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Octupole deformation and electromagnetic response

• Electromagnetic response

• Provides a sensitive probe of nuclear structure

• Collective excitations are sensitive to nuclear deformation

• Reflection-asymmetric (octupole-deformed) shapes are predicted in certain 

heavy nuclei

• Strong experimental indications exist for such nuclei

• Octupole deformation breaks intrinsic parity symmetry

→ How does octupole deformation affect electromagnetic response 

across different multipole modes?
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Scope of the study

• Focus on heavy, unstable nuclei with octupole-

deformed ground states

• Even-even isotopes with Z = 86–96 (A = 222–230)

• Electromagnetic response:

• E1, M1, E2 (IS/IV), E3 (IS/IV)

• Excitation energy range: 0–38 MeV
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Ground states

• Framework: Skyrme–HFB

• SkM*, SLy4, UNEDF1

• The potential energy surface is explored to identify two distinct 

ground state solutions:

o One with conserved reflection symmetry (prolate, 𝑄3 = 0)

o One with broken reflection symmetry (pear-shaped, 𝑄3 ≠ 0)

Response to electromagnetic fields

• The obtained ground-state solutions are subjected to a 

polarizing external field F(t, ω)

o The linear response of HFB solution is determined 

by solving the FAM-QRPA equations:
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Electric dipole response

• Photoabsorption cross sections for two Th isotopes (222Th and 

228Th) calculated with the SkM* functional

• Differences between the two deformed ground-state solutions 

are generally small

•  A third peak around 16 MeV, prominent in SkM* results, is 

flattened in some octupole-deformed solutions

• The suppression is not observed in all isotopes, suggesting 

that it is not a direct consequence of octupole deformation, 

but rather induced indirectly
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Electric dipole response – functional dependency

5/7 /2026 JYU SI NCE 1863.6



Magnetic dipole response

•  M1 transition strength functions for three U isotopes 

(224U, 226U, 228U) calculated with the SkM* and SLy4 
functionals

• In the spin-flip region, the transition strength 
distributions are similar for different deformation 
minima

• At lower energies, especially around the expected 
scissors resonance (SR) (~3 MeV), noticeable 
differences appear between the two deformed 
ground-state solutions

• With a smaller smearing width (Γ≈ 2γ), more 

details can be observed at lower energies
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Magnetic dipole response – sum rules

• Non-energy-weighted sum rule 𝑚0 for low-energy 
transitions (0–5 MeV) in all studied nuclei with A = 222–230

• 𝑚0 is expected to scale linearly with the moment of inertia

• This trend is observed for both deformation minima 
(panels a–c)

• Octupole-deformed solutions are concentrated at the 
upper end of the moment-of-inertia range
→ correspondingly larger 𝑚0 values

• 𝑚0 is also expected to scale with 𝛽2
2

• This correlation is weakened for octupole-deformed 
solutions (panels d–f)
→ could serve as a signature of octupole deformation 

in experiments
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Electric quadrupole response

• Isoscalar (IS) and isovector (IV) E2 strength functions for 226Ra calculated with the SkM* functional

• The rotational spurious mode is removed in the IS K=1 channel

• Octupole deformation has little effect at resonance energies

• Differences appear at low energies (IS), which can be related to changes in the potential energy 
surface between the two deformation minima
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Electric octupole response – rotational spurious mode

• Isoscalar E3 transition strength function calculated 
using three different treatments of spurious 
contributions:

1. no removal

2. removal of linear mode only

3. removal of both linear and rotational modes

• The octupole-deformed solution exhibits a 
significant rotational spurious component due to 
broken parity symmetry

• This contribution must be removed in the IS E3 K=1 
channel to obtain a physical strength distribution
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Electric octupole response

• Isoscalar and isovector E3 strength functions for 226Ra 
calculated with the SkM* functional

• All relevant linear and rotational spurious contributions 
are removed in the K=0 and K=1 channels

• At resonance energies, octupole deformation has little effect 
on the strength distributions

• Differences appear at low energies in the IS channel

• Again, these can be related to changes in the potential 
energy surfaces around the two deformation minima
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• Octupole deformation has a limited effect at 
resonance energies across all multipole modes

• Low-energy M1 response shows differences in 

strength distributions and total strength

• In parity-broken solutions, the rotational spurious 
mode must also be removed in the K = 1− channel 
(e.g., isoscalar E3)

• Observed trends are consistent across Skyrme 
functionals
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OutlookConclusions

• Open question: role of parity (and rotational) 
symmetry restoration

• Low-energy M1 excitation modes 

→ Detailed role of octupole deformation in 
individual M1 modes

→ May provide an experimental signature of 
octupole deformation



Electromagnetic response of A = 288–290 isotopes
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Magnetic dipole response in Th isotopes (SkM*, 
SLy4, UNEDF1)
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Magnetic dipole response – 
impact of Landau parameter
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Magnetic dipole response – 
energy-weighted sum rules
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Electric quadrupole response (IS and IV) in Ra isotopes
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Electric octupole response (IS and IV) in Ra isotopes
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Ground state properties
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