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We present a computational method to solve RPA eigenvalue equation employing a
uniform grid representation in the three-dimensional Cartesian coordinate. The conjugate
gradient method, an iterative method for a generalized eigenvalue problem, is used for this
purpose. We apply the present method to Hartree-Fock +RPA calculation with BKN-like
interaction and Skyrme interaction.
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In the present report, we show the method of calculating the 3D solution of RPA
equation with BKN-like and Skyrme III interaction.
We summarize RPA eigenvalue equation expressed in the coordinate representation.
3) We start with the time-dependent mean-field equation under an external potential
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We assume that the mean-field Hamiltonian h[p] depends on the wave functions ;

only through the density p. Spin and other internal coordinate are dropped for
simplicity.
Static mean-field solution satisfies

ho(r)¢i(r) = €:¢i(r), (0-2)

where ho(r) = h[po(r)] and po(r) = 3;c 0 |6:(r)|2. To investigate small amplitude
oscillation around the static mean-field solution, we put the wave function ;(r, t)
as

Pi(r,t) = ($i(x) + Sy (x, t)) eHst/R, (0-3)

*) Details of the present report will be shown in the paper?
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Putting it into Eq. (0-1), the zero-th order equation is nothing but the static mean-
field equation (0-2). The first order equation reads

i g (e, 1) = () — ) e, ) + ([ STE 0, 0) 4 Vo)) i),
(0-4)
The induced density dp(r, t) is defined by p(r,t) = po(r) + dp(r,t) and is expressed
in terms of §v;(r, t) as

Sp(r,8) = 3 i (r)6i(r, €) + ¢ilr)opi(r, ). (0-5)
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We use the Conjugate Gradient Method (CGM) to obtain the 3D solutions of
RPA equation.

§1. Numerical Examples

1.1. Light nuclei with simplified mean-field model
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Fig. 1. Excitation energies of the nuclei *0 and ?°Ne in the nuclear mean-field model with simpli-

fied interaction. Convergence of excitation energies is plotted against the iteration number in
the conjugate gradient method.
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Fig. 2. Excitation energies of 2°Ne as a function of mesh interval dz in the nuclear mean-field model

with simplified interaction. Convergence of excitation energies is plotted against the iteration
number in the conjugate gradient method.

— 301 —



To demonstrate how the proposed method works, we first take an example for
nuclear mean-field model with simplified interaction (BKN-like interaction). The
following single-particle Hamiltonian 4 will be used

h? s 3, o 1 3
SR v/ B —t 1-1
h[p] 5 3 0p” + 6 3p (1-1)

with tg = —1132.4 MeV fm® and t3 = 23610.4 MeV fm®. For each spatial orbital,
four nucleons are assumed to occupy. We apply our method for two nuclei, 160 as
an example of spherical nuclei, and ?°Ne for axially-deformed nuclei.

First the ground states are constructed with the imaginary time method. The
ground state of 2°Ne nuclei shows prolate deformation with reflection symmetries
in this model, although it is known that the octupole deformation appears in the
calculation of variation after parity projection. 5)

In Fig. 1, we show convergence behavior of the RPA excitation energies in the
conjugate gradient method. The grid points inside a box area of 10 x 10 x 10 fm3
with grid spacing of 0.5 fm are employed.

For 10 nuclei, seven excited states corresponding to 3~ level are obtained at
the excitation energy of 8 MeV. The next five levels at around 13 MeV composes 2.
For 2°Ne nuclei, there is one level at very low excitation energy, at about 1.7 MeV.
In both calculations, converged results are obtained with 100-200 iterations.

1.2. Light nuclei with Skyrme III interaction

Next, we calculate.the low-lying states of the nuclei 10 and 2*Mg with Skyme
I11 interaction?. We omit the Coulomb terms and spin-orbit terms for simplicity.
The mesh interval is 0.8fm in 6.4 fm X 6.4 fm x 6.4 fm rectangular box. Results are
shown in Table 1.2. For 0 nuclei, three zero-mode states (0.71 MeV) and seven

~excited states 37 (12.58 ~ 12.59 MeV) are obtained. We also calculate the low lying

states of 2*Mg. The present results of the low lying states of >*Mg are tentative,
because the recutangular box size (6.4 fm x 6.4 fm x 6.4 fm ) is small compared
with the calculation with BKN-like interaction (10 fm x 10 fm X 10 fm).

Table I. Excitation energies and zero-mode energies of O and ?*Mg with Skyrme III interaction

%5 Mg
levels Excitation Energies(MeV) [ levels Excitation energies(MeV))

10 12.59 :

9 12.59

8 12.59 8 2.95
7 12.58 7 2.95
6 12.58 6 0.88
5 12.58 ) 0.79
4 12.56 4 0.67
3 0.71 3 0.64
2 0.71 2 0.36
1 0.71 1 0.20

— 302 —



[ PR T2 R OBhEEHE & AR R ]

§2. Summary

We have presented a method to solve RPA equation directly in the three-
dimensional grid representation. Representing RPA equation with grid points as
particle indices, the conjugate gradient algorism works efficiently to obtain a few
low-lying solutions.

BKN-like interaction and Skyrme III interaction is used. Now we are developing our
method and making the program of HFB4+QRPA with Skyrme interaction. We are
going to apply our method to low-lying states of unstable nuclei.
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