NeuroQuantology | April 2022 | Volume 20 | Issue 4 | Page 58-63 | doi: 10.14704/nq.2022.20.4.NQ22095
Elaf Mohammed Ahmed et al / Theoretical Study of Photons Spectra around High Energy of Quark-antiquark Using QCD Theory

@

Theoretical Study of Photons Spectra around High
Energy of Quark-antiquark Using QCD Theory

Elaf Mohammed Ahmed*", Hadi J.M. Al-Agealy?, Nada Farhan Kadhim?3

Abstract

In this paper, we study and investigate the quark anti-quark interaction mechanism through the annihilation process.
The production of photons in association with interaction quark and gluon in the annihilation process. We investigate
the effect of critical temperature, strength coupling and photons energy in terms of the quantum chromodynamics
model theory framework. We find that the use of large critical temperature Tc =134 allows us to dramatically increase
the strength coupling of quarks interaction. Its sensitivity to decreasing in photons rate with respect to strength
coupling estimates. We also discuss the effect of photons energy on the rate of the photon, such as energies in range
(1.5 to 5 GeV). The photons rate increases association at Tc=116MeV with the more decreased photons energy
compared with photos rate association n t Tc=116MeV. This relation of strength coupling a, critical temperature and

photons energy are particularly relevant when parametrizing systematic photons emission.
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Introduction

The elementary particle is a branch of physics is
considered an unbreakable component of small
particles and describes the basic building blocks of
matter.The quarks idea was introduced in 1964 by
both Zweig and Gill Mann independently as
fundamental elements of hadrons[1]. The physical
particles are considered of the most important field
in physics . There are many scientific methods use to
investigate and study many phenomena and facts to
understanding and construction the nature. Various
theories are introduced by scientists in different cite
in world to study the interaction of quark-gluon and
structure of nucleons [2]. The standard model was
confirmed in 2012 when announcement the both
CMS and Atlas research groups are detected Higgs
boson. It was the final missing part of stander model.

Standard model can be explained the collision
process in variety research laboratories It ables to
explain the structure of the nucleons up to now|3].
The fundamental particlesquarks and gluons are the
constituents of the nucleons. The quarks and gluons
play an important role to produce the mass of the
nucleon and carry 1/2 of its momentum. The spin of
nucleons are built up from the spin of quark is
fermion has 1/2 and gluonis Boson has spin(1)[4].
The study of dynamics interaction quark and gluon
that were understood due to QCD framework
depending on heavy hadrons properties in regard
understand the hadrons properties using different
experiments for hadrons produces at the RHIC, BNL
and CERN LHC[5]. Photons are produced in different
collisions processes excluded the production of
hadronic decays.

Corresponding author: Elaf Mohammed Ahmed

Address: "Department of Physics, College of Science, Mustansiriyah University, Baghdad, Iraq; 2Department of Physics, College
of Education for Pure Science Ibn-ALHaitham, University of Baghdad, Baghdad, Iraq; 3Department of Physics, College of Science,

Mustansiriyah University, Baghdad, Iraq.

E-mail: I"elaafmuhamed@uomustansiriyah.edu.iq; 2hadi.j.m@ihcoedu.uobaghdad.edu.iq; 3dr.nada@uomustansiriyah.edu.iq
Relevant conflicts of interest/financial disclosures: The authors declare that the research was conducted in the absence of
any commercial or financial relationships that could be construed as a potential conflict of interest.

Received: 28 January 2022 Accepted: 09 March 2022

elSSN 1303-5150

www.neuroquantology.com



NeuroQuantology | April 2022 | Volume 20 | Issue 4 | Page 58-63 | doi: 10.14704/nq.2022.20.4.NQ22095
Elaf Mohammed Ahmed et al / Theoretical Study of Photons Spectra around High Energy of Quark-antiquark Using QCD Theory

The photons emit throughout the reaction of the
heavy-ion medium, and they don't experience
subsequent interactions with the system because
have color neutral [6]. There are different photons
sources such that; prompt photons, thermal photons
and photons produced in the preequilibrium by hard
interactions. The photons create experimentally in
proton-proton collisions and dominate the photons
yield at high momentum in heavy ion collisions[7].
The quark-antiquark states are production in
collisions, it has been investigated and discussion for
evidence of transfer in nuclear matter, whene gluons
and quarks confine in hadronic matter[8]. In Figure,
Feynman diagrams of photon produce mechanisms
from, quark-antiquark annihilation.
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Figure 1. The diagrams of production the photon by quark-anti-quark
annihilation [9].

In the last recently, there is a more interesting in
strong react in QCD matter under high energy
density condition. It is the quark-gluon plasma
(QGP). It produces experimentally in collision of
heavy ions at the Large Hadron Collider (LHC) in
CERN or/and the relativistic collision at RHIC in
Brook haven [10]. In addition, the photons emitted
throughout of the QGP and emission from the
interaction medium are played an important role in
that endeavour and unaffection by final state
reaction[11]. This work will focus on the study and
investigate to produce of photons from interaction
of quark and anti-quark in annihilation processes.

Theory

The photons spectrum from quark anti quarks
annihilation is given by [12]

Ry = 2 Fy(py) [If Fa(pg)l1
) (pq)oug () 5 d*pq ()

Where ng is number of quark spins, F, (py) and
Fg(pq) are Juttner distribution for quark and gluon,
d3p,7 is element valume interaction and g4 (s is total
cross section).

The element volume d3pqis written as[13].

d3pg ~ q -dsdgdE; (2)

Where Ezand E, are quark and photons energy,
ds,d¢ and qu are element of momentum, solid

angle and quarks energies.
The cross section of annihilation process sagz(s)

is [14].
e
00a(5) = (D20,(s) 3)
Where e; and e are the quarks and electronic

charges and g, (s) is the effective cross section.
Iserting Eq.(2) and (3) in Eq (1) to obtained

Ry = 22 Fyy) (%) S Falp)t +

2
Eq(pq) dEg [ 04(s)y/s(s —4m?) ds fo Tde (4)
The distribution of quark according Juttner function

is given by [15].

A,
Fa(Eq) = 51— (5)
eT +1

Where Agis fugacity of anti-quark. Bose-Einstein
distribution FB (E) for gluon is [16].

Fy(Eg) = Eg/T (6)
Inserting Eqs.(5) and (6) in Eq.(4) and carry out the
flrst integral over £z under the condition taken Ej
[17].

2
Ry :(?Ts)qu(py) (e) 4E, s

4Ey

4-E,,

eT 41
g 4
qu E_gg ]qu]faa(s) s(s —4m?)ds fo de (7)
eT +1eT -1
The solution of the first integral for case E; = Egis

o | 2 Az A
s |+ Eﬁq Egg ]qu =
By leT 1 eT+1eT -1
(—1)"“(6@) —(2n+1)s
TAg Xn=1 + TAgh, Z;?:lme T (8)
And the third integral is
21
Jy"d =2n 9)
We can Insert Eq.(8) and Eq.(9) in Eq.(7), results
R, =
( 1)n+1< 4-E-yT>n
ang e
(21711.)5 q(py)( q) f[TA Zn 1 n +

—(2n+1)s
e *BvT Jo,(s)y/s(s —4m?)ds

L
But [13].

Js(s —4m?) o(s) = 4magasm?|[In (%) —-1]1(11)

Inserting Eq.(11) in Eq.(10) with s > 4m2 to reduced

—s \M

()
_ ang .
=) e L

—-(2n+1)s
o
Ag Zn=1

e *57 ]In (%) —1]ds (12)

(10)

2n+1
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we will assume s = 4m?z to obtained
Ry =

- (1)n+1 ET) o —nm? 4m?z
dnagasm®TAg (Y —— 1= f4mz EVT [ln( 2 )_

e Ry ()

—(zn+1)m?

1dz + 22 S G f;,z‘(z';*;)mz TET nn(“”—Z) 1dz (13)
For m? « E, T we can neglect the f"l( a2l for

(—x0)k = (- %}"'{13], then integral reduced to
)4

—anZ

[e%s} —EyT EuT _ _ 2
I —e By [Inz +1In4 —1]dz=C +1In (4EYT> +
Inn+1 (14)
And
_E.T —(2n+1)m?z
Y

f1 We BT [Inz+1n4 —1]dz = [C +

ln( ) +mn2n+1)+1] (15)

Substite both Eq.(14) and Eq.(15) in Eq.(13) to
results

R, =

4ng? Fq(pY) €q ZL 2 o (D™t EyT 4EyT
( ) 4Ey47m0aSTm [Aanzl n nmz) [l ( )

@m)> 4E, \e
(-n™!  ET [In (4—EyT)
2n+1 (2n+1)m?

(16)

— lnn— 1] + 2, Tiry
—n2n+1)—-1]
But the power series reduced to [18].

© (_1)Tl+1 . _i ~71'_2
Sigami= (1-3)@~% a7
And
1n+1 2
i (18)

6
Subsuming Eq. (17) and Eq.(18) into Eq.(16) at45~1

. ge’c‘ms2 eq 4E) T
Ry = 2 Fy () (2 ) nagasT?Ag(%) [in (25) -
—-n2n+1) - 1] (19)

The Juttner distribution function for quark in Eq.(5)
for E,, > T reduce to

—Inn

Aq By
Ey ~qe T (20)
eT +1

Then inserting Eq.(20) in Eq.(19) and assume the

annihilation coefficient Con=C+1+Inn+
In(2n + 1) with ng = 2to obtaine.
2 —Ey
_ aoas (€q\* 2, 4 =L 4E,TY
r = 30me (e) TAakee ™ [[In () = Can] 21

Where «a is the electrodynamic strength constant
2

ay = :—C =137)Y, a, is

strength constant, A; and A, are the fugacity of

quarks and anti quarks with finite quark mass m is
written as[19]

m=gT = J4na,T (22)
The Eq.(21) with Eq.(22) reduced to

the chromodynamic

dan,,
Y dap,d*x

Xols

= s ()" 120067 [in (222) -

Can| (23)
The quantum chromo dynamic strength coupling is
calculated using [20].

61T
= 24
s (33—2nf)ln78,—: (24)

The transition energy is [21].
90B 1
Te = (= )4 (25)
Where B is the Bag constant with bag model and ng,

is the number of gluons and quarks degrees of
freedom. It is given by [22].

7
=ng +2 (ng +ng)

Ngq (26)

Results

The photons spectra that are emission from
interaction quark anti-quark constituent of QGP
calculation is calculated depending on the
distribution function for state of the fermions (quark
and anti-quark) and gluon (boson) at critical
temperatures (110 and 126 MeV). To calculate the
rate of the photon, we must estimation the quarks
charge and flavour number of system, the quarks
charge is obtained through the summation charge

z(e—q)2=2/ of quarks-antiquarks for s§ —
- 9 quarks-antiquarks for s§ Yg
—1/5 and

anti-strange is %q = 1/3. While the net favor number

system where charge of strange is%q =

isny = 8 for s§ — yg interaction system. To evaluate
the critical temperature from Eq.(25), we estimate
the degrees of freedom of the quark-gluon system
from Eq.(26) by taking the n;, = n ¢ X n, = 16where
ng = 2and n, = 8 are the gluons spin and color
statesand n, = ng = n. X ng X ny = 48 wheren, =
3,n; =2andns =8 are the number of quark
colour, spin and flavour degrees of freedom to
results ng, =58. We construct the critical
temperature of quarks and gluons system by using
Eq.(25) with taking the Bag constant BY/* =
200 and 230 MeV [23] to, the results of critical
estimation are shown in table(1).

Table 1. Result of critical temperature calculation using the Bag mode
of the quarks system for s§ — yg System

Bag constant Critical temperature
BY/*MeV T, MeV

200 116

230 134
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Additionally, the strength coupling contributions
can be calculation using Eq.(24) with take the
critical temperature from table (1) and flavor
number ny = 6for s§ — yg system, results shows in

table (2).

Table 2. The Running strength coupling at Tc =116 and 134 MeV for
quarks interaction for s§ — yg System

TMev The strength coupling a;
AtT.=116 MeV | At T. =134 MeV

170 ]0.36463 0.38732
190 |0.34886 0.36959
210 |0.33580 0.35496
230 |0.32475 0.34263
250 |0.31524 0.33206
270 |0.30694 0.32287

In addition to strength coupling in table(2), we take

10—12
1071
-
E
3 107
Qe
52
~ 1078
T=170 MeV
T=190 MeV
T=210 MeV
1020 T=230 MeV
T=250 MeV
T=270 MeV
I i i | i |
15 2 2.5 3 3.5 4 45 5

E_[GeV]

Figure 1. The photon spectrum for s5 = yg system at T, = 110 MeV,
A4=243=0.06 and n; = 6. 4.79285E-14

Table 4. Rate of photons emission from quarks interaction ss — yg at
T. = 134 MeV with 4,=25=0.06 with flavor number n; = 6.

1
the photon energy E, = 1.5 to 5GeV, T=170 to 270 l“qu(E,p)me4
MeV and fugacity of quark and anti-quark are T=170 | T=190 | T=210 | T=230 | T=250 | 1T=270
14=0.06, 15=0.06 respectively with taking Eq.(23) to MeV |MeV |MeV |MeV |MeV |MeV
find the photons spectrum rate where the E, Ge %0387 ‘iso 260 iso 354 iso 242 iso 339 iso 3294
annihilation coefficient is Cy;,, = 1.415[24]. Results ;6605 IZ?;03 2_69'74 ;0é13 54534 Izélz
are shown in tat.)le (3) and t.a.ble (4) and figures (1) |5 |gg14 |sE-13 | 7813 |7E-13 |8E-13 |E-12
and (2) respectively for critical temperature T, = ) 3.6635 | 1.393E | 4.1170 | 1.0080 | 2.1356 | 4.03642
116 and 134 MeV. 8E-15 |-14 1E-14 |5E-13 |3E-13 | E-13
25 2.4400 | 1.2858 | 4.9705 | 1.5259 | 3.9268 | 8.80095
) 4E-16 | 1E-15 |9E-15 |3E-14 |9E-14 |E-14
Table 3. Table (4): Rate of photons emission from quarks interaction s§
= YgatT, = 116MeV with 4,=2,=0.06 with flavor number n; = 6, 5 | 15065 |1.0919 |5.4752 |2.0880 |6.4607 | 1.69749
4E-17 |3E-16 |3E-16 |8E-15 |4E-15 |E-14
o (E ) 1 35 8.9288 | 8.8717 | 5.7499 | 2.7138 | 1.0055 | 3.08376
95" GeV2 fm* ) E-19 |E-18 |4E-17 |7E-16 |3E-15 |E-15
T=170 |T=190 | T=210 | T=230 |T=250 |T=270 4 5.1601 | 7.0164 | 5.8671 | 3.4205 | 1.5146 | 5.41033
MeV MeV MeV MeV MeV MeV 2E-20 1E-19 1E-18 |8E-17 |E-16 E-16
ol @ o o o o o 45 | 29321 [5.4504 [5.8739 [ 4.2253 | 22333 | 9.28104
EvGel Z0.364( = 0.348] = 0.335| = 0.324] = 0.315| = 0.306 8E-21 | 6E-20 |1E-19 |9E-18 |4E-17 |E-17
15 | 47928 |1.2949 | 28721 | 5.4840 | 93054 | 1.4337 5 é.g;gz gg_i? Z‘s_%s z'Elj%S i'EZj‘g ::'_516;75
' 5E-14 |3E-13 |3E-13 |3E-13 |4E-13 |8E-12
9 3.6927 |1.4110 | 4.1909 |1.0314 |2.1968 | 4.1759 : : : : : :
9E-15 |1E-14 |1E-14 |E-13 |4E-13 |6E-13 102 ]
o5 | 24258 |1.2828 | 4.9761 | 1.5326 |3.9572 | 8.8982
' 5E-16 |7E-15 |E-15 |8E-14 |3E-14 |8E-14 .
3 1.4862 |1.0804 |5.4328 |2.0773 | 6.4437 | 1.6971 _ 10
7E-17 |7E-16 |6E-16 |6E-15 |4E-15 |7E-14 =
35 8.7647 |8.7323 | 5.6736 | 2.6839 |9.9658 | 3.0625 ?g 10718
' 3E-19 |8E-18 |5E-17 |9E-16 |3E-16 |5E-15 =
4 5.0473 | 6.8807 | 5.7668 | 3.3691 | 1.4947 |5.3488 58 o8
9E-20 |1E-19 |5E-18 |6E-17 |E-16 |8E-16 ToiToMey
45 2.8605 |5.3303 |5.7569 |4.1494 | 2.1971 | 9.1456 w0k Ezgg m:z
' E-21 1E-20 |7E-19 |2E-18 |2E-17 |5E-17 T-250 Mev
c 1.6026 |4.0796 | 5.6743 |5.0423 |3.1844 |1.5407 Tz ey | , , ;
9E-22 |8E-21 |9E-20 |5E-19 |4E-18 |8E-17 15 2 25 3 35 4 45 5

E_[GeV]

Figure 2. The photon spectrum for ss — yg system at T, = 134 MeV ,
A4=23=0.06 and ny = 6
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Discussion

Depending on results, we presented calculated
results for the calculation of critical temperature,
strength coupling and photons rate produced and
also the photons spectrum from the interaction of
quarks through the annihilation process at finite
temperature (170 - 270 MeV) with using fugacity of
quark and anti-quark. The evaluation has been done
in two different critical temperature and quarks
number flavor n; = 6. Photons spectrum is plotted
in Figures 1 and 2. In Figures 1 and 2, the rate of
photons are produced with different initial
temperatures for variety quark flavors in
annihilation processes. The photons rate is to be
increased due to increase temperature of the system
and decreased the strength coupling in both critical
temperature of quark flavor ny = 6. In Figure 1, the
photons spectrum with the critical temperature
110MeV is less compare with the photons spectrum
in Figures 2 with the critical temperature 126MeV.
It indicates that the use of flavour number, fugacity,
freedom number and photons energy parameters in
the photons rate in two figures enhancment the
photons rate calculation and creation the stability in
the 1.5 GeV of the photons rate evolution. The
calculation at such stable photons rate indicate that
producing the rate of photon in the energy range
1.5-2.0 GeV. Then the increased of temperature of
system T> 170 MeV indicate the photons produced
increased with instable rate and the photons rate
would be more with the increased temperature.
However, we can believe it performing the photon
produces for unstable interaction with suitable
choices of annihilation processes parametersat the
photons energies E, = 2GeV. It can be shown a
clear cut about the stabilities of photons emission
for the different temperature at the photons energy
E, = 2GeV for both figures. Similarly, we can find
the photons produced increases with decreases the
strength coupling in table (3) and (4). The photons
produced are found to be large at large critical
temperature T, = 134 MeV compared to the
photons produced at low critical temperature
T, =116 MeV with the same systems § — yg in
interaction system form with the quark number
flavor ny = 6 at similar temperature T=170 to 270
MeV. The emission photon rate is increasing in the
highly and to effect by the increased temperature. It
shows to be large near temperature system T=270
MeV. On the other hand, the suppression in the
photon emission is less for both figures with
increase photon energy at T = 0.270 GeV. Because of
that suppression of emission rate increases for

increases the photon energy E, > T. From both

Figures 1 and 2, we can see the comparing results of
photons rate produces at different temperature
T =0.170 to 0.270n GeV for annihilation process of
the photons produce. We can find that the photons
emission ratecontributionis effective higher in
lowering photon energy E,, = 1.5 GeV in compared

to large photons energy for annihilation processes,
and itis less dominated in the higher energy for both
critical temperature.

Conclusion

We conclude that the strength coupling and critical
temperature are influenced largely on the photon
emission yield of the annihilation interaction
through the number of freedom and flavor number
parameterization factors enhancment the stability
of photons emission. Results calculation of emission
photon produce and photons rate is a function of
photon energy and strength coupling, there are
incorporated to give improve data result in emission
photon spectrum. Thus, the consideration of critical
temperature and temperature parameters have an
important role in emissionof the photon in the
higher energy collisions.
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