%)         29             13               3            0                0 

 

                               CC is not dominant 
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Multiquark only system 

 Color-singlet is complete. 

 

 

 

 

 But the color distribution in the space can show up the 

hidden-color channels. 
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hybrid 

 Hybrid: a good place to study the hidden-color channels. 

 

    gluon: color octet, [21]  q𝑞  must be in color octet, [21] 

                           [21] x [21] == [222] 

          

 

 Problem: how to identify the hybrid?                                  
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Summary 
 For compact object, the color-singlet channel has a large overlap with 

hidden-color channel.  

 

 To explain the narrow width of d* by using hidden-color channel is 
questionable. 

 

 It is difficult to identify the hidden-color channels.  

     In compact object:  

               color-singlet channel   larger overlap   hidden-color channels;  

     For the loosely system (molecules):   

               color confinement    say no   to hidden-color channels 

 

 Hybrid is good place to study the hidden-color channels. 

 

                                                   



  

Thanks!!! 
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