WISAIrD

Perspectives at
DESIR

M.Versteegen

P.Alfaurt, D.Atanasov, P.Ascher, B.Blank, L.Daudin, X.Fléchard, A.Garcia,
E.Liénard, D.Melconian, C.Mihai, C.Neacsu, A.Ortega-Moral, M.Pomorski, M.

.Laboratg)ire S
m @ :Z S % i%0lde 2024 DESIR WORKSHOP

27 Feb. - 1 March




Beyond the Standard Model
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Exotic currents .

* Lee & Yang Lagrangian (1956) for n decay
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T.Lee, C-N Yang Phys. Rev. 104 (1956)
M. Gonzdlez-Alonso, O. Naviliat-Cuncic, N. Severijns Prog. Part. Nucl. Phys. (2019)
A. Falkowski, M. Gonzdlez-Alonso, O. Naviliat-Cuncic JHEPO4 (2021)
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Nuclear beta decay = DE%IR

* Decay rate distribution for polarized nuclei

Nuclear
i~ recoil
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J.D Jackson, S.B Treiman, H.W Wyld Nuclear Phys 4 (1957)
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Nuclear beta decay = DE%IR

* Decay rate distribution for polarized nuclei

Nuclear
i~ recoil
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CP conserving CP violating
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Angular correlation measurements
Beta spectrum shape measurements

J.D Jackson, S.B Treiman, H.W Wyld Nuclear Phys 4 (1957)
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Angular correlation measurement = DESIR

* Decay rate for unpolarized nuclei : integrating over J
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WISAID weak Interaction Studies with 3?Ar Decay = DE%IR

 [-delayed proton emission in 32Ar
* Fermi O — O™ transition from GS to IAS
* Recoil ~640 eV
* Beta delayed p emission IAS ~3.35 MeV
® IAS . r ~ 20 eV<2:.'>T1/2 ~ 10-17 S

<> p emission in flight from the recoil

1st March 2024
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WISAID weak Interaction Studies with 3?Ar Decay = DE%IR

 [-delayed proton emission in 32Ar

Proton Spectrum
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* Fermi O — O™ transition from GS to IAS SiPM
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Si UP E. G. Adelberger et al. Phys. Rev. Lett. 83 (1999)

* [3-p coincidence measurement AE : linear with &
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V. Araujo-Escalona et al. Phys. Rev. C 101 (2020)
D. Atanasov et al. NIM A 1050 168159 (2023)
Exclusion plot from D. Atanasov
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WISArD weak Interaction Studies with 2Ar Decay =+ DE%IR

1st March 2024

SiPM

'2Ar beam
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2024 : new data taking early June 2024
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WISArD weak Interaction Studies with *2Ar Decay  _=,DE §IR
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Other 3-p candidates 2 DESIR

* 14 3-p emitters with pure Fermi transition

* Kinematic shift :
« & 1/M’ of daughter nucleus 8
- \Q, proton kinetic energy

* « Qg endpoint T
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“OMg at DESIR

* Contaminant : 2°Na < PIPERADE
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Nuclear beta decay = DE%IR

* Decay rate distribution for polarized nuclei

Nuclear
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Angular correlation measurements
Beta spectrum shape measurements

J.D Jackson, S.B Treiman, H.W Wyld Nuclear Phys 4 (1957)
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B-spectrum shape measurement

* Decay rate for unpolarized nuclei : integrating over all angles ook
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Choosing the best candidate

 Theoretical constraints

* Radiative corrections under control o+  807.25ms >+ 11.00s A
* Recoil order corrections : by GHe Y 20F Y
« Simple shape : allowed transition 2 S 9 p-

* Simple decay scheme

spe s 3507.8 Q;_ 5392
* Sensitivity Qg p
E, between 1 and 3 MeV Ty Eo [MeV]
63Ni 101.2 y 0.066945(5)
T Ftolpenemy s ——— WCa o 16261d 0.2558(8)
) W ) 32p 14.3 d 1.71066(4)
10 U4 71.9(1) s (49.51(1) d)  1.9886(6)
Mirror transitions
e 20.364(14) m 0.9604(10)
13N 9.965(4) m 1.1985(3)
= 150 122.24(16) s 1.7320(5)
I 64.385(53) s 1.73847(25)
25A1 7.183(12) s 3.2547(5)
3
10° T =1 triplet
I8F 109.77(5) m 0.6335(6)
] 10¢C 19.3016(24) s 2.92968(7)
vl el ®He 806.7(1) ms 3.5078(11)
1072 107" 10° 10" 30p 2.498(4) m 4.2324(3) ) . _
. Gonzdlez-Alonso, O. Naviliat-Cuncic Phys. Rev. C 94 (2016)
End-point energy, £, (MeV) 20F 11.163(8) s 5.39086(8) y

L. Hayen et al, Rev. Mod. Phys. 90 (2018)
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Experimental challenges

Partial energy deposit
* Backscattering
e Out-scattering
* Bremsstrahlung

Energy loss

* Source localization
* Detector dead layer

Tracking simulations accuracy

Traps : LPCTrap, WITCH, TAMUTRAP...

47 calorimetry
* b-STILED, 2°F@MSU...

Tracking with MWDC
 MiniBETA

New techniques

* SHe-CRES A
* Recoil measurement with superconducting tunnel-junctions

1st March 2024 2024 DESIR Workshop - GANIL - France

G. Sotietal., NIMA 728 (2013)

M. Kanafani, Phys. Rev. C 106, 045502 2022

D.Rozpedzik arXiv:2208.09971

S. Friedrich et al., Phys. Rev. Lett. 126, 0?'-1803 (2021)
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INESS at WISArD
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B-spectrum shape at DESIR
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T1/2 E() [MQV]
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Conclusion

 WISArD
* High magnetic field
« Angular correlation measurement with 3-p emission : 32Ar
* [} spectrum shape measurement : 114In

 8Li B-delayed o break-up for exotic T currents
« 140 BR measurement with 3 spectrum shape for Ft values

 WISArD @DESIR
* New setup with more compact superconducting magnet
« 20\Vig for exotic S currents
« 30P 3 spectrum shape

8_

(Modéle Standard : a =let b= 0)

4.0

1 1 1 1 1 1 1 1
2500 5000 7500 10000 12500 15000 17500 20000

1/Mx\/Qp(Qs+ + K)

T /s Ey [MeV
63Ni 1012y 0.066945(5)
45(Ca 162.61 d 0.2558(8)
32p 14.3 d 1.71066(4)
i 10} 71.9(1) s (49.51(1) d)  1.9886(6)

Mirror transitions
Rl 20.364(14) m 0.9604(10)
13N 9.965(4) m 1.1985(3)
150 122.24(16) s 1.7320(5)
b 64.385(53) s 1.73847(25)
Al 7.183(12) s 3.2547(5)
T =1 triplet

8F 109.77(5) m 0.6335(6)
10¢ 19.3016(24) s 2.92968(7)
6He 806.7(1) ms 3.5078(11)
30p 2.498(4) m 4.2324(3)
20 11.163(8) s 5.39086(8)

1st March 2024 2024 DESIR Workshop - GANIL - France

21




Thank you

P.Alfaurt, D.Atanasov, P.Ascher, B.Blank, L.Daudin, X.Fléchard, A.Garc
E.Liénard, D.Melconian, C.Mihai, C.Neacsu, A.Ortega-Moral, M.Pomorski
S.Vanlangendonck, D.Zakoucky



10 : BR from beta spectrum shape Z-DESIR

10c  22\g *cl “2Sc®Mn  %Ga (b)
140 26mA| 38mK 46\/ 54C0 74Rb

26c: 34 38
3090 } Si *Ar**Ca .
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Ag ~ 0.2%

2G4 V2 (14 AY)

15 transitions with
uncertainties < 0.3%
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Corrections:
Radiative < 1%
Structure < 1%

Theoretical
Calculations
uncertainties < 0.1%
(except $2Ga&’“Rb)



0 : BR from beta spectrum shape = DE%IR
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Sensitivity to scalar currents - DESIR

* Scalar left-handed currents : b-#0

* Scalar right-handed currents : b.=0

> 1.0F =10k
el ;qi 1.0
=0.5 §05
= 20Mg =l
O-O_ 1 1 1 I 32ATAI‘ 0'0_ I L 1 1 1
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81 : f~delayed o break-up

8 .
Li ' g— Ton cloud T

— /N

6.0041 2*:1

Sl

X.

Plastic Scintillator

SiPM
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SiUP

/ Pure Gamow-Teller transition AJ=0or1S=1
Axial-Vector Coupling

L L (,_lorPricrp
GT — 3 |CA|2

CTC;C’T>
o 0 i T )

* Argonne : Paul Trap (BPT)
ag, = —0.3325 £ 0.0013,, & 0.0019
|C7/Cy4| < 0.087 at the 95.5% C.L.

* WISArD sensitivity ?

* Geometry
* Energy loss in the catcher and dead layers

=-1/3 standard model

bar ~ tRe (

Y
/’/////,,///// ) I
”/é'///,,/// SiDOWN
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2
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