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Unified description of nuclear structure and application to neutron-rich nuclei
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General description of shell and cluster structures is a dream of nuclear
structure physics. Describing cluster states starting with shell models, including modern ab initio
ones, is a big challenge of computational nuclear science. On the other hand, if we start with the
cluster model, we can easily describe cluster states with much less computational efforts, but
the contribution of non-central interactions, very important in nuclear structure, vanishes if we
assume simple configuration at some localized point for each alpha cluster. The real systems have
both natures of shell and cluster structures and quantum mechanical mixing of these two plays a
crucial role in many cases.Thus we established a unified description for the nuclear structure.Our
strategy is starting with the cluster model side,contrary to standard approaches starting with the
shell model side, and try to extend the model space to include shell correlations especially for the

contribution of the spin-orbit interaction.



(1963

20(

2(
) 82(

)

(*He)

20

12)

20



a R
a N 2
N O
N
2,8, 20, 28,
50
EO
1963 3
Tousaki
1ZC 160




1

Skyrme Hartree-Fock,
Covariant Density Functional Theory

7

Effect of "C+alpha clustering on EO
transition in *°0, H. Matsuno, N. ltagaki,
T. Ichikawa, Y. Yoshida, and Y.
Kanada-En*yo, Prog. Theor. Exp. Phys. in
press

Consistent description of C and *0
using a finite vrange three-body
interaction, N. Itagaki, Phys. Rev. C 94,
064324 (2016).

General transformation of alpha cluster
model wave function to jj-coupling shell
model in various 4N nuclei, N. Itagaki, H.
Matsuno, and T. Suhara, Prog. Theor. Exp.
Phys. 2016, 093D01 (2016).

Examination of the stability of a
rod-shaped structure in Mg, Yoritaka
Iwata, Takatoshi Ichikawa, Naoyuki
Itagaki, Joachim A. Maruhn, and Takaharu
Otsuka, Phys. Rev. C 92, 011303(R) (2015).

Rod-shaped carbon isotopes at extreme
spin and isopin, P. W. Zhao, N. Itagaki,
and J. Meng, Phys. Rev. Lett. 115, 022501
(2015).

Searching for 4 alpha linear-chain
structure in excited states of °0 with a
covariant density functional theory, J. M.
Yao, N. Itagaki, and J. Meng, Phys. Rev.
C 90 054307 (2014).

High-spin torus isomers and their
precession motions, T. Ichikawa, K.
Matsuyanagi, J.A. Maruhn, and N. Itagaki,
Phys. Rev. C 90 034314 (2014).

13

1. N. ltagaki, ~"Exotic structure in light
n-rich nuclei” (10 23-26

)

2. N. Iltagaki, ~"Exotic structure and
reactions of light nuclei”

Structure and reaction of
light exotic nuclei (2015 1 6 -21

7 )
3. ““Rod-shaped nuclei at
extreme spin and isopin in C isotopes”
(2015 3 21-24
)

4. N. ltagaki, ~“Exotic structure of light
nuclei®", Nuclear structure and dynamics
111, 14-19 June 2015, Portoroz, Slovenia

( )

5. N. Itagaki, ~"Exotic clustering in
neutron-rich nuclei and connection to the
shell structure "", ECT*- APCTP Joint
Workshop: From Rare Isotopes to Neutron
Stars, 2015 9 14-18 , ECT*, Torento,

Italy ( )

6. N. Itagaki, ~"Exotic clustering in
neutron-rich nuclei and connection to the
shell structure™ ", The 14th  CNS
International Summer School (CNSSS15),
2005 8 26 -9 1,

¢ )
- “~
7 , 2016 3
19
8 e 3
2016 , 2016 9 23

9. N. Itagaki ~“Cluster-shell competition
in light nuclei”, Workshop on Nuclear



Cluster Physics (WNCP2016), 2016 11
16 ( ).

10. N. ltagaki ~"Exotic states — cluster
model v.s. DFT", First Tsukuba-CCS-RIKEN
Joint workshop on microscopic theories of
nuclear structure and dynamics, 2016

12 14 ( ),

11. N. Itagaki, Cluster, shell, and DFT",
Recent Progresses in Nuclear Structure
Physics, 2016 (NSP2016), 2016 12 5

12. o

"1 72 ’

,2017 3 26-29

1

“~Linear chain structure in light nuclei”,
N. Itagaki, T. Ichikawa, Y. lwata, and P_W.
Zhao, a chapter in the ebook ~“Progress of
time-dependent nuclear reaction theory"
in the series: "Frontiers in nuclear and
particle physics” by Bentham Science
Publishers

@
(ITAGAKI, Naoyuki)
70322659
®
®
(FURUMOTO, Takenori)
20581086
(SUHARA, Tadahiro)
10708407
©)



