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Abstract: In this paper, the harmonic part of the effective Hamiltonian operator  ̂   
  of the sixth degree, is taken 

with the group SU(2),and numerically studied. Two operators of creation and annihilation are used, and the 

energy levels from    to     are calculated and demonstrated, .Furthermore, the degree of decomposition is 

properly derived and, the semi-particle glonon is believed. 
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1.   INTRODUCTION 

-Quantum- chrome- dynamic (QCD) is the theory of the strong interaction which represents the confinement of quarks 

and gluons at a low temperature and the system turns to the phase of quarks and gluons plasma at an enough high 

temperature [1-10]. 

-The real time evolution of quarks and gluons plasma is studied using the pure gauge theory and gauge theory with the 

two groups SU(2) and SU(3), respectively  in[4] and [7-10]. The method of semi-classical expansion which depends on 

Wigner representation was used. The effective Hamiltonian operator expansion was taken until the fourth degree in [4],[7-

8].The evolution of average value is calculated by adding the evolution of classical average value to the first quantum 

correction. 

 In [9-10] the effective Hamiltonian operator expansion was taken until the sixth degree and all quantum corrections were 

calculated. This simply means that the complete quantum solution was reached by the semi-classical expansion. 

_The real time evolution of quarks and gluons plasma was studied for the pure gauge theory with the two groups SU(2) 

and SU(3) in [5-6]. In these studies, the perturbation theory which depends on the creation operator  ̂  and annihilation 

operator  ̂, was used .The effective Hamiltonian operator expansion was taken into consideration until the fourth degree. 

_In this work the harmonic oscillator of pure gauge theory with group SU(2) is studied numerically using creation 

operator  ̂  and annihilation operator  ̂. A semi-particle, called glonon which is a boson similar to a phonon but differs 

in the color charge; is believed,  

2.   RESEARCH METHODOLOGY 

 “ Introduction to our research in words ” 

 According to [3], the Hamilton operator of pure gauge theory with group SU(2) can be described in loop (  )  
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where i,j=1,2,3 the guide of local coordinates,.  

a,b=1,2,3 are the evidences of group SU(2) generators,.-  

         are constants resulted from quantization of inhomogeneous modes of gauge field by the method of paths 

integration.   

   is a constant resulted from quantization of inhomogeneous time derivative modes of gauge field by the method of 

paths integration and it has the following values [3]: 
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  are tensors of the magnetic field intensity represented as [3]:  

   
        

   
                                                                                                                                          ( )  

 ̂ 
  is the operator of  homogeneous magnetic field, and  ̂ 

  is the operator of momentum.   

     {

                              
                                 

                            
  

 ( ̂ ) indicates that the limits of degree greater than    are neglected.  

  ( ) is a coupling constant represented in the following relation [3]:  
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where: 
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(  )                 

               represents an identified constant by minimum subtraction of dimension organization.  

L is the loop length in all spatial directions. 

According to this method of Hamilton operator  ̂   , the study of  pure gauge theory with group SU(2) becomes a form 

of  quantum mechanics  with group SU(2), This mean that the study of infinite number of particles and freedom degrees 

(quarks and gluons plasma), has been physically transformed to a study of three global particles .naemly, to confine the 

study to nine harmonic oscillators. nine freedom degrees and particularly nine anhamonic oscillators.  

 ̂   
  is the harmonic part of the operator  ̂   :  
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Where: 
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, the creation operator can be identified as the following [5,6]: 
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and annihilation operator is defined as: 
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    (Plank constant) in a system of natural units .  

In this case, we find that: 
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   are Kroanker symbols of spatial coordinates and evidences of generating group SU(2). These Kroanker constants 

are respectively, defined as:   
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The result of adding the equation (6) to (7) is the operator of  homogeneous magnetic field:  

 ̂ 
  √

 

 √
 ̃ 
 ̃ 

( ̂  
 
  ̂ 

 )                                                                                                                            (  )  

The result of subtracting the equation (6) out of (7) is the operator of  momentum given as:  
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and after compensating (13.a) and (13.b) by (5) we find: 
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Depending on the two equations (10.a) and (10.b), the equation will become (8):  
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Depending on this relation, the equation (14) becomes:   
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After the substitution into Eq. (15), we have 
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Following [5,6], using the equations   
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 The Hamiltonian matrix of harmonic oscillator can be calculated as:  
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The relations from (6) to (21.a) are generalization to the same relations in simple harmonic oscillator with one degree of 

freedom in quantum mechanics.  

3.   RESULTS AND DISCUSSION 

In [11], Landau and Lifshitz use the complex energy to describe the particles which can be decayed or decomposed by 

this relation:   
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i.e. the Hamiltonian operator becomes non-hermetical.  

Since the operator  ̂ is complex, the energy can be written as   : 
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 The coupling constant is calculated from equation (4), the energy levels from    until     are calculated, then multiplied 

by 
 

  (     )
 in order to evaluate the energy level by GeV. 

The numeral results of harmonic energy level values are shown in table (1):  

Table (1): shows the values of harmonic energy levels and according to coupling constant g(L). 
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It is noticeable that:  (   )    (   )    (   )     (   ) for all g values. 

_The graphic curve of harmonic classical potential is represented by: 

 (   )  
 

 
∑ ∑  ̃ 

 
     

   
  

     

The harmonic classical potential is related to the homogenous gauge fields through the compound   
     

  .In this 

case,       , and the result are shown in figures (1,2,3,4,5,6,7,8) which represents the classical potential and energy 

levels according g(L).    

 

Figure (1): shows the harmonic classical potential and illustrates the energy levels for the values of g=0.549915534 . 

From Figure (1) it is clear that:              (   )              . 
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Figure (2): shows the harmonic classical potential and illustrates the energy levels for the values of g=0.599009088 . 

From Figure (2) it is clear that:               (   )              . 

 

Figure (3): shows the harmonic classical potential and illustrates the energy levels for the values of g=0.698013648 . 

From Figure(3) it is clear that:              (   )              .  
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Figure (4): shows the harmonic classical potential and illustrates the energy levels for the values of g=0.799669744 . 

From Figure (4) it is clear that:             (   )              . 

 

Figure (5): shows the harmonic classical potential and illustrates the energy levels for the values of g=1.198054106 . 

From Figure (5) it is clear that:             (   )              . 
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Figure (6): shows the harmonic classical potential and illustrates the energy levels for the values of g=1.998481321 . 

From Figure (6) it is clear that:              (   )              .  

 

Figure (7): shows the harmonic classical potential and illustrates the energy levels for the values of g=2.999278861 . 

From Figure (7) it is clear that:             (   )              . 
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Figure (8): shows the harmonic classical potential and illustrates the energy levels for the values of g=3.398312073 . 

From Figure (8) it is clear that:              (   )              . 

It also shows the differences of energy levels according g(L). 

The harmonic classical potential according for g(L) in figures (1-8) have opposite directions to the harmonic classical 

potential  for the simple harmonic oscillator with one degree of freedom.  

The energy levels according g(L) are similar to the energy levels for the simple harmonic oscillator  with one degree of 

freedom in quantum mechanics.    

_The degree of decomposition is given in this relation: 

  
(   ) 

       
  

The difference among energy levels believe in its existence a semi-particle called glonon, it is a boson similar to a phonon 

in a solid particle. But at the same time, a glonon has a color charge, thus the glonons interact the effect among each 

other's. in this case, we can understand the difference between a phonon and a glonon which is the same difference 

between photon and a gluon. 

4.   CONCLUSIONS AND RECOMMENDATIONS 

In this study, the use of a harmonic oscillator with nine degrees of freedom is proposed and for the first time in quantum 

mechanics. In addition, a believe semi-particle called Glonon. In this paper , it is recommend that studying the harmonic 

oscillator should be done with twenty four freedom degrees, i.e. the gauge theory with group SU(3). 
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