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Goal: 

• Measure the Proton Form Factor Ratio μGE/GM

at low Q2

Impacts: 

• nucleon EM structure, 

• determination of proton radius,

• hyperfine splitting, 

• muonic hydrogen Lamb shift corrections ...
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What Are GE and GM?
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Alternative to Rosenbluth Separation
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Strategy

Where ,  the ratio of the asysmetries measured by left and right HRS

• High precision (≈1%)

• Beam-target asymmetry measurement 

by electron scattering from polarized 

NH3 target.

• Electrons detected in two matched 

spectrometers.

• Ratio of asymmetries cancels 

systematic errors → only one target 

setting to get FF ratio.
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Proton Form Factors

Zhan et al., PLB705, 59 (2011),  E08007-I

Ron et al., PRC84, 055204 (2011), LEDEX

•Existing data from 1960s 

to 2010s. Data from Jlab do 

not agree with others

•Low Q2 (<0.2) data is scare

•Models do not agree with 

each other, especially in 

low Q2 region

•GEP(E08027-II) 

experiment measured this 

ratio at Q2 from 0.01 to 0.16
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Proton Size
Two ways to measure:

1. Atomic physics: energy splitting of the 2S1/2-2P1/2 level (Lamb 

shift).

The result from Lamb shift in muonic hydrogen is much more 

precise than normal hydrogen.

R. Pohl et.al., Nature, July 2010

2. Nuclear physics: e-p scattering experiment.

dGE,M / dQ2 at Q2=0 defines the radii.

By SICK, Mainz, CODATA, Jlab ... 

Results from these 2 methods do not agree with each other,  see next slice for 

details. 

The main uncertainties originates from the proton polarizability and different 

values of the Zemach radius. G2P and GEP could help.
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Proton Radius Puzzle 
Results from Lamb shift measurement with muonic hydrogen 

disagrees with electron scattering 
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The Experiment

• Use polarized proton target (NH3) 

under 5T target field at about 6
o

• HRS located at 5.7
o

• Took elastic data with 1.1, 1.7, 2.2 

GeV beam energies

• Q2 ranged from 0.01 to 0.16 GeV2, 

high Q2 points missed due to 12.5
o

HRS setting was not able to run

• Measure elastic electron from both 

arms

• Ran in 2012 March to May, together 

with G2P
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Experiment Setup
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Kinematic Coverage
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Kinematic Coverage

this part missed
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Target Polarization

Polarization uncertainty about 3% 
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Optics

Two steps for optics with target field:

(5T target field contribute only 1.6% of 

its total BdL from the sieve to further 

away)

1) Using NO field data  Focal plan to 

Sieve  plane reconstruction

2) Ray chase electron from Sieve plane 

to target plane
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NO target field In progress ...

Depends on BPM calibration

Need to implement latest BPM calibaration result 

By Jixie, Min, Chao and Ryan
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Geant4 Simulation, HRSMC

•Designed to support all Hall HRS experiment

•BitBite and HAND included 

•Use SANKE transport packages. HRS QQDQ field not include

•Easy to modify for any other experiment. Used by G2P, GEP. tested for CREX
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Reconstruction Strategy

Target plane

Vertex plane

Sieve plane

Virtual boundary

Focal plane

Propagated by Geant4

Drift-In-Field

Two steps for reconstraction with target field:

1) Using NO field real optics matrix or snake backward function to 

reconstruct electron from Focal plane to Sieve plane

2) Ray chase electron from Sieve plane to target plane in the target 

field
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Match Simulation to Real Data

Courtesy of Chao Gu and Min Huang.
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Event Slection
Xfp

Yfp

Xfp

Yfp

Cut on focal plan variable Xfp 

and Yfp

Remove Nitrogen and 4He atoms 

elastic peak to view the H elastic 

peak clearly

Select e-H elastic events

Make 2 graph cuts on the e-H 

elastic peak to study the stability 

of the cuts
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Raw Asysmetry

By Moshe

Uncorrect for beam and charge  asymmetries yet
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Extracted Asymmtries

By Moshe

Very very preliminary, using a roughly estimated dilution factor.

Uncorrect for beam and charge  asymmetries yet
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Summary

• Data was taken to cover Q2 from 0.01 to 0.16 with both left 

and right HRS

• New instruments, i.e, BCM and BPM works

• The first round and asysmmetry analysis (without apply 

detector calibrations) was performed

• Target polarization analysis is almost ready

• Will work on simulation to determine the dilution factor

• Will apply detector calibration and use new optics 
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How GE Relate to Radius

Slope of GE,M at Q2=0 defines the radii
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More Results
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