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| Nuclear shapes and excitations
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I Nuclear quadrupole shapes
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Bl Nuclear shape coexistence

O There may be deformation in
the 0+ excited state of 1°0.

H. Morinaga, Phys. Rev. 101, 254 (1956).

0 Late 1960s, near Z = 50,82

O In 2000, three shapes coexisted
in 186Pb,
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Bl Nuclear shape coexistence
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Butler & Nazarewicz, RMP68, 349 (1996).




Bl Axially symmetric octupole shapes
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II Experimental progress for octupole correlations
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Triaxial octupole deformation ?

Octupole Shape s = +1 144 Ba
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Bl Beyond-mean-field methods

Limitation of MF

“Real” ground state (good quantum

numbers) and excitations:

> intrinsic ground state beyond the MF approximation
properties: mass, radius
shape...; PES ® Restoration of broken symmetry,
e.g. rotational, parity 4 Transitional

® Mixing of different shapes @)/ Pes

® Inclusion of quasiparticles Deformation

Collective Hamiltonian (DFT)
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2. Microscopic collective Hamiltonian




Bl Collective Hamiltonian based on CDFT

CDFT
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Bl Collective Hamiltonian based on CDFT
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B Collective Hamiltonian based on CDFT
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Bl 0dd-A nuclei

> Microscopic core-quasiparticle coupling model (CQC)

Sun, Quan, ZPLi, et al, PRC100, 044319 (2019)
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3. Results and discussion

a. Quadrupole shape coexistence




Bl Static quadrupole deformation

100 | : GEED G HHEEEE
. Quadrupole deformation : it R RERR -+
80 F 82 i ooaEHERESEL o T 258
g | PR . 0.35
-g 60 F A Ll niEEREEREERISCL 184 0.25
£ | s o 015
< 5 0.05
S 40F 126 -0.05
5 5 -0.15
S |28 o 025
20F B 035
0 120 160 200 240 280

Neutron Number N

» Most of the deformed nuclei are prolate (f > 0). The nuclei with oblate deformation
are mainly distributed in (N, Z)~ (60,40), (150, 60).

» The quadrupole deformation of most nuclei is in the range of —0.35 < f§ < 0.35.
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| Static triaxial deformation y

100f ,
[ Triaxial deformation ~
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» 108 triaxially deformed even-even nuclei; Triaxial deformation energy: 0~1.89 MeV
» Finite-range liquid-drop model:

>700 triaxially deformed nucler; Triaxial deformation energy : 0~0.63 MeV 20



Triaxial Relativistic Hartree-Bogoliubov Results with the PC-PK1 Density Functional

Search a nuclide:  e.g. 016, 100Sn
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Potential energy surface calculated by RHB theory with PC-PK1 density
functional. All energies are normalized with respect to the binding energy
of the absolute minimum. The contours join points on the surface with the
same energy, and the energy difference between adjacent contours is 0.5
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II Quadrupole excitations
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Bl Nuclear shape coexistence
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]l Multiple shape coexistence
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]l Multiple shape coexistence

100 E , , . <3
. color : possible multiple SC (" Ni W ﬁzo e i
8 O E 8 2 _____ é:"':_':? _____ _§ ____________ 0.0 0.2.4 ‘ 0.60 0.0 0.2 BOA 0.60 0.0 | 0.4 | 0.60 0.0 0. | 0‘6']
E Garret Zielinska & : _ gr band
! ' - g.s. band 2
Clement PPNP 2022 ' 2

decannesseee

60 |

Proton number Z

]
=
[ |
=
5
=
=
=
ek
@)
—_
I
_-P-
-“_
=N
(3]
1]
)
(SR
ﬂ_m
=3
.‘;;;Ni ~add
-l
|
~
=)
Sy
—— ~
[78
[
=]
-
H
-
1

L 4
- (]
- '
40 e
o [ | :7 EEEN
b nEm ' L ¥ ...
L . ' ' * Sl /
: 28 --:-_-r-i----:. ................ - 111 " 19
: ; :1 a [ ] .\: [ +¢. ’I / Vf’
20F B gD B T o s |
L. - ' 10°pX(E, )=3.9 10°p*(E, )=24
' ' : 0 O;r_'_.. ................................ SRR R O A -
v (] ]

0 40 80 120 160 Yang et al., PRC(2021)
Neutron number N

» Z~20, 28, 40, 50, 82; transitional regions
25



3. Results and discussion

b. Octupole shapes and parity doublets
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Bl Octupole shape transition
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Bl Octupole shape transition
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II Parity doublets in odd-A Ra and actinides

500 T T T T T . T
% i E;cp. ® Ra W Ac QI Th ®*
400 FTh --O--Ra -{F-Ac -<>-Th O A
800 ; : : g [ Exp. ® U @ Pu \ |
cQc Exp. : : i '3 300 L Th -(-U -O-Pu g \ A
Sa) ! -
<
0T 15/27 — : 32— :
11—
= : | B N R
= or— PP o Cwl o ugm 97 JPRL1IS
z; 400 | : : : 2 | Ty
3 112" — 5 - 0o o O 152504
= | | T — o 107 - i
E 9/2" — E _ E 7/2"— — Q 10-6 = O" ] (2017)
| 1327 — - i 1527 S i + i 5/ — K ] ] ] L. 1 1 1
200 i i 7/27— _ i 10 7 T T T T T T T I 1
P12 ; . — -
12" — — i 52— —_ S — b3/ — ~ 60 F .
9/2° — %j— P30 = =
32" — N = [
5t — = | 32 — % 40 F i
0F 127 — - ! ! Q 5
Bandl Band2 Band3 Band4 E/ 20 k , D i
M ’/' |
> Parity doublets in 225Ra is reproduced. Of NP SN * vt s [N
133 135 137 139 141 143 145 147



| Triaxial octupole d.o.f.
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> B3o minimum; B,,: quite stiff B3,: quite soft

» 7D collective Hamiltonian (7DCH) has been constructed, checking ...
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Bl summary and outlook

€ Summary

> Global description of nuclear deformations, low-lying states and B(E2)

» Using quadrupole shape invariants to analyze shape coexistence:

reproduce the known regions and predict new regions

» Octupole shapes around N~90 and N~136;
parity doublets in odd-A actinides.

€ Outlook: triaxial octupole, chiral bandes, ...
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Thank you for your attention!
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Bl Nuclear shapes and excitations
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Structure: shell, shell evolution, Nuclear
effective interactions ... shapes and
excitations

Reaction: fission, reaction
dynamics ...

Astrophysics: r process,
rp process, supernova ... Nuclear data, engineering 34




