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Introduction

Opposite helicities
Created based on source image from D. 
J. Griffiths. Introduction to elementary 
particles. Wiley, New York, 1987.

• A map of all possible nuclei with 
bounds set by the driplines.

• Ab initio calculations – Low to 
medium mass

• Density functional theory - Large 
mass region and neutron stars

• Scatter longitudinally polarized electron 
beam from nuclei in unpolarized target 
nuclei elastically and measure parity-
violating asymmetry

• Relatively clean method to study nuclear 
structure in terms of theoretical 
uncertainties compared to strong probe 
measurements.

Parity Violating Electron Scattering

• High-precision Measurement of neutron skin of 
48Ca using parity violating electron scattering.

• Beam Energy ~ 2.2 GeV
Beam Current ~ 150 uA
Average Q2 ~ 0.0297 GeV2

Target ~ 90% 48Ca
Lab Scattering Angle ~ 5 degrees

• Informs ab initio models and poorly 
constrained iso-vector terms in nuclear DFT

Poorly understood nuclear 
landscape and forces at play

CREX At a Glance
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Q2 and acceptance



Facility and Apparatus

Continuous Electron Beam Accelerator Facility
Reprinted with the full permission of AIP publishing from C. H. Rode. Jefferson Lab 12 GeV CEBAF 
upgrade. AIP Conf. Proc., 1218(1):26–33, Apr. 2010.

CREX schematic
Reprinted with the full permission from C. Gal. New precision 
measurements of the neutral weak form factor of 208Pb. In 
2020 Fall Meeting of the APS Division of Nuclear Physics. 
American Physical Society, Oct. 
2020. https://prex.jlab.org/cgi-bin/DocDB/private/
ShowDocument?docid=473.
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Fast Helicity Flip Pattern (120 Hz Frequency)

https://prex.jlab.org/cgi-bin/DocDB/private/


Analysis 
Measure raw asymmetry from charge-
normalized detector yields 

Apply helicity-correlated beam property 
corrections to get corrected asymmetry

Apply background and 
polarization corrections. 
Account for acceptance.

Add in blinding factor

Final Result: APV = 2658.6 ± 106.07 (stat) ± 39.51 (syst) ppb
Total Uncertainty (Systematic+Statistical) ~ 4.3%

Corrections Absolute[ppb] Relative[%]

Polarization 382 +/- 13 14.4 +/- 0.5

Beam Asymmetry 68 +/- 7 2.5 +/- 0.3

Charge Correction 112 +/- 1 4.2 +/- 0.0

40Ca impurities 10 +/- 9 0.4 +/- 0.3

3.831 MeV (2+) inelastic -35 +/- 19 -1.3 +/- 0.7

4.507 MeV (3-) inelastic -0.3 +/- 10 0 +/- 0.4

5.370 MeV (3-) inelastic -1.5 +/- 4 -0.1 +/- 0.1

Transverse asymmetry 0 +/- 13 0 +/- 0.5

Spectrometer Re-scattering 0 +/- 0.5 0 +/- 0.0

Detector Non-linearity 0 +/- 6.7 0 +/- 0.2

Acceptance 0 +/- 24 0 +/- 0.9



Key Achievements

• Best precision on polarization measurement till date.

• Three independent techniques used for beam 
corrections (Regression, dithering and lagrange
multiplier) that agree across 3-parts of the data set.

• Corrected asymmetry across different timescales 
demonstrate good statistical behavior and consistency.

Source: Chandan Ghosh, UMass AmherstDistribution of multiplet level asymmetries



Preliminary Interpretations

Determination of weak skin

Determination of weak form factor

CREX supports models that predict thin weak skin
Source: C. Horowitz, Indiana University



Conclusion and Future Outlook

Reprinted from D. Becker, S. Rahman, · · · , and P2 collaboration. The 
P2 experiment: A future high-precision measurement of the weak 
mixing angle at low momentum transfer. Eur. Phys. J. A, 54(11), Nov. 
2018. URL https://link.springer.com/article/ 10.1140/epja/i2018-
12611-6 and C. Gal. New precision measurements of the neutral weak 
form factor of 208Pb. In 2020 Fall Meeting of the APS Division of 
Nuclear Physics. American Physical Society, Oct. 2020. URL 
https://prex.jlab.org/cgi-bin/DocDB/private/ 
ShowDocument?docid=473

Currrent and Future Parity Experiments

CREX Results
• APV = 2658.6 ± 106.07 (stat) ± 39.51 (syst) ppb
• FW ~ 0.1297 ± 0.0055 (Preliminary)
• ΔRWskin ~ ± 0.029 fm (Preliminary)

With additional future measurements at MREX, the model 
dependence from surface thickness assumption can be 
reduced.

CREX is consistent with models predicting thin neutron skin 
unlike prior sister experiment PREX.

The same models may not be able to explain heavy nuclear 
region dominated by volume effects and the medium mass 
region dominated by surface effects. This needs to be 
confirmed with further theory analysis.

CREX constraint on ab initio calculations still valuable in the 
medium mass scale.
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