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— iR EF R Y v 751 > DEREA
Oxygen(/=8) case

T. Otsuka et al., Phys. Rev. Lett. 105, 032501 (2010).
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ESPE mostly determines drip line

Naofumi Tsunoda (CNS UT) Physics in IOl first principal 7 /27



Neutron-rich nuclei~ island of inversion

http //www nndc.bnl. gov/nudatZ/reCenterjsp’?z 12&n=20
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E(2+)~1 MeV on N=20 indicate breaking of major shell gap
Unified treatment of beyond and below the N=20 gap is necessary
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Many body problem

Original Hamiltonian
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Effective interaction

Nuclear force in vacuum
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Medium effect Core polarization (3p1h)
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Many-body perturbation theory

N
— % g
@

R N
o A
R ot R v
= = = ©
Z =z E z
t z; o
[yl Y -
o

=
=
=
=

= ]

N
- [\ o
(9% o o
> @
W B
s s - o
N S ) T
~J (8]
=]

2-13(A) 2-15(A) (B) 2-19(A)
1-17 1-18
pvwww
VWV
vy
(B) B) 217 (B) 2-21
1-21 1-22

Naofumi Tsunoda (CNS UT) Physics in IOl first principal 11 /27



Extended KK method and conventional KK method

EKK method
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- EKK method enable us to construct effective interaction

for multi-major shell

N. Tsunoda, K. Takayanagi, M. Hjorth-Jensen, and T. Otsuka, Phys. Rev. C 89, 024313 (2014).

K. Takayanagi, Annals of Physics 350, 501 (2014).

K. Takayanagi, Nucl. Phys. A 852, 61 (2011).
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EEdf]1 Iinteraction

Effective interaction for island of inversion

Effective interaction designed for sd+pf shell

BMEs are determined by EKK method

Effective 2NF from 3NF(Fujita-Miyazawa type)
force Is added

SPEs are fitted to experimental data
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sland of inversion”

Shell structure in

Effective charges
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For larger N, we are now working on--
(e.g. 40Mg 2+ by Crawford’s talk)
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Comparison to ab initio calculations
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S. R. Stroberg, et al., Phys. Rev. Lett. 118, 032502 (2017).
J. Simonis, et al., Phys. Rev. C 96, 014303 (2017).
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o 2/Ne C. Leolius et al., accepted to PRL
- 30Mg B. Fernandez-Dominguez et al., PLB 779, 124(2018)

> 31Na, 3'Mg H. Nishibata et al., X%+

o 32Ne |. Murray et al., PRC accepted(2019)

> 34Ne, 39Na Deuksoon Ahn et al., 583 EfEH

o 34A] Z. Xu et al. PLB 782, 619(2018)

Comparisons to experimental data are successful !
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Anatomy of interaction

bare SPE ZQ‘GZLCLZ
b+t 2J + 1){ab|V|ab
monopole ;Vgomai afaja;  yob :ZJ:( 2<)1<i |1 ab) ;
pairing J=0 (monopole removed)

multipole  other (QQ etc.)
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Anatomy of interaction
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Anatomy of interaction
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Anatomy of interaction
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. bare SPE Y ) bare and effective SPE
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i
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---------------------------------------- I
- correlation
pairing J=0 (monopole removed)

including deformation

multipole  other (QQ etc.)
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Ground state energies of O isotopes

I
=
o

N
o

(O
o

Energy(MeV)

I
N
o

Mass nu

26 28 . 8’?

(all the SPEs shifted by 0.9 MeV)

EXP.

total

bare spe
monopole
pairing
multipole

Each contribution of O isotopes

Dripline 240 (FEXTH SN TE c[RE)

Energy(MeV)

Naofumi Tsunoda (CNS UT)

8

Bl pairing
BN multipole

6 18 20 22 24 26 28 3

0

Mass number

Physics in IOl first principal 18/27



Ne isotope (Z=10)

(all the SPEs shifted by 0.9 MeV)

Ground state energies of Ne isotopes
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iIsotope (Z=10)

0_

—20 -
2
s —407
B
5 —601
c
L
—80 -
—100

Naofumi Tsunoda (CNS UT)

Ground state energies of Ne

isotopes

(all the SPEs shifted by 0.9 MeV)

% EXP.
— total
B bare spe
monopole
I pairing
multipole
S — T Each contribution of Ne isotopes
18 20 22 24 26 28 30 32 36 38 40 42 o
Mass number = palTchn.ng
T multipole
Dripline 34Ne 20- P
o 15-
=
>
X
Q 10'
cC
L
5_

Physics

O_
18 20 22 24 26 28 30 32 34 36 38 40 42

Mass number

in 10l first principal 19/27




iIsotope (Z=10)

0_
—20 -
2
s —407
B
5 —601
c
L
—80 -
—100 -

18 20 22 24 26 28 30 32

IDripline 34Ne| 20 -
BZNG > 15
50} E
= w 5 10
SPH S
5_
% 50

Ground state energies of Ne isotopes

(all the SPEs shifted by 0.9 MeV)

-

1-96.6

-97.6

-98.6

-99.6

Mass number

(Qo)[fm?]
——— Each contributioB\Ne isotopes
36 38 40 42

O_
18 20 22 24 26 28 30 32 34 36 38 40 42

Bl pairing
BN multipole

Mass number

in 10l first principal 19/27

Naofumi Tsunoda (CNS UT) Physics



Na isotope (Z=11)

Ground state energies of Na isotopes
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Na isotope (Z=11)

Ground state energies of Na isotopes
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iIsotope (Z=11)

Ground state energies of Na isotopes
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Mg isotope (Z=12)

Ground state energies of Mg isotopes
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Mg isotope (Z=12)

Ground state energies of Mg isotopes

_50 -

Energy(MeV)

—150

|
/

22 24 26 28 30 32 34 36 3'7’
Mass number

Dripline 40Mg
(prediction)

Naofumi Tsunoda (CNS UT)

% EXP.
— total
I bare spe
monopole
I pairing
multipole
— Each contribution of Mg isotopes
40 42 44304_3 = pairing
BN multipole
25 -
o 20-
=
> 15 -
J]
cC
W 10 -
5_

O_
22 24 26 28 30 32 34 36 38 40 42 44 46

Mass number

Physics in IOl first principal 21 /27



Mg isotope (Z=12)

Ground state energies of Mg isotopes 40Mg
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Multipole contribution (ZFD%hE)

Multipole contribution
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A new mechanism of dripline

==> competition between EPSE and Deformation
negative ESPE but less deformation energy
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F isotope (ZDDREDIDEDLD Z=9)

(all the SPEs shifted by 0.9 MeV)

Ground state energies of F isotopes
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All iIsotopes
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Conclusion
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