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Do nuclei go pear-shaped?   

Coulomb excitation of  

220
Rn and 

224
Ra  

at REX-ISOLDE(CERN) 
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Coulomb excitation 
at Miniball 
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target 

224Ra/ 220Rn 

DSSD 

Particle detector 

Coulex Target 

(60Ni, 112Cd,120Sn) 

Target recoil 

Projectile 

Miniball: 

8x Triple Cluster ⇒ 24 HPGe Detectors 

Solid Angle coverage: ~60% of 4p 

DSSD: 

Angles 15o-53o 

Front 16 strips 

Back 24/2 strips 

REX: 

Ebeam~2.83 MeV/u 

A/q 4-4.5 

(224Ra52+) 

~66% Esafe (
60Ni) 
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Why CoulEx? 

HRS 

target 

De-excitation process 

E1 104-106x more probable 

Excitation process 
(first order) 

Principle: 

Populate 3- level with E3 in Coulex ⇒ observe E1(and E2) decay g ray(s) 
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Polar angle  [o] 

Doppler 

Correction & 

Background 

 Reduction 

HPGe g-ray Detector array 

Projectiles 

Target recoils 

Split in 2 angular ranges 2 x 9 g-ray yields 

Particle Detector: 
(inverse kinematic) 
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CoulEx: Experimental Info 

HRS 

target 

Different Targets (Z) 

Disentangle one- and  
multi-step excitation paths 

Matrix elements 

• Lifetimes (2x) 

• Branching ratios (4x) 

• Multipole mixing ratios 

GOSIA 
g-ray 
yields 

Literature Literature (224Ra) 
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L.P. Gaffney et al., Nature  497 (2013) 199 
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L.P. Gaffney et al., Nature  497 (2013) 199 
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(Pear shape!) 

~b3 

Lab. 

frame 

223Ra 

J=3/2-Parity doublet 
p no longer a good QN 

⇒ states mix 

Atomic system: Sat = Z3Snucl 

K.Jungmann  & L. Willmann (KVI) et al.,  
⇒ Laser spectroscopy on 223,225Ra 

N.Auerbach, V.V.Flambaum, & V. Spevak PRL 76 (1996) 4316 
J.Dobaczewski & J.Engel, PRL  94 (2005) 232502 
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Mid-term future? 
IS552: 

Coul-Ex 222,226,228Ra & 221,222Rn 

IS553: 
Coul-Ex 142,144Ba 

Beam development 
b-decay 

221,223At → 221,223Rn 
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Energy Density Functional 
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Electric dipole 

Not possible!!! 
Only protons are charged 

Mechanism 

Divide center of charge 
and center of mass 

E1 strength in spherical nuclei?  



Coupling quadrupole and octupole 
degrees-of-freedom 
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Example: Nd-isotopic chain 

Spherical nucleus 
Quadrupole  

deformed nucleus 

Question: Are there nuclei that have a  
static octupole deformation? 

Nuclear Schiff moment? 
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Physical processes 

238U binding energy: 1.8 GeV 

1. Spallation ⇒ heavy nucleus 
2. Fission ⇒ medium mass nucleus 
3. Fragmentation ⇒ light nucleus 

Target Outline 
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