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Study of D-Measure from Polyakov-Nambu-Jona-Lasinio Model
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We present the first case study of the net charge fluctuations in terfs-efmeasure within the
framework of an effective model viz. Polyakov Nambu-Jona-Lasinio model. The net charge fluctuation
is obtained from the charge susceptibility computed in this model. A parameterization of the freeze-out
curve in heavy-ion experiments has been used to olidaas a function of the collision energy.
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Introduction

Strongly interacting matter at very high temperatures and densities is expected to undergo a transition frc
the color confined hadronic phase with broken chiral symmetry to the partonic phase with restored chir.
symmetry and/or deconfined quarks and gluons (Meyer-Ortmanns H, 1996). A good understanding of th
transition is relevant for studies in the fundamental interactions in particle physics, as well as for the physic
of early universe and neutron stars. Thus it has become an issue of great interest in recent years, b
theoretically and experimentally. To this end, it is essential to identify unambiguous signals which woulc
establish the formation of the quark-gluon plasma (QGP). One such viable signal is the fluctuations of n
electric chargé). It has been argued that since the unitoih the hadronic phase is 1, and that in the QGP
phase is 1/3, the net charge fluctuation in the two phases would have very distinct values, even if the r
charge remains unaffected (Jestral., 1999, 2000).
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Measuring Charge Fluctuations

To reduce systematic uncertainties in measurements in heavy-ion experiments, it is useful to consider suit-
able ratios of quantities that are expected to have similar behavior. One such suitable observable could be
the ratio of net chargé to total chargeV,;, given as,F’ = Ni} (Jeonetal., 2000). Using ratio R of total
positive chargeV.. to total negative charg®&/_, one may now define a quantify (Bhattacharyyeet al.,

2012b) as,

(0Q%) _  xaq
<Nch> B 4nch/T3. (1)

Heren., = (N.,) /V is thetotal charge density which may be obtained by adding the contributions

D = (Nu) (0R*) = 4

from particle and anti-particle distributions; is the dimensionless charge susceptibility which may be
obtained from the pressure of the system as,
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wherep is theelectric charge chemical potential.

In Ref. (Jeoret al., 2000), a simple estimate Bfwas made considering the hadronic phase to be a gas
of pions and the partonic phase as described by Lattice Gauge Theory. This gave the valioehaf~ 4
for the hadronic phase and 1 for QGP phase. For experimental comparison one can refer to (Adams
al., 2003; Abelewt al., 2012).

Results in PNJL Model

Here we use the Polyakov loop enhanced Nammna-Lasinio (PNJL) model (Meisinget al., 1996b;
Fukushima, 2004; Megiat al., 2006c) considering 2 flavor (Ratti al., Ghostet al., 2008) as well as 2+1
flavor (Ciminaleet al., 2008; Bhattacharyyet al., 2010a). Detailed studies of fluctuations and correlations
of various conserved charges were performed with the PNJL model both for 2 flavor (€halsh2006;
Mukherjeeet al., 2007) and for 2+1 flavor (Bhattacharystaal., 2010b, 2011, 2012a) systems.

The behavior ofyg andn,,, /T3 with T/T, is shown in Fig. 1 for various values of the baryon chemical
potentialyp considering the cases of 2 and 2+1 flavor systems. Hgie the critical temperature at the
corresponding values @fs. As T increases they all tend towards the limit of free gagat= 0.
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Fig. 1: Variation of x g and n.,/T 3 (lower and upper set of curves) with T/Z;for different values of ufor 2 flavor and

2+1 flavor

Fig. 2: Variation of D with T'/T. for different values of uz around ug = 0

We now consider in Fig. 2 the quantify/Dy,.. and study its temperature and density variations. Here
Dyyee(T, ) is the temperature and chemical potential dependent liniit(@f, 1. ) for a free massless gas

of quarks. We have chosen four representative valupg;0AAs observed in Fig. 2 > Dy,... implies that

ncn, IS much more suppressed thgg in the confined phase. This effect seems to be much more prominent
asup is increased. The variation @/Dy,.. with up at different temperatures is shown in Fig. 3. Again
we find D to remain above its free field limit for &l andy . For a lower temperature 100 MeV, there is

an initial rise and a subsequent fall with increasing while for largerT” there is a just a monotonous fall.
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Fig. 3: Variation of D/Dy,.. with pp for three values of T around g = 0

Connection with heavy-ion collision experimenifgith an input of temperature and chemical potential
from freeze-out parametrization (see e.g. (Kamstcal., 2011)) one may study the expected natur@&dbr
different experimental conditions.

Fig. 4: D as a function of /s computedalong the freeze-out curve

Results are shown in Fig. 4. We have varigd from 5 GeVto 3 TeV (Bhattacharyyat al., 2012b).D
picking up an initial high value drops down and saturates gradually for increasin is highly exciting to
find that the general features bfvs /s curve obtainedusing the PNJL model are similar to those obtained
directly in heavy-ion collision experiments as shown in Fig. 4 of Ref.(Abetal., 2012). Furthermore the
numerical range oD itself is exceptionally consistent.

It should however be remembered tliatas given in Fig. 4 is the value obtained when the system is in
complete thermal equilibrium. Since here we are on the freeze-out curve, we are always inside the hadronic
phase. Thus if our results become completely consistent with experimental results the outcome will be that
there is no signature of partonic phasdineven if the phase existed transiently inside the fireball.
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