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Shape parameterization
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Octupole collectivity

R.H. Spear At. Data and Nucl. Data Tables 42 (1989), 55
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Octupole collectivity

Octupole correlations enhanced at the 
magic numbers: 34, 56, 88, 134

Microscopically …

Intruder orbitals of opposite parity and
ΔJ, ΔL = 3 close to Fermi level

226Ra close to Z=88 N=134
( ) ( )2/152/92/132/7 jgif →→ νπ



Hans-Jürgen Wollersheim - 2022

Octupole collectivity

226Ra
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226Ra

In an octupole deformed nucleus the center of mass 
and center of charge tend to separate, 
creating a non-zero electric dipole moment.
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The double oscillator
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Coulomb excitation

scattering angle

impact parameter
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Scattered α-spectrum of 226Ra

3- 4+
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4He → 226Ra
Eα = 16 MeV
θlab = 1450

λ βλ (exp) βλ (theo)

2 2.27 (3) 0.165 (2) 0.164

3 1.05 (5) 0.104 (5) 0.112

4 1.04 (7) 0.123 (8) 0.096
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Scattered α-spectrum of 226Ra
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Experimental set-up

226Ra

PPAC ring counter
150≤ΘL≤450, 00≤φL≤3600

4 PPAC counter
530≤ΘL≤900, 00≤φL≤840

ϑ

ϕ

226RaBr2 (400 μg/cm2) on C-backing (50 μg/cm2) and covered by Be (40 μg/cm2)
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Coulomb excitation of 226Ra
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γ-ray spectrum of 226Ra

energy [keV]

co
un

ts
208Pb → 226Ra
Elab = 4.7 AMeV

150 ≤ θlab ≤ 450

00 ≤ φlab ≤ 3600
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Signature of an octupole deformed nucleus

( ) ( ) ( ) ( )[ ]θβθβθβθ 4043032020 1 YYYRR ⋅+⋅+⋅+⋅=

Ra226
88

β2= 0.16
β3=-0.11
β4= 0.10

E2 E1

Single rotational band with spin sequence:
I = 0+, 1-, 2+, 3-, …
excitation energy E ~ I·(I+1)

competition between intraband E2 and 
interband E1 transitions

E1 transition strength 10-2 W.u.

π: +

π: -
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Signature of an octupole deformed nucleus
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Electric transition quadrupole moments in 226Ra
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Static quadrupole moments in 226Ra
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negative parity states
positive parity states

rigid rotor model:

rigid triaxial rotor model:

Davydov and Filippov, Nucl. Phys. 8, 237 (1958)
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Electric transition octupole moments in 226Ra
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Intrinsic electric dipole moments in 226Ra

liquid-drop contribution:

rigid rotor model:
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G. Leander et al.; Nucl. Phys. A453 (1986) 58H.J. Wollersheim et al.; Nucl. Phys. A556 (1993) 261
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Intrinsic electric dipole moments in Ra / Th

liquid-drop contribution:

( )43321 458.1 ββββ ⋅+⋅⋅⋅= ZACQ LD
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[ ]fmCwith LD
4102.5 −⋅=

G. Leander et al.; Nucl. Phys. A453 (1986) 58
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Summary

 single rotational band for 
 no backbending observed
 β2, β3, β4 deformation parameters are in excellent agreement

with calculated values
 octupole deformation is three times larger than in octupole-

vibrational nuclei
 equal transition quadrupole moments for positive- and negative-

parity states
 static quadrupole moments are in excellent agreement with an

axially symmetric shape
 electric dipole moments are close to liquid-drop value (            )

 octupole deformation seems to be stabilized with increasing 
rotational frequency

h10>I

h10>I

ℏ

ℏ
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Coulomb excitation of 226Ra

226Ra target broken after 8 hours Christoph Fleischmann
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Appendix: Center of mass conservation
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The dipole coordinate is not an independent quantity. It is non-zero for nuclear shapes with both quadrupole 
and octupole degrees of freedom.
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Appendix: Intrinsic electric dipole moment
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The local volume polarization of electric charge can be derived from the requirement of a 
minimum in the energy functional. (Myers Ann. of Phys. (1971))
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where ρp and ρn are the proton and neutron densities, CLD is the volume symmetry energy coefficient 
of the liquid drop model and VC is the Coulomb potential generated by ρp inside the nucleus (r < R0)
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Appendix: Intrinsic electric dipole moment
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Appendix: Intrinsic electric dipole moment
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