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É Meson Form Factors

ïMost basic information about 

internal structure

É GPDs 

ïSpatial imaging 

(exclusive DIS)

É TMDs 

ïConfined motion in a nucleon 

(semi-inclusive DIS)

É Requires 

ī High luminosity

ī Polarized beams and targets 

Major new capabilities with JLab12

5D

3D

The 3D Hadron Structure
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Ç Pion and kaon form factors are of special interest in hadron structure studies

Ç Recent advances and future prospects in experiments

ü Dramatically improved precision in Fpmeasurements

Ç Form factor data drive renewed activity on theory side

ü 12 GeV JLab: Fpand exclusive meson studies up to highest 

possible Q2 and possible FK+ extractions

ü The pion is the lightest QCD quark system and also has a central 

role in our understanding of the dynamic generation of mass - kaon

is the next simplest system containing strangeness

Overview Form Factors

asymptotic

DCSB
RL

Dilation of pionôs wave 

function is 

measurable in Fp

Clearest test case for studies of the transition 

from non-perturbative to perturbative regions

ü Distribution amplitudes ïsignatures of dynamical chiral symmetry breaking

12 GeV JLab data have the potential to reach the regime in which 

hard QCDôs signatures will be quantitatively revealed
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ï At small ït, the pion pole process dominates the 

longitudinal cross section, sL
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Ç Fp+measured indirectly using the ñpion cloudò of the proton via the p(e,eôp+)n 

process

Through pion electroproduction

ï In the Born term model, Fp
2 appears as

[In practice one uses a more sophisticated model]

Ç Requirements:

ï Full L/T separation of the cross section ïisolation of sL

ï Selection of the pion pole process 

ï Validation of the technique - model dependent checks

Experimental Determination of the p + Form Factor

ï Extraction of the form factor using a model



L/T Separation Example

Ç ůL is isolated using the Rosenbluth 
separation  technique

Ç Careful evaluation of the systematic 

uncertainties is important due to the 1/̠

amplification in the ůL extraction

ü Measure the cross section at two 

beam energies and fixed W, Q2, -t

ü Simultaneous fit using the measured 

azimuthal angle (f́) allows for 

extracting L, T, LT, and TT

Ç Magnetic spectrometers a must for such 

precision cross section measurements

ü Spectrometer acceptance, kinematics, 

and efficiencies

ü This is only possible in Hall C at JLab
sL will give us Fp
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Extraction of Fpfrom sL JLab data

Ç JLab 6 GeV Fpexperiments used the 

VGL/Regge model as it has proven to 

give a reliable description of sL across 

a wide kinematic domain

o Feynman propagator replaced by 

pand rtrajectories

Fit of sL to model gives Fp at each Q2

22 491.0,513.0 GeV=Lp
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[Vanderhaeghen, Guidal, Laget, PRC 57, (1998) 1454]

o Model parameters fixed by pion 

photoproduction data

o Free parameters: 22 , rpLL
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22 7.1 GeV=Lr

[Horn et al., PRL 97, (2006) 192001]
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o Fpvalues do not depend on the t-

acceptance ïconfidence in 

applicability of model to the kinematic 

regime of the data

Experimental studies over the last decade have given confidence in the 

electroproduction method yielding the physical pion form factor

Ç Experimental studies include:
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ü Check consistency of model 

with data

ü Extract Fpat several values of tmin

for fixed Q2

ü Verify that the pion pole diagram is 

the dominant contribution in the 

reaction mechanism

o RL approaches the pion charge ratio, 

consistent with pion pole dominance

Validation: Experimental Considerations

[T. Horn, C.D. Roberts, J. Phys. G43 (2016) no.7, 073001]

[Huber et al, PRL112(2014)182501]

-t [GeV2]

-t [GeV2]


