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Introduction

• Bound state calculation

        meson-meson 

        diquark-antidiquark

• A stabilization method (real scaling method)

Ø Our work 
Ø   

arXiv:2403.10375
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Theoretical framework 

Ø The chiral quark model:  The most used QM 
    
      Describes properties of hadrons，hadron-hadron interactions well

Ø In ChQM: 

   Confinement:  confining potential (phenomenology)

   Asmptotic freedom: single-gluon-exchange potential

   Chiral symmetry spontaneous breaking: Goldstone  boson exchange potential

 Makato Oka, Koichi Yazaki, Nuclear Physics A402 (1983) 477-490

 L.Ya Glozman, Z. Papp, W. Plessas, Physics Letters B 381 (1996) 311-316

 J . Vijande, F . Fernandez, A . Valcarce, J. Phys. G  31, 481(2005)
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(a)-(d) mean meson-meson structure， while (d）represents diquark-
antidiquark structure 11



 

Radial part Gaussian function:

 

Determined by diagonalizing H

),,(),,(),,(),,(),,( )4()3()2()1()1(
dddJMcccJMbbbJMaaaJMaaaJMJM RRRRR  
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 The spin-orbit wave function
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 The color wave function:
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 The flavor wave function
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parameters:

masses of mesons (unit:MeV):
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There is no bound state below the below the minimum threshold.

bound state calculation in cccc system with JP=0+ (unit:MeV) 
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  A stabilization method (real scaling method)
J. Simon, J. Chem, Phys. 75, 2465 (1981).

  Gaussian size parameters rn are scaled by 
multiplying one factor α  : rn −→ αrn. 
  A compact resonance should not be affected by the 
variation of α while other continuum state will fall off 
towards its threshold.
  A resonance state shall emerge as avoid-crossing 
structures periodically.

  Decay width
  V(α) is the minimum energy difference between 
contimuum state and resonance.
   kc and kr stand for the slopes of scattering state and 
resonance state at the avoid-crossing point respectively.18



 

 Four colorful channels  

19



 

 Four colorful channels 
   + open channel 
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 Four colorful channels 
   + open channel 
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 Four colorful channels 
   + open channel 
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 Four colorful channels 
   + open channel
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 Four colorful channels 
   + open channel
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 Four colorful channels 
   + open channel
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 Four colorful channels 
   + open channel
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Only four resonance states survived: 

                        R(6920)

R(7000) 

R(7080) 

R(7160)

 

 Four colorful channels 
   + all open channels  

27



 

28



 

  There is no bound state below the below the minimum 
threshold in       system. 
   

  Four resonance states are obtained: 
  
  
    R(6920)                                                 

    R(7000)

    R(7080)

    R(7160)
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Г=10.1 MeV

Г=77.8 MeV

Г=44.6 MeV

Г=60.0 MeV

resonance width
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Thanks for your attention！
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