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Nuclear Science and Transmutation Research Division

Nuclear Many-Body Theory Laborarory

1. Abstract

The nuclear many-body theory laboratory aims to understand various aspects of nuclear structure and reactions due to the assembly
and disassembly of protons and neutrons in the nuclear many-body systems. For this purpose, we construct theoretical models and
conduct numerical calculations to describe them. Our research topics include nuclear structure issues such as nuclear deformation,
shell structure, and clustering of unstable nuclei, and nuclear reactions in the Universe where elements originate. In addition to
fundamental research, we are also developing nuclear reaction database by combining the nuclear models and machine learning. The
database will be used for various scientific and technological applications such as nuclear reactors, medicine and industry.

2. Major Research Subjects
(1) Structure and reactions of unstable nuclei
(2) Nuclear clustering and related nuclear reactions
(3) Nuclear reactions in the universe
(4) Research and development of the nuclear reaction database for applications

3. Summary of Research Activity
(1) Structure and reactions of unstable nuclei

The study of the structure and reactions of unstable nuclei is an important subject of the Nishina Center, as well as one of the core
issues in modern nuclear physics. Our group approaches this problem by performing numerical calculations using theoretical models
such as antisymmetrized molecular dynamics and density functional theory.

In this fiscal year, we mainly discussed the nuclear deformation and shape coexistence phenomena induced by the disappearance
of the magic numbers in neutron-rich nuclei. One of the research highlights is the study of **S, in which we have found the onset of
the large amplitude collective motion due to the disappearance of the magic number N = 28. We have shown that this nucleus does
not have definite shape but is always fluctuating. We have also pointed out that the monopole transition strength is an experimental
probe to this shape fluctuation. By using the obtained density distribution of unstable nuclei as an input to the Glauber model, we
also investigated how the disappearance of magic number and the shape of the nuclei affect the reaction cross section and the angular
distribution of elastic scattering.

(2) Nuclear clustering and related nuclear reactions

The nuclear clustering, in which nucleons are confined into into several subunits (clusters), is an eligible research subject for
understanding the correlation of nucleons interacting with strong force. Since the clusters are linked to the nuclear reaction channels,
they also appear as the intermediate states of various nuclear reaction dynamics.

In this year, we have studied the 3a + n cluster structure in order to understand how the 3« cluster state (the 0; state of '2C),
known as the Bose-Einstein condensate (BEC) of « clusters, is influenced by the addition of a neutron as impurity. Using the real-time
evolution method, we have identified the 3a + n cluster state as an excited state of 13C, and have shown that its matter radius is
considerably reduced than that of the 3& BEC due to the attraction of the additional neutron. In addition, by using the antisymmetrized
molecular dynamics model, we have investigated how the @ cluster formation probability in unstable Be and C isotopes changes as
function of neutron skin thickness. We have demonstrated that the « cluster formation is hindered by the growth of the neutron skin,
which is consistent with the experimental data reported for the Sn isotopes.

(3) Nuclear reactions in the universe

Fusion reactions that occur in stellar and explosive astronomical events are key to understanding the origin of the elements.
However, many reactions have extremely small cross sections, making direct experimental measurement difficult, and estimating
reaction rates by theoretical calculation is critically important.

In this fiscal year, using the antisymmetrized molecular dynamics, we have obtained an estimate of the reaction rate of '>C +! C
fusion. It must be emphasized that this is a well-known key reaction which affects the steller evolution and superburst of neutron
star, and that our result is the first estimates from a full-microscopic nuclear model. We have shown that there are many resonances
within the Gamow window, and hence, the reaction rate at steller temperatures are not hindered but are enhanced in contradiction to
the estimation by a phenomenological model.

(4) Research and development of the nuclear reaction database for applications

Evaluated nuclear data are indispensable in the field of nuclear science and technology, and the demand of nuclear data is altering
year by year with technical developments of nuclear science and technology. To catch up with the demands, an effective method that
can regularly generate evaluated nuclear data has been highly desired.

The machine learning technologies can be an answer to this demand, and we are training nuclear reaction models by adopting the
Bayesian optimization (BO) to effectively produce the nuclear data. In this fiscal year, we have developed a prototype system which
combines the assembly of the nuclear reaction codes CCONE and BO with Gaussian regression. It is found that the optimization of
the reaction model parameter works well to reproduce the observed angular distributions of neutron and proton elastic scatterings at
various incident energies.
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