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The study of cluster states of light nuclei has always been an important subject in nuclear physics, which

provides us with a new perspective for understanding nuclear structure and many-body problems in atomic
nuclei. In this fiscal year, we have investigated the clustering of light nuclei using several microscopic and
semi-microscopic cluster models: A few a systems in the free space and medium have been investigated and
new multi-cluster basis were proposed showing its efficiency for the calculation. The clustering in Be and B
isotopes have been investigated by AMD+GCM analyzing the spectroscopic factors. The resonance states
above thresholds have been studied by REM with ACCC for ®Be and °He as the benchmark.
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< o cluster resonances in the 1/2- states of 3C studied by the analytic continuation in the coupling
constant> Shin, Kimura

The excited 1/2- states of 3C were investigated because some experiments reported that there are very well-
developed 3alpha plus one neutron cluster structures, implying they could be Bose-Einstein condensate
candidates. We focused on these states to determine their characteristics, study their cluster structures, and
search for the Hoyle-analog state. Because they are basically resonance states above the thresholds, we
introduced the analytic continuation in the coupling constant. This method clearly identified the resonance
states, and calculated matrix elements by this method provided a candidate of the Hoyle-analog state in 13C.
K Gas-like bosonic states formed around oxygen16 core nucleus close to the two alpha decay threshold
energy> Htet

The alpha-condensation in atomic nuclei has attracted increased interest nowadays. The gas-like state
means that condensate states may exist in excited states of dilute density composed of weakly interacting
gas of particles. | am investigating the possible Gas-like states formed around oxygen 16 core nucleus close
to (*0 core + alpha + alpha) threshold energy.
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“Microscopic calculations of 6He and 6Li with real time evolution method”
Q. Zhao, B. Zhou, M. Kimura, H. Motoki, and S. Shin, Eur. Phys. J. A 58, 25 (2022)

® “Cluster formation in neutron-rich Be and B isotopes”
H. Motoki, Y. Suzuki, T. Kawai, and M. Kimura, Prog. Theor. Exp. Phys. 2022, 113D01
(2022)
® “Incomplete absorption reactions at high energy”
K. Makiguchi and W. Horiuchi, Prog. Theor. Exp. Phys. 2022, 073D01(2022)
® “Resonance-to-bound transition of 5He in neutron matter and its analogy with
heteronuclear Feshbach molecule”
H. Tajima, H. Moriya, W. Horiuchi, K. Iida, E. Nakano, Phys. Rev. C 106, 045807 (2022)
® “Three-a configurations of the second 2* state in 12C”
H. Moriya, W. Horiuchi, J. Casal, L. Fortunato, Eur. Phys. J. A 59, 37 (2023)
® “ua formation probability in 1°Be and 12Be within a microscopic cluster model”
Q. Zhao, M. Kimura, B. Zhou, and S. Shin, Phys. Rev. C106, 054313 (2022)
® “4a linear-chain state produced by 9Be + 9Be collisions”
T. Baba, Y. Taniguchi, and M. Kimura, Phys. Rev. C 105, L061301 (2022)
® “Two-Neutron Halo Structure and Anti-halo Effect in 31F”
H. Masui, W. Horiuchi, M. Kimura, Few-Body Syst. 63, 20 (2022)
® “Nuclear data generation by machine learning (I) application to angular distributions
for nucleon-nucleus scattering”
S. Watanabe, F. Minato, M. Kimura, N. Iwamoto, J. Nucl. Sci. Technol. 59 1399 (2022)
® “Krosion of N = 28 shell closure: Shape coexistence and monopole transition”
Y. Suzuki, W. Horiuchi, and M. Kimura, Prog. Theor. Exp. Phys. 2022 063D02 (2022)
® “Observation of the n202-bond linear-chain molecular structure in 16C”
J. X. Han et al., Phys. Rev. C105, 044302 (2022)
® “Description of isospin mixing by a generator coordinate method”
M. Kimura, Y. Suzuki, T. Baba and Y. Taniguchi, Phys. Rev. C105, 014311 (2022)
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® “The structure of 0* states in 160 using real-time evolution method”

H. Motoki and M. Kimura, EPJ Web Conf. 260, 11019 (2022)
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> Korean Physical Society Spring meeting 2022, [2022.04.06]
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® *M. Kimura, “Alpha cluster formation at the surface of stable and unstable nuclei



» Annual Topical Meeting of TReNA - FA1l Nuclear reaction measurements in
Underground Laboratories, [2022.04.06]
® *M. Kimura, “Astrophysical S-factor for 2C+!2C fusion reaction from a full-

microscopic nuclear model”

> Developments of Physics of Unstable Nuclei (YKIS2022b), [2022.05.25]
® *M. Kimura, “Monopole transitions as a probe for nuclear shape and clusters”

» ECT* workshop, Advances On Giant Nuclear Monopole Excitations And Applications
To Multi-Messenger Astrophysics, [2022.07.12]
® *M. Kimura, “Low energy monopole strength: A novel approach to the astrophysical

fusion reactions”
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» Yukawa International Seminar: Developments of Physics of Unstable Nuclei
(YKIS2022b), [Yukawa Institute for Theoretical Physics + online, 2022.05.23-27]
® *H. Motoki, Y. Suzuki, T. Kawai, and M. Kimura, “Cluster formation in light
neutron-rich nuclei”
® *S. Shin, B. Zhou, and M. Kimura, “Resonance states in light nuclei studied by
analytic continuation in the coupling constant”
> 15th International Conference on Nuclear Data for Science and Technology (ND2022)
[F> T4, 2022.07.24-29]
® FULIGESL, AKRTE, BAKE, FHBRK, AAEZ, “Generating nucleon-nucleus
scattering data by Gaussian process regression”
» The 16th International Symposium on Origin of Matter and Evolution of Galaxies
(OMEG16), [La Thanh Hotel, Hanoi, Vietnam + online, 2022.10.28]
® *H. Motoki, Y. Suzuki, T. Kawai, and M. Kimura, “Cluster formation in neutron-

rich Be and B isotopes”

KIRAZ—=>

» The 2nd International symposium on Clustering as a Window on the Hierarchical
Structure of Quantum Systems (CLUSHIQ2022), [Sendai International Center in
Sendai, Japan + online, 2022.11.01]
® *H. Motoki, Y. Suzuki, T. Kawai, and M. Kimura, “Cluster formation in neutron-

rich Be and B isotopes”
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> Workshop on “Progress in nuclear structure and reaction theories”, [Hokkaido
University, 2022.01.25]
® *H. Motoki, Y. Suzuki, T. Kawai, and M. Kimura, “Clustering in light neutron-rich
nuclei”
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» YIPQS long-term workshop “Mean-field and Cluster Dynamics in Nuclear Systems
2022 (MCD2022)”, [F#f K, 2022.05.09-06.17]
® FUEAGES}f, ARATER, BKE, HFHIEK, AAREZ, “ Nuclear data generation by
machine learning ”
> BOIATmY=r MEREAMH, K, 2022.07.29-30]
® *H. Moriya, H. Tajima, W. Horiuchi, K. Iida, E. Nakano, “Structure of two- and
three-alpha systems in cold neutron matter”
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® AT, JENPE, J. Casal, L. Fortunato, “EASSAHRT 2 V= 3R 12 45— 2+IRAE
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> FRTRIE=EEFEOTR, [ 74, 2022.09.07-09]
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“Physics of RI: Recent progress and perspectives”, RIKEN, 2022.05.30-06.01
IPQS long-term workshop “Mean-field and Cluster Dynamics in Nuclear Systems 2022
(MCD2022)”, YITP Kyoto Univ., 2022.05.09-06.17
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