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Abstract

Rate of photon yield in a quark-gluon interaction exhibits of the coupling constant strength and temperature
dependence have been studied theoretically .The estimation of the coupling constant strength is very important tool
for the investigation of the QCD, which has been applied to the dynamical quarks n;= 3, 5, ,and gluon ns=0 .
Depending upon the the coupling constant data ,it shows that the strong force is relatively weak for quarks, and the two
guarks move farther apart the force becomes stronger. The weakness of interaction at short distance is called asymptotic
freedom, while the strength of the long distance is called confinement .Rate of the photon yield in a quark-gluon
interaction which investigation due to the electric charge of the quark with color quantum number. Photon’s rate has
been calculated increasing with increases in temperature and decreasing the coupling constant and photon’s yield from
the system has height fever number larger than system has low fever number .
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1- Introduction

Over the past twenty years, one of the most
important aims in the heavy-ion experiments is to
explore a new form of matter (the quark-gluon
interaction) which has been predicted by the quantum
chromodynamics at finite temperature [1]. Quantum
Chromodynamics is a field theory which describes the
strong interaction between the quarks and gluons. It is
generally assumed that all fundamental particles
(among them quarks and gluons) are represented by
local quantum fields. In particle physics there is a
consensus to describe all local fields by quantum field
theories, and QCD is one such theory. QCD, in its
attempt to describe the strong interactions, introduces
the concept of quarks and colour. The quark fields
represent the matter fields, and although they are not
directly observable, they form hadrons which are
observed in nature[2]. In 1964 quarks were introduced
independently by Gell-Mann, and Zweig as building
blocks of hadronic matter. As far as we know today,
guarks are indivisible elementary particles. Hadrons are
divided into two groups. One group called baryons,
consisting of three quarks (qqq) like protons and
neutrons. The other group called mesons, consisting of
a quark-antiquark pair (qq) like pions and kaons[3]. In
the standard model of quark gluon interaction, there are
six quarkfavors u; d; s; c; tand b and three quark colors
R; W; and B. The quarks are matter fields. The
potential of the radiated gluon field also has SU (3)
symmetry, and in the standard model the various gluons
are considered to be a massless particles[4]. Table(1)
show some properties of quarks [5].

Table (1): Properties of quark flavors, their relative
electric charges and masses [5].

Quarks
Quark Flavor Electric Charge Mass

U (up) +2/3e 1.5 to 3.3MeV/c?
D (down) -1/3e 3.5 to 6.0MeV/c?
C (charm) +2/3e 1.27389%7Gev/c?
S (strange) -1/3e 104 25Mevie?

T (top) +2/3e 171.2 = 2. 1GeV/c2
B (bottom) -1/3¢ 4.20%812Gev/c2

Photons are produced mainly in charged particle
scattering. The production of direct photons was
predicted as a good signature for the study of a quark —
gluon [6].The term “direct photon” refers to those
photons which are produced in the hard-scattering

subprocess and are not decay products of some particle.
photons can only interact electromagnetically and so
any photons produced in the quark-gluon phase are
likely to survive until detected. The dominant source of
photon production in a quark-gluon was originally
thought to be gq — yq(with a small contribution from
gq — vg), and that of a thermal. The result of which
was that photon production rates in a quark-gluon and
hadrons gas were thought to be similar: i.e. photon
production was dependent on temperature, but not
necessarily a signature of a quark-gluon[7]. The
strength of the quark-gluon interaction, characterized by
the strong coupling constant os. AS a consequence,
quarks can only exist in bound states, a property known
as color confinement. For large momentum transfer, it
is possible to calculate QCD processes accurately using
a perturbative expansion in as. This large momentum
transfer is known as a hard scale which can also be
defined as the transverse energy of a jet or the mass of a
heavy quark[8]. The produce of the direct photons in
two type processes: i- Quantum  chromodynamics
Compton sub process gq — yq and ii-sub processqg—
ve. In this paper ,we can study and calculate the Gama
rate produced for three quarks system interaction and
therefore one can be described the Quantum
chromodynamics completely depending on the our
results .

2- Theory

Quantum chromodynamics based on quantum field
theory explained and describe the strong force between
quarks and gluons particles with a color charge through
the coupling constant.To investigate the photon’s rate
as a potential signature of quark-gluon interaction, one
must convolute the rates with the space-time of the
nucleus-nucleus collision. Photon’s rate,l, (@, T) is the
number of photons dN with energy E,emitted per unit
volume per unit time in the three-momentum interval
[P,, P,+d?] ,itis given in limit E, > T by[9].

E
[0, T) = (T8, Ln(%)rzg“f (1)
Where n. is the colour quantum number ,ef is the
electric charge of the quark, o is the QED coupling
2

e

constant o= ———= 1/137,and Cr is the corresponding

€o
Casimiroperator of the fundamental representation of
color SU(3). The Ck is given by [10].
n,2-1
F=

n;
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The effective coupling constant of the QCD depending
on the u?scale by renormalized equation [11].

da
o= b ®)
Where B(as) is the function for coupling constant
2
as = 2= and given by [12].

B)=-lb 442 42 +A(E) ¢ 0

For least order solving ,we inserting only the first term
of the power expansion of B(ag) in EQ.(3) ,and
integrating both side results .

1 1 By, i

5
a;(u*) as(ﬂé} ()
On the other hand the mass scale p? = AQCDzis also

generated and as becomes too large for the perturbative
approach to be valid.

=040y 6
AT S( D ) ©
Choosing Aqcp = Mo, Where Aqgcp is a scale parameter
of QCD, and Eq. (6) can rewrite as,

i
AR

(7)
Bo m’*q?

Where[13]

1 5033 35
ﬁ__ _'nf-ll nfﬂl 51__nf£2 2857__ E}% (8)

Where n.. is the number of colors and n¢ is the number
of quark flavors.
Inserting Eq (8) in Eq.(7) ,and simply to reduced to.

a5(u) =

For thermal energy Aqcp = Tc and w =~ 8T for high
energy collision ,EQ.(9) may be written by.

(1) = — (0

T.

(33—2nf)Ln{?—€]
where T, is the transition temperature characterizes the
critical point in which quarks and gluons become

)

(33- an)m—

confined . substituting Eq (10) in Eq. (1) we get :
[(a,T) = i l(zf f) o= m( }L (i:?ﬂz (1)
3- Results

In the systems of quark-gluon, one of the most
important parameter for the studies and calculated the
photon’s yield rate is the strength coupling constant
as (T). It is not constant but varies with scale .This is

analogous to the fine structure constant a , that used to
represent the coupling strength in QED. It can be
evaluated theoretically using the Eq.(10) by using
Matlab program version 7 for the thermal energy T=150
to 350 MeV. To calculate the strength coupling constant
as (T) involved estimated the values of flavors for
quarks in the quark-gluon system using expression
ne=Y% ng . Inserting the values of flavors for
quarks ng = 3 for u — d quarks system and n¢ = 5 for
u — ¢ quarks ,with critical temperature T, = 144MeV in
Eqg.(10),we can evaluated the wvalues of coupling
constant oy (T) for u —d ,and for u — ¢ quarks system,
results are shown in Table (1).

Table(1):Results of strength coupling constant
o (T)GeV foru — d ,and for u — ¢ quark

T (WIe™N) o (T)GeWV

ng = 3 ng = 5
150 0.3292Ge 03865
175 03069 03603
200 Q.2899 03403
225 02764 03244
250 0.2653 03114
275 0. 2560 0300
300 02481 02912
325 o.2412> 02832
350 O.2352 02761

To calculate the rate of photon’s yield for both systems
,we must use the electric charge of the quark with
flavor (f) by X ef2 in units of the electron charge e.
Next, we can calculate the rate of photon’s yield for
both systems (ud — ygand uc — yg) by inserting the
values of ay(T)GeV, Y ref , E, =0.5-5 GeV [12],, the
colour quantum number n.=3 in Eqg.(11) with the
quantum electromagnetic coupling constant o~ 1/137,
and the calculated Casimiro operator Crfrom Eq.(2),
results of the photon’s yield rate has been summarized
in Table (2) and figure (1)for ud — yg , and Table (3)
and figure (2)for uc — yg systems.

Table(2):Results of the photon’s yields rate for ud - yg
system

T (e, T)————=
vla, )G.-zlf‘)"'rrt4

£, (GeV)

T=150MeV T=200MeV T=250MeV T=300 MeV

a_(T) = 0.3292GeV | a,(T) = 0.2899GeV | @ (T)= 2653 GeV | a,(T)= 0.2461GeV

1 2.99x 1077 222x 107 7.80x 107¢ 185x 1077

15 1.34x 107 2.35%107° 139 x107% 474 x 1078

2 551 %1071 224 x 107 222x107° 1.06 x 1078

23 216 x 1075 2.04 x 107 335x107 % 225x107°

3 829 x 1071 181 x 1071 491 x 1071 163 x 10710
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Figure (1): Rate of photon’s yield for ud — yg system.
The Gama energy E,, and temperatures T dependence of
the rate of photon production are presented for three
temperatures T = 150 MeV , T = 250 MeV, and
T=350MeV .

Table(3):Results of the photon’s yield rate for uc - yg
system

1
T(e,T)——
(2 )n’.?r-.’b"fm4

T=150MeV T=200MeV T=250MeV T=300 MeV

@, (T) = 0.3865GeV | a,(T) = 0.3403GeV | a,(T)= 03114 GeV | a, (T) = 0.2912GeV

1 504x 107% 369x 107% 127% 107" 299 %1077

15 232x10°° 403x107° 237x107° 801x107°

2 962 x 1071 389x 1071 382x107° 182%1078

23 380x 1075 357x10°E 582x1071 391x1077

3 146 x 107% 318 x 1078 860 x 1071 811 x 107

Rate of gamma |« .

Ray Fa(as,T) R R

Figure (2): Rate of photon’s yield for u¢ — yg system.
The Gama energy E, and temperatures T dependence of
the rate of photon production are presented for three
temperatures T = 150 MeV ,T = 250 MeV, and
T=300MeV .

4- Discussion

Depending on the QCD theory ,we exhibit many
features for the high energy physics ,which will be
discussed to somewhat more detail for quark-gluon

interaction. One of these the coupling constant becomes
scale dependent that's shown from Eq.(10) ,it is clear
that for small energy scales T= 150 MeV, the coupling
is strong [ag (T) = 0.3292GeV for u — d system , and
a, (T) = 0.3865GeV foru — ¢ system] and the ay(T)
approaches to 0 when Tincreases to infinity . This
indicate that when the two quarks are close to each
other the strong force is relatively weak or the quantum
chromodynamics at small length scale (high energy T=
300 V') leads to small of the coupling strength . This
means that the strong force is weak if the quarks are
close to each other and called asymptotic freedom. On
the other hand, when two quarks move farther apart the
force becomes stronger and the strength of the long
distance is called confinement. Data results in
Tables(2and3) and figures (1-2) show that the rates of
photons are increased when decreases os(T) with
increasing T and vice versa. This because of at the short
distance between the quark and anti-quark pair, have
the strength of the coupling is small. In particular the
coupling strength of the strong interaction becomes
weak as the T is larger in a process (or vice versa ) and
quarks become free at high energy and called
asymptotic freedom. Also at a long distance limit that
enough to create a new quark and anti-quark pair, the
binding of the original quark and anti-quark pair breaks
and each quark and anti-quark are bound with the new
quark and anti-quark into new two quark and anti-quark
pairs that is view in figure(3). Short distance between
the quark and other quark or anti quark pair has small
strength of the coupling, and the coupling strength of
the strong interaction becomes weak as the T is larger
in a process (or vice versa ) and quarks become free at
high energy and called asymptotic freedom.
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Figure 3: Deconfinement representation [5].
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Rates of photons are increased for weak quark-gluon

interaction due to short distance and asymptotic

behavior, and the rate of photons are decreases at long

distance and called confinement. On the other hand The

rate of photons process in the ud — yg,and uc - yg
E

systems can be traced back to the factor Tze_Ty that
favors the production of photons. Figurel and figure 2
show that the rate depending on the energy of gamma
E, for temperatures, T = 150-300 MeV respectively ,and
decay is too slow.

5- Conclusions

We have seen that in strong interaction of the quark-
gluon system dependent on our understanding and
description of quantum cromodynamic . The force
between a quarks at short distances arises due to gluon
exchange to rearrange the colour structure of the final
state . We conclude that the coupling constant of the
QCD in the high-temperature T= 300 MeV is small and
guarks are close to each other .It is asymptotic freedom
behavior of quarks. The coupling varies as a function of
the temperature T. We find that the strength coupling
constant influence strongly on the photon’s rate yield
depending on the temperature .The photon’s rate is
inversely proportional to the temperature at asymptotic
separation and the resolution energy of gamma, in the
other word , the rates of photons are increased when
decrease os(T) with increasing T and vice versa. Also
we conclusion that the force become strong when two
guarks move farther and called confinement, and the
rate of photons are decreased.
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