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Abstract

We study the effect of one-loop corrections from nucleon together with those
from boson in the massless linear sigma model, where we perform the Coleman-
Weinberg (CW) renormalization procedure [1,2]. As a next step, we apply
the massless linear sigma model to finite nuclei and finite temperature sys-
tem.

1 Introduction

A model with the good properties of the chiral symmetry is the linear sigma
model which has been used in the low energy phenomenology of hadron
dynamics. This model has the renormalizabilities for both boson and fermion
loop. However, there are long-standing problems for renormalization with
chiral symmetry. It is well known that chirally symmetric renormalization
for the nucleon loop in the conventional way gives unstable effective potential
and too large non-linear interactions.

2 Lagrangian and renormalization procedure

We begin with the linear sigma model with fermion:
LYM = W [i,0" — g, (¢ +insT - )] ¥

+ % (0,00"¢ + 0,7 - O'7) — 2 (6* + 72" + ¢

— 0Lcre, (1)

where U, ¢, and 7r are fermion field, sigma meson field, and pi meson field,
respectively. €¢ is an explicit chiral symmetry breaking term. The last term
d0Lcrc is the counterterm Lagrangian, which is necessary to renormalize the
fermion and boson loops.
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2.1 Loop corrections with chiral symmetry

The effective action of Eq. (1) at the one boson-loop level can be written as

e = /d% ilndet —52—5 — VEV — 6LE
B 2 Sbob cTe

= /d4:c [—Vg(gb,ﬂ') + %Zfﬂ(ﬁuqﬁ@“(b + Oy - ) + - } . (2

where £ includes the tree contribution and §£5; is the counterterms for
the boson loop. We take the renormalization conditions for mass, coupling
constant, and derivative term to Eq. (2) as
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where we introduce the renormalization scale m to Eq. (3) in order to avoid
the logarithmic singularity at the origin of the effective potential [3]. Finally
the renormalized potential of boson with the chiral symmetry becomes

V= o @) (S5) - 2 Y

B ™ 1672 m2 6

In the same way as the boson loop, we obtain the renormalized potential of
fermion loop as

VE = oy ) [m <¢2+"2) - a . (5)

- 8n2 m? 6

2.2 Effective potential and parameters

Here, we have defined a non-trivial local minimum away from the origin
which determines the coupling constant A which is dependent on the renor-
malization scale m,

3 ffr 11 g4 fﬂ' 11 €
— I (Z) ==X +A -2 |In{Z) - =] -—==0. 6
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Equation (6) has two solutions as a function of m and we choose the pos-
itive coupling constant A as the natural choice. Both the boson and the
nucleon loops are too large as compared with the tree contributions. How-

ever, the total loop potential is a reasonable and negative one due to can-
cellation between the large positive potential from the nucleon loop and the

433



S. Tamenaga et al. The massless linear sigma model

Table 1: Parameter sets through the relationships using m = f;.
M[MeV] m.MeV] f:[MeV]| g, A my[MeV]
939 139 93 10.09 85.0 669.7

large negative one from the boson loop. As a result, the total renormalized
loop potential plays an important role as the negative mass term of the lin-
ear sigma model. Thus the spontaneous chiral symmetry breaking occurs
through the loop corrections. The parameters can be determined from ex-
perimental values and chiral symmetry in Table 1. The spontaneous chiral
symmetry breaking makes fermion and sigma meson massive. Only the pion
mass is generated from the explicitly chiral symmetry breaking term. Using
all of the parameters, then, the renormalized effective potential consistent
with chiral symmetry becomes stable around the new origin by using the
CW renormalization procedure for the first time [1,2].

3 Finite system

In this section, we apply this model to finite nuclei and finite temperature.
The massless chiral sigma model also has the same properties as those of
the chiral sigma model [2] which includes the w meson in order to generate
an appropriate repulsive effect to obtain a stable nucleus. The difference
between the chiral sigma model and the massless chiral sigma model is the
loop corrections. In particular the renormalization of wave function is im-
portant for the finite system with the surface. Left hand side of Fig. 1 shows
the baryon density distribution in O with the massless chiral sigma model.
The baryon density distribution becomes more smooth in spite of the large
incompressibility. The effect of Dirac sea changes the density distribution in
the interior region and surface region.

We also would like to see the hadron properties of the massless linear
sigma model at finite temperature. In this calculation we include both
Hartree and Fock terms. The stationary point, f,, is obtained at any tem-
perature by local minimum condition. Through this condensation, f,, the
masses of all the particles can be given. Right hand side of Fig. 1 shows the
masses of mesons and nucleon as function of temperature. This behavior of
the nucleon mass is almost the same as the quark-meson coupling model with
the self-consistent approach. Moreover the differences between the mass pa-
rameters of o and m mesons produce the crossover curve of the masses around
the critical temperature.
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Figure 1: (LHS) The baryon density without pion mean field in %0 with
the chiral sigma model (CSM) in the mean field approximation and with the
massless chiral sigma model (MCSM) in the relativistic Hartree approxima-
tion. (RHS) The behavior of mass and condensation dependent on temper-
ature with the CW scheme in the case of broken chiral symmetry ¢ # 0.

4 Summary

We have studied the renormalization of the chiral model for the study of
finite nuclei and hadron properties at finite temperature. By introducing the
CW renormalization scheme we have been able to resolve the problem of the
instability of the effective potential in the chiral model for the first time. We
have found that the renormalization of wave function provide the smooth
density distribution. We have also found the dependence of hadron masses
on temperature with the boson and nucleon loops for the first time.
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