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• Theoretical framework

• Experimental search for 2𝛼

- FRS Ion Catcher / GSI 

- Isolde, CERN / Saclay

Outline
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Theoretical 
framework
Microscopic description of 
radioactivity
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Theoretical framework
Alpha & double alpha radioactivities

• First model for 𝛼 decay :  Gamow 1928 (tunneling)

• Phenomenological models for alpha/cluster radioactivity

• First prediction for 2𝛼 : Poenaru 1980 , 8Be-like, very long half-life

• Microscopic description : Mercier 2021, Zhao 2023, of 𝛼, 2𝛼 decays (& cluster)
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Theoretical framework
Single alpha decay Points along 

dynamical path

220Ra
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Dynamical evolution:
formation of an 𝛼 particle

𝛽!" : deformation parameters

Quantity computed : log𝜏
→ Very good agreement ! 
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Theoretical framework
Double alpha decay

Back-to-back emission of 2 𝛼 particles
212Po
𝛼
𝛼

Dynamical 
path 

Branching Ratio (BR) :

Experimentally 
Interesting ! 

New type of radioactivity  : 
Back-to-back double alpha decay !
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Already observed
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Theoretical framework
Double alpha candidates

𝑄!"[MeV]

208Pb

Region of interest : large 𝑄"# value

208Pb+2𝛼 ≡216Rn
Other candidates : 

218,220Rn  220-224Ra
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≡ expected smaller 𝜏 (~Geiger-Nuttall)



Theoretical framework
Summary

Single alpha : Excellent agreement 

Cluster : good description 

Double alpha : interesting BR

Black = exp      Color = theory

Further investigation needed 

Good potential candidates 
for experimental probe
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Zhao, Ebran, Heitz, Khan, Mercier, Nikšic, Vretenar 2023



Experimental 
search for 2𝛼
FRS-Ion catcher GSI 
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Theoretical 
prediction

Run 
@GSI

H. Wilsenach courtesy



FRS Ion Catcher - GSI
Isotope choice - decay chain
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224Ra
3.6 d

220Rn
55.6 s

216Po
145 ms

𝛼 100%
5.78 MeV

𝛼 100%
6.40 MeV

𝛼 100%
6.78 MeV212Pb

10.6h

212Bi
60.5 m

208Pb

208Ti
3.03 m

212Po
299 ns

𝛼 36 %
6.09 MeV

𝛼 100 %
8.78 MeV

𝛽!
100 keV

𝛽! 64%
494 keV

𝛽!
559 keVAlpha emitter

Beta emitter

2𝛼 candidate

𝑄!"/2 =

6.1MeV

𝑄!"/2 =
6.59MeV

(Only theoretical candidate at the time)
Source production  via 228Th

Beta background
Contaminant in ROI

Background

𝑄!"(!!#Ra)/2 ≃ 𝑄"(!$!Bi)

Spatial & Energy cuts 
(180°) Back-to-back emission

𝐸!" = 𝐸!# = 𝑄#!/2

224Ra



FRS Ion Catcher - GSI
Sketch of the setup
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228Th →
#

224Ra
2y

Select 224Ra2+

Back-to-back 
𝛼 emission 

𝜎 < 1 mm

50 x 50 mm2

16 x 16 strips
Resolution ~ 25 keV

H. Wilsenach courtesy

H. Wilsenach courtesy



FRS Ion Catcher - GSI
Data Acquisition (2022)

~120 days of data
~3×10$ 224Ra implanted

Planning à rajouter 
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224Ra

Accumulated rate
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H. Wilsenach courtesy



FRS Ion Catcher - GSI
Data analysis
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224Ra
3.6 d

220Rn
55.6 s

216Po
145 ms

𝛼 100%
5.78 MeV

𝛼 100%
6.40 MeV

𝛼 100%
6.78 MeV212Pb

10.6h

212Bi
60.5 m

208Pb

208Ti
3.03 m

212Po
299 ns

𝛼 36 %
6.09 MeV

𝛼 100 %
8.78 MeV

𝛽!
100 keV

𝛽! 64%
494 keV

𝛽!
559 keV

𝑄!"/2 =

6.1MeV

Preliminary 

224Ra

224Ra 220Rn
216Po 212Po

212Bi

Contamination in ROI for 224Ra
220Rn better candidate ? 

H. Wilsenach courtesy



Experimental 
search for 2𝛼
CERN/Isolde - Saclay
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2021 2022

Theoretical 
prediction

Run 
@GSI

Run 
@CERN

2023
today 



Experimental search for 2 𝛼
Decay chains

220Ra

Alpha emitter

Beta emitter
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220Ra
18 ms

216Rn
45 µs

212Po
299 ns

208Pb

𝛼 100%
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𝛼 100%
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222Ra 224Ra
Clean chain Beta contaminants

Long-lived 210Pb
First prediction

Beta contaminants
𝑄"#(""$Ra)/2 ≃ 𝑄#("%"Bi)

2𝛼 candidate

𝑄!"/2 = 7.9MeV

𝑄!"/2 = 8.6MeV

𝑄!"/2 = 6.97MeV

𝑄!"/2 = 7.55MeV

𝑄!"/2 =

6.1MeV

𝑄!"/2 =
6.59MeV

GSICERN



Incoming beam 

CERN/Isolde - Saclay
Sketch of the setup

10 cm

MUSETT setup
(Similar to MUST2)

10 cm x 10 cm

Back-to-back spatial coincidence

128 + 128 strips
Electronics & DAQ by GANIL & IJCLab
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∼2 104 pps
30 keV/A
1 week

20 µg/cm2 Carbon foil∼tens of events
expected

Beam 
inspection

DSSD

220-222Ra
Implantation

foil

4 detection 
DSSD



CERN/Isolde - Saclay
Simulation for background estimate- 222Ra

𝐸+, + 𝐸+- = 𝑄-+
D. Thisse -C

. Theisen

𝐸+, + 𝐸+- = 𝑄-+

Free of 
contaminants !

(Same conclusion for 220Ra)
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36.2 s

218Rn
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214Po
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𝛼 100%
6.68 MeV
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𝛼 100%
7.83 MeV210Pb

22.2 y

210Bi
5.01 d

208Pb

206Hg
8.32 m

206Ti
4.2 m

210Po
138.4 d
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3.79 MeV
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5.04 MeV
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𝛽!
63.5 keV

𝛽!
1.16 MeV

𝛽!
1.53 MeV

𝛽!
1.31 MeV

𝐸+, = 𝐸+- =
𝑄-+
2

𝐸+, = 𝐸+- =
𝑄-+
2

2𝛼 candidates

Spatial cut :
Back-to-Back emission

(+ time cuts)



CERN/Isolde - Saclay
Current status
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Detectors & electronics tested 
Saclay/GANIL

Full setup almost ready
GANIL

Should be performed 
in coming months



Experimental search for 2 𝛼
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Experiment GSI
(FRS-Ion Catcher)

Saclay
(CERN/Isolde)

Isotope 
production Source Beam

Experiment
duration ~ 3 months 1 week

Double alpha
candidates

224Ra - 220Rn
222Ra - 218Rn
220Ra - 216Rn

Current status Data analysis Final setup 
almost ready

2021 2022

Theoretical 
prediction

Run 
@GSI

Run 
@CERN

2023
today 

?
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Back-up
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2 alpha predictions
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Approach Comments Best B.R.

Poenaru - 1985 Super Asymetric Fission Large BR. Close to 8Be ~10-13

Tretyak - 2021 8Be cluster Very Large BR 
(T2alpha>1033 yr) … 

Santhosh - 2021 Modified Liquid Drop Model Large BR. Close to 8Be, 
weird 209Bi Close to Poenaru

Mercier Zhao -
2021,2023

Time Dependant evolution, 
EDF

uncertainties hard to 
estimate ~10-6.5

Denisov - 2022
Modification of Unified Model 

for Alpha Decay Very small B.R. ~10-2



Half-life computation
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Generic (phenomenological) formula for radioactive decays

Half-life Assault frequency
(~10!" 𝑠#$)

Preformation factor

Barrier Penetration
Probability 

Hard to estimate

WKB-like expressions

log𝑃" ∝ −2∫ 𝑑𝑟 2𝐵(𝑟) 𝐸(𝑟) − 𝐸#

Different models  : different 𝑆, 𝑃" (𝐸and𝐵) 𝐵 ~ reduced mass
𝐸 ~energy of the system
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Half-life computation
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Minimised integral action

𝛿𝑆 = 0

PES
Information about 

energy cost of a path
(Computed w/ RHB)

Inertial effective mass
Information about energy needed 

to deform nucleus
(Computed w/ ATDHB & perturbed cranked approx)

Assault 
frequency



FRS Ion Catcher - GSI
Simulations
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Barrier
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History of radioactivity 


