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Nuclear Science Research Division

Few-body Systems in Physics Laboratory

1. Abstract

Unlike many-body systems, few-body systems can be described with microscopic theories that can be solved without approxima-
tions. To this end the laboratory uses numerical techniques to exactly solve the equations describing few-body quantum systems. In
particular, an accurate calculation method called the ‘Gaussian Expansion Method using infinitesimally shifted Gaussian lobe basis
function’ has been developed. This method makes calculations tractable up to five bodies even with complicated interactions. It has
been applied to various three-, four- and five-body calculations in hypernuclei, light nuclear systems, as well as cold-atom systems.
These calculations have provided new insights into these various fields of physics.

2. Major Research Subjects
(1) Structure of hypernuclei
(2) Neutron-rich nuclei
(3) Few-body universality in nuclear and atomic systems
(4) Structure of exotic hadron system

3. Summary of Research Activity
(1) Hypernuclei

We calculated the energy spectra of the neutron-rich He A hypernuclei with A = 6 to 9 within the framework of ana + A + X X n
(X = 1-4) cluster model using the cluster orbital shell model. The employed constituent particles reproduce their observed properties.
For resonant states of core nuclei such as "He, °He, and "He, the complex scaling method is employed to obtain energies and decay
widths. The calculated ground states of ?\He and Z\He are in good agreement with published data. The energy levels of f\He and ?\He
are predicted. In ?\He, we find one deeply bound state and two excited resonant states, which are proposed to be produced at the Japan
proton accelerator research complex (J-PARC) by the double-charge-exchange reaction (7~, K*) using a ?Be target.

(2) Neutron-rich nuclei
Motivated by a sharp peak observed by studying four neutron energy distribution, we investigate a reaction model. As a result,
we conclude that observed peak is consequence of dineutron-dineutron correlation.

(3) Exotic hadron systems

We have used chiral effective theories of diquarks and quark-diquark to investigate doubly heavy tetraquarks Qg; and singly
heavy baryons Q,,. We also used extended quark models to investigate the fully charmed tetraquark resonant states ccc ¢ as well as
p-wave By states. From these calculations, we could reproduce some experimental data and make predictions for unobserved states.
In addition, we investigated the hadron mass spectrum of two-color QCD at finite density using the linear sigma model, as well as
lattice calculations. Other research activities include the study of SU(N) Yang-Mills theory and the Dirac Kondo effect under magnetic
catalysis.
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