
Structure of 5-quark 
Systems in Chiral 
Quark Model 

	  
	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  Gang	  Yang	  &	  Jia-‐lun	  Ping	  

	  	  
	  Nanjing	  Normal	  University	  

	  
	  
	  
	  
	  

 



Outline: 
• Introductions 
• ChQM and calculation methods 
• Review on       and       from the LHCb 
collaboration 

• 5-quark study in nucleon sector   
• Summary 



Introduction 

Successful classification scheme  
   organizing the large number of  
   conventional hadrons  



• Mass order reverse 

Roper resonance 
puzzle 

V. D. Burkert, C. D. Roberts,  
arXiv: 1710.02549 [nucl-ex] 



•         and    asymmetry 

Garvey G T, Peng J C., Prog. Part. Nucl. Phys., 2001, 47: 203. 



• More exotic states 

uds (Pwave) ;   [ud][su] 

Zou et al, NPA835 (2010) 199 ; CLAS, PRC 87(2013) 035206  
 

uds (Pwave) ;   [us][ds] 

Dibaryon: H, d*,            ,            … 

J. L. Ping et al, PRC 79(2009) 024001 ; PRC 83(2011) 015202 
R. L. Jaffe, PRL 38(1977) 195 



• Pentaquark: 
T. Nakano et al, PRL 91(2003) 012002 
R. Aaij et al, PRL 115(2015) 072001  

Theoretical interpretation: 
•  Couple-channel unitary approach: 
      B. S. Zou et al, PRL 105(2010) 232001; PRC 84(2011) 015202 

•  One-boson-exchange model: 
      X. Liu , S. L. Zhu et al, CPC 36(2012) 6 
      R. Chen, X. Liu, X. Q. Li and S. L. Zhu, PRL 115(2015) 132002 

•  Bethe-Salpeter equation method: 
      J. He , PLB 753(2016) 547 

•  QCD sum rule approach: 
     H. X. Chen, X. Liu and S. L. Zhu et al, PRL 115(2015) 172001 
     Z. G. Wang, EPJC 76(2016) 70 



•  Diquark-triquark model: 

    R. L. Zhu, C. F. Qiao, PLB 756(2016) 259 

•  Non-resonance explanations: 
    Q. Zhao et al, PLB 757(2016) 231 
    F. K. Guo et al, PRD 92(2015) 071502 
 

• Tetraquark: X(3872), Y(3940), Z(3900)… 
 
 
 

The stage of multi-quark systems may coming! 



ChQM and calculation methods 
•  ChQM has acquired great achievement both in describing the hadron 

spectra and hadron-hadron interaction. 

   A. Valcarce et al, Rep. Prog. Phys. 68(2005) 965-1041 
   A. Valcarce et al, J. Phys. G: Nucl. Part. Phys. 31(2005) 481-506 
 
•  General form of Hamiltonian 



• The central part of potential 
•  Screened potential: 

 
•  OGE: 

•  Quark-quark interaction: 



• Calculation method 
     
    In solving the Schrodinger equation by variation method 

The complete wave function for 5-body 

Antisymmetry operator: 



• Gaussian basis function 
   E. Hiyama et al., Prog. Part. Nucl. Phys. 51(2003) 223-307 
The spatial part is constructed by an expansion of a series of different size of Gaussian basis. 

Transform into the ISG form, 
 



The parameter of Gaussian is taken as the geometric progression numbers. 

 

e.g. 



The results on       and      from LHCb 
data 
•  Two pentaquark states have been discovered in the                    invariant mass 

spectrum. 
    

R. Aaij et al, PRL 115(2015) 072001  
 



•  Flavor wave-function of          in I=1/2.  
5q 

Sub-
cluster 



•  Spin wave-function of        . 

 Total part 

Sub-cluster 



• Color wave-function of        . 
    
   I. Color singlet channel 

3q qq



II. Hidden color channel 

Sub-cluster 



unbound 



JP=1/2- 

Scattering 
state  





•  Five new       states are discovered in the              mass 
spectrum of pp collision.  

R. Aaij et al.  
Phys. Rev. Lett. 118, 182001 
(2017) 
 



• Theoretical interpretation 
   H. X. Chen, X. Liu, S. L. Zhu et al. Phys. Rev. D 95, 094008 (2017) 
 
   Q. Zhao, X. H. Zhong et al. Phys. Rev. D 95, 116010 (2017) 
 
   Z. G. Wang Eur. Phys. J. C77 (2017) 325 
 
   X. Liu et al. arXiv: 1704.02583 [hep-ph] 
 
   H. X. Huang, J. L. Ping et al. arXiv: 1704.01421 [hep-ph] 
   … 



• Attempt in the 3q configuration 

A test on our results with E. Hiyama 
et al. PRD 92(2015) 114029. 

Masses of baryons and 
mesons in ChQM with two 
sets of parameters.  

Too heavy 



• The calculated masses of      in ground states 
and low-lying excited states  



•  Flavor wave-function of 5-quark systems. 

5q part 

Sub-
cluster 



•  Possible channels 



• Calculation in the 5-quark configuration 





unbound 

compact 



5-quark study in N,P sector 
•  Flavor wave-function of 5-quark systems. 



•  Possible channels in negative parity. 



• Dynamic study in ChQM for the light quark sector(u,d) 
with three sets of parameters. 

Total mass error for 
baryons and mesons in 3 
sets of parameters. 

qqq 
systems 

 









compact molecular 



• May be a model-independent results for the nature of 
pentaquark states of                  with the spin-parity of 3/2- 
and 5/2-,respectively, and I=1/2. 

 
                   : N*(1331) 
 
                    
                   : N*(2000) 



Conclusions and prospects 
•  The pentaquark state                      can be interpreted as the molecular 

baryons of        . 

•  One of the newly discovered      excited states may be the pentaquark 
state of           . 

•  Two higher excited states of       can be explained as the 2S states. 

•  The high spin N* states may exist the tightly bound states of 
pentaquark. 

 
•  The coupling between 3q and 5q in unquenched quark model should be 

developed in future. 

•  The spin-orbit, tensor force may be considered in future. 



Thanks! 


