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ABSTRACT

Within the framework of the effective action approach we present the numerical cal-

culations based on the approximation, in which all interacting meson propagators are

replaced by their free ones. This is the Hartree-Fock (HF) improved approximation since

it contains both the quantum corrections to the mean-field theory and the higher order

effects the HF traditional method.
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I. Introduction

It is well known that the effective action approach provides a general formalism for

considering the non-pertnrbative phenomena, of physical systems; it is the only one that

yields, at the same time, the system of coupled Schwinger-Dyson equations (SDE) and

the ground state energy density. In a previous paper [lj (referred to as I hereafter) we

applied this approach to nuclear matter study and obtained the main results as follows.

1. Higher order contributions are naturally included.

2. The SDE for meson mixings are absent.

3. Tin1 method works well even if the meson self-energies are very large as was pointed

out by [2].

4. The contributions from the ring diagrams for scalar and vector mesons are explicitly

involved in the energy density.

Since the effective action approach deals with the numerical calculations, much more

complicated than those carried out in the nuclear SDE method [3], we will restrict our-

selves, in this paper, to the approximation, in which all the interacting meson propagators

are replaced by their free ones and the vacuum polarization, furthermore, is not discussed.

Therefore, the physical meaning of our numerical result is expressed in the fact that it

provides the quantum corrections to the mean-field approximation (i.e., Hartree) or the

higher orders effects of the HF traditional method.

As was suggested in [4-6]. we confine our consideration to contributions from the

density-dependent part of nucleon propagator, that is dominant at low density.

The present paper is organized as follows. In Sec. II two free parameters gs and gv

are defined so as to reproduce the nuclear saturation point. After fixing the coupling con-

stants we calculate1 successively the saturation curve and the density dependence of the

quantum part of nucleon self-energy. The conclusion and discussion are given in Sec. III.

II. Numerical Results

In this section we follow [3] to do the numerical calculations for the formulae obtained

in [1]. First the condensed meson fields given by Eqs. (11.11) and (11.12) are determined

from the nucleon and scalar densities. By using these initial nucleon self-energies we cal-

culate' the nucleon propagator G(k) defined by Eq. (III.2) and then the density dependent

part T,n{k) of the nucleon self-energies from Eqs. (III. 1) and (III.4c). This iterating cycle

is continued until tin1 saturated values are attained. After the nucleon self-energy is fixed.



the energy density of nuclear matter in Eqs. (III.6)-(III.9) is determined.
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Figure 1: Contour map of binding energy per nucleon in the plane (ys<<Ji-)- The binding energy i.s
calculated at kF = 1.42/m"1. The line for Ebln = 15.8A/̂ Vr is denoted as AB.

Two tree parameters gs and gv are adjusted to reproduce the nuclear saturation point,

the binding energy is -15.8A/eV at a density corresponding to a Fermi momentum kF =

1.42/m"1. The contour map of the binding energy per nucleon at the fixed density

kF = 1.42/m~' is shown in Fig. 1. The line AB, corresponding to Ebtn — -15.8A/(jV\ is

approximately described by the equation yv = 1.26(ys - 7) + 7.45.

The coupling constants gs and g,, can be denned uniquely by the condition that the

binding energy -15.8MeV is minimum at. the normal density kF = 1.42/m"1. Their

values are fixed to be gs — 8.54. gv = 9.39.

The saturation curve, calculated by means of the obtained values for gs and gv. is

plotted in Fig. 2. This result, is similar to that of the nuclear SDK method [3] with

slightly different values of coupling constants.

In order to have a comparison between different models, the values of coupling con-

stants, effective nudeon mass and the energies calculated in four models: Hartree (H).

HF, nuclear SDE method (NSD) and our method (FA), are listed in Table I.

<Jv

H 9.57 11.670
HF 9.159 10.455

NSD 8.714 10.678
EA 8.54 9.39
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l ab l e I. Coupling constants, effective nucleon mass, and the energies calculated in four models: H. HF,

NSD and EA. The coupling constants are determined to reproduce the saturation point. E)}m
 T - ir>.8A/f:V'

at ky = 1.42/m"1. The energies are in units of MeV: nucleon energy f v- two-tadpole energy from sigma

4
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Figure 2: Saturation curve, calculated by means of the values g, = 8.54, gv = 9.39.

condensed field t j . , two-tadpole energy from omega condensed field f̂ ., correlation energy from sigma
meson ta

c, and correlation energy from omega meson e£.

Next, the density dependence of the quantum part for three components S s , E°, E1'

in the Dirac decomposition of the nucleon self-energies (see Eqs. (IH.la)-(III.lc) in [1]) is

considered for gs and gv given above.

The density-dependence of Es (a) and E° (b) contributed from the sigma meson are

shown respectively in Fig. 3.

The density dependence of Es (a) and E° (b) contributed from the omega meson are

shown respectively in Fig. 4.

In both cases the contributions to E" are negligibly small.

The contributions from both sigma and omega mesons to Es (a) and E° (b) provide

the density dependence as shown in Fig. 5.

In comparison with the results quoted in [3] it follows from Figs. 3-5 that our results

are closer to those based on the HF traditional method than NSD but the numerical val-

ues for coupling constants, effective nucleon mass and the energies calculated in EA are

in between the corresponding values obtained by HF and NSD as indicated in Table I.
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Figure 3: (a) Density dependence of £•' contributed from the signia meson, (b) Density dependence of
E" contributed from the sigma meson.
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Figure 4: (a) Density dependence of Y.* contributed from the omega meson, (b) Density dependence •
T." contributed from the omega meson.
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Figure 5: (a) Density dependence of E3 contributed from the sigma and omega mesons, (b) Density
dependence of E° contributed from the sigma and omega mesons.

III. Conclusion and Discussion

In this paper we carried out the numerical calculations based on the bare-vertex ap-

proximation and the approximation, in which all interacting meson propagators are re-

placed by their free ones within the framework of the effective action. We calculated the

coupling constants, the effective nucleon mass and the energies. Our results are good

enough compared with those obtained in HF and NSD methods. However it is worth

to emphasize that due to the largeness of the meson self-energies, as was shown in [2,3],

the free meson propagator approximation is not acceptable. Indeed, the ring diagram

contribution to the energy density has the form (see Eq. (III.5) in [1])

d*P . n r

1 f dAp
27

Us(p)C(p)]-n,(p)C(p)}

(2TT)<
tr{ln[l

which cannot be neglected, here C(p) and Dai/ are, respectively, the propagators of sigma

and omega mesons, their expressions are given by Eqs. (11.16) and (11,17) in [1].

Our next paper will be devoted to removing this shortcoming.
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