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ÅIntroduction & motivation 

ÅOverview of the WITCH experiment 

ÅRecent results & analysis 

ÅInvestigation of the systematic effects 

 - SimWITCH3D 

 - Space-charge effects 

 - Detector efficiency 

ÅOutlook 



Motivation: New Physics 

Beta decay: 

Search for physics  

beyond the standard 

model 

High energy 
Direct production - LHC 

High precision 
Low energy ï ɓ-decay 

Å Observables: Energy, angular correlations 

 

Å  Historical: Parity violation on Co 

 

Å  Our focus:  beta-decay of 35Ar 



Motivation 
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Why measure the recoil spectra of 35Ar? 

 
Standard Model: Vector, Axial-Vector 

Non-SM: Scalar, Tensor 

Standard  Model 

Non-SM 

Hɓ = HVector + HAxial + HScalar + HTensor  
  

Standard  Model Non-SM 



The WITCH experiment 
1. Cooled and bunched beam of 35Ar @ 30 keV 

2. Pulsed drift tube for deceleration 

3. Buffer-gas cooling of the ions in 1st Penning Trap (Cooler Trap) 

4. Decay of the ions in the 2nd Penning Trap (Decay Trap)  

5. Probing the ionsô recoil energy in the Spectrometer 

6. Counting the ions on the main MCP 

 

 



Penning traps at WITCH 
Å Scattering-free source 

Å He buffer gas in the 
cooler trap 

Å Dipole excitation at 
magnetron ̟ - 

frequency ς mass 
independent removal 
from trap center 

Å Quadrupole excitation 
at cyclotron frequency 

c̟ ς mass selective 
centering & buffer gas 
--> cooling of the ion 
cloud 



WITCH: Spectrometer 

9 T magnet 

Å High field (9 T) at the traps, low (0.1 T) in the analyzing plane 

Å Adiabatic approximation: field gradient in a single cyclotron gyration radius is 

small 

Å Ecycl /B is an adiabatic invariant -> if Bsource >> Bplane , then Ecycl,plane <<Ecycl,source 

Å Combination of electrostatic filter and inhomogenous mag. field => high 

energy  resolution + high statistics 



November 2012 online experiment 

Å Further improvements of the diagnostics, 

       measurement systems and transmission  

Å New data acquisition system from LPC      

Caen 

Å More information in the datastream  

Å High background level 
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Experimental cycle Retardation spectrum  

Å Retardation spectrum extracted 

Å Systematic effects still not fully 

accounted for 

Å Studies of main MCP energy-

dependent efficiency ongoing 

 

 

   



Systematic effects investigation 

1. Spectrometer effects 

 - 2D symmetry breaking structures found,   

 upgrading tracking simulation software to 3D was 

 needed 

2. Penning trap effects 

 - investigation of space-charge effects with offline 

 ions and simulations  

 

3. Main MCP energy dependent efficiency 

 - 1+, 2+, 3+ charge states of decay products 

 - reacceleration in front of the main MCP results in 

 different energies for charge states 

 

 

 



1. SimWITCH: Ion tracking simulation in the spectrometer 

Å Monte Carlo ion tracking in the spectrometer 

ÅOriginally 2D, recently upgraded to 3D 

Å Tracks the recoil ions from the trap to the Main MCP 

Å Ion transport simulated for  

     various retardation voltages (0 V ï 450 V) 

Å Also for all 35Ar charge states (1+, 2+, 3+, 4+, 5+) 

     (charge state measurement by LPC trap@GANIL [1]) 

ÅAxial symmetry broken by a diagnostic MCP and  

     anti-ionization wire 

 
[1] Electron shakeoff following the ɓ+ decay of trapped 35Ar+ ions, Couratin 

et al, submitted 


