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ARTICLE INFO  ABSTRACT 
 
 

In this paper, we take the effective Hamiltonian operator until the sixth degree [3] and we apply 

the perturbation theory (that depends on creation operator ���
�
�

 and annihilation operator���
�) on 

remaining homogenous modes after quantization of the inhomogenous modes and we have 
concluded the time evolution for the average ensemble of global square operator (the color 
magnetic energy ���

�B��
�) analytically, and we calculated this time evolution with MATLAB 

software,  we found that life glasma (gluons) of rank 10-29sec According to coupling constant 
values. 
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INTRODUCTION 
 
Understanding the evolution of real time in problems of non-equilibrium, is very important, that is manifested for example in 
identification on the process of early universe formation, or in the theoretical study of particles under limited conditions, Aimed to 
predicting a very short transition of phase of quarks and gluons plasma. These problems are treated within the framework of the 
groups SU (2) and SU(3) in gauge theories [1-4]. 

 
 There are two methods used for processing problems by real time: 
 The first method: depends on Schrodinger representation in quantum mechanics, where the operators are not dependent on 

time [5,6]. 
 The second method: depends on Heisenberg representation in quantum mechanics, where the operators are dependent on 

time ���(�), and is a processed problems of non- equilibrium, either depending on Green function, or Wigner way [4,7,8].  
 _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 [13] the harmonic oscillator of pure gauge theory with group SU(2) was studied numerically using creation operator ��
�

 

and annihilation operator ��. 

 -in this work, the starting point is pure gauge theory (gluons without quarks) and taking the effective Hamiltonian operator 

expansion until the sixth degree and we used perturbation theory which depends on creation operator ��
�

�

�
 and annihilation 

operator���
�. 
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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 (��)  
 

������ =
�

�
�

�

��(�)
+ α��

��

Π��
�Π��

� + α�B��
�B��

� +
�

�
�

�

��(�)
+ α��F���

�(B)F���
�(B)  

 

+ ���B��
�B��

�B��
�B��

� + 2B��
�B��

�B��
�B��

�� + α�B��
�B��

�B��
�B��

� + α� ∑ �B��
�B��

��
�

�   

 

+ �� ∑ B��
�B��

�
�� � �B��

�B��
��

�
+ α�B��

�B��
�B��

�B��
�B��

�B��
� + α�F���

�(B)F���
�(B)B��

�B��
�  

 

+ �� ∑ F���
�(B)F���

�(B)B��
�B��

�
�� � + α���B��

�B��
�B��

��
�

+ 0��� ��																												(1)	  

 
where i,j=1,2,3 the guide of local coordinates,.  
 

a,b=1,2,3 are the evidences of group SU(2) generators,.  -  
 
α�, … , α�� 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]: 
 

�� = 0.021810429, α� = −0.30104661, α� = 0.024624  
�� = 0.0021317, α� = −0.0078439, α� = 4.9676959x10��  
�� = −5.5172502x10��, α� = −1.2423581x10��,   
�� = −1.1130266x10��  
�� = −2.1475176x10��, α�� = −1.2775652x10��																	(2)  
 
���

�

 
are tensors of the magnetic field intensity represented as [3]:  

 

���
� = ε���B�

�B�
�																																																																								(3)  

 

 B��
�
 is the operator of  homogeneous magnetic field, and	Π��

�
 is the operator of momentum.   

 

���� = �

						1	At	direct	replacement	
	0		�ℎ��	���	���������	���	�����	

−1	At	indirect	replacement		

�  

 

0�B���
 
indicates that the limits of degree greater than �� are neglected.  

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

 

  
where: 
 

 
 

 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 
anharmonic oscillators. nine freedom degrees and particularly nine anhamonic oscillators.  
  

 
is the harmonic part of the operator :  
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Where: 
 

  
 

, the creation operator can be identified as the following [5,6]: 

  
and annihilation operator is defined as: 
 

  
  (Plank constant) in a system of natural units. 

 
In this case, we find that: 
 

  

 

  

 

 
are Kroanker symbols of spatial coordinates and evidences of generating group SU(2). These Kroanker constants are 

respectively, defined as:   
 

  

  

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:  

  

Calculated Hamiltonian operator for harmonic oscillator  [5]: 
 

  
Following [5,6], using the equations   
 

  

 
  

 
  

 
  

 

- Calculated Hamiltonian operator matrix until sixth degree  [14]: 
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The equation (15) represents Hamiltonian operator matrix until sixth degree in case pure gauge theory (gluons without quarks).  

 
RESULTS AND DISCUSSION 
 
To calculate the evolution of time for the average values for colored magnetic energy : 

 
  

 

Depending on (11), (12) we find 
 

  

 
  

 
The equation (16) represents color magnetic energy matrix.  
 
The colored magnetic energy matrix checks the equation: 
 

  

 

And thus: 
 

  

 

  

 

  

 
  

 

  
 

We can calculate the evolution of time for the average values in equation (18) numerically by MATLAB program after calculating 
the numerical values of matrix (15),(16) by Fortran(77) language program. 
 
We have got [10]:1GeV-1=6.58x10-25 sec  
 
We draw graphs which represent the evolution of time of magnetic energy BB for levels n=0,1,2 for different values for coupling 
constant g we find at what time the phase change occurs and thus we get the life time of the glasma (gluons) illustrated from 
figure(1) until figure(15): 
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Figure 1. shows the evolution of time for the average values of colored magnetic energy for ground level  
dependency the time for g=0.599009088 

 

 
 

Figure 2. Shows the evolution of time for the average values of colored magnetic energy for 
 first level dependency the time for g=0.599009088 

 

 
 

Figure 3. Shows the evolution of time for the average values of colored magnetic energy for second level dependency the time for 
g=0.599009088 

 

 

 
Figure 4. Shows the evolution of time for the average values of colored magnetic energy for ground level  

dependency the time for g=1.499088396 
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Figure 5. Shows the evolution of time for the average values of colored magnetic energy  
for first level dependency the time for g=1.499088396 

 

 
 

Figure 6. Shows the evolution of time for the average values of colored magnetic energy for second 
 level dependency the time for g=1.499088396 

 

 
 

Figure 7. Shows the evolution of time for the average values of colored magnetic energy for  
ground level dependency the time for g=2.598905472 

 

 
 

Figure(8): shows the evolution of time for the average values of colored magnetic energy for first level  
dependency the time for g=2.598905472 
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Figure(9): shows the evolution of time for the average values of colored magnetic energy for second  
level dependency the time for g=2.598905472 

 

 
 

Figure(10): shows the evolution of time for the average values of colored magnetic energy for ground level  
dependency the time for g=2.999278861 

 

 
 

Figure 11. Shows the evolution of time for the average values of colored magnetic energy for 
 first level dependency the time for g=2.999278861 

 

 
 

Figure 12. Shows the evolution of time for the average values of colored magnetic energy for  
second level dependency the time for g=2.999278861 
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Figure 13. Shows the evolution of time for the average values of colored magnetic energy for ground  
level dependency the time for g=3.398312073 

 

 
 

Figure 14. Shows the evolution of time for the average values of colored magnetic energy for first level dependency the time for 
g=3.398312073 

 

 
 

Figure 15. Shows the evolution of time for the average values of colored magnetic energy for second level 
 dependency the time for g=3.398312073 

 

We conclude from figure (1) to figure (15) that it is for large and small sizes from L=2.4893 fm to L=2.622199 fm which 
corresponds g=0.549915534 to g=3.398312073 is being gluon life time of rank 10-29sec, which is glasma (gluons) is mysterious 
case of the matter which may be existed before quarks and gluons plasma model, it is a thick mix (liquid) from gluons known as 
glasma [11], and after this time it moves to quarks and gluons plasma phase.   
 
Conclusions and Recommendations 
 

This study is the first in quantum mechanics which takes a numerical study of the evolution of the real time for pure gauge theory 
with group SU(2) i.e. nine freedom degrees, we recommend a numerical study of the evolution of the real time for pure gauge 
theory with group SU(3) i.e. twenty four freedom degree.   
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