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Abstract

The temperature dependence of m, zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
K and v meson masses have been studied from an effective chiral Lagrangian,
where the chiral symmetry is realised nonlinearly. Effective masses have been obtained from the pole positions of the full
propagator. The r, K and rl masses are found to decrease with temperature.
PACS: 12.38.Mh; 12.4O.V~; 14.40.Aq
Keywords: Hadrons; Finite-temperature; Chit-al;Effective masses; W(3)

Hot and/or dense hadronic matter has been an intense field of research in recent times. The expected
formation of a new phase of strongly interacting matter called Quark Gluon Plasma (QGP) [ l-51, the
restoration of the spontaneously broken chiral symmetry [ 6,7] and other such tantalizing possibilities make
this a vibrant area of activity. The study of effective
meson masses at finite temperature is of current interest since this might provide some very important
information about the state of the matter and possible
signatures of the putative phase transition [ 81.
Since hadrons cannot yet be described by QCD, due
to our limited knowledge of its non-perturbative
features, we have to depend on models. Hence all the calculations, so far, are model dependent and the results
vary widely from model to model [ 81. The temperature dependence of Goldstone boson (v, K and 77)
masses may be interesting to study as they arise due to
the spontaneous breakdown of the SlJ( 3)~ x SU( 3)~
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symmetry of the chiral representation
of QCD. The
temperature dependence of the pion mass has been
studied in great detail by different authors [8-l 11.
The temperature dependence of the K and 71 masses
have been studied from the NJL model [ 121. The elementary particles in the NJL model are quarks and the
confinement-deconfinement
mechanism should play a
crucial role there. The study of these hadronic masses
from a purely hadronic model, where there is no question of deconfinement, should be interesting. With this
motivation we calculate the temperature dependence
of n, K and v meson masses from the chiral nonlinear cT-model. Though K and 7 are heavy compared
to the pion, their role becomes important as the temperature increases. The nonlinear cT-model reproduces
the low energy structure of QCD successfully. A very
good discussion of the low energy structure of QCD
may be obtained in Refs. [ 13-211.
There are two popular approaches to the chiral effective model; the Hidden Gauge Symmetry Approach
(HGSA) [ 21-231 and the Massive Yang Mills Approach (MYMA) [ 191. In this paper we will follow
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SU(3) breaking effect leads to the renormalization
the HGSA. In this approach the vector mesons are inof the kinetic term in &A which can be achieved by
corporated as the dynamical gauge bosons of the hidsimply resealing the pseudoscalar fields as [ 22,231
den local symmetry contrary to the MYMA where the
masses of the vector mesons are put in by hand. In
&TGK+K,
~GZ&+V.
(5)
the HGSA the Lagrangian, at the lowest order, can be
written as a linear combination ~CA+ a&, a being an
The term a( &J + A,&) leads to the mass splitting in
arbitrary parameter which is fixed from the condition
the vector meson sector:
of reproducing the Vector Meson Dominance zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFE
(VMD) .
This condition leads to a = 2. The Lagrangian is given
M; = MZ, = 2g2 f' ,
by [21-231 zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
M$=M;(l+cV),
M$=M;(1+2cv).
(6)
LA =--$.f$l-"(Dp6L.6L+

-D,&R.~R')~,

Lv = -$~~T~(D,SL.SL'+D,SR.~R')~,

(1)

The resealing of the pseudoscalar fields leads to a
redefinition of the relations between different pseudoscalar decay constants:

where
fK = dGf?r3
D&L(R)

= (8, -

ig&)cL(R)

.

f?l= dF-zipf7T.

(7)

(2)

We neglect the QCD anomaly ( Wess-Zuminot term)
which only affects the V - V - P interactions. These
is the gauge coupling constant and V’ is the vector
contributions are neglected here, as we discuss later
meson nonet consisting of p, o, zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
K* and 4.
on in this letter.
In Eq. ( 1) the terms CL(R) are given by
So, we have three parameters in the model g, CAand
&L(R)=exp(iuP)
.exp(fiP/f),
(3)
CV. We determine them from the experimental results
giving g = 4.15, CA = 0.47 and cv has two values 0.33
where P is the pseudoscalar matrix which arises due to
and 0.36 [ 21-231. We now proceed to calculate the
the spontaneous breakdown of the slJ(3)~ x SU(3)R
self energy of T, K and T.
symmetry and g is an unphysical scalar field.
In the effective Lagrangian approach at zero temThe SU( 3) breaking in the Lagrangians LA and .&
perature, it is assumed that the properties of the system
has been extensively studied in two very recent papers
are describable at the tree level, where the masses and
by Bramon et al. [ 22,231. This breaking is mediated
the coupling constants are to be regarded as the physby a term proportional to (tLE<R+ + ~R&$L+) and the
ical ones. Loop diagrams, which are neglected here,
broken Lagrangians are given by
produce only renormalization
effects on them.
There
are
three
sets
of
interactions,
hence diagrams,
LA + ALA
which contribute to the self energy of the pseudoscalar
= -$f~Tr{(D,SL
.(L+ - D&R
.6Rtj2
mesons at the one loop level; the tadpole diagram (Fig.
1a), the V-P -P interaction which results in a P - V
X 11 + (SLEASR+ +~REA~L+) zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
I},
loop (Fig. 1b) and the V - V - P interaction which
Lv + AL%
gives a V - V loop (Fig. 1c) . We have neglected the
last set of diagrams as it contains heavy mesons on
= -$.f~Tr{(D&.
. TV’ + D,&R. 6~')~
both the internal lines, hence Boltzmann suppressed.
t
(4)
x [1 + (8LdR+
+6R&L
11).
The calculation of the effective mass is done using
the
following principle:
The matrix CA(V) is given by EA(V) = diag(O, 0,
The Dyson equation relates the free and the full1 propcA( V)>, where cA( V) iS some COnStant determined from
agator as
the experimental results.
g

Let us now fix the gauge cl = CR = 6 = exp (iP/ f) .
This eliminates the unphysical scalar fields which in
turn gives mass to the vector mesons. Expanding in
terms of the pseudoscalar fields one can see that the

D(P)

= DO(P) + Do(P)DD(P)

3

(8)

where DO is the free propagator and D is the full propagator. The effect of interaction is embedded in the
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Fig. 1. Feynman diagrams contributing to the self energy of a
pseudoscalar meson. The P represents a pseudoscalar meson and
the V represents a vector meson.

polarisation function r. The temperature dependent
polarisation has two parts, a real part and an imaginary part. The real part contributes to the mass of the
corresponding meson whereas the imaginary part contributes to the decay width. For our purpose, i.e., for
the calculation of the effective masses we will consider
only the real part. Hence the self consistent solution
of the equation
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-m
(9)
=O

>I kO=m$

dependence of a pseudoscalar
meson mass. In Eq. (9) w = d7 Ikl +mpS is the effective energy and rn;, is the effective mass of the
pseudoscalar meson. We have not shown the calculation of the self energy. The standard method for doing
that can be obtained in Refs. [ 9,24,25]. The n-, K and
7 pole masses as a function of temperature have been
plotted in Figs. 2-4.
As a passing remark we would like to mention that
this is just one of the definitions of the effective masses
which is called the pole mass. This is the most commonly used definition. There are other definitions of
the effective masses also; for example the screening
mass [ 261 which is very popular in the context of the
lattice gauge theory calculations.
To summarize, we have calculated the temperature
dependence of z-, K and v meson masses from the
nonlinear a-model. This is a purely hadronic model
and the confinement does not play any role here compared to the Nambu-Jona-Lasinio
model or other ef-
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fective quark models. Furthermore, this model reproduces the low energy structure of QCD successfully.
We have adopted the Hidden Gauge Symmetry Approach in which the vector mesons are treated as the
dynamical gauge bosons of the hidden local symmetry. The model has been properly modified to include
the SU (3) V breaking effect. The three parameters of
the model have been fixed from the experimental values of the masses and the decay widths.
The self energy of the pseudoscalar mesons has been
calculated at the one loop level self consistently. Only
the real part of the self energy contributes to the mass.
The pole mass has been calculated from the pole of
the full propagator in the limit Ikl + 0. It can be seen
from the figures that all the three masses decrease with
temperature, Recently, the temperature dependence of
the T mass has been calculated from the same model in
the MYMA both from the SU( 2) and SU( 3) versions
[9,24]. There also the pion mass has been found to
decrease with temperature and the numerical values
are also very close (the difference is less than 3%.)
In Ref. [ 121 the temperature dependence of these
masses have been calculated from the NJL model for
two cases. In case 1 the K mass decreases with temperature whereas, in case 2, it increases. In both the cases
the 7 mass first decreases with temperature and then
starts increasing and the pion mass increases with temperature. These results are quite different from ours,
both quantitative and qualitatively. The pion mass has
also been calculated at finite temperature from the
linear o-model where it has been found to increase
with temperature. The Walecka model [ 271 reproduces an abnormal increase of the pion mass at high
temperature. Recently, in a newly proposed model, the
Zimanyi-Moskowski
model [ 281, this problem of abnormal increase of pion mass is found to be overcome
[ 291 although it still increases with temperature.
The above discussion
suggests that studies of
hadronic properties from different models are necessary and the problem is yet to be settled as different
models predict widely different results. Also, one has
to keep in mind that different models refer to different physical situations. The chiral effective model or
the non-linear u model is used as a low energy representation of QCD whereas the Walecka model or
the Zimanyi-Moskowski
model is used to reproduce
the nuclear matter. The qualitative difference between
the NIL and the non linear u model may be due to
the confinement effects, although much more work
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is needed to shed light on this issue. Calculation of
z-, zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPON
K and 7 masses from some other models may
give totally different results. Investigations
in these
directions are in progress.
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