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Why is L/T important to measure? 
   
How can Hall C do such a measurement?

Projected accuracy in 15.5-day run
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Rosenbluth (1950) 

Akhiezer (1957)
Arnold, Carlson 
and Gross (1981)

Guichon &
Vanderhaeghen

One-photon approximation, aem = 1/137, hadron current 

1g+2g expression for M has three complex functions, F1 , F2 , F3 

At large Q2, the study of GE requires use of  
polarization observables => FFs at JLab

Electro-Magnetic Form Factors

Hall A/C collaboration 

Two-Photon
Exchange
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Rosenbluth (1950) 
One-photon approximation, aem = 1/137, hadron current 

Electro-Magnetic Form Factors

Hall A/C collaboration 

SLAC results for the proton Form Factors



The goal is understanding of the nucleon
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Form Factor ratio at a few 
GeV2 is likely “accidental”.
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The flavor disparity in the nucleon

The down quark contribution
to the F1 proton form factor is 
strongly suppressed at high Q2
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CJRW (u/d with new GEn data)
Phys. Rev. Lett. 106 (2011) 
Qattan, Arrington (2-g effects)
Phys.Rev. C86 (2012) 065210

M.Diehl and P.Kroll (GPDs)
Eur.Phys.J. C73 (2013) 2397 

Using the D&K table of Fu, Fd

When the virtual photon of 3 GeV2 interacts with the down quark
the proton more likely falls apart than in the case of the up quark



F1 decomposition at very large Q2
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Rosenbluth (1950) 

Akhiezer (1957)
Arnold, Carlson 
and Gross (1981)

Perdrisat

One-photon approximation, aem = 1/137, hadron current 

At large Q2, the study of GE requires use of  
polarization observables => FFs at JLab

Electro-Magnetic Form Factors

Hall A/C collaboration 
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=> 1000 citations



The GMp12 experiment (E12-07-108)
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GMp12 fit:

courtesy of A. Gramolin and A. Puckett  

Hall A/C collaboration 



Proton E/M from cross section
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Proton E/M from cross section
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Electron--proton elastic cross section

In the L/T experiment with detection of 
the scattered electron we need to 

measure very accurately:

• Beam charge
• Beam energy
• Target thickness
• Spectrometer momentum
• Spectrometer angle
• Spectrometer solid angle
• Detector efficiency

at Q2 = 9.5 GeV2
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Electron--proton elastic cross section

In the L/T experiment with detection of the scattered proton 
we need to measure very accurately:

• Beam charge      
• Target thickness stability   
• Spectrometer solid angle 
• Spectrometer momentum stability
• Detector efficiency stability
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Electron--proton elastic cross section
In the L/T experiment need to measure very accurately:
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High accuracy L/T, 1999

Hall A/C collaboration 
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High accuracy L/T, 1999

Hall A/C collaboration 
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High accuracy L/T, 2001

Hall A/C collaboration 
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Experimental aspects

Hall A/C collaboration 

Stability / quality of the equipment, confirmed by experts
 beam     x
 target     x
 magnets    x
 optics + resolution (elastic peak shape) x
 pion rejection, proton PID  x
 detector/DAQ efficiency   x

Specific considerations: 
Max Q2, Peak shape calibration, Heavy gas PID
Approaches to the inelastic sources of the protons:
 target windows – z-cut with 20-cm long target
 pion related      – take some data with a radiator
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Proton momentum spectra

Hall A/C collaboration 
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Plan of this experiment

Hall A/C collaboration 

Projected result

Currently have 50-100% Rosenbluth 
separation uncertainty at Q2 ~ 10 GeV2
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Projected accuracy

Hall A/C collaboration 
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Projected accuracy

Hall A/C collaboration 



Summary

v Accurate measurement of the L/T ratio at high Q2 will significantly 
boost understanding of the basic nucleon form factors.

v Accurate measurement of the L/T ratio at high Q2 is possible using 
a fixed momentum proton spectrometer. 

v HMS and SHMS with 6-7 GeV/c allow us to do this experiment in 
15.5 days for Q2 = 9.5 GeV2 to accuracy d(µGE)/GM ~ 10%

v L/T-10 will provide essential constraints on two-photon exchange 
contribution functions.
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