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constant, system temperature and critical temperature. The photons
emission from charm interaction with gluon affected strongly with
increasing or decreasing of the coupling strength. The effect of critical
temperature on the rate of photons emission which is small at critical

K ds:
eyweres temperature T, =0.160291913GeV when compared with the rate of
Photons emission photons emission at T,=0.1894358972GeV was investigated. The effect
strength coupling . ..
quark-gluon interaction of the energy of system in the limit of 1< E,, < 3.5GeV on the photons
qhuantum chromodynamics emission rate was discussed and, we found that it decrease with increase
theory of the photon energy. On the contrary, the rate of emission photon was
increased with increasing of system temperature from 185 to 305MeV.
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1. INTRODUCTION

Elementary particles physics is one of most
important branches of physics [1]. Elementary
particles are defined as the particles do not
broken up into smaller pieces [2]. It is classified
according to standard model into fermions and
bosons [3]. The basic component of matter is
the quark, which is a hypothetical particle
hypothesized by the two scientists George
Zweig and Gell-Mann [4]. There are six quarks
increasing in mass, distributed over three
generations, in addition to the antiquarks, all
these quarks interacted with fundamental forces
and the only one who interacted with the strong
force through the exchange of gluons [5]. The
color charge is property of quark and gluon and
through which strong interactions take place.
There are three kind of color charge red, blue,
and green. The rule that allows quarks to
combine to form hadrons is that they are color
neutral. There are eight gluons which represent
a pair of colors and anti-colors [6][7]. The
theory that depicts the strong interactions is
quantum chromodynamics theory (QCD) [8].
Charm (C) is a quark flavor was invented to
explain the big narrowness of the huge
resonances (V) during observation of meson J/y
resonance produced by electron and antielectron
annihilation [9]. Photon is a massless
elementary  particle in the form of
electromagnetic radiation. Photons are produced
in heavy ions collisions by establishing the
quark-gluon matter system and exploring the
state of matter in decoupled quarks and gluons.
The two phenomena that predict the behavior of
quarks at high temperature and high density are
confinement and deconfinement [10][11].
Direct photons can be produced in the

.MeVY.e

quark-gluon  plasma  phase  through
interactions gq+gq—=>g+y orq+g—>q+ y
while in the hadron gas phase, bremsstrahlung
photons can be produced through the scattering
of mesons or baryons[12], and they can also be
produced in the quark-gluon plasma phase
through the elastic scattering of a quark - quark
or a quark - gluon But it is dominated by direct
photon production interactions, and the
condition for the emission of bremsstrahlung
photons is the availability of a particle with an
electric charge [13].

2. THEORY

The photons emission from quark-gluon
interaction given by [14].

Rgg(E, p):-# Fg(E)Im]] 1f (E,P) e vevvee e (1)

Where Fg(E) is distribution function of
gluons which is given by [15].

FG(E):ﬁ e en(2)

AG

Where A, is fugacity of gluons, the
propagation of self-energy Im]‘[if (E,P) for
photons emission from the interaction of quarks
with gluons is [16]

N T [e%)
MM} (EP) = (7 Cea ) & 82 57 Jy Mul

[F, (P) — Fq (E + P)] [P2 + (P +
E)*ldp - (3)

Where N is degeneracy factor N~ 3, C, is
casimir factor which is given by[17]

- )

Where N, is the number of quarks N, = 3,
inserting Eq(4) in Eq (3) and substitute the

NZ-1
2N,

Cea =
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value of degeneracy facture and the number of
quarks and simply reduced to

T 0
ImIT} EP) = 5 g gt 5 g Il [Fa () -
Fq (E+ P)] [P? + 2EP 4+ E?] dP - (5)
The strength of electrodynamics is [18].

The quantum chromodynamics coupling is
[19].

g% =dma, e (7)

The integral self-energy is [20]
L |= [Ie=Lp| -+ -+ -+ (8)

Where I; and I; are dimensionless constant,
inserting the EQq(6),(7),(8) in Eg (5)and
introduce the total electric charge for quarks in
system}‘,q(%")2 , Eq (5) is reduced to

T
M} €P) = 5 aee g ehl ZqGh?
Iy [F.(P) — F, (E + P)] [P? + 2EP +
EZ]dP ...(9)
The juttner distribution function for quarks
is [21]

Ao )
eP/T+/1Q

F,(P) =

ceeee e (10)

And

Aq

Fq (E + P) = e(P+E)/T 4 AQ )

e (12)

Where A, is the fugacity function of quark,
inserting Eq(10),(11) in Eq(9) which reduced it
to

64 T e
M EP) =3 axae gl = 1l ZqC)?

0 Ag(2P%+ 2PE+E2)dP
fo eP/Ty AQ
foo Aq(2P%+ 2PE+E?)
0 eP+E)/T4),

dP...(12)

The solve of the integral term is

foo Ag(2P2%+ 2PE+E2)dP
0 eP/Ty ﬂ.Q
foo Ag(2P%+ 2PE+E2)dP
0 e(1>+E)/'1‘_,_/1Q

AT — AoTe ®/T[2T?T(3) + 2ET I'(2) +
E?T(1)]...(13)

Inserting EQ(13) in EQq(12) and simply
reduced to
IMI{ (EP) =2 a1l — Ij] Zq(CH?
Y

[Ao T(1-e B/TY(2T2T(3) + 2ET T'(2) +
E’T(1))]....(14)

At E>»T, the distribution of gluons
Fg(E) in Eq(2) reduced to

FG(E) =A; e E/T ... (15)
Inserting Eq (15) ,(14) in Eq (1) can be
reduced to

TZ

R (E, P):_s_; (%) AEde 7 ITe =
I 2q(2D? Aq Age ®/T(1-e7B/T) (2T21(3) +
2ET I'(2) + E?T'(1)).... (16)

And by multiplying Eq(16) by (-1) and
simply reduced to

2

Rip (B, P)= 5 apcte 711 = hl Za() Ag
Age B/T(e B/T — 1) (2T?r(3) + 2ETT(2) +
E2L(1)).... (17)

For E»T, e B/T — 1=e7E/T .. (18)

Then Eq(18) together with Eq(17) reduced
o

8 T?

Rijg(E,P)= 75 aete gz |1 = I 2q(5)? Ag
Age 2E/T(2T?I(3) + 2ETT(2) +
E?I'(1))....(19)

The strength coupling is given by [22].

6Tt
o, = m............(go)

Where T is the temperature of system, T,
is the critical temperature and Ny is the flavor

number. The critical temperature is given by
[23].
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Y
R ¢4

90B

TC:

2 (NS><NC)+£(nC><nS><nf)

Where B'/# is the Bag constant.

3. RESULT AND DISCUSSION

The rate of photons produced in quark-
gluon interaction at high energies created in
relativistic heavy ions collisions (RHIC) was
studied and evaluated theoretically. We
estimated the critical temperature according to
the Bag constant in Eq(21) with B1/4=0.275,
0.325GeV and the degrees of freedom for gluon
are Ng=2, N=8 and the degrees of freedom for
quarks are n, =3 ,ng = 2, ng = 6. The results
of critical temperatures can be shown in Table.1

Table 1. Critical temperature calculation
result for cg — dy system.

B'/1(GeV) T (GeV)
0.275 0.160291913
0.325 0.1894358972

The strength coupling between charm
quarks with gluon was calculated using Eq(20)
with T, in Tablel, and system temperature in
limit(185-305MeV) and N=6. The result of
strength coupling is listed in Table 2.

The rate of photons emission was
calculated by summation of the electric charge
q(? for
+3/2e and e;= -1/3e and results was 5/9e. The
flavor number N;=6 for the system, it was
calculated from the summation of N, =

Y1 N, for charm and down quarks and with
inserting oz =1/137 and the self-integral
constant 1,=4.45,1;=-4.26 [24] , supposing that
the fugacity 1,=0.068, A;=1[25] in Eq(19) with
taking the values of critical temperature from
Tablel, and the values of strength coupling
from Table 2 with photon energy in rang (1-
3.5GeV). The resulted data are given in Table
(3),(4) with Figures(1),(2)

cg — dy system  with e.=

Table 2. The result of strength coupling
for cg — dy system.

T Coupling strength a,
_ T.=
(GeV) | T.=0.160291913 0.1894358972
0.185 | 0.4038139262 0.4366286532
0.205 | 0.3859880906 0.4158624709
0.225 | 0.3711313111 0.3986681721
0.245 | 0.3585081177 0.3841389437
0.265 | 0.3476131498 0.3716575784
0.285 | 0.3380866955 0.3607882578
0.305 | 0.329665114 0.3512137494

Table 3. Rate of emission photons R;‘g(E, P) at T¢c=0.160291913GeV for cg— dy system with N¢
=6 and J\Q:O.068 g = 1

RH (E, P)——
ag(E, P) GeV2fm*
T=1
85 T=205 T=225Me _ T=265Me | T=285Me _
. Me MeV/ vV T=245MeV Vv Vv T=305MeV
Y \Y
(GeV)
Qocp Qocp Aocp Qocp Qocp Qocp Qocp
= 0.4038 | = 0.3860 | = 0.3711| =0.3585 | =0.3476 | =0.3381 | =0.3297
1 2.6388E-11 | 9.3126E-11 | 2.6885E-10 | 6.6606E-10 | 1.4644E-09 | 2.9275E-09 | 5.4180E-09
1.25 1.6239E-12 | 7.3911E-12 | 2.6263E-11 | 7.7312E-11 | 1.9656E-10 | 4.4476E-10 | 9.1587E-10
15 1.0286E-13 | 6.0552E-13 | 2.6558E-12 | 9.3148E-12 | 2.7457E-11 | 7.0497E-11 | 1.6191E-10
1.75 6.6230E-15 | 5.0522E-14 | 2.7398E-13 | 1.1469E-12 | 3.9259E-12 | 1.1456E-11 | 2.9389E-11
2 4.3086E-16 | 4.2638E-15 | 2.8622E-14 | 1.4315E-13 | 5.6968E-13 | 1.8913E-12 | 5.4250E-12
2.25 2.8221E-17 | 3.6257E-16 | 3.0151E-15 | 1.8031E-14 | 8.3482E-14 | 3.1555E-13 | 1.0128E-12
25 1.8572E-18 | 3.0994E-17 | 3.1947E-16 | 2.2857E-15 | 1.2318E-14 | 5.3039E-14 | 1.9058E-13
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2.75 | 1.2264E-19 | 2.6597E-18 | 3.3992E-17 | 2.9107E-16 | 1.8267E-15 | 8.9632E-15 | 3.6071E-14

3 8.1194E-21 | 2.2888E-19 | 3.6282E-18 | 3.7194E-17 | 2.7190E-16 | 1.5208E-15 | 6.8566E-15

3.25 | 5.3858E-22 | 1.9739E-20 | 3.8820E-19 | 4.7653E-18 | 4.0587E-17 | 2.5884E-16 | 1.3076E-15

3.5 3.5780E-23 | 1.7053E-21 | 4.1613E-20 | 6.1179E-19 | 6.0720E-18 | 4.4160E-17 | 2.5003E-16

& i
>
[5)
9_/ Ei
2
x
g | — < T=185 MeV ' ]
T =205 MeV s
-20 S _ \ ] o
10 7 | T =225 MeV S 7
—F— T =245 MeV S
. T :2 M V [\
102 65 Me \j\
T =285 MeV P
= T =305 MeV
10'24 C T € r r r C
1 1.5 2 2.5 3 3.5
Ey (GeV)

Figure 1. Rate of emission photons Ry, (E, P) as function of E,at Tc= 0.160291913GeV
for cg — dy system.

Table 4. Rate of emission photons Rf{g(E, P) at T¢=0.1894358972GeV for cg— dy system with N¢
=6 and 3,=0.068, 3 = 1

Rl(-llg(E' P) GeVZf 4
T=1
85 T=205 T=225Me T=265Me T=305Me
E, Me MeV vV T=245MeV v T=285MeV vV
(GeV \
) Qqocp (ocp Qqocp Qqocp Qqocp Qocp Qqcp
=0.4366 | = 0.4159 | = 0.3987| =0.3841 | =0.3717 | = 0.3608 | = 0.3512

1 2.8532E-11 1.0033E-10 | 2.8880E-10 | 7.1368E-10 | 1.5657E-09 | 3.1241E-09 | 5.7722E-09

1.25 1.7559E-12 7.9632E-12 | 2.8212E-11 | 8.2839E-11 | 2.1015E-10 | 4.7463E-10 | 9.7574E-10

15 1.1121E-13 6.5239E-13 | 2.8528E-12 | 9.9808E-12 | 2.9356E-11 | 7.5231E-11 | 1.7249E-10

1.75 7.1612E-15 5.4433E-14 | 2.9431E-13 | 1.2289E-12 | 4.1975E-12 | 1.2225E-11 | 3.1310E-11

2 4.6587E-16 4.5938E-15 | 3.0746E-14 | 1.5339E-13 | 6.0908E-13 | 2.0183E-12 | 5.7796E-12

2.25 3.0514E-17 3.9063E-16 | 3.2388E-15 | 1.9321E-14 | 8.9256E-14 | 3.3674E-13 | 1.0790E-12

2.5 2.0081E-18 3.3393E-17 | 3.4317E-16 | 2.4491E-15 | 1.3170E-14 | 5.6600E-14 | 2.0304E-13

2.75 1.3261E-19 2.8655E-18 | 3.6514E-17 | 3.1188E-16 | 1.9530E-15 | 9.5650E-15 | 3.8429E-14
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3 8.7792E-21 2.4660E-19 3.8974E-18 3.9853E-17 2.9070E-16 1.6229E-15 7.3047E-15
3.25 5.8235E-22 2.1267E-20 4.1700E-19 5.1060E-18 4.3394E-17 2.7622E-16 1.3931E-15
3.5 3.8688E-23 1.8373E-21 4.4700E-20 6.5553E-19 6.4920E-18 4.7125E-17 2.6638E-16

O _

>

[6)

e

[a' g

=] —

k=] —©— T =185 MeV N

T =205 MeV
107 —=— T =225 MeV
— T T =245 MeV
-22 || T =265 MeV
T =285 MeV
sl = T=305MeV

r r

1 1.5 2

2.5 3 3.5
Ey (GeV)

Figure 2. Rate of emission photonsRY;(E,P) as function of E,at T¢= 0.1894358972GeV

for cg —

dy system

The rate of photons emission was
calculated and studied to understand the
mechanism of quark system. The rate of
photons emission Rg‘g(E, P) in Eq (19) is related
to energy of photons E, and coupling
strength a. which was affected by the critical
temperature Tc, system temperature T and
flavor number N; of charm-gluon interaction.
From Table 2, the coupling strength was
calculated with  the N¢=6 and various critical
temperatures and the system temperatures in Eq
(20). It can be found that the coupling strength
decreases  with  increasing the  system
temperature from 185MeV to 305MeV. On the
other side, the coupling strength of charm -
gluon is function of critical temperature T'c and
it can be observed increase coupling strength
with increasing the critical temperature from
0.160291913GeV to 0.1894358972GeV. The
rate of photons emission R g(E P) was

calculated via EQ(19) with the system
temperature in the limit of (185MeV<T <
305MeV) and the energy of photons (1GeV<
E, < 3.5GeV) ,the critical temperature was
calculated using Eq(21) where the result of
Rf]‘g(E, P) can be seen in Table 3 and Table 4
with Figure 1 and  Figure 2. We can observe
that the maximum value of photons rate at T=
305MeV and E, = 1GeV where Rg,(E,P) =

5.4180E-09——; sz —at a, = 0.3297 and
Tc=0. 160291913Gev and Ri,(E P)=
5.7722E-09—7—at ,=0.3512 and Tc=

Zf 4
0.189435897ZGeV. On the other hand the
minimum value of photons emission rate at T=
185MeV and E =3.5GeV where R{,(E,P)=

35780E-23—— at a;= 04038 and
Tc=0. 189435897ZGeV and  RE(E,P)=
3.8688E-23— —at .= 04366 and
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T¢=0.1894358972GeV. If a comparison can be
made between the calculation values of Table 1
and Table 2, one can find that the rate of
photons emission for two tables increase with
the increasing of the system temperature from
185MeV to 305MeV and in contrast, the rate of
photons emission of Table 1 with
Tc=0.160291913GeV is less than the rate of
photons emission of Table 2 with Tc=
0.1894358972GeV that mean the rate of
photons emission increases with increasing the
critical temperature. Figure 1 and Figure 2
demonstrate the relationship between the rate of
photons emission R{g(E,P) and the energy of
photons E,. The decreasing of the photons rate
with increasing of the energy of photons from
1GeV to 3.5GeV at various values of critical
temperatures and the system temperatures and
N¢=6and at E, =3.5GeV can be noticed.

4. CONCLUSION

In conclusion, the quantum
chromodynamics theory can be considered to
derive a hypothetical model to calculate the rate
of emission of photons for cg — dy system
with flavor number Ny=6. The rate of photon
was calculated as a function of critical
temperature, strength coupling, photon energy,
thermal energy, electric charge and fugacity of
quark and gluon using MATLAP program. It
was found that the emitted photons that yield at
high temperature of system (185-305MeV) for
charm-gluon interaction IS inversely
proportional to the coupling strength and
directly proportional to critical temperature and
the system temperature for cg — dy system. In
addition the emitted photons yield is related to
the photon energy, where it decreases with
increasing of the photon energy for two critical
temperature.
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