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For a high level of precision:

         : weak magnetism, SM term,
induced by strong interaction

    
        Fierz interference, BSM term, zero in SM

C    coupling constants for
Tensor or Axial-vector current 

T,A
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corrections to take into account! 7
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Theoretical corrections

 L.Hayen, N.Severijns and al, RMP, 2018

Beta Spectrum
Generator 

(BSG):
 High precision allowed

spectrum shape
generator

with all theoretical
corrections included

8

Context and motivations  Experimental setup Ongoing test Summary and perspectives

 Radiative corrections  
 Atomic and molecular effects 
 Recoil-order corrections

β 

Kinematics
   Electrostatics
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Adapted 4π geometry needed, several
solutions proposed: bSTILED, spectrometer.. 

How to study β-shape: experimental challenges

 Experimental setupContext and motivations Ongoing test Summary and perspectives

Goal:  Measure the β-decay energy distribution
with 10⁻³ precision
 

β-energy loss in:
 Detector dead layer
 Source
 Bremsstrahlung escape

 Backscattering



How to study β-shape: experimental challenges
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Goal:  Measure the β-decay energy distribution
with 10⁻³ precision
 

β-energy loss in:
 Detector dead layer
 Source
 Bremsstrahlung escape

 Backscattering Adapted 4π geometry needed, several
solutions proposed: bSTILED, spectrometer.. 



How to study β-shape: WISArD 
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Experiment in ISOLDE hall 

Superconducting magnet
up to 9T
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β-shape at WISArD 2020 setup

S. Vanlangendonck, The effect of weak magnetism on the shape of the ¹¹⁴In beta energy, PhD thesis, KU Leuven (2023).
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Weak magnetism for A>70

Pure Gamow Teller decay

Sensitivity to Fierz term

β-shape at WISArD 2020 setup

S. Vanlangendonck, The effect of weak magnetism on the shape of the ¹¹⁴In beta energy, PhD thesis, KU Leuven (2023).
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¹¹⁴In 

  events 

M. González-Alonso et al, PRC, 2016.

Fit range 5-95%

β-shape at WISArD 2020 setup
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Necessary improvements:
 

Source position                               
Thinner sources
Detectors

Lower threshold 
Good linearity in energy (calibration, resolution)

First measurement at WISArD of the beta
shape of ¹¹⁴In 
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β-shape at WISArD 2020 setup

S. Vanlangendonck, The effect of weak magnetism on the shape of the ¹¹⁴In beta energy, PhD thesis, KU Leuven (2023).
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Thinner sources from 2 µm to 500 nm
Calibration source
Aluminum garage
Tungsten disk to shield detector from 207Bi



        
 Si(Li)
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C.Knapen, Characterisation of Si(Li) Detectors for β Spectrum Shape Measurements, Master thesis, KU Leuven (2023)
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β-shape at WISArD 2025 setup
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Scintillator+SiPM

Scintillators+SiPM
Si(Li)
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Glycol active
cooling (-23°C)

Cold side 

Hot side 
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New cooling
system:

Peltier element 

Cold finger

Si(Li) detector



Work in progress between Leuven and Bordeaux
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Thermocouple 
Cold finger
Support for Peltier 
Peltier element
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Cooling test performed to see if we
were able to reach  -70°C, at
which current and the time

necessary.
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Work in progress between Leuven and Bordeaux

Characterization of the
detector with different values

of HV and temperature
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-10°C°

-20°C°

-30°C°

-40°C°

-50°C°

-60°C°

-70°C°

-80°C°
17:45 17:50 17:55 18:00 18:05 18:10 18:15 

Top Peltier 

Bottom Peltier 
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First spectrum in Bordeaux
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1 Si(Li) detector

Acquisition with
FASTER for one
hour

PRELIMINARY
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FWHM=11.4 keV for 975 keV

FWHM=1.5 keV



  Simulation toolkit GEANT4                           

Simulated setup
2 Si(Li) detectors 
Magnetic field                  
Source in the mylar disk
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Energy (MeV)
C

ou
nt

s

Deposited energy spectrum of         for the upper Si(Li) 
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Improvements from previous setup:

New cooling system glycol+Peltier
elements

Scintillator + SiPM       Si(Li)

Garage + disk of tungsten 

Sources are thinner 



Summary and perspectives

    Next steps:

Test full setup with both
detectors at Bordeaux

Geant4 simulation ongoing

Data taking at ISOLDE for
beginning of 2026
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Improvements from previous setup:

New cooling system glycol+Peltier
elements

Scintillator + SiPM       Si(Li)

Garage + disk of tungsten 

Sources are thinner 



Thank you for your attention!
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¹¹⁴In: favorable endpoint for BSM, pure GT +
already measured in 2021 so useful to show
improvement of the setup

³²P: favorable endpoint, allowed transition with
large ft value 

²²Na: β+ emitter, measurement to study BR of
¹⁴O

Calibration sources: ²⁰⁷Bi, ¹³⁷Cs,..

M. González-Alonso et al, PRC, 2016.

Isotopes candidates
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Theoretical corrections

 L.Hayen, N.Severijns and al. High precision analytical description of the allowed β spectrum shape. (2018)
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Theoretical corrections

 L.Hayen, N.Severijns and al. High precision analytical description of the allowed β spectrum shape. (2018)
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Lagrangian weak interaction
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Vector current

Axial-vector current

Scalar current

Tensor current

Pseudo-scalar current
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Systematic uncertainties on WM and 2020 results
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S. Vanlangendonck, The effect of weak magnetism on the shape of the ¹¹⁴In beta energy, PhD thesis, KU Leuven (2023).
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114In
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The decay scheme of
114In towards 114Sn with the small

contribution towards the excited state
and the main decay branch of  interest.

S. Vanlangendonck, The effect of weak magnetism on the shape of the ¹¹⁴In beta energy, PhD thesis, KU Leuven (2023).
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114In
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The decay scheme of  114In
towards 114Cd due to electron capture.

S. Vanlangendonck, The effect of weak magnetism on the shape of the ¹¹⁴In beta energy, PhD thesis, KU Leuven (2023).
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¹¹⁴In corrections
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S. Vanlangendonck, The effect of weak magnetism on the shape of the ¹¹⁴In beta energy, PhD thesis, KU Leuven (2023).
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207Bi
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Peltier elements
A current flow applied to semiconductors arranged in a certain sequence creates a temperature gradient

Function of  the peltier-technology. Dr. Neumann Peltier-Technik GmbH. (2021, March 10)
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The study of β-shape

 L.Hayen, N.Severijns and al. High precision analytical description of the allowed β spectrum shape. (2018)
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Shape factor

S. Vanlangendonck, The effect of weak magnetism on the shape of the ¹¹⁴In beta energy, PhD thesis, KU Leuven (2023).
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