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BETA DECAY PRECISION
EXPERIMENTS

Beta correlation coefficients

Ft-values
« Superallowed Fermi decays
« Mirror beta decay

Shape of the beta energy spectrum

Aim for a precision £1073



SPECTRUM SHAPE

Measure the beta-spectrum shape of *'*In

* Pure Gamow-Teller decay
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SPECTRUM SHAPE

Measure the beta-spectrum shape of *'*In

R | LR | v rTr
Fit of 3 energy spectrum
* Pure Gamow-Teller decay , ’
10° ¢ .
Look for QCD influence on the decay <
« Weak-Magnetism (by ) 3l 1
10 [ n 6H ]
L e
Look for BSM physics j gl
H . Lol ra sl il L
Fierz interference term 102 10 109 10

End-point energy, £, (MeV)

Ft values of mirror B transitions and weak magnetism induced current in allowed nuclear 8 decay N. Severijns et al., 2022 arXiv 2109.08895
Influence of the recoil-order and radiative correction on the beta decay correlation coefficients in mirror decays S. Vanlangendonck et al. 2022 arXiv:2203.16936
Kinematic sensitivity to the Fierz term of 3-decay differential spectra M. Gonalez-Alonso and O. Naviliat-Cuncic, 2018 5



PROBING NEW PHYSICS WITH
THE SPECTRUM SHAPE

What signal are we looking for?

Weak-Magnetism (byy):
2 E, 4 E

21 1
wsp (E) = wepo(1 —§mbWM +§mbWM _§EEbWM)

Fierz interference term: . o .
Absorbed in normalisation Dorrrnllnant term

w(E) = wgy (1 + bFFe)

High precision analytical description of the allowed 8 spectrum shape L. Hayen et al. 2018 Reviews of Modern Physics
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Q

S

Project idea

WISArD



PRECISION SPECTRUM
MEASUREMENT

Goal:
Measure as precise as possible the energy distribution of the electron emerging

from beta decay
Several difficulties:

Energy loss (source): Detector dead layer: Backscattering:

I i A

\ J \ J
| |

Existing solutions available Intrinsic problem!




INTEGRATION TIME Upper plane

Why WISArD? _— L T B
Due to the magnetic field:
« Full solid angle
« Limiting the influence of Lower plane
backscattering
/\El E'y M Event 1
/\ M Event 2

Time

Start Stop Start



WISARD (2018)

Upper
plane . 1
B
e
Catcher =
p 3
/\32Ar
Lower
plane

4 Silicon detectors on each plane

1 plastic scintillator
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2 plastic scintillators (polystyrene)
+ SIPM — Hamamatsu S13360-6050CS
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FIRST RESULTS
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EXPERIMENTAL SET-
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EXPERIMENTAL CAMPAIGN

Characterization of the set-up

« Background
+ actual measurements

« MIn A4 =1&5kBq
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DIFFERENT ACTIVITY
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E,=190.3kev 57

EXPERIMENTAL RESULTS Vo
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E,=190.3kev 57

EXPERIMENTAL RESULTS Vo
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Counts

ggSr

EXPERIMENTAL RESULTS
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E,=190.3kev 57

EXPERIMENTAL RESULTS Vo
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SINGLE PIXEL?

1 photon / 100 eV
Use 190keV IT in 11 spectrum

— 18-19 peaks

With 5-6 additional missed peaks due to 0.2 — 0.3 collection

threshold efficiency
380 -570
K . q collected
23 — 25 peaks observe ‘ Ratio SiPM/scintillator:
11.69%

44.4-66.6
Hits

ik PDE = £400mEerigQE = 0.4



J/INESS_015_Bi207_4000mT _0001.root all_upl
30000 1 « ROI
—— ROOT fits

Gaussian fits ol 7 o
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Events in-between peaks attributed delayed cross-talk and after-pulsing (AP)
More discharges = more AP

On the characterisation of SiPMs from pulse-height spectra V. Chmill et al. 2017



E,=190.3kev 57

EXPERIMENTAL RESULTS Vo
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PILE-UP
A

Summation of two independent events
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PILE-UP
Poisson distribution

MC routine to generate a high statistics spectrum and rescale according to the expected (or
fitted) pile-up rate
Example for 29Sr:

Simulated pile-up
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COSMIC MUONS

PRI =
c — htemp
3 — Entries 1336399
o | Mean 4.904
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BACKGROUND
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FIT SPECTRA & GEANT¢

e A SIMULATION TOOLKIT
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Toward a measurement of weak magnetism in 6He decay X. Huyan et al., 2016

Pile-up:

Calibration:
Resolution:

Norm:

Conditions:

Ao, O'0<<

Ppile1 Pback
ag + a;x(+a,x?)

(0'0+)0'1\/E + 0'2E2
A
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FIT SPECTRA & GEANT4 s,

A SIMULATION TOOLKIT

Linear 4000mT single_dw3 Mougeo - 40
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Toward a measurement of weak magnetism in 6He decay X. Huyan et al., 2016 29



exp —sim

FIT SPECTRA ‘& GEANT4
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Toward a measurement of weak magnetism in 6He decay X. Huyan et al., 2016
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A=0.80(3)

o, = 0.10(5)
o, = 0.03(3)
a, = 0.023(24)
a, =1.76(4)
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FIT SPECTRA

1.00
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1J202 UoI1e[a1i02
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-0.50
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-1.00

Can we further improve the fit? Yes!
A=0.79(6)

G0 = 0.06(24)
o1 = 0.06(50)
o, = 0.04(6)
ay = 0.03(7)
a, = 1. 7(1)

x%/v=450.2/244 = 1.85

The same is true when using a quadratic calibration

r 0.50

r 0.25

F 0.00

1J202 Uolje|allod

b —0.25

r —0.50

-0.75

—-1.00
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THEORETICAL DESCRIPTION
SPECTRUM SHAPE

1141rl
49
gg Sr 4 ggY Cai,egory | Effect Formula ; ‘ Mggnil,ude
Phase space pW(Wy — W)?  Unity or larger
Electrostatic Fermi function Fy @
Finite size nucleus Lo
Radiative corr. R First forbidden unique decay
Recoil-order Shape factor _ C add: qZ + 7\2}92
Isovector correction C
Atomic Atomic exchange X 1071 — 102
Atomic mismatch r
Atomic screening S
Shake-up & Shake-off included in r
Higher order Diffuse nucl. surface U
Nuclear deformation Dgg & Do
Recoil Coulomb corr. @ 103 —-101
Recoiling nucleus Ry
Molecular screening AS ol
Molecular decay Jase by case
Bound state 8 decay  I'y/I. <1x101*
Neutrino mass negligible
High precision analytical description of the allowed 8 spectrum shape L. Hayen et al. 2018 Reviews of Modern Physics 32

Reliability of usual assumptions in the calculation of 8 and v spectra X. Mougeot 2015 Physical Review C
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FIT SPECTRA ‘& GEANT4 5,

e A SIMULATION TOOLKIT
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Toward a measurement of weak magnetism in 6He decay X. Huyan et al., 2016 33



FIT RESIDUALS
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(EXPERIMENTAL) OUTLOOK

Use full theoretical description of 4™In spectra to obtain by y

Investigate experimental improvements:

Replace mylar source foil: 2 ym (aluminized) — 500 nm (non-aluminized)
Detectors:

« SIPM matrix

* Si(Li) detectors

Other interesting isotopes?

35
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