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• Q2 : 4-momentum transfer

• W : invariant mass of target 

• x  : momentum fraction

• ʋ  : E - E’, energy transfer

• Scattering angle: Ɵ ∼ 6°
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• Experiment measured       , essential contribution to     in this 
kinematic region

• Will use JLab Hall B EG4 data for        . 

• Measured        at one kinematic setting as cross-check
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Extracting Spin Structure 
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Measure a fundamental spin observable (   ) in the 
region 0.02 < Q2 < 0.20 GeV2 for the first time
• Extract      as a test of         

calculations

• Test Burkhardt-Cottingham  
(BC) sum rule

• Crucial inputs for hydrogen 
hyperfine splitting and 
proton charge radius 
measurements 
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Motivation
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• Can be calculated via 

• Neutron data shows 
some deviations for 
calculated polarizabilities

• No proton data yet!
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Neutron Data
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plot courtesy of V. Sulkosky
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• Sum rule satisfied within 
errors for neutron

• Inconsistency seen in 
proton data

• Mostly unmeasured for 
proton
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Neutron Data

Proton DataH. Burkhardt and W.N. Cottingham
Annals. Phys., 56 453 (1970)
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Finite Size Effects
Hydrogen Hyperfine Splitting

•  

• Structure correction has 
largest uncertainty to 
theoretical calculation

•  
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Finite Size Effects
Proton Charge Radius

• 2 ways to measure:

• Energy splitting of 2S1/2 - 2P1/2 level (Lamb shift)

•  

• Scattering experiment

R. Pohl et al, Nature, 466(2010)213

• Two results do not match

• Main uncertainties are from proton polarizability terms

• Related to integral of spin structure functions

Lamb Shift

Scattering

�E = 209.9779(49)� 5.2262r2p + 0.0347r3p meV

hRpi = 0.84182± 0.00067fm

hRpi = 0.87680± 0.0069fm
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Experimental Set Up
JLab Hall A• Large scale installation in Hall A

• Transverse polarized NH3 target (2.5/5.0T field)

• Low current (< 100 nA) beamline diagnostics

• Chicane/septum magnets

• Record Hall A DAQ rate (6-7 kHz, 30% DT)

12.5°

6°
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Kinematic Coverage
Mp < W < 2GeV

0.02 < Q2 < 0.2GeV 2

Beam Energy 
(GeV)

Target Field 
(T)

2.254 2.5

1.706 2.5

1.158 2.5

2.254 5.0

3.352 5.0



11

Status of Analysis



12

Status of Analysis

• Run database
• HRS Optics w/o target field

• Detector Calibrations
• Scalers

• Target Polarization Analysis

Completed
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Status of Analysis

• Run database
• HRS Optics w/o target field

• Detector Calibrations
• Scalers

• Target Polarization Analysis

• Optics with target field
• BPM/raster calibrations

• Dilution Analysis
• Elastic Analysis

• Yield/Radiative Correction study

Completed In Progress
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Preliminary Offline Results
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Summary
• The g2p experiment ran in spring 2012 and took 

data covering                       and 

• Will provide a precision measurement of     in 
low     region for the first time 

• Results will shed light on several physics puzzles

• Requires low     data

• Data analysis is currently underway

Mp < W < 2GeV 0.02 < Q2 < 0.20GeV 2
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Neutron Data

Kochelev & Oh. arxiv:1103.4892 (2011)
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