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Effects of Tensor Forces and other interactions in nuclear Structure
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An importance of tensor forces in the structures of ground states of nuclei has
been studied. Effects of tensor forces were observed in many features of structures such as magnetic
moment, level mixing, high-momentum nucleons and pn correlations.

Important findings of present studies were: (a) the observation of a high-momentum component of
neutrons in the ground state of 160 nucleus as expected by the tensor force , (b) it was found that such
a high-momentum neutron is correlated with a proton in a nuclei with S=1, T=0 channel that is consistent
with the tensor forces, (c) mixing of single orbitals in extremely neutron rich nuclei were observed and
understood as the effect due to 2p2h mixed configurations by tensor forces, (d) The TOSM model, that
include the effects of tensor forces explicitly, was developed and applied to light nuclei, (e) TOAMD
model, that not only includes the tensor forces explicitly but also include cluster structure naturally,
has been developed.

2 TOSM  TOAMD



EN-
(FD)
EN Q
EN
10cm
EN
MUSIC z

Si
Csl

MATKo

(MUSIC)

T

10p m
1.
a. 150
2 100-400MeV 0-15°
(p,d) 0°
2fm?
GSI
SIS/FRS 400-1200MeV  (p,d)
b.
4He 160 lZC
(p,pd),(p,nd)
(p.pd) pn (p,nd) nn
0
C.
Be,B,C,0
GSI (~900A MeV)
& BB JE 2 o % —(~40A MeV)
d.
*He(d,3He), " Li(d,d),(p,p) °Li(d,d)
WA o Z —-DEN TRIUMF
I1SAC-11 IRIS
1.
(TOSM)
(2p2h)
2p2h
2p2h
TOSM
(TOAMD) TOAMD AMD
l.
160 p
sd

2p2h



A S=2,A [=2
sd
sd
(p,d)
(p,d) p
160(p,d)150
(Pd_Pp)
)
(800MeV)
7
00
0° 15°
400MeV 0°
400, 600, 800, 1200 MeV
OG
2 fm?
00
SIS/FRS
OO
400MeV
DWBA
CCBA
45MeV 800MeV
160
5/2*

[*1]

160

pn
pn S=1, T=0
T
=1 nn, pp, pn
(p,pd)  (p,nd)
“He
d p
“He
0 (p,pd) d
d pn S$=1
S=0 51
pn S=1
7=0
S=0
S0 T=1
d,p
S$=1,7=0
S$=1,7=0
16
4He 160 12C
p.d
lGO(p, pd) 14N
14N
3.9MeV
2.3MeV
=0
2.3MeV =1
7=0
(p,dn)
[*2]
a. 160(p1d)150
160
b. (p,pd), (p,nd)

S=1, T=0 pn

[*1] C.-L. Guo, PhD thesis, Beihang University.



Publication in preparation.

[*2] S. Terashima et al., Publication in
preparation.
1.
(R
(R
(Rskin:Rn_Rp)
GSI FRS Be, B,
C,N,0
10—14Be( 11’12)’ 12—17B(
10) s 12—19C [*3]
Be 12Be
14Be
B, C
Effective Field Theory
[*3]
40A MeV
Be,C
Glauber
[*4]

[*3] R. Kanungo et al., submitted for publication.
[*4] T.D. Trong et al., to be submitted.

1.
llLi

()’ ()’

2000
2
®.p )
[*5] U

[*61.

(p.p")
(d,d”)

(d,d”) Ex=1.03 MeV
isoscaler
El

« 1B

(p-p*)

(d.d)
DWBA L=0
71
[*5] A. Korsheninnikov et al., Phys. Rev. Lett. 78

(1997) 2317.

[*6] T. Nakamura et al., Phys. Rev. Lett. 96 (2006)
252502.

[*7] J. Tanaka, PhD thesis, publication in
preparation.

V. TOSM TOAMD
a. TOSM
(TOSM)
TOSM p
He Li He
Li
AV8’
p
2,5
Be Be
Be8
16MeV
TOSM
TOSM
2,5, 14
TOAMD
TOAMD
TOAMD
TOAMD
TOAMD
*He “He

15,16



TOAMD

17

. Y. Ogawa and H. Toki, Extended Brueckner-
Hartree-Fock theory with pionic correlation in
finite nuclei, Annals of Physics, 326 (2011)
2039-2052.

. T. Myo, A. Umeya, H. Toki, and K. Ikeda,
Role of the tensor interaction in He isotopes with
a tensor-optimized shell model, Phys. Rev. C 84
(2011) 034315(10).

3. C. Nociforo, ...I. Tanihata et al., One- neutron
removal reactions on Al isotopes around the
N=20 shell closure, Phys. Rev. C, 85 (2012)
044312(10).

4. H. Toki, The importance of pion and extended
Bruckner-Hatree-Fock theory, Progr. Part. Nucl.
Phys. 69(2012) 511-515.

5. T. Myo, A. Umeya, H. Toki, and K. Ikeda,
Tensor optimized shell model for the Li isotopes
with a bare nucleon-nucleon interaction, Phys.
Rev. C 86 (2012) 24318.

6. 1. Tanihata, Effect of tensor forces in nuclei,
Physica Scripta, T152 (2013) 014021(9).

7. H. J. Ong, 1. Tanihata et al., Probing effect of
tensor interactions in '°O via (p,d) reaction, Phys.
Lett. B 725(2013) 277-281.

8. K. Miki, ...H. J. Ong, 1. Tanihata et al., Study
of tensor correlations in *He via the *He(p,pd)d
and *he(pd)pn reactions, Few-body sytems 54
(2013) 1-4.

9. J. N. Hu, H. Toki, and Y. Ogawa, Extenstion of
Hartree-Fock theory including tensor correlation
in nuclear matter, Porg. Theor. Exp. Phys. 10
(2013) 103D02(17).

10. A. Estrade, ...1. Tanihata et al., Proton radii of
'>1"B define a thick neutron surface in'’B, Phys.
Rev. Letters 113 (2014) 132501(5).

11. S. Terashima. H.J. Ong, I. Tanihata et al.,
Proton radius of '“Be from measurement of
charge-changing cross sections, Progr. Theor.
Exp. Phys, 101D02 (2014) 1-7.

12. S.Terashima, H. J. Ong, 1. Tanihata et al.,
Proton radius of “Be from measurement of

charge-changing cross sections, JPS Confernce
Proceedings 6 (2015) 020027(7).
13. R. Kanungo, ...I. Tanihata et al., Evidence of
soft dipole resonance in ''Li with isoscalar
charcter, Phys. Rev. Lett. 114 (2015) 192502.
14. T. Myo, a. Umeda, H. Toki, and K. Ikeda,
Structures in ’Be, 'Be, and '°B studied with
tensor-optimized shell model, Prg. Theor. Exp.
Phys. 063D03 (2015) 1-18.
15. T. Myo, H. Toki, K. Tkeda, H. Horiuchi, and T.
Suhara, Tensor-optimized asymmetric molecular
dynamics in nuclear physics, Prg. Theor. Exp.
Phys. 073D02 (2015) 1-38.
16. T. Myo, A. Umeda, K. Horii, H. Toki, and K.
Ikeda, Shell and alphs cluster structure in “Be
with tensor-optimized shell model, Prog. Theor.
Exp. Phys. 033DO01 (2015) 1-20.
17. 1. Tanihata, ...H.J. Ong et al., Observation of
large enhancement of charge exchange cross
sections with neutron-rich carbon isotopes, Prog.
Theor. Exp. Phys. 043D05 (2016) 1-16.
26

1. I. Tanihata, Charge changing cross sections and
proton distribution radii of neutron-rich nuclei,
Wilheim und Else Heraeus-Seminar, 2012.3.20,
Bad Honnef, Germany.
2. 1. Tanihata, Effect of Tensor forces in Nuclei,
Nobel  Symposium  NS152-Physics  with
Radioactive Beams, 2012.6.10~6.15, Goteburg,
Sweden.
3. I. Tanihata, The importance of the tensor
forces in nuclear structure and neutron halo,

,2012.4.12~4.16, China.
4. H. J. Ong, Evidence of tensor interactions in
'®0 via (p,d) reaction, Int. Nuclear Physics
Conference 2013.6.6, Florence, Italy.
5. 1. Tanihata, “Nucleus” view from high
-momentum nucleons and tensor forces in nuclei,
EMMI workshop “Threshold physics at the
neutron drip line, 2014.2.3~2-7, Darmstadt,
Germany.
6. H. Toki, Strongly Tensor Correlated
Hartree-Fock Theor and Delta in Nuclei,
One day workshop in Beihang, 2013.10.31,
Beijing, China.
7. 1. Tanihata, Proton radius of "“Be from the
measurement of charge changing cross sections,
Advances in Radioactive Isotope Science)
ARIS2014, 2014.6.1~6.6 Tokyo, Japan
8. H. J. Ong, Effect of tensor interactions in '°O
studied via (p,d) reaction, Advances in
Radioactive  Isotope  Science) ARIS2014,
2014.6.1—~6.6 Tokyo, Japan.
9. H. Toki, Strongly Tensor Correlated
Hartree-Fock Theory and Tensor Optimized Shell
Model in Finite Nuclei and Nuclear Matter,
International Symposium on Physics of Unstable
Nuclei, 2014.11.3-11.8, Hochiminh, Vietnam.
10. H. Toki, Tensor optimized antisymmetrized
molecular dynamics (TOAMD) for relativistic




nuclear matter, SINP-CUSTIPEN2015, 2015.
12.14 -12.18, Shanghai, China.

11. H. Toki, Tensor optimized antisymmetrized
molecular dynamics (TOAMD) for relativistic
nuclear matter, International Symposium on High
resolution spectroscopy and tensor interaction,
2015.11.17-10.20, Osaka, Japan

12. H.-J. Ong, Understanding effect of tensor
interactions in light nuclei via high-momentum
neutron—transfer reactions, Int. symposium on
high-resolution spectroscopy and tensor force,
2015.11.18~11.19, Osaka University
Nakanoshima Center, Osaka, Japan.

13. T. Myo, Strong tensor correlations in light
nuclei ~ with  tensor-optimized  molecular
dynamics(TOAMD), Interantional symposium on
high-resolution spectroscopy and tensor force,
2015.11.18~11.19, Osaka University
Nakanashima center.

14. 1. Tanihata, Effect of tensor interactions in
nuclei, SINP-CUSTIPEN2015, 2015.1214~12.18,
Shanghai, China

15. T. Myo, Imprtance of tensor force in light
nuclei studied with tensor-optimized shell model,
2" International workshop & 12" RIBF
discussion on Neutron-Proton Correlations,
2015.7.6~7.9, Honkong, China.

16. H. J. Ong, Results from tensor force
experiments at RCNP and GSI, NuSTAR week
2015, 2015.9.27~10.1, Warsaw, Poland.

17. H.-J. Ong, Study of effects of tensor
interactions in light nuclei via (p,d) and (p,dN)
reactions, 2™ International workshop & 12"
RIBF discussion on Neutron-Proton Correlations,
2015.7.6~7.9, Honkong, China.

0

@
Tanihata, lIsao
10089873
@
Toki, Hiroshi
70163942
©)

Ong, Huidin

80462670

Kobayashi, toshio

130186754

Ozawa, Akira

80260214
Ajimura, Syuhei

10273575
Tamii, Atushi

20302804
Suzuki, Tomokazu

80506395
Matsuta, Kensaku

50181722
Mihara, Mototugu

60294154
Fukuda, Mitsunori

50218939
Kimura, Kikuo

60108636

Sakaguchi, Harutaka

30025465
Maeda, Yukie

50452743
Myo Takayuki

20423212



