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Interaction Nom  de la radioactivité

(date de découverte)

Particule(s) émise(s)

par le noyau

Electromagnétique

g 100 photon

Electron de conversion (1938) e-

Faible

b- 1 e-, ne

b 1 e+, ne

Capture électronique (1937) ne

Double b- 10 2e-, 2ne

Double capture électronique (2001) 2ne

b- Etat lié (1992) ne

Forte 

(+EM)

a 16 2
4He

n, p (1970), 2p (2000), 2n (2012) n ou p ou 2p ou 2n

Clusters (1984) 14C ou 24Ne ou 32Si, …

Fission (1939) n + 2 noyaux lourds 

(90Zr, 132Sn, …)

Fission ternaire (2010) n + 3 noyaux lourds 

Decays
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Examples of rare decay modes by strong interaction

223Ra -> 14C + 209Pb

Rose and Jones, Nature, 307 (1984) 245

45Fe

K. Miernik et al, Phys. Rev. Lett.  99 (2007) 192501

p

p

TPC data
BR≃10-9
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a decay from textbooks

with

Geiger-Nuttall law
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C. Qi et al, Phys. Lett. B 734, 203 (2014)
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A microscopic approach to a decay 

: barrier penetration probability (WKB)

n: number of assaults per unit of time

: minimization of the action integral

108Xe

Potential energy surfaces calculated with covariant EDF 

104Te

104Te 108Xe
Texp <18ns 58 ms
Ttheo 197ns 50 ms

224Ra
Texp 3.6 d
Ttheo 5.7 d

RHB density plots
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Microscopic insight on the origin 
of the a decay mechanism

212Po

time

Measure of the purity
of the (2n+2p)
wave function

Density
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14C cluster decay in 222,224Ra 

224Ra

RHB density plots



14C 8Be 2a 

Ttheo 1015.87 s 1027.87 s 1013.03 s
Texp 1015.86 s ?? ??

The 2a decay

RHB density plots

224Ra

224Ra

• Unobserved for now
• 2a decay predicted since several decades as 8Be cluster emission: negligible BR
• Here, separate emissions of the 2 a , BR larger than observed 14C cluster emission
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Best 2a decay candidates ?

10



Disposition : Titre

Recherche d'un nouveau type de 
radioactivité: la double 
désintégration alpha

E. Khan, Ch. Theisen / Journée annuelle P2I 

9 janvier 2024



Disposition : Titre et contenu

• Measure in coincidence alpha particles

• Energy (sum Eα1 + Eα2 = Q2α )

• Timing 

• Position (back to back and eventually asymmetric double alpha decay)

Basic idea = implant nuclei of interest in a catcher + measure alpha with position sensitive detectors

Statistics needed >> 1/Branching Ratio
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How to detect double alpha decay

Implantation foil
α1

α2
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GSI 2022 224Ra. Basic principle : 

do an experiment as fast as 

possible with as much as 

possible existing setup.

CERN/Isolde : setup with better

perfomances and more relevant 

isotope(s)
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Experimental approaches

Super-heavy elements

(107Bh, 108Hs, 109Mt, 110Ds, 
111Rg, 112Cn)

Double alpha
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The GSI experiment, FRS cryogenic stopping cell



Disposition : Titre et contenu

Measurement Feb – July 2022, 123 days
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The GSI experiment

Submitted to NIMA



Isolde experiment : why ?

• A wide range of available isotope

• Spallation reactions. Protons 1.4 GeV on various target

• Low energy beam 30-60 keV : perfect for implantation in a 

catcher

• Option molecular beams to avoid isobar contamination
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Radium Isotopes
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What is Isolde ?
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Isolde

Travelling
setups

HRS

GPS

p 1.4 GeV from booster



Travelling
setups 2024 01 09Double Alpha Decay / P2I / Khan & Theisen 9
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• Random coincidence (remember low Branching Ratio = 10-7 or less)

Random coincidence rate = 2 ΔT (gate width) * Rate Detector 1 * Rate Detector 2

• Contamination in the region of interest 

→ choice of the decay chain, beam intensity, etc.
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Which beam ?
Random coincidences and contamination

208Pb

α 100 %

5.67 MeV

α 100 %

6.29 MeV

224Ra
3.6 d

220Rn
55.6 s

216Po
145 ms

α 100 %

6.78 MeV

212Pb
10.6 h

β- 100%

100 keV

212Bi
60.5 m

β- 64%

494 keV

α 36 %

6.050 MeV

6.089 MeV

212Po
299 ns

α 100 %

8,78 MeV

208Tl
3.03 m

β- 100%

559 keV

2α Branching Ratio ~ 10-9

Q2α = 12.194 MeV 

= 6.096 * 2 MeV



Which isotope ?
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Decay chains

220Ra

Alpha emitter

Beta emitter

220Ra
18 ms

216Rn
45 µs

212Po
299 ns

208Pb

𝛼 100%

7.59 MeV

𝛼 100%

8.20 MeV

𝛼 100%

8.95 MeV

222Ra
36.2 s

218Rn
36 ms

214Po
162 µs

𝛼 100%

6.68 MeV

𝛼 100%

7.26 MeV

𝛼 100%

7.83 MeV210Pb
22.2 y

210Bi
5.01 d

206Pb

206Hg
8.32 m

206Ti
4.2 m

210Po
138.4 d

𝛼 1.9 10-4%

3.79 MeV

𝛼 1.3 10-4%

5.04 MeV

𝛼 100 %

5.41 MeV

𝛽−

63.5 keV

𝛽−

1.16 MeV

𝛽−

1.53 MeV

𝛽−

1.31 MeV

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

222Ra 224Ra
Clean chain 

Short-lived Beta contaminants

Long-lived 210Pb
First prediction

Beta contaminants

𝑄2𝛼(
224Ra)/2 ≃ 𝑄𝛼(

212Bi)

2𝛼 candidate

𝑄2𝛼/2 = 7.9MeV

𝑄2𝛼/2 = 8.6MeV

𝑄2𝛼/2 = 6.97MeV

𝑄2𝛼/2 = 7.55MeV

𝑄2𝛼/2 =

6.1MeV

𝑄2𝛼/2 = 6.59MeV

GSICERN



First experiment at Isolde : the setup
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DSSD 10x10 cm2, 128 (X) + 128 (Y) strips

MUSETT array

Array also sensitive to asymmetric double alpha decay 



Double alpha @ Isolde
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+ pumping 2 turbo + 2 dry

+ cooling for detectors and electronics

+ DSSD detector at 0 deg for beam alignment

+ HV, LV, electronics for 1024 + 32 channels

+ DAQ, online monitoring, etc.



Catchers
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C 20 µg/cm2 (90 nm) ACF metal on a glass support 

detached by floating in water

C foils from SEASON



First experiment at Isolde

Less beam time than expected due to CERN technical shutdown and Cern blackout

~4 days 222Ra ~2.1010 implanted + ~2 days 220Ra ~ 2.108 implanted + 2 days 218Rn ~3.109 implanted

Unexpected beam contamination

Problem tuning beam position and spot size

Overall good data quality

Analysis in progress
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Tuesday

June 20th Wednesday Thursday Friday Saturday Sunday Monday Tuesday Wednesday
Thursday

June 30th

Technical 

stop

Technical 

stop
222Ra 222Ra 222Ra 222Ra

222Ra /
220Ra

CERN 

blackout
220Ra 220Ra

Use of hot GPS target

to produce 218Rn 



220Ra alpha-alpha coincidences [PRELIMINARY]
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Without time cut With time cut ∆T < 20 ns

Rutherford Back Scattering

(Correlated events)

Incomplete charge collection

Stable against time cuts

Reduction due to time cuts
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P2I Grant 41 k€

→Transport (from/to ISOLDE/GANIL/SACLAY)

→ Pumping unit (Chamber and pumping were borrowed from 

GANIL & WISArD collaboration)

→ Cable and electronics maintenance

→ DAQ maintenance

Beyond P2I

→ New target loader

→ improved beam diagnostic e.g. MCP

-> reasonably sized chamber

→ digital electronics (long term)
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P2I grant and continuation
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An experiment prepared rapidly to answer a burning physics question

Setup built in ~ 1 year

Most of the setup made from existing or borrowed hardware

Smooth and versatile beam conditions

Data collected on 222Ra (more than expected), 220Ra (less than expected but super clean), 218Rn 

(not foreseen)

Good on-line data quality

Experiment technically successful

Some improvements to be done : beam purity, beam diagnostic and alignment, DAQ and 

electronics maintenance, pumping

8 UTs remaining
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Isolde experiment
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