PROCEEDINGS

OF SCIENCE

Dilepton emission from heavy ion collision

S. Somorendro Singh*

Department of Physics and Astrophysics,
University of Delhi, Delhi-110007, India
E-mail: sssi ngh@hysi cs.du.ac.in

Yogesh Kumar

Department of Physics, Sri Aurobindo College,
University of Delhi, Delhi, India
E-mail: yogeshdu81@nai | . com

We extend to study the dilepton emission from heavy-ionisiolh of quark gluon plasma incor-
porating the temperature and chemical potential depermequark mass. The dilepton emission
rate is found to be enhanced in comparison to the earlieuledion of dilepton emission from
temperature dependent quark mass and to other theoredicalations. The study finds that the
emission rate of dilepton through the chemical potentigiéseasing function depending on the
increasing value of chemical potential ranging from- 0.10— 0.40 GeV. This indicates that the
overall result of dilepton emission through both chemiaptial and temperature provide better
information about the signature of forming quark-gluonspfia.

9th International Workshop on Critical Point and Onset ofdoafinement - CPOD2014,
17-21 November 2014
ZiF (Center of Interdisciplinary Research), UniversityRiélefeld, Germany

“Speaker.
Tcorresponding author

(© Copyright owned by the author(s) under the terms of the Cre&@vmmons Attribution-NonCommercial-ShareAlike Licence. http://pos.sissa.it/



Dilepton emission from heavy ion collision S. Somorendro Singh

1. Introduction

The study of phase transition in QCD (quantum chromodynamics) is investigetiee phase
structure of high energy physics. The transition is happened fromfaedrto a deconfined state
is predicted by the theory of strong interactions [1]. This deconfined statatter after transfor-
mation is known as Quark-Gluon Plasma (QGP) and its relevant degreeealofn is controlled
by free quarks and gluons. The study of strongly interacting matteratigh energy density and
temperature has specific feature in the present day of heavy-ionmems. The ongoing experi-
ments like ultra-relativistic heavy-ion collision at BNL and CERN have comeaei platform in
the study of QGP since adoption of heavy-ion research. The studytthasted great interest in
cosmology and in the study of compact stars. The existence of matter afewtaicroseconds
after the big-bang, has become a great task in the detection of matter inxpesenents. So there
are probable signals like strangeness enhancemerni/[@]suppression [3], dilepton and photon
emissions [4, 5, 6] etc. Among these indirect probes, dilepton and phtigsiens are assumed to
be the best signal for the formation of QGP. As they are produced aathestage of collision and
coming out from the deep core of QGP, they escape with little or no interadtiogitg relatively
direct information about the initial stage of QGP formation. On the basis oé {iesnising infor-
mation, they are actively investigated by many authors. So dilepton emissionbd@nw studied in
a QGP in afinite temperature. Assuming the formation of QGP at the experim&@sSand SPS
energies [7], the presence of sizable amount of baryon chemicaltjabtess been considered at
the central collision zone and even at RHIC, the presence of theserbetmgmical potential is ac-
counted for consideration. The baryon chemical poteptial to be at energies arourds < 200
AGeV. Moreover, in boost invariant space time approach, it was exqaatmat the increase chem-
ical potential was found in the central rapidity region and found the formatfgplateau region
of these dense matter [8]. It is again reported by the microscopic model®]dmit that the
colliding heavy ions may not be fully transparent. The work of Hammon aneders [11] have
proved these idea of chemical potential produced at RHIC energyeaoded the initial QGP have
finite chemical potential. With these information, dilepton emission rate in (locabntbdynamic
equilibrium is defined as function of temperature and quark chemical pdtgngtthe QGP. So
Dumitru et al. [12] studied dilepton production with finite chemical potential long time ago. He
showed the production rate as increasing function of the various chgmoiegitials. Similarly, this
type of work are followed by Strickland modifying the distribution function apuark and gluon
fugacities in juttner distribution function [13, 14]. Recently, Majumdeal. [15] have discussed
dileptons from QGP produced at the RHIC energies at finite baryoritgdems Basst al. [16]
have pointed out that parton re-scattering and fragmentation lead to t@rstiddsncrease in the
net-baryon density at mid-rapidity region. Thus, these works enceuwradn the calculation of
dilepton production rate with influence of quark chemical potential and teatyrerin the quark
mass.

In this work we study dilepton emission in heavy-ion collision of QGP with theceftd
temperature and chemical potential We did the calculation of dilepton emissionky imathe
intermediate mass region (IMR) even though the reports of low mass dileffgjerf found in the
emission rate. This is because that we expect thermal quark-antiqudnikation as a measurable
signal in the intermediate mass region [18]. So we explicitly exclude emissiopradeced in
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the low mass regime. Moreover it is due to the fact that the Drell-Yan mechamistices large
amount of dilepton in the intermediate mass region [19, 20].

The main objective of the present article is to investigate dilepton emission in aviiGP
temperature and finite baryonic chemical potentigliependent on quark mass [21, 22]. Due to this
temperature and chemical potential, quark mass has a finite value. Theemloees the infrared
divergence produced in the process of dilepton emission. The cheroteditial is considered as
U =15742515 and 3H683 GeV, which is good approximation as assumed in the scale of lattice
data of having chemical potential in the centrality zone. Besides this, He attd [23, 24] have
used this chemical potential in their distribution function. Now, the finite quarksnmdefined

as: [25] , ,
NS—1 U
T.p) = —2——[T?+ 5] 1.1
(o) = g [T+ 5219 (1.1)
which is called as quasi model thermal and chemical potential dependairit iapass. Its value
gives the minimum finite value on the basis of critical temperatgfes 41mas known as the QCD

coupling factor where,

as = 4 (1.2)
(33— 2Nf)In(1+ %)
In the coupling constant\ = 0.15 GeV is QCD parameter for the appropriate number of quark
flavors,N¢ andp is low momentum cut-off value.

Now the article is organized as follows: In Sec. 2 we give a brief highlifjdtfterent mecha-
nism to look at dilepton emission at finite temperatdrend quark chemical potential,from the
QGP. In the last Sec. 3 we present our results, compared them with thogeoauthors and we
finally give the main conclusion.

2. Dilepton emission from QGP

Computing dilepton emissions at finite temperature and baryon chemical potevgatome
out an interesting problem in the present day of heavy-ion collision. eTaer attractions of the-
oretical and experimental experts towards the works of dilepton emissianthEoretical experts
did the calculation as they expect a similar output from the results of theimgugal observa-
tions. Similarly we do our calculation of dilepton emission from a thermalized QGFtrasits a
simple phenomena. In the calculation we consider the Drell-Yan mechanignad26 171~ or
q(q)g — q(q) + 171~ as the most prominent reaction. Yet in recent times, Compton like processes
such agy(q)g — q(q)l "1, gg— qql ™|~ are investigated by other authors [17, 23]. Here we exclu-
sively useqq — |71~ reaction as our choice because of its higher production of intermediate mass
of dilepton pair in these reactions. In the calculation we use approximated-Bérac distribution
function for quarks and antiquarks with their corresponding partoadtigsAyqg = et/T [27].
They are defined as:

A Aq
fq(plaTvu) = o ,3) ’ fCT(p27T7IJ) = P +g) (21)
1 2
exp T +Aq exp T +Ag

The function is slightly modified due to the approximation from Juttner distributiéreschem-
ically non-equilibrated system with its parton fugacity At the chemical equilibrium the two
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Figure 1: The dilepton emission ratg\%\'—dy (GeV2), at initial temperature® = 0.25,0.40,0.57 GeV and
at critical temperaturé. = 0.17 GeV for different values qft = 1.574,2.515 and 3583 GeV

functions of quark and antiquark behave as Fermi-Dirac distributiortiftmcFor gluon distribu-
tion, it is also approximated Bose-Einstein and it is defined as:

Ag

. 2.2
exp$ —Ag (22)

fg(Pg, T, 1) =

with parton fugacityAqg which is approximately equal to unity. The gluon distribution function is
specially used in the Compton proceg§)g — | 71~ or gg fusion reaction.p,, is lepton pair four
momentum. Due to the approximated function in the Fermi-Dirac and Bose-Eirtbieiemnission

rate is enhanced from the emission rate of using simple Fermi-Dirac distribwtimtidn. Now

we define the parameters used in the calculation likMas= pHp, invariant lepton pair mass,

Py is lepton pair four momentum. an is lepton mass which is zero (/| = 0). The dilepton
emission rat%(i.e the number of dilepton emitted per space time volume per invariant lepton
pair mass) is given by

dN 502
dM2d4x  18m8

TMAG(1+ ZI\;TE)Kl(M/T) (2.3)

In this above solutiork; (M /T) is the modified Bessel’'s function which is takerkagM /T ) =
G(z) and volume element ig*x = d?xrdyrdt. By expanding longitudinally, we finally obtain

dN  5a’R?
dMm2dy 182

M(1+ 2,\:]25')//\(5@)@(2, 0T (1)1t (2.4)

where, T(7) = To(%)1/3 and)q is quark fugacity dependent on the baryonic potential.
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Figure 2: The dilepton integrated yiel M'\(ljy (GeVv1), at initial temperature$, = 0.25,0.40,0.57 GeV
and at critical temperaturg = 0.17 GeV for different values gfi = 1.574,2.515 and 383 GeV

3. Results

The dilepton emission rates through quasi model of temperature and chgoieatial in
the quark mass are shown in the figufgs- 2) with the corresponding finite temperatures for the
various chemical potentials. The results are obtained for the range ofttmedss and intermediate
mass region. Even though the contribution from hadronic decay is nsid®=yed in the calculation,
there is significant production from the annihilation process. In(Ejgwe show the dilepton
emission rate for various values of quark chemical potential at diffénéial temperatures ranging
from Top = 0.25 GeV to Top = 0.57 GeV and at critical temperatuiig = 0.17 GeV. The emission
rate for these various values of quark chemical potential increases wittased in the chemical
potential. The result is found to be very much effective in low mass regiongfirthe annihilation
process and significant is still obtained up to the range of intermediate nghss.r&eyond this
range of invariant lepton pair mass the emission rate is insignificant. Thié isesampared with
the earlier results of Ref. [23, 24, 27]. So the model with the temperaturetzemical potential
dependent on quark mass gives better outputs and agrees well witleeiné tleeoretical results in
dilepton emission. Moreover, further looking into the production rate of thliepith the increase
in lepton pair masM for all the different chemical potentials, there is uniform decrease inidie y
rate.

In the case of the dilepton integrated yield, result is increased in the foexpainential pro-
cess. The increasing with the evolution time and after a certain time, it showsistemt result for
these different values of chemical potential. With further increase in thaniéeof QGP evolution,
the effect of the increase in the quark chemical potential is observedsigmiicantly and suppres-
sion produced at the initial stage can be overcome by increasing quamkadi potential with the
evolution time. This is shown in the figure 2 with the corresponding initial tempesat the tran-
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sition temperaturel = 0.17 GeV. It implies that at larger chemical potential, the fields produced by
the interaction ofq quickly stop the relativistic moving particles and take shorter time. However at
slightly lower chemical potential the process take longer time due to weak fietggiateraction.
Here, we show the integrated yield by adopting the parameters of Z. He, [28{ta4] and com-
pared the results with the results produced by others. At the transition teomedra= 0.17 GeV

the result starts increasing from our earlier results and the yield rateempsnuch effect with

the chemical potential. There is clear-cut improvement with the increase irhémical poten-

tial. It indicates that integrated yield at the lower initial temperature is much loampared to

the initial temperaturd = 0.57 GeV. So, there is much effect on the integrated yield due to these
two initial temperatures. An increment observed at the higher initial temperater®.57 GeV
indicates that the integrated yield increases near the formation of the eamyam This is due

to the fact that the large chemical potential as well as the higher initial tempeeibance in the
interaction of the constituent particles in the system and dominates over ¢gut @fflow initial
temperaturd = 0.25 GeV. It implies that temperature and chemical potential dependent ok qua
mass enhance our emission rate in comparison to other results of dilepton emj28i024, 27]

4. Conclusion

We conclude that the quasi model of temperature and chemical potentaidkag quark mass
give improved results over those of massless quark in the production ptatfieand integrated
yields. This improved output is specially contributed by the chemical potemihlaage temper-
taure. So, we finally conclude that the results on dilepton production iglftube good and it is
almost in the spectrum of the most recent theoretical calculations.
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