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Nuclear Radiation Detected Optical Pumping  
RADOP 

Optical pumping cycle for Hg isotopes 
with I = 1/2 between states with J = 0 
and J = 1 

RADOP setup at ISOLDE 



• Observation of the huge odd-even effect 
in charge radii led to discovery of nuclear 
shape coexistence 

• Application of optical technique paved the 
way to experimental investigation of this 
striking effect of shape coexistence 



RILIS @  
0.01 ions per second 



Laser spectroscopy 



Hyperfine spectra 



Laser spectroscopy variables 



Results 



Results 

Moments 
Magnetic:      177-179-185m Hg ≈ -1 
                           181-183-185 Hg ≈ +0.5 
 
Quadrupole: 177-179-185m Hg: small 



Level systematics in even-even Hg 
Prolate intruder states come 
down in energy towards 
minimum around N = 104 
midshell region 
 
Studied by multitude of 
techniques: 
• Coulex 
• Gamma spec. 
• Decay spec. 
 
But direct measurements of 
ground state charge radii 
differences and 
electromagnetic moments 
missing below N = 101 



Shape staggering comparison 
to HF calculations  

Potential Energy Surface 

Circles: oblate, diamonds : weekly prolate,  
Squares: strongly prolate minima 

Skyrme functional UNEDF1SO: 
Adjusted to global properties of nuclear chart 
Fine tuned SO and pairing to reproduce No spectroscopy 

Nuclear Density Functional Theory (DFT) 



Configuration Interaction (CI) 
Monte Carlo Shell Modell 
(MCSM) 

T. Otsuka, Y. Tsunoda et al. 

132Sn as fixed core 
 
30 protons an 17-24 neutrons all interacting NN, PP, PN 
 
First for such a heavy system: 
K-Supercomputer (Japan) which  became the first 
computer to top 10 petaflops  
In 2012 it was world’s fastest computer, now  ”K” is the  
eighth-fastest computer 



MCSM: results 



MCSM: results 



Shape staggering mechanism 
Combined action of monopole energy, which for n(i13/2) and p(h9/2) stands out 
compared to others and due to: 
• Large overlap of wavefunctions 

and quadrupole interaction bringing down the deformed state in energy to 
near-degeneracy with spherical state 



Outlook 



Изотопический сдвиг 
Δν = ΔνMS + ΔνFS 

Массовый сдвиг:                                   Полевой сдвиг: 

ΔνMS = Δν NMS + ΔνSMS                                 ΔνFS ≈ Fδ‹r2› 
 

Сверхтонкое расщепление 
νFF’ = v0 + ΔEF  - ΔEF’ 

 

ΔEF = A      + B K 
2 

0.75 K (K+1) - I(I+1)J(J+1) 
           2IJ(2I-1)(2J-1) 

F = I + J         K = F(F+1) – I(I+1) – J(J+1) 

A ~ μ                          B ~ QS 
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