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Rotating octupole shapes
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REX-, HIE-ISOLDE

Radioactive Ion Beams (RIB) at ISOLDE, CERN

10 MeV/A RIB 

MINIBALL

Detects g-rays from excited nuclei



222Rn   4.23 MeV/u
224Rn   5.08 MeV/u
226Rn   5.08 MeV/u

120Sn target

Octupole behaviour of radon nuclei
Coulomb excitation of radioactive ions measured using 

136Xe + 232Th
25 years agounknown prior 

to this work
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Level schemes from Coulex of RIB using g-g 

E2 E3

co
un

ts
 p

er
 2

 k
eV

Miniball cluster of 3 crystals
(8 triple-clusters)



g-g spectra: gates on transitions in 224,226Rn

105 224Rn ions/s

2x103 226Rn ions/s



Level schemes RnJFC Cocks et al 
PRL 78 (1997) 2920

PA Butler et al. 
Nat. Comm. 10 (2019) 2473,  
Nat Comm. Add. 11 (2020) 3560



rigid pear shapeoctupole vibration

Rotating pear shapes



Transition moments from Coulex with high intensity RIB

Miniball cluster
6 segments

6x105 222Rn ions/s 4.23 MeV/u  

2x105 222Ra ions/s  4.31 MeV/u ~105 228Ra ions/s 4.31 MeV/u
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HIE-ISOLDE EBIS duty factor ~1/1000



E2 and E3 moments

226Ra HJ Wollersheim et al. NP A556 (1993)261
220Rn,224Ra LP Gaffney et al. Nature 497 (2013) 199
222, 228Ra PA Butler et al. PRL 124 (2020) 042503
222Rn P Spagnoletti et al. to be published

ൻ𝟎ା||𝓜(𝑬𝟐)||𝟐ା⟩ = 𝟓 𝟏𝟔𝝅⁄ 𝑸𝟐 ൻ𝟎ା||𝓜(𝑬𝟑)||𝟑ି⟩ = 𝟕 𝟏𝟔𝝅⁄ 𝑸𝟑



Behaviour of Q3 with Ii, If

⟨𝑰𝒊||𝓜(𝑬𝟑)||𝑰𝒇ൿ = 𝟕 𝟏𝟔𝝅⁄ (𝟐𝑰𝒊 + 𝟏)(𝑰𝒊𝟎𝟑𝟎|𝑰𝒇𝟎)𝑸𝟑

rigid pear shape



Nazarewicz et al.  Strut. WS
NP A429 (1984) 269

Robledo & Butler HFB Gogny
PRC 88 (2013) 051302

Calculated nuclear shapes: radon & radium

Agbemava et al.  Rel. HFB
PRC 93 (2016) 044304

Rn Ra 220Rn 224Ra

Radium  predicted to have a more rigid pear shape than radon
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K Nomura et al. HFB Gogny + sdf IBM
arXiv: 2008.08870v1 (2020)
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related to Q3 CP violation in nuclear force

energy splitting of parity doublet 
in odd-A nucleus

Schiff moment:

Octupole enhanced atomic EDM moment

Measured in 220,222Rn, 222-228Ra
(but not odd-A nuclei)

Measured in 223,225Ra (~ 50 keV)
DE smaller in Ra than in Rn

223Rn EDM TRIUMF        

225Ra EDM  Argonne/FRIB                    



225Ra Miniball simulation

(includes X-rays)

Several low-lying collective bands populated.
Analysis would be challenging
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Robledo & Bertsch
PRC 84, 054302 (2011)

228U

The largest B(E3)s

A

Estimated re-accelerated intensity of 
228U from FRIB (PAC 1) is 3.5.105 /s



Summary

Pear-shaped nuclei exhibit well-defined
behaviour of electric-octupole transitions,
together with rotational behaviour.

We have identified three cases in nature:
222,224,226Ra.
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