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Strange Nucleon Form Factors fromep and νp Elastic Scattering
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The recent parity-violatingep forward-scattering elastic asymmetry data from Jefferson Lab (HAPPEx and G0), when combined with the
νp elastic cross section data from Brookhaven (E734), permit an extraction of the strangeness contribution to the vector and axial nucleon
form factors for momentum transfers in the range0.45 < Q2 < 1.0 GeV2. These results, combined with the recent determination of the
strange vector form factors atQ2 = 0.1 GeV2 (SAMPLE, HAPPEx, PVA4, G0) have been interpreted in terms ofuudss̄ configurations
very different from the kaon-loop configurations usually associated with strangeness in the nucleon. New experiments are being proposed to
improve the state of our knowledge of theνp elastic cross section — these new experiments will push the range ofQ2 to much lower values,
and greatly increase the precision of theνp elastic data. One outcome of this can be a measurement of the strangeness contribution to the
nucleon spin,∆s. Nuclear targets (e.g. C or Ar) are to be used in these neutrino experiments, and so a deep understanding of the nuclear
physics, particularly in regard to final state effects, is needed before the potential of these precision experiments can be fully realized.

Keywords: Electromagnetic form factors; strangeness; protons and neutrons.

La reciente violacíon de la paridad en los datos tomados en el laboratorio Jefferson para la elástica asimetrı́a de la reacción ep en la frente
dispersíon, cuando se combinan con los datos tomados en el Brookhaven laboratorio de la sección eficaz eĺastica para la reacciónνp (E734),
permite una extracción de la contribucíon del strangeness al vector y de los factores axiales de la forma del nucleón para las transferencias
del momento en el rango0.45 < Q2 < 1.0 GeV2. Estos resultados, combinados con la determinación reciente de los factores de forma del
vector extrãno enQ2 = 0.1 GeV2 (SAMPLE, HAPPEx, PVA4, G0) han sido interpretadas en términos de las configuracionesuudss̄ muy
diferentes de las configuraciones del lazo kaon usualmente asociadas con la strangeness en el nucleón. Nuevos experimentos estan siendo
propuestos para mejorar el estado de nuestro conocimiento de la sección eficaz eĺastica delνp — estos nuevos experimentos impulsaran el
rango deQ2 a mucho mas bajos valores, y grandemente incrementaran la precision de los datos de la reacción eĺasticaνp. Un resultado de
esto puede ser una medida de la contribución del strangeness al giro del nucleón, ∆s. Blancos nucleares (es decir Carbon o Argon) estan
para ser usados en estos experimentos de neutrinos, y asi un profundo entendimiento de la fı́sica nuclear, particularmente en miras de efectos
finales de estado es necesitado antes de que el potencial de estos experimentos de precision puedan ser realizados completamente.

Descriptores: Factores de forma electromagnéticos; extrãneza; protones y neutrones.

PACS: 13.40.Gp; 14.20.Dh

1. Introduction

Ever since the discovery of the first “strange” particles in cos-
mic ray experiments [1] and the subsequent formulation of
the 3-quark model of baryons [2], nuclear and particle physi-
cists have sought to understand the role the strange quark
plays in “non-strange” particles like the proton. Traditionally
these investigations have taken place in the context of deep-
inelastic scattering. However, a strong effort has been made
to measure the strange quark contribution to the elastic form
factors of the proton, in particular the vector (electric and
magnetic) form factors. These experiments [3–12] exploit an
interference between theγ-exchange andZ-exchange ampli-
tudes in order to measure weak elastic form factorsGZ,p

E and
GZ,p

M which are the weak-interaction analogs of the more tra-
ditional electromagnetic elastic form factorsGγ,p

E andGγ,p
M

for which copious experimental data are available. The inter-
ference term is observable as a parity-violating asymmetry in
elastic~ep scattering, with the electron longitudinally polar-
ized. By combining the electromagnetic form factors of the
proton and neutron with the weak form factors of the proton,
one may separate the up, down, and strange quark contribu-
tions; for example, the electric form factors may be written

as follows:
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There is an assumption of charge symmetry, and also an as-
sumption that the role played by the strange quarks in the
proton and neutron is the same.

Because of the weak-interaction process at the heart of
this measurement program, these parity-violating asymme-
tries also involve the axial form factor of the proton, which in
a pure weak-interaction process takes this form:

GZ,p
A =

1
2

(−Gu
A + Gd

A + Gs
A

)
.

The u − d portion of this form factor is well-known from
neutronβ-decay and other charged-current (CC) weak inter-
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action processes likeνµ + n → p + µ−:

GCC
A = Gu

A −Gd
A =

gA

(1 + Q2/M2
A)2

where gA = 1.2695 ± 0.0029 is the axial coupling con-
stant [13] andMA = 1.001 ± 0.020 is the so-called “axial
mass” which is a very successful fitting parameter for the data
on this form factor [14]. The strange quark portion,Gs

A, is
essentially unknown, except for some contradictory indica-
tions from polarized deep-inelastic scattering, which we dis-
cuss in more detail below. In elasticep scattering, the axial
form factor does not appear as a pure weak-interaction pro-
cess; there are significant radiative corrections which carry
non-trivial theoretical uncertainties. The result is that, while
the measurement of parity-violating asymmetries in~ep elas-
tic scattering is well suited to a measurement ofGs

E andGs
M ,

these experiments cannot cleanly extractGs
A. The strange

axial form factor is of great interest, however, because of the
role it plays in the understanding of the spin structure of the
proton.

2. Strange Quarks and the Spin of the Proton

The strange quark contribution to the proton spin has been a
subject of investigation ever since the first polarized inclusive
deep-inelastic measurements of the spin-dependent structure
functiong1(x) by EMC [15] demonstrated that the Ellis-Jaffe
sum rule [16, 17] did not hold true. Subsequent measure-
ments at CERN and SLAC supported the initial EMC mea-
surements, and a global analysis [18] of these data suggested
∆s ≈ −0.15. This analysis carries with it an unknown the-
oretical uncertainty because the deep-inelastic data must be
extrapolated tox = 0 and an assumption of SU(3)-flavor
symmetry must be invoked.

In the meantime, the E734 experiment [19] at
Brookhaven measured theνp and ν̄p elastic scatter-
ing cross sections in the momentum-transfer range
0.45 < Q2 < 1.05 GeV2. These cross sections are very sen-
sitive to the strange axial form factor of the proton,Gs

A(Q2),
which is related to the strange quark contribution to the pro-
ton spin: Gs

A(Q2 = 0) = ∆s. Assuming the strange axial
form factor had the sameQ2-dependence as the isovector
axial form factor, E734 also extracted a negative value for
∆s. However, this determination was hampered by the large
systematic uncertainies in the cross section measurement, as
well as a lack of knowledge of the strange vector form fac-
tors, and no definitive determination of∆s was possible —
this conclusion was confirmed by subsequent reanalyses of
these data [20,21].

The HERMES experiment [22] measured the helicity dis-
tribution of strange quarks,∆s(x), using polarized semi-
inclusive deep-inelastic scattering and a leading order “pu-
rity” analysis, and found∆s(x) ≈ 0 in the range0.03 < x <
0.3. This seems to disagree with the analysis of the inclusive
deep-inelastic data. This disagreement could be due to a fail-
ure of one or more of the assumptions made in the analysis

of the inclusive and/or the semi-inclusive data, or it could be
due to a more exotic physics mechanism such as a “polar-
ized condensate” atx = 0 not observable in deep-inelastic
scattering [23].

3. Combining ep and νp Elastic Data

On account of the apparent discrepancy between the analy-
ses of the two differnt kinds of deep-inelastic data, another
method is needed to shed light on the strange quark contri-
bution to the proton spin. Recently [24] it has become pos-
sible to determine the strange vector and axial form factors
of the proton by combining data from elastic parity-violating
~ep scattering experiments at Jefferson Lab with theνp and
ν̄p elastic scattering data from E734. The parity-violating~ep
data place constraints on the strange vector form factors that
were not available for previous analyses of E734 data.

Several experiments have now produced data on forward
parity-violating~ep elastic scattering [7–12]. Of most inter-
est here are measurements that lie in the sameQ2 range as
the BNL E734 experiment, which are the original HAPPEx
measurement [7] atQ2 = 0.477 GeV2 and four points in the
recentG0 data [10]. These forward scattering data are most
sensitive toGs

E , somewhat less sensitive toGs
M , and almost

completely insensitive to the axial form factors due to supres-
sion by both the weak vector electron charge(1− 4 sin2 θW )
and by a kinematic factor that approaches 0 at forward angles.

The basic technique for combining the~ep, νp, and ν̄p
data sets has already been described [24] and the details of
the present analysis will be published [25]. The results are
displayed in Fig. 1. The uncertainties in all three form fac-
tors are dominated by the large uncertainties in the neutrino
cross section data. Since those data are somewhat insensi-
tive to Gs

E andGs
M then the uncertainties in those two form

factors are generally very large. However the results for the
strange axial form factor are of sufficient precision to give a
hint of theQ2-dependence of this important form factor for
the very first time. There is a strong indication from thisQ2-
dependence that∆s < 0, i.e. that the strange quark contribu-
tion to the proton spin is negative. However the data are not
of sufficient quality to permit an extrapolation toQ2 = 0, so
no quantitative evaluation of∆s from these data can be made
at this time.

4. Comparison to Model Calculations

It is interesting to compare these results with models that
can calculate aQ2-dependence for these form factors. Silva,
Kim, Urbano and Goeke [26–28] have used the chiral quark
soliton model (χQSM) to calculateGs

E,M,A(Q2) in the range
0.0 < Q2 < 1.0 GeV2. TheχQSM has been very successful
in reproducing other properties of light baryons using only
a few parameters which are fixed by other data. In Fig. 1
their calculation is shown as the solid line; it is seen to be in
reasonable agreement with the available data, although the
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FIGURE 1. Results of this analysis for the strange vector and axial
form factors of the proton. Open circles are from a combination of
HAPPEx and E734 data, while the closed circles are from a com-
bination of G0 and E734 data. [Open squares are from Ref. 12
and involve parity-violating~ep data only.] The theoretical curves
are from Ref. 26 to 28 (solid line), Ref. 31 (small-dotted line), and
Ref. 32 (big-dotted line). There is not any calculation ofGs

A from
Ref. 32.

HAPPEx Gs
E point at Q2 = 0.1 GeV2 disfavors this cal-

culation. Riska, An, and Zou [29–31] have explored the
stangeness content of the proton by writing all possible
uudss̄ configurations and considering their contributions to
Gs

E,M,A(Q2). They find that a uniqueuudss̄ configuration,
with thes quark in aP state and thēs in anS state, gives the
best fit to the data for these form factors; see the small-dotted
curves in Fig. 1. Bijker [32] uses a two-component model of
the nucleon to calculateGs

E,M (Q2); the two components are
an intrinsic three-quark structure and a vector-meson (ρ, ω,
andφ) cloud; the strange quark content comes from the me-
son cloud component. The values ofGs

E,M (Q2) are in good
agreement with the data, see the big-dotted line in Fig. 1. In
the near future, theG0 experiment will provided additional
data onGs

E,M (Q2) at 0.23 and 0.63 GeV2 which will help
to discriminate between theχQSM and the models of Bijker
and of Riskaet al.

5. Future Experiments

To provide a useful determination of∆s, better data
are needed for both the form factors and the polar-
ized parton distribution functions. Two new experiments
have been proposed to provide improved neutrino data
for the determination of the strange axial form factor. FI-
NeSSE [33] proposes to measure the ratio of the neutral-

current to the charged-currentνN andν̄N processes. A mea-
surement ofRNC/CC = σ(νp → νp)/σ(νn → µ−p) and
R̄NC/CC = σ(ν̄p → ν̄p)/σ(ν̄p → µ+n) combined with the
world’s data on forward-scattering PVep data can pro-
duce a dense set of data points forGs

A in the range
0.25 < Q2 < 0.75 GeV2 with an uncertainty at each point
of about±0.02. Another experiment with similar physics
goals, called NeuSpin [34], is being proposed for the new
JPARC facility in Japan. It is also important to extend the
semi-inclusive deep-inelastic data to smallerx and higherQ2

so that the determination of the polarized strange quark dis-
tribution ∆s(x) can be improved. A measurement of this
type is envisioned [35, 36] for the proposed electron-ion col-
lider facility. At the same time, a future electron-ion collider
could provide an improved measurement of the integral

1∫

0

gp
1(x)dx,

which can be combined with aνp elastic scattering measure-
ment of the proton’s weak axial charge and a recently devel-
oped axial charge sum rule [23, 37] to provide an additional
determination of∆s and perhaps evidence for a “polarized
condensate” atx = 0 [23]. It is only with these improved
data sets that we will be able to arrive at an understanding of
the strange quark contribution to the proton spin.

6. Nuclear Effects inA(ν, p)X
FINeSSE and NeuSpin will make use of nuclear targets, like
carbon or argon perhaps, in order to bring NCνN → νN
and CCνN → µN count rates up to a level needed for
timely completion of the experiments. In order to reach
the level of precision inGs

A needed for an extraction of
∆s then a good understanding of initial and final state nu-
clear effects is needed. A number of theoretical efforts have
been made in the last few years in this direction. There is
no space here for any detailed discussion of these calcula-
tions but some summary remarks are in order. Maieronet
al. [38, 39] studied quasi-elasticνµN scattering in16O and
12C using a relativistic shell model and treating final state
effects in a distorted wave impulse approximation (DWIA).
Meucci et al. [40, 41] used a relativistic DWIA model with
a relativistic mean-field model of the nucleus to study the
same processes in12C and also studying final state effects.
Martinezet al. [42] studied these processes in12C and56Fe
using a relativistic description of the nucleus and the scatter-
ing process; significantly, they argue that nuclear transparen-
cies measured inA(e, e′p) experiments can be applied to fi-
nal state effects inA(ν, p) processes. The work of van der
Ventel and Piekarewicz [43, 44] centers on the calculation of
a set of nuclear structure functions (describing the neutrino-
nucleus scattering) via a relativistic plane wave impulse ap-
proximation. Finally, the work of Leitneret al. [45, 46] uses
a fully relativistic formalism including the quasielastic and
resonance scattering channels, and taking into account a va-
riety of nuclear and final state effects. The results of several

Rev. Mex. F́ıs. S53 (6) (2007) 79–82
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of these studies imply that the ratiosRNC/CC andR̄NC/CC

to be measured in FINeSSE are relativly insentive to many
effects of the nucleus and final state interactions.
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