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* Theoretical framework

* Experimental search for 2«

- FRS lon Catcher / GSI
- |Isolde, CERN / Saclay

Taken from Mercier et al. 2021
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Theoretical
framework

Microscopic description of
radioactivity

Taken from Mercier et al. 2021
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Theoretical framework

Alpha & double alpha radioactivities

First model for & decay : Gamow 1928 (tunneling)

Phenomenological models for alpha/cluster radioactivity o.o

First prediction for 2« : Poenaru 1980 , 8Be-like, very long half-life
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Microscopic description : Mercier 2021, Zhao 2023, of &, 2 _decays (& cluster)
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Taken from

Theoretical framework " ;. ®
Single alpha decay

Points along |
dynamical path pi < 0

04— "~ B,,=0.0F ' ' 1340:0.1 ' " By=0.2

Dynamical evolution:
formation of an. particle

Quantity computed : logt
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. O Bio : deformation parameters

— Very good agreement!



BRcluster ~ 10~ 10

Theoretical framework

Double alpha decay
e

Already observed

New type of radioactivity :
Back-to-back double alpha decay! |

[Back-to-back)emission of 2 & particles
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Branching Ratio (BR) :
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Theoretical framework

Double alpha candidates
QZa[MEVJ
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/Zhao, Ebran, Heitz, Khan, Mercier, Niksic, Vretenar 2023

Theoretical framework
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H. Wilsenach courtesy

Experimental

search for 2«
FRS-lon catcher GSI

Theoretical Run
prediction @GSl
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Spatial & E t
FRS lon Catcher - GSI (1soga|3aé::k-to?bzr§l¥ :r:i:sion

Isotope choice - decay chain Ea1 = Eqz = Q2a/2

(Only theoretical candidate at the time) 224R a
Source production via %?%Th

° Beta background Q,,(*“*Ra)/2 = Qa(“zbﬁ) 00

Contaminant in ROI

a 100%
5.78 MeV
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212Pg B~ 64%
299 ns 494 keY¥

a 100%
6.40 MeV

216P0
/ 145 ms
o 100 % '2Bi B .
D 2(1 Candidate 8.78 MeV 60.5m 100 keV
a 100%
. 559 keV 6.78 MeV
Alpha emitter _ 78 Me
. Beta emitter Background
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noA-3223

Ohmic Side

H. Wilsenach courtesy

FRS lon Catcher - GSI 50 x 50 mm?

16 X 16 strips
Sketch of the setup Resolution ~ 25 keV

Junction Side
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FRS lon Catcher - GSI <106  Accumulated rate

3500

Data Acquisition (2022) 3000~
N T T T T[T [ 7] 2500 .
| 2000+
15000 .
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ot
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Measurement time
(Days) - Wilsenach courtesy

Al B 229Ra B BG

~120 days of data

Run Run Run Run

—t e ~3X 107 224Ra implanted
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FRS lon Catcher - GSI

Data analysis

10° =

o - Full Detector
% - Central Pixel
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212Pg B~ 64% a 100%
2909 ns 494 keV 216pg 6.40 MeV

4

4 145 ms
a100% | 212Bj p~
8.78MeV | 60.5m 100 keV
208pp Vi g g a 100%
6.78 MeV

220Rn better candidate ?

224Ra
3.6d

a 100%

.78 MeV

iContamination in ROI for 224Ra
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Experimental

search for 2«
CERN/Isolde - Saclay

Theoretical Run Run
prediction @GSl @CERN

l l today l

2021 2022 2023
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D 2 candidate Alpha emitter

Experimental search for 2

Decay chains
Q,,/2 = 7.9Me

220R 3

. Beta emitter

222Ra 05.42.=.6.97 MelV "224Ra o

poprmer 6.1MeV

750 MeV g ¢ First prediction

Beta contaminants
Q20 (““*Ra)/2 = Qq(***

¢ Beta contaminants
Long-lived %1°Pb

Clean chain
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559 keV

a 36 %

3.79 MeVil®




z LP2i . e, - ~A R Beam
C E R N / | SO | de - S aclay A inspection

DSSD
Sketch of the setup

MUSETT setup
Similar to MUST?

4 detection
DSSD

Implantation

220-222R49 foil

|l_10 cmx10cm™

'UCLab 128 + 128 strips

Electronics & DAQ by GANIL & [JCLab
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n
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~ Back-to-back spatial coincidence
o kawra| | tens of events 20 wg/om? Carbon Toi | Back-to-back spatial coincidence |

expected
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Spatial cut :

CERN/lIsolde - Saclay ecto-Backemisn (r———

foil

Simulation for back round.estimate-"<““Ra Y 4k >
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(Same conclusion for %°°Ra)
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CERN/Isolde - Saclay

Current status

Detectors & electronics tested
Saclay/GANIL

Full setup almost ready
GANIL

Should be performed
In coming months

18



Experimental search for 2

Theoretical
prediction

2021

Experiment Gl Saclay
P (FRS-lon Catcher)| (CERN/Isolde)
Isotope Source Beam
production
Experlr_nent ~ 3 months 1 week
duration
Double alpha 224p _ 220Rn 222Ra - 21°Rn
candidates 220Ra - 2'%Rn
Current status Data analysis Final setup
almost ready

Run
@GSl

2022

today

Run
@CERN

2023

?
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Thank you for your
attention !
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Amanbayeyv, T. Davinson, L. Heitz, I.Ponjalainen, M.
Simonov N. Tortorelll, L. Varga, J. Yu, J. Zhao, S. Ayet, S
Beck, Z. Ge, H. Geissel, C. Hornung, N. Kalantar-
Nayestanaki, E. Knan, G. Kripko-Koncz, |. Mardor, D.
Morrissey, M. Narang, W. Plal3, C. Scheidenberger, A
State, C Theisen M. Vandebrouck P Woods
and the FRS lon Catcher Collaboration
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and the Double Alpha @CERN Collaboration
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2 alpha predictions

Approach

Super Asymetric Fission

Comments

Large BR. Close to ®Be

~1013

Very Large BR

for Alpha Decay

8
Be cluster (T2alpha>1033 yr)
. - Large BR. Close to ®Be,
Modified Liquid Drop Model weird 209B; Close to Poenaru
Time Dependant evolution, uncertainties hard to 1065
EDF estimate
Modification of Unified Model Very small B.R. ~10°2
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Half-life computation

> Generic (phenomenological) formula for radioactive decays

Barrier Penetration
Probability
WKB-like expressions

Half-life Assalil(t)ggeqliincy Preformation factor
~ S i I
( ) Hard to estimate lOgPS X _Zf dr\/ZB(T) (E(T') — Eo)
> Different models : different S, P, (EandB) 0 reducer mass

E ~energy of the system
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Half-life computation

T :(/\ —|—exp®

Assault
frequency Minimised integral action

5S =0

Inertlal effectlve mass

Information about energy needed
to deform nucleus
(omute w/ TDHB &pertrbe cranked appo) 1

i Information about
{ energy cost of a path |
{Gomputed w/ RHB)
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FRS lon Catcher - GSI

Simulations e —ery
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Simulation

Detector O Detector 1
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Barrier

—16601 —— Energie jusqu'a la scission LIBig
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History of radioactivity

« 1895 Wilhelm Rontgen : X-ray

- 1896 Henri Becquerel : radioactivity

- 1898 Ernest Rutherford : a and B rays

« 1900 Paul Villard : gamma rays

« 1929 Maria Goeppert-Mayer : double gamma prediction

- 1934 Irene and Fréderic Joliot-Curie : artificial radioactivity

« 1935 Maria Goeppert-Mayer : double beta prediction

« 1937 Luis Alvarez : electron capture

- 1938 Otto Hahn, Fritz Strassmann, Lise Meitner : fission

« 1946 L.L. Green and D.L. Livesey, San-Tsiang Tsien et al. : ternary fission
« 1960 Vitalii | Goldansky : proton and double proton prediction

« 1970 K.P. Jackson et al. : proton emission ( from an isomeric state)

« 1980 A. Sandulescu, D.N. Poenaru and W. Greiner : cluster radioactivity prediction
- 1984 H.J. Rose and G.A. Jones : cluster radioactivity

- 1987 S. R. Elliott, A. A. Hahn, and M. K. Moe : double beta decay

« 1985 Dorin Poenaru : double, triple alpha prediction

- 2002 Jérome Giovinazzo et al., Marek Pfutzner et al : double proton

Ch. Theisen courtesy
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