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Physics Colloquium PREX-II/CREX
New transverse beam asymmetry measurements

for 208Pb, 48Ca, 40Ca, and 12C
Outline
• Introduction to beam-normal single spin asymmetry

• PREX-II and CREX transverse asymmetry meas.
– Experiment overview, apparatus and techniques
– An measurement and kinematics
– Sample focal Plane spectra, raw data, and uncertainties

• New An results (preliminary)
– With past theory calc’s and PREX-I and HAPPEX data
– Phenomenological fits to new and old data
– New data shown with new calc’s from Gorchtein

• Summary
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Physics Colloquium PREX-II/CREX
List of past and present undergraduate research

assistants within past 6 years

Student Contribution Current Status
Kevin Rhine LG Designs: SAMs and Shwr-max Grad. 2015
Brady Lowe DAQ setup, PMT gains, CREX det. Grad. 2015; MS 2019
Blake French CODA event-viewer, Cosmic-stand Grad. 2015; job at Micron

Dayah Chrisman PMT gain analysis macro Grad. 2015; Grad.Stud. MSU
Will Gorman Cosmic-ray data analysis Grad. 2014;Grad.Stud. U of Roch.
Max Sturgeon Bending Al. Light Guides for SAMs Grad. 2017
Chase Juneau CAD; reflectivity meas. Grad. 2017; job at INL
Daniel Sluder Shower-max support frame CAD, ... Grad. 2016; MS 2018

Joey McCullough GEM readout backplanes;SLAC tests Grad. 2017; MS expected 2019
C. Royal Cole SLAC testbeam stand Grad. Dec 2018; Medical School
Eighdi Aung GEM CAD Grad. 2019; Grad. Stud. Va Tech

Rajul Chauhan PREX-II/CREX det. motion control Grad. 2019
Justin Gahley SLAC testbeam stand motion control Expected Grad. 2020
Alec Lepisto 3D printing parts; SLAC analysis Expected Grad. 2021

Brandon Pearson Designing and 3D printing parts Expected Grad. 2021
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Physics Colloquium PREX-II/CREX
Beam Normal Single Spin Asymmetry

Introduction

• Electron beam polarization ( ~Pe) is transverse to beam
momentum; incident on unpolarized target

• Induces azimuthal parity-conserving asymmetry (An)

−→An = σ↑−σ↓
σ↑+σ↓

, with ↑ (↓) parallel (anti-parallel) to normal
vector n̂= (~k×~k′)

|~k×~k′|
; ~k (~k′) initial (final) electron mom.

−→Ameas(φ) =An ~Pe · n̂ where φ is angle between ~Pe and n̂

• An vanishes in the Born approximation, thus can provide
sensitive probe of two- or multi-photon exchange effects

• Order of magnitude: An ∼ αem · me
Ee
∼ 10−6−10−5

−→Historically very challenging measurement
−→Precision measurements feasible with PV expt. setup
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Physics Colloquium PREX-II/CREX.
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Physics Colloquium PREX-II/CREX
An Measurement.
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Physics Colloquium PREX-II/CREX.
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Physics Colloquium PREX-II/CREX
Beam Normal Single Spin Asymmetry

Measurement Motivations

• One of the largest potential false asymmetries in precision PV
electron scattering (PVeS) experiments

• As PVeS experiments push envelope of precision APV meas.,
corrections for BNSSA leakage become increasingly important
−→Leakage suppressed by axially symmetric detectors and

minimizing transverse beam polarization components

−→But still has potential for large systematic contribution

−→PVeS experiments perform dedicated measurements of An
to quantify size of potential systematic error

• Test theoretical framework of calculations, and specifically the
2γ exchange contribution, to further push the precision frontier
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Physics Colloquium PREX-II/CREX
Beam Normal Single Spin Asymmetry

Calculation Motivations
• An provides direct access to absorptive part of the 2γ exchange

amplitude (A. De Rujula et. al., Nucl. Phys. B 35, 365 (1971))

• General formalism developed: M. Gorchtein, P.A.M. Guichon,
M. Vanderhaeghen, Nucl. Phys. A 741, 234 (2004)

An = 2Im(T ∗
1γ ·AbsT2γ)
|T1γ |2

−→Calculations sensitive to treatment of intermediate
hadronic states X =N , πN , ...

• Understanding of 2γ exchange contributions here could be
useful in extending framework to EW processes (�γZ , ...)
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Physics Colloquium PREX-II/CREX
Beam Normal Single Spin Asymmetry

Motivation

• Theoretical and experimental inputs into understanding the
imaginary part of T2γ can give better understanding of the real
part (help resolve Rosenbluth⇐⇒Pol.Transfer discrepancy).
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Physics Colloquium PREX-II/CREX
4 Decades of Technical Progress

photocathodes, polarimetry, high power cryotargets, nanometer beam
stability, precision beam diagnostics, low noise electronics, rad-hard dets

• Parity-violating electron scattering has become a precision tool!

1st generation
2nd generation
3rd generation
4th generation

E122 – 1st PVES Expt (late 70’s at SLAC)
Mainz & MIT-Bates in mid 80’s
JLab program launched in mid 90’s
E158 at SLAC meas PV Møller scattering
MOLLER at JLab in mid 2020’s
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Physics Colloquium PREX-II/CREX
PREX-II/CREX Overview.
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Physics Colloquium PREX-II/CREX
”Parity Quality” Beam Monitoring

(normalization and false-asymmetry systematics control).
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Physics Colloquium PREX-II/CREX
”Parity Quality” Beam Monitoring Summary

.
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Physics Colloquium PREX-II/CREX
Integrated Focal Plane Spectra for AP V and An.
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Physics Colloquium PREX-II/CREX
Extra Slides
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