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Motivations
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Best candidates for 2a decay ?

Proton number
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He . . .
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Neutron number

Expected:
QQa /<:> TZa \1

~Geiger-Nutall :
more energy available = more likely

« Natural »
candidate

208ph+ 2 =21Rn
Other candidates

218-220Rn 220-224Ra
)
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Experimental campaigns

Contents lists available at ScienceDirect

H e Nuclear Inst. and Methods in Physics Research, A
2021 | | Theoreticaltrigger | |- ™rrimmes

Full Length Article L))

Novel device to study double-alpha decay at the FRS Ion Catcher i

L. Varga »>*, H. Wilsenach *f, O. Hall 2, T. Dickel >¢, M.P. Reiter 2, D. Amanbayev !, T. Davinson ?,
Gs I — F Rs I o n Ca t c h e r D.J. Morrissey ¢, I. Pohjalainen ®, N. Tortorelli ™, J. Yu®, J. Zhao?, S. Ayet™>2, S. Beck®,
J. Bergmann ¢, Z. Ge", H. Geissel ™, L. Heitz >, C. Hornung , N. Kalantar-Nayestanaki/,

E. Khan™, G. Kripko-Koncz ®, 1. Mardor %8, M. Narang’®, W. Plass <, C. Scheidenberger >/,

.Si oI, S.K. Singh®, A. ¥, C. Theisen »', M. Vandebrouck', P.J. Woods®?,
224Ra —220Rn i S SE S Sme' . i, M Ve 2 oot
Status:

~3 months Technical paper published
Data being analysed

2022

CERN-ISOLDE
220,222R 4 - 216,218Rn

Beam Right now!
~1 week

2023




Decay chains & contaminants

17 /9 = 22 years

Clean decay chain ! Beta contaminants
! Short half-life (see later) Blocked by (longed-lived) 210Pb 7




Experimental setup

Incoming beam 4 DSSD
220Ra / ???Ra MUSETT

30 keV 10x10 cm, 128x128 strips

Implantation in

carbon foil
20ug/cm?




Experimental setup... inreal life




“epo

Eh
5d 162 ps
A

206Tj 210pp

4.2 mn 22 yrs
A

~ 2.5 days ~ 4.5 days

102 due to
short half-life

~10° pps
~10'0 implantations

~103 pps
~108 implantations
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How to identify double o decay ?

2 a particles +...

Energy condition
El EZ ~ QZa

1



A glance at energy spectra

Number of events

Expected energy

10°

10*

10°

10?

10

resolution
(~30 keV FWHM)

Expected:

3 peaks
(+1 satellite)

In experiment:

A lot of contaminants
... to be identified

||||||||||||||
9.5 10

7.5

7
220R

a

5 9
212PO E

220Rq— 216RN— 212Po—208Pp

225Ac chain
223Ac chain

216Rn
45 ps
222Ra chain 212pg
208Pb

299 ns




How to identify double o« decay ?

2 a particles +...

Energy condition Q Contaminants
Ei+E;, ~ Q4 To be identifed
Q not shown here

Time condition
I, ~T,

Spatial condition
6 ~ 180°

13
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Beam spot reconstruction

Beam Inspection A
Too far from target to | S

monitor beam spot

Beam spot
determined with
simulation



How to identify double o« decay ?

2 a particles +...

Energy condition Q Contaminants
Ei + E; ~ Qg4 to be identifed
QD rotshownten
Ty ~T,
Spatial condition :’. Qualitatively OK
6 ~ 180° VD
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How to identify double a« decay ?
Energy condition Time condition Spatial condition
El + Ez ~ QZC( T1 0 ~ 1800

DATA

z
5

SIMULATION

Signal/Noise Cuts choice
Bckgd, efficiency AE,AT, AG

17



mulation status

E, [MeV]

SIMULATION
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Conclusion

DATA

SIMULATION Qualitatively OK
‘Q Q Towards
V5T quantitative
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Thank you for your attention!
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Energy spectra : literature
N 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

The example of 219Po measured by *{qu to improve alpha-decay data in actinide
Rytz using a photographic plate. region
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2 alpha predictions

Approach

Super Asymetric Fission

Comments

Large BR. Close to 8Be

~10°13

8Be cluster

Very Large BR
(T2a|pha>1 033 yr)

Modified Liquid Drop Model

Large BR. Close to éBe,
weird 299Bi

Close to Poenaru

Time Dependant evolution,
EDF

uncertainties hard to
estimate

~1065

Modification of Unified Model
for Alpha Decay

Very small B.R.

~1072
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Half-life computation

> Generic (phenomenological) formula for radioactive decays

—1_V><S><PS\

Barrier Penetration
Probability
WKB-like expressions

Half-life A55130U2|(t) frgguency Preformation factor
~ S i ‘
( ) Hard to estimate logP, o _Zf dT‘\/ZB(T)(E(T) — Ey.
> Different models : different s, » (sanas) B ~ reduced mass

E ~energy of the system

24



Half-life computation

L1
U gy

Assault | W M.~ ‘J}
frequency Minimised integral action ( 1) ( ) (1)

dg; dg;
7' ds ds

M s (S Z M,

5S =0 AT
Mol =S (O0lgi|pv) (pr|q;0)

@/ dS\AMeff(S» Veff(s) _@ - z’j} - (B, + B

Inertial effective mass PES

Information about energy needed Information about

to deform nucleus energy cost of a path

(Computed w/ ATDHB & perturbed cranked approx)ii(Computed w/ RHB) ..




284.2 H. Wilsenach

34.3 60.7 85.1 109.580.5 148.4 216.3
Verr (MeV) Mesr (MeV) V Vet X Mesr (MeV) courtesy

o 1 - 1 In(2)
() = [ & VMO Ver) = Bolds P =1 oomery he=-p y



