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Form Factors

spacial extent of charge & current (sub-structure)
—— anomalous magnetic moment

\/

Fundamental Quantities
Test of QCD

Required for Study of Other Physics
+ Few-Body Structure Functions

\/

\/
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Formalism
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Intuitive Interpretation
point-like probe (Q? = 0)
Gé?:l G]\p[— 279MN

Breit frame (NR limit)

Fourier Transform of Charge, Current Distribution



Basic Approximation: Dipole Fit

G(Q) ~ G(Q°=0) x Gp(Q7)

Go~Gp Gg~0 Gi;~279uvGp Gy~ —191unGp

Phys. Rev. 139, B458 (1965)

Based on Exponential Charge

c L - —Qr ,
Distribution ~ ¢ [ 6ess05 = 6evr0

E Gmy/(2.353)

FT fitted to Data:

(L @\
Gp = (1 | 0.71)

corresp. to <r>_, .= 0.81fm

I Gms/(0.44)

FORM FACTOR




Structure Functions
Form Factors for Elastic Scattering Only

Structure Functions F;(z, Q%) and Fy(z, Q?)

In the Limit of Elastic Scattering (z — 1):

= F(Q°) — TuF(Q?)

Fi(Q%) + pnF(Q7)




Current Status
Data:

> All Form Factors Measured (G2, GF, Gz, G

F
> 0<Q?< ~10 GeV?

Models:

> Several QCD-based Models
+ Vector Meson Dominance pQCD

« light front COM, Goldstone Boson Exchange COM
« Solitons

> Well Describe all Form Factors
over Entire Measured Range
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Form Factor Measurements
Traditional Methods:
> Cross Section Based
> Rosenbluth Separation

do ~ GE2+7-GJ\3[ | 2 2 0.
a0 it 271Gy tan® 3

> Highly Sensitive to Wavefunction Models

Polarization-Based Methods:
> Polarization Observables (asymmetry, LT-ratio)
= Complex Setups

> Asymmetry Measurements Require Absolute
Polarization



Form Factors at Jefferson Lab

Proposal, Hall | Form Factor Technigue, Reaction Year
93-026 C Gl Asymmetry D (€, en)p | 1998,2001
93-027 A GEIGY, Recoil 'H(e, e'p) 1998
93-038 C GRIG Recoil H(€, e'n)p | 2000/2001
94-017 B G Ratio Gy 2000
95-001 A G Asymmetry 3Heé(g,¢/)X | 1999
99-007 A GEIGT, Recoil H(e, e'p) 2000
01-001 A GE Rosenbluth  1H(e,p) 2002
01-109 C GEIGE, Recoil 'H(e, e'p) 2005
02-013 A Gl Asymmetry 3Hé(€, e'n) 2004




Hall C Form Factor Measurements
Exp. 93-026

+ measured G from polarization asymmetry
+ ran 1998 and 2001
+ 1998 measurement provided highest ()? point at the time

Exp. 93-038

+ measured G from recoil polarization
+ ran 2000 and 2001
« currently most accurate measurement at large Q?

Exp. 01-109

+ scheduled to run 2005

+ will measure GL/Gj,;through recoil polarization
+ extension of spectacular Hall A results



Asymmetry Measurement — Formalism
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Measurement via Vector Asymmetry A = — = 22—
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Asymmetry Measurement — Formalism

—

: LAB Frame: uy Spin Orientation Plane

for quasi-free,
7Dtaurget J_ q
(6" = 90°)

and
7Dtaurget In
scattering plane
(9" = 0), _

Scattering Plane
O

Gp? + 71 +2(1 + 7) tan® §] Gas?



Gen01 at QE Kinematics

E93-026 Measured G via Polarization Asymmetry

In QE Scattering off Deuterium
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High
Momentum

Spectrometer
neutron detector

: Incoming beam line,




Gen01 — Polarized Target

frozen NDs

*He evaporation
refrigerator

51" polarizing field
remotely movable
Insert

dynamic nuclear
polarization driven
by microwaves




Gen01 — Neutron Detector

segmented scintillator
« 2 pT VETO layers

+ 6 conversion layers
+ high rate: ~100kH z

vertically extended for Beam
Height

symmetric proton Nerons
acceptance

provides 3 space t1om
coords, time & energy

10cm
(length:160cm)
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Gen01 — Results

- Q® [(Gevio)]

nucl-ex/0308021




Recoll Polarimetry — Formalism
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( — Ee’) (96 Direct measurement of form factor
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Recoll Polarimetry — E93-038

Top Rear Array

Rear Veto/Tagger
/ Front Array

Bottom Rear Array/'

Front Veto/Tagger

Lead Curtain
Target LD2, LH?2

— rotate longitudinal pol
with Charybdis magnet

want to determine /’ and
at target

polarimeter sensitive to
transverse pol only

Z (Momentum Direction)

Polarization
. Vector




E93-038 — Results
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Recolil Polarimetry — E01-109

> Detect proton in HMS,
Scattered e~ In Custom Calorimeter

» HMS spectrometer rotates polarization vector

> Transverse Polarization is Affected (Quads!)
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G in Hall A

7“‘\“‘\“‘\“‘\“‘\3//\ S A R AN L R

- SLAC, Andivahis et al ~ 4 1 VMD Lomon 2002
- JLab Jones e.a. / 5 | 2 soliton
-~ I~ - 3 Frank et al 1996
. L 4 CQ, G. Miller, 2002
JLab 1998 = 5 di—quark
JLab 2000 & 6 cloudy bag

1 VMD Lomon 2002
2 soliton
3 Franck et al. 1996
4 CQ, G. Miller, 2002 SLAC, Andivahis et al
5 di—quark JLab Jones e.a.
6 cloudy bag

1. 2. 3. 4. 5. . . L. 2. 3. 4. 5. 6.

q2f2f1 007 12/10/02 QZ JHQL G@VZ qf2f1 007 12/10/02 QZ ln G€V2

More to come...




Summary

Form Factors are Vital to Our Understanding of
Nature

Many Experiments have Already been Undertaken
« limited kinematic range

Significant Contribution from Hall C, other Halls
+ Two recent Gg IEESENERES
« upcoming Gr/Gy;

Polarization Observables Provide High Accuracy
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