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We have studied the vector meson spectral function (VMSH) ot and dense medium within
an effective QCD model namely the Nambu—Jona-Lasinio (Mdid)its Polyakov Loop extended
version (PNJL) with and without the effect of isoscalar wedhteraction (IVI). The effect of
the IVI has been taken into account using the ring approxonatWe obtained the dilepton
production rate (DPR) using the VMSF and observed that atemaid temperature it is enhanced
in the PNJL model as compared to the NJL and Born rate due wuihyeression of color degrees
of freedom. We also computed the conserved density fluctua@ssociated with the temporal
correlation function appropriate for a hot and dense medium
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1. Introduction

Under extreme conditions,e., at high temperature and/or high density Quantum Chromo-
dynamics (QCD) exhibits a very rich and interesting phasgcsire. It is believed that at these
extreme conditions normal hadronic matter transforms @ntteconfined state of strongly corre-
lated quark gluon plasma (QGP) [1, 2] . A lot of efforts haver@ut to create and explore this
noble state of matter in laboratory through experimentseaivly ion collisions such as Relativis-
tic Heavy lon Collider (RHIC) at Brookhaven National Lab (BN[3, 4] and the Large Hadron
Collider (LHC) at the European Organization for Nuclear &esh (CERN) [5, 6]. There is also
an upcoming fixed target experiment named as Facility foipkoton and lon Research (FAIR) at
the Gesellschaft fur Schwerionenforschung (GSI)[7]. ®asimeasurements at RHIC BNL [8] and
LHC CERN [9] have indicated a strong hint of the creation ofrargyly correlated QGP [10].

Many properties of the deconfined, strongly interactingtenadre reflected in the structure
of the correlation function (CF) and its spectral represton [11]. The temporal part of the CF
reflects response of the conserved density fluctuationseabehe spatial part reveals the informa-
tion on the masses and width. We can construct mesonic ¢tauerent CF's from meson currents
and they can be of different types such as scalar, pseudgoseattor and pseudovector [12]. The
spectral representation of vector meson current-currénisCelated to the differential lepton pair
production rate [13]. These leptons, being weakly inténgctcarry informations about the earlier
stage of the produced QGP. Keeping this in mind we consthacvéctor meson spectral function
(VMSF) and obtain the dilepton production rate (DPR) fronarid also calculate quark number
susceptibility (QNS) associated with the temporal compboéthe VMSF through the conserved
density fluctuation (CDF).

Now there are many theoretical tools which can be used ty shase CF’s and their spectral
representations - as for example first principle calcufalike Lattice QCD (LQCD) [14], pertur-
bative calculation known as perturbative QCD (PQCD) [15, IIF and effective QCD models
[18, 19]. These theoretical tools have their own merits amdetits. This present work is based on
the effective QCD model namely the Nambu—Jona-Lasinio jMdid its Polyakov Loop extended
version (PNJL). We have studied these models with and wittieueffects of isoscalar vector in-
teraction (IVI). The effect of IVI has been taken into accbtimough ring approximation. In Sec.
2 we briefly introduce the mathematical formalism. The rssafe discussed in Sec. 3 and in Sec.
4 we conclude.

2. Theoretical Framework
The differential DPR is related to the VMSIey, as [20]

dR 502 1 1 (
dxdQ ~ 5ae Mz et —1 %Y

w,7) , (2.1)

wherea is the fine structure constar® = (qo = w, ) is the external four momentum and
M = \/w? — ¢? is the invariant mass of the lepton pair.
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The QNS xq measures the response of the quark number depsitigh infinitesimal change
in the quark chemical potentigl, + ou and is given by

Xq(T) :0_p

ol - [ d% (1(02%(00)) = lim p / — w/T ooo(@, @), (2.2)

g—0

u=0

whereogy is the temporal component of the VMSF.

3. Resaults

Here we briefly discuss our findings. The details can be fonrrkif.[21]. In Fig. 1 the scaled
spectral functions (SF) without the IVI are shown. At= 200 MeV we observe that the PNJL
SF has a larger threshold than the NJL one because of the targek mass. This effective quark
mass decreases as we increase the temperature and that & Why 300 MeV the thresholds
for NJL and PNJL are almost the same. We also observe thatédPiNJL case the SF has been
enhanced. This can be understood with the following arggmeir zero external momentum
(9) and zero chemical potentialif the SF is proportional t¢l — 2f(Ep)], where f(Ep) is the
fermion distribution function. Now the presence of the R&lyv Loop (PL) fields suppress the
color degrees of freedom, or in other words supprfg&s,) and thus enhances the SF.
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Figure1: Scaled vector spectral functiary /w? as a function of scaled invariant mast/T with q= y =0
andGy/Gs=0for T =200 MeV (left panel) and = 300 MeV (right panel).

Once we have the SF, the dilepton rate can be calculated fnosing Eq. 2.1. The differential
dilepton rates are shown in Fig. 2. We notice that the dilepade for PNJL model is increased
as compared to the NJL and Born rate. We have further companefindings with the available
quenched LQCD results[14].

The SF’s with the inclusion of IVI are shown in Fig. 3. It is atehat in the presence of IVI,
bound states start to form. The spectral strength incre@ses increase the strength of the 1VI
and for a giverGy the spectral strength for the PNJL is greater than NJL, wisielgain attributed
to the presence of PL fields.

IThe strength of the IVI is represented By in terms ofGs, whereGs andGy denote coupling constants of the
scalar and vector type four-quark interactions respdgtive
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Figure 2: Comparison of dilepton rates as
a function of scaled invariant mads/T

. for T = 240 MeV with external momen-
tumq = 0, quark chemical potential = 0
andGy/Gs=0. The LQCD rate is from

T=0.24GeV,u=0GeV
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Figure 3: Scaled spectral function as a functionMfT for T = 300 MeV, u = 100 MeV,q = 200 MeV
and a set of values @y /Gs; NJL (left panel) and PNJL (right panel).

In Fig. 4 the differential dilepton rates are shown for botiLNind PNJL models. The dilep-
ton rates increase as the strength of the VI increases whéshexpected if we look back at the
corresponding plots of spectral function in Fig. 3.

In Fig. 5 the QNS are shown for both NJL and PNJL models. Themesed susceptibil-
ity gets suppressed as one increaGgs Since positiveGy implies a repulsive interaction, the
compressibility of the system decreases with the increb&y phence the suppression.

4. Summary

We have investigated the behavior of the VMSF and its speapaesentation in a hot and
dense medium. The differential dilepton rate has been ledémli from the SF for both with and
without the IVI. We observed that without the IVI the SF’s idliNbecome quantitatively equal
to those of free field theory. For PNJL they are enhanced apamd to both the NJL and the
free field theory. This enhancement is reflected in the cpomding plots of dilepton rates. Sup-
pression of the color degrees of freedom due to the presdneé fields is the reason behind
this enhancement. This suggests that some nontrivial latione exists among the color charges
in the deconfined phase. Thus it is expected that the dile@tEnin a strongly coupled QGP is



Mesonic spectral functions in effective mean field model. Chowdhury Aminul Islam

10—77 T 3 10_7 E ! E
NJL E E PNJL E
T=03 GeV ] T=03 GeV ]
(04 — =02 GeV o 8 q=02 GeV
p 1078 T n=01GeV 3 T 10~ §=01GeV 3
x  F . CSIS 3 x ]
< - G\//GSZO.O ~~\~ : TO .
i~ — Gy/Gs=0.2 i
_ -9 _
¥ 10°F|—Gy/Gs=04 1 & 10°%
© — Gy/Gs=05 3 E 3
— Gy /Gs=0.6 . B ]
Gy/Gs=0.7 ] 1ol == Gv/Gs=07 |
10_107 1 M L L 10— 1 1 I I
1 2 3 4 5 1 2 3 4 5
M/T M/T

Figure 4: Dilepton rates as a function & /T for a set of values 06y /Gs with T = 300 MeV, q = 200
MeV andu = 100 MeV; NJL (left panel) and PNJL (right panel).
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Figure 5: Resummed quark number susceptibility in (2) NJL and (b) PMdldels at non-zero chemical
potential for two flavor(Ns = 2).

more than that in a weakly coupled one. We have compared sbmer oesults with the avail-
able quenched LQCD data and the other results can be testetliia when LQCD includes the
dynamical fermions.
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