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Abstract :

In this paper, we calculate and study the photon emission from cg→sgγ plasma at chemical po-
tentials of 284 MeV, 568 MeV and 852 MeV, using quantum chromodynamics (QCD) theory to 
model the quark-gluon interaction in QGP. In this model, flavor number (7), critical energy Tc=190 
MeV, critical energy Tc=166.668 MeV, thermal energy (200 to 600) MeV, various force coupling and 
photon energy in the range (0.75-10.25) GeV were used to study the photon emission spectrum. The 
coupling of cg→sgγ collisions has been used to study the behavior of quarks. Based on theoretical 
values ​​of the force coupling coefficient, it has been shown that the photon emission rate increases de-
pending on the chemical potential, decreasing with increasing coupling strength. The spectral photon 
rate of cg→sgγ was found to increase with increasing thermal energy and chemical potential and to 
be inversely affected by photon energy. The resulting higher photon emission and cg→sgγ collision 
occur when the chemical potential Vq increases to a maximum of 852 MeV compared to the chemical 
potential of 281 MeV, indicating that the system is dominated by the chemical potential rather than 
temperature effects, and that photon emission is increasing. The probability of the cg → sgγ photon 
spectrum showed a slight increase at photon energy below 2 GeV compared to a deep decrease at 
10.25 GeV due to hadronic effects and QCD.
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مستخلص:

في هــذه الورقــة البحثيــة، قمنــا بحســاب ودراســة انبعــاث الفوتونــات مــن بلازمــا cg→sgγ عنــد جهــود كيميائيــة تبلــغ 284 
ــكا  ــة الكرومودينامي ــون إلكــرون فولــت، باســتخدام نظري ــون إلكــرون فولــت، و852 ملي ــون إلكــرون فولــت، و568 ملي ملي
ــة )QCD( لنمذجــة تفاعــل الكوارك-الغلــوون في QGP. في هــذا النمــوذج، اســتُخدم رقــم النكهــة )7(، والطاقــة الحرجــة  الكمي
Tc=190 مليــون إلكــرون فولــت، والطاقــة الحرجــة Tc=166.668 مليــون إلكــرون فولــت، والطاقــة الحراريــة )200 إلى 600 
مليــون إلكــرون فولــت(، واقترانــات قــوى مختلفــة، وطاقــة الفوتــون في النطــاق )10.25-0.75 جيجــا إلكــرون فولــت( لدراســة 
طيــف انبعــاث الفوتونــات. كــا اســتُخدم اقــران تصادمــات cg→sgγ لدراســة ســلوك الكــواركات. واســتنادًا إلى القيــم النظريــة 
لمعامــل اقــران القــوى، تبــنّ أن معــدل انبعــاث الفوتونــات يــزداد تبعًــا للجهــد الكيميائــي، وينخفــض ​​بازديــاد قــوة الاقــران. وُجــد 
أن معــدل الفوتونــات الطيفــي لـــ cg→sgγ يــزداد مــع زيــادة الطاقــة الحراريــة والجهــد الكيميائــي، ويتأثــر عكســيًا بطاقــة الفوتــون. 
ــي Vq إلى  ــزداد الجهــد الكيميائ ــا ي ــة إلى تصــادم cg→sgγ، عندم ــج عــن ذلــك، بالإضاف ــات الأعــى النات ويحــدث انبعــاث الفوتون
أقــى حــد لــه وهــو 852 مليــون إلكــرون فولــت، مقارنــةً بالجهــد الكيميائــي البالــغ 281 مليــون إلكــرون فولــت، ممــا يشــر إلى 
أن النظــام يهيمــن عليــه الجهــد الكيميائــي أكثــر مــن تأثــرات درجــة الحــرارة، وأن انبعــاث الفوتونــات آخــذ في الازديــاد. وقــد أظهــر 
احتــال طيــف الفوتونــات cg→sgγ زيــادة طفيفــة عنــد طاقــة فوتــون أقــل مــن 2 جيجــا إلكــرون فولــت، مقارنــةً بانخفــاض حــاد 

.QCD عنــد 10.25 جيجــا إلكــرون فولــت، وذلــك بســبب التأثــرات الهادرونيــة و
الكلمات المفتاحية: الطيف، انبعاثية الفوتون، QCD الديناميكي الكرومو-كمومي، كوارك ساحر، كوارك غريب.
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Introduction
Elementary particles are a major 

field of physics that deals with the 
fundamental components of nature 
and their interactions. Many scientif-
ic methods can be used to study and 
study the structural components. Re-
cently, various theories have been pro-
posed to understand the quark-gluon 
structure and the universal phase for-
mation interaction after the Big Bang 
phase[1].  The collision of quarks and 
gluons has provided good tools for 
understanding the structure of nucle-
ons and the astrophysical properties 
of condensed matter, described by the 
theory of quantum chromodynamics 
(QCD)[2]. Numerous hadron experi-
ments have been conducted at the Rel-
ativistic Heavy Ion Collider (RHIC) at 
Brookhaven National Laboratory and 
at the Large Hadron Collider (LHC) at 
CERN to study the extremely hot mat-
ter in quark-gluon plasma (QGP)[3].
The main idea of ​​collisions is to study 
and create strongly interacting matter, 
which is obtained by converting con-
fined matter from a hadronic state to 
a freely deconfined quark-gluon state. 
The quark-gluon plasma(QGP) is the 

superfluid state produced at Relativis-
tic Heavy Ion Collisions (RHIC)[4]. 
Since Gell-Mann introduced the quark 
model, the world has divided quarks 
into three generations based on their 
quantum number flavors (up, down), 
(strange, charm), and (top, bottom) 
[5]. Quark families are fermions and 
are driven by massless bosons from 
the strong interaction, and have eight 
color and anticolor gluons at the same 
time[6]. However, the main theoreti-
cal model used to study and research 
the interaction of quarks and gluons 
was provided by the Standard Model, 
which was developed in the 1970s. The 
foundations of the Standard Model are 
quantum chromodynamics and elec-
troweak theory [7]. The photons are the 
main tool to provide knowledge about 
the stages of quark-gluon collisions in 
plasmas[8]. There are emissions from 
two sources of hadron decay and direct 
photons, and the contribution of direct 
photons is smaller than that of photon 
decay; they provide direct information 
for particle reconstruction [9]. One of 
the key roles in the emission of pho-
tons from quark-gluon interactions in 
a QCD medium is the force coupling. 
Less strong coupling in quark-gluon 
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plasma (QGP) refers to a quark that is 
weakly coupled to a gluon and increas-
es photon emission[10]. During heavy 
ion collisions, photons are emitted due 
to quark-gluon interaction, providing 
much knowledge about quark-gluon 
plasma (QGP) [11].

Theory 
Photon emission rate from 

quark-gluon collisions is giving by in 
momentum P and energy E  and related 
by the fugacity of gluon and thermal 
energy T of the system by [12]. 

Where  is imaginary of the retarded of photons,it  gives  by[13]. 

Where NC is color number, C is Ca-
simir operator [14],  is quan-
tum electrodynamics couplings  
( ) [15] and  is 
quantum chromodunamic coupling 
 ( )[16], IT and TL are 
transverse and longitudinal self-inte-

graland  are Jut-
tner distribution function  of quark .In-
troduce charge  of quark and NC=3 
in Eq.(2) and simply to yield.

The  Juttner distribution function Fq (p-E) and Fq (P) are function of chemical 
potential Vq  and quark fugacity λq and  writes by [17].
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Insert Eq.( 4) and Eq.( 5) in Eq.(3) and used   to obtaine  .
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Results 
Quantum chromodynamic effects 

can be used to calculate the spectral dis-
tribution of quark-gluon plasma col-
lisions. In the context of QCD theory, 
the photon emission rate is of great in-
terest in understanding the spatial ex-
tent of the photon source in a cg→sgγ 
plasma.To calculate the spectrum of 
photons rate depending on QCD the-

ory,fistly can be estimate, the coupling 
constant can be estimated by  the quan-
tum flavor number. The flavor num-
ber  is  the summation flavor number 
of quarks in cg→sgγ plasma system, 

 using Table (1) for 
quarks  species, to results nF=7 for 
cg→sgγ collision in being the flavor  
nf = 4 of chram quark  and strange quark 
(nf  = 3). 

Table(1): Physical properties of quarks [19].

the strength coupling can be evalu-
ated using Eq.(13) using thermal ener-
gy (200,250,300,350,400,450,500,550 
and 600 MeV)  to produce photons at 

critical temperature Tc=166.668MeV 
,results are shown in table (2) for 
cg→sgγ collision system.

Table(2): Strength coupling calculation for cg→sgγ  plasma systems 
using the critical temperature Tc=166.668MeV   .

 200 250 300 350 400 450 500 550 600

0.438 0.399 0.372 0.351 0.335 0.322 0.312 0.303 0.295

6 2 0 6 7 9 2 1 2
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The charge of quarks in the system 
cg→sgγ plasma at the collision pro-
cesses  can be estimated using  the 
summation  for 
cg→sgγ plasma system. A theoreti-
cal calculation  of the spectrum  of 
photon rate from charm quark with 
gluon interaction in cg→sgγcg→sgγ plas-
ma using the Eq.(12) and MATLAP 

program with  taken critical tempera-
ture calculation Tc=166.668MeV 
from table(2), fine structure 

 
[21],  ,[21] and chemical po-
tential, Vq= 284 MeV and Vq= 568 
MeV and Vq= 852 MeV, results list  
in tables  (3), (4), and (5) and figures 
(1),(2), and (3), respectively.

Table (3)  Photon emission rate  from cg→sgγ collision 
at NF = 7 , Tc=166.668MeV and  Vq= 284 MeV .

 

200 250 300 350 400 450 500 550 600

0.75 1.73E-13 5.79E-13 1.40E-12 2.83E-12 5.09E-12 8.43E-12 1.31E-11 1.94E-11 2.77E-11

1.5 7.14E-15 5.33E-14 2.13E-13 5.94E-13 1.32E-12 2.52E-12 4.35E-12 6.93E-12 1.04E-11

2.25 1.79E-16 2.88E-15 1.92E-14 7.74E-14 2.25E-13 5.30E-13 1.06E-12 1.92E-12 3.18E-12

3 4.38E-18 1.49E-16 1.65E-15 9.55E-15 3.65E-14 1.05E-13 2.52E-13 5.19E-13 9.61E-13

3.75 1.05E-19 7.64E-18 1.39E-16 1.15E-15 5.79E-15 2.07E-14 5.84E-14 1.38E-13 2.86E-13

4.25 8.74E-21 1.04E-18 2.68E-17 2.81E-16 1.69E-15 6.95E-15 2.19E-14 5.68E-14 1.27E-13

5 2.08E-22 5.29E-20 2.23E-18 3.37E-17 2.64E-16 1.34E-15 5.00E-15 1.48E-14 3.73E-14

5.75 4.94E-24 2.66E-21 1.86E-19 4.01E-18 4.12E-17 2.57E-16 1.13E-15 3.88E-15 1.09E-14

6.25 4.07E-25 3.63E-22 3.54E-20 9.69E-19 1.19E-17 8.57E-17 4.22E-16 1.58E-15 4.79E-15

7 9.65E-27 1.82E-23 2.93E-21 1.14E-19 1.84E-18 1.63E-17 9.55E-17 4.09E-16 1.39E-15

7.75 2.28E-28 9.13E-25 2.42E-22 1.35E-20 2.86E-19 3.12E-18 2.15E-17 1.06E-16 4.04E-16

8.25 1.87E-29 1.24E-25 4.60E-23 3.27E-21 8.24E-20 1.03E-18 7.97E-18 4.30E-17 1.77E-16

9 4.43E-31 6.20E-27 3.79E-24 3.86E-22 1.27E-20 1.97E-19 1.79E-18 1.10E-17 5.12E-17

9.75 1.04E-32 3.10E-28 3.13E-25 4.55E-23 1.96E-21 3.74E-20 4.03E-19 2.85E-18 1.47E-17

10.25 8.60E-34 4.20E-29 5.93E-26 1.09E-23 5.64E-22 1.23E-20 1.48E-19 1.15E-18 6.45E-18
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Figure (1)  Photon emission rate  
from cg→sgγ collision  at  Vq= 284 MeV 

Table (4 )  Photon emission rate  from cg→sgγ collision  at NF = 7 , 
Tc=166.668MeV and  Vq= 568 MeV .

200 250 300 350 400 450 500 550 600

0.75 4.26E-13 1.37E-12 3.25E-12 6.452E-12 1.142E-11 1.869E-11 2.883E-11 4.245E-11 6.021E-11

1.5 1.43E-15 1.30E-14 5.82E-14 1.740E-13 4.055E-13 8.022E-13 1.418E-12 2.310E-12 3.544E-12

2.25 4.25E-17 8.88E-16 7.00E-15 3.148E-14 9.921E-14 2.466E-13 5.190E-13 9.676E-13 1.647E-12

3 1.04E-18 4.65E-17 6.13E-16 4.003E-15 1.674E-14 5.191E-14 1.304E-13 2.805E-13 5.373E-13

3.75 2.50E-20 2.38E-18 5.203E-17 4.871E-16 2.676E-15 1.027E-14 3.063E-14 7.588E-14 1.634E-13

4.25 2.07E-21 3.26E-19 9.977E-18 1.188E-16 7.812E-16 3.452E-15 1.152E-14 3.132E-14 7.287E-14

5 4.94E-23 1.65E-20 8.335E-19 1.421E-17 1.224E-16 6.675E-16 2.636E-15 8.226E-15 2.148E-14

5.75 1.17E-24 8.31E-22 6.935E-20 1.692E-18 1.909E-17 1.284E-16 5.997E-16 2.147E-15 6.288E-15

6.25 9.69E-26 1.13E-22 1.319E-20 4.081E-19 5.511E-18 4.268E-17 2.221E-16 8.749E-16 2.765E-15

7 2.29E-27 5.68E-24 1.093E-21 4.848E-20 8.563E-19 8.163E-18 5.043E-17 2.261E-16 8.044E-16

7.75 5.42E-29 2.84E-25 9.039E-23 5.737E-21 1.326E-19 1.558E-18 1.138E-17 5.874E-17 2.334E-16

8.25 4.46E-30 3.86E-26 1.715E-23 1.382E-21 3.819E-20 5.159E-19 4.214E-18 2.383E-17 1.022E-16

9 1.05E-31 1.93E-27 1.415E-24 1.631E-22 5.898E-21 9.821E-20 9.483E-19 6.150E-18 2.956E-17

9.75 2.48E-33 9.67E-29 1.167E-25 1.924E-23 9.101E-22 1.868E-20 2.131E-19 1.585E-18 8.541E-18

10.25 2.04E-34 1.31E-29 2.211E-26 4.626E-24 2.617E-22 6.172E-21 7.875E-20 6.416E-19 3.730E-18
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200 250 300 350 400 450 500 550 600

0.75 3.904E-12 8.727E-12 1.623E-11 2.718E-11 4.260E-11 6.372E-11 9.195E-11 1.288E-10 1.759E-10

1.5 7.332E-16 6.872E-15 3.123E-14 9.422E-14 2.209E-13 4.388E-13 7.779E-13 1.271E-12 1.953E-12

2.25 9.645E-18 2.554E-16 2.320E-15 1.140E-14 3.813E-14 9.874E-14 2.139E-13 4.075E-13 7.054E-13

3 2.501E-19 1.484E-17 2.342E-16 1.725E-15 7.864E-15 2.597E-14 6.834E-14 1.524E-13 3.002E-13

3.75 6.047E-21 7.627E-19 2.005E-17 2.137E-16 1.290E-15 5.319E-15 1.675E-14 4.332E-14 9.657E-14

4.25 5.019E-22 1.046E-19 3.848E-18 5.211E-17 3.771E-16 1.797E-15 6.348E-15 1.805E-14 4.358E-14

5 1.195E-23 5.289E-21 3.216E-19 6.249E-18 5.931E-17 3.482E-16 1.458E-15 4.766E-15 1.293E-14

5.75 2.838E-25 2.664E-22 2.676E-20 7.445E-19 9.251E-18 6.691E-17 3.319E-16 1.246E-15 3.793E-15

6.25 2.342E-26 3.628E-23 5.091E-21 1.799E-19 2.675E-18 2.228E-17 1.234E-16 5.078E-16 1.669E-15

7 5.543E-28 1.820E-24 4.217E-22 2.133E-20 4.150E-19 4.262E-18 2.792E-17 1.318E-16 4.858E-16

7.75 1.310E-29 9.121E-26 3.488E-23 2.524E-21 6.426E-20 8.135E-19 6.302E-18 3.411E-17 1.401E-16

8.25 1.079E-30 1.239E-26 6.616E-24 6.078E-22 1.851E-20 2.694E-19 2.334E-18 1.384E-17 6.173E-17

9 2.547E-32 6.198E-28 5.461E-25 7.176E-23 2.859E-21 5.129E-20 5.252E-19 3.573E-18 1.786E-17

9.75 6.009E-34 3.098E-29 4.504E-26 8.465E-24 4.412E-22 9.753E-21 1.181E-19 9.209E-19 5.161E-18

10.25 4.942E-35 4.203E-30 8.531E-27 2.035E-24 1.269E-22 3.224E-21 4.362E-20 3.728E-19 2.255E-18



236
Theoretical Investigation of Calculating The Spectrum of Photon Emissivity Using Quantum Chromo 
Dynamic QCD Theory  .....................  Bilal W. K. Al-Mahdawi  ,  Hadi J. M. Al-Agealy   ,  Ismaeel Al-Baidhany

  
Discussion 
The QCD method was used to calcu-

late the photon emission rate from the 
collision of a charm quark with a gluon 
in a cg→sgγ  plasma system based on 
the mathematical model using a criti-
cal temperature of Tc=166.668MeV 
with photon energies from 0.75 GeV to 
10.25 GeV and fugacities 0.09 and 0.02 
for the gluon and quark with taking 
into account of the chemical potential 
of 284 MeV,  568 MeV and   852 MeV 
. Coupling strength as well as photon 
emission were calculated using ther-
mal energy from 200MeV to 600MeV. 
The results in Table (2) indicate that the 

coupling will decrease as the thermal 
energy of the collisional plasma cg→s-
gγ increases, which explains the con-
finement phenomenon and the asymp-
totic phenomena of charm and strange 
quarks in the cg→sgγ plasma, taking 
into account the fact that the probability 
of emission is greater at low coupling. 
Moreover, the force-coupling behavior 
of the cg → sgγ plasma decreases with 
increasing thermal energy due to the 
thermal energy effect in the system. It 
reaches a maximum of 0.4386 at 200 
MeV and a minimum of 0.2952 at 600 
MeV. However, the coupling behavior 
at 200 MeV and 600 MeV with a finite 
critical temperature Tc = 166.668 MeV 
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is affected by QCD collisions with the 
varying thermal energy of the inter-
action cg→sgγ, affecting the photon 
emission from the collision in the plas-
ma medium. The emission spectrum of 
photons from the cg → sgγ collision 
decreased with increasing coupling, 
and the photon energy was likely to be 
less than 2 GeV and the coupling was 
low. The probability of photon emis-
sion per photon energy and thermal 
energy of the system was obtained as 
a result of equation (12) defined pre-
viously and photon emission was fast-
er with decreasing photon energy and 
photons would be attenuated in the 
QGP medium.

Furthermore ,the chemical poten-
tial between quarks affects the emis-
sion of photons from cg→sgγ plasmas. 
Increasing the chemical potential can 
lead to more intense interactions and 
photon emission. When the potential 
increases sufficiently in high-energy 
collisions, quarks may undergo a trans-
fer process involving photon emission. 
In short, increasing the chemical po-
tential from 284 MeV to 852 MeV be-
tween quarks results in more photons 
being emitted, especially at higher en-
ergy levels where quarks undergo large 

energy transitions or interactions.For 
cg→sgγ plasma, the photon emission 
spectrum slows down with increasing 
photon energy and the emission spec-
trum in the QGP medium decreases. 
In contrast, the emission spectrum 
in the QGP medium decreases faster 
at photon energy 10.25 compared to 
E=0.75GeV, which indicates that the 
system emitted photons at a largel rate 
at energy E=0.75 GeV. Tables (3), (4) 
and (5) of Figures 1, 2 and 3 show that 
the spectrum at lower photon energy 
0.75 GeV and large chemical potential 
852 MeV was larger than that at pho-
ton energy E = 10.25 GeV and chemi-
cal potential 284 MeV, indicating that 
it is mainly subject to thermal effects 
and the probability increases at lower 
photon energy and large chemical po-
tential. The photon spectrum from the 
cg→sgγ collision slows down with 
increasing  photon energy to decrease 
photon emission in the QGP collission. 
As a result, the emission spectrum from 
the collision of charm quarks with glu-
ons increases as the thermal energy of 
the system increases.Generally , the 
photon emission from cg→sgγ plas-
ma increased with increased chemical 
potential and increased thermal ener-
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gy and decreased coupling and pho-
ton energy in system .As expected, the 
photons emission at  high-energy yield  
around the QGP matter  .In Figures (1-
3) , the plotted are in same behavior 
with range high energy(1-10)GeV  but 
the photons yield are increases with  
increases chemical potential by a fac-
tor ~10 . 

Conclusion 
In conclusion, the photon spectral 

rate through the collision process has 
been enhanced by the coupling, ther-
mal energy, photon energy, and chemi-
cal potential of the QGP matter system, 
which gives a more stable property of 
the quark-gluon system configuration 
giving more knowledge in the forma-
tion of the quark-gluon plasma. The 
overall calculated photon spectrum rate 
produces to decreases with increasing 
coupling and photon energy for three 
values of chemical potentials. The 
photon spectrum of the cg → sgγ col-
lision increased with increasing chem-
ical potential and thermal energy. Fur-
thermore, calculations predict a total 
photon emission increase of over 20% 
when the chemical potential increases 
from 281 MeV to 852 MeV at limited 

coupling. Moreover, the spectral emis-
sion increased with increasing chemi-
cal potential in the cg → sgγ collision 
in the plasma medium. Therefore, con-
sidering quark-gluon quantum chro-
modynamics theory plays an important 
role in calculating the photon rate at 
high energy. So, these calculation re-
sults can be supplied to improve the 
experimental results.
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