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

Microscopically...

Intruder orbitals of opposite parity and 
∆J, ∆L = 3 close to the Fermi level

220,222Rn and 222,224Ra lie near Z=88, N=134
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Macroscopically...

Nuclei take on a “pear” shape

Reflection asymmetric

• β3-vibration
• Static β3-deformation
• Rigid β3-deformation...

2L deformation -- βL

L=2: Quadrupole, oblate/prolate shapes
L=3: Octupole, reflection asymmetry

Signatures...

Odd-even staggering, negative parity

Parity doublets in odd-A nuclei

Enhanced E1 transitions

Large E3 strength →                             = < 0+||E3||3− >
2

Image:  I. Ahmed and P. A. Butler, Ann. Rev. Nucl. Part. Sci (1993) 43
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Measured B(E3) values as a function of Z

96
Zr: 53(6) W.u.

152
Gd: 52(17) W.u.

226
Ra: 54(3) W.u.
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Projectile (Z1,A1)
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Sommerfeld parameter:

η ! 1

“Safe” Coulex:



Coulomb Excitation

5

Projectile (Z1,A1)

Target (Z2,A2)
b

θ

v

Sommerfeld parameter:

E3

Ground State

0+

2+

4+

6+

5!

3!

1!

E2

E2
E2

E2

E2

E2

E2

E2E2

E2E2

E3

E3

E3

E3

E3

η ! 1

“Safe” Coulex:

Reduced matrix elements:< 0+||E3||3− >



MINIBALL

6

220Rn/224Ra beam
@ ~2.83A.MeV

Coulex target
~2mg/cm2
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60Ni target - 2.1mg/cm2

with protons: 13 hours
without protons: 4 hours
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( 7−
→
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(7
−
→

6+
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112Cd target - 2.0mg/cm2

with protons: 11 hours @ 4.2 x 105 pps
without protons: 23 hours @ 4.5 x 104 pps
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120Sn target - 2.0mg/cm2

without protons: 21 hours



Analysis - 224Ra
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Results (224Ra) - E2 matrix elements
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Measured E2 matrix elements in 
224

Ra

< I || E2 || I-2 >
Q2 = 6.3b

<0+||E2||2+>
= 1.998 ± 0.022

<1-||E2||3->
= 2.38 ± 0.10

<2+||E2||4+>
= 3.26 ± 0.04

<4+||E2||6+>
= 4.02 ± 0.05

<6+||E2||8+>
= 4.9 ± 0.3

<3-||E2||5->
= 2.8 ± 0.4

<5-||E2||7->
= 4.0 +0.8-0.5

τ2+ and τ4+ previously measured
W.R. Neal and H.W. Kraner, Am. Phys. Soc 137B (1965) 1164
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Results (224Ra) - E2 matrix elements
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Measured diagonal E2 matrix elements in 
224

Ra

< I || E2 || I >
Q2 = 6.3b

<1-||E2||1->
= -2.8 +1.9-2.1

<2+||E2||2+>
= -1.2 ± 0.7

<3-||E2||3->
= -2.9 ± 1.0

<4+||E2||4+>
= -1.4 ± 0.5

<6+||E2||6+>
= -5.24 +0.5-0.6

<8+||E2||8+>
= -4 +3-2

PRELIMINARY
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• Observed new state at 939keV

• Assigned to 2+ from decay and 
excitation paths 

• Gamma-band from population 
strength and comparison to 224Ra
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60Ni target - 2.1mg/cm2

120Sn target - 2.3mg/cm2

2+ γ
→

2+

2+ γ
→

0+
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Discussion and Interpretation - 224Ra

• 224Ra: Q2(2+) = 6.33(7) eb           (τ2+ previously measured; data point included in fit)
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• Mean field theory reproduces small D0 and predicts β2 = 0.128, β3 = 0.105, β4 = 0.075[2,3]

• Static quadrupole-octupole coupling only way to reproduce these values...
• Recent cluster model predicts Q3(3-) = 2.89 eb3/2 but cannot reproduce small D0[4]

[1] H. J. Wollersheim et al., Nucl. Phys. A 556 (1993) 261
[2] P.A. Butler and W. Nazarewicz, Nucl. Phys. A 533 (1991) 249
[3] W. Nazarewicz et al., Nucl. Phys. A 429 (1984) 269
[4] T.M. Shneidman et al., Phys Rev C 67 (2003) 014313
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• First B(E3) measured with a radioactive beam?

• Heaviest (A=224) post-accelerated, radioactive beam?
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• Evidence of rapid exponential decay in 
beam rate after protons cease

• Comparison of direct production vs. 
alpha decay of parent (T1/2 = 3.66 days)
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Gamma-Gamma Matrix - 224Ra
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Gosia Analysis

Measured E3 matrix elements [e·fm3]

Stretched:
Un-stretched:

< I||E3||I − 3 >

< I||E3||I − 3 >

< I||E3||I − 1 >

< I||E3||I − 1 >

[Ref] H. J. Wollersheim et al., Nucl. Phys. A 556, 261 (1993)
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Gosia Analysis

Measured E2 matrix elements [e·fm2]

Transitional:
Diagonal:

< I||E2||I − 2 >

< I||E2||I − 2 > < I||E2||I >

< I||E2||I >

Measured E3 matrix elements [e·fm3]

Stretched:
Un-stretched:

< I||E3||I − 3 >

< I||E3||I − 3 >

< I||E3||I − 1 >

< I||E3||I − 1 >

[Ref] H. J. Wollersheim et al., Nucl. Phys. A 556, 261 (1993)
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Gosia Analysis


