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Abstract— In this thesis the photons rate 
for quarks interaction at the Bremsstrahlung 
process have been studies and investigation 
according to quantum cromodynamic and 
quantum picture theory. A two quarks wave 
function state|ψ(P ⃗_i ├ ,τ)〉  and |ψ(P ⃗_o ├ ,τ)〉 
for initial and outgoing state in Hilbert space 
are assume to investigation to  the quarks at 
bremsstrahlung . Photonic rate are evaluation 
depending on mathematical treatment of 
quarks interaction to evaluation the rate  
emission constant according to estimation 
strong coupling photons energies , flavor 
quantum number , colors quantum numbers , 
static electromagnetic coupling constant 
,color charge ,electric charge , critical 
temperature and thermal energies for quarks 
system .Various six at u g→ d g γ  , s  ̅g → u ̅ 
g γ , c g → u g γ ,  b ̅ g→ u ̅ g γ  ,  c g →  s ̅ g γ  
and   b  ̅ g  → s ̅ g γ  quarks systems have 
adapted to study photons rate emission 
occur and investigation the spectrum 
photons at bremsstrahlung system . The rate 
photons production in quarks  interaction at 
bremsstrahlung process  were calculation 
using many different thermal energies at  
range T_(th )= 125 ,175 ,225 ,275 ,325 ,375 
,425 ) with two different critical temperature 
under limit that satisfied quarks at hadronic 
phase 〖150<T〗_C<200 ) MeV with taken 
photons energies at range limited E_*=0.5 →5 
GeV .Photonic rate spectrum  and all 
coefficient are evaluated using many 
computers programs ( Matlab program) 
version 2015 

Keywords— Theoretical interaction ,  photon 
current  , plasma , quark-gluon interaction , 
Bremsstrahlung Process 

 

 

Elementary particle physics is a domain of   physics 
that uses the scientific method to describe the fact to 
construction of the universe , including  addition of a 
substance   , scope and other , and the interactions 
occurring between the components of the universe , 
and limiting  the definition of the physical interactions 
of particles  is  the lack of definition of the fact that this 
area as defined by ( Adrian buzatu ) [1]  
 
For understand the nucleons ( protons , neutrons ) 
structure more and deeper , and study the  phase 
quark-gluon from the universe phases after the big 
bang stage , we use many theories in this theses ,  
cromodynamic [2,3,4,5,6,7,8] and quantum picture 
theory , Which is considered  one of the theories from 
quantum field theory[9,10,11,12,13] , to calculation the 
coupling constant between the particles , photons rate 
emission and the relation between them for 
Bremsstrahlung Process which represented  on case 
from three cases ( annihilation particles , coumpoten 
effect , and Bremsstrahlung Process )  happened in 
the quark-gluon plasma[14,15,17].  
 
2-Theoretical background : 
By using the logarithmic principles produce for 
coupling constant[18] : 

∝𝒔( μ ) = 
𝟔𝝅

(𝟑𝟑−𝟐 𝑵𝒇)𝒍𝒏
𝝁

Ʌ_𝑸𝑪𝑫  

 ( 1) 

For thermal energy  Ʌ𝑄𝐶𝐷  = 𝑇𝐶 and   μ ≈ 8T for high 

energy collision . eq.(1)  becomes : 

∝𝒔( T ) = 
𝟔𝝅

(𝟑𝟑−𝟐 𝑵𝒇)𝒍𝒏 (
𝟖𝑻

𝑻𝑪
)
  (2) 

Where   𝑇𝐶   is the transition temperature , which 
characterizes the critical point in which  quarks and 
gluons become confined  
The photons rate emission is given by[18,19,20] :  
 

𝑬 
𝒅𝑵

𝒅𝟒 𝒙 𝒅𝟑 𝒒
= 𝜻( 𝜶𝒔, 𝑱𝑻𝑳, 𝑬, 𝑻) =

𝟏

𝟐𝝅𝟐 α 𝜶𝒔 

∑ 𝒆𝟐
𝒇  

𝑻𝟒

𝑬𝟐  𝒆
−𝑬

𝑻   (𝑱𝑻 − 𝑱𝑳)  𝚼 (𝑬, 𝑻)  (3) 

   Since this factor Υ(𝐸, 𝑇) represents the incipient 
integration : 
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𝚼(𝑬, 𝑻) = ∫ 𝒅𝒑 ( 𝒑𝟐∞

𝟎
+ ( 𝒑 + 𝑬)𝟐 ) [ 𝒏𝒇 (p ) -𝒏𝒇 ( 𝒑 + 𝑬 ) ]   (4)  

Whereas :                                                                                                      

   𝒏(𝒑) =  
𝟏

𝒆
𝒑
𝑻

 
+𝟏

  ,  𝒏(𝒑 + 𝑬) =  
𝟏

𝒆
𝒑+𝑬

𝑻
 
+𝟏

      (5)    

   𝒑𝟐 + ( 𝒑 + 𝑬 )𝟐 = 2 𝒑𝟐 + 2EP +𝑬𝟐      (6)   

 

After integration becomes a compensation former worker , several parts [21]:  

The first part is :   ∫
𝟐𝒑𝟐

𝒆
𝒑
𝑻 

 
+𝟏

∞

𝟎
    becomes :  

        ∫
𝟐 𝒑𝟐 𝒆

−
𝒑
𝑻

𝒆
−

𝒑
𝑻 +𝟏

= 𝟐 ∫ 𝒑𝟐∞

𝟎

∞

𝟎
 𝒆−

𝒑

𝑻 𝒅𝒑 [ 
𝟏

𝒆
−

𝒑
𝑻

 
+𝟏

]       (7)      

     

And using the following rounding :                                                            

 
𝟏

𝒆
−𝒑
𝑻

 
+𝟏

= [ 𝒆
𝒑

𝑻 − 𝒆
𝟐𝒑

𝑻 + 𝒆
𝟑𝒑

𝑻 −   𝒆
𝟒𝒑

𝑻 + 𝒆
𝟓𝒑

𝑻 −  𝒆
𝟔𝒑

𝑻 ]  [22]   (8) 

Rounding compensation in the integration produces :                    

  𝟐 [ ∫ 𝒑𝟐∞

𝟎
 . 𝒅𝒑 _ ∫ 𝒑𝟐∞

𝟎
 𝒆

𝒑

𝑻. 𝒅𝒑  +  ∫ 𝒑𝟐∞

𝟎
 𝒆

𝟐𝒑

𝑻 . 𝒅𝒑 _ ∫ 𝒑𝟐∞

𝟎
 𝒆

𝟑𝒑

𝑻 . 𝒅𝒑 + … _ ∫ 𝒑𝟐∞

𝟎
 𝒆

𝒏𝒑

𝑻 . 𝒅𝒑 ]   

          (9)      

   Using relationship : 

  𝚪 ( 𝐧 ) = ( 𝒏 − 𝟏 )! =  ∫ 𝒙𝒏−𝟏  𝒆−𝒙  𝒅𝒙  [6]     (10)  

Produces :                                                                                                        

∫ 𝒑𝟐∞

𝟎
 𝒆

𝒑

𝑻. 𝒅𝒑 =  − 𝑻𝟑  𝚪 ( 𝟑) [22]      (11)  

∫ 𝒑𝟐∞

𝟎
𝒆

𝟐𝒑

𝑻  . 𝒅𝒑 =  − 
𝑻𝟑

𝟐𝟑   𝚪 ( 𝟑) = −
𝑻𝟑

𝟖
 𝚪 ( 𝟑)      (12)    

 ∫ 𝒑𝟐∞

𝟎
𝒆

𝟑𝒑

𝑻  . 𝒅𝒑 =  − 
𝑻𝟑

𝟑𝟑   𝚪 ( 𝟑) = −
𝑻𝟑

𝟐𝟕
 𝚪 ( 𝟑)     (13)  

 ∫ 𝒑𝟐∞

𝟎
𝒆

𝟒𝒑

𝑻  . 𝒅𝒑 =  − 
𝑻𝟑

𝟒𝟑   𝚪 ( 𝟑) = −
𝑻𝟑

𝟔𝟒
 𝚪 ( 𝟑)      (14) 

∫ 𝒑𝟐∞

𝟎
𝒆

𝟓𝒑

𝑻  . 𝒅𝒑 =  − 
𝑻𝟑

𝟓𝟑   𝚪 ( 𝟑) = −
𝑻𝟑

𝟏𝟐𝟓
 𝚪 ( 𝟑)     (15) 

The general solution for first part is :                                                                      

∫
𝟐𝒑𝟐

𝒆
𝒑
𝑻 

 
+𝟏

∞

𝟎
 = 2 [ ∫ 𝒑

∞

𝟎

𝟐
dp + 

𝑻𝟑

𝟏𝟑 𝚪 ( 𝟑) −  
𝑻𝟑

𝟐𝟑 𝚪 ( 𝟑) +   
𝑻𝟑

𝟑𝟑 𝚪 ( 𝟑) − 
𝑻𝟑

𝟒𝟑 𝚪 ( 𝟑) +
𝑻𝟑

𝟓𝟑 𝚪 ( 𝟑) + ⋯
𝑻𝟑

𝒏𝟑 𝚪 ( 𝟑)  ]  

          (16) 

The second part of the integration  :∫
𝟐 𝑬 𝒑

𝒆
𝒑
𝑻 

 
+𝟏

∞

𝟎
   , it solves the same technical  after multiplication and 

division in the facilities produce  :                                        

 ∫
𝟐 𝑬 𝒑

𝒆
𝒑
𝑻 

 
+𝟏

∞

𝟎
  = 2 E [ ∫ 𝒑

∞

𝟎

𝟐
dp - 

𝑻𝟐

𝟏𝟐 𝚪 ( 𝟐) +  
𝑻𝟐

𝟐𝟐 𝚪 ( 𝟐) - 
𝑻𝟐

𝟑𝟐 𝚪 ( 𝟐) + 
𝑻𝟐

𝟒𝟐 𝚪 ( 𝟐) ……..+ 
𝑻𝟐

𝒏𝟐 𝚪 ( 𝟐) ]  

          (17)  

By the same way we obtained to the solution of the third  parts[6] : 

      ∫
𝑬𝟐 𝒅𝒑

𝒆
𝒑
𝑻 

 
+𝟏

∞

𝟎
 = 𝑬𝟐  ∫ 𝒆−

𝒑

𝑻
∞

𝟎
 𝒅𝒑 [ 𝒆

𝒑

𝑻 −  𝒆
𝟐𝒑

𝑻 + 𝒆
𝟑𝒑

𝑻 −  𝒆
𝟒𝒑

𝑻 + 𝒆
𝟓𝒑

𝑻 + ⋯ 𝒆
𝒏𝒑

𝑻  ] (18)  

 

∫
𝑬𝟐 𝒅𝒑

𝒆
𝒑
𝑻 

 
+𝟏

∞

𝟎
 = [ 𝜞( 𝟏 ) −  

𝑻

𝟐
 𝜞( 𝟏 ) +

𝑻

𝟑
 𝜞( 𝟏 ) − 

𝑻

𝟒
 𝜞( 𝟏 ) + ⋯

𝑻

𝒏
 𝜞( 𝟏 )   (19) 

 

All this  represented the parts of integral , when the equation ( 6 ) is    multiplying in factor , 𝒏(𝒑) =

 
𝟏

𝒆
𝒑
𝑻

 
+𝟏

 .                                                                
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 Another parts which represented the same equation  multiplying in the factor ,  𝒏(𝒑 + 𝑬) =  
𝟏

𝒆
𝒑+𝑬

𝑻
 
+𝟏

  

contain many parts  too .  

  The solution  first part ( ∫
𝟐𝒑𝟐 𝒅𝒑

𝒆
𝒑+𝑬

𝑻 +𝟏

 𝒅𝒑
∞

𝟎
 ) .  

 Multiplying  By  the factor  (  𝒆
−(𝒑+𝑬)

𝑻
 
   )  , and take the integral with same technique in previous 

integrals ,  we obtain : 

  ∫
𝟐𝒑𝟐 𝒆

−(𝒑+𝑬)
𝑻

 
 𝒅𝒑

𝒆
−(𝒑+𝑬)

𝑻 +𝟏

 𝒅𝒑
∞

𝟎
 = ∫ 𝟐 𝒑𝟐∞

𝟎
𝒆

−(𝒑+𝑬)

𝑻
  . 𝒅𝒑 [ 𝒆

𝒑+𝑬

𝑻 −  𝒆
𝟐(𝒑+𝑬)

𝑻 +  𝒆
𝟑(𝒑+𝑬)

𝑻  −  𝒆
𝟒(𝒑+𝑬)

𝑻 … 𝒆
𝒏(𝒑+𝑬)

𝑻  ]  

       (20)    

   

∫
𝟐𝒑𝟐 𝒆

−(𝒑+𝑬)
𝑻

 
 𝒅𝒑

𝒆
−(𝒑+𝑬)

𝑻 +𝟏

 𝒅𝒑
∞

𝟎
 = 2 [ ∫ 𝒑𝟐  . 𝒅𝒑 −  𝒆

𝑬

𝑻  ( 
−𝑻𝟑

𝟏𝟑  𝚪(𝟑) + 𝒆
𝟐𝑬

𝑻  ( 
−𝑻𝟑

𝟐𝟑  𝚪(𝟑) − 𝒆
𝟑𝑬

𝑻  ( 
−𝑻𝟑

𝟑𝟑  𝚪(𝟑) +

 𝒆
𝟒𝑬

𝑻  ( 
−𝑻𝟑

𝟒𝟑  𝚪(𝟑) − 𝒆
𝟓𝑬

𝑻  ( 
−𝑻𝟑

𝟓𝟑  𝚪(𝟑) + ⋯ 𝒆
𝒏𝑬

𝑻  ( 
−𝑻𝟑

𝒏𝟑  𝚪(𝟑)    (21)  

 

The second part :  

∫
𝟐𝑬𝑷 𝒅𝒑

𝒆
𝒑+𝑬

𝑻 +𝟏

∞

𝟎
= 𝟐𝑬 [ ∫ 𝒑. 𝒆−

(𝒑+𝑬)

𝑻  𝒅𝒑 ( 𝒆
(𝒑+𝑬)

𝑻 −  𝒆
𝟐(𝒑+𝑬)

𝑻 +  𝒆
𝟑(𝒑+𝑬)

𝑻 − 𝒆
𝟒(𝒑+𝑬)

𝑻 + 𝒆
𝟓(𝒑+𝑬)

𝑻 − ⋯ 𝒆
𝒏(𝒑+𝑬)

𝑻  ) ]   

      (22) 

 

∫
𝟐𝑬𝑷 𝒅𝒑

𝒆
𝒑+𝑬

𝑻 +𝟏

∞

𝟎
 = 2E [ ∫ 𝒑 𝒅𝒑

∞

𝟎
−  

𝑻𝟐

𝟏𝟐  𝚪(𝟐). 𝒆
𝑬

𝑻 +
𝑻𝟐

𝟐𝟐  𝚪(𝟐). 𝒆
𝟐𝑬

𝑻 − 
𝑻𝟐

𝟑𝟐  𝚪(𝟐). 𝒆
𝟑𝑬

𝑻 +
𝑻𝟐

𝟒𝟐  𝚪(𝟐). 𝒆
𝟒𝑬

𝑻 −

 
𝑻𝟐

𝟓𝟐  𝚪(𝟐). 𝒆
𝟓𝑬

𝑻 + ⋯
𝑻𝟐

𝒏𝟐  𝚪(𝟐). 𝒆
𝒏𝑬

𝑻  ]      (23) 

 

The third part :                                                                                                               

     ∫
𝟐 𝑬𝟐 𝒅𝒑

𝒆
𝒑+𝑬

𝑻 +𝟏

= ∫
𝟐 𝑬𝟐 𝒆

−(𝒑+𝑬)
𝑻   𝒅𝒑

𝒆
−(𝒑+𝑬)

𝑻 +𝟏

∞

𝟎
=  ∫ 𝑬𝟐 𝒆

−(𝒑+𝑬)

𝑻   𝒅𝒑
∞

𝟎
  [𝒆

𝒑+𝑬

𝑻 −  𝒆
𝟐(𝒑+𝑬)

𝑻 +  𝒆
𝟑(𝒑+𝑬)

𝑻 −
∞

𝟎

 𝒆
𝟒(𝒑+𝑬)

𝑻 +  𝒆
𝟓(𝒑+𝑬)

𝑻 … … . . +𝒆
𝒏(𝒑+𝑬)

𝑻  ]      (24) 

   

∫
𝟐 𝑬𝟐 𝒅𝒑

𝒆
𝒑+𝑬

𝑻 +𝟏

∞

𝟎
 = [ ∫ 𝒅𝒑 +  

𝑻

𝟏
 𝚪(𝟏) 𝒆

𝑬

𝑻 −  
𝑻

𝟐
 𝚪(𝟏) 𝒆

𝟐𝑬

𝑻 +   
𝑻

𝟑
 𝚪(𝟏) 𝒆

𝟑𝑬

𝑻 −   
𝑻

𝟒
 𝚪(𝟏) 𝒆

𝟒𝑬

𝑻 +

  
𝑻

𝟓
 𝚪(𝟏) 𝒆

𝟓𝑬

𝑻 … … … +  
𝑻

𝒏
 𝚪(𝟏) 𝒆

𝒏𝑬

𝑻  ]     (25) 

The general solution of all parts for the integral in equation (3) after canceled the similar factors is :                                                                                                   

      𝚼(𝑬, 𝑻) = 𝟐 𝑻𝟑 𝚪(𝟑) ( 
𝟏

𝟏𝟑 −  
𝟏

𝟐𝟑 + 
𝟏

𝟑𝟑 −  
𝟏

𝟒𝟑 +  
𝟏

𝟓𝟑 −  
𝟏

𝒏𝟑    ) − 𝟐𝑬 𝑻𝟐 𝚪(𝟐) ( 
𝟏

𝟏𝟐 −  
𝟏

𝟐𝟐 +
𝟏

𝟑𝟐 −  
𝟏

𝟒𝟐 +

𝟏

𝟓𝟐 … … . .
𝟏

𝒏𝟐  ) + 𝑬𝟐 𝑻 𝚪(𝟏) ( 
𝟏

𝟏
−  

𝟏

𝟐
+  

𝟏

𝟑
−

𝟏

𝟒
+

𝟏

𝟓
… … …

𝟏

𝒏
 ) − 𝟐 𝑻𝟑 𝚪(𝟑) ( 

𝒆
𝑬
𝑻

𝟏𝟑  −  
𝒆

𝟐𝑬
𝑻

𝟐𝟑 +  
𝒆

𝟑𝑬
𝑻

𝟑𝟑 −  
𝒆

𝟒𝑬
𝑻

𝟒𝟑 +
𝒆

𝟓𝑬
𝑻

𝟓𝟑 −

𝒆
𝒏𝑬
𝑻

𝒏𝟑  ) + 𝟐𝑬 𝑻𝟐 𝚪(𝟐) ( 
𝒆

𝑬
𝑻

𝟏𝟐 −  
𝒆

𝟐𝑬
𝑻

𝟐𝟐 + 
𝒆

𝟑𝑬
𝑻

𝟑𝟐 … …
𝒆

𝒏𝑬
𝑻

𝒏𝟐 ) + 𝑬𝟐 𝑻 𝚪(𝟐)( 
𝒆

𝑬
𝑻

𝟏
−  

𝒆
𝟐𝑬
𝑻

𝟐
+ 

𝒆
𝟑𝑬
𝑻

𝟑
−

𝒆
𝟒𝑬
𝑻

𝟒
+ ⋯

𝒆
𝒏𝑬
𝑻

𝒏
 )   

         (26)   

Where : 

𝚼 ( E , T )  = 3 ζ(3) + 𝝅𝟐 E / 6 T + (𝑬/ 𝑻 )𝟐  ln(2) + 4 𝑳𝒊𝟑 ( -𝒆−𝑬/𝑻 ) + 2 ( E / T ) 𝑳𝒊𝟐 (- 𝒆−𝑬/𝑻 ) - (𝑬/𝑻 )𝟐  

ln( 1 + 𝒆−𝑬 /𝑻 )   

(27) 
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And Li is are the Polylogarithmic  functions given by [ 18]   : 

𝑳𝒊𝒂 = ∑
𝒛𝒏

𝒏𝒂
∞
𝒏=𝟏     ,  ζ (3) =1.202       (28) 

These factors are calculated according to the chosen system , flavored coefficient depends in his account 

the preparation of the individual flavor of each quark in the system and according to the following chart :                                                                        

     The total number of flavor is the sum of the individual  flavor preparation , according  to the 

relationship[4] : 

𝑵𝒇 =∑ 𝑵𝒇𝒊
𝟔
𝒊=𝟏                                                       (29) 

To calculate the total  charge of the system we use relationship[4] : 

∑ 𝒆𝒇
𝟐

𝒇  =  ∑ 𝒆𝒒𝟏
𝟐

𝒇  +  ∑ 𝒆𝒒𝟐
𝟐

𝒇                                   (30) 

 

Substituting Eq.(27)  in  Eq.( 6  ) with 𝐸 ≡ 𝐸∗ 

𝜻( 𝜶𝒔, 𝑱𝑻𝑳, 𝐸∗, 𝑻) =
𝟏

𝟐𝝅𝟐 α 𝜶𝒔 ∑ 𝒆𝟐
𝒇  

𝑻𝟒

𝐸∗
𝟐  𝒆

−𝐸∗
𝑻   (𝑱𝑻 − 𝑱𝑳)  𝚼 ( 𝐸∗ , T )  = 3 ζ(3) + 𝝅𝟐 𝐸∗ / 6 T + (𝐸∗/ 𝑻 )𝟐  ln(2) + 

4 𝑳𝒊𝟑 ( -𝒆−𝐸∗/𝑻 ) + 2 ( 𝐸∗ / T ) 𝑳𝒊𝟐 (- 𝒆−𝐸∗/𝑻 ) - (𝐸∗/𝑻 )𝟐  ln( 1 + 𝒆−𝐸∗ /𝑻 )  

(31)   

𝜻( 𝜶𝒔, 𝑱𝑻𝑳, 𝐸∗, 𝑻) which  represented the  photons rate for quarks interaction at the Bremsstrahlung process . 
 

 RESULTS AND DISCUSSION 3- 
 

Table (1): Data results of estimation  the flavors quantum number for quarks systems.  

∑ 𝑵𝒇 Quarks Mass System 

3 
𝑚𝑢 = 2.3−0.5

+0.7 MeV/c2 
u g →d g γ 

𝑚𝑑 = 4.8−0.3
+0.5 MeV/c2 

4 
𝑚𝑆 = 80 − 130 MeV 𝑐2⁄  �̅�𝒈 → �̅�𝒈𝜸 

 𝑚𝑢 = 2.3−0.5
+0.7 MeV/c2 

5 
𝑚𝑐 =1.15-1.35GeV 𝑐2⁄  

c g → u g γ 
𝑚𝑢 = 2.3−0.5

+0.7 MeV/c2 

6 
𝑚𝑏 = 4.1 − 4.4 GeV 𝑐2⁄  

�̅�𝒈 → �̅�𝒈𝜸   
𝑚𝑢 = 2.3−0.5

+0.7 MeV/c2 

7 
𝑚𝑐 =1.15-1.35GeV 𝑐2⁄  

𝒄𝒈 → �̅�𝒈𝜸 
𝑚𝑆 = 80 − 130 MeV 𝑐2⁄  

8 
𝑚𝑏 = 4.1 − 4.4 GeV 𝑐2⁄  

�̅�𝒈 → �̅�𝒈𝜸 
𝑚𝑆 = 80 − 130 MeV 𝑐2⁄  
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Table (2):Result  of the strong coupling  𝜶𝒔  for quarks system at critical temperature Tc=150 MeV  

 

Table (3): Result  of the strong coupling  𝜶𝒔  for quarks system at critical  temperature Tc=200 

MeV . 

𝜶𝒔(𝑷𝒆𝒇𝒇)  𝜶𝒔(𝑷𝒆𝒇𝒇) 

𝑷𝒆𝒇𝒇=3.4

GeV at 
𝑻𝒕𝒉 =
𝟒𝟐𝟓 

𝑷𝒆𝒇𝒇=3.4

GeV at 
𝑻𝒕𝒉 =
𝟑𝟕𝟓 

𝑷𝒆𝒇𝒇=3.4

GeV at 
𝑻𝒕𝒉 =
𝟑𝟐𝟓 

𝑷𝒆𝒇𝒇=3.4

GeV at 
𝑻𝒕𝒉 =
𝟐𝟕𝟓 

𝑷𝒆𝒇𝒇=3.4

GeV at 
𝑻𝒕𝒉 =
𝟐𝟐𝟓 

𝑷𝒆𝒇𝒇=3.4

GeV at 
𝑻𝒕𝒉 =
𝟏𝟕𝟓 

𝑷𝒆𝒇𝒇=3.4

GeV at 
𝑻𝒕𝒉 =
𝟏𝟐𝟓 

∑ 𝑵𝑭 Systems  

0.24651 0.25790 0.27229 0.29126 0.31786 0.35891 0.43395 3 𝒖𝒈 → 𝒅𝒈𝜸 

0.26623 0.27853 0.29407 0.31456 0.34329 0.38763 0.46866 4 �̅�𝒈 → �̅�𝒈𝜸 

0.28938 0.30276 0.31965 0.34191 0.37314 0.42133 0.50942 5 𝒄𝒈 → 𝒖𝒈𝜸 

0.31694 0.33159 0.35009 0.37448 0.40868 0.46146 0.55793 6 �̅�𝒈 → �̅�𝒈𝜸 

0.3503 0.36649 0.38694 0.4139 0.4517 0.51003 0.61666 7 𝒄𝒈 → 𝒔𝒈𝜸 

0.39151 0.40961 0.43246 0.46259 0.50484 0.57004 0.68921 8 �̅�𝒈 → �̅�𝒈𝜸 

 
Table (4): :Result  of the strong coupling  𝜶𝒔  for quarks system at critical temperature Tc=200 

MeV 

𝜶𝒔    Q(GeV)  
 
 )=8) 𝑛𝑓α  =7) (𝑛𝑓α  )=6) 𝑛𝑓α  )=5) 𝑛𝑓α  α(𝑛𝑓 =4) )=3) 𝑛𝑓α  

0.68893 0.61642 0.55771 0.50921 0.46848 0.43377 1 

0.37013 0.33117 0.29963 0.27357 0.25169 0.23304 4 

0.31187 0.27904 0.25246 0.23051 0.21207 0.19636 7 

0.28343 0.2536 0.22945 0.20949 0.19273 0.17846 10 

0.24077 0.21543 0.19491 0.17796 0.16373 0.1516 20 

0.22129 0.1980 0.17914 0.16356 0.15048 0.13933 30 

0.20927 0.18724 0.16941 0.15468 0.14231 0.13176 40 

0.20082 0.17968 0.16257 0.14843 0.13655 0.12644 50 

0.1944 0.17393 0.15737 0.14368 0.13219 0.1224 60 

𝜶𝒔(𝑷𝒆𝒇𝒇) ∑ 𝑵𝑭 system 

𝑷𝒆𝒇𝒇=3.4G

eV at 
𝑻𝒕𝒉 = 𝟒𝟐𝟓 

𝑷𝒆𝒇𝒇=3.

0GeV 
at 

𝑻𝒕𝒉 =
𝟑𝟕5 

𝑷𝒆𝒇𝒇=2.8

GeV at 
𝑻𝒕𝒉 =
𝟑𝟐𝟓 

𝑷𝒆𝒇𝒇=2.2

GeV at 
𝑻𝒕𝒉 =
𝟐𝟕𝟓 

𝑷𝒆𝒇𝒇=1.8

GeV at 
𝑻𝒕𝒉 =
𝟐𝟐𝟓 

𝑷𝒆𝒇𝒇=1.4

GeV at 
𝑻𝒕𝒉 =
𝟏𝟕𝟓 

𝑷𝒆𝒇𝒇=1.0

GeV at 
𝑻𝒕𝒉 =
𝟏𝟐𝟓 

0.22379 0.23314 0.24483 0.26006 0.28106 0.31269  0.36814  

 

3 𝒖𝒈 → 𝒅𝒈𝜸 

0.24169 0.25179 0.26442 0.28087 0.30355 0.3377 0.3976 4 �̅�𝒈 → �̅�𝒈𝜸 

0.26271 0.27368 0.28741 0.30529 0.32994 0.36707 0.43217 5 𝒄𝒈 → 𝒖𝒈𝜸 
0.28772 0.29975 0.31478 0.33436 0.36137 0.40202 0.47333 6 �̅�𝒈 → �̅�𝒈𝜸 
0.31801 0.3313 0.34792 0.36956 0.3994 0.44434 0.52315 7 𝒄𝒈 → 𝒔𝒈𝜸 
0.35542 0.37027 0.38885 0.41304 0.44639 0.49662 0.5847 8 �̅�𝒈 → �̅�𝒈𝜸 
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0.18928 0.16936 0.15323 0.1399 0.12871 0.11918 70 

0.18506 0.16558 0.14981 0.13679 0.12584 0.11652 80 

0.18149 0.16239 0.14692 0.13415 0.12342 0.11427 90 

0.17842 0.15964 0.14443 0.13187 0.12132 0.11234 100 

 

 
Figure ( 1 ) :The   behaviour  of strong coupling ∝𝑠 (𝑄2) a function  of Q  energy with experimental data [23,24,25,26] .                                                                           

 

Table  (5):photonic rates 𝜻( 𝜶𝒔, 𝑱𝑻𝑳, 𝑬, 𝑻) in �̅�𝒈 → �̅�𝒈𝜸  system at Bremishthalung process due to 

TC=150 MeV . 

 
𝑻𝑪 =150    , n=4                                                         

𝜻( 𝜶𝒔, 𝑱𝑻𝑳, 𝑬∗, 𝑻)[𝑮𝒆𝑽−𝟐 𝒇𝒎−𝟒] 
425      375     325      275     225      175     𝑻𝒕𝒉  =125   

 
 

 

0.24169 0.25179 0.26442 0.28087 0.30355 0.3377  0.3976 =α  
 
 

𝑬∗ 

4.1848e-5 2.3524e-5 1.2127e-5 5.5578e-6 2.1418e-6 6.1695e-7 9.7723e-8 0.5 

5.4257e-6 2.8425e-6 1.3237e-6 5.1630e-7 1.5088e-7 2.6141e-8 1.4850e-9 1 

1.2584e-6 5.8856e-7 2.3309e-7 7.1660e-8 1.4549e-8 1.3878e-9 2.6041e-11 1.5 

3.4026e-7 1.3900e-7 4.5789e-8 1.0862e-8 1.5014e-9 7.7280e-11 4.6935e-13 2 

9.7427e-8 3.4472e-8 9.3696e-9 1.7010e-9 1.5875e-10 4.3722e-12 8.5310e-15 2.5 

2.8680e-8 8.7532e-9 1.9547e-9 2.7039e-10 1.6964e-11 2.4900e-13 1.5559e-16 3 

8.5740e-9 2.2515e-9 4.1198e-10 4.3314e-11 1.8223e-12 1.4227e-14 2.8424e-18 3.5 

2.5872e-9 5.8352e-10 8.7348e-11 6.9683e-12 1.9633e-13 8.1427e-16 5.1971e-20 4 

7.8528e-10 1.5195e-10 1.8586e-11 1.1240e-12 2.1189e-14 4.6653e-17 9.5075e-22 4.5 

2.3929e-10 3.9691e-11 3.9641e-12 1.8160e-13 2.2892e-15 2.6747e-18 1.7399e-23 5 
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Figure ( 2 ) photonic data rates 𝜻( 𝜶𝒔, 𝑱𝑻𝑳, 𝑬∗, 𝑻) as function   𝑬∗  for 
�̅�𝒈 → �̅�𝒈𝜸 system at TC=150 MeV for   𝑻𝒕𝒉 = (125 , 175 , 225, 275 , 325 , 375, 425 ) . 

 

Table  (6):photonic rates 𝜻( 𝜶𝒔, 𝑱𝑻𝑳, 𝑬, 𝑻) in 𝒄𝒈 → 𝒔𝒈𝜸  system at Bremsstrahlung process due to 

TC=150 MeV . 

 
𝑻𝑪 =150    , n=7                     𝜻( 𝜶𝒔, 𝑱𝑻𝑳, 𝑬∗, 𝑻)[𝑮𝒆𝑽−𝟐 𝒇𝒎−𝟒]                                                     

425      375     325      275     225      175     𝑻𝒕𝒉  =125   
 
 

 

0.31801 0.3313 0.34792 0.36956 0.3994 0.44434 =α 0.52315 
 
 

𝑬∗ 

5.5063e-5 3.0952e-5 1.5957e-5 7.3130e-6 2.8182e-6 8.1178e-7 1.2858e-7 0.5 

7.1391e-6 3.7401e-6 1.7417e-6 6.7935e-7 1.9853e-7 3.4397e-8 1.9540e-9 1 

1.6558e-6 7.7443e-7 3.0670e-7 9.4290e-8 1.9144e-8 1.8261e-9 3.4264e-11 1.5 

4.4771e-7 1.8289e-7 6.0249e-8 1.4292e-8 1.9756e-9 1.0168e-10 6.1756e-13 2 

1.2819e-7 4.5358e-8 1.2328e-8 2.2381e-9 2.0888e-10 5.7529e-12 1.1225e-14 2.5 

3.7737e-8 1.1517e-8 2.5719e-9 3.5578e-10 2.2321e-11 3.2764e-13 2.0472e-16 3 

1.1282e-8 2.9625e-9 5.4208e-10 5.6992e-11 2.3978e-12 1.8719e-14 3.7399e-18 3.5 

3.4041e-9 7.6779e-10 1.1493e-10 9.1688e-12 2.5833e-13 1.0714e-15 6.8383e-20 4 

1.0333e-9 1.9994e-10 2.4455e-11 1.4789e-12 2.788e-14 6.1385e-17 1.2510e-21 4.5 

3.1486e-10 5.2225e-11 5.2159e-12 2.3894e-13 3.0122e-15 3.5193e-18 2.2893e-23 5 
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Figure (3) photonic data rates 𝜻( 𝜶𝒔, 𝑱𝑻𝑳, 𝑬∗, 𝑻) as functions  𝑬∗ for   
𝒄𝒈 → 𝒔𝒈𝜸 system at TC=150 MeV for   𝑻𝒕𝒉 = (125 , 175 , 225, 275 , 325 , 375, 425 ) . 

 

 
Table  (7):photonic rates 𝜻( 𝜶𝒔, 𝑱𝑻𝑳, 𝑬, 𝑻) in �̅�𝒈 → �̅�𝒈𝜸  system at Bremishthalung process due to 

TC=200 MeV . 

 

𝑻𝑪 =200    , n=4                                 𝜻( 𝜶𝒔, 𝑱𝑻𝑳, 𝑬∗, 𝑻)[𝑮𝒆𝑽−𝟐 𝒇𝒎−𝟒]                                          

425      375     325      275     225      175     𝑻𝒕𝒉  =125   
 
 

 

0.26623 0.27853 0.29407 0.31456 0.34329 0.38763 =α 0.46866 
 
 

𝑬∗ 

4.6097e-5 2.6023e-5 1.3487e-5 6.2246e-6 2.4223e-6 7.0816e-7 1.1519e-7 0.5 

5.9766e-6 3.1444e-6 1.4722e-6 5.7825e-7 1.7064e-7 3.0006e-8 1.7505e-9 1 

1.3862e-6 6.5109e-7 2.5924e-7 8.0257e-8 1.6454e-8 1.5930e-9 3.0695e-11 1.5 

3.7481e-7 1.5376e-7 5.0925e-8 1.2165e-8 1.6980e-9 8.8705e-11 5.5324e-13 2 

1.0732e-7 3.8134e-8 1.0420e-8 1.9050e-9 1.7954e-10 5.0186e-12 1.0056e-14 2.5 

3.1592e-8 9.6831e-9 2.1739e-9 3.0283e-10 1.9185e-11 2.8582e-13 1.8340e-16 3 

9.4446e-9 2.4906e-9 4.5819e-10 4.8510e-11 2.0609e-12 1.6330e-14 3.3504e-18 3.5 

2.8499e-9 6.4551e-10 9.7144e-11 7.8043e-12 2.2204e-13 9.3465e-16 6.1260e-20 4 

8.6502e-10 1.6809e-10 2.0671e-11 1.2588e-12 2.3963e-14 5.3550e-17 1.1207e-21 4.5 

2.6359e-10 4.3907e-11 4.4087e-12 2.0338e-13 2.5890e-15 3.0701e-18 2.0508e-23 5 
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Figure ( 4) photonic data rates 𝜻( 𝜶𝒔, 𝑱𝑻𝑳, 𝑬∗, 𝑻) as functions  𝑬∗ for   

�̅�𝒈 → �̅�𝒈𝜸 system at TC=200 MeV for   𝑻𝒕𝒉 = (125 , 175 , 225, 275 , 325 , 375, 425 ) . 

 

 

Table  (8):photonic rates 𝜻( 𝜶𝒔, 𝑱𝑻𝑳, 𝑬, 𝑻) in 𝒄𝒈 → 𝒔𝒈𝜸  system at   Bremsstrahlung process due to 

TC=200 MeV . 

𝑻𝑪 =200    , n=7                                       𝜻( 𝜶𝒔, 𝑱𝑻𝑳, 𝑬∗, 𝑻)[𝑮𝒆𝑽−𝟐 𝒇𝒎−𝟒]                                    

425      375     325      275     225      175     𝑻𝒕𝒉  =125   
 
 

 

0.3503 0.36649 0.38694 0.4139 0.4517 0.51003  =α 0.61666 
 
 

𝑬∗ 

6.0654e-5 3.4240e-5 1.7746e-5 8.1903e-6 3.1872e-6 9.3179e-7 1.5157e-7 0.5 

7.8639e-6 4.1374e-6 1.9370e-6 7.6085e-7 2.2452e-7 3.9482e-8 2.3032e-9 1 

1.8239e-6 8.5670e-7 3.4110e-7 1.0560e-7 2.1650e-8 2.0961e-9 4.0389e-11 1.5 

4.9317e-7 2.0232e-7 6.7006e-8 1.6006e-8 2.2342e-9 1.1672e-10 7.2795e-13 2 

1.4121e-7 5.0176e-8 1.3711e-8 2.5066e-9 2.3623e-10 6.6035e-12 1.3231e-14 2.5 

4.1569e-8 1.2741e-8 2.8604e-9 3.9846e-10 2.5244e-11 3.7608e-13 2.4132e-16 3 

1.2427e-8 3.2772e-9 6.0288e-10 6.3829e-11 2.7118e-12 2.1487e-14 4.4084e-18 3.5 

3.7498e-9 8.4936e-10 1.2782e-10 1.0269e-11 2.9215e-13 1.2298e-15 8.0606e-20 4 

1.1382e-9 2.2117e-10 2.7198e-11 1.6563e-12 3.1530e-14 7.0460e-17 1.4746e-21 4.5 

3.4683e-10 5.7773e-11 5.8009e-12 2.6761e-13 3.4065e-15 4.0396e-18 2.6985e-23 5 
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Figure ( 5) photonic data rates 𝜻( 𝜶𝒔, 𝑱𝑻𝑳, 𝑬∗, 𝑻) as functions  𝑬∗ for   
𝒄𝒈 → 𝒔𝒈𝜸 system at TC=200 MeV for   𝑻𝒕𝒉 = (125 , 175 , 225, 275 , 325 , 375, 425 )  . 

 

     At the initial thermal energies interaction of 

quarks  began at the bremsstrahlung  process of 

going through several quarks system  , it depends 

on the quantum color hypothesis  at QCD theory  

that followed the emission the photons carry us a 

many information about the nucleons structures and 

discussion the nuclear forces . 

 The important quarks interaction in hadronic phases 

that through his studies will understand the realities 

in quark gluon system  thet explain the origins of 

the strong forces as well as the fine structure of 

elementary particles ( proton , neutron ) [23]. 

      The quarks  interaction that occurs within the 

many quarks mater phases  includes three important 

interaction ( Compton scattering , annihilation and 

bremsstrahlung ) , these interactions occur at one 

time , But make a mental analysis in the study of 

these interactions, So that each separated by a 

phenomenon , when examined from the rest of the 

phenomena , Because of different a Mont of energy 

each interaction phenomenon for the rest of the 

phenomena , So one can understand the behavior of 

particles , According to the form of graphic curves 

in the search ,we will prevail in this thesis to study 

the phenomenon of  ( bremsstrahlung ) [ 27 , 28 ] in 

reaction ( Quark –gluon ) .                                                                       

       Tables  (5,6,7,8) , we note that photonic rate 

will remain change when change both 𝑇𝑡ℎ  and 

strong coupling constant 𝛼𝑠  , when will the 

increased value of  𝑇𝑡ℎ , the coupling constant 𝛼𝑠 is 

decreasing and the rate of photons production is  

𝜁( 𝛼𝑠, 𝐽𝑇𝐿 , 𝐸, 𝑇) increased , therefore , it was the rate 

production of photons function at temperature  𝑇𝑡ℎ 

and coupling  constant 𝛼𝑠  , when the temperature 

𝑇𝑡ℎ decreasing the coupling constant 𝛼𝑠 increased , 

Accordingly , at least the rate of photons 

production.  

But when the value of change for 𝑇𝑐  , number 

of flavor ( n )  and value of energy  𝐸𝛾 , with the 

increase in energy , and no change another 

variables , the  rate of photons production 

𝜁( 𝛼𝑠, 𝐽𝑇𝐿 , 𝐸, 𝑇) is decreasing , this is what we 

observe in the  figures ( 2,3,4,5) , supported and 

approaching from the available experimental 

data , when the number of flavor is changing and 

no change other factor ( 𝑇𝑐  ,  𝑇𝑡ℎ  , 𝐸𝛾  ) , but 

absolutely the energy 𝐸∗   well change , the  

number of flavor is change , then conclude when 

the number of flavor is increasing the coupling 

constant is increasing too , this means deeper , 

the impact of increased the number of flavor 

larger from the impact of increased the coupling 

constant to increasing value of rate photons 

production, which is supposed to make rate 

photons production is decreasing not the 

opposite .With 𝑇𝑐  increasing and no change 

another variables except the coupling constant 𝛼𝑠 

, which is increasing when the 𝑇𝑐  is increasing , 

the rate of photons production Γ𝛾  ( 𝛼𝑠  , T ) is 

increasing too .The result , the effect of 𝑇𝑐 , 𝑇𝑡ℎ 

and the number of flavor ( n) to rate photon 

production stronger than the effect of 

fluctuations and changes of coupling constant 

𝛼𝑠 .   
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4- CONCLUSION      

        

The theoretical  produce  of photon 

yield  𝜁( 𝛼𝑠, 𝐽𝑇𝐿 , 𝐸, 𝑇)  in plasma quark-gluon in 

this theses , calculation theoretically by many 

theories , quantum field theory one of them , 

specially chromodynamics theory and Helbert 

picture . theoretical form is derived by used the 

quantum field theory and the other theory 

branched from previously mentioned .                                                             

The results calculation by use many parameters , 

important one is the coupling  constant , and 

other parameters like the thermal temperature , 

system temperature photon energy , according to 

the results showed by the tables and figures in 

the four chapter obtained to many important 

conclusions in this search:                                                                                                

1- The   photonic rate will remain change when 

change both 𝑇𝑡ℎ and strong coupling constant 𝛼𝑠 

, when will the increment value of  𝑇𝑡ℎ  , the 

coupling constant 𝛼𝑠  is detraction and the of 

photons production is  𝜁( 𝛼𝑠, 𝐽𝑇𝐿 , 𝐸, 𝑇) increment 

, therefore , it was the  production of photons 

function at temperature  𝑇𝑡ℎ  and coupling  

constant 𝛼𝑠  , when the temperature 𝑇𝑡ℎ 

detraction the coupling constant 𝛼𝑠  increment , 

Accordingly , at least the  of photons production 

.                                                                                    

2- when the value of change for 𝑇𝑐  , number of 

flavor ( n )  and value of energy  𝐸∗ , with the 

increment in energy , and no change another 

variables , the  of photons production 

𝜁( 𝛼𝑠, 𝐽𝑇𝐿 , 𝐸, 𝑇)  is detraction .                                                                                                   

3-   when the number of flavor is changing and 

no change other factor ( 𝑇𝑐  ,  𝑇𝑡ℎ  , 𝐸∗  ) , but 

absolutely the energy 𝐸∗   well change , the  

number of flavor is change , then conclude when 

the number of flavor is increment the coupling 

constant is increment too , this means deeper , 

the impact of increment the number of flavor 

larger from the impact of increased the coupling 

constant to increment value of  photons 

production , which is supposed to make  photons 

production is detraction not the opposite .                                                   

4-When 𝑇𝑐  increment and no change another 

variables except the coupling constant 𝛼𝑠 , which 

is increment , the 𝑇𝑐   is increment , the rate of 

photons production 𝜁( 𝛼𝑠, 𝐽𝑇𝐿 , 𝐸, 𝑇)  is increment 

too .                                                    

5- The important conclusion must we are focusing 

on well ,  the effect of 𝑇𝑐 , 𝑇𝑡ℎ and the number of 

flavor ( n) to rate photon production more 

powerful  than the effect of fluctuations and 

changes of coupling constant 𝛼𝑠   . 
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