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➢ Motivation
➢ Interest in polonium
➢ Mean-squared charge radius of polonium

➢ Technique
➢ Laser ionisation of polonium at the RILIS
➢ IS456: Laser spectroscopy via nuclear spectroscopy

➢ Results
➢ Cross-over decay in 195Po
➢ Isotope shift of even polonium isotopes 194-196-198-202Po
➢ Hyperfine structure of odd polonium isotopes 193-195-197Po

● Motivation ◦ ◦ Technique ◦ ◦ Results ◦ ◦ ◦ ◦
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CCOEXISTENCEOEXISTENCE

Motivation: Motivation: αα decay of Po decay of Po
● Motivation ● ◦ Technique ◦ ◦ Results ◦ ◦ ◦ ◦

➢ Smooth dependence of the α energy 
and the partial half-lives.

➢ First discrepancy from this trend at 
191mPo:

➢ onset of oblate deformation

➢  187,189Po deviate even more from the 
trend:

➢ prolate deformation

➢ The even isotopes remain on the 
smooth trend.

➢ spherical nuclei

?! S?! SHAPE STAHAPE STAGG
GG
ERINGERING /  / CCOEXISTENCEOEXISTENCE ?! ?!
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Motivation: Motivation: γγ decay of Po decay of Po
● Motivation ● ◦ Technique ◦ ◦ Results ◦ ◦ ◦ ◦
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➢ Close to the shell closure N=126, one 
can see Po as a closed-shell Z=82 Pb 
core with a pair of protons: (Pb⊕2p).

➢ This nice pictures works well until 
N=114 where the behaviour changes.

➢ The intruding 0
2
+ state cannot be 

explained in this model at all.

?! C?! CONFIGURATION MIXING ONFIGURATION MIXING ?!?!

π ν
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Mean-squared charge radius Mean-squared charge radius δδ<r<r22>>
● Motivation ● ● Technique ◦ ◦ Results ◦ ◦ ◦ ◦

The solid lines represent the evolution of a 
liquid droplet while the connected points are 

experimental data points.

Z=78

Z=80
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Laser ionisation of PoLaser ionisation of Po

Polonium laser ionization scheme

● Motivation ● ● Technique ● ◦ Results ◦ ◦ ◦ ◦
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IS456 with the ISOLDE-RILISIS456 with the ISOLDE-RILIS

ISOLDE tape station
β / γ

IKS Windmill
α

ISOLDE-RILIS
laser

➢ Simultaneous measurement of an isotope of 
interest and a reference isotope while taking 
beam at both GLM and CA0.

● Motivation ● ● Technique ● ● Results ◦ ◦ ◦ ◦

Protons on target
sample source

Record laser frequency
sample parameter

19xPo at GLM
α-decay

accumulation & 
measurement

202Po at CA0
β-decay

accumulation

Wheel rotation & 
delay

Tape transport & 
measurement

Change laser frequency
wait for stabilisation
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Analysis: typical Analysis: typical αα data data
● Motivation ● ● Technique ● ● Results ◦ ◦ ◦ ◦
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198Po196Po194Po
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Analysis: typical Analysis: typical ββ data data
● Motivation ● ● Technique ● ● Results ◦ ◦ ◦ ◦

β

Relation between time and frequency in off-line analysis
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a

An unexpected result in An unexpected result in 195195PoPo
● Motivation ● ● Technique ● ● Results ● ◦ ◦ ◦

195Po
195mPo

Understood contaminants

??

➢ Unidentified alpha peak,
➢ Unexplained high-energy tail,
➢ Similar frequency dependence 

of the bump as the 13/2+ 
isomer.

195mPo

unknown 
transition
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Isotope shift in even-even nucleiIsotope shift in even-even nuclei
● Motivation ● ● Technique ● ● Results ● ● ◦ ◦

➢ Low statistics on 194Po
➢ ∆ν194-202 = 2 GHz

➢ ∆ν196-202 = 2.4 GHz

➢ Build-up due to longer 
half-life of 198Po

➢ ∆ν198-202 = 1.77 GHz

➢ Each isotope is studied 
separately.

➢ Both the isotope of 
interest and 202Po are 
measured in a run

PPRELIMINARY

RELIMINARY
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Isotope shift of even-even nucleiIsotope shift of even-even nuclei

➢ Both 198Po and 196Po 
seem to align on a 
trend while 194Po clearly 
deviate from this.

➢ Further analysis is 
required to extract the 
precise impact on the 
δ<r2>.

● Motivation ● ● Technique ● ● Results ● ● ◦ ◦

PPRELIMINARYRELIMINARY
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Hyperfine structure of PoHyperfine structure of Po
● Motivation ● ● Technique ● ● Results ● ● ● ◦

A = - 766MHz
B = -1433MHz

A = - 500MHz
B = -1666MHz

A = -1100MHz
B = -  933MHz

A = 266MHz
B = 233MHz

A = 366MHz
B = 100MHz

PPRELIMINARYRELIMINARY
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HFS of HFS of 195195PoPo
● Motivation ● ● Technique ● ● Results ● ● ● ◦

➢ If this is a 3/2 state, then 
the peaks should be 
clustered together.

➢ This means an EXTREMELYEXTREMELY 
large quadrupole 
deformation with B >> A

➢ What if this is a 1/2 state? Then there should be 
only 2 peaks.

➢ This is, however, EXTREMELYEXTREMELY improbable from 
the nuclear spectroscopy systematic.

A = - 766MHz
B = -1433MHz

PPRELIMINARYRELIMINARY
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∆ν∆ν
● Motivation ● ● Technique ● ● Results ● ● ● ◦

➢ Large isomer shift in the 
odd isotopes.

➢ Change in the overall 
trend.

➢ Still has to be transformed 
into mean-squared charge 
radius.

PPRELIMINARYRELIMINARY
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Conclusions & OutlookConclusions & Outlook
● Motivation ● ● Technique ● ● Results ● ● ● ●

➢ LOTS of information can be extracted !! and the analysis is under way...

➢ Further the analysis
➢ γ spectra analysis 199,200,204Po
➢ Corrections on the optical spectra
➢ Extract the F factor and ...

➢ Lift the ambiguities
➢ Cross-over decay in 195Po
➢ Spin of the odd isotopes

➢ Relate to the nuclear models
➢ Mean-field calculations
➢ IBM
➢ Clusters ??

➢ Further studies
➢ ?? In-source spectroscopy of 192Po
➢ ?? In-source spectroscopy of neutron-rich polonium isotopes
➢ ?? Collinear spectroscopy using ISCOOL
➢ ?? Trap-assisted decay of 195mPo
➢ ?? Coulomb Excitation with MiniBall at REX-ISOLDE
➢ ?? Electron scattering on polonium at SCRIT to determine absolute <r2>

ISOLDE Worshop
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Cross-over decay in Cross-over decay in 195195PoPo
● Motivation ● ● Technique ● ● Results ● ◦ ◦ ◦

195Po

191Pb

3/2-

3/2-

13/2+

13/2+

E
α
=6609 keV

E
α
= 6699keVE

α
= 6780(2)keV

➢ E(13/2+-195Po) = 175keV
➢ E(13/2+-191Pb) =   83keV

➢ Those values fit with the 
systematics and solve a 
problem almost 20 years 
old...



2007.12.19 ISOLDE Workshop 2007  - Thomas E. Cocolios [IKS] 18

HFSHFS
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● Motivation ● ● Technique ● ● Results ● ● ● ◦


