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Outline

● Quick Moller Polarimeter/Polarimetry Overview (for the sake of anyone new) 

● NIMA Paper(s)
○ PREX-2/CREX Moller Polarimetry Paper
○ Foil Polarization Paper

● Preparation for MOLLER
○ Ongoing
○ Remaining Concerns
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Quick Polarimeter Overview

● Target magnetically saturated 
– “brute force” – with the 
target plane perpendicular to 
beam.

● QQQQD Spectrometer
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● Spaghetti lead fiber 
detector.

● 8PMTs 
○ Left / right
○ Analyze Coincidence



Quick Polarimeter Overview
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● We measure the asymmetry of 
Moller coincidence hits

● Extract beam polarization given 
target polarization and 
computed analyzing power.

○ We verify our computed 
analyzing power by measuring 
asymmetry at different 
magnetic optics settings. 

● Target magnetically saturated 
– “brute force” – with the 
target plane perpendicular to 
beam.

● QQQQD Spectrometer

● Spaghetti lead fiber 
detector.

● 8PMTs 
○ Left / right
○ Analyze Coincidence



NIMA 
Papers

Two papers published in NIMA:

● Precision Polarimetry for 
PREX2/CREX – King et al.
○ 10.1016/j.nima.2022.167506

● Determination of Fe/Ni Foil 
Polariations – Jones et al.
○ 10.1016/j.nima.2022.167444 
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Details for everything skimmed over in these 
slides and more can be found in the papers.

https://doi.org/10.1016/j.nima.2022.167506
https://doi.org/10.1016/j.nima.2022.167444


PREX-2 / CREX Moller Polarimery Paper

Accepted in Aug 2022, Published in Sept 2022
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PREX-2 / CREX Moller Polarimetry Paper (cont’d)
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● Results of PREX2 polarization measurements reported and 
detailing

○ Data corrections: deadtime; accidentals; charge 
normalization; null asymmetry; and foil polarization.

○ Extrapolation uncertainties: high-current running; 
leakage current; and laser polarization/precession/QE

[Note: Bold entries require ongoing work towards MOLLER goals.]



PREX-2 / CREX Moller Polarimetry Paper (cont’d)
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Systematics goals of 1.1% exceeded  😀
→ 0.89% PREX2  &  0.85% CREX

[Note: Bold entries require ongoing work towards MOLLER goals.]

● Results of PREX2 polarization measurements reported and 
detailing

○ Data corrections: Deadtime; accidentals; charge 
normalization; null asymmetry; and foil polarization.

○ Extrapolation uncertainties: high-current running; 
leakage current; and laser polarization/precession/QE



PREX-2 / CREX Moller Polarimetry Paper (cont’d)
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● Comparison of Moller 
measurements to Compton 
measurements during CREX.
○ Outstanding agreement.

     ~0.5% 



PREX-2 / CREX Moller Polarimetry Paper (cont’d)
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● Improvements to the polarimeter 
simulation modeling used to 
calculate analyzing power – new 
Hartree-Fock wavefunctions*.

~0.5% Change

● Comparison of Moller 
measurements to Compton 
measurements during CREX.
○ Outstanding agreement.

     ~0.5% 

[*Link to Hartree-Fock wavefunctions in backup slide.]



Foil Polarization Paper
Accepted in Sept 2022

Published in Sept 2022
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Foil Polarization Paper (cont’d)
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An extensive review of foil 
polarization issues for Fe foils:

● Covers foil heating issues with 
beam on target; foil heating 
affects foil polarization.

Shown analytical model which agreed with ANSYS 
@ 11GeV 13.0 v. 13.2K



Foil Polarization Paper (cont’d)
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An extensive review of foil 
polarization issues for Fe foils:

● Covers foil heating issues with 
beam on target; foil heating 
affects foil polarization.

● Extensive review of 
well-documented data on Fe 
magnetization.

Reliable datasets were temperature-corrected, curve fit to 
theory and an average along with error taken from the fits. 



Foil Polarization Paper (cont’d)
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● Derived values for Fe foil 
polarization.

⇨ 8.009% +/- 0.019%

● Reduces our systematic uncertainty on 
polarization to 0.23%

○ Total allotted uncertainty budget 
on polarization is 0.25%



MOLLER 
Preparations

● Detector Collimation
● Target Move Upstream
● Addition of GEM Detectors
● GEM Data Analysis
● Remaining Systematic 

Concerns
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Systematics
Goal

0.4%



Detector Collimation

● Dipole ‘filters’ acceptance 
by momentum.

● Tungsten collimating 
mask designed for the 
detector box entrance.

● Limits detector acceptance to  ±7*deg
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Detector Collimation (cont’d)
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● Collimator effectively 
blocks out unwanted 
electrons from 
acceptance.



Detector Collimation (cont’d)
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● Collimator effectively 
blocks out unwanted 
electrons from 
acceptance.

● We’ll be utilizing only the 
top ½ of the detector.



Detector Collimation (cont’d)
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● Collimator effectively 
blocks out unwanted 
electrons from 
acceptance.

● We’ll be utilizing only the 
top ½ of the detector.

● What passes underneath 
the detector doesn’t 
matter since the PMTs 
are turned off. 

○ Moliere radius of 
Pb is ~20mm.



! Dipole Power Supply
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● All of these plans were put together on the agreement that we’d receive a new/different 
power supply.

○ Current dipole power supply has been failing and is capable of only 430A of 
current (after recent repairs).



● Move upstream allows for additional 
natural separation of Moller scatters before 
quadrupole steering.

● More effective steering allows us to capture 
desired 𝚫𝛉 range for acceptance.

 Expected Asymmetry Curve Before Move

● Result is a flatter asymmetry curve leaving 
us less sensitive to quadrupole optics. 

 Expected Asymmetry Curve After Move

Moller Target Magnet Moved 30cm US (cont’d)
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GEM Detectors
● GEM Detectors are in production and 

to be install in time for MOLLER 
commissioning.

● Will be used to provide quantitative 
insights on poorly benchmarked 
corrections in simulation: 

🫤 Multiple Scattering;
🫤 Radiative corrections;
🫤 Levchuk Effect.
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GEM Detectors
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● Three GEM planes to be installed
○ Third GEM will aid in 

increasing tracking efficiency.

● To be placed:
1. Exit of dipole vacuum box
2. Entrance to the detector
3. In-between (1) and (2)

● Each GEM has a left side and right 
side with independent readouts



GEM Detectors & Analysis
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beam target



● Reconstruction of Geant4 
simulated data works well.

○ (Top images) 
Reconstruction against 
simulated.

○ (Bottom images)
Differences between 
reconstruction and 
simulated.

● Excellent starting point for 
future data analysis!

*Faraz’s conversion of  ρ to p in backup slide.

GEM Detector 
‘Data’ Analysis
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Reconstructed ρ
Mean Diff: ~2(10-5) c/GeV → 3 MeV/c (*in p)

Width: ~7(10-4) c/GeV → 20 MeV/c (*in p)

Reconstructed Scattering Angles
Mean Diff: ~1(10-5) rad

Width: ~5(10-5) rad



Remaining Systematics Concerns
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Moller Polarimetry Systematic Concerns
Current Extrapolation       [backup slide of 2007 study]

Polarimeter runs at low current while 
experiment runs at high current.

1. Need a plan which must be supported by 
source experts for extended 
measurements.
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Moller Polarimetry Systematic Concerns
Current Extrapolation       [backup slide of 2007 study]

🫤 Polarimeter runs at low current while 
experiment runs at high current.

1. Need a plan which must be supported by 
source experts for extended 
measurements.

Foil Saturation [Covered in Fe foil NIMA Paper]

1. Restore target rotation.
2. Refine a technique for ensuring foils are 

flat and taut.
3. Need a plan for measurement.
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Moller Polarimetry Systematic Concerns
Current Extrapolation       [backup slide of 2007 study]

🫤 Polarimeter runs at low current while 
experiment runs at high current.

1. Need a plan which must be supported by 
source experts for extended 
measurements.

Foil Saturation [Covered in Fe foil NIMA Paper]

1. Restore target rotation.
2. Refine a technique for ensuring foils are 

flat and tout.
3. Need a plan for measurement.
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Bleedthrough/Leakage

We currently don’t have a complete plan on how to 
deal with this.

● Significant bleedthrough recently observed.
● It appears that bleedthrough will continue to 

be something that needs to be dealt with. 



Moller Polarimetry Systematic Concerns
Current Extrapolation       [backup slide of 2007 study]

🫤 Polarimeter runs at low current while 
experiment runs at high current.

1. Need a plan which must be supported by 
source experts for extended 
measurements.

Foil Saturation [Covered in Fe foil NIMA Paper]

1. Restore target rotation.
2. Refine a technique for ensuring foils are 

flat and tout.
3. Need a plan for measurement.
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Bleedthrough/Leakage

We currently don’t have a complete plan on how to 
deal with this.

● Significant bleedthrough recently observed.
● It appears that bleedthrough will continue to 

be something that needs to be dealt with. 

Deadtime

● We need to verify that our current way of 
dealing with this is accurate.

● We have the equipment and just require a pair of 
hands to take on the project.



Summary of Where We Want to be for MOLLER
● ‘Foil Polarization’ includes both the 

foil polarization and foil alignment

● Dead time systematic has previous 
been very conservative 
[100% of correction]

● Leakage currents were something 
that we were hoping to eliminate 🫤.

● Current dependence study is 
extremely important in meeting 
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Thank you.

                             Questions?                                 Comments.
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Moller Polarimetry Working Group



Backup Slides

● Faraz’s reconstruction 
converted from rho to p.

● 2007 Hall C study using beat 
freq, slit changes and 
attenuator changes for High 
Current systematic constraint.
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Faraz’s Reconstruction  ρ → p

Faraz’s reconstruction converted to momentum rather than rho.
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High-current Systematics Test
● This is our main to-do item

● Will require a detailed plan 
of action in order to 
complete.

● Several methods available.

● We need to decrease 
this further.
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● Previous systematic studies performed in Hall-C in 2007 limit this systematic to 
0.5%.



Hartree-Fock Wavefunctions
Data:
Hartree-Fock Calculated Momentum distributions [here]

Repository: gitlab.com/dhamil/levchuk-dft-corrections/-/tree/master/
File: data files/Fe BBB93 shell decomposition.csv
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https://gitlab.com/dhamil/levchuk-dft-corrections/-/tree/master/data_files
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    Target Alignment


