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The ratio of the proton form factor&ep/Gwp, has been measured extensively, fréhof 0.5
Ge\? to 8.5 GeV, at the Jefferson Laboratory, using the polarization fiemsethod. This
ratio is extracted directly from the measured ratio of tlnsverse and longitudinal polarization
components of the recoiling proton in elastic electrontgnascattering. The polarization transfer
results are of unprecedented high precision and accuraeyindarge part to the small systematic
uncertainties associated with the experimental techniditeere is an approved experiment at
JLab, GEP(5), to continue the ratio measurements to 12°GA\dedicated experimental setup,
the Super Bighite Spectrometer (SBS), will be built for thigpose. It will be equipped with a
focal plane polarimeter to measure the polarization of &wit protons. The scattered electrons
will be detected in an electromagnetic calorimeter. In grssentation, | will review the status of
the proton elastic electromagnetic form factors and diseusumber of theoretical approaches to
describe nucleon form factors.
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One of the fundamental goals of nuclear physics is to understand théusérand behavior
of strongly interacting matter in terms of its basic constituents, quarks andgl#omimportant
step towards this goal is the characterization of the internal structure ofuttieon. The elastic
electromagnetic form factors are directly related to the charge and ¢wisgributions inside the
nucleon; these form factors are among the most basic observablesmidieen.

The two Sachs form factor$Ge, and Gvp, have been measured extensively over the last
several decades using two experimental techniques; one, the Rdbesdgharation method][1],
and second, the polarization transfer methdd][2, 3].

In the one photon exchange approximation, the Sachs form factoradiepsy upon the four-
momentum squared,Qof the reaction. The elastip cross section in terms of the Sachs form
factors can be expressed as:

do  o?E.cog® [, 1, 1
O _T =20z & | (o 1
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wheret = Q?/4M? ande is the virtual photon longitudinal polarizatioa= [1+2(1+ 1) tar?(%)] -,

M is the mass of the proton.

In Rosenbluth method, the separatiortiatéfp andGﬁ,Ip is achieved by fitting data with a straight
line fit at a given G over a range of obtained by changing the beam energy,and electron
scattering anglee. The form factorsGg, andGup, obtained from all cross section measurements
are shown in Fig[]1 anf] 2; they have been divided by the dipole formrf&@go= (1 + %1)‘2.
Evidently the form factors divided b§p appear to remain close to 1. This behavior suggested that
Gep, andGy have similar spatial distributions.
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Figure 1. World data base foGg, obtained by Figure 2: World data base foGy obtained by
the Rosenbluth method. the Rosenbluth method.

In the one-photon exchange approximation, in&pe— ep reaction, the scattering of longi-
tudinally polarized electrons results in a transfer of polarization to the rpcaotibn with only two
non-zero componentB, perpendicular to, anB, parallel to the proton momentum in the scattering
plane. For 100 % longitudinally polarized electrons, the polarizationdpf:[2
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loPy = 0 2)

IoR = —2+/ T(l—l— T)GEpGMptan% (3)

0P, = Mi(Ebeam Ee)\/T(1+ r)Gprtan?% (4)
p

wherelg is proportional to the unpolarized cross section and is given by:

T
lo=GEp+ _Gip (5)

Egs. [B) and [(4) show th&§R andl,P, are proportional t&Gg,Gump and Gﬁ,lp, respectively.
Together these equations give:

% _ R (Ebeam + Ee) tan% (6)
Gwmp P 2Mp 2

The ratio Ggp/Gwmp is obtained from a single measurement of the two recoil polarization
component$ andP; in a polarimeter, whereas the Rosenbluth method requires at least two cross
section measurements made at different energy and angle combinatioasatté?.

The unexpected result from JLab shown in Fi§. 3, using the polarizatmsfer technique
to measure the proton electric over magnetic form factor r&ig,/Gwmp [f, B. [§.[J]. has been the
revelation that the form factors obtained using the polarization and Rhgbrdeparation methods
[B. 8. [L9], were incompatible with each other, starting aro@dd= 3 Ge\2 The form factors ob-
tained from cross section data had suggestedGhat Gvp/Up, Wherep, is the proton magnetic
moment; the results obtained from recoil polarization data clearly show thaatioeGep/Gwp
decreases linearly with increasing momentum tran®ferThe results seen in Fig] 3 suggest that
the spatial distribution of the electric charge of the proton is “softeg, larger in extent (in the
Breit frame) than its magnetization currents distribution, which is definitivetyimaitive. How-
ever, the relativistic boost required to transform these spatial distriliback to the laboratory
frame are not trivial and only the form factors themselves are the relitiisariants. Recently,
G.A. Miller [[LT] has shown that a model independent charge distributionocdy be defined on
the wave front; the two-dimensional charge density on the wave-froneigdrier transform of
the Dirac form factorfF;.

These striking results for the proton electromagnetic form factor ratio adda@hrough double
polarization experiments, have put the field of nucleon elastic electromadpmti¢actors into the
limelight, giving it a new life.

Predicting nucleon form factors in the non-perturbative regime, whdtssattering processes
are dominant, is very difficult. As a consequence there are many phentogmabmodels which
attempt to explain the data in this domain; precise measurements of the nucleofadtors are
necessary to constrain and test these models.

There are several approaches to calculate nucleon form factorsriothperturbative regime.
The list includes vector meson dominance (VMD) modgl$ [IP, 13], relativistitstituent quark
models (rCQM)[IB[ 15, 14, 1T, ]1B.]19], the cloudy bag model, the dilquadel and the Dyson-
Schwinger equation (DSE]) [R0] model and more. In the VMD approaehptioton couples to the
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Figure 3: Recoil polarization results for

HpGep/Gwmp from four JLab experiments; also

included are selected Rosenbluth results (green Figure 4: The test of the modified scaling pre-
empty diamonds). Theoretical predictions from diction for Q?Fpp/F1p versusQ? [P4] for data
several different models are shown. from four JLab experiments.

nucleon via vector mesons, whereas in QCD models the photon couples teatths directly. The
generalized parton distributions (GPID)[[1] 22] represent a framewiihin which hadrons are
described in terms of quarks and gluons. Perturbative JCIH [23, 24]gis form factor values for
large Q2. We show results from some of these calculations here in[Fig. 3.

In the pQCD approach proposed by Brodsky and coIIabord@rs@E}ap/Flp should become
constant at very higtp?. The results from four JLab experiments disagree with this prediction.
another approach, it has been shown in Ref.] [24] that by including onems in the nucleon
light-cone wave functions with quark orbital angular momentum projedtienl, one obtains the
behaviorQ?F,/F1 — In?(Q?/A?) at largeQ?, with A a non-perturbative mass scale. Choosing
around 03 GeV, Ref. [2}4] noticed that the data szsz/Flp support such double-logarithmic
enhancement, as can be seen from Fiﬁpre 4,

The matrix element of the hadronic current in elasfiscattering is of the form: N|e,uy,u+
edd_yud]N >, whereN stands for a nucleon, arg] andey are the charge of the andd “dressed”
quarks, respectively; and with the further assumption of isospin symnwattizé corresponding

andd quarkFy;;, andF,3, form factors, implying:

Fil, = Fy andFj, = Ffl,

and similar relations foF,, the flavor separated andd quark form factors in the nucleons are
linear combinations of the measured form factess, andFopn

FY = 2F1p + Fin andF{ = Fip + 2F1,

Fy' = 2Fop + Fon andFg = Fop + 2Fon.
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Figure 5: the Dirac and Pauli form factors of Figure6: The separated andd quark form fac-
proton and neutron, as obtained from the data tors corresponding to the curves in Fig. 5, and
UGg/Gwm with a polynomial fit. assuming isospin symmetry.

A similar flavor separation was recently published by Cates €t I [25]e Mer use our own fit
shown in Fig.[p toFip1n and Fop2n to get a more general view of these flavor separated form
factors. Remarkable is the simil@’-dependence of three of these form factors as seen if{JFig. 6,
the exception i$;', which is twice as large as the others@t0, as expected, but may become 10
times larger than the three others at 10 GeVhe neutron data base stops at 3.4 &edo these
curves are to be taken as a possibility, supported by the smooth behatiexegllent agreement

of the Dirac and Pauli form factor demonstrated in f]g. 5 over the regi@?afhere data exist.
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Figure 7. Schematic of the super bigbite spec-
trometer. Figure 8: The anticipated results of GEp(5).

The higher design energy of JLab 12 GeV will give access to higher mmetnansfers in
all form factor measurements, in ti@¥ range 10 to 20 Ge¥ Super Bigbite Spectrometer (SBS)
shown in Fig.[]7 is a large-acceptance spectrometer, based on the Sgbite Bragnet, that will
incorporate a focal plane and a double polarimeter instrumented with GEketsaand a highly-
segmented hadron calorimeter. The GEp(5) experiment will use SBS tat deted protons,
and a large solid angle electromagnetic calorimeter to detect scattered edeatraoincidence
with recoiling proton. In Fig.[]8 anticipated results of GEp(5) are shown witide range of
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phenomenological model predictions, underlining the potential ability of thgem@xent, to narrow
the range of models able to reproduce the future data.
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