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Expected 

~Geiger-Nutall 
more energy available = more probable

« Natural » 
candidate

208Pb+2𝛼 = 216Rn

Other candidates

218-220Rn,220-224Ra
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2023
GADGET II - MSU
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Incoming beam 
220Ra / 222Ra

30 keV

220Ra / 222Ra
Implantation in 

carbon foil
20µg/cm2

𝛼"

𝛼#

4 DSSD
MUSETT

10x10 cm, 128x128 strips
Energy + Position + Time

Beam Inspection 
DSSD
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~108 implantations
~101 events expected*

*Microscopic
prediction

~1010 implantations
~102 events expected*

2𝜶 ?
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How to identify double 𝛼 decay ? 

8

2 𝛼 particles +… 

Kinematics
𝐸! + 𝐸" ≃ 𝑆"#(𝐸!, 𝐸", 𝜃)

Time condition
«	𝑇! ≃ 𝑇"	»

Spatial condition
angle 𝜃

Detector resolution 
FWHM ~ 30 keV

Beam spot reconstructed
with simulations

Detector resolution
FWHM ~ 5 ns
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𝛼 − 𝛼 coincidence
3 peaks = Po, Rn, Ra

𝛼 + 𝛼(incomplete) coincidence

𝛼 + 𝛼(pile-up) coincidence

Po contaminants

Rutherford BackScattering
(see later)

« Out of Random » region

EA + EB ! Q2α

(

1− ε

[

1 + f
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12

2 informations / cut

1) ∆Kinematics : 𝐸! + 𝐸" = 𝑆#$(𝐸!, 𝐸", 𝜃)
2) ∆Time               : 𝑇! − 𝑇" = ∆𝑇 2𝛼

0

0

2𝜶 events
centered around (0,0)

  

4 double 𝜶 candidates

220Ra, 216Rn*, 222Ra, 218Rn*

* Can escape from implantation foil

2 ROI / candidate 

A) 𝜃 = 180°,  𝐸' = 𝐸( : « symmetric »
B) 𝐸'	&	𝐸(« out of random » : « asymmetric » ~FWHM(setup)
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Summary : symmetric 2𝛼 (same E, 𝜃 = 180∘)

15

Upper limits on 2𝜶 branching ratio : 
222Ra ∶ 4.47 10-11

218Rn : 𝟗.88 10-11

220Ra : 1.60 10-8

216Rn : 4.14 10-8

Benchmark : 14C decay of 222Ra, BR = (3.0±0.1) 10-10

Microscopic prediction overestimated
BR(th) / BR(upper limit, exp)

222Ra : 1750
218Rn : 6400

220Ra :  3
216Rn : 19

~3 orders of magnitude too large ~1 order of magnitude too large

Need to refine the microscopic 
theoretical model 
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Out of random : 222Ra

16

EA, EB « out of random »
Any 𝜃

Background contamination
Rutherford BackScattering + single alpha 

→ to be studied  with even more refined simulation
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Symmetric 𝟐𝜶 decay
Upper limit : 

1-3 orders of magnitude 
w.r.t.

microscopic prediction
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Asymmetric 𝟐𝜶 decay 
Background to be assessed
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Symmetric 𝟐𝜶 decay
Upper limit : 

1-3 orders of magnitude 
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microscopic prediction
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Asymmetric 𝟐𝜶 decay 
Background to be assessed

Successful 
campaign 

Able to (at least) set 
upper  limits on 

branching ratios 

Symmetric 𝟐𝜶 decay
Upper limit : 

1-3 orders of magnitude 
w.r.t.

microscopic prediction

Next steps
Refine microscopic model

Detailed background simulation
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