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Abstract

We study the leading order processes for photon production using a phenomenological model of
quark-gluon plasma (QGP) in relativistic heavy-ion collisions incorporating the parametrization
factors in thermal dependent quark mass. The measurement of photon emission provides valua-
ble insights into the early conditions of QGP. The production rate is observed in the low and in-
termediate range of energy and transverse momentum. The photon yield is found to increase
marginally with the effect of thermal dependent quark mass. The results are little enhanced and in
good agreement with other work.
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1. Introduction

Many interesting outcomes have been observed at RHIC and LHC where a hot and dense matter is expected to
be created. From low to high energy experiments, extensive effort have been made to probe the properties of the
quark-gluon plasma (QGP), which has become a new worth of quantum cromo-dynamics (QCD) matter in the
study of relativistic heavy-ion collisions [1]-[29]. First possibility for the discovery of the QGP in these ex-
periments have been reported [30]-[32]. Photons and leptons are electromagnetic probes which are created
during the evolution of a nuclear collision. In heavy-ion collisions, photons are taken as good messenger to in-
vestigate properties of the matter since they leave the medium without a strong interaction once they are pro-
duced.

The study of photon is especially interesting because they emit in the course of a heavy-ion reaction which is
considered as a good observable for the space-time evolution of the colliding system. The photons are emitted
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from every stage of the collisions, and their transverse momentum are characterized by their origins. Especially,
the low and intermediate transverse momentum region is considered as a suitable window for measuring the
medium-induced direct photons. The high-energy photons are sensitive observables to the dynamics of the
deconfined phase. Since long, Shuryak proposed photons as a promising direct probe [33] and other groups con-
tinue to be actively investigated [34]-[53]. Unfortunately, most of the photons measured in heavy-ion collisions
come from hadronic decays. The experimental challenge of obtaining spectra of direct photons has been gone
through by several experiments; WA98 at SPS/CERN [54]-[56] and PHENIX at RHIC/BNL [57] [58] to analyze
the explicit data points for direct photons and provided the most interesting results. Hence, electromagnetic
probes are considered to be ideal probes for the detection and study of subsequent evolution of QGP.

The earlier observations of photon production from quark-gluon plasma at finite temperature have been
performed in Ref. [59]-[63]. In 1-loop approximation, the photon emission rate from annihilation and Compton
processes has been calculated by Ref. [3]. Further, Aurenche et al. [64]-[66] has shown photon production rate
in the QGP upto 2-loop level and found that emission rate are considerably same size or larger than the earlier
lowest order results. A new annihilation with scattering (aws), higher order process was found to dominate the
photon production rate from quark matter at high photon energies. With these informations, we focus on the
measurement of photon emission which provide a good opportunity to study the early evolution of fireball.

In this work, we use the thermal mass formalism and the corresponding thermal Hamiltonian in the literature
leading to the following choice for the confining/de-confining potential [67]-[69]. The phenomenological model
is used as quasiparticle in which mass is dependent on temperature and parametrization factors [70]-[72]. This
effective mass generated due to thermal interactions between quarks and gluons and shows well behaviour
above and around critical temperature. The “Thermal-Hamiltonian” for the QGP is given as:

H(aT)=[a +m; ()] =q-+m; (T)/20
The above result is taken in the large q limit or expressed as,
:q+m§/2q mg —m; /Zq, (@h)
where,
Mg (T) =749 (@)T°. @
with g is the quarks (gluons) momentum, m, is the rest mass of the quark, T is the temperature and g(q)
is first order QCD running coupling constant. . is the phenomenological parameter used to take care the

hydrodynamical aspects of the hot QGP droplet. We fix y, =6y, or 8y, and y, =1/6 . All parameter values
are taken by Ref. [73]-[75] in our calculation,
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where A is the QCD scale taken to be 150 MeV, n, is the number of flavor. Finally, we obtain the finite
quark mass defined as [73]-[75]:

N

1
m =T a1 (4)
In{1+[\z}
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where q= PR | Kknown as minimum momentum cut off with N :L and flow parameter

2 [33-2n, |
. ) 1 1 . . . .
is taken as y“ =2| — +—; | . The finite value of quark mass also removes the infrared divergence produced in

q 7g

photons production [76]-[78]. We compute the thermal photon emission from quark-gluon plasma of complete
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leading order (LO) results at temperatures T =0.25GeV and T =0.30 GeV with parametrization factor for
flavor 2 and 3 and compare the results with other work.

The paper is organized as follows. In Section 2 we outline the LO processes for photon spectra in QGP.
Results are presented in Section 3. Finally in Section 4 we give the conclusion.

2. Emission of Thermal Photon from QGP

Various theoretical predictions have been proved, some of the surprises have been found in experimental results
and indicate that RHIC and LHC is, indeed, probing a new development in the field of high energy physics. One
loop and two loop order for complete calculation of photon production rate from QGP to order «, have been
considered in the Ref. [59]-[61] [64]-[66] [79] [80]. The relevant LO processes include different channels. For
the present calculation, we use the parametrization of the rate given in Ref. [80].

The rate for photons of momentum q is given by the expression [80] [81]

dN 1 T 1 (2E E
——=—"-A In| ——|+=In| — |+C, | = 5
d'xd’q  (2x)’ (q){ [mq (T)J 2 (T j t°‘(Tﬂ ®
with E=q and mj (T) is the leading order large momentum limit of the thermal quark mass. The leading-
log coefficient A(q) isgiven as

ng(T) f, (E) ©®)

A(q)=6a, e}
f

The summation is over the number of quark flavors and ef is their electric charge, «, is the electromag-
netic constant and mass of quark are taken by Ref. [73]-[75]. f, (E) is the fermi distribution function. The

E
dependence on the specific photon production process is written in the term C,, (T j ,

E E E E
Ctot [?] = C2<—>2 (T )+ Cbrems (T )+ Caws (?j (7)

The non-logarithmic two-to-two contribution C, ., for general E/T and the rate of photon production by

bremsstrahlung and annihilation with scattering are computed. This requires solving a non-trivial integral
equation to determine this rate. The thermal corrections to the dispersion relations for incoming or outgoing

. . E) . - .
particles can no longer be neglected in these 2 <> 2 processes. The C,, (?j is the non-trivial function that

can only be solved numerically. All results for C,, (TEJ are evaluated by Ref. [80] [81].

Then we study the total photon spectrum above critical temperature by integrating the total rate over the
space-time history of the collision for all the LO 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 completely hot phase. It is expressed as [75] [81]:

dN
d’qy dy—I ( d’ d“] % drjdy(Ed%d“X]

where z is time evolution determined with the temperature from initial to final state with the rapidity
Yoe =15.3 corresponding to RHIC energy. Q ~180fm? is transverse cross section and g, 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 =g, cosh(y'—y). Thus, with the values of rapidity and ¢, , we get the total photon spec-

trum of LO processes.
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3. Results

The results are important concerning photon production as a signature for the creation of a quark-gluon plasma.
We perform the calculation of LO processes for photon emission in the QGP which consist QCD Compton
Scattering, qq annihilation, Bremsstrahlung (brems), and annihilation with scattering (aws) with suitable
choice of parametrization factors in the quark mass at hot phase of QGP evolution with temperature
T=025GeV and T =0.30GeV forflavor n, =2 and 3.

In Figure 1, we plot LO processes for photon emission rate at fixed temperature T =0.25GeV for flavor
n, =2 and 3 with the effect of finite value of quark mass with the variation of the photon energy. At closer
inspection, it turns out that the model calculation in the relevant range give the significant contribution and
dominate over the results of Renk et al. [81]. The results show visible increment at temperature T =0.25GeV
of the QGP fireball for flavor n, =2. We also show the result for flavor 3 and found that the strength of photon
emission is enhanced for the large flavor numbers. The larger number of anticipating quarks bring more
interactions, resulting in the enhancement of production rate. So with introducing the strange mass, photon emis-
sion increases. 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. We compare the
outputs between our result and the standard result of Ref. [81]. Our results has visible incremental amount in LO
production rate over the result of Ref. [81].

Now, we study the total photon spectrum over the space-time evolution of QGP. The results are shown in
Figure 2. With the similar line of parameters, we show total emission rate as a function of transverse mo-
mentum at temperature T =0.30GeV and compare the results produced by Ref. [81]. In the yield rate of two
different quark flavors, the higher value of quark flavor n, =3 has larger yield than lower value. It is due to
the more interaction among the large number of constituent quarks. In the comparison, we find that the photon
spectra of our model for quark flavor n, =2 has visible improvement, indeed, enhacement over theoretical
result of Ref. [81]. Thus, the consideration of thermal dependent quark mass has an important role in LO
processes for photon measurements and does not invalidate the results of high energy heavy-ion collisions. This
simple phenomenological model shows little improved result over the results of Ref. [81]. The figure also shows
that production rate as function of transverse momentum have much enhancement over the production rate as
function of photon energy.

4. Conclusion

The measurement of leading order processes for photon production in the QGP which consist QCD Compton
Scattering, q(q) annihilation, Bremsstrahlung, and annihilation with scattering provides a good opportunity to
study the evolution of fireball in high-energy heavy-ion collisions. We have used the leading order photon

10° T T T T T T T T

2%
8 W T=0.25 GeV Renketa'-EFZ — 3

& “"\"._ oy J—
1073 S Kumaretal.|j' 2
nz=3
6 ik

EdN/d 3qd *x (GeV *fm ™)
>
.

E (GeV)

Figure 1. The photon spectra at thermal temperature
T=0.25GeV for n, =2 and 3 and compared with

other work.
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Figure 2. The total photon rate at thermal temperature
T=0.30GeV for n, =2 and 3 and compared with

other work.

emission rate from QGP, along with the estimates of the impact of our phenomenological model on this rate, in a
simple model for the fireball evolution to calculate the resulting photon spectrum. The work on LO processes for
thermal photons have discussed within a model with various sets of initial condition. This implies that the
consideration of thermal dependent quark mass has important role in the photon measurements of the high-
energy heavy-ion collisions. The QGP fireball with the model of parametrization factor give a significant
contribution and improved the calculation of photon radiation for 2 and 3 flavor in high-energy heavy-ion col-
lisions.
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