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Self-consistent mean-field model (SCMF), using Skyrme or Gogny effective interaction, has been ap-
plied to description of the ground-state properties of nuclei with great success for a wide mass region. In
excited states, there appear various excitation structures such as cluster, super deformation and so on,
which are significantly different from the shell model-like ground states and we need to go beyond the
mean-field to describe them. For this purpose, a model which uses the superposition of multiple Slater
determinants have been developed; e.g., the generator coordinate method (GCM).

The GCM based on the mean-field theory is a method to take account of the correlations beyond
the mean-field in terms of the configuration mixing. The basis function is superposition of mean-field
solutions which are determined by the constraind Hartree-Fock(-Bogoliubov) calculation. The constraint
operators are selected from experimental information and physical intuitions. In this framework, it
is difficult to describe different models of excitation structures because the generator coordinates are
restricted to one dimension in most cases.

Our purpose is to develop a theory for many kinds of excitation models without any assumption
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about deformation using 3D-mesh representation. To achieve this, we introduce the imaginary-time
method which is often used when solving self-consistent equations. Randomly-generated initial Slater
determinants are developed in imaginary-time and finally converge to the energy minimum state. In
this process, total energy decreases monotonically. If the configuration approaches a local minimum or
a shoulder state, the state stays unchanged for a long time. We are mainly interested in such quasi-
stationary states and soft modes of excitation. The imaginary-time method produces these during the
time evolution and we pick them up, then, like GCM, diagonalize the Hamiltonian in the space spanned
by the multiple Slater determinants. There is no restriction on the nuclear shape in the calculation.

In this study, we test our method with the simple BKN effective interaction and check whether several
independent numerical calculations with randomly generated initial states must produce the identical

results. We show low-lying levels are uniquely determined with the method.
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