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\w\QCtupjb’l/e’d”eformations: N or Z near 34, 56, 88, 134 ——
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IntroductiQﬁ\\:

—_
~
~
-

“ oaJ exploratlon of octupole correlations and intrinsic octupole shapes
isotopes in the region N = 56 and N =

Theg
or even-even Xe (Z=54) and Ba (Z=56)
8, calculatlon of low-lying energy spectra and transition strengths B(E1),

/,/8' ”
 B(E2),BEY
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i//(/)ctupole collectivity in the region N = Z = 56 has not been as extensively ,,
studied as in actinides (N = 134, Z =~ 88) and lanthanides (N = 88, Z = 56)

Calculations: SCMF calculations with the DD-PC1 functional

Extension of SCMF: Quadrupole-octupole collective Ha



SCMF calculations:

Relativistic’Hartree - Bogoliubov (RHB) method:

DD-PC1 functional + the separable pairing force of finite range
Axially symmetric quadrupole and octupole moments:

RHB: D. Vretenar, A. V. Afanasjev,

~ G. A. Lalazissis, and P. Ring, Phys.
QZO - ZZZ — xz — yz Rep.489a, 1Sos1s(2aoos) >
ng = ZZ3 — 3Z(X2 |- yZ) DD-PC1: T. Nik&i¢, D. Vretenar, and

P. Ring, Phys. Rev. C 78, 034318
(2008).

Quadrupole and octupole deformation parameters:
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QOCH calculations:

~ Hamiltenian:
i ol = i =0 s an i

\

/7 /7 /
/

< Vibrational kinetic energy:

) 1 : .. 1 :
- Tyip = 5322,822 + By3 23 + 5333,332

Rotational kinetic energy:
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QOCH Calcufatlons

Collectwe gjo/tentlal includes zero-point energy (ZPE) corrections
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Mass parameters are defined as the inverse of mass tensors: B;;(q) =

Cranking approximation:
Cp — p2py-1 —1
M =h MyM@zyM 4

Mt () /."




| /

QOCH calculations:

ANy 1 4
NV Ezpp = ZTr[M(Z)M(l)]
The basis functions:

e 1

NS

1D harmonic oscillator wave functions /o
/

Collective wave function:
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+QOCH (;alcuf\a’uons
= \The prob;alblllty djensrcy distribution:

- Operators Mg;:

'y B(EX L - 1) = |{1,020]1,0)|

| {' A oI (B, Bs) = VI[P (B,, B3)?
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+ Results:

Neutron deficient Xe
and Ba isotopes -
potential energy
surface (PES)

Intrinsic octupole
deformations: '2Ba
(N=56), 114Ba (N=58)
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+ Results:

- Energy spectrum: examples '#4Ba and "?Xe:

-~ Numbers along the arrows stand for B(E2) (red)
and B(E3) (blue) transition strengths in Weisskopf
units

- Positive-parity band energies and transition
strengths in good agreement with experimental
data

- Moments of inertia of negative parity bands are
smaller than the measured ones

= pwN
® o &

Energy (MeV)
N

08
0.4

0.0

52
4.8
4.4
4.0
3.6
% 3.2
=28
24
c 2.0
1.6
1.2
0.8
0.4

0.0

144 )
Ba ——39 _
108
——7 _
{103 9
e jr—1T—5 B )
8 {ios . -
94 Fe——3 LA ; .
P80 o <139/ 5
SDI-' . E‘+_|._ :u K
+ Iu' 3
6 I 54.4(2) . n
a7 ; 4" L i
RPN S 106/, _+25 _
* 76| 357 85.742) |< ;¢ 48-34
+ {116 "+ S
2 =Y . 4B.447, ; ]
Q" 2= QOCH o~  Experiment
112 .
Xe
B "1
162
—_— T |
{ 145 .
8" / -
/ 7
147 o S ]
357 F129 . — 5 .
. i —t—3 6 A
6——/ //108] 3 _
127 | i} . )
;o 4
4t 7
107| 29/ / = +
4 /18 i 2 . =
o2l QOCH o Experiment




+ Results:

- | Low energy excitation
spectra - positive parity
band:

- Good agreement with
experimental data,
except around the
magic number N=82
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+ Results:
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+ Results:

Transition strengths B(E1), B(E2),

B(E3):

Good agreement with
experimental data for B(E2)
transition strengths

B(E3) values significantly lower
compared to measured values

No experimental data for B(E1)
transition strengths
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Conclusion; !

QOCH/CaIc; [/étions mostly in good agreement with experimental data
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Jntrmslc octupole deformations calculated for one Xe and seven Ba isotopes, two Ba

///

Jsotopes ("?Ba, '"“Ba) in the (N = Z = 56) region

< Positive parity band energies and B(E2) transition strengths well reproduced

(exception around N=82)

Negative parity band energies well reproduced in the regions N = 56 and N = 88 //




+ Data'taken from:

K.Nomura, L. Lotina; T. Niksi¢, and D.
Vretenar: Microscopic description of
octupole collective excitations

near N=56.and’N=88, Phys. Rev. C 103,

(2027)
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Article

Octupole deformations and related collective excitations are analyzed using the framework of nuclear
density functional theory. Axially symmetric quadrupole-octupole constrained self-consistent mean-field
(SCMF) calculations with a choice of universal energy density functional and a pairing interaction are
performed for Xe, Ba, and Ce isotopes from proton-rich to neutron-rich regions, and neutron-rich Se,
Kr, and Sr isotopes, in which enhanced octupole correlations are expected to occur. Low-energy
positive- and negative-parity spectra and transition strengths are computed by solving the quadrupole-
octupole collective Hamiltonian, with the inertia parameters and collective potential determined by the
constrained SCMF calculations. Octupole-deformed equilibrium states are found in the potential energy
surfaces of the Ba and Ce isotopes with N = 56 and 88. The evolution of spectroscopic properties
indicates enhanced octupole correlations in the regions corresponding to N =~ Z ~ 56, Z = 88 and

Z = 56, and N = 56 and Z =~ 34. The average 3y deformation parameter and its fluctuation exhibit
signatures of octupole shape-phase transition around N = 56 and 88.
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