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Important References
Papers:

PREX2 10.1103/PhysRevLett.126.172502

CREX 10.1103/PhysRevLett.129.042501

Fe/Ni Polarizations 10.1016/j.nima.2022.167444

PREX2/CREX Polarimetry 10.48550/arXiv.2207.02150

Data :

Hartree-Fock Calculated Momentum distributions for bulk Fe

Repository: gitlab.com/dhamil/levchuk-dft-corrections/-/tree/master/
File: data �les/Fe BBB93 shelldecomposition.csv
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High-Precision Polarimetry for MOLLER and SoLID

I Stringent polarimetry
requirements for two
upcoming experiments
to Hall A

I MOLLER: 0.40%

I SoLID (PVDIS): 0.40%

I The plan is for both
Compton and M�ller
polarimeters to meet
this goal
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Polarimeter Schematic
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Basis for M�ller Polarimetry

I We know, with some
systematic error, the
polarization of the
target

I We compute the
analyzing power of the
spectrometer

I We measure a
coincidence rate
asymmetry

I We extract the beam
polarization
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Spectrometer Description
I \Brute force" M�ller polarimeter design

I Target magnetically saturated in 4 Tesla �eld parallel to the
beam line and perpendicular to the plane of the foil

L.V de Bever, J Jourdan, et al (1997) NIMA S0168-9002(97)00961-3

I QQQD setup
I Four quadrupoles steer scattered M�ller electrons into

dipole
I Dipole bends moller electrons below beam line towards

M�ller detector

I M�ller detector
I Spaghetti �ber lead block design calorimeter
I Connected to 8 PMTs|4 left / 4 right
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Iron Foil Magnetization

I Extensive literature review
of magnetization of Fe

I Demonstrate that the
saturation polarization of
an Fe target can be
determined to� 0.23%

I We've budgeted for
0.25% syst unc. for foil
magnetization, this allows
for a 0.1% uncertainty for
saturation and alignment Source: NIMA S0168-9002(22)00736-7 [2022]
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Iron Foil Saturation

I Systematic error
measurements taken at
the end of CREX while
ramping down the target
holding �eld.

I Holding �eld strengths
4.0T, 3.2T, 2.8T, 2.4T,
& 1T (not shown)

I Anomalous data at 2.8T
will require additional
systematic studies
during MOLLER

Source: NIMA S0168-9002(22)00736-7 [2022]
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Levchuk E�ect

I Levchuk e�ect alters scattering angle of M�ller scatters but not
the momentum

I Can have signi�cant e�ect on acceptance due to scatter from
bound electrons with high atomic-momentum

Levchuk E�ect:

1992 paper proposed
intra-atomic motion of bound
electrons is a signi�cant source
of systematic error.
https://doi.org/10.1016/0168-9002(94)90505-3

General Hydrogenic Modeling:
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Improved Modeling for Levchuk E�ect (cont'd)

Replacement of old hydrogenic wavefunctions for bound momentum of
target elections with Hartree-Fock calculated distributions.

Source: https://doi.org/10.48550/arXiv.2207.02150 [2022] :: D.E.King; D.C. Jones, et al.
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Improved Modeling for Levchuk E�ect (cont'd)

I Wavefunction
cumulative distribution
functions then used to
generate events in
Monte Carlo

I Although not shown
here the substantitive
di�erence between the
Hartree-Fock and
Hydrogenic modeling is
the 1s momentum
distribution. Source: https://doi.org/10.48550/arXiv.2207.02150 [2022]

D.E.King; D.C. Jones, et al.
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Detector Collimator
Collimator designed and to be added to limit detector acceptance

I Will be milled from
tungsten (hevimet)

I 6.4 cm thick

I Designed to be
inserted into the
detector window
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I 5.0 cm vertical acceptance
window

I � 7� M�ller acceptance
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Detector Collimator (cont'd)

I Top four PMTs behind
collimator window active

I Bottom four PMTs inactive

I Very clean signal cut on
active PMTs
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Target Move 30cm Upstream + Collimation

I Current setup restricts
steering and overall
acceptance at 11GeV

I Smaller than ideal �� COM

acceptance

I Moving target 30cm upstream
allows natural separation and
better steering with quads

I Larger � � COM pass-through
to detector = smaller Levchuk
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Addition of GEM Detectors

New GEMs will be used to provide quantitative insights on poorly
benchmarked corrections in simulation: multiple scattering and radiative
corrections and Levchuk

I GEM|Gaseous
Electron Multiplier
detector

I Extract coordinate
data of electron tracks
as they pass through

I To be installed in time
for MOLLER
commissioning
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Extracted kinematics from GEM data

� : 1 / momentum
� : Plane of scatter

� � : Angular o�set from M�ller stripe
� : Scattering angle

� = f (�� y; y)
� = f (�� y; y)

� � = f (�� y; y; x1)
� = f (�� y; y)

� � = � beam � � L � � R

� 2
T = � � 2 + � 2
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CREX Asymmetry Measurements

I Signi�cantly better
agreement at points of
high asymmetry when
using Hartree-Fock
wavefunctions for
Levchuk calculation in
Monte Carlo.

I Reduces systematic
uncertainty from 40% to
10%

Source: https://doi.org/10.48550/arXiv.2207.02150 [2022]
D.E.King; D.C. Jones, et al.
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