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The very famous Standard Model

125,9 Gev * Explains how the elementary particles : quarks, leptons,

0

. H guage bosons

Boson * Interact via the strong, weak, electromagnetic forces
* Higgs boson: generation of mass

Also said to be a theory of almost everything

Gauge bosons

Image Credit: Wikipedia.



Why beyond Standard Model physics?

Thres generations
of matter (fermians)

I Il 1]
ra= ey Excellently describes the visible world around us.
s : H But has limitations
Hi . .
name Boson « Baryon asymmetry in universe

* Dark matter, dark energy
* Neutrinos ......
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Nuclear B decays: probes of BSM physics

H = Z (¥,0;%,)|F.0(C; + C{ﬁ)’%] + h.c.
=V ,AS5T,FP
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Unitarity of the CKM matrix Correlation measurements




Superallowed B decays: link to BSM physics

Thres generations
of matter {fermions)
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Cabibbo-Kobayashi-Maskawa quark mixing matrix
* Describes relation between flavor eigen states and mass eigen states

* 3 quark generations = 3x3 matrix
* Unitarity of CKM matrix is fundamental to Standard Model
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Superallowed B decays: link to BSM physics

0.975 | | -
Unitarity
- ®
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T o974 | g :
| Falkowski et al., EPJ A 59, 113 (2023)
0.973 ' ' '

Fermi Mirrors  Neutron
Source of data

V.4 largest + most precise top-row element
e Contribues strongly to unitarity tests
* Accesible via superallowed beta decays



Superallowed B decays: link to BSM physics

SA beta decay: 3 decays between isobaric analog

2 2 tat 1A => ] =
V™ + IV + we = 17 states (IAS) =>J;=J
u )=0*, T=1, T.= -1
B+ 18Ne
0.975 I 1 .
Unitarity SA Fermi decay
J=0*,T=1, T.= 0
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: T | E,= 1042 keV
| Falkowski et al., EPJ A 59, 113 (2023)
0.973 ' - ' . |
Fermi Mirrors  Neutron J=1 (Fig.: schematic representation)
Source of data 18F

Mirrors, neutron decays Fermi decays
* T =% isospin doublet * T =1 isospin triplet
e J=J =Y e J=J=0
aka SA 0* - 0* 3 decay

V.4 largest + most precise top-row element
e Contribues strongly to unitarity tests
* Accesible via superallowed beta decays



Superallowed B decays: link to BSM physics
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To date most precise determination of |V | is from

Ft values of SA 0* . 0*beta decays

[1] J. C. Hardy and L. S. Towner, PRC, 102, 045501, (2020)



High precision ft values

K
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High precision for V , requires low uncertainty on ft’* - %

* Total transition energy Q.. < 0.02%
 Half-life of the decaying state, ,, < 0.03%
* Beta branching ratio to the 0* IAS state, BR < 0.3%
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ft values + corrections = Ft

FtO =0 = ;07207 (1 4 6,) (1 + Ong — 0c) =

K 3090} Hardy & Towner, PRC 102, 045501 (2020)
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ft values + corrections = Ft

FtO =07 = 107207 (1 4 6,) (1 + Ong — 0c) =

K 3090} Hardy & Towner, PRC 102, 045501 (2020)

B QvugdG% (1 + AR)
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Average Ft defines value of V.4 => corrections define the magnitude Z of daughter



BSM physics or model effect?
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Ft values computed using only one d.theory model: SM-SW (2015)
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BSM physics or model effect?

2. Remark on §, for the pure Fermi 0* = 0* transitions:
Towner and Hardy concluded that the(ir) SM-SW values are best because these,
“when combined with the experimental ft values, produce corrected Ft values that
agree best with the CVC hypothesis over the full range of Z values”.

One can question this approach as they later use the constancy of these Ft values
to test to which precision the CVC hypothesis holds ...
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Superallowed program at GANIL
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Superallowed program at GANIL

K 0" 50" 0 50" , B M Rebeiro et al., Phys. Scr. 100 (2025) 075305
= Ft = ft ( 1+ (SR) ( 1+ (SNS — 5C) Superallowed 0" — 0" 3 decay studies at GANIL and upcoming
V2d 7 GIZ: ( 1+ AR) (I __~=J|  opportunities with DESIR and S*-LEB
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variation of Z
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https://doi.org/10.1088/1402-4896/ade375

First experiment of Phase 1: ®*Ne @ SPIRAL1 (GANIL)
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18Ne 308 42-|-i 46Cr 50Fe 54Ni 66AS 7OBr
Data:PRC 102, 045501 (2020)

GOAL
* Reduce uncertainty on SA branching ratio to 0.3%
e Sensitive to differentiate between models for ISB corrections
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Experiment done in June 2025...
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15Ne @ GANIL : experimental setup
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Ne-18: hunting for a aluminized tape

Shenzhen Western Hemisphere Technology Co.,Ltd
Aluminum Coated Mylar film www.whtape.com
(38u Myl: » RBS analysis by Cyril Bachelet, 1JCLab: not Ok
1

Rather 1700 m: Ok

" The Al deposit turns out to be ~14 nm thick (500 nm expected!)
® Migration of Al inside the tape and of C/H in the Al layer!

" Only ~2% Oxygen while 18% are expected (Mylar = H,C,,0,) Al layer
-> Does anybody knows a Mylar Aluminized (~100 nm) tape provider?
Carbon contribution ﬁ Al on the
on the surface Material
(meaning there is also Layer Surface
carbon in the Al layer) bottom | 7
\\ | ‘/
Al oxidation wp
i Th is Al all
(cammgfror: 0 on the e’re is ) a b
atmosphere?) Material along the Tail extension due to |
\ Surface ’f"y’“" Al diffusion in the ¢
\ /— thickness “pure” mylar part L
300 350 409/ 450 500 550 600 ,‘"‘ 650"".\ 700
| ]
I i - 1]
Oxygen in “pure” mylar part Where is the Al layer Slide extracted from J.-C. Thomas’ talk at

< Oxygen in Al layer end? the DESIR-BESTIOL Meeting Dec 2024 13




Ne-18: hunting for a aluminized tape
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YNe half-life: did the tape work???

2500 |k

2000

1500

1000

500

Literature: t,, =

17.2569 (19) s

Fit: t,= 17.533 (8) s
— ®
= @m-
- h
E WORK IN PROGRESS l
| 140 | 1éo 1 L 1éo | 280



Moving on to our actual experiment but first *Ne t.,

[

®x10

— CycleTime_Betas CycleTime_Betal

— Entries 2.666815e+08 Entries 1.965858e+08
5000 —— Mean 16.06 Mean 17.96

[ Std Dev 4.237 Std Dev 3.089

— Integral 2.667e+08 Integral 1.966e+08
4000 —— CycleTime_Betal

- Entries 7.009572e+07

— Mean 10.72

— Integral 7.01e+07
2000 —
1000 —

D [ 1 1 1 | 1 I |
0 5 30 35

Decay counting =24 s

Tape flush=5s



13Ne analysis: Work in Progress...

[

*x10
[ L CycleTime_Betas CycleTime_Beta1
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15Ne analysis: Work in Progress...
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Looking for theory collaborations for ISB corrections
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Phase 1 (contd): *°Ti, “°Cr, *°Fe, **Ni @ LISE (GANIL)

0 0.0
400 %e+%pB =100 Sini
Data from Molina et al. PRC 91(1) 014301 (2015) Q(es) =8’?';0{50) keV
- )
" L 114.2(3) ms
I‘L
'D‘Qg e
300 ...... N ""L, Q\h nglll" / IB+[%)
— ] P— ol 32024 0.02(1)
5 ('t Qﬁ_&gﬁ o 4822 R / 0.04(1)
= (" Ry ) 4543 8 0.12(2)
L A= o - 0.15(5)
X n L - iy )
x | o < -;ﬁ" 0.06(3)
- + [ N 38896 ¥ 0.21(3
> ] — o 21(3)
€ 200 ¥ S 3261 / 0.37(4)
£ o
(o) >
cC) S 24246 / 0.16(3)
>
100 0 _
ﬂ\q’_\ A =6%
%.
9367 / 19.75(122)«
54
18\ 305 “2Tj %6y 50k %N %6As 7OBr Co

t,, =193.271 (63) ms

e Largest uncertainty: SA branching ratio Reqd A = 0.3%

BRSA:]-_Z BRI ABR = 1.5%,

* Several competing 0* — 1 transitions that need to be measured with high precision
* High energy, low intensity y transitions => Possibly suffering from Pandemonium effect 25



Phase 1 (contd): °Ti, “°Cr, *°Fe, *>*Ni @ LISE with TAGS

400

300

uncertainty (x 10'4)
N
o
o

100

m Data:PRC 102, 045501 (2020)
m T
m BR

dr
M 9cys

308 42Ti 46Cr 50Fe 54Ni 66AS 7OBr

|

Expt done

Produce SA parent RIB via in-flight fragmentation at LISE

Total absorption gamma spectroscopy to address Pandemonium
effect

DTAS (18 Nal(Tl) crystals) + STARS (16 LaBrs;:Ce)

* High efficiency + high segmentation + good energy resolution +
sub ns timing resolution

TAGS @ LISE scheduled for 2026
DTAS + STARS

Tunnel/Tube
Plastic

Images: M. Estienne, (NA)°STARS kick-off Meeting, Dec 2024

B Muriel FALLOT (Subatech & Julien PEPIN (Subatech/IFIC) & Amanda Porta (Subatech laborata
25 September 2025 14:20 22 September 2025 14.45 23 September 2025 15:05
® VIP 2 (MoHo) ¥ Inspire 2 (Moko) ® Inspire 2 (MoHo)
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Phase 2.01 with DESIR: Beyond >*Ni towards *%In

Tests 0. models where most sensitive, i.e large Z

¢ RIB from SPIRAL1 & SPIRAL2 (via S3-LEB)
* Charge state: 1*, Energy < 60 keV
* Fusion evaporation for RIB production

¢ Multiple purification devices
* HRS, GPIB, PIPERADE, MR-TOF-MS

* Expectation: m/Am ~ 10°

Radioactive ion
beams

¢ Multiple experimental programs
 BESTIOL: decay spectroscopy
 DETRAP: trapped ion studies
* LUMIERE: laser spectroscopy

o~ |

ollinear laser-spectroscopy
aser polarization (LASAGN)

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

| (Trap-assisted) decay spectroscopy |

First stable beams in 2027

27



Phase 2: SA RIB Beyond **Ni with TULIP @ SPIRAL1

Radioactive
ion beam
Projectile 20\ 10+
5.85 MeViu 1000 pnA
Compound B gr
Fragment “Rb
T @& | Target

Nigz Nizs Ni 4 pm

Mo-Ni-Mo target
(fusion-evaporation)

‘ ’ Primary

beam

Cross Section (mb)

20 Ne (5.8 MeV/u) + Nigs Nizs NiNig Ni (4 pm) — "8 Sr*(Qg=-4.10) — Z=30-38 LisFus v.4.0
Excit.Energy: 71.80-82.12 MeV; Fus.CS: 1.2e+03 mb; Fus.Barrier: 39.02 fm FusFis.CS : 0.0 mb; hw = 3.0 MeV
NP=32; SE:"DB0+Cal2"; Den:"auto”; GeomCor:"On"; Tunlg: "auto”; FsBar=#1; Bar *=1.00; Modes=1010 1000110
[ [ I —7=30
- — Z=31
—— Z=32
let2 b SRS S — P R E— — Z=33
¥ 4 N — 7=
~. ~>p - & i ——2=35
e St T — 2=36
- 4 H 7 - — 7=37
le+0 B o R l’ — 7-33
77777 %,,,,,,,,,,,,4{-,,,,,,,, ,,E,,,,Br,,,,,,,,,,,,,,”,,,,,,,,,,,,, ,,,;‘,, B e
'|l '!' = Vi ) .
_ = G S . = + S Rb s~ .
le-2 v Se =- = # Rb “‘ e
; t F Kr * \ i
-1 2 7 LY
le-4 \ i/ Y\
e- N -
“ ’z- ’/*‘ ““
./ X ! \ 74 S P L T
l‘ ’l - Sr \
1le-6 1 fo% N -
v é 3 =
1 H N
leS8bwt i i i . . ] | . S [ W [ W S S
638 70 72 74
Mass number (A)

anr’

CES 31: Physique Subatomique (PRC)
TU LI P (Target lon Source for Short-Lived Isotope Production)

Cross sections (Fusion -> Residual)

AAPG ANR 2018 GANIL

oy
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Phase 2: SA RIB Beyond **Ni with TULIP @ SPIRAL1

1E+07

1E+06

1E+05

Rate (pps)

1E+04

1E+03

1E+02

1E+01

Measured

sept. 2025

Under analysis

N\

73

15%

74

20Ne 1,1 pAp + nat Ni 4pum

‘30%
‘26%

4% 10%

A Calculated Rb atom rate in the catcher (LISE++ PACE4,
20Ne@90MeV+natNi) July 2023

A Rb+ rate measured in the identification (20Ne@90MeV+natNi)
July 2023

Rb+ rate expected in the identification (LISE++PACE4
20Ne@116MeV+natNi) Sept. 2025

75 76 77 78 79

Rb mass (a.u)

Test run done 3-7 Sept 205

Expected ion rate of “Rb* : ~10* pps

Obtained : few hundreds per second for 1 ppA
of °Ne (under analysis)

e Cause: entrance window probably broken.

No confinment of atoms or ions in the cavity.

Next test run next week

30



* Vi from SA 0* - 0* currently the most precise, but tensions with CKM unitarity
* Theoretical corrections currently the challenge

* High precision ft data required to constrain models, esp ISB corrections

* At GANIL program underway to improve SA branching ratio for the 8 least precise with plans to move
beyond Rb-74

* Experiment to measure Ne-18 branching ratio done in June 2025, analysis on-going
* Next measurements will be challenged by beam purity and intensity requirements
* Upcoming facilities DESIR and S3-LEB offer promising avenes
* TULIP project underway to produce neutron-deficit short-lived RIBs. First tests of Rb-74 promising

31



* Vi from SA 0* - 0* currently the most precise, but tensions with CKM unitarity
* Theoretical corrections currently the challenge
* High precision ft data required to constrain models, esp ISB corrections

* At GANIL program underway to improve SA branching ratio for the 8 least precise with plans to move
beyond Rb-74

* Experiment to measure Ne-18 branching ratio done in June 2025, analysis on-going
* Next measurements will be challenged by beam purity and intensity requirements
* Upcoming facilities DESIR and S3-LEB offer promising avenes
* TULIP project underway to produce neutron-deficit short-lived RIBs. First tests of Rb-74 promising
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Thank you for your time and this
opportunity to share our work.
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S3-LEB at a future time

DESIR beams via S3-LEB
1. t,, for know (heavier) SA emitters 5*Ni - 7°Br : 115 ms and less
Current gas cell extraction time 300-600 ms (projected to 50 ms)
Could be a major bottleneck
2. LASER ionization schemes currently not available for all SA emitters
* Need to collaborate with LASER community to develop efficient laser ionization schemes

0 2 Studied by laser spectroscopy 15 16 17 1
1.008 4.003

s " ‘ To be studied in the current/new RI facilities

i 3 11 12
SA pair t, (ms)  Laser S_ beam “ M2 3 4 5 6 7 8 9 10
S pectroscopy 2 y| e | d 22990 24305 26 982 39 948
19 20 21 22 23 24 25 26 27 28 29 30
. K Ca Se Ti v Cr Mn Fe Co Ni Cu Zn As Se
42T| d 4280 208 . 65 YeS 1 . 6 E05 39.098 40,078 44.956 47.867 50.942 51.996 54.938 55.845 58.933 58.693 63.546 65.39 69 T23 72 61 74.922 78.97 ‘.-‘9 904 33 T8Y
37 38 39 40 41 42 43 44 45 46 47 48 49 50 51 52 53 54
46 46 Rb Sr Y Zr Nb Mo Te Ru Rh Pd Ag cd In Sn Sb Te | Xe
C r - V 2 6 O N Ot yet 2 . 6 EO3 B85.468 87.62 B8.906 91.224 92 906 95.95 [98] 101.07 102.91 106.43 107.87 112.41 114.82 118.71 121.76 127.60 126.90 131.29
55 56 57-71 T2 73 74 75 T6 77 T8 79 80 &1 82 83 R4 85 86
50 50 Cs Ba * Hf Ta w Re Os Ir Pt Au Hg T Pb Bi Po At Rn
Fe - M n 155 YeS 1 ) 2 E02 132.91 137.33 178.49 180.95 183.84 186.21 190.23 192.22 195.08 196.97 200.59 204.38 2072 208.98 [209] [210] [222]
. 87 88 89-103 104 105 106 107 108 109 110 111 112 113 114 115 116 117 118
54N| = %4Co 114.2 Yes 8.0E02 Fr Ra # Rf Db Sg Bh Hs Mt Ds Rg Cn Nh Fl Me Ly Ts Og
[223] [226] [265] [268] [271] [270] [277] [276] [281] [280] [285] [286] [289] [289] [293] [294] [294]
66 66
AS - Ge 9577 NO 22E03 * Lanthanide 57 58 50 Gl 61 62 63 64 65 66 67 68 69 70 T
. La Ce Pr Nd Pm Sm Eu Gd Th Dy Ho Er Tm Yb Lu
series 138.91 140.12 140.91 14424 [145] 150.36 151.96 157.25 158.93 162.50 164.91 167.26 168.91 173.05 174,97
0Br - 0Se 79.1 No 6.5E02
o 89 90 91 92 93 94 95 96 97 98 99 100 101 102 103
# A‘:t.““de Ac Th Pa U Np Pu Am Cm Bk Cf Es Fm Md No  Lr
series [227] 23201 23104 23803 [237) [244] [243] [247] [247] [251] [252] [257] [258] [259] [262]

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



13Ne half-life from online data analysis

E [
© T,,=1.6641 £ 0.0010 s Aty, ~ 0.07% from one run
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Analysis by Samuel Lecanuet, LP2i Bordeaux



Backup: Nel8 half-life

900 § Literature: t,,= 1.66432 (55) s
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Backup: Nel8 events in plastic scintillator per run
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Superallowed program at GANIL: Phase 1

CIME

CSS2

CSS1

< 25 MeV/A

< 100 MeV/A

< 13.5 MeV/A

<1 MeV/A

CO01, C02 injectors

STABLE

Superallowed radioactive ion beams
* In-flight fragmentation at LISE
* ISOL technique at SPIRAL1
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Superallowed program at GANIL: Phase 1

T pe |
— D6 detection
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https://www.ganil-spiral2.eu/scientists/ganil-spiral-2-facilities/experimer BNe 05 “2Ti 48cr OFe %Nj %6As OB

CO01, C02 injectors 43


https://www.ganil-spiral2.eu/scientists/ganil-spiral-2-facilities/experimental-areas/d3-d6/

SA decays @ GANIL:LISE (33Ca, 3°S, 4°Ti)

HI < 10'2 pps Identification I
D6
. Slits
| 1 : s T 62
iy 1 D3 U |_ D4 | g°<  Final focal plane
CLIM target DA2 _ S e,
1A —= [ llll"""""I-n....
' k- DP1 SI rtS 5, ‘ o E— I
Ol s 3 , . -
- WLl i § 1shfocal point 5m _]|— T -, :
o - 1 - . ce
A L LISES2K = q
—‘ \/\/’/dégrader—‘ G ‘1‘ e
— . H SR e Experimental areas

= 3 stages selection: B, ~p/Z (DP1); degrader + B, ~A%Z= (DP2); velocity filter (v) ++ a number of slits

» |dentification: AE, ToF (+XY)

» Experimental areas: D4 (+ LISE2K), D6

oB,<32Tm

Slide credit: J.-C. Thomas

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

(4.3 T.m on LISE 2K)

p2 =

0 Ap/p £ +2.5%
0 Angular acceptance: 1 msr (3.5 on LISE2K)

44

44



SA decays @ GANIL:LISE (33Ca, 3°S, 4°Ti)
HI < 1073 pps

Identification

RV 03LJ
CLIM target

=R\
N——)/ AN
laboratoi Ol
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A N
ire commun CEA/DRF CNRS/IN2P3

)cal plane

=
gl
"“

"o wsting - wih Fisn Ml

r @
W\
.

"t

Experimental areas

i |

Experimental Setup for SA 8 decay studies
¢ PI1, PI2: implantation monitoring

¢ PI3:t;,, measurement

¢ HPGe: BR measurement
.

Movable tape drive system
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laboratoire commun CEA/DRF §e g / CNRS/IN2P3

E_ Pl _Tot % Plastic HF ToF - Implantation Emr?ep:thf_”::?ma =
10000 - Integral 1.671e+05
9000 - 1
= 1568 .
8000 — 380~ E
7000 Ca
6000 E
5000 : ]
= 2 3211
4000 35C| 10°E 3848.
3000 34G _ 39G¢
2unué—' § | ;g 0 [
10004 ¥, o | | :
O 500000 00 Zoo0 " Zs60 3000 3800 ;L
_ | 1000 — 2000 . 3000 — 4000
" Fragmentation of 9°Ca@50MeV/A energy (keV)
" ~99.5 % purity, ~10% pps @ 2 epA
t,, = 443.63(35) ms => 0.08 % precision First SA beta decay studied
BR = 77.14(35)% => 0.4% precision at GANIL
B. Blank et al., Eur. Phys. J. A51, 8 (2015)
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o BN :\\ ] E H

SA decays @ GANIL:LISE (*2Ca, 3°S, #°Ti) = AINGL

laboratoire commun CEA/DRF CNRS/IN2P3

" Fragmentation of *?S @ 50MeV/A => few 10* pps 3°S
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SA decays @ GANIL:LISE (°°Ca,

Calculated SC (%)

Fragmentation 46Ti@70 MeV/A -> “Ti@35 MeV/A
* 4.10% pps ~99 % purity expected

Concern about the LISE++ reliability
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Scan of momentum distributions with CAVIAR
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Images: J.-C. Thomas
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laboratoire commun CEA/DRF
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