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PREX AT Puzzle
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● Prex asymmetry - Parity violating ~ sub ppm.
● Due to weak interaction

Parity Experiment Major Systematic for Parity Experiment

● Transverse asymmetry - Parity conserving ~ few ppm.
● Interference term amongst one- and multi-photon 

exchange.

Different nomenclature: BNSSA, AT, An, Bn, vector analyzing 
power

  



Why AT is of interest?
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● Going beyond single-boson exchange: In precision 
electroweak experiments, we now need to go beyond Born 
approximation and consider multi-boson exchange box diagrams 
(etc.):

○ 𝛾𝛾-box diagrams - real part of the two-photon exchange 
contribution - Rosenbluth vs Recoil Polarization:  ( Nucl. Phys. A741 
234 (2004)).

○ AT  depends on the imaginary part of two-photon exchange 
contribution

-models can be tested by both kinds of observables

○ 𝛾Z- box diagrams in weak charge measurements: Important 
for precision test of standard models - push for extreme precision 
(MOLLER)

PRC 96 055203 (2017)

● False asymmetry for Parity-violating electron scattering experiment:
○ Can cause false asymmetry in precision parity violating electron scattering 

measurements if apparatus doesn’t have perfect symmetry and if beam 
polarization is not perfectly longitudinal



PREX AT Puzzle: Previous AT measurements
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JLab measurements:

PRL 109 192501 (2012)

Mainz measurements:

12C

PRL 121 022503 (2018) PLB 808 135664 (2020) 

Are there some nuclear dependence of AT!!??
C = 0.02

PRL 128, 142501 (2022)



208Pb AT Puzzle: Previous AT measurements
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BNSSA (208Pb) = (−9.1 ± 2.1 (stat) ± 0.7 (syst)) ppm 
@ Q2 = 0.04 (GeV/C)2 

Are there some strong kinematic 
dependence!!??

arxiv:2508.18851



Proposed experiment (E12-24-007 ) : Nuclear dependence of BNSSA
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● The standard Hall C SHMS spectrometer will be used at a scattering angle of 5.5 deg with ~1 GeV transversely polarized 
electron beam: +/- 0.5 ppm (stat)  and +/- 0.2 ppm (syst).

● The small scattering angle is chosen: 1) to maximize FoM and 2) to facilitate data interpretation with existing theories.

SHMS HMS

Scattering angle (deg) 5.5-40 10.5-80

Solid Angle (msr) ~4 ~6

Central Momentum (GeV/c) 1-11 0.5-7

This will run early 2027!!



List of proposed targets
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● The 12C target provides baseline measurements
● Important consistency check for 40Ca and 208Pb measurements from the previous JLab measurements with different 

experimental setup and approach
● Intermediate to heavy Z-targets will provide important new inputs for studying nuclear dependence of the asymmetry

● Water-cell target was proposed in the original proposal for precise spectrometer angle measurement.
● Instead of that we are planning to use C-elastic and C-first excited state scattered electrons and CH2 target for angle 

measurement
● We wish to have 13C target for quantify changes due to the extra neutron in 12C and to justify using chemically pure 

targets



Inelastic nuclear states
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J. Phys. G: Nucl. Phys., Vol. 1, No. 5, 1975



Focal plane detectors
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Optical simulations for the detector
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● Quartz:
○ Dimension: 200 mm x 8 mm x 10 mm
○ Glisur surface, ground finish, polish level 0.98

● PMT:
○ Hamamatsu R2496
○ Quartz window: 10 mm radius, 3mm thick, positioned 0.5 mm from 

the bevel
○ Bialkali photocathode, 8 mm active diameter
○ Quantum efficiency used from factory data sheet

● Qsim:
○ E-beam : 1 GeV

Sudip Bhattarai, Dustin McNulty



Optics setup, DAQs, beam modulations, beamline elements etc
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● Optics:
○ We will use sieve collimator and 12C target to set up the spectrometer optics
○ CH2 target will be used for accurate measurement of Spectrometer angle

● Beamline elements for Parity experiments:
○ All the hardware for beam modulation exists, need to re-establish connection and test 

their functionality. Working with the I&C for that.

● DAQ:
○ A new parity DAQ is set up. That will be used for production
○ Standard SHMS DAQ for the commissioning and Q2 measurements

● Analysis:
○ Production data - The PREX/CREX framework
○ Hall C analyzer for the commissioning and Q2 measurements



Systematic uncertainties
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The experiment takes advantage of recent progress made in the setup of the parity quality beam and 
analysis techniques used for parity experiments.

The systematic budget is more conservative than what was obtained just a few years ago with PREX-2 
and CREX.



Projected Results
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● TPE calculations suggest 6-7 
ppm asymmetries for all 
targets at the proposed 
kinematics



Projected Results

15

● TPE calculations suggest 6-7 
ppm asymmetries for all 
targets at the proposed 
kinematics

● Empirical determination of 
asymmetry suppression 
assuming correction:

 An≈A0 (Q)(1-C⋅Z2α)
C = 0.02



Projected Results
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● TPE calculations suggest 6-7 
ppm asymmetries for all 
targets at the proposed 
kinematics

● Empirical determination of 
asymmetry suppression 
assuming correction: 

An≈A0 (Q)(1-C⋅Z2α)
C = 0.02

● The precision proposed in 
this experiment will allow 
studying the nuclear 
dependence of the 
asymmetry 



New proposal (PR12-26-002 ) in the PAC54
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● ~1 GeV beam on a 208Pb target for 10 days
● SHMS @ 9.45 deg.
● Beam current ~ 60 uA.
● Asymmetry goal ~ +/-1.5 ppm.



Summary
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● Presented a picture of our current understanding of the beam-normal single spin 
asymmetry (BNSSA)

○ Gave an introduction of BNSSA
○ Existing data of AT on nuclear targets
○ Current puzzle for the 208Pb data

● Approved proposal (E12-24-007): Nuclear dependence of BNSSA
○ Motivation and goal of this proposal
○ Experimental details

● New proposal (PR12-26-002): Nuclear dependence of BNSSA
○ Motivation of the new proposal - 
○ We are hoping this will get approved and we will run this along with E12-24-007.

Thanks for the invitation and for your attention

We are excited to run next year. Please join our effort



Extra
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