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Abstract :

In this paper, we investigate theoretically the photon produces in nuclear interactions using
the quantum chromodynamic QCD theory of the quark-gluon interaction . The QCD theory is
implemented to derive a set of rate equations describing the interaction of quarks and gluons at
a chemical potential p, = 500 MeV .We focused on the photon rate calculated for anti-up-gluon
interaction of the #tg —d v interaction at the energy of the system from (180 to 360 ) MeV and
critical temperature 132.386,, 178.72 and 198.579 MeV with a range of photon energy from 1
GeV to 10 GeV with assuming of fugacity parameters of quark and gluon should be equal to

24=0.08. 1;=0.02 for gluon and quars are crude approximation. We examine the significant influ-
ence of strong coupling, critical temperature, and photons energy on the produced photon emis-
sion from the interaction the iig —d vy system . We show that photons emission rate increased
with decreased strong coupling of quark-gluon due to the decreased energy of system from (360
to 180) MeV.

Here we present the spectrum of photons using photon energy intake account
1GeV < E < 10GeV with four critical temperatures . Regarding possible QCD features are quantita-
tively achieved for a unique flavour number ny =2 + 1 of the photon spectrum. The interesting
point of the photon rate is minimum at the photon energy E=10 GeV which reflects the poor
coupling between quark and gluon for the #g —d vy interaction.
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Introduction

High-energy physics introduced the
basic theory to understand elementa-
ry particles and interactions depend-
ing on the standard model theory[1].
The fundamental constituents of the
nucleons are elementary particles
called quarks and gluons. Both gluons
and quarks play an essential role in pro-
ducing the mass of nucleons[2].The
quark-gluon played a fundamental role
in the development of the quantum
chromodynamics theory of strong in-
teraction[3] . Moreover, the quark-glu-
on used to study of behavior of nucle-
ons created at relativistic heavy-ion
collision depending on experimental
from CERN and RHIC at BNL4] ]. The
standard model is the mathematical
framework to describe elementary
particles and the interactions of elec-
tromagnetism, weak, and strong inter-
actions .However ,standard model had
tremendous success to understand
new state of matter of QCD theory
and quark-gluon interaction5]. ]. The
quarks model introduces a good pic-
ture to develop and describe the char-
acteristic of hadrons. However, the
color hypothesis introduced by Green-
berg to describe the quarks has three
colors degrees of freedom[6]. Accord-
ing to the color hypothesis, the quarks
have two behavior confinement and

o —ﬁ 3 1 Ty

asymptotic phenomena, quark bounds
into the color media in hadrons by a
variety of configurations[7]. A photon
is emitted due to various mechanisms;
thermal photons, prompt photons, and
jet-medium photons . Photon emitters
through the interaction of quark and
gluon in QGP phase and hadron phase
due to jet, and due to decay of reso-
nances into real photons[8]. More-
over, the high temperature is never
an extreme feature of the creation of
quark-gluon interaction in heavy ion
collisions.[9]

The photons are produced from
quark-gluon interaction by different
processes; decay photons from had-
ron decays and direct photons . More-
over ,the direct photons are divided
to prompt photons emitted at hard
partonic scatterings and jet fragmen-
tations and thermal photons emitted
from the quark-gluon medium[10]. In
the present work, we calculate and
analysis the photon rate at ug —d vy
system interaction take into account
the critical temperature ,coupling of
quark-gluon ,energy of system ,fugaci-
ty of quark and gluon and integral con-
stant It and I, .

Theory

The rate of hard photon was pro-
duced through quark-gluon interac-
tion with energy E and momentum P
gives via QCD theory by [11].

ofi- 1
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Where fz(E) is the Bosonic distribution function and Im[[%,(E,P) is imaginary
part of retarded self-energy polarization at finite temperature and gives by[12].

T4 (E,P) = (-2 95205 - |ina] [ (f2(P)— fo(E - P)) (P? +
(E—P)z)dP......................(”)

Where N is net number of flavor for system , ¢, is the Casimir operator, ge
and 9u are the quantum electrodynamics and quantum chromo dynamic cou-
pling respectively , fq(P) is the Fermi distribution of quark, Iy, =Ip—1I is the
self-integral of system relative to dimensionless constant It and I [13].. The
Eq.(3-6) together Eq.(3-3) and for all electric charge Y e for quarks leads to

Im[[5,(E,P) = (-1) =2 gp2g2 L e — 1) X6 [77 (F,(P) — fo(E -

P))(P?+ (E - P)? )dP ...................... 3)

The Juttner distribution function /() and f;(» — E) as function of fugacity
coefficient 44 for quarks and writs [14]

N.Cq

e & +qu

fi®@—E) = ~gmpo—e e (5)
e T 4+l
where Kq is chemical potential coef‘ﬁueg’g Obviously, the chemical potential
with fugacity of quarks and gluons 2,, =e T is [15]. Substituting both Eq.(4)
and Eq.(5) in Eq.(3) and expand ( P2+ (E-P )?) = P>+ E> - 2EP + P? = 2P? + E?- 2EP to

results .

NeCq 2P2 +E2 - 2EP
m[[(EP) = (1) 4 9e°gn’ E I e f ( @*ig Lap -
e T
S
q

+1)

o (2P2 +E2
fo (E—p—Lg)
T a—

We assume that

—(ptuq) —2(ptuq) —3(ptuq) —4(ptuq)

o (2P2+E2-2EP) . cooe T e T B T B ]

Al - fO (ptuq) dpP = fO [ Aq—l - /—{q—z + /—{q—a - /—{q—df -
T

7+

—n(ptiuq)
e

..A—L](ZPZ—ZEP+E2)dP “““““““““““ 7)
q




Calculation and Analysis Of The Photon Rate Produce From Anti-Up Quark -Gluon Interaction
Using The QCD Theory ..............ccccc..... Saba Mustafa Hussein ,  Hadi]. M. Al-Agealy and Al-Rubaiee A. A. J { 64
-(E-p-pq) -2(E-p-uq) 4‘7__3(5?_” )
oo (2P2+E?-2EP) e T e T e
AZZI E-p- dP:f [ -1 - -2 + -3 -
Ay 0 Aq Aq Aq
e
ST
Aq
—4(E—p—,ug) —n(E—p—,ug)
e T e 4
e n 202 2B B BPAP cneormssmse 8)
q q

To solve both integrals Eq.(7) and Eq.(8) ,we can simply to write both inte-
gral in six term;

. e-(p;uq) 8-2(p;uq) e&;u@
o=, 1 P +..—---..T](2P2)dP ............. )
The second integral is
~(ptnq)  -2(ptuq) —n(p+uq)
J=[" ,1;1 _E ,1;2 e ---—---..%}(21)5)@ ............. (10)
The third integral is
—(ptuq)  -—2(ptuq) —n(p+iq)
s =T ,1;1 . B ,1;2 +---.—---..%](E2)dP “““““““““ (11)

The fourth terms is

—(E—g—;aq) —2(5—]{9—,{1(}') —n(E—p—,ug)
o« oo e _ (54 . € 2
Ja=J, | 7 i + o 12P%)dP ......(12)
The five integral term
—(E-p-nq) —2(E-p-nq) -n(E-p-uq)
oo e T: e T e 15 BB
Js=Jy e ==+ = S J@PEYP.. (13)
The final integral term is
~(E-p-nq) ~2(E-p-nq) —n(E-p-uq)

e T e

Jo= I I AQT-l — +"°—---.....%—Tn](EZ)dP‘.”(M)
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The solutions of six term are given by .

—lgq 2Uq

L™ #Ae F Az 4
— 3124 q q - -
Jy =273 | == — LT T (3)......(15)
n
Second termin term [/,
5 Ay e_” qu‘e-z;; }ane_n“ |
J, = 2ET?T(2) R e -y SRR (16)
Third term integralin ],
] o —Nilg
/'1 1 ﬂl /1 28 Z-Ift /'1 ne T
— 2 q q :
Js = E2T| = g chosamsenaEe— YT B e G
On the other hand, the fourth term is .
P ~{E-nq) 2.2 4‘3—_2(]5?_;! ) 1. ~n(E-ng)
% e i q
Jo== 2781 (3) [= - = T = %e T | T (18)
The five integral term is.
—(E-uq) —2(E-uq) —5(E-uq)
3 41,1 2 o 1.5 T %, n —n(E-pq)
Js = 2ET?r(2) [22 - - +oe T ] (19)
The six term integral is gives .
—(E-nq) —2(E—pq) —5(E-nq)
G T 1.2 T 1.5 T 1. —n(E-uq)
Jo = E2TT(1)(&= = ‘*‘"2 i ’*‘"5 S8 b I R (20)
Inserting the results of K - J2 .and j, inEq.(7) to give A, .
. poolg(2P2LER2EP) .
A = fo P+iq) ar =
e T +Aq
L - Ty
Agte T .&eT A nhq Ag e T leT
2T3lq13 ‘*23 —Le 7 |T(3) + 2ET?T(2) \q ‘*22 -
—2U
ﬂ. n 7‘.'1_LLq .3. 1 Tq .3. 2 —Tq ‘1 n —nuq
et ||+ BT - g “"2 — 2L I7C1) o 21)
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On the other hand ,we insert the J, , Js ,and Js in Eq.(8) to result integral

term A, .
—(E-ug) —2(E-pq)
©2,(2P? + E2 — 2EP) = dde = Aje T A" ~n(E-ng)
A, =J e P 20 E - E o 4 ae T
Y owm T iy
—(E-nq) —2(E-pgq)
1 — g/ s = "gq/ n
= Aje T A" n(E-ng)
+2ET?T(2) [ N - N fons b g T ]
‘{E_“q_} , “AE-uq) n —n(E-ig)
+E2T]“(1)[lq — Mt T g MeTr (22)

We assume J=A, + A, then with using Eq.(21) and Eq.(22)

1 —Hq —(E—pgq) 2 —2jig —2(E-pgq) n g —n(E—pq)
3[4 ar - o T el e 2 e
Je=—P T %eT +e T —z%eT +e T —"-%(BT +e v )IC(3)+
1 —Hq —(E-pgq) 2 —2ugq —2(E-pq) . Thflg —n(E-q)
2ET?T(2) [%(e ¥ fe ¥ )—%(e T g T )+---—---A$2 fe ¥t ¥ )]+

o farf e G\ o f g aEmw) n g nlE-ug)
ETleT+eT —%BT-FET ...... %(BT-F&‘ TR [ G S T— (23)

Inserting Eq.(23) in EqQ.(6) to give

NcCa it vf -y () w2 f -2(e,)
Im[Igy(E,P) = (1) 9&°Gu _2|IT—IL| Y65 et te 1 |-= i

T i A

P B G, )

; T G D WY e P ) P P )

—---j(er+e r (3)+2ET1’(2) er +e 1 |-Zler +e 1 J4r-TET +e T )|+
i o e\ g f o lew) ar g oolewy)

B Therdg s |- ler b e e Tdgrdhe = 4 T (24)

We assume that

1 2 3 4 5 1 3
V(BT Aqug) =210 (3 (B -2+ 2 2oy de )y gpror(p) (2 -2 4 20
5

n —(E-pnq)
A A A g2 (RO R . R i | N = .
42+52 nz)—l_E TF(l) 1 5 +3 4+5 ‘n,) e T e T +
—2/q —2{.3—.“(;) —3jig —3{:3—.“(;) —4jig —4{:5—.“(;) —5jig —5{:3—.“(;)
e T +e T +le ke T +=|e ‘T fe T +le T +e 7T st
“Nig -n(E-pq)
=T 1 & bl aoaau (25)

The Eq.(25) together Eq.(24) gives
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N:C, T
[T, (E, P) = (-1) 22 g,2g,> L |l — 1| TeZ r(er2,8,) rvvene (26)
Inserting the Casimiro operator ¢, _(“;“N ”_— relative to color number N, _3 [16]
and the effective strength coupling parameter for QCD theory is aQCD(,uZ) == [17]

and quantum electrodynamics QED coupling constant is aQED_; [18] in Eq (26)
to become

N 16 T
Im[14,(E, P) = (=14~ aqepqcp (#?) X &g llx — Il —v(Er.2,m,) ... 27)

Inserting Eq.(27) in EqQ.(1) to results .

8N F E
(E P) = o QED“QCD(.“ )X e; |Ip =1, | = Fs(E) E_ZV(E:T,%,#Q) s AL

The Bosonic function distribution for gluon fz(E) = ;g [19],then Eq.(28)
become. T4

A T
#2(E,P) = (25) s Caeneco(1?) 35 i =~ il Tef v(ET.20.1q) ... 29)

the strong coupling constant is [20].

61

aQCD(Hz) = BT e A R B e R R B SR (30)

(33— 2 Np) In—
e

Where Nf is flavor number of quarks T, is temperature of system and T¢ is
critical temperature for the quark - gluon interaction, it gives by [21].

90B

T. = (

2
T d_gq

where B is the bag coefficient and figq is degeneracy factors for gluons
and quarksand given by expression [22 ].

7
P PR R GO - (32)

where dg is the number of gluons degrees of freedom as function of the
gluons spin state and gluons color states n, and dg Is the number of quarks
degrees of freedom.as function of the number of quark colour n., spin ng and
flavour degrees of freedom nyg .Inserting together Eq.(32) in Eq.(31) to results

as 90B 1

=y : RN ercEle it e saecr (33)

m2[(ngXng) L~ (Mexngxng)]
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Results

An essential estimations in the criti-
cal temperature are predicted near the
phase transition scale which is called
the hadronic phase .The first step to
evaluate of photon rate is calculated
the critical temperature T, MeV due to
the bag coefficient B in Eq.(33) .The
degeneracy factor dgq for gluon , u
and dquarks is the main important
factors to calculate the critical tem-

perature associated with bag constant
B .For anti -up and anti-down interac-
tion ,the degeneracy {igq in Eq.(30)
as function to spin state ng =2 and
n,. = 8 for gluons and function to ng
=2, nc = 3 and ng = 3 for anti-up and
anti-down quarks in system with taken
the Bag constant from table (1) and
inserting in Eq.(33), results are tabu-
lated in table (1)

Vs

Table (1): Result of critical temperature uses the Bag mode
of the quark -gluon system for g —d y System.

Bag constant B4 MeV[21] T, MeV
200 132.386
240 158.863
270 178.721
300 198.579

J

To calculate the coupling strength
between quarks in EQ.(30), we sub-
stitute the critical temperature from
table (1) with take account the energy

of ug —d y system in range T=180 to
360 MeV by inceased by 30 Mev with
ng =3. The results of coupling show in
table(2) .

Vs

Table(2) . The coupling strength of iig —d y system
at different critical temperature with variety temperature of system .

®ocp

T - - - - - - —

T= T= T= T= T= T= T=
180MeV | 210MeV | 240MeV | 270MeV | 300MeV | 330MeV | 360MeV
132.386 | 0.2925 0.2748 0.2610 0.2500 0.2409 0.2333 0.2267
158.863 0.3167 0.2960 0.2801 0.2675 0.2571 0.2484 0.2409
178.721 0.3346 0.3116 0.2940 0.2801 0.2688 0.2593 0.2512
198.579 | 0.3524 0.3269 0.3077 0.2925 0.2801 0.2698 0.2610
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A complementary scenar-
io for calculation the photon
rate seems to completed
when estimate the electric
charge and flavour number
of system,where one should
be calculated the electric
charge of quarks in system
but no electric charge for
gluon  Therefore, summa-
tion methods Zec? have
been used to estimate the
electric charge for system ,
which has already been to ap-
ply on anti-up and anti-down
quarks to extractions of net
charge ), e§=5/9 of ig —d vy
system where charge of up
quark is +2/3 and anti-down
is -1/3 ,while the net favor is
ng = 3 for ug —d vy interac-
tion system . From EQ.(29)
follows EQ.(31), the photon
emission rate produces from
the anti-up -gluon interac-
tion has been calculated
with inserts the critical tem-
perature from table(1), cou-
pling @gcp  p? from table
(2), the self-integral con-
stant "L=4.26 and [;=4.45
[12] with using Qocp =1/137
and ng = 3 and take the pho-
ton energy from experimen-
tal result E= 1,2,3,4,5,6,7,8,9
and 10GeV [23]. Specifically
,we consider here the fugac-
ity 44=0.02 for quark and
Ag=0.08 for gluon [24] and
taken the chemical potential
Hq=500MeV [25]. Results are
given in tables (3) ,(4),(5)
,(6) and figures (1),(2).(3)
and (4).

Table (3): Results of photon rate produces at T¢=132.386MeV , I = 4.26 and I1= 4.45, with 1 ,=0.08, 1, =0.02
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Figure (1): The rate of photon as a function to gamma energy produced at T¢=132.386.
& J

Table (4) : Results of photon rate produces at T.=158.863 MeV, [; =-4.26 and It=
4.45 , with 15=0.08, 4; =0.02 and flavor number ns = 3 for iig —d y system .

RY_(E, P)—
qg\= GeV2fm*

E’r Gel/ T- T- T- T- T- T- T-

180MeV 210MeV 240MeV 270MeV 300MeV 330MeV 360MeV

Tocp_ Tocp _ Tocp _ Xocp _ Tocp _ Tocp _ Tocp _
0.3167 0.2960 0.2801 0.2675 0.2571 0.2484 0.2409

1 1.1550E- | 5.3536E- | 1.7959E- 4.8365E- 1.1134E- 2.2809E- 42721E-
11 11 10 10 09 09 09

’ 1.8232E- | 1.8105E- | 1.0692E- 4.4498E- 1.4455E- 3.9119E- 9.2145E-
14 13 12 12 11 11 11

3 6.5712E- | 1.4203E- | 1.4946E- 9.6981E- 4.4740E- 1.6071E- 4.7772E-
17 15 14 14 13 12 12

4 2.4590E- | 1.1685E- | 2.2166E- 2.2711E- 1.5077E- 7.2836E- 2.7677E-
19 17 16 15 14 14 13

5 9.3254E- | 9.7666E- | 3.3482E- | 5.4314E- | 5.2035E- | 3.3915E- 1.6529E-
22 20 18 17 16 15 14

6 3.5596E- | 8.2261E- | 5.1027E- 1.3121E- 1.8164E- 1.5992E- 1.0009E-
24 22 20 18 17 16 15

7 1.3638E- | 6.9589E- | 7.8155E- 3.1878E- 6.3808E- 7.5938E- 6.1085E-
26 24 22 20 19 18 17

3 5.2371E- | 5.9027E- | 1.2008E- 7.7722E- 2.2504E- 3.6218E- 3.7457E-
29 26 23 22 20 19 18

9 2.0141E- | 5.0157E- | 1.8487E- 1.8994E- 7.9574E- 1.7323E- 2.3041E-
31 28 25 23 22 20 19

10 7.7543E- | 4.2673E- | 2.8502E- | 4.6491E- | 2.8188E- | 8.3026E- 1.4205E-
34 30 27 25 23 22 20
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Figure (2): The rate of photon as a function to gamma energy produced at T-=158. 863 MeV.
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Table (5) : Results of photon rate produces at T-=178.721 MeV, IL= -4.26 and IT =

4.45, with Ag =0.08, 1, =0.02 and flavor number ng= 3 for iig —d vy system .

RE (E, P
qg( )(}.czl.r’zf?n4
E GeV

,; T- T- T- T- T- T- T-

180MeV 210MeV | 240MeV | 270MeV | 300MeV | 330MeV 360MeV

Tocp _ Tocp _ Tocp _ Tocp _ Xocp _ Xocp - Tocp _

0.3346 0.3116 0.2940 0.2801 0.2688 0.2593 0.2512

1 1.2202E- | 5.6350E- | 1.8850E- | 5.0651E- | 1.1639E- | 2.3806E- | 4.4531E-
11 11 10 10 09 09 09

2 1.9261E- 1.9057E- | 1.1223E- | 4.6601E- | 1.5110E- | 4.0830E- | 9.6050E-
14 13 12 12 11 11 11

3 6.9421E- 1.4949E- | 1.5687E- | 1.0157E- | 4.6769E- | 1.6774E- | 4.9796E-
17 15 14 13 13 12 12

4 2.5978E- 1.2300E- | 2.3266E- | 2.3785E- | 1.5760E- | 7.6022E- | 2.8849E-
19 17 16 15 14 14 13

5 9.8517E- 1.0280E- | 3.5143E- | 5.6881E- | 5.4395E- | 3.5398E- | 1.7229E-
22 19 18 17 16 15 14

6 3.7606E- | 8.6586E- | 5.3558E- | 1.3741E- | 1.8987E- | 1.6691E- | 1.0433E-
24 22 20 18 17 16 15

7 1.4408E- | 7.3246E- | 8.2032E- | 3.3385E- | 6.6702E- | 7.9260E- | 6.3673E-
26 24 22 20 19 18 17

8 5.5327E- | 6.2129E- | 1.2604E- | 8.1396E- | 2.3524E- | 3.7802E- | 3.9044E-
29 26 23 22 20 19 18

9 2.1278E- | 5.2794E- | 1.9404E- | 1.9891E- | 8.3182E- | 1.8081E- | 2.4018E-
31 28 25 23 22 20 19

10 8.1920E- | 4.4916E- | 2.9916E- | 4.8689E- | 2.9466E- | 8.6657E- | 1.4807E-
34 30 27 25 23 22 20
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Figure (3): The rate of photon as a function to gamma energy produced at T = 178.721 MeV .
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Table (6) : Results of photon rate produces at T¢=198.579 MeV , [} =-4.26 and [T=4.45,
with 1 ,=0.08, 44=0.02 and flavor number ns = 3 for ig —d y system .

RE (E.P)———
qg( ) GeVZfm?*

E], GeV T= T= T-= T-= T-= T= T=

180MeV | 210MeV | 240MeV | 270MeV | 300MeV | 330MeV 360MeV

Tocp - Tocp - Toep = Toep = Toep = Toep = Tocp =
0.3524 0.3269 0.3077 0.2925 0.2801 0.2698 0.2610

1 1.2851E- | 5.9130E- | 1.9725E- | 5.2887E- | 1.2131E- | 2.4776E- | 4.6286E-
11 11 10 10 09 09 09

> 2.0286E- | 1.9997E- | 1.1744E- | 4.8659E- | 1.5749E- | 4.2493E- | 9.9834E-
14 13 12 12 11 11 11

3 7.3113E- | 1.5687E- | 1.6416E- | 1.0605E- | 4.8746E- | 1.7457E- | 5.1758E-
17 15 14 13 13 12 12

4 2.7360E- | 1.2906E- | 2.4346E- | 2.4835E- | 1.6427E- | 7.9117E- | 2.9986E-
19 17 16 15 14 14 13

5 1.0376E- | 1.0787E- | 3.6775E- | 5.9392E- | 5.6694E- | 3.6839E- | 1.7908E-
21 19 18 17 16 15 14

6 3.9606E- | 9.0858E- | 5.6045E- | 1.4348E- | 1.9790E- | 1.7371E- | 1.0845E-
24 22 20 18 17 16 15

v 1.5174E- | 7.6860E- | 8.5841E- | 3.4859E- | 6.9522E- | 8.2488E- | 6.6181E-
26 24 22 20 19 18 17

3 5.8270E- | 6.5195E- | 1.3189E- | 8.4989E- | 2.4519E- | 3.9341E- | 4.0583E-
29 26 23 22 20 19 18

9 2.2410E- | 5.5398E- | 2.0305E- | 2.0770E- | 8.6699E- | 1.8817E- | 2.4964E-
31 28 25 23 22 20 19

10 8.6277E- | 4.7132E- | 3.1305E- | 5.0838E- | 3.0712E- | 9.0186E- | 1.5390E-
34 30 27 25 23 22 20
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Figure (4): The rate of photon as a function to gamma energy produced at T=198. MeV
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Discussion

As has already to see the influence
of the coupling ,energy of system ,pho-
ton energy and parameters of QCD
theory on the photon rate from the
expression in EQ.(29), we can find the
results of this parameters are satisfied
this .The strong coupling and photon
energy are the main effect on the pho-
ton rate while the fugacity of quark
and gluon ,quark charge are the much
richer that alters the yields only slight-
ly .In fact , the rate is related to the
flavour number ,energy of system and
critical temperature as consequence
as dependent on the strong coupling.
The critical temperature is underlying
influence by flavour number and Bag
constant .Table (1) shows the critical
temperature increased with increased
the bag constant ,it reach maximum

198.579 at bag constant 300MeV
while reach minimum 132.386 at bag
constant 200MeV This indicated that
density of quark-gluon matter in the
ug —d y system increases leads to in-
crease the bag constant, this agrees
with experimental results of CERN SPS
on the formation of a quark-gluon [26].
To discussion the influence of critical
temperature on the photons rate ,we
can perform the calculation with dif-
ferent critical temperature.However ,
one of the main motivations to calcu-
late because the critical temperature
is main factor influence on the photon
rate through influence on strong cou-
pling .We can be found less difference
in photons rate for the two different
critical temperatures and strength
coupling .For the high critical temper-
ature, a large strong coupling value is
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obtained than for the low critical tem-
perature that indicating less coupling
with agree with results in table (2).
Thus, the strong coupling results in a
table (2) decrease with the increase of
the energy of the system in the range
(180 -360 )MeV, which has a significant
effect on the photon rate. The strong
coupling decreases with the increased
thermal energy of system from 180
MeV to 360MeV in g —d y system

The approach of strong coupling in
Eq.(30) is also applied in the ©ig —d v
system, where thermal energy of
g —d vy system spectra are taken from
180 MeV to 360MeV . We examined the
strong coupling in collisions of quarks
at the of g —d y system under the as-
sumption of a three flavoured quark-
gluon state of matter (Nf = 3) and a
range critical temperature of 132.386
MeV to 198.579 MeV. However, it can
be seen from table (2) that the strong
coupling was increased with increased
the critical temperature and increased
temperature of the system from 180
MeV to 360MeV.

Tables 3),(4),(5)and (6) are plotted
in Figures (1) (2),(3) and (4) show the
photon rate calculation for ug —d y
interaction at initial temperatures
180MeV to final temperature 360MeV
and critical temperature in range
132.386 MeV to 198.579 MeV that were
obtained for the assumptions three-
flavored of g —d vy system. The pho-
ton rate spectra computed under the
theoretical model modifications in
the quark-gluon interaction due to as-
suming a three-flavored number of

. . 1
photons produces in unit Py for

anti-up gluon -anti-down photon inter-
action using a variety of critical tem-
perature and strong coupling ayep=
0.292 , 0.2748, 0.261, 0.250, 0.240 ,
0.233 and 0.226 in range of energy
of system from 180MeV to 360 MeV
.The photon rate in tables (3),(4).(5)
and (6) are maximum 4.0192E — 09 ijfm4
for TC= 132.386 MeV with Tocp= 02267,
4.2721 E - 09 gz for Te-158.863 MeV
with 0.2409, 4.4531 E - 09 == for
T.-178.72 MeV with 0.2512 and 4.6286
E-09 n= for T 198.57 MeV with
apcp=0.2610 at E =1 GeV and T=360
MeV while the photon rate in tables
(3),(4),(5) and (6) are minimum 7.1619
E - 34 s for T.-132.386 MeV with
apep=0.2925,77543E-34 Gevjfm4 for T.-
158.863.386 MeV with agcp=0.3167,8.1920
E - 34 ——for T.-178.72 MeV with agep
= 0.3346 and 8.6277 E - 34 7= for
T-198.52 MeVwith agcp=apcp=0.3524 at
E=10 GeV and T=180 MeV

Figures 1,2,3 and 4 indicate the pho-
ton rate spectra from the ug —d yin-
teraction .The photon rate yields from
the quark-gluon state of ug —d yare
decreased with increased the photons
energy E(GeV) at critical temperatures
from 132.386 to 198.579 MeV and vari-
ety temperatures of system with three
flavors number. There are increased
with decreased the photons energy
E(GeV) at different critical tempera-
tures with varying temperatures of
system with flavor number ng =3 .The
photon yields rates from #g —d yinter-
action is increased with increased en-
ergy of the system and decreased the
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strong coupling with an increased crit-
ical temperature However, the photon
in the table (6) and Figure 4 includ-
ing the rate of the upper value at the
critical temperature 7. =198.579 MeV
comparing with the lower rate at the
critical temperature 7.=132.386 MeV
. As we can be seen, the rate of photon
emission produces are reach the maxi-
mum from ug —d y interaction at the
photons energy E <2GeV in tables (3)
, (4) ,(5) and (6) and four figures(1),
(2),(3) and (4) (5) comparing the
minimum at E > 2GeV at E=10 GeV. In
fact, a complementary theoretical pic-
ture of photons produce show that in-
crease to the high and to influence by
increasing the energy of the system
and decrease the strong coupling be-
tween quark and gluon at any critical
temperature in tables (3), (4).,(5) and
(6) for the ug —d y system with ng =
3.

Conclusion

A systematic study of the pho-
ton rate spectra from ug —d y heavy
ion reactions at chemical potential
Hq = 500 Mev MeV has been presented
with emphasis on the influence of the
strong coupling and critical tempera-
ture of quark flavors on photons spec-
trum . The photon rate spectra criti-
cal temperature and strong coupling
were computed from the equation
of photon rate within the well-under-
stood and simple model for anti-up
quark interacting with gluon at ultra-
relativistic heavy ion collisions pro-
duce anti-down with photons gamma

in the transparent energy. The model
of photon rate which is based on the
QCD theory describes the interaction
in three flavour numbers. With imple-
mented equation of photon rate, we
conclude that a significant effect on
the strong coupling and critical tem-
perature contribution to the study of
the photon rate behavior of the quark-
gluon interaction. Strong coupling and
the critical temperature are an ingre-
dient in the emission of every photon
spectrum calculation. That's a discus-
sion of the main feature of QCD influ-
ence on the rate of the anti-up -gluon
interaction at energy of system in
range 180-360 MeV . Regarding pos-
sible QCD features such that; strong
coupling, critical temperature, the en-
ergy of the system and photon energy
for the photon produced have been
guantitatively achieved for a unique
feature ng = 2 + 1 of the photon spec-
trum. The interesting result in the case
of flavor is the rate of the minimum
photon, especially in energy E=10 GeV.
It reflects the weak relation between
quarks and gluons which is already .We
conclude that photon rate would pro-
duce in high energy is a best tool to
investigate nucleons structure .
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