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Abstract

We work on photon production through annihilation and Compton, and annihilation with scatter-
ing (AWS) processes through a quark-gluon plasma (QGP) in high energy nuclear collision incor-
porating the parametrization factors in strong coupling value and thermal dependent quark mass
obtained through a coupling value. We find that photon yield increases with the increasing of the
temperature and dominated by early times. We also compare the influence of coupling value on
the spectrum of thermal photons. The production rate of photons is observed in the range of low
and intermediate transverse momentum. The results are compared with other work.
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1. Introduction

There are many efforts attempted in the direction of new theoretical idea to study the formation of strongly inte-
racting matter and quark-hadron phase transition at very high temperature and/or nuclear density. By colliding
heavy-ions (such as Au on Au or Pb on Pb) at the Relativistic Heavy-lon Collider (RHIC) at Brookhaven Na-
tional Laboratory (BNL) and the Large Hadron Collider (LHC) at Europian Organisation for Nuclear Research
(CERN), expect to produce such a deconfined matter, called the Quark-Gluon Plasma (QGP) [1]-[13]. QGP is
possibly the primordial fluid that permeated our universe when it was only a few microseconds old. In fact, the
experiments at SPS/CERN, RHIC/BNL and LHC/CERN are trying to create such situation at high temperature
for the study of QGP [14]. In these experiments, two massive nuclei are collided centrally and observed the
formation of this dense nuclear matter. First indication for the discovery of the QGP in these experiments has
been reported [15]-[17]. In order to identify the transient existence of the hot and dense quark-gluon system in
heavy-ion collisions, electromagnetic probes, such as direct photons and dileptons have been suggested. They
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interact only electromagnetically, so called electromagnetic signals and their mean free paths are expected to be
quite large than the transverse size of the collision volume created in any nuclear collision. As a result, high-
energy photons produced in the interior of the plasma are not likely to suffer further collisions after they are
produced and carry information directly from the reaction zone to the detector. Shuryak proposed photons as a
promising direct probe [18] and they continue to be actively investigated [19]-[27]. Although, photons are con-
sidered as clean signals of QGP, there are few arguments arises due to massive pollution from lots of sources,
like Drell-Yan processes, QGP, hadron gas, decay of charm particles etc. So we use these signals for extracting
information directly from the collision zone. Hence, electromagnetic probes are considered to be ideal probes for
the detection and study of subsequent evolution of QGP.

The investigations for photon production from quark-gluon plasma at finite temperature have been carried out
[28]-[31]. An investigation of ideal fluid dynamics considers subsequent evolution of kinematically equilibrated
QGP phase at very high nuclear density and temperature. Moreover experimental observations [32]-[34] from
Pb-Pb collision at /s =158 AGeV by CERN WAB80 and WA98 collaboration at SPS show interesting result
in this electromagnetic probes [35]. These observations indicate the production of excess direct photons from the
results of hadronic decays in the intermediate transverse momentum region of the most central collisions. Beside
this, much other information confirms direct photon as a feasible signal for the formation and evolution of QGP.
Many such active programs provide a platform to analyze the theoretical modeling of QGP evolution. In the
theoretical modeling, the transverse momentum distribution function of direct photons is one significant factor
in the photon induced reaction at the same energies Js [36] [37] for a momentum greater than 1.5 GeV/c in
the central collision. On this information, we focus on the measurement of photon emission which provides a
good opportunity to study the early evolution of fireball. In RHIC, one might expect QGP is produced initially,
it expands, cools and undergoes a phase transition when the temperature drops down to critical temperature T =
0.17 GeV and afterwards the system eventually freezes out into hadrons at the temprature T = 0.15 GeV [38].

In this article, we consider a simple model of these strongly interacting matter “quark-gluon plasma”. The
matter is composed of a parametrized momentum factor in the quark mass. Due to this parametrization, the
quark mass has a finite value and it removes the infrared (IR) divergence produced in the photon production
[39]-[41]. The finite quark mass is defined as [42]:
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temperatures with parametrization factor for flavor 3 and compare the results with other work.
Thus, we organize the paper as: In Section 2, we present the total spectra in QGP and in Section 3, we show
the results and at last Section 4, we give the conclusion.

2. Photon Emission from QGP

Thermal photons are ideal probes of quark-gluon plasma. The calculation of photon production from QGP is
found to be very interesting theoretical problem. Moreover in range of the coupling parameter [43] [44] o, <1,
the output produces slow expansion near the equilibrium temperature, even though it is not justified condition.
There are number of theoretical research works for production of photon from quark-gluon plasma. Most of the
works are considered as quark-antiquark annihilation and Compton process. We focus on total photon spectra at
different temperatures taking the photon production rate as a similar line of one loop calculation of Compton
process q(@)g — aq(q)y plus annihilation qq — gy and the dominant contribution of qg annihilation
with scattering obtained by Aurenche et al. known as AWS.
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The formulation of photon production with one loop order of Compton plus annihilation process is given by

the expression [25] [28] [29] [45]-[48]
dN 1 2 ET 4ET
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where C. =1.415.
Then the dominant contribution given by qg annihilation with scattering process known as AWS of produc-
tion rate is given as [48]-[50]:
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In the above expression, J, =-1.130 and J; =1.20 for quark flavor n, =3. The strong coupling value
is taken by Ref. [48].

Then we study the total photon spectrum at different temperatures by integrating the total rate over the space-
time history of the collision for all the processes after getting the temperature of the evolution from the model.
We integrate rates at preferential temperatures, which are considered as temperature of transition to be com-
pletely hot phase. It is expressed as [46]-[48]:

pdy -l [ d3pd“] o, wdr Idy[ dspd“j

where ¢ is time evolution determined with the temperature from initial to final state with the rapidity
Y., =15.3 corresponding to RHIC energy. Q ~180 fm?® is transverse cross section and p, is the photon
transverse momentum. The quantity on the extreme R.H.S. is defined in the centre-of-mass system with the
photon energy E = p; cosh(y'—y). We consider the system is dominated by the longitudinal expansion in the
early stage in comparison to the transverse expansion [51] [52]. So we study photon yield for longitudinal ex-
pansion excluding the transverse. The approximation is suitable during the early stage where our interest is fo-
cused. Thus, with the values of rapidity and p; , we get the total photon spectrum.

3. Results

In the results, we show total photon spectra from QGP through the different channels at finite temperature with
the introduction of parametrization factors in strong coupling value and also in the quark mass. With a suitable
choice of flow parameters for Compton scattering together with annihilation process and AWS, our calculation
is performed for quark flavor n, =3.

In Figure 1, we show total emission rate at temperature T =0.35GeV with the variation of the photon
transverse momentum for the process of Compton plus annihilation (C + Ann) and AWS. At closer inspection it
turns out that the model calculation in the relevant range of photons from AWS process give the significant con-
tribution and dominate over C + Ann process and show visible increment at temperature T =0.35GeV of the
QGP fireball. The results also give the enhancement as comparison to photon energy result. These observations
are in good agreement with other theoretical work [25] [48]. The increase in the emission rate is highly effected
by temperature of the system, and it seems to be large near creation of quark matter that is considered to be exist
at very hot temperature. In Figure 2, we show photon spectra of C + Ann process at different thermal tempera-
tures with the coupling value and finite value of quark mass and also compare the results produced by [25] [48].
The interesting observation shows that the production rate is found to be very small increment than the other
work up to temperature T =0.31GeV and as we increases the temperature around T =0.32 GeV , photon rate
by Peitzmann et al. leads to a substantially higher rate as comparison to our result and more dominant for higher
temperature. This is due to fact that the coupling constant « is temperature dependent and as temperature in-
creases the value becomes smaller and it approaches the real system of deconfined QGP phase in which quarks
and gluons are free and weakly interacting. At last in Figure 3, we calculate the same photon rate for AWS
process for same values of temperature and compare the results with Refs. [25] [48]. The figure predicts that
production rate as a function of transverse momentum has much enhancement over the production rate as func-
tion of photon energy. In both Figure 2, Figure 3, our model shows the enhancement upto T =0.31GeV and
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Figure 1. The total photon spectra through different channels at

thermal temperature T =0.35GeV for n, =3.
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Figure 2. The total photon rate through Compton plus annihilation
channel at different temperatures for n; = 3 and compared with
other works.

further results are less sensitive to the higher temperature. Yet if we look at the production rate of the two
processes, we found that AWS process shows better production rate in comparison to Compton plus annihilation
process. This means that total photon spectra with the model of parametrization has a sizable enhancement over
other theoretical calculation of photon spectra in all the possible processes with temperature up to T = 0.31 GeV.
Our results also give the significant contribution over PHENIX data collaboration and results of Refs. [53]-[56].

4. Conclusion

We work on different sources for the photons and also discussed thermal photon production within a model and
various sets of initial condition. We conclude that the calculation of total photon spectra as a function of trans-
verse momentum incorporating the parametrization factors in strong coupling value and quark mass give the
improved results in the photon yield products from the results [25] [48]. This implies that the consideration of
parametrization factors in coupling value and thermal dependent quark mass has an important role in the photon
measurements of the high-energy heavy-ion collisions. The QGP fireball with the parametrization factor gives a
significant contribution and improved the calculation of photon radiation at temperature up to T =0.31GeV
afterwards our results are not sensitive at temperature more than T =0.31GeV in both processes with flavor 3.
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Figure 3. The total photon rate through AWS channel at different
temperatures for n; = 3 and compared with other works.

Overall our model of parametrization plays an important and interesting role in photon emission and highly sen-
sitive upto T =0.31GeV . Also our results enhance photon production rate over other work.
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