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High precision on fto+ -0+
<Ft> from superallowed 0* — 0* decays « Half-life of the decaying state, At,, < 0.03%
indicate unitarity is violated at 2o level * SA beta branching ratio, ABR < 0.3%

- Total transition energy AQ.. < 0.02%

Experimental precision ¥

B Theoretical corrections ? 2
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O. corrections: role of experimental data m—
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3090 e Hardy 2020 Hardy 2020
_3085F Ft: GANIL 2015 BR (E6225) = Sawla2016| & Shell model
2 20%0F (unpublished) E
< - i E E 1 ® <ft>=3072.08(65)
T 3075F 4 * Ft(*®Ne)= 2930(80)
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*  <Ft> = 3072.65(92)
*  Ft(1sNe)= 3097(22)

[1] Hardy & Towner, PRC 102, 045501 (2020).
[2] Satula et al., PRC 94, 024306 (2016).
[3]]).C. Hardy, et al., Nucl. Phys. A246, 61 (1975).
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O. corrections: role of experimental data .
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Current scenario ... ANl

23 known cases, but precision =0.3% or better for only 15 transitions
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Superallowed program @ GANIL =AU

23 known cases, but precision =0.3% or better for only 15 transitions
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< 25 MeV/A

CIME

CSS2

<100 MeV/A

CSS1

< 13.5 MeV/A

STABLE

<1 MeV/A

https://www.ganil-spiral2.eu/scientists/ganil-spiral-2-facilities/accelerators

CO01, C02 injectors
— 7
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https://www.ganil-spiral2.eu/scientists/ganil-spiral-2-facilities/accelerators

SA decays @ GANIL:LISE (*%Ca, 3°S, 42T|)

HI < 10'2 pps Identification

131‘-Jocal point 5m
)Y

ol

= 3 stages selection: B, ~p/Z (DP1); degrader + B, ~A3/Z2 (DP2); velocity filter (v) ++ a number of slits
» |dentification: AE, ToF (+XY)

0B, <3.2T.m (4.3 T.m on LISE 2K)

QO Ap/p £ +2.5 %

o Angular acceptance: 1 msr (3.5 on LISE2K)

= Experimental areas: D4 (+ LISE2K), D6

Slide credit: J.-C. Thomas
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SA decays @ GANIL:LISE (32Ca, 3°S, 42T|) S

HI < 10'2 pps Identification

Experimental Setup for SA £
decay studies

¢ PI1, PI2: implantation monitoring

¢ PI3: t,, measurement

¢ HPGe: BR measurement

¢ Movable tape drive system

__GEN

Rebeiro — Vud Workshop 5-6 Nov 2024 GANIL, Caen
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SA decays @ GANIL:LISE (32Ca ) SN
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" Fragmentation of %Ca@50MeV/A energy (keV)

" ~99.5 % purity, ~10% pps @ 2 euA

t,, = 443.63(35) ms => 0.08 % precision First SA beta decay
BR = 77.14(35)% => 0.4% precision studied at GANIL

B. Blank et al., Eur. Phys. J. A 51, 8 (2015)
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SA decays @ GANIL:LISE (3:Ca, 3°S, “2Ti) —~“lsk—
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SA decays @ GANIL:LISE (3:Ca, 3°S, 42Ti) L~

" Fragmentation #Ti@70 MeV/A -> 4?Ti@35 MeV/A
* 4.10% pps ~99 % purity expected

. e 0. 208.65 ms 80
* Concern about the LISE++ reliability e+ %1000/ Qe=7016.48 22
* Scan of momentum distributions with CAVIAR > 2T
: 51
" Future proposal at LISE with Fast Tape System Ay B e Legfr
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EAaALE]
SA decays @ GANIL:SPIRAL1 (*tNe) "
e 25 keV 8Ne2+ beam

* Implanted on movable aluminized mylar tape
» Plastic scintillator + HPGe

 FASTER DAQ (2ns time resolution) [ Hardy 1975
« Experiment scheduled for 2025 & 2.5
—~ L
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SA decays @ GANIL : What’s next?? SANk—

0.0 1520MS 6

R High resolution germanium detectors:
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SA decays @ GANIL : What’s next?? Ak

Test CVC and ISB corrections on a larger scale : heavier super allowed B+ emitters

> At LISE3: approaching limits on attainable purity required for SA studies
> At SPIRALL: next SA elements refractory => release times > ty,
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42 43 <4 45 46 47
Neutron (N) #

Solution: Change RIB production method or improve purification
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= /\] SUN -
DES'R (Désintégration, excitation et stockage d’ions radloactlfs) - S
NFS New beams

* S3 beams: fusion evaporation => no problem
releasing refractory elements

» Cocktail beam laser ionized => improved
selection

NEWGAIN : A/Q = 3-7 (existing A/Q=1,2)

....

Additional beam purification at
entrance of DESIR hall

2 « General Purpose lon Buncher
Bt /4 (GPIB)

High Resolution Seperator (HRS)

Double penning trap (PIPERADE)
(MR-TOF-MS) 18

Images from: J.-C. Thomas
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DESIR - multi experiment setup

DESIR Hall

Beams

purificion \”\:\: =.

/| measurements

—

Collinear laser-spectroscopy
Laser polarisation (LINO)

Paul trap (MORA)
Penning traps (PIPERADE, MLLTrap)

Half-lives
Branching ratios

(Trap-assisted) decay spectroscopy

e 19
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DESIR (MORA): Towards SA mirror decays -~

Mirror decays :
e J=).#0 0.975 |

| | . Unitarity
« T =1 isospin multiplet

- » ® ]
= o . DU R R
. fa K T oeral g ]
Qf‘t() —0 — F mzrror(l 4 4 2) > — T I
AT avEGE (1 AR
EFaIkowski et al., EP) A“59,113 (2023) A
. _ 0.973 — - J
¢ |n addition to BR, t,, and masses require Fermi  Mirrors  Neutron

Source of data
p = Gamow-Teller/Fermi mixing ratio

¢ Requires correlation measurements

¢ Beta asymmetry (A;) : sensitive to right-handed currents

20
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Some challenges —

DESIR beams via S3-LEB
1. t, for know (heavier) SA emitters 5Ni - °Br : 115 ms and less

O Current gas cell extraction time 300-600 ms (projected to 50 ms)
O Could be a major bottleneck

}‘[ 2 Studied by laser spectroscopy 14 15 16 17 .

He
1.008 4.003

2 LASER ionization SChemeS B i ‘ To be studied in the current/new RI facilities .....
currently not available for all SA W 3 4 s 6 7 8 9 10 1l 12 ....

Na Mg
22.990 24305 39 943

.
e m Itte rS 19 20 21 22 23 24 3 26 27 28 29 30 31 32 33 34 35 36

K Ca Sc Ti v Cr Mn Fe Co Ni Cu Zn Ga Ge As Se Br Kr
O N d t f L AS E R 39.098 40078 44956 47.867 50942 51996 54938 55845 58933 S86U3 63546 6539 69.923 7261 74922 7897 79904 83789
e e S u p p O r ro I n 37 38 39 40 41 42 43 44 45 46 47 48 49 50 51 52 53 54
. Rb Sr Y Zr Nb Mo Te Ru Rh Pd Ag Cd In Sn Sb Te I Xe
C O m m u n Ity to d eve I O p 85468 8762 88906 91224 92906 9595 [98] 10107 10291 10643 10787 11241 11482 11871 12176 12760 12690 15129
55 56 5771 72 7 74 75 76 i 78 79 80 81 82 83 84 83 86
T . . . Cs Ba £ Hf Ta w Re Os Ir Pt Au Hg TI Pb Bi Po At Rn
efﬁ C | e n t I a S e r | O n | Z a tl O n 13291 137.33 17849 18095 18384 18621 19023 19222 19508 19697 20059 20438 2072 20898  [209] [210] [222]
37 88 £9-103 104 105 106 107 108 109 110 111 12 13 114 115 116 117 118
h Fr Ra # Rf Db Sg Bh Hs Mt Ds Rg Cn Nh Fl Me Lv Ts Og
S C e I I I e S [2231 [226] [265] [268] [271] [2701 [277] [276] [281] [280] [285] [286] [289] [289] [293] [294] [294]
% s 57 58 59 60 61 62 63 64 65 66 67 68 69 70 7
Lantflanlde La Ce Pr Nd Pm Sm Eu Gd Th Dy Ho Er Tm Yb Lu
series 13891 140.12 14091 14424 [145] 15036 15196 15725 15893 16250 16491 16726 16891 17305 17497
P 89 90 91 92 93 94 95 96 97 98 99 100 101 102 103
# ACt_m'de Ac Th Pa U Np Pu Am  Cm Bk Cf Es  Fm Md Ne  Lr
series [227] | 23201  231.04 23803  [237]  [244]  [243]  [247) (247 [251] | [252] @ [257]  ([256] @ [259]  [262]

X.F. Yang, et al. Prog. Part. Nucl. Phys. 129 (2023) 104005.
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DESIR is getting ready ...

Next month... installation of building utilities, ventilation, electricity, water supply, etc.
Bare bones beam operation: May 2025

First experiment with decay station : December 2027

Others May 2028+ +

B. Rebeiro - Vud Workshop - 5-6 Nov 2024 - GANIL, Caen
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Thank you for your attention!
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Same experimental data corrected by different dC calculations
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LVMO9DD (2009)
CGSO09PR (2009)
SATI12SV (2012)

Slide courtesy: J. Grinyer, J.-C. Thomas

B. Rebeiro - Vud Workshop - 5-6 Nov 2024 - GANIL, Caen

24



/

Y

| W oo
_.,. /////////




Perspective: 4°Ti -> 42Sc

Production: 6Ti@70 MeV/A -> “Ti@35 MeV/A
-> 4e3 pps/epA, ~99 % purity expected

However: concern about the LISE++ reliability
-> Scan of momentum distributions with CAVIAR (ongoing analysis)

J.-C. Thomas, LISE Workshop - 23-24/05/2023 — GANIL/LPCC
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38 -> 3235 momentum scans

B, ==k . 5 B,,=B,, settings with F31 = +30 mm
2-11217 g § Experiment LISE++ (Tarasov Opt. 1)
N -. . c
sy I E"’sg i}  DP1=>BrhoPlot _
== | B .
..................... g 102? 328 : tes7 i
J == e 4o
i d-. 1: L Ll .H\ A R 2 1:
2.2879 ; o . * Momenztﬁm Distriljjtion (T.mz).6 B
1 < > < >
[2.08,2.5] T.m scan, i.e. 14.6%
; ) Max dist. Exp. Max dist. LISE++
-é; ISOtOPe (T m) P (T m)* * Assuming the target was at 10°
328 2.25 2.25
. 1 - [t e .|l 338 2.31 2.33
V 52 e W ug 2.41 2.41
2.4540: S . LA )
3 lﬁ -> target deconvolution to deduce the actual momentum distribution to be used in LISE++
~_->absolute production cross sections: primary beam intensity measurement required 27
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34cCa 35Ca 40Ca

Fermi decays

>

)> #:13_ 30Ar
Mirror decays § | ma

> ,

> 285
Located on the neutron deficit —

side of the nuclear chart
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31Ar 32Ar 33Ar
3ocl 31cl 32c1
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) IIIiiIII

41Ca

42Ca

17 18
Neutron (N) #
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