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Physics Colloquium Idaho State U.
Detectors for Parity Experiments at JLab

Outline
• The Weak force and Parity Symmetry Violation
• Introduction to Parity-Violating Electron Scattering

– Why PVES?
– Experiment blueprint, ”how-to”, and technical progress

• PREX-II/CREX at Jefferson Laboratory
– Experimental concept, techniques and apparatus

• New Integrating Detectors for PV
– PREX-I Main and A T Detectors
– PREX-II/CREX Main and A T Detectors
– Shower-max Sampling Calorimeter for MOLLER (if time)

• Summary and Future Plans
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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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Parity Symmetry

.
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β− Decay and Standard Model

.
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Physics Colloquium Idaho State U.
Why Parity-Violating Electron Scattering?

Provides model-independent determinations of nuclear
and fundamental-particle weak-charge form factors and
couplings with widespread implications for:
• Understanding nuclear and nucleon structure

– Strange quark content of nucleon
– Neutron radii of heavy nuclei −→ density dependence of

Symmetry Energy and EOS of nuclear matter; neutron stars;
calibrate hadronic probe reactions on radioactive beams

• Search for physics Beyond the Standard Model (BSM)
– Indirect searches using low energy (Q2 <<M2

Z) precision
electroweak tests at high intensity or precision frontier

– complements direct searches at high energy frontier

JLab PVES Programs: HAPPEX, G0, PVDIS, PREX, Qweak, CREX
MOLLER, SoLID
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Parity-Violating Electron Scattering

.
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Blueprint of a PVES Experiment

(E122 at SLAC)

.

Dustin E. McNulty Detectors for Parity Experiments at JLab Feb 3, 2020 10



Physics Colloquium Idaho State U.
Anatomy of a PVES Experiment

(E122 at SLAC).
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How to do a Parity Experiment.
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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
MOLLER at JLab in mid 2020’s
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PREX/CREX Concept

(Probing the Weak Charge Distribution of N-rich Nuclei).
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Physics Colloquium Idaho State U.
PREX/CREX Concept.
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PREX/CREX Overview.

Dustin E. McNulty Detectors for Parity Experiments at JLab Feb 3, 2020 16



Physics Colloquium Idaho State U.
”Parity Quality” Beam Monitoring

(normalization and false-asymmetry systematics control).
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PREX-I Systematic Errors.
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Physics Colloquium Idaho State U.

Requirements for PVES Integrating Detectors

• Radiation hardness – active medium must give
consistent response under extreme and prolonged flux
exposures

• Should count individual electrons with good (∼ 20%)
resolution – to minimize statistical error inflation

• Photo-sensitive device must give highly linear
response (at 0.3% level for PREX-II/CREX) – so care
must be taken to understand photo-cathode light
levels and anode currents during integration mode
APV measurements
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Main Integrating Detectors for PREX-II/CREX

.
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Physics Colloquium Idaho State U.
MAMI testbeam May 24-27, 2016.
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PREX-II/CREX Tandem Detector Tests

855 MeV e- beam

PREX thin quartz
tandem detector

• Quartz spacing same as for rotary 
tandem mount (~16 cm)

• Used two Hamamatsu R7723Q pmts
• Quartz is wrapped with 1 mil Al. Mylar
• Took runs for each quartz thickness 

upstream and downstream
• Example raw data, pedestal fit, and 

ped-corrected ADC and PE dists

10mm 6mm

e- beam
Centered on 
quartz at 
~90o

6mm 10mm
and

R7723Q PMTs

Spectrosil2000 
thicknesses:

.
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Physics Colloquium Idaho State U.
RHRS Tandem PREX-II/CREX Dets with GEMs.
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Physics Colloquium Idaho State U.
Examples of Focal Plane, Elastic Peak Spectra.
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PREX-II/CREX Detector Package.
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PREX-II/CREX Detector Package.
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PREX-II/CREX Main Detector Assemblies.
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Physics Colloquium Idaho State U.
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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Summary and Future Plans

• PVES is a precision tool for measuring weak-charge distributions
with implications for nuclear structure and BSM discovery

PREX/CREX:

• PREX-II collected 80% of proposed data and together with PREX-I
will reach full precision: ±0.07 fm resolution on the neutron radius
and skin of 208Pb with implications for neutron stars, ...

• CREX currently running and on target to reach proposed
measurement goal: ±0.02 fm resolution on the neutron radius and
skin of 48Ca with implications for nuclear structure and forces

Integrating Detectors

• Much progress over past 5 years – new robust design

• ”thin” quartz detectors becoming well understood

• Future detector work for MOLLER will quantify rad-hardness of
detector materials, including quartz and aluminum reflectors
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Extra Slides
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Motivations for Downstream Lumi’s or SAM’s

• Need them for their high sensitivity
to helicity-correlated beam parameters

– Detect charged particle flux at
extreme forward angles

– Very high rates and thus narrow
pulse-pair widths – powerful
diagnostic tool

• Provides measure of overall electronic noise floor in the hall
• In theory, should have very low/no PV asymmetry and can serve

as null asymmetry monitor
• Symmetric 8 piece design helps disentangle beam position and

angle HCBP’s while 8 SAM sum is insensitive
• Could provide important tests of regression procedures
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Old Hall A Luminosity Monitor

• Conceptual Design 2002–Riad Suleiman; refurbished in 2008

• 8 quartz Cherenkov detectors with air-core light guides placed
symmetrically around beam line 7m downstream of pivot

• Used 6.0×2.0×1.0 cm3 quartz placed 4.5 cm from beam center
⇒ 0.3 - 0.8 deg polar angle acceptance
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Luminosity Monitor Re-design (SAMs)

• Incorporate Qweak’s downstream Lumi experience:
–Use pre-radiator and ”unity gain” PMT
–Use radially smaller, but thicker quartz
–May achieve desired linearity at anticipated photocathode
currents, but running unity gain mode guarantees it

–Use TRIUMF preAmps at SAM for signal cond. and gain

• Work within constraints of existing beampipe insertion tubes
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Final SAM Design and 2016 Testbeam.
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Physics Colloquium Idaho State U.
Møller Scattering APV Measurement

• MOLLER aimed at precision measurement of parity-violating
asymmetry APV in polarized electron-electron scattering.

• Standard Model gives precise prediction for Møller APV –which
can be measured as a test.

APV = σR−σL
σR+σL

= MγMZ

M2
γ

=meElab
GF√
2πα

4sin2θlab
(3 + cos2θlab)2Q

e
W ,

QeW ≡ 4 ·geV ·g
e
A =−(1−4sin2θW ) (1)
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The MOLLER APV Measurement

• At proposed kinematics: 11GeV e−
beam(75µA, 80% Pe), and

5mrad < θlab < 20mrad:
→ Predicted 〈APV 〉=36ppb at 〈Q2〉=0.0056 (GeV/c)2

• For 49 (PAC) week run: δAPV = 0.74ppb:
→ δQeW /QeW = ±2.1%(stat) ± 1.0%(syst)
→ δθW= ±0.00026(stat) ± 0.00012(syst) ∼0.1% precision!

Challenging 4th generation measurement requiring:
• Unprecedented precision matching of electron beam

characteristics for Left versus Right helicity states

• Precision non-invasive, redundant continuous beam polarimetry

• Precision knowledge of luminosity, spectrometer acceptance
(Q2) and backgrounds
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MOLLER Motivations.
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MOLLER Apparatus

(major new installation experiment for Hall A).
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Optimized Spectrometer (∼ 100% Acceptance)

• The combination of a toroidal magnetic system with an odd number
of coils together with the symmetric, identical particle scattering
nature of the Møller process allows for ∼ 100% azimuthal acceptance
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Toroid Design Concept

• Spectrometer employs two back-to-back toroid magnets and
precision collimation:
– Upstream toroid has conventional geometry
– Downstream “hybrid” toroid novel design inspired by the need to

focus Møller electrons with a wide momentum range while
separating them from e-p (Mott) scattering background
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MOLLER Integrating Detector Layout and Rates

ep’s

GEM
GEM

252 detectors 

Moller’s

Shielded PMTs

pion detector

DS Lumi

• Spectrometer separates signal from bkgd
and radially focuses at detector plane

• Rates for 11 GeV/75 µA (80% pol.) beam,
1.5m liquid hydrogen target. See fig. −→

• Six radial rings, 28 phi segments per ring∗

• Ring 5 intercepts Moller peak (∼150 GHz),
Ring 2 intercepts bkgd ”ep” peaks

• 250 quartz tiles: allow full characterization
and deconvolution of bkgd and signal processes
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