search for exotic weak couplings
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e Super-allowed 0* - 0* B decay: 1°C decay
universitex . ® B—v angular correlation measurements: WISArD
e Beta-shape measurement: InESS (*14In)
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® Standard model of weak interaction

J.D. Jackson et al, Nucl. Phys. 4 (1957) 206

e Hamiltonian: Lorentz invariance M. Gonzdlez-Alonso et l.,

Prog. Part. Nucl. Phys. 104, 165 (2019)
leptonic terms
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(pseudo-scalar term omitted...)
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e Standard model: V-A theory +mz/ N
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= Maximal violation of parity: C,=C,/ and C,=C, ¥ Ve

= Time-reversal symmetry:C,,C,/,C,, C, real
e Beyond standard model physics (new physics “NP”)
» Seaeh for, iGlv@artitiat (HEP) €= deviation from theory in B decay experiments

high-energy frontier precision frontier



® The nuclear laboratory

B-decay probability

THE MURA PRUJECT
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® The nuclear laboratory: search for « beyond SM » physics

B-decay probability
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e Limits on scalar currents (Fermi decays)
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e Super-allowed 0* - 0* B decay: 1°C decay



® Nuclear beta decay: 0* - O+

0" > 0":
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® 0t > 0+ decays: present status
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e 0* - 0* decays: limits on exotic currents

« standard model assumption: only vector current

e Pv m
dW—de(l | &I‘JE’EE]L %{;)

 if scalar currants, we obtain for Ft

dW = dWo (1 +% bg)

. by 2= 1 — 7242
Ftd> Ftx(1+22), y?=1-2%

 limit on scalar current from term in Ft function: (1 +b;y / <E>)




e ¢ 0t > 0* decays: limits on exotic currents
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* valid only for left-handed currents

==» improve on low-Z nuclei Hardy & Towner, 2020



e 0 > 0+ decays: 19C error budget

* BR by far largest error
 two precise measurements:
e Savard et al.: 1.4625(25)%
(PRL 74 (1995) 1521)

* Fujikawa et al.: 1.4665(38)%
(PLB 449 (1999) 6)

= measurements with Ge
multi-detector array

our approach:
re-measuring the BR of 1°C
with out precisely calibrated
Germanium detector (Ag < 0.15%)
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® o 10C measurement at ISOLDE
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e o 10C experimental set-up and analysis procedure
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e Super-allowed ranching ratio of 10C
Blank et al., EPJA56 (2020) 156

1.6b

1.50

branching ratio (%)

Final result:

Literature:

40 60 80 100 120 140

next attempt:
* higher statistics: difficult...

* higher purity: MR-ToF selection

statistics: 0.0039 %
pile-up: 0.0030 %



_r
® @ 10C measurement at ALTO/Orsay
i 4IPN

ORSAY

| LIE’%RAE

Ty

100 Ge crystals: 5.5% @ 1 MeV

data under analysis...
18 LaBr;: 1.5% @ 1 MeV

similar experiment with AGATA at Legnaro: Jeongsu Ha et al.



e Limits on scalar currents: 2018
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J. Hardy & I. Towner, Phys. Rev. C102, 045501 (2020)
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https://doi.org/10.1103/PhysRevC.101.055501

e B—v angular correlation measurements: WISArD



e ¢ The WISArD experiment
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e ¢ The WISArD experiment
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® First experiment: ISOLDE 1993

Beta-neutrino recoil broadening in f-delayed proton emission of

32Ar and 3Ar

D. Schardt!, K. Riisager
1 (3SI, Postfach 110552, W-6100 Darmstadt 11, Germany

? Institute of Physics and Astronomy, Aarhus University, DE-3000 Aarhus C, Denmark

Set-up: cooled silicon detector

ZPA 345 (1993) 265
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e e Second experiment: ISOLDE 1999

Super-conducting solenoid 10000
B=3.5 Tesla
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Result:
=0.9989(65)
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cooled detectors

E. G. Adelberger et al., PRL 83 (1999) 1299
A. Garcia et al., Hyperfine Interact. 129 (2000) 237



e The WISArD experiment

* Principle: measurement of the recoil of nucleus

via an indirect measurement: 3-delayed proton

in a magnetic field to guide the positrons

Detection of proton:
recoil of nucleus 32Cl

(“Doppler” effect)

=>» kinematical cuts with singles protons and e* - coincident protons

=>» increased sensitivity

MAGNETIC AIEWD (47)

“Ar BEAM
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vector current
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[ up-down |
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e o ISOLDE - CERN

stations

\
separators )

Traveling
setups




e The WISArD experiment: proof-of-principles (2018)
first results (nov. 2018): gt IAS: Fermi transition
proton spectra: . l ‘
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e The WISArD experiment

first results: (nov. 2018)

Up detector (C) Down detector (d) E_ T ]
400 = singles (x0.5) 400 = singles (x0.5) -
coincidences coincidences ol E BETA DH|[0TOR
v (™~
2 SIICON DETECTORS
300 |- 300 - i
[
<
b=
2 2
C |
3 200 - 3 200
o o
1%
100 -~ 100 |- - T MYIAR FOIL
7 7/ Typical resolution: \§ %
5 — 35 keV FWHM
0 L 1 " 1 " 1 " 1 .. — 0 — = 1 L 1 1 1 1 1 h -
3200 3220 3240 3260 3280 3300 3320 3340 3360 3380 3400
Proton energy (keV) Proton energy (keV)
Average shift: R 51/CON DETEGIORS
A= 4.49(3) keV |

Ar BEAM

by means of GEANT4 MC calculations:

sF _ 5 GT _
LlBV - 1'01(3)(stat)(2)(syst) LlBVT - '0.22 (9)(stat)(2)(syst)

V. Araujo-Escalona et al, PRC 101 (2020) 055501




e o Limits on scalar currents: 2018

B 4.06% - WISArD (2018)
B 02% - Ft (0 — 07)

a’ =1.01(4) (2018)

Bv
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e 3'd pest result
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V. Araujo-Escalona et al. Phys. Rev. C101, 055501 (2020)



https://doi.org/10.1103/PhysRevC.101.055501

e ¢ WISArD upgrades 2019 - 2021

2018 Beta detector* + SiPM

I Catcher***

proton detectors planes**

* Plastic scintillator; * Plastic scintillator — EJ200;
* Silicon surface-barrier (thickness = 300 pm); ** MICRON single-sided silicon-strip (thickness = 300 pm);
*** Aluminized Mylar (thickness = 6.7 uym) *** Aluminized Mylar (thickness = 0.5 pm)




e e WISArD 2021 test experiment
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o | [LEGEND
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e Limits on scalar currents: 2021

0.5
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e Limits on scalar currents: 2024

BN 4.06% - WISArD (2018)

B 3.02% - WISAD (2021) aF = 1.01 (4) (2018)
BN 0.65% - Adelberger (1999) BV

0 0.48% - Gorelov (2009)

B 02% - Ft (0t — 0F)

a’ =1.02(~3) (2021)

a’ =0.9989(65)
(Adelberger)

Re(Cy / Cy)

a’ =0.9981(48)
(Gorelov)

20.2 0.0 0.2
Re(CS / Cl)
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e WISArD: 2024

e all components work...
* new data taking in May 2024...
=» aim of 0.1 - 0.2% precision on ag, and b




e Limits on scalar currents: >2024

BN 4.06% - WISArD (2018)
BN 3.02% - WISAD (2021) aF = 1.01 (4) (20 18)
BN 0.65% - Adelberger (1999) [3\;
0.48% - Gorelov (2009)
0.2% - WISAID (2024) F
B 02% - Ft (0t - 0*)

= 1.02(~3) (2021)

a’ =0.9989(65)
(Adelberger)
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a’ =0.9981(48)
(Gorelov)
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e Limits on scalar currents: WISArD 2024

- 2.5 days with 3?Ar high production rate

- 2000 pps/uC

- 11 x 108 coincidence events

© 0.2% stat. uncertainty

- all detectors performing at nominal

resolution
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First results soon...




* Beta-shape measurement: InESS (*14In)



® Beta spectrum shape measurement

Beta decay rate:

dW(J) Pe'Pv e <J> [ Pe Me . Po Pe X Pu
= 1 - A B — =+ D
dE.dQ,dQ, dWOX&{ tapE g T g T Bt ) D }
g 1 Courtesy M. Kanafani
. . 5He decay
Beta decay rate of unpolarised nuclei: 201
daw(J) Me - \
dEedQedQV B dWO 8 € {1 —|— bfe} I-IZE 100 \
. Energy (keV)
Weak-Magnetism (by, y):
dW (J) 2 E, 1E, 21 1
=dWy x X1 — =—— by + =——— bwryy — =———— by,
dE.dQ.dS, ! 5{ 30 VM T R WM T g T }

=» Strong interaction induced effet, has to be controlled to extract Fierz term

M. Gonzdlez-Alonso, O. Naviliat-Cuncic Phys. Rev. C 94 (2016)
L. Hayen et al, Rev. Mod. Phys. 90 (2018)



® Beta spectrum shape measurement: INESS

B-shape measurements:

1141 at WISArD/ISOLDE: InESS




® o Beta spectrum shape measurement

Beta-decay shape from 114In:

E(=190.3 keV 5t 96.75(24)% IC
\l/ T1/2= 49.51 d
1% 99.50(15)% B~
114 T1/2=71.9 S
20l
2t E,=688.7 keV
1=0.140 %

0t  E,=1988.6(6) keV

1=99.36 %

1145

Courtesy S. Vanlangendonck




e e InESS @ WISArD

* Closed geometry: B field

e first try: INESS @WISArD

Upper plane
£
()
\ LN
A e A
—_
Source B g
= 114p
S
Lower plane NN [ ]

2.3cm

source

S. Vanlangendonck, WISArD collaboration



® InESS @ WISArD: a few spectra

O+
_  E,=545.9 keV
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S. Vanlangendonck, PhD, WISArD collaboration



Counts

® InESS @ WISArD: a few spectra
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S. Vanlangendonck, PhD, WISArD collaboration




e InESS @ WISArD: Comparison with simulations

107 4 ! X%g: 324.23/66 = 4913 Simulation
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weak-magnetism term:

6" GEANTS b/Ac = 19.3(22)._.(17)

S. Vanlangendonck, PhD, WISArD collaboration
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e e InESS @ WISArD

* Closed geometry: B field
e first try: INESS @WISArD

Upper plane

Lower plane

+ replace scintillators by Si(Li) detectors

* Next step:

smaller half-life candidates

new set-up:
direct implantation of RIB
rotatable beta detector (e.g. 140)

SiPM SiPM

R
1




e Summary

dW(J) Pe Py Gme <J> [ Pe Me Py . - Pe X Py }
= dWyx£{1 b A B+bg—)2L 4+ D
dE,dQ.dQ, 0 5{ e E PR T [ g T Bt ) e P e
He @ LPC (Paul trap)
8Li @ ANL (Paul trap) éz @
8B @ ANL (PaUI trap) 114) @ ISOLDE
o He @ Seattle (MOT) He @ LPC/GANIL (BSTILED) i1 ik o

Ar @ ISOLDE (catcher foil) 6He @ NSCL

32Ar @ Texas A&M (Penning) 20F @ NSCL
38mK @ TRIUMF (MOT)

n @ aSPECT

large number of experiments ongoing
aim is 0.1% of precision
certainly impossible with present experiments to go much below...

with EFT, LHC and 3-decay experiments can be compared directly




® o LHC experiments
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CMS Collaboration, Phys. Rev. D 91, 092005 (2015)
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® Present and future limits on scalar currents

03
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