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+Introduction:

- Octupole deformations: N or Z near 34, 56, 88, 134

Quadrupole 
deformations

Octupole 
deformations



+Introduction:

- The goal: exploration of octupole correlations and intrinsic octupole shapes
for even-even Xe (Z=54) and Ba (Z=56) isotopes in the region 𝑁 ≈ 56 and 𝑁 ≈
88, calculation of low-lying energy spectra and transition strengths B(E1), 
B(E2), B(E3)

- Octupole 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 Hamiltonian (QOCH)



+SCMF calculations:

- Relativistic Hartree – Bogoliubov (RHB) method:

- DD-PC1 functional + the separable pairing force of finite range

- Axially symmetric quadrupole and octupole moments:

෠𝑄20 = 2𝑧2 − 𝑥2 − 𝑦2

෠𝑄30 = 2𝑧3 − 3𝑧 𝑥2 + 𝑦2

- Quadrupole and octupole deformation parameters:
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RHB: D. Vretenar, A. V. Afanasjev, 
G. A. Lalazissis, and P. Ring, Phys. 
Rep. 409, 101 (2005)

DD-PC1: T. Nikšić, D. Vretenar, and 
P. Ring, Phys. Rev. C 78, 034318 
(2008).



+QOCH calculations:

- Hamiltonian:
෡𝐻𝑐𝑜𝑙𝑙 = 𝑇𝑣𝑖𝑏 + 𝑇𝑟𝑜𝑡 + 𝑉𝑐𝑜𝑙𝑙

- Vibrational kinetic energy:
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- Rotational kinetic energy:
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S. Y. Xia, H. Tao, Y. Lu, Z. P. Li, T. Nikšić, and
D. Vretenar, Phys. Rev. C 96, 054303 
(2017).



+QOCH calculations:

- Collective potential: includes zero-point energy (ZPE) corrections

- Collective Hamiltonian after quantization:
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- Mass parameters are defined as the inverse of mass tensors: 𝐵𝑖𝑗 𝒒 = ℳ𝑖𝑗
−1 𝒒

- Cranking approximation:
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+QOCH calculations:

- ZPE energy:
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- The basis functions:
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- Collective wave function: 

Ψ𝛼
𝐼𝑀𝜋 𝛽2, 𝛽3, Ω = 𝜓𝛼

𝐼𝜋 𝛽2, 𝛽3 ȁ ۧ𝐼𝑀0

1D harmonic oscillator wave functions

Euler angles



+QOCH calculations:

- The probability density distribution:

𝜌𝛼
𝐼𝜋 𝛽2, 𝛽3 = 𝜔𝔗 𝜓𝛼

𝐼𝜋 𝛽2, 𝛽3
2

-Transition probabilities:
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- Operators ෡ℳ𝐸𝜆:
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+ Results:

- Neutron deficient Xe 

and Ba isotopes –

potential energy 

surface (PES)

- Intrinsic octupole 

deformations: 112Ba 

(N=56), 114Ba (N=58)



+ Results:

- Neutron rich Xe and 

Ba – PES:

- Intrinsic octupole 

deformations: 142Xe 

(N=88), 144-152Ba 

(N=88 – 96)



+ Results:

- Energy spectrum: examples 144Ba and 112Xe:

- 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 



+ Results:

- Low energy excitation 

spectra - positive parity 

band:

- Good agreement with 

experimental data, 

except around the 

magic number N=82



+ Results:

- Low energy excitation 
spectra – negative parity 
bands:

- Parabolic behaviour of 
negative-parity band 
energies with respect to 
„octupole magic 
numbers” N=56, N=88; 
signature of octupole 
collectivity

- Good agreement with 
experimental data 
around N=56 and N=88



+ 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



+Conclusion:

- QOCH calculations mostly in good agreement with experimental data

- Intrinsic octupole deformations calculated for one Xe and seven Ba isotopes, two Ba 

isotopes (112Ba, 114Ba) 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

- A limitation of the model: restricted to axially-symmetric shapes; inclusion of triaxial 

shape degrees of freedom might lead to improved results



+ Data taken from:

K. Nomura, L. Lotina, T. Nikšić, and D. 

Vretenar: Microscopic description of 

octupole collective excitations 

near N=56 and N=88, Phys. Rev. C 103, 

(2021)



THE END!


