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Abstract

We report on the study of parity violation in the scattering of polarized electrons to probe
the contribution of strange quarks to the elastic nucleon form factors. We review the théoretical
assumptions that are involved in isolating the strange form factors as well as the predictions for the
size of the strange form factors. The experiments require the measurement of small asymmetries,
typically < 1073, We describe in detail the general experimental techniques that are used to
obtain this level of precision. Finally, we summarize specific experiments that have been published
recently as well as new experiments in progress.

1 Introduction

1.1 Brief History

The proton is a state of three valence quarks bound by the strong forces of QCD. The QCD forces
generate a “‘sea” of gluons, antiquarks, and even strange quarks inside the proton. One of the important
open questions in the field is the role of the sea in the fundamental properties of the nucleon. Data on
spin-dependent structure functions by the EMC collaboration published in 1988 [1] indicated that little
of the spin of the proton is carried by the valence quarks. Prime candidates for the missing spin are
sea quarks, gluons, and orbital angular angular momentum. Moreover, the EMC data suggested that
significant spin is carried by the strange quarks.

The EMC result inspired a flurry of theoretical activity aimed at achieving a better understanding
of the sea. One important idea, suggested by Kaplan and Manohar [2], was that strange quarks might
also contribute to the magnetic moment and charge radius of the proton. In other words, strange quarks
might have a significant contribution to the vector matrix elements in the nucleon. They pointed out
that measurements of the weak neutral current amplitude in lepton-nucleon scattering might help isolate
these form factors.
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One clean way to access strange vector matrix elements via measurements of the weak neutral
current amplitude is by studying parity violation in polarized electron scattering [3, 4, 5]. During the
past decade, six experiments in three different laboratories have been initiated to use parity violation
in polarized electron scattering to measure the strange vector matrix elements. Results from two of the
experiments has been published, and additional data should become available over the next five years.
This work is the subject of our review.

1.2 Strangeness in the Proton

Strange quarks can in principle contribute to the mass, momentum, spin, magnetic moment, and charge
radius of the nucleon. In addition, strange quarks can increase the yield of strange mesons in inelastic
scattering. The most firmly established effect of strange quarks in the proton is a contribution to the
proton’s momentum as established by charm production in deep inelastic neutrino scattering [6]. From
that data, it is clear that the strange quarks carry a relatively small fraction, about ~3% [7] of the
momentum of the proton at a scale of Q% ~ 2 (GeV/c)2.

The contribution of strange quarks to the mass of the proton arises from the matrix element (P|ss|P).
The value may be inferred from the “sigma term” in # — N scattering. The result is that strange quarks
contribute about 10% of the mass [8]. However, significant uncertainty in this estimate arises from
problems with both the data and the extensive theory required to interpret the result.

Another suggestive piece of empirical evidence is OZI violations in pp annihilations. Certain decays
involving ¢ mesons are measured to be strongly enhanced compared to naive predictions. One of several
explanations is that the Fock-space decomposition of the proton wave function has a sizable polarized
§s component [9].

The contribution of strange quarks to the spin of the proton may be inferred from the first moment
[y of the spin structure functions g;(z) for the proton and neutron. Indeed, much of the interest in the
role of the strange quarks in the proton was generated by spin structure function data published by
the EMC collaboration in 1988. Considerable progress has been made in this field in the past decade.
An impressive amount of data have been obtained with increased precision in several laboratories,
and next-to-leading order QCD analyses have been performed by several groups [10, 11, 12, 13]. The
contribution of the strange quarks As to the net spin of the proton in units of h/2 is about -0.1 [14],
where 2(As)s, = (P[sy,7ss|P). As stated is Ref. [14], the error on As ~ 0.05, where the uncertainty
arises from various theoretical issues including especially SU (3)5 symmetry breaking.

The spin-structure function data also indicate that the fraction of the proton spin carried by all of
the quarks is AX ~ 0.3, much smaller than predicted by naive models. Depending on the analysis and
the precise definition, the range of values of AY deduced from experiment varies by £0.1. This fact is
relevant since one candidate for some of the “missing” spin is the sea quarks, and if the sea quarks are
polarized, it is reasonable that the strange quarks would be polarized.

In summary, the above phenomena suggest that Ss pairs may play a significant role in many aspects
of the proton. It is important to establish as many effects of strangeness as possible in a convincing
way.

1.3 Elastic Electroweak Scattering

Parity violation in the scattering of polarized electrons from various nuclei provides another observable
that is sensitive to the presence of strange quarks in the proton [3, 4, 5]. The dominant sensitivity is to
the matrix element (p|37,s|p), which is not directly related to any of the phenomena discussed in the
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previous section. This matrix element contains information on the strange contribution to the charge
radius and magnetic moment of the proton.

The interpretation of the parity-violating asymmetry in terms of strangeness is relatively clean. The
main assumption is charge symmetry. Also required is the accurate knowledge of both proton and
neutron electromagnetic form factors, a subject of considerable interest in itself. The status of this
field and implications for strange form factors is discussed in Section 3.2 below. Another relevant issue,
which has recently received much attention, is the radiative corrections to the axial nucleon current (see
Section 3.3).

There is no reliable theoretical estimate of how large the matrix element (p|5v,s|p) is, but there are
models, among those discussed in Sec. 3.1 below, that suggest that the effects of strange quarks may be
significant. If indeed the effects are as large as some of the models suggest, planned experiments have
the sensitivity to establish the presence of strange form factors.

2 Phenomenology of Elastic Electron Scattering

2.1 Introduction

Parity violation in the scattering of polarized electrons arises from the simple fact that the weak inter-
action of an electron with a target particle depends upon its helicity. In this section, we introduce the
formalism for a quantitative discussion of parity violating electron scattering experiments. We begin
with the case of potential scattering, where the theory is most transparent. Potential scattering is a
reasonable approximation for the practical case of scattering from a spinless, isoscalar target such as
12C or “He.

We will then discuss elastic scattering from the proton. The results are more complicated because
the non-zero proton spin gives rise to several form factors as opposed to the single form factor required
to describe isoscalar, spinless nuclei. This is presently the case for which the most experimental effort
is devoted. Finally, we will give the results for other relevant processes: the neutron, quasielastic
scattering from the deuteron, and *He.

2.2 Potential Scattering

We start with potential scattering in the Born approximation. The target is a spinless potential dis-
tribution fixed in space while the electron is treated ultra-relativistically. To fix our notation, we first
discuss purely electromagnetic scattering. Consider an electron of energy E scattered by an angle 6
with momentum transfer ¢ = 2Esin(8/2). The potential corresponds to a spatial charge distribution
p(r) which is the Fourier transform of the electromagnetic form factor

F(g) = [ d'rp(r) explia -x]. M

The cross section is given by
do o o
= (O cos’(6/2), ©)

where the scattering amplitude f(6) may be written

10) =337 ) | 3)
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The scattering amplitude has two factors. The first is the form factor F' (g) which describes the spatial
distribution of the charge. The second is 2a:/q* which is the amplitude for scattering from a point
distribution characterized by the following potential:

2

V() = | (4)

For weak scattering, the following potential may be used:

2 p_7eXp[—=Mr]
V(r) =ke'g"g" ———, (5)
where ¢? is the weak charge of the incident beam particle and g7 is the weak charge of the target
particle in units of the electron charge e. Also k = (sin fw cos fw)? is the strength of the coupling and
M is the mass of the exchanged Z-boson.

One central feature of longitudinally polarized electron scattering is that the weak charge of a rela-
tivistic electron, and thus the cross section, depends on its helicity. Thus g% # g%, where g%(g%) is the
charge of an electron with right(left) helicity.

The other key feature of Table 1 is that the relative sizes of the weak and electromagnetic charges
of the the quarks are different. Since for this case we are using a spinless target, the vector charge
gV is the relevant weak charge for the quarks. The up quark has the strongest electromagnetic charge
whereas the down and strange quarks have the strongest weak vector charge. The net result is that
the charge distribution in an extended potential as seen by an electromagnetic probe might be quite
different from the charge distribution seen by a weak probe of the same extended potential.

In discussing neutral weak amplitudes, it is sometimes more convenient to discuss vector and axial-
vector weak charges, which are just linear combinations of the left- and right-handed weak charges:
9% = g¢¥ + ¢ and g* = ¢"" — g4 The weak and electromagnetic charges of the electrons and relevant
quarks are given in Table 1.

A convenient way to describe the charge distributions of the various quarks is to use a number
density p;(r) for each quark flavor i = u,d, s and a corresponding form factor

Fiq) = [ drp(r) explia - x]. ®)

To compute the resulting scattering amplitudes, we use the following potential form that is valid for
both weak and electromagnetic interactions:
B 7eXp[—M;r]

Vii(r) = kje2gjigj 4t (7)
Here j = v(Z) denotes the electromagnetic(weak) interaction and again ¢ denotes the quark flavor. For
example, M; = 0 and k; = 1 for the electromagnetic interaction, and M; = M for the neutral weak
current.

The result is that all electromagnetic and weak scattering from a given potential may be described
by the same three F;. The scattering amplitude f;i(q) is given by the general form:

1 ) (2kjagPg%)
Ii@) = =5 [ Vii(e) explia - rld*r = @ B, (®)
As in the electromagnetic case, each scattering amplitude factors into two pieces. The first is a form
factor F; describing the spatial distribution of the quarks. It is independent of the interaction, and thus
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Table 1: Electromagnetic and weak charges for the electron and light quarks. The helicity
charges are given by g% = gV + ¢4 and g* = ¢¥ - g4.

Particle ¢*™ g¥ '
e -1 —1+sin®6y i

2 1 _ 2gip2 1

u 5 1 5sin“Ow 3

1 1,12 1

d,s -3 —zt3sinOw i

has no index j. The second piece is the factor describing the point-like interaction. The cross section
is given by the coherent sum of all scattering amplitudes f;;(g)

% = S f(O) cos*(6/2). 9)

The sum of amplitudes includes all quarks () contributing to the potential and both weak and electro-
magnetic interactions (j).

For ordinary electromagnetic scattering, ¢ < Mz, the weak interaction is negligible, and only one
combination of the quark form factors survives:

2 1
Fy =Y ¢"Fi = sFu - 5(Fa+ Fy) (10)
To experimentally isolate the contribution from each of the three flavors, measurements of weak scat-
tering amplitudes are required, which we discuss next.

2.3 Parity Violation

The most practical way to measure the weak amplitude in electron scattering is to measure the asym-

metry
py _ dogp—dog

= . 11
do r+ do L ( )
If APV is non-zero, it constitutes parity violation and is dominated by the interference between the

weak and electromagnetic amplitudes.
The cross section is proportional to the square of the scattering amplitudes:

FR=h+f  fP=h+i (12)

where

5O =% 20 s mFi () FEP0) = 2“"” 20k29"0 <~ v (o). (13)

Here, g“(® is the weak charge of the electron, g} is the vector charge of the ith quark flavor, and
kz = (sin @y cos Gy ) 2. The asymmetry is

b _UEREIPE SR B IE - gE
ST 9
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This equation gives the essence of the parity-violating asymmetry. The weak-electromagnetic interfer-
ence gives rise to a ratio of amplitudes rather than the ratio of the squares of the amplitudes. Since
g% — gl = 2¢4 = 1/2, we have

o= %zgyw). (15)

When the weak and electromagnetic charges for the quarks are included, we get:

__kzq2 ZQ}IFJ‘

APV =
2ME X q;F;
kzq2 (4l - %sinz 0W)Fu + (-—-4l + ésin2 aw)(Fd + F,) 16
- 2M3 IF, - NFy+ F) ' (16)

A measurement of APV thus provides one more combination of form factors such as that in Eqgn. 10.
To isolate F;, one more equation is needed. For a spinless I = 0 nucleus such as *He or 12C, the
distribution of up and down quarks must be identical. For these cases, we have the equation

Fu,=F=F -
By combining this with Eqn. 16, we obtain:
APV — _kzq2 (_ﬁsinz Ow(F — Fy) — iFS)
2M; WF-F)
) %};(sinQ et 4?;7)’ (18)

where F, is defined in Eqn. 10. Here the asymmetry is approximately proportional to the square of the
momentum transfer, as is expected from the ratio of the propagators. This is a general feature of most
reactions.

The above formula has two useful applications. The first is for low values of g. Since the net
strangeness of nuclear matter is zero, Eqn. 6 implies that F(0) = 0. In this limit, Eqn. 18 is independent
of hadronic structure, and can be used to precisely test the assumptions of the Standard Model [15, 16,
17]. On the other hand, for larger values of ¢, the asymmetry provides a clean measure of F, [5, 18].

2.4 Nucleon Scattering

Extending the above method to relativistic nucleons is straightforward. Instead of the three-momentum
transfer ¢, we use the space-like four-momentum transfer squared @* > 0. An especially important
feature of the nucleon is that it has spin 1/2, which gives rise to a magnetic form factor and also
an axial vector form factor. The most general possible current for elastic electron nucleon scattering
assuming current conservation, Lorentz invariance, and time reversal is

Ju(nucleon) = (p(K', ')  jalp(k, 5)) =

T, P @+ 577 P @0’ + FA@Q) + FHQ g lulk, ), (19)

where the Fs are Dirac vector form factors, F§ is the axial form factor, and F P is the pseudoscalar
form factor that plays no role in elastic scattering due to kinematic factors. All form factors are real and
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depend only upon @2. There are four currents, denoted by the superscript a, since the target particle
can be a proton or a neutron and the current can be electromagnetic or weak.
Formulas for cross sections and asymmetries are usually expressed in terms of the Sachs form factors
defined by:
C=Fr —71F}; Gy =F1+ Fy. (20)

where 7 = Q?/4M?. The differential cross section for unpolarized electromagnetic electron scattering
from the proton is then

o? E((GE)+7(Gh)® .0 o229
lab (4E2 sin* %)E—{ 1+7 cosig ¥ 2r(Gi)”sin 5} (21)

do
dQ

The neutron cross section is given by changing the superscript p to n.
The parity-violating electroweak asymmetry without radiative corrections is given by

APV — OR — 0L — [_GFQ2
OR+ 0L 7ra\/§

eGHGEZ + TGRIGRE — L(1 — 4sin® 8w )e'GHIGY.
e(GE)? +7(GR)? ’
where € = [1+2(1 + 7) tan?(8/2)]~! is the transverse polarization of the virtual photon exchanged and
¢ = 4/7(1+7)(1 — €2). An important feature of this result is that the asymmetry at backward angles

involves the axial form factor Gf'QZ even though the target is unpolarized. The reason is that helicity
is conserved, so that the relevant coupling at backward angles is gFgf(glgF) for right(left) handed
electrons. Then the difference between the couplings of right- and left-handed electron gfg? — glgF =
—2(g) 9# + g{*gY). This introduces an axial term and, as discussed below, the radiative corrections of
this term are quite significant.

The above results involve many form factors. However, as for the case of potential scattering
discussed above, we can relate all of the form factors to a few flavor form factors as follows:

(pliclp) = (ol Y- 0¥ *Tvuuilp) + (ol > 9/ Wivuysuilp)

(22)

1 i i v a
=T Z[gzya(F{Yu + Wanuuq )+ gz‘A FA’YM’Y5} Up, (23)

where g¢ is the coupling of the current by boson a to quark i. The spinor of the proton is denoted u,,
and the spinors of the quarks are denoted ;. Thus the flavor form factors are defined:

— o ? 3 v
(plﬁi')'uuilp) = "p(Fl'Yu + szoﬁuq )up

(Pl Y uslp) = TpF 7,y up. (24)
There are a total of nine flavor form factors since there are three flavors times three Lorentz invari-
© ants:
FY, F, Fi
d d
F ld ) F. 2> F A

R, F5, F} (25)
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To include neutron scattering with the same set of form factors, we invoke charge symmetry:
p—on = u-d du sos. (26)
This implies the analog of Eqn. 17:
F* = Fr = Fpd, Fe=FP=FM;, FY=FP° = F]". (27)

This is the analog of setting F,, = F; for the I = 0 case given above.
The weak and electromagnetic currents may be expressed in terms of these flavor form factors for
the proton as follows. The electromagnetic current in term of quarks is

oy 2 13 d 2_ 1
Iy = guy,,u ) Yul + gc%c— gswus-l—-u.

Thus by Eqns. 23 and 27

1
PP =2R-3Fi-gF F7=

Similarly for the weak current

1., 1
Bl - SR = 3F. (28)

Wl nN

— b |

. 2 . _ 1 1, .
]5 = (>~ gsm2 Ow)uy,u — (Z — gsm2 Ow)dy,.d

2 1 1
+ (— - -—sm HW)c'yuc— (Z - gsm 2 0 )By,8

1
—5Y,YsS- (29)

1 1
- Z Y Ysu + dv,ﬁsd C"mstr 1

Consequently:
z_ (1 2.9 w_ (L _ 1. d s
= (5 - 3 5in* 6w B — (5 — 5 5in” Ow) (F + FY). (30)

With Egns. 28 and 30, elastic electron, neutrino, and antineutrino scattering and parity-violating elec-
tron scattering from either the proton and neutron can be described by the same set of form factors.
Any non-singular linear combination of the F*, F¥, and F? may be used for expressing cross sections
and asymmetries. The best known form factors are G7 and G” for the proton and neutron. Thus it is
traditional to use G% 5, G5y, and G% 5, as the independent form factors. In terms of these quantities,

n . 1 s
Gy = _(GIEM ~ GEla) — sin® Ow Gl — ZGE’M' 31
Also 1 1
GrZ = -iagp + 35 (32)
where {19]
(Fi~F/2=GY =g.G% G2 =(1+3327). 33)

is the isovector axial form factor. From beta decay of the neutron g4 = 1.26. Finally, As = F3(0)/2.
The axial mass M4 = 1.026 - 0.021 [20] is obtained from neutrino scattering.

Using G% pr, Glyps and G ,m 3s the three independent electric(magnetic) form factors is potentially
deceptive in that it naively looks like electromagnetic scattering is independent of G ;. This is, of
course, not true. However, it is true that with just electromagnetic scattering, it is 1mp0851ble to isolate



K. S. Kumar, P A. Souder / Prog. Part. Nucl. Phys. 45 (2000) S333-5395 S341

the contribution from three different quark flavors. When Eqns. 31 and 32 are substituted into AV
(Eqn. 22), the result depends on the electromagnetic proton and neutron form factors and the strange
form factors. There is a firm prediction for APV if strangeness is neglected and if radiative corrections
(see Section 3.3) are included. Any deviation of the'measured asymmetry from the prediction could
then be attributable to non-zero strange form factors.

The equation for extracting strange form factors from APV and electromagnetic scattering data,
obtained by combining the results from Eqns. 22, 31, 32, is

APV = [%} {(1 — 4sin® 6y)— (34)

[eGE (GE +G3) + TGH(Gy + Gl
e(GE)* +7(Gh)*

(1~ 4sin? O)y/r(1 + T)VT = 2G5(-G + 1F3)
e(GF)? +7(GH)Y }

This asymmetry is quite sensitive to G3 and G3,. Due to the factor of (1 — 4sin®6y), there is little
sensitivity to F'§ and thus As.

The contribution of the strange form factors to the asymmetry depends on the kinematics. For
forward angles, where ¢ is large, the sensitivity to G% is maximized. The contribution from G4, appears
at all angles. Another interesting case is forward angles as 7 — 0. Since G%(0) = 0, the asymmetry
becomes independent of strange form factors. Hence elastic scattering from hydrogen can serve as a
test of the Standard Model [17], similar to the case for Eqn. 18.

It is tempting, but sloppy, to interpret G% as the Fourier transform of the spatial distribution of
strange quarks. The problem is that the nucleon recoils during the scattering, and when the nucleon
recoils, G§; and G3, can mix in ways that depend upon unknown microscopic details of nucleon structure.

2.5 Neutrons, Deuterium, and ‘He
The above theory is straightforward to extend to the case of a neutron target. The result is:
—GFMI? T
a2
[GE (GE + G%) + G (Gt + Giy)]
e(GE)? + 7(Gy)?
(1 — 4sin? By )/7(1 + 7)VT — e2G77 (G + LFY)
e(GE)? +7(Gy)? '
For quasi-elastic scattering from the deuteron in the impulse approximation, the asymmetry is just

the weighted sum of the proton and neutron asymmetries:

AV [e(GR)? + T(GR)’] + ArV [e(GE)” + 7(G)’]
[e(GEN? + T(GM)[e(GE)? + 7(G)?] '

APV = [ ]{(1 ~ 4sin® By ) — (35)

ALV = (36)

The possible corrections to the above formula are discussed in the literature [21, 22]. The importance
of the deuteron is that the asymmetry is much less sensitive to G3,. Thus, in the backward direction
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the dominant isovector part of the axial proton current can.be isolated. For forward scattering, G4
dominates. .

Scattering off a spinless, isoscalar nucleus completely eliminates the axial current as well as G-
The asymmetry is [5, 18]

2 s
arv - Gr@ [sin2 O + G (37)

T a2 20GE+ G|
This expression follows from Eqn. 18 with the additional assumptions that the nuclear form factors are
a product of the nucleon form factor times another form factor arising from the shape of the nucleus.
Practical spinless isoscalar targets include *He and *2C.

3 Predictions and Interpretation

3.1 Theoretical Estimates of Strange Form Factors

In designing experiments, it is helpful to have theoretical guidance as to the size of effects predicted.
In the case of searching for non-zero strange form factors, there are many key questions. For example,
should one look for G§, G$4, or G%7 At what Q? should the experiment be done?

There is a vast literature on the subject of computing strange form factors. Many different techniques
are used [23, 24, 25, 26, 27, 28, 29, 30, 31, 32, 33, 34, 35, 36]. Unfortunately, the problem is one in
non-perturbative QCD since m, ~ Agep, and reliable techniques for attacking this problem have not
yet been developed. Much has been learned, and we may hope that realistic calculations will become
feasible. Even if this goal proves elusive, the calculations are significant since:

e The fact that strange form factors may be computed by so many techniques attests to the physical
significance of the issue.

o For better or worse, typical results of the calculations have been used to justify various experi-
ments.

Numerous choices of degrees of freedom have been made in attacking this problem. One choice is the
bare quarks, which can only be used in lattice calculations. Models with meson degrees of freedom are
popular and make physical sense, but suffer from the problem that the result changes significantly as
additional features are incorporated. The Skyrme model and the Nambu-Jona-Lasino model are other
approaches.

A summary of predictions is given in Table 2. Most of the calculations are done at 7 = 0, where the
following definitions apply

dG%
pe =G0 py=—F L (38)
Another common parameter is the strange charge radius
dF} ] 2

(r5) = -6 = =S M(r}) = s.

2 H Ps = —3%

ozl B 3

Due to the recoil of the proton, one must be careful about how the charge radius is interpreted [37].
From the table, we see that there are approximately two clusters of predictions for is. One cluster

is at ~-0.3. This is about 10% of y,, and is reminiscent of values of As ~ —0.1. The establishment of
a value that large would clearly be striking. The other cluster has u, at the less surprising level of a
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Table 2: Some published theoretical estimates for p, and p,.

Method Ps s Author
Pole fits —21+10 —0.31+009 Jaffe [23]
-2.9+05 —0.24+40.03 Hammer [24]
Kaon Loops 0.2 —0.03 Koepf [25]
05+01 —0.35+0.05 Ramsey-Mulolf [26]
0.3 012 Ito [27]
Unquenched Quarks 0.6 0.04 Geiger [28]
Meson Exchange 0.03 0.002 Meissner [29]
Meson Cloud - 0.-0.066 Ma [30]
NJL 3.04£008 —0.15+0.10 Weigel [31]
Skyrme 1.6 -0.13 Park [32]
-0.7 ~0.05  Park [33]
Chiral Bag Model - 0.37 Hong [34]
Lattice QCD 1.74£0.7 -0.36+0.20 Dong [35]
Dispersion Relations 0.99 -0.42 Hammer[36]

$343

few percent of y,. For the strangeness radius, there is little consensus on the sign of p,. However, there
are again two clusters, one with |p,| ~ 2 and one with |p,| at least an order of magnitude smaller. This
may be compared with p, = dG%/dT ~ 10. Again, 10% effects can be generated by models.
Another issue is the @ or 7 dependence of the strange form factors. A convenient way to describe
this, inspired by the Galster parameterization [38] of G%(Q?), is to introduce new parameters A} and
3¢ as suggested in the review by Musolf et al. [19]:

. _ P7GE . _ _#GE (39)
E 14T M1 a7

If the values of p,, ,, and Mg », were known, it would be easy to optimize an experiment to find strange
vector matrix elements. For example, if |ps| ~ 2 and A§ is small or negative, G would make a large
contribution at @* > 0.5 (GeV/c)? and small scattering angles. If A} is large and positive, the effects
of a nonzero p, are best observed at lower values of @%. If |p,| < 2, the experimental challenge is
greater. Even if u; ~ —0.3, the effect is an order of magnitude smaller at forward angles. At backward
angles, one must contend with uncertainties in the term in Eqn. 34 that contains the axial form factor
as discussed in Section 3.3 below.

A few publications address the @? dependence of the strange form factors, but the models do not
agree. One has a significant negative A%, and another has a large positive A%. Therefore, experiments
searching for a nonzero G must cover a large range of Q2.

3.2 Electromagnetic Form Factors

As apparent from Eqn. 34, all of the electromagnetic form factors (EMFF) of both the proton and
neutron are required in order to isolate the strange form factors. In this section we will discuss the
present knowledge of the EMFF’s.






