Relativistic description of nuclear surface with vacuum fluctuation
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Several authors have studied nuclear surface properties for the semi-infinite nuclear system under the rela-
tivistic mean field theory (RMF)[1][2]. In RMF, however the negative-energy nucleons are not handled explicitly.
In this work we study the nuclear surface properties under the relativistic Hartree approximation (RHA), espe-
cially concentrating on the effect from the vacuum fluctuation.

We employ an 0 —w Lagrangian with cubic and quartic self-energy terms in the o fields. In the semi-infinite
system it keeps the Dirac fields the translational invariant in the x- and y- axes, and then the meson fields depend
only on z. The corresponding Dirac equation should be solved under suitable boundary conditions, namely the
Dirac wave function forms a plane-wave solution in nuclear matter at z — —oo and an exponentially damping
at z — oo0.

A derivative expansion method are employed in order to calculate the contribution of the vacuum fluctuation
[3]. The results of saturation and surface properties are listed in Table 1. The empirical value of thickness ¢
and surface energy coeflicient as are 2.2-2.5[fm] and 16.5-21[MeV] respectively. The RMF calculation cannot
adequately explain the empirical surface properties. Meanwhile including the vacuum polarization, the incom-
pressibility K is small because of softening of the meson fields. Accordingly the thickness becomes wide and
the surface energy coefficient becomes large which are near the empirical value. The calculated vector densities
are shown in Figure . The vacuum fluctuation moderates oscillations in the surface region. We can conclude
that a treatment of the vacuum fluctuation is crucial to describe both nuclear saturation and surface properties
simultaneously.
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Table 1 : The results of surface properties
for some parameter sets. Corresponding 4 -6 -4 -2 0 2 4
saturation properties are also listed. z[fm]

Figure 1 : The calculated vector densities.
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