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Island of octupole deformation: actinide region
• The Rn-Th (Z=88-90) acUnide nuclei around mass number A∼225 delimit 

the region of the nuclear chart where the strongest octupole correlaUons 
are manifested. 

• In general, there is a dearth of experimental informaUon on the structure 
of heavy nuclei in the 220<A<230 transiUonal region between the Z=82 
closed-shell regime and the south-east corner of the A∼222 IOD. 
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• Direct measurements of octupole correlations were performed recently, finding evidences for typical decay 
pattern and enhanced transitions

For example:

• 220Rn and 224Ra from L.P. Gaffney et al.
L.P. Gaffney et al., Nature 497,199–204 (2013)

• 228Th from M.M.R. Chishti et al.
M.M.R. Chishti et al., Nature Physics 16, 853–856 (2020)
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Aims of the experiment
• Octupole deformation around A~225

• Beta delayed and fast-timing spectroscopy:
o Locate low-lying 1- and 3- states
o Measure reduced transition strengths

• Test of nuclear models for r process
• Measurement of ground state half-lives
• Determination of possible competing a branches
• Beta-delayed gamma spectroscopy to:

o Investigate low-lying structure in daughters
o Determine apparent Iβ and logft

• Shape isomers in 220,222Po
• Delayed isomer spectroscopy

o Measure lifetimes of super-deformed 2+ states

5

N=134

N=88

Z=88



4th-5th October 2021 Marta Polettini

Aims of the experiment
• Octupole deformation around A~225

• Beta delayed and fast-timing spectroscopy:
o Locate low-lying 1- and 3- states
o Measure reduced transition strengths

• Test of nuclear models for r process
• Measurement of ground state half-lives
• Determination of possible competing a branches
• Beta-delayed gamma spectroscopy to:

o Investigate low-lying structure in daughters
o Determine apparent Iβ and logft

• Shape isomers in 220,222Po
• Delayed isomer spectroscopy

o Measure lifetimes of super-deformed 2+ states

6



Outline

4th-5th October 2021 Marta Polettini

• Case study: 220<A<230 Po-Fr nuclei 

o Octupole deformation in the A~222 region

o Aims of the experiment

• Experiment

o The DESPEC setup

o Experiment realization

• On-going analysis:

o Alpha decay in Rn isotopes

o Calibration and ion identification optimisation

o Future steps

7



4th-5th October 2021 Marta Polettini

FRS+DESPEC at GSI-FAIR: the 𝛽 decay staCon
The setup is composed of:

AIDA

FATIMA

EUROBALLbPlast

Ion Isomers

𝛽 decay γ rays

• AIDA: a stack of 3 DSSSD detectors

• bPlast: fast plastic detector

• Euroball: HPGe array for gamma detection – four 7-fold 
clusters

(efficiency 2% at 1 MeV)

• FATIMA: array of 36 LaBr3(Ce) detectors
(efficiency 2.9% at 1 MeV)
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The nuclei of interest were 
produced using the 
fragmentation of a 238U beam at 
an energy of 1GeV/nucleon. 



• LiKle known
difficulty in providing a test of the correlaUon 
method

• Challenging ion-b-g correlations
first experiment with b decay measurement as the 
primary goal!

• Long half-lives (~min)
challenging ion-b correlaUons in the DSSSDs
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Challenges of S460 experiment

S. Y. Xia et al. PHYSICAL REVIEW C 96, 
054303 (2017)

CriUcal aspects:
• Proximity to primary beam
• Strong producUon of fission fragments

No known isomers in the region Test seTngs on alpha emiKers

Choosing the FRS settings proved to be very challenging:
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Preliminary results: alpha decay of 218,219Rn

A/Q

Rn isotopes

• 218,219Rn to prove correct implantation and correlations

• First time the DESPEC setup was used to measure alpha 

decay!

• We can provide a validation of pre-existing measurements 

PRE
LIM

INA
RY!
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Courtesy of N. Hubbard, H.M. Albers
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FRS analysis: ion idenCficaCon improvement
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ID plot prima e dopo!

Corrected

Not corrected

Z drift correction

Angle correcUon for posiUon 
at the final focal plane

228-230Fr
226-229Rn

224-225At

TPC
SC22
SC21

Resolution comparison for 
A/Q 

Preliminary Particle IDentification plot: starting point 
for ion-beta correlations 
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Implantation position in AIDA
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X position in S4 X position in AIDA3X posi,on in AIDA2X position in AIDA1

ImplantaUon profile for ions of interest and correlaUon with posiUon @ S4
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On-going analysis
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• Fragment Separator:
o TOF calibration
o Position calibration

• DSSSDs:
o Energy calibration
o Implementation of ion-beta correlation codes

• Plastic scintillator:
o Disentanglement of beta and ion signal
o Position sensitivity

• Gamma-ray detectors (HPGe and LaBr3(Ce)):
o Time alignment 
o Gain matching
o Absolute efficiency calculations

Next step: ion-b-g-g correlations!



Conclusions
The project aims at performing an experimental study of octupole shapes in heavy actinide nuclei, in the A~225  

Po-Fr region.

The experiment was performed at GSI in spring 2021. This talk was focused on:

• Aims of the experiment

• Experimental techniques

• Production of the ions of interest

• The GSI facility: FRS and the DESPEC decay station

• Ion-b-g-g correlation method

• Initial stages of analysis
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