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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 o systems in the free space and
medium have been investigated and new multi-cluster basis were proposed. The clustering in Be, B,
and C 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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< a cluster resonances studied by analytic continuation in the coupling constant>> Shin,
Kimura
Resonance states above thresholds are important in light nuclei. However, it is typically difficult to
deal with them because of high excitation energies of the resonances and coupling to the continuum.

We investigate the resonance states against the continuum by applying the analytic continuation in the



coupling constant (ACCC) to the real-time evolution method (REM) in which the alpha cluster basis
wave functions for the resonance states are effectively generated. The benchmark calculations of the
8Be and “He systems were performed and its application to the '*C resonance states have been
conducted.
< Studying about two and three alpha cluster structure>> Htet

We investigated two alpha system and three alpha system. Firstly, two alpha system was calculated
by using a Gaussian expansion method with the Stochastic variational method. In this study, Ali-
Bodmer potential was used for our calculation. Then, we extended our study to a three-alpha system.
Matrix elements of kinetic, inter-cluster potential operators in the correlated Gaussians are calculated.
< Alpha cluster formation probability of Be and C isotopes>> He, Zhao, Kimura

We studied the alpha cluster formation probability of Be and C isotopes. The alpha cluster reduced
width amplitudes (RWA) were calculated with the AMD framework and the GCM+REM framework
for '%Be, 2Be, C, '°C and '3C. The suppressing of alpha clustering probability with the increasing
neutron-skin thickness has been investigated. The comparison between the RWA and the Whittaker

function has been made and obtained the nice agreement for the cluster model.
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® “Separating isoscalar and isovector dipole excitations in °Li and ®He using heavy-ion collisions
and nuclear-Coulomb interference effects”
W. Horiuchi and T. Furumoto, Nuclear Physics A 1011, 122204-1-14 (2021).

° “Electron wave functions in beta-decay formulas revisited (I): Gamow—Teller and spin-dipole
contributions to allowed and first-forbidden transitions” (Selected as Editor’s choice)
W. Horiuchi, T. Sato, Y. Uesaka, and K. Yoshida, Progress of Theoretical and Experimental
Physics 2021, 103D03-1-23 (2021).

° “Deformation effect on nuclear density profile and nuclear radius enhancement in light- and
medium-mass neutron-rich nuclei”
W. Horiuchi and T. Inakura, Progress of Theoretical and Experimental Physics 2021, 103D02-1-
11 (2021).

° “Single-particle decomposition of nuclear surface diffuseness”

W. Horiuchi, Progress of Theoretical and Experimental Physics 2021, 123D01-1-17 (2021).

® “Enormous nuclear surface diffuseness of Ne and Mg isotopes in the island of inversion”
V. Choudhary, W. Horiuchi, M. Kimura, and R. Chatterjee, Physical Review C 104, 054313-1-9
(2021).

®  “Binding two and three o particles in cold neutron matter”
H. Moriya, H. Tajima, W. Horiuchi, K. Iida, and E. Nakano, Physical Review C 104, 065801-1-
9 (2021).

®  “Coulomb Screening Effect on the Hoyle State Energy in Thermal Plasmas”



Lai Hnin Phyu, H. Moriya, W. Horiuchi, K. lida, K. Noda, and M. T. Yamashita, Few-Body
Systems 62, 44-1-5 (2021).
®  “Three-o Configurations in the 0" States of '>C”
H. Moriya, W. Horiuchi, J. Casal, and L. Fortunato, Few-Body Systems 62, 46-1-5 (2021).
®  “Shape of 13C studied by the real-time evolution method”
S. Shin, B. Zhou, and M. Kimura, Phys. Rev. C 103, 054313 (2021).
®  “The Isoscalar Monopole Strength of 13C”
S. Shin, B. Zhou, and M. Kimura, Few-Body Syst. 62, 93 (2021).
® “q clustering and neutron-skin thickness of carbon isotopes”,
Q. Zhao, Y. Suzuki, J. He, B. Zhou, and M. Kimura, Eur. Phys. J. A 57, 157 (2021).
® “Triaxial deformation and the disappearance of the N=28 shell gap”,
Y. Suzuki, M. Kimura, Phys. Rev. C 104, 024327 (2021).
® “I2C+2C fusion S*-factor from a full-microscopic nuclear model”
Y. Taniguchi and M. Kimura, Phys. Lett. B823, 136790 (2021).
®  “A description of the structure and electromagnetic breakup of Be with microscopic inputs”,
M. Dan, R. Chatterjee, and M. Kimura, Eur. Phys. J. A57, 203 (2021).
®  “Isoscalar monopole and dipole transitions in ?*Mg, 2*Mg, and 8Si”
P. Adsley, V. O. Nesterenko, M. Kimura, L. M. Donaldson, R. Neveling, J. W. Briimmer, D. G.
Jenkins, N. Y. Kheswa, J. Kvasil, K. C. W. Li, D. J. Marin-Lambarri, Z. Mabika, P. Papka, L.
Pellegri, V. Pesudo, B. Rebeiro, P. -G. Reinhard, F. D. Smit, and W. Yahia-Cherif,
Phys. Rev. C 103, 044315 (2021).
® “Unexpectedly enhanced alpha-particle preformation in Ti probed by the (p,pa) reaction”,
Y. Taniguchi, K. Yoshida, Y. Chiba, Y. Kanada-Enyo, M . Kimura and K. Ogata,
Phys. Rev. C 103, L031305 (2021).
® “Quasifree neutron knockout reaction reveals a small s-orbital component in the Borromean
nucleus B>, Z. H. Yang, et al. (7 #& H/78 44), Phys. Rev. Lett. 126, 082501 (2021).
® “Description of isospin mixing by a generator coordinate method”, M. Kimura, Y. Suzuki, T.

Baba and Y. Taniguchi, Phys. Rev. C 105, 014311 (2021).
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®  “Probing dilute nuclear density by antiproton-nucleus scattering”

K. Makiguchi, W. Horiuchi, and A. Kohama, RIKEN Accelerator Progress Report Vol. 54, 41
(2021).
° “Reaction cross sections on a deuteron as a probe nuclear radii” (Selected as Highlight of the
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W. Horiuchi, Y. Suzuki, T. Uesaka, and M. Miwa, RIKEN Accelerator Progress Report Vol.
54, S22 (2021).

®  “Activity report of the second-term (2014-2021) RIBF Theory Forum”
T. Abe, Y. Aritomo, W. Horiuchi, M. Kimura, H. Liang, T. Matsumoto, F. Minato, K.
Nakazato, N. Nishimura, and K. Yoshida, RIKEN Accelerator Progress Report Vol. 54, 192-
193 (2021).
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»  YITP-OzGrav WS“Nuclear burning in massive stars”—towards formation of black-hole binaries—
[online, 2021.7.26-30]
® *W. Horiuchi, “Theoretical description of '>C(a, y)160: Difficulties and challenges”

»  Yamada Conference LXXII: The 8th Asia-Pacific Conference on Few-Body Problems in Physics
(APFB2020) [Kanazawa bunka hall, Kanazawa, Japan, 2021.3.1-5]
® . Singh, J. Casal, W. Horiuchi, L. Fortunato, and A. Vitturi, “Three-body description of

neutron dripline nuclei”
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»  Yamada Conference LXXII: The 8th Asia-Pacific Conference on Few-Body Problems in Physics
(APFB2020), [Kanazawa bunka hall, Kanazawa, Japan, 2021.3.1-5]
® H. Masui, W. Horiuchi, and M. Kimura, “Two-neutron halo structure and anti-halo effect in
31F”
® *H. Moriya, W. Horiuchi, J. Casal, and L. Fortunato, “Three-alpha configurations in the
spectrum of 12C”
® Lai Hnin Phyu, H. Moriya, W. Horiuchi, K. Iida, K. Noda, and M. T. Yamashita, “Coulomb
screening effect on the Hoyle state energy in thermal plasmas”
® *S. Shin, B. Zhou, and M. Kimura, “The shape of *C studied by the real-time evolution
method”
® *H. Motoki and M. Kimura, “Research on the o condensate in '°O using real time evolution
method”
> RCNP workshop “Cluster phenomena in knockout and astrophysical reactions” [online,

2021.10.14-15]



®  *H. Moriya, H. Tajima, W. Horiuchi, K. Iida, and E. Nakano, ~“Structure of two- and three-
alpha systems in cold neutron matter”

65th DAE Symposium on Nuclear Physics [hybrid style, Bhabha Atomic Research Centre,

Mumbai, India, 2021.12.1-5]

® V. Choudhary, W. Horiuchi, M. Kimura, and R. Chatterjee, “Exploring the bubble structure
in 20”

The 16th International Symposium on Nuclei in the Cosmos (NIC-XVI), [Online, 2021.9.21-25]

® * H. Moriya, H. Tajima, W. Horiuchi, K. Iida, E. Nakano, “Two- and three-alpha clusters in
cold neutron matter”

® *H. Motoki and M. Kimura, “The structure of 0" states in '°O using real-time evolution

method”

42. HNFE - ENZE DM

<HFFaE>
»  The290th RIKEN RIBF nuclear physics seminar [RIKEN Nishina Center (online), Wako, Japan,

2021.1.21]
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*S. Shin, B. Zhou, and M. Kimura, “The shape of 13C studied by the real-time evolution
method”
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® *S. Shin, B. Zhou, and M. Kimura, “a cluster resonances studied by analytic continuation
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physics 2020 (APFB2020)”, Kanazawa, Japan.
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