Audlpell deolJl - duy il duls - daolellg dygy il Sluwlysdl dloo
02022 Joill ygils - eljudtl pgle - yuolall slaoll - ggpdiall saall
doi.org/10.52866/es5j.2021.05.20.07

Theoretical and Calculation The Photon Production
From Quark-Antiquark Interaction

Elaf Mohammed Ahmed' , Hadi].M. Al-Agealy? , Nada Farhan Kadhim'
' Mustansiriyah University / College College of Science, Department of Physics
2 University of Baghdad / College of Education for Pure Science Ibn-ALHaitham, Department of Physics
E-mail: elaafmuhamed@uomustansiriyah.edu.iqg;
hadi.j.m@ihcoedu.uobaghdad.edu.iq and dr.nada@uomustansiriyah.edu.iq

Abstract :

In this paper, we present a theoretical calculation of photons rate from the an-
nihilation of quark anti-quark interaction. A theoretical model for this process was
provided using the quantum chromodynamic theory. In addition, we introduced and
discussed the role of the QCD strength coupling, critical temperature, photons en-
ergy and thermal energy of the system, as well as the rate of the photons used to
study the behavior of quarks theoretically .The photon rate was calculated for the
interaction of charm (() and anti-strange (§) quarks in two critical temperatures
T.=113 MeV and T.= 147 MeV and the range of photon energy from 1.5GeV/c to
5GeV/c. we noticed the strong coupling, critical temperature, photon energy and
thermal energy were to influence the rate dramatically, which can form photons’
possible emission from the annihilation process.The increased photons rate with
decreased QCD strength couple of quarks interaction due to increasing the critical
temperature from 113 MeV to 147 MeV had been predicted.We also find a small dif-
ference in photon yield and QCD strength coupling with two critical temperatures
113 and 147 MeV.
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Introduction

The quarks and gluons are funda-
mental constituents of protons and
neutrons and the building blocks of
matter[1]. The quarks model has been
introduced by Zweig and Gill Mann in
1964 as fundamental building blocks of
hadrons[2]. The Standard Model was
introduced to describe the particle
physics interactions. It is built depend-
ing on quantum chromodynamics QCD
and quantum electrodynamics QED
for electroweak interactions. The dis-
covery of the Higgs boson in CERN was
the final part of completing the Stan-
dard Model [3]. Recently, the structure
of the nucleons has been understood
by focusing on the quarks and gluons.
There are played an important role to
produce the mass of the nucleon. They
both have spin The quarks are fermi-
ons and carried 1/2 spin and gluon
has spin 1 because gluons are Bosons
[4]. The dynamic of quark and gluon
interaction has been studied and un-
derstood depending on to QCD frame-
work using different experimental at
the BNL, RHIC and CERN LHC[5].0ne
of the important explored extensively
discoveries in the CERN Large Had-

ron Collider experiments is produced
quark matter. The understanding of
thermodynamic properties of quark-
gluon implies understanding relativis-
tic nuclear collisions[6].In general, the
photons are produced from different
stages and sources in heavy-ion colli-
sions . There are influenced by differ-
ent characteristics of the QCD materi-
als [7-8]. In recently, many researchers
introduced a variety of studies of pho-
ton emission according to hydrody-
namic models of heavy-ion collisions.
It has been developed by connecting
experimental data to theoretical ideas
[9].Photons are produced by different
sources such that; thermal photons
,photons produced in the preequilibri-
um by hard interactions and prompt
photons . Experimentally the photons
were created from collisions and the
photons produce at in heavy ion col-
lisions with high momentum [10]. The
state of quark and antiquark produce
in collisions ,its widely interested in
physics.it investigates for evidence
of transition in nuclear matter, when
quarks and gluons are confined in had-
rons [11]. In Figure, Feynman diagrams
of photon produce mechanisms from,
quark-antiquark annihilation[12].
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Figure(1) : Diagrams of photons emission from quark-anti-quark annihilation [12].
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The quark - antiquark matter is an-
nihilation to produce lepton. The anni-
hilation of quark - antiquark are into
two types; quark-antiquark annihila-
tion by annihilation the color charg-
es and quark-antiquark annihilation
by annihilation the color and electric
charges[13]. In addition, the photons
are emitted throughout quark gluon
plasma QGP in strong reaction and
produces in heavy ions collision at

the LHC in CERN and the RHIC in
Brookhaven[14]. In this work ,we can
focus on the calculation photons rate
produce from interaction of quark and
anti-quark interaction at two critical
temperature with spectrum of photon
energy .

Theory

The photons emission rate from
quark anti quarks annihilation process
is [15]

4N,? [s(s—am?) Eg
Re = s Fa(Py) [l fa(pa) (L + fy (Pe)oaq(s) =5t dsdd Eg.....(1)

Where Ns is spin quantum number
of quark s, £, (p,) and f;(ps) areJuttner
distribution functions for quark and
gluon , gqq(s) is cross section, Eg and
Ey are quark and photons energy, ds,
d¢ and dE; are element of momen-
tum , solid angle and quarks energies

.The total cross section of quark anti
quarks relative to effective cross sec-
tion g,(s) and given by[16].

0qq(s) = (e—j)zcra L 2)

Where ¢;and ¢ are the quarks and electronic charges .The Eq.(1) withEg.

(2) become

=2 () (%) 2 o Fa @)L+ £y (o) dEq [ o ()sG = am)ds [ dg....(3)

The Juttner distribution of quark as function of fugacity ilq and energy Eg

and given by [17]. T
fa(Eq) = 2

The distribution for gluon f4(E) using Bose-Einstein function is [18].
o B o PR e (5)
Inserting Eq.(4) and Eq.(5) in Eq.(3) and integralunder E; z— to results [19].

P g:-r:]s q( V)( )

E
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1)_1]qu]f 2(8)y/s(s —4m?) dsf de....(6)
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The first integral reduce at E; = E, to

E= E=
T [aq(e?q £ 1)1+ AgAy(eT + 1)~ (eBa/T — 1)—1].:1% -

4-5);
= % (2n+1)s
-1 n+1(eéEyT) —lZn+lls
P[5 Sl
qlem=1 n n=1 on41

And third integral was given

[ d¢ = 2m...(®)

Inserting Eq.(7) and EQ.(8) in EqQ.(6) to given
RP —

n

(—1)n+1 41;:?
(2njﬁfq( }')( ) JTAZ[E0 ( ) &

n

—(2n+ 1)s

‘1 En 1 2n+1 a(s)vs(s—'ﬁ}mz dS

Also ,the /s(s —4m?) a(s) can be simply to[20].

Js(s —4m?) a(s) = 4maya,m?[In (mz) s | [FE— (10)

The rate in Eq.(9) togother EQ.(10) ands >4 m 2 become

—3 n
(_1]R+J.(Q4E}(T) Q—I\:;_t}-:;)s )
+ A Ty ———| W[(3) - 11as....(11)

Zn+1

4NS

@\ 2
(zﬂsfq( p,) (f) dma,a,m?TA; [

Rp =

@

Under assume s = 4m?%z we obtain that .

nmzz
_aNg? fq( ) (%q)z4na0a5m2T‘lq[E§f’:1(_l)n+i (-E,T) f{:onz —nm? o BT [ln (izz) B

Rp = (2m)> n nm?2 m2

—(2n+1)m?z

Ilgpeie L b i Tl [111(4222)—1]@] 12)

2n+1 (2?1+ 1)m?2 4m?

The two integral in Eq.(12) solve when m? « E,Tand(—x)* = (— %ZT)R [20] to

—nnﬂ

fl B THT [Inz + In4 — 1] dz—C—l—]n( 2) tlhn+1...........(13)
4E,T
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And

—(zn+1m?z

ByT [lnz+ln4—1]dz—[C+1n( )—I—In(Zn—l— i 0 2 1) [ (14)

j-oo —E},-T
1 (2n+1)m?

Iserting Eq.(13) and Eq.(14) in Eq.(12) to given

_ 4N§? fg[p[) €q (—1)"+? 4E,T B B
Rp = ¢ a5 (e) dmaga,m®T[Agz Yoy " (nmz)[ ( ) Inn 1] +
w (D™ BT sE,T\ L B
R e e e S R | RS (15)

However ,the two sumation in Eq.(15)equal to [21].

e, (Mﬂ; = (1-2)¢@~Z.... (16)

And
ln+1 2
Te = (17)

The EqQ.(15) together EqQ.(16) and Eq.(17) at Agwl reduced to

4-’\-3

o R (2 ) g, T2 (2 ) [0 (BD) - € — tan—tn(@n+ D= 1] e (18)

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

AR E L T SO (19)

Substituting EqQ.(19) in Eq.(18) with €,z =C+ 1+ nn+[n(2n+1) and N; = 2 to
we obtain.

2 -E
_ _To%s (€g i I —r 45T\ _ .~

RP 3(2}1’)2(9) ¥ "‘lq"lqe % [[lll( e ) qu] ............. (20)
Where a; is fine structure constant ap = :—j = (137)"!, a,, is the QCD strength

constant , 4z and Aq are the fugacity of quarks and anti quarks with mass
m = gT = J4ma,T [22],then Eq.(20) become

Rp :%(ﬁ) T2) 1,6 T [111(4MET) 7 (21)

The QCD strength coupling is given by [23].

6T

, = m ............. (22}
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Where critical temperature is [24].
908
TC = ( z

T ﬂgq

degrees of freedom .1t is given by [25].

Results

We consider two critical tempera-
tures for the evaluation of photon rate
that's produced from the annihilation
of charm (C) anti-strange (S) interac-
tion using a simple model based quan-
tum chromo dynamic theory  QCD.
The photons rate coefficient QCD
strength coupling, critical tempera-
ture were evaluated theoretically , ex-
cept the thermal energy and photons
energy were taken from experimental
data .The inelastic cross-section and
the Juttner distribution of quarks were
calculated at critical temperatures of
113 and 147 MeV respectively. Two criti-
cal temperaturesfor system were cal-
culated using Eq.(23) taking the Bag

I

Where B is the Bag constant and nggq

is the number of gluons and quarks

constant B = 200 and 260 MeV [26]
with taking the the spin and color
states are ng=2 and n;,=8 for gluon and
n.=3, ng=2 and ny=7 for quarks to ob-
tained critical temperature results are
Tc=113 MeV and T,=147 MeV .The QCD
strength coupling was calculated us-
ing Eq.(22) as a function of the favor
number and critical temperature ,the
flavor number is summation flavors in
Ynp=7incS—yg system. One can in-
sert the critical temperature T, =113
MeV and T, =147 MeV , thermal energy
T=170,190,210,230,250 and 270 MeVand
the flavor number ny=7in Eq.(22) to
be results are listed in table (1) and
table (2) of QCD strength couplingat
To=113MeV and 147 MeV respectively.

Vs

Table(1). The QCD strength coupling at T¢ =113 MeV
for charmquark interaction with anti-strange § .

N

T (MeV) The QCD strength coupling a;
170 0.39877
190 0.38170
210 0.36755
230 0.35556
250 0.34525
270 0.33624
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( Table(2). The QCD strength coupling at T¢ =147 MeV for charmquark interaction with anti-strange §. )
T (MeV) The QCD strength coupling a,
170 0.44591
190 0.42468
210 0.40723
230 0.39257
250 0.38003
270 0.36915

-

Although the charge of system
(%) using summation of charge of
charm quark e =+2%/3¢ interaction
with charge anti-strange es=+1/5¢ to
be equal >/, relative to electric charge.
Thephotons rate yields to interac-
tion of the charm with anti-strange
is calculated using EqQ.(21) by insert-
thephoton energy E, = 1.5to 5GeV

from experimental data [26], strength
coupling from tables (1) and (2) , criti-
cal temperature 113 and 147 MeV and
fugacity of charm and anti-strangebe
taken as A4,=4; = 0.06 and annihilation
parameter is C,; = 1.415 [27].The cal-
culated results showin tables (3) and
(4) for To=113 MeV.

Vs

Table (3): The photon rate produces T.=147 MeV at for charmquark interaction
with anti-strange Sat 3,=1, =0.06 .

1
pEe_____
P(Geszm4)
E}. GeV T T- T- T- T= T-
170Mev 190Mev 210Mev 230Mev 250Mev 270Mev
a, = 0.399 a, = 0.382 a, = 0.368 a. = 0.356 a, = 0.345 a, = 0.336
15 1.123E- 2.973E- 6.432E- 1.192E- 1.948E- 2.862E-
: 13 13 13 12 12 12
5 9.108E- 3.449E- 1.015E- 2 472E- 5.204E- 9.765E-
15 14 13 13 13 13
75 6.111E- 3.214E- 1.239E- 3.795E- 9.737E- 2.175E-
: 16 15 14 14 14 13
3 3.788E- 2.743E- 1.374E~ 5.231E- 1.616E- 4 236E-
17 16 15 15 14 14
35 2.251E- 2.236E- 1.448E- 6.829E- 2.528E- 7. 741E-
’ 18 17 16 16 15 15
4 1.303E- 1.772E- 1.482E- 8.634E- 3.820E- 1.363E-
19 18 17 17 16 15
45 7 415E- 1.379E- 1.486E- 1.069E- 5.647E- 2.346E-
: 21 19 18 17 17 16
5 4.168E- 1.059E- 1.470E- 1.304E- 8.220E- 3.969E-
22 20 19 18 18 17
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Table (4): The photon rate produces

at T¢=147 MeV for charmquark interaction with anti-strange Sat A,=1, =0.06 .

RP(FImeL)

T- T- T- T- T- T-
170Mev 190Mev 210Mev 230Mev 250Mev 270Mev
E,GeV | a,=0446 | a,=0425 | @, =0407 | @, =0393 | a,=0.380 | a =0.369
9.946E- 2.555E- 5.332E- 9.431E- 1.448E- 1.944E-

' 14 13 13 13 12 12
8.804E- 3.297E- 9.585E- 2.304E- 4.785E- 8.841E-

’ 15 14 14 13 13 13
6.104E- 3.186E- 1.220E- 3.708E- 9.441E- 2.092E-

> 16 15 14 14 14 13
3.851E- 2.772E- 1.380E- 5.227E- 1.605E- 4.187E-

: 17 16 15 15 14 14
2.313E- 2.286E- 1.473E- 6.916E- 2.548E- 7.772E-

3 18 17 16 16 15 15
1.349E- 1.826E- 1.520E- 8.822F- 3.888E- 1.382E-

! 19 18 17 17 16 15
7.725E- 1.429E- 1.534E- 1.099E- 5.788E- 2.396E-

- 21 19 18 17 17 16
4.361E- 1.103E- 1.525E- 1.348E- 8.469E- 4.077E-

: 22 20 19 18 18 17

The photon rate produces as a func-
tion of the photons energy E, (GeV)
for for

and thermal energy T(MeV)
charm (C quark interaction with anti-

strange §at,~ 1z=0.06 are shown in
Figure (1) at T, = 113 MeV and Figure
(2) at Tp =147 MeV .
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Discussion

The photons rate with the QCD
strength coupling ,photons energy
,thermal energy and the relativeto
charge ratio is presented in Eq. (21)
.The QCD strength coupling is affect-
ed by the critical temperature , fla-
vour number and temperature of sys-
tem forannihilationreaction of charm

quark and anti-strange quark.The QCD
strength coupling in both tables (1)
and (2) are increases between quark
and gluon with the decrease of the
thermal energy (170 MeV to 270 MeV)
of system .However ,the QCD strength
coupling in Eq.(22) as function of criti-
cal temperature, it increases due to in-
crease T, from To=113 MeV to T =147
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MeV and vice versa . The photons rate
as a function of the QCD strength cou-
pling and critical temperature for in-
teraction of charm and anti-strange
quarks due to our theoretical model at
photons energy from 1.5GeV to 5.0 GeV
and thermal energy from T=1/0MeV to
T=270 MeV 270was done in Figures (1)
and (2) and both tables (3) and (4).
The photon rate reach to maximumat
R, = 2.862 x 10*12661/2}%4 at E, = 1.5GeV with
T=270 MeV for critical temperature
Tc = 113 MeV and QCD strength cou-
pling %= 0.336 and become to mini-
MUM R, = 4.168 x 10‘22G2V2fm4 at E, =5Gev
with @.= 0.399 for low thermal ener-
gy T=170 Mev with same critical tem-
perature .On the other hand, the pho-
ton rate is maximum R, = 1944 x10 !
at E, =15GeVfor a,= 0.369 and
T=270MeV while reach to minimum
R, =4361x107% at E, =56ev with
a;=0.446 and critical temperature
To =147 MeV .

From figures 1 and 2,we can see
that the photonrate increase with de-
crease the photons energywithboth
critical temperature and vice versa.
Furthermore ,thephotons rate was-
decreased with the decreased ther-
mal energy and increased the QCD
strength coupling for interaction
charm quark with anti-strange quark
in the system in both critical tempera-
ture .However , the rate of photonin
table (4) and Figure 2was larger than
rate in table(3) and figure (1) because
the rate increases with increases the
critical temperature 147MeV for table
(4) compare with critical temperature

113MeV for table (3) this because the
critical temperature cooperation with
temperature of system to increase the
photon rate. In general , we can see
that photon rate was increased with
increased the thermal energy of sys-
tem T> 170 MeV and become large at
thermal energy T =270 MeV. In fact, we
find the photon rate in tables (3) and
(4) and figures (1) and (2) with differ-
ent critical temperature are maximum
at energy E, > 15GeV < 2GeV -Final-
ly, we showthe photons rate affected
by QCD strength coupling, thermal en-
ergy ,photons energy and critical tem-
perature to T, =113 MeV to 147 MeV for
interaction of quarks in system.

Conclusion

In conclusion, we study and calcu-
late the photon emission rate from in-
teraction of charm with anti-strange-
at annihilation  processdepending
on QCD strength coupling, thermal
energy ,photon energy and critical
temperature. We have demonstrat-
ed in the QCD analysis that photon
rate description depending on QCD
strength coupling and thermal and
critical temperature .It is increased
with decreased the QCD strength cou-
pling and increased critical tempera-
ture and thermal energy of system
for charm -anti strange annihilation
process in thermal energy of system
In range 270 MeV =T > 170 MeV .Our re-
sults imply that the photons energy af-
fected on photon rate ,It rather reach
to maximum at 2GeV = E,. We have ex-
plored the distribution of photon rate



89 ||

dudlyell doeoladl - duy il duds - duolellg dugy Ul Oluwlysdl dlao
02022 Jodl ggils - cljuall ogle - ol aaall - ggyduell sl

and QCD strength coupling relative to
the critical and thermal temperature
of the system has been a unique fea-
ture of the photon rate. In conclusion,
photon production becomes more
probable at decreases strength cou-
pling and increased temperature 270
MeV and critical temperature 147 MeV
and photon energy E, < 2GeV .
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