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Motivations
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Theoretical Trigger
2021

Microscopic description of alpha 
radioactivty

F. Mercier, J. Zhao, J.-P. Ebran, E. Khan, T. Nikšić, and D. Vretenar
Phys. Rev. Lett. 127, 01250



Motivations
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log T1/2 ∼
1

√
Qα

Quantum tunneling
explains empirical

 Geiger-Nutall law:

+ pheno parameters 
explains

cluster radioactivity

First prediction of 2𝜶
(as 8Be) decay…

Schematic view

𝛼 + 𝛼 =!Be

...but
Very long half-life

First 𝜶 decay model



Motivations
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log T1/2 ∼
1

√
Qα

Quantum tunneling
explains empirical

 Geiger-Nutall law:

First 𝜶 decay model

F. Mercier, J. Zhao, J.-P. Ebran, E. Khan, 
T. Nikšić, and D. Vretenar Phys. Rev. Lett. 127, 012501
J. Zhao, J.-P. Ebran, L.H., E. Khan, F. Mercier,
T. Nikšić, and D.Vretenar Phys. Rev. C 107, 034311

+
back-to-back 2𝜶 prediction

+
Experimentally Interesting half-life

First microscopic (EDF)
model of 𝜶 decay (+cluster)

BR ∼

τ2α

τα

∼ 10
−7

calculations

+ pheno parameters 
explains

cluster radioactivity

Schematic view

𝛼 + 𝛼 =!Be



Best candidates for 2𝛼 decay ? 
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Q2α ↗⇐⇒ T2α ↘

Expected : 

~Geiger-Nutall :
more energy available = more likely

« Natural » 
candidate

208Pb+2𝛼 =216Rn

Other candidates
218-220Rn,220-224Ra



Experimental campaigns
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GSI – FRS Ion Catcher 
224Ra – 220Rn

Source
~3 months

CERN - ISOLDE
220,222Ra - 216,218Rn

Beam
~1 week

Theoretical trigger2021

2022

2023

Status : 
Technical paper published

Data being analysed

Right now ! 



Decay chains & contaminants
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222Ra
36.2 s

218Rn
36 ms

214Po 
162 µs

210Pb 
22 yrs

206Hg 
28 mn

206Ti 
4.2 mn

210Bi 
5 d

210Po 
138 d

206Pb 𝛼

𝛽

220Ra
18 ms

216Rn
45 µs

212Po 
299 ns

208Pb 

2𝛼?

✅ Clean decay chain
❗ Short half-life (see later)

« Natural » 
candidate

Both 
cases
2x 2𝛼?

T1/2 = 18 ms

T1/2 = 22 years

❗Beta contaminants
✅ Blocked by (longed-lived) 210Pb



Experimental setup
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Incoming beam 
220Ra / 222Ra

30 keV

Implantation in 
carbon foil

20µg/cm2

220Ra / 222Ra

4 DSSD
MUSETT

10x10 cm, 128x128 strips

Beam Inspection 
DSSD

𝛼"

𝛼#



Experimental setup… in real life
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BEAM



A few numbers
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220Ra
18 ms

216Rn
45 µs

212Po 
299 ns

208Pb 

~ 2.5 days 
~103 pps

~108 implantations

222Ra
36.2 s

218Rn
36 ms

214Po 
162 µs

210Pb 
22 yrs

206Hg 
28 mn

206Ti 
4.2 mn

210Bi 
5 d

210Po 
138 d

206Pb 

~ 4.5 days 
~105 pps

~1010 implantations

10-2 due to 
short half-life



How to identify double 𝛼 decay ? 
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2 𝛼 particles +… 

Energy condition
𝐸! + 𝐸" ∼ 𝑄"#
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A glance at energy spectra
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220Ra
18 ms

216Rn
45 µs

212Po 
299 ns

208Pb 

Expected : 
3  peaks

(+1 satellite)

In experiment : 
A lot of contaminants

… to be identified

225Ac chain
223Ac chain
223Ra chain
221Ra chain
222Ra chain

220Ra→ 216Rn→	212Po→208Pb

220Ra 216Rn 212Po

Expected energy 
resolution

(~30 keV FWHM)



How to identify double 𝛼 decay ? 
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2 𝛼 particles +… 

Energy condition
𝐸! + 𝐸" ∼ 𝑄"#

Time condition
𝑇! ∼ 𝑇"

Spatial condition
𝜃 ∼ 180°

not shown here

Contaminants
To be identifed
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Beam spot reconstruction
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Beam Inspection 
DSSD :

Too far from target to 
monitor beam spot

Ra 
Beam

Beam spot 
determined with 

simulation

DET2, Simulation
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How to identify double 𝛼 decay ? 
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2 𝛼 particles +… 

Energy condition
𝐸! + 𝐸" ∼ 𝑄"#

Time condition
𝑇! ∼ 𝑇"

Spatial condition
𝜃 ∼ 180°

Qualitatively OK

not shown here

Contaminants
to be identifed



How to identify double 𝛼 decay ? 

Energy condition
𝐸! + 𝐸" ∼ 𝑄"#

Time condition
𝑇! ∼ 𝑇"

Spatial condition
𝜃 ∼ 180°

DATA

SIMULATION

Signal/Noise
Bckgd, efficiency

Cuts choice
∆𝐸,∆T, ∆𝜃
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Simulation status
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Conclusion

19

DATA
Energy Time

Space Statistics

SIMULATION
Qualitatively OK

Towards
quantitative
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Back-up
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Energy spectra : literature
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Literature rather old :
220Ra weighted average of 7449 (10) from 
Hessberger 2000, 7455 (10) from Valli 1970
and 7460 (20) from Andreev
214Po : measurement with a magnetics 
spectrograph. Rytz. Helv.Phys.Acta 34, 240 
(1961), again adjusted by Rytz in 1991.

In our background data, peaks not (yet) identified 

Room to improve alpha-decay data in actinide 
region



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#$)

Preforma2on 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



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
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H. Wilsenach 
courtesy


