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In order to disclose the novel properties of the cluster gas state in light
nuclei, the research target was expanded from the conventional p-shell region to the sd-shell one.
We focused on studying the structure of 20Ne up to the 12C+alphatalpha threshold region. It was
founded that a new state in which two alpha particles move gas-likely around the 12C core nucleus
exists in 20Ne.

On the other hand, for the purpose of understanding the nuclear matter related to neutron stars, we
developed a theory called as "Tensor-Optimized Fermi Sphere method", which is a new framework for
deriving the equation of state of nuclear matter from the first principle. By proving the connected
cluster expansion theorem in this theory, and conducting benchmark tests, we confirmed that this
theory was valid and paved the path for future full-scale research.



1)
[1]

12C

12C
3 a
[1]
160[2,3] 11B[4] 13CJ5]
[3,6] 12C
RPA SRPA
160 [6]
2 p sd
p
20Ne 5a 12C a a
[160+a ]+[12C+8Be] [7] AMD [8]
12C+a +a 12C+a +a 20Ne
5a
Freer 20MeV
[9]
5a [10]
©)
TOFS
a 4
1
TOFS
Q) p sd 20Ne
12C a a
5a
(2) 1 TOFS TOFS
V18 AV1S8
Xl UXI
AV4
(1) 20Ne 12C a « o+
a [SU3(A p )=(80) (42) ]
12C a a 3
12C SU(3) (A p) =(04)
12C 0+, 2+, 4+
160

12C+a a



a 5a 5a
THSR
@ Tensor-Optimized
Fermi Sphere: TOFS
Y D, exp(F)
Y =exp(F) &,
2 F=Yi<fij
Fp
Fs
—B = (/A)(®@,| exp(F') H exp(F) |®o)/(®o| exp(Ft) exp(F) |®,)
2 Fs Fp
Coupled-Cluster
exp(F) F
¥y = [E=o(/n))F"]o,
2
4
(1) 20Ne 12C o «a
0+ 3
12C (0+,2+,4+) 12C «a
p
20Ne
12C a «a 3 0+
12C «a 160 2nd O+ a
12C 2 a
20Ne
12C a «a 0+
a
5a 5a THSR
Zhou Bo
[9,10]
(2) TOFS TOFS
y
TOFS
Annals of Physics [11]
(3) TOFS exp(F) F
Y

Annals of Physics

[11]



(4) TOFS
¥ =exp(F) @, ~ (1+F)®, =¥y,

V4’ (AVY) E=E(p) BHF
FHNC TOFS
1 6
Progress of Theoretical and Experimental Physics
[12] p p =020 fms3

p =050 fm=3 BHF FHNC

®) > (L-S)?
V18 (AV18) TOFS
(O] 9B THSR
a
(10Be 10B 10C) THSR
2 a 2
THSR

[1] T. Yamada et al., Nuclear Alpha-Particle Condensates, in Cluster in Nuclei — Vol.2 -, ed.by
C. Beck, Lecture Notes in Physics 848, Chap.5, pp.229-298, (Springer-Verlag, Berlin,
2012).

[2] Y. Funaki et al., Physical Review Letters 101, 082502 (2008).

[3] T. Yamada et al., Physical Review C 85, 034315 (2012).

[4] T. Yamada et al., Physical Review C 82, 064315 (2010).

[5] T. Yamada et al., Physical Review C 92, 034326 (2015).

[6] T. Yamada et al., Progress of Theoretical Physics 120, 1139 (2008).

[7]1Y. Fujiwara et al. Progress of Theoretical Physics 61, 1629 (1979).

[8] M. Kimura, Physical Review C 69, 044319 (2004).

[9] J.A. Swartz et al., Physical Review C 91, 034317 (2015).

[10] S. Adachi et al., Physics Letters B 819, 136411 (2021).

[11] T. Yamada, Annals of Physics 403, 1 (2019).

[12] T. Yamada et al., Progress of Theoretical and Experimental Physics 2019, 113D003

(2019)



15 15 9 4

Yamada Taiichi 57

A new formalism of nuclear matter: tensor-optimized Fermi sphere method 2021

The European Physical Journal A 73-1 9
DOl

10.1140/epja/s10050-021-00383-1

Lyu Mengjiao Ren Zhongzhou Horiuchi Hisashi Zhou Bo Funaki Yasuro Roepke Gerd Schuck 57

Peter Tohsaki Akihiro Xu Chang Yamada Taiichi

Properties of {8-11}Be isotopes with isospin-dependent spin-orbit potential in a cluster 2021

approach

The European Physical Journal A 51-1 6
DOl

10.1140/epja/s10050-021-00363-5

Inaba K Sasamoto Y Kawabata T Fujiwara M Funaki Y Hatanaka K Itoh K Itoh M Kawase K 2021

Matsubara H Maeda Y Suda K Sakaguchi S Shimizu Y Tamii A Tameshige Y Uchida M Uesaka

T Yamada T Yoshida H P

Search for alpha condensed states in 13C using alpha inelastic scattering 2021

Progress of Theoretical and Experimental Physics 093D01-1-21
DOl

10.1093/ptep/ptab102

Yang Shuo Xu Chang Roepke Gerd Schuck Peter Ren Zhongzhou Funaki Yasuro Horiuchi 101

Hisashi Tohsaki Akihiro Yamada Taiichi Zhou Bo

a decay to a doubly magic core in the quartetting wave function approach 2020

Physical Review C 024316-1 8

DOl
10.1103/PhysRevC.101.024316




Yamada Taiichi 403

Tensor optimized Fermi sphere method for nuclear matter - Power series correlated wave function 2019

and a cluster expansion

Annals of Physics 1 23
DOl

10.1016/j .aop.2019.01.006

Yamada T Myo T Toki H Horiuchi H Ikeda K 2019

A nuclear matter calculation with the tensor-optimized Fermi sphere method with central 2019

interaction

Progress of Theoretical and Experimental Physics 113003-1 17
DOl

10.1093/ptep/ptz117

Zhao Qing Ren Zhongzhou Lyu Mengjiao Horiuchi Hisashi Kanada-En"yo Yoshiko Funaki Yasuro 100

Roepke Gerd Schuck Peter Tohsaki Akihiro Xu Chang Yamada Taiichi Zhou Bo

Investigation of isospin-triplet and isospin-singlet pairing in the A=10 nuclei B10,Bel0, and 2019

C10 with an extension of the Tohsaki-Horiuchi-Schuck-Roepke wave function

Physical Review C 014306-1 8
DOl

10.1103/PhysRevC.100.014306

Yamanaka Nodoka Yamada Taiichi Funaki Yasuro 100

Nuclear electric dipole moment in the cluster model with a triton: Li7 and Bll 2019

Physical Review C 055501-1 11

DOl
10.1103/PhysREvC.100.055501




Zhou Bo Funaki Yasuro Horiuchi Hisashi Kimura Masaaki Ren Zhongzhou Roepke Gerd Schuck 99

Peter Tohsaki Akihiro Xu Chang Yamada Taiichi

Nonlocalized motion in a two-dimensional container of a particles in 3- and 4- states of C12 2019

Physical Review C 051303-1 5
DOl

10.1103/PhysRevC.99.051303

Myo Takayuki Takemoto Hiroki Lyu Mengjiao Wan Niu Xu Chang Toki Hiroshi Horiuchi 99

Hisashi Yamada Taiichi lkeda Kiyomi

Variational calculation of nuclear matter in a finite particle number approach using the 2019

unitary correlation operator and high-momentum pair methods

Physical Review C 024312-1 12
DOl

10.1103/PhysRevC.99.024312

Zhao Qing Lyu Mengjiao Ren Zhongzhou Myo Takayuki Toki Hiroshi Ikeda Kiyomi Horiuchi 99

Hisashi Isaka Masahiro Yamada Taiichi

Contact representation of short-range correlation in light nuclei studied by the high-momentum 2019

antisymmetrized molecular dynamics

Physical Review C 034311-1 6
DOl

10.1103/PhysRevC.99.034311

Zhao Qing Ren Zhongzhou Lyu Mengjiao Horiuchi Hisashi Funaki Yasuro Ropke Gerd Schuck 97

Peter Tohsaki Akihiro Xu Chang Yamada Taiichi Zhou Bo

Investigation of the 9B nucleus and its cluster-nucleon correlations 2018

Physical Review C 054323-1 7

DOl
10.1103/PhysRevC.97.054323




Lyu Mengjiao Myo Takayuki Isaka Masahiro Toki Hiroshi Ikeda Kiyomi Horiuchi Hisashi 98

Suhara Tadahiro Yamada Taiichi

Tensor-optimized high-momentum antisymmetrized molecular dynamics with a bare interaction, and 2018

its application to the He4 nucleus

Physical Review C 064002-1 10
DOl

10.1103/PhysRevC.98.064002

Ito M. Nakao M. Hirao S. Funaki Y. Yamada T. 2038

Enhanced 3a radius in 12C probed by nuclear reactions 2018

AIP Conference Proceedings 020016-1 6
DOl

10.1063/1.5078835

Myo Takayuki Lyu Mengjiao Toki Hiroshi Ikeda Kiyomi Horiuchi Hisashi Suhara Tadahiro 2038

Isaka Masahiro Yamada Taiichi

Tensor-optimized antisymmetrized molecular dynamics with bare forces for light nuclei 2018

AIP Conference Proceedings 020028-1 8

DOl
10.1063/1.5078847

20Ne 12C+2a

2021

2021




20Ne 12C+2a

76 (2021 )
2021
12C+20 20Ne
2020
2020

Yamada Taiichi

Nuclear matter calculation with the tensor optimized Fermi sphere method (TOFS)

International Workshop on "Light clusters in nuclei and nuclear matter" at European Centre for Theoretical Studies in
Nuclear Physics and Related Areas (ECT*), Trento, ltaly, September 2-6 2019

2019

12C+2a 20Ne

2019 9/17-9/20

2019




(TOFS)

2019 3/14-3/17

2019

Qing Zhao, Zhongzhou Ren, Mengjiao Lyu, Takayuki Myo, Hiroshi Toki, Kiyomi lkeda, Hisashi Horiuchi, Masahiro Isaka, Talichi
Yamada

Contact representation of short range correlation in light nuclei studied by the High-Momentum Antisymmetrized Molecular
Dynamics

2019 3/14-3/17

2019

, , Lyu Mengjiao, Wan Niu, Xu Chang, , , ,

2019 3/14-3/17

2019

T. Myo, M. Lyu, M. lIsaka, H. Toki, H. Horiuchi, K. lkeda, T. Suhara, T. Yamada

New variational method of tensor-optimized antisymmetrized molecular dynamics with bare nuclear force

5th Joint Meeting of the APS Division of Nuclear Physics and the Physical Society of Japan, October 23-27, 2018; Waikoloa,
Hawaii, USA

2018




http://home.kanto-gakuin.ac. jp/~yamada/

(FUNAKI YASURO)

(00435679) (32704)

Universite Paris-Sud, IN2P3-
CNRS

Universitat Rostock

Nanjing University

Tongji Unuversity

Fudan University




