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Isospin symmetry breaking and Baryon-Isospin correlatimneffective mean field models.

1. Introduction

Quantum Chromodynamics (QCD) is the formulation for first principle studiestrongly
interacting matter. Along with the local color symmetry, the quark sector hagltéval symmetries
also. In the chiral limit for two light flavorar andd, we have global vector and axial vector
symmetrySU, (2) ® SUx(2). For non-zero quark masses, the axial symms8tdy(2) is explicitly
broken, while for non-zero quark mass difference vector (isosgimnsetry SU, (2) is explicitly
broken. Apart from the quark mass difference, ISB effects may bedht in by electromagnetic
contributions as well.

Some Lattice QCD investigation of the effect of unequal quark masses ovasid Ref.[1].
Recently in Ref.[2, 3] the effect of ISB on different hadronic obabtes were studied. Within the
framework of chiral perturbation theory the isospin breaking effectizrkjcondensates has been
studied consideringy, # my and electromagnetic corrections as well, where an analysis of scalar
susceptibilities [4, 5] is given. In effective mean field model like Nambana-Lasinio (NJL)
model, both of the above-mentioned effects have been incorporated $6}dy the influence of
the isospin symmetry breaking on the orientation of chiral symmetry breakirigelpresent work
we describe the first case study of ISB effect on fluctuations andlations of strongly interacting
matter within the framework of the Polyakov loop enhanced Nandtmna-Lasinio (PNJL) model.
We discuss the possible experimental manifestations of the ISB effectd basguite general
considerations in the limit of small current quark masses.

2. Formalism
Here we use the form of the 2 flavor PNJL model with the Lagrangian asfif7R&];

LonaL= — U [PIA, A, T]+ §(B— )y
+ Gi[(PY)* + (PTY)* + (Pivs)? + (PiysTP)?]
+ Gol(PY)* — (PTY)* — (Piys)* + (PiysTY)?) (2.1)

U [O[A], P[A],T] is the effective potential expressed in terms of traced Polyakov d®apd its
charge conjugat®. Here we shall consider a mass matrix of the form:
M= m 1. — MpT3

_fm-m 0 _(mu O
N 0 m-+m/ Ornd'

where, 1%, is the identity matrix in flavor space angis the third Pauli matrix. Heren, andimy

are the current masses of thendd quarks respectively. While a non-zem breaks the chiral
SUx(2) symmetry explicitly a non-zeroy, does the same for the isosgst, (2) symmetry. We
have restricted ourselves@ = G, = G which impliesmp, = (Mg —M,) /2, whereM, andMy are

the constituent masses of theandd quarks respectively. Deriving the thermodynamic potential
from Lagrangian, different charge susceptibilities can be obtained d@responding chemical
potential derivative of thermodynamic potential.
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3. Off-diagonal Susceptibilitiesfor ug =0
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Figure 1: Second order off-diagonal susceptibilityBn- | sector afug = O.

In Fig.1 the second order off-diagonal susceptibi}iﬂ, is shown for different values ofy.
As expected we fingtZ = 0 for mp = 0. For non-zeram, we find xE| to have non-zero values that
change non-monotonically with the increase in temperature.

An exciting feature observed here is that there is an almost linear scalyfyj afith m,. This
is shown in the inset of Fig.1.

20 - —— 10 J ] ——
I e
10} 2] 6 o8
. oz2p A LA o1 | 15
Do 57 -0. o 1 mm 2+t 0.2 L q
><0 005115225 ><0 005115225
~ 1N =
S vl S 2t
10l L my(GeV)=0 —— | 4 i m,(GeV)=0 —— 1
(@ 1“1 0.0015 - -~ 6 (b V¥l 0.0015 --~- |
-15 ¢ 1! 0.0035 -+ 1 8l i! 0.0035 oo ]
- ‘ ‘" ‘ 0.0055 —-— 10 ‘ ! ‘ 0.0055 —-—
0 0.5 1 1.5 2 2.5 o 0.5 1 1.5 2 2.5
T/TC T/TC

Figure 2: Behavior of 4th order off diagonal susceptibility for diféatm,.

The fourth order off-diagonal susceptibilities in tBe- | sector are2}, x| andx2l. Them,
dependence gf2) was found to be insignificant. Fais = 0, theT dependence for the other two
susceptibilities along with thein, scaling is shown in Fig.2.

We can express differed — | correlators in terms of those in the flavor space. The flavor
diagonal susceptibilities can be expanded in a Taylor series of the quadesaroundy, = mq =
0. From this one is able to undestand the presenca,@fcaling for some correlators. The detail
analysis is shown in [9].

4. Off diagonal Susceptibilitiesfor ug # 0

Here we show the variation off] with pg for four different temperatures. The features vary
widely over the different ranges of temperature and chemical potentidl.~ART, x£| is positive,
and slowly decreases with increasing Close toT, x£| drops sharply to zero, becomes negative
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and then again slowly approaches zero. Going down somewhat Bgltbnere is an initial increase
in x2! for some range ofig, and thereafter it follows the behavior &. Finally at very low
temperatures the change in sign)dl is marked by a discontinuity, arising due to a first order
phase boundary which exists in this rang& cdnd ig.
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Figure 3: Xﬂ along baryon chemical potential at different temperatures

These various features can be understood by expregging 0%8(5—;) = (g—ll), wheren is
the isospin number density [9].

5. Further implicationsof 1SB in Heavy lon Collisions

Correlation between conserved charges, is an experimentally measqualnitity obtained
from event-by-event analysis in heavy-ion collisions [10]. To compatie experiments it is often
useful to consider ratios such as R x| /x5 = Cg/Cgg [10, 11]. Here Gy = N—lE NE XY —
(i N:Elxi) . (N—lE zi’\‘jlYi), whereNE is the total number of events considered &hdndY; are the
event variables corresponding to the conserved charges in a gigati eRatios of this kind are
practically useful in eliminating uncertainties in the estimates of the measured vofuimefire-
ball. The temperature variation obRbtained here is shown in Fig.4. It decreases monotonically
and approaches zero abole This is expected as the baryon number fluctuation increases much
more rapidly than th8 — | correlation belowl,, and thereafte)'(lBl' goes to zero whil(j)(zB attains a
non-zero value. They scaling that we observed fmlal' or Ry is most likely model independent as
it is expected on very general grounds for small current quark massdiscussed above. There-
fore, at any temperature and chemical potential, one can use;tkealing to estimate the mass
asymmetry of constituent fermions in a physical system as,
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Figure 4: Ratio of B—I correlation to baryon number fluctuationas = 0.

expt _ w % mzth
RE(T. pg)
where, ‘expt’ and ‘th’ denotes the experimentally measured and thedhetieéculated values of
the corresponding quantities respectively. To the best of our knowltg is the first theoretical
attempt which indicates that quark mass asymmetry in thermodynamic equilibriube clirectly
measured from heavy-ion collision experiments.

(5.1)
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