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First of all, | wish to say nHap p )
Birthday ! oto the world-well-known
physicist, respected Professor AKkito
Arima for his great achievements In
nuclear physics research and the
contributions to the friendship of the
Chinese and Japanese physicists !



In the 95 International Nuclear Physics
Conference, August 21-26, 1995, Beljing, China,
Professor Arima gave the Summary Talk for all
the talks at the conference. His quit positive
comments on our breakthrough in the heavy
neutron region beyond the fission limit, which |
reported in an invited talk at the conference,
was a great encouragement and promotion to
our Key Projectn Sy nt haad Stuslies of New
Nuclei far from St abi.|lAnd yafderwards,
many more progresses were achievements in
other nuclear region.



After the conferencean interview of Professor Zhou
Guang-zhaowith ProfessorAkito Arima and Mrs Arima,
August 26, 1995 N - Zhong-shanPark
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95 International Nuclear Physics Conferenc
August 2120, 1995 Beljlng China
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1. Introduction
1.1 Brief introduction of the nuclear shapes

Nuclear shapes$ one of the most fundamental
properties of nucleus
Nuclear shapes are governed by the interplay

y 4

a Macroscopic, liquiddrop like properties of the
nuclear matter,

4 Microscopic shell effects,

4 Valence nucleon driving , Structural effect,
Eexc, and angular momentum.



Spherical J deformed shapes
Reflection T symmetric Prolate / Oblate
Reflection i asymmetric Octupole (pear)
Axially T symmetric to

Axially T asymmetric Triaxial deformation



Quadrupole, Reflection i Symmetric Shapes

Oblate Prolate
A dominance ot oblate grou gtate "

shapes just below the N=82, N=126,
and Z=82 shell closures.

earth and actinide nuclel, and then
found to take 86% of all the nuclides.
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Nuclear chart showing the ground state shapes
predicted by a Hartreé Fock - Bogolyubov (HFB)

calculation with the Gogny D1S effective interaction.
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Reflection i asymmetric, Octupole shapes
L.P. Gaffney et al., Nature 497, 199(2013)




An island of stable octupole deformed nuclel
around Z=56 and N =88 was predicted by
theoretical calculations In the deformed shell
model wherethe separation of centeof-charge
and centerof-mass manifests itself by E1
transition linking the oppositearity levels.

W. Nazarewiczet al., Nucl. Phys. A429, 269 (1984).
W. Nazarewicz et al., Nucl. Phys. A441, 420 (1985).

G.A. Leander et al., Phys. Lett. B152, 284 (1985).

R. Piepenbring, Z. Phys. A322, 495 (1985).



For the nuclear quantum system, spontaneous symmetry breaking that arises from
deformation will in general lower its energy. This ‘nuclear Jahn-Teller effect” [1] is

illustrated by considering a simple nuclear Hamiltonian representing nuclear vibrations,

P.A. Butner, J. Phys. G: Nucl. Part.
Phys. 43 (2016) 073002

H = ZEJ J Cyr — ZH}.L Z Q;‘# QAIL;'|'H].:&1I (l)

Pairing Hamiltonian
Spherlcal SM Collectlve motlon term

In this expression the first term is the spherical shell-model potential, the second term

written as (see |2| and references therein)

represents the long-range multipole-multipole force generating the collective motion,
and H; 15 the pairing Hamiltonian; j stands for the set of quantum numbers (n, £, j).
Spherical symmetry will be removed for A = 2 quadrupole-quadrupole interactions,
and most nucler are quadrupole deformed n thewr lowest energy state. For some
combinations of Z and N the nucleus can further lower its energy through octupole-
octupole interactions, and the nucleus no longer retains reflection symmetry . In a mean-
hield description of the nucleus, octupole correlations depend on the matrix elements of
the spherical harmonic Y, between single particle states with Aj = A/ = 3 and the
spacing between them. The left hand side of figure 1 shows that the proton number
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(N, @ j) interact with the (N1, &3, j-3) normakparity
states through octupoles components in Hamiltonian
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P.A. Butner, J. Phys. G: Nucl. Part. Phys.
43 (2016) 073002




Nucleushadfirst of all long been
thought to beaxially-symmetric!

However,triaxial shapes were predicted ane
studied. (e.g. JAystoetal. Nucl. Phys. A515,
365(1990)). SFrauendorf and Jie Meng
suggested thathiral doubling can be
assoclated witlangular momentain triaxial
nucleii a dynamic nat ut

S.Frauendorf and J.Meng
Nucl. Phys A617, 131(1997)



Global search for triaxiality by Moller ef al
Largest lowering of E,, centered around

with an energy gain of 0.67 MeV p voleretal. PRL 97,
162502 (2006)
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C h I ral S y m m et ry b re ak I n g Figure 12. Graphic Illustrating a Nucleus with Chiral Bands [6]

A triaxial chiral rotor

Axially-asymmetric shape:

Triaxial deformation
S. Frauendorf et al.




How chiral symmetry breaking can occur?

For an odd-odd triaxial nucleus

A high j particle aligns along the short axis, a high j hole
aligns along the long axis, and the rotational angular
momentum aligns along the intermediate axis, J,, J, and
R vectors couple to each other in r- or I-handed way

For an odd-A triaxial nucleus
Two high | particles align with the short axis

For a even-even triaxial nucleus
A low-lying collective mode in the orientation degree of
freedom, i.e. a soft chiral vibration, a slow motion of the
J relative to the three-axial nuclear shape between left-
handed and right-handed geometries.



Fingerprints of Chiral doublets

1 Energy degeneracy of the partner levels
In doublets;

1 Similar electromagnetic propertiesuch
as similar B(E2)/B(M1) ratios of the
partnerlevelandou bl et s o
structure;

1 Nearly constant signature splittingvith
spins and equavalue for partnerlevels



Wobbling motions In triaxial nuclel

wehbkbling

A revolving
motion
J.H. Hamilton et

al., Nucl. Phys. A
834, 28¢(2010)




1Fingerprint of the wobbling : U=0
wobbling (even-spin member of the
gband) is above the U= 1 wobbling

10nset of wobbling was identified in
112Ru and its N=68 isotone 14Pd

1Wobbling motion was also identified
in 114Ru and *°Pd



1.2 Experimental DetaillsTt he ngol d
developed by J.H. Hamilton and collaborators

A
A

Fission source ; 2°2Cf
Strength : 62 nCi

Sandwiched between two Fe foils of thickness 10
mg/cm? and mounted in a 3-inch-diameter plastic ball

Detectors : Gammasphere with 102 Compton-
suppressed Ge detectors

5.7x10™ triple- and higher-fold, and 1.9 x10* 4d - and
higher-fold coincidence events with 1.8 time window
accumulated

mi



The Agold mineo for -exp
rich nuclel is productive over 25 years !

Normal or Hot Fission
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Prompt
nNeutron
emission

Ternary Particl

Neutron Emission

is surrounded with
seven Compton Shields

Gammasphere

Around 150 neutron 7 rich nuclel have been produced
and studied with fission of 2>?Cf at Gammasphere




2. The systematic studies of nuclear shapes of the neutron
-rich nuclear by means of fission gamma spectroscopy

Yield per 100 Fissions MEFEVAEIN{IEIiRETe
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3. Systematic studies of octupole shapes
(pear shapes) and octupole correlation,
paying a close attention to D

In a reflectionrasymmetricnuclear mean field,
an electric dipole moment D, occurs as a
difference of the interference terms between
quadrupole Y,, and octupole Y;, shape
vibrationsfor protonsand that for neutrons



Octupole deformations/correlations

studied In :

Y.X. Luo et al. Nucl. Phys. Rev. Vol.27, No. 3, 229(2010); No. 4, 363(2010)
139,140,141,142 o (Z=54, N=85-88)
139,140,141,142,143,145C g (Z=55, N=84-88, 90)
141,142,143,144,145,146,147,148B 3 (7=56, N=85-92)
142,143,144,145,146,147| g (Z=57, N=85-90)
144,146,148C @ (Z=58, N=86, 88, 90)
146,148,150\ (Z=60, N=86, 88, 90)
148,150,152 m (Z=62, N=86, 88, 90)

33 nuclel In total (Z=54-62, N=84-90)



148Ce (Z:58, N:90) e 530 4 s =4 1
E.H. Wang et al.
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Rotational frequency ratio ¥-( | ¥*(l)
(1 ¥y(D)e 2 [E(N+1)-E(l-1)] u *{EE-Q)] + 2

Showing octupole deformation or octupole vibration

1.1




Energy displacement UE(])

U E (ZE() T [(I+1)E( -1)* + IE(1+1)*] / (21+1)

Showing stability of the octupole excitations
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B(E1)/B(E2)

B(E1)/B(E2)=0.771[B(E2)5l o(E1)J/[EA(EL) o(E2)](10fm-2)

10.00 2
+Ce (Z=58) = La (Z=57) a Ba (Z=56)
e Cs (Z=55) - Xe (Z=54)
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Electric dipole moments D,
D, = [5B(E1)/16B(E2)}F?/ Q, (efm)

D, increasing with increasing Z
D, decreasing with increasing N

+Ce (Z=58) m La (Z=57) A Ba (Z=56)
e Cs (Z=55) — Xe (Z=54)
o Theoretical calculations for Ba
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Reflectionasymmetricmean field
shell-correctiontheory

P. Butler and W. Nazarewicz, Nucl. Phys. A533, 249 (1990)
W. Nazarewicz, S.L. Tabor Phys. Rev. C45, 2226(1992) (with cranking)

D = DlLD + Dlshell

Negligible macroscopic (droplet) terin,-, due to the
cancell ation bet warclthe t h
neutron-skin terms.

~or an isotonicchain D;s"¢llincreases towards Z=64.
~or an isotopicsequence P¢decreases with N.

~or 14%Ba very small shelicorrection termD,s"¢!l due
to the cancellation between contributions from
protons and neutrons,




