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Physics Colloquium Idaho State U.

Applications of Parity Violation in the Weak
Nuclear Force

Outline

• Beta Decay and Parity Violation

• Standard Model and the Weak Force

• Experiments: PREX/CREX and MOLLER

• Quartz Cerenkov Detector R&D at ISU

• Summary and Outlook
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Physics Colloquium Idaho State U.
The Weak Force: Oh, I didn’t know that?.
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Physics Colloquium Idaho State U.
Beta Decay Examples

.
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Physics Colloquium Idaho State U.
Beta Decay – Nature’s Window into the

Weak-nuclear Force
.
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Physics Colloquium Idaho State U.
Fermi’s Interaction – Precursor to Weak Theory.
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Physics Colloquium Idaho State U.
First Neutrino Observations 1956

.
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Physics Colloquium Idaho State U.
Parity Symmetry

.
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Physics Colloquium Idaho State U.
Parity Violation Discovered in β-decay: 1957.
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Physics Colloquium Idaho State U.
Parity Violation Discovered in β-decay: 1957.
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Physics Colloquium Idaho State U.
β− Decay and Standard Model

.
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Physics Colloquium Idaho State U.
Standard Model of Elementary Particles.
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Physics Colloquium Idaho State U.
Parity Violation and Electron Scattering

.

Dustin McNulty Applications of Parity Violation (2018Jan29) 12



Physics Colloquium Idaho State U.
AP V : Dominated by Electroweak Interference.
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Physics Colloquium Idaho State U.
3 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
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Physics Colloquium Idaho State U.
Blueprint of a PVES Experiment

(E122 at SLAC)

.
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Physics Colloquium Idaho State U.
Anatomy of a PVES Experiment

(E122 at SLAC).
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Physics Colloquium Idaho State U.
Selected Applications of PVeS

.
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Physics Colloquium Idaho State U.
What is the size of a 208Pb nucleus (82p+126n)?.
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Physics Colloquium Idaho State U.
Mass versus EM Charge Radii of 208Pb.
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Physics Colloquium Idaho State U.
PREX Measurement (Pb Radius EXp).

Dustin McNulty Applications of Parity Violation (2018Jan29) 20



Physics Colloquium Idaho State U.
Motivation: Nuclear Radii in Heavy Nuclei

.
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Physics Colloquium Idaho State U.
Motivation: What do we learn from Rn?.
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Physics Colloquium Idaho State U.
Motivation: Neutron Stars

.
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Physics Colloquium Idaho State U.
Methods used to Measure Rn

.
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Physics Colloquium Idaho State U.
Non-Parity Violating Electron Scattering

.
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Physics Colloquium Idaho State U.
Parity Violating Electron Scattering.
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Physics Colloquium Idaho State U.
JLab’s CEBAF is Excellent Facility for PV

Measurements.
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Physics Colloquium Idaho State U.
PREx Measurement.
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Physics Colloquium Idaho State U.
Jefferson Lab Hall A (Newport News, Virginia).
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Physics Colloquium Idaho State U.
Experimental Setup.

Dustin McNulty Applications of Parity Violation (2018Jan29) 30



Physics Colloquium Idaho State U.
PREX Result.
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Physics Colloquium Idaho State U.
Result and Error Budget

APV = 0.658 ± 0.0604 ± 0.0130 ppm

± 9.2%(stat) ± 2.0%(syst)

Contributions abs (ppm) rel (%)

Polarization 0.0071 1.1%

Detector Lin. 0.0071 1.1%

Beam Corrections 0.0072 1.1%

Q2 0.0028 0.4%
12C Asymmetry 0.0025 0.4%

Transverse Pol. 0.0012 0.2%

BCM Lin. 0.0010 0.1%

Target Thick 0.0006 0.1%

Rescattering 0.0001 0.0%

Inelastic Cont. 0.0000 0.0%
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Physics Colloquium Idaho State U.
Summary (PREX)

• PREx exp. ran March - June 2010 to measure Rn on 208Pb;
Published in Phys. Rev. Lett. 108, 112502 (2012)

• After all corrections: APb
PV = 0.658 ± 0.0604 (9.2%) ± 0.0130

(2.0%) ppm (statistics dominated uncertainty)

• From simple fit over calcs: Rn = 5.78+0.15
−0.17 fm

• Neutron skin: Rn - Rp = 0.34+0.15
−0.17 fm

• Established existence of neutron skin with 95% CL

• PREx-II experiment set to run in late 2016 – will improve stat.
err of PREx-I by factor of 3

• PREx-II precision will better discriminate between models
allowing predictions relevant for the description of neutron stars
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Physics Colloquium Idaho State U.
Experimental Setup (Spectrometer & Detectors).
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Physics Colloquium Idaho State U.
HRS Detector Package for PREX-II/CREX.

Dustin McNulty Applications of Parity Violation (2018Jan29) 35



Physics Colloquium Idaho State U.
HRS Detector Package for PREX-II/CREX.
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Physics Colloquium Idaho State U.
RHRS Tandem Quartz Mount with GEMs.
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Physics Colloquium Idaho State U.
Main Integrating Tandem Detector Design

.
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Physics Colloquium Idaho State U.
MAMI testbeam May 24-27, 2016

.
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Physics Colloquium Idaho State U.
PREX/CREX Tandem mount Tests.
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Physics Colloquium Idaho State U.
6 mm/10 mm Tandem Testbeam Results.
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Physics Colloquium Idaho State U.
SAM PE Yield & LG Testbeam Study:

Miro-silver27 vs Anolux UVS (no tungsten).
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Physics Colloquium Idaho State U.
SAM PE Yield & LG Testbeam Study:

Miro-silver27 vs Anolux UVS (w/ tungsten).
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Physics Colloquium Idaho State U.
Final SAM Design and 2016 Testbeam.

Dustin McNulty Applications of Parity Violation (2018Jan29) 44



Physics Colloquium Idaho State U.
Prototype Development at ISU.
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Physics Colloquium Idaho State U.
Light guide reflectivity measurements.
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Physics Colloquium Idaho State U.
LG reflectivity radiation hardness study.
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Physics Colloquium Idaho State U..
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Physics Colloquium Idaho State U.
Monte Carlo tuning and Shower-max Simulations.
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Physics Colloquium Idaho State U.
.
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Physics Colloquium Idaho State U.
MOLLER Apparatus

(major new installation experiment for Hall A).
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Physics Colloquium Idaho State U.
ShowerMax Motivation & Requirements.

Dustin McNulty Applications of Parity Violation (2018Jan29) 52



Physics Colloquium Idaho State U.
Shower-max phi-segmentation, rates and energies.
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Physics Colloquium Idaho State U.
Baseline Design Stack and Light Guide Concepts.
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Physics Colloquium Idaho State U.
Prototype Baseline Design and ring concept.
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Physics Colloquium Idaho State U.
Updated Full-Scale Prototype (1A) for Beamtest.
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Physics Colloquium Idaho State U.
Shower-max Benchmarking Prototype concept.
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Physics Colloquium Idaho State U.
Quartz and Tungsten Ordered in Nov 2017

.
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Physics Colloquium Idaho State U.
4-layer baseline PE Dists for 2, 5, and 8 GeV.
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Physics Colloquium Idaho State U.
Precision PMT Gain Measurements Planned.
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Physics Colloquium Idaho State U.

Thank you.
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