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Shape coexistence 
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• Different types of deformation at low excitation energy 

• Interplay between two opposing tendencies 

o Stabilizing effect of closed shells 

o Residual proton-neutron interaction 

Heyde and Wood, Review of Modern Physics (2011) 

Andreyev et al Nature 405:430 (2000) 

• Evidence across the light-lead region 

• Lack of experimental information 

o Nature of deformation 

o Degree of mixing 

T.E. Cocolios et al, Phys. Rev. Lett. (2011) 

186Pb 



A complementary experimental picture: 

Above and below Z=82 
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• Energy-level systematics show 

intruder structure, usually 

parabolic. 

 

• Charge radii reveal the onset of 

deformation. 

 

• B(E2)’s detail couplings of states 

within structures. 

 

• Quadrupole moments and inter-

band matrix elements complete 

picture of shape. 

Pb 
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Pb region: Miniball @ REX-ISOLDE 
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186Pb 

Hg 

Rn 

Po 

N. Bree et al. PRL 112 (2014) 162701 

Pb 

J. Pakarinen (in 

analysis) 

T. Grahn (in 

preperation) 

This talk: 
202,204Rn – York 

196-202Po – Leuven 

I196Po = 2x104 pps 

Purity = 54(1)% 

RILIS 

I202Po = 7x104 pps 

Purity = 98(2)% 

RILIS 

Eb = ~2.8-2.9 MeV/u 

I202Rn = 3x104 pps 

Purity = ~100% 
VADIS + Cooled line 



Coulomb excitation : Particle-γ 
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Projectile 
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p-p-γ  both collision partner 

  = best Doppler correction 

+ p-γ  more statistics 

X-rays 
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104Pd(200Po) 

in 2009 
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in 2012 
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Z = 86: 202,204Rn: γ-ray spectra 

• Population of 2+
1 state only in 204Rn 

 

• 2+
2 and 4+

1 also observed in 202Rn 
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204Rn on 109Ag 
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Target gated, background subtracted, Doppler corrected for scattered projectile

202Rn on 120Sn 

526 keV 569 keV 

543 keV 

311 keV 

415 keV 

DC for Rn projectile 

DC for Ag recoil 



Gosia2 results: Radon 
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202Rn : χ²min = 5.73 

<0+
1||E2||2+

1> = 1.00(15) eb 

<2+
1||E2||2+

1> = 0.5(-1.7
+2.1) eb 

120Sn data : preliminary 

<2+
1||E2||4+

1> ~ 1.9 eb 

<2+
1||E2||2+

2> ~ 2.2 eb 

Vibrational states or 

intruder states? 

Must determine uncertainty 



Z = 84: 196-202Po: γ-ray spectra 
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200Po on 104Pd 

pγ + ppγ events, Doppler corrected for projectile/target 

605 keV 

2+
0+ 198Po 

666 keV 

2+
0+ 200Po 

677 keV 

2+
0+ 202Po 

556 keV 

2+
0+ 104Pd 

556 keV 

2+
0+ 104Pd 

871 keV 

2+
0+ 94Mo 

556 keV 

2+
0+ 104Pd 

196Po on 104Pd 198Po on 94Mo 

202Po on 104Pd 

463 keV 

2+
0+ 196Po 



Z = 84: 196-202Po: γ-ray spectra 

• Population of 2+
1 state in all isotopes 

• Multi-step coulex observed in 196,198Po 

 

196Po on 104Pd 
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χ²min = 7.9 

<0+
1||E2||2+

1> = 1.03(3) eb 

<2+
1||E2||2+

1> = 0.10(25) eb 

Gosia results : Polonium 
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• If only 2+
1 state populated 

o Extract <0+
1||E2||2+

1> and <2+
1||E2||2+

1>  

o χ² surface to look for best solution 

o Example: 200Po on 104Pd 

Gosia1 

If there are 

other states 

populated… 

+ Ι(γ) + τ, 

etc… 

Iterate  

Gosia1  

Gosia2  

Gosia1… 
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Comparison with Beyond Mean Field 

11 J.M. Yao, M. Bender, P.-H. 

Heenen PRC 87, 034322 (2013) 



Comparison with Beyond Mean Field:198Po 
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• Poor energy-level reproduction 

Experiment BMF 

J.M. Yao, M. Bender, P.-H. 

Heenen PRC 87, 034322 (2013) 



Radon BMF: 2+ Energies 
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• General problem of the model. 

• Trend is correct 

• Magnitude too high 

• Worse with increasing Z 

 

“There can be several sources to this 

deficiency: a variational space that is 

better suited to optimize the 0+ 

ground state than the excited states, 

triaxiality effects, the treatment of 

pairing correlations, or deficiencies 

of the energy density functional.” 

J.M. Yao, M. Bender, P.-H. 

Heenen PRC 87, 034322 (2013) 



Comparison with Beyond Mean Field:198Po 
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• Poor energy-level reproduction 

• Magnitude and relative B(E2) values 

are pretty good 

Experiment BMF 
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B(E2) down [Wu] 

J.M. Yao, M. Bender, P.-H. 

Heenen PRC 87, 034322 (2013) 



Summary 

• B(E2; 2+
1  0+

1) determined in radon isotopes. 

o 202Rn = 29(8) W.u. ; 204Rn = 35(14) W.u. 

• Larger data set in polonium: 196Po(6 ME’s), 196Po(7 ME’s), 200,202Po(2 ME’s).  

o comparison to BMF calculations; IBM underway (J. E. García Ramos) 

• Sensitive to Qs in 200Po, but not so much in other isotopes. 

• Issue of relative signs of matrix elements and lack of data. 

o Leads to two indistinguishable solutions in 198Po = two Qs 

• X-ray problem (presented last year by Nele Kesteloot) 

o Looking forward to SPEDE to directly measure conversion electron 

Thank you! 
15 



Thank you for your attention! 
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Analysis of 196-202Po: Xrays 
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Conversion of E2 γ’s 

Conversion of M1/E2 γ’s  

Atomic production of  

K vacancy in ion-atom collision 

E0 transitions 

• 0+
2  0+

1 

• 2+
2  2+

1 

Xrays 

198Po 

198Po on 94Mo 



Atomic production of Xrays 
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• K vacancy creation in collision of beam and target 

 

 

• Scale experiment to theory 

o 188,202Hg, 202,204Rn, 202,206Po 

• Take conversion into account 

• No E0 expected (0+
10+

2 or 2+
22+

1) 

 

J.D. Garcia et al, RMP 45 No 2 (1973) 111 

N.Bree et al, in preparation 
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202Hg contamination 
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• In 2009, cooled transfer line failed allowing Hg out of VADIS. 

• Data on Sn target can still be used, normalised to Rn(2+  0+). 

• Data on Ag cannot be reliably normalised yet 

o Subtract Hg  

 related target 

 excitation? 
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Radon BMF: 2+ Energies 
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Radon BMF: B(E2) 
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