Proceedings of the DAE Symp. on Nucl. Phys. 68 (2024)

Compton polarimetry for the MOLLER experiment at Jefferson
Laboratory in a first of its kind of measurement

Jaya Bharti! and Amrendra Narayan'*
YWeer Kunwar Singh University, Ara, Bihar, India 802301

Introduction

The Measurement of Lepton-Lepton Elec-
troweak Reaction (MOLLER) experiment is
designed to measure the parity-violating asym-
metry in the scattering of longitudinally po-
larized electrons off unpolarized electrons. The
experiment utilizes the upgraded 11 GeV beam
in Hall A at Thomas Jefferson National Ac-
celerator Facility (JLab), Virginia, USA, to
achieve an overall high fractional accuracy of
2.4% [1]. Such a measurement would consti-
tute more than a factor of five improvement
in fractional precision over the only other mea-
surement of the same quantity by the E158 ex-
periment at SLAC [2] in 2005. The biggest con-
tributor to the error budget of this high preci-
sion measurement is polarimetry. Here we dis-
cuss briefly the scientific considerations in the
asymmetry data analysis of the Compton po-
larimeter in this experiment which has to de-
liver a precision of 0.4% in polarization [1].

Experimental Setup

The Compton polarimeter involves a mag-
netic chicane that turns the beam away from
the main beamline [Fig. 1], a laser locked cav-
ity where the beam electrons undergo Comp-
ton scattering with polarized green laser pho-
tons. These Compton scattered photons are
backscattered into a photon detector and the
corresponding electrons are detected in a state
of the art diamond pixel based electron detec-
tor. Both the detectors will have different types
of triggers to identify the true events including
a coincidence mode. We plan to record the sig-
nals in the photon detector in integrating mode
via Flash ADC. The electron detector read-
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FIG. 1: Layout Compton Polarimeter Hall C JLab

out will use a diamond detector that has pre-
amplifiers built into it. It will generate LVDS
that will be recorded in FPGA based readout
boards. These FPGA based boards will be pro-
grammed to carry the logic to form the relevant
triggers and readout the corresponding data.

Theoretical Framework

This polarimetry technique is based on a
direct relativistic extension of the theoretical
framework of the classical Compton effect in
the Klein-Nishina formula for the differential
cross section
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where r¢ is the classical electron radius, £, and
E; are the incoming and scattered photon en-
ergies, # is the scattering angle and ¢ is the
azimuthal angle between the polarization vec-
tor of the photon and the plane of scattering.
The term cos? ¢ captures the polarization de-
pendence of the scattering cross-section. Due
to this last term, the number of scattered elec-
trons/photons vary between opposite polariza-
tion states. We then determine the polarization
of the electron beam by analyzing the mea-
sured asymmetry in the scattering. The the-
oretical Compton asymmetry (Ap) for a given
photon and electron energy is very precisely de-
termined using well established QED calcula-
tion.
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FIG. 2: Compton asymmetry with e-beam energy  FIG. 3: Maximum asymmetry Vs laser energy
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Preliminary and Proposed Work

The recently completed QF_ . experiment at
Jefferson that attempted to measure the weak
charge of proton[3] had the beam energy at 1.1
GeV leading to only a 6% asymmetry. The
upgrade of JLab energy in the previous decade
has in-effect increased the asymmetry close to
30% as shown in Fig. 2 for the same photon
energy (green laser 2.3eV).

Fig. 4 shows the theoretically evaluated
Compton yield against dummy electron detec-
tor strips. The initial few strips were turned
off since in the real experiment due to beam
proximity, it would have highest background.
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FIG. 4: Yield against detector strips
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