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SU(4) Quark Model

The flavor SU(4) quark model predict 22 charmed baryons, 
but some of them are not yet discovered. 

20-plet with SU(4) decuplet. 20-plet with SU(4) octet.



1. For baryons contain 3/2 heavy quarks.

SU(4) Quark Model

20-plet with SU(4) decuplet. 20-plet with SU(4) octet.

We have studied them via Non-relativistic potential model 
and predicted their yield would be dramatically enhanced 
in Heavy Ion Collisions! JZhao, Hang He and Pengfei Zhuang, Phys. Lett. B771,349(2017).

Hang He, Yunpeng Liu and Pengfei Zhuang, Phys. Lett. B746,59(2017).

The flavor SU(4) quark model predict 22 charmed baryons, 
but some of them are not yet discovered. 



2. For baryons contain 1 light quarks, especially two light quarks.

SU(4) Quark Model

20-plet with SU(4) decuplet. 20-plet with SU(4) octet.

Need to include whole relativistic correction: 
kinematics(which we have considered before)  
spin(more important in multi-quark state and external field).

The flavor SU(4) quark model predict 22 charmed baryons, 
but some of them are not yet discovered. 
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Beyond Non-relativistic Quark Model:



2. Bethe-Salpeter equation
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Bound state appear as poles in the Green function

=

The 3-D truncated BS Equation have been proposed for the relativistic 2-body problem

Beyond Non-relativistic Quark Model:
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3. Two Body Dirac Equation (TBDE)
The 3-D truncated BS Equation have been proposed for the relativistic 2-body problem

Provide a covariant 3-D truncation !

Beyond Non-relativistic Quark Model:

TBDE have dual origins:
1. one of quasipotential reductions of the BS Equation
2. covariant  Hamiltonian formalism with constraints

P. A. M. Dirac, Yeshiva University, New York, 1964

P. V. Alstine and H. W. Crater. J. Math. Phys. 23(1982)



Framework:

two-fermion case:

{H1, H2} ⇡ 0

generalize to N-fermion case:

N =/> 2

covariant formalism with constraints  
is used to describe the dynamic of N  

interacting spin 0, 1/2 particles!



Framework:



Framework:

P. V. Alstine and H. W. Crater. J. Math. Phys. 23(1982)



Framework:



Coordinate Transformation:



Numerical Method (SHO Basis Expansion):
We use SHO basis, It not only increase the precision but 
also can be used to study excited states.



Optimal Parameters:
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Baryon:

Cornell Potential:

Take a universal set of quark mass and coupling 
parameters for all hadrons!



Heavy Flavor Mesons
Results 1



Heavy Flavor Baryons

Results 1



Prediction on [css] Excitations

Results 2

?



Root-Mean-Squared radius and spatial profile 
Results 3



Summary and Outlook

Study the heavy flavor hadrons via improved 
multi-body Dirac equation with a universal set of 

quark mass and coupling parameters.  
1. Agree well with the experimental data, with relative 
difference < 2.5% for mesons and < 6.3% for baryons.

4. More powerful and predictable for multi-quark states.  

2. Not only for ground state but also excited states.

3. Construct Wigner function from wavefunctions.



Summary and Outlook

1. Extend to Tetraquark or Pentaquark states.  
2. Extend to finite temperature and finite baryon density.  



Thank  you !
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