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Abstract. We review the program of parity violation in the scattering of polarized electrons at
JLab. Results are presented from recent experiments measuring the weak form factors, which in
turn measure the contribution of strange quarks to the elastic form factors. In addition, we discuss
the physics of parity violation in deep inelastic scattering, which will become possible with the
upgrade of the JLab energy to 12 GeV.
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INTRODUCTION

By measuring the parity-violating asymmetry in the scattering of polarized electrons
APV = (σ↑ − σ↓)/(σ↑ + σ↓), we determine the electroweak interference between the
photon and theZ boson. From this information, we can extract weak amplitudes from
electron scattering. The first experiment of this type was done by Prescott et al. [1], who
in 1978 measured a 10−4 asymmetry in deep inelastic scattering, thereby establishing
that the interactions of theZ are parity violating.

Recently, there has been a large number of experimental results published on parity
violation in electron scattering from SLAC, Mainz, Bates, and JLab. The asymmetries
measured have been as small as 10−7. The goals of these experiments have been either
to probe hadronic structure or to test the Standard Model [2].

ELASTIC SCATTERING

Elastic scattering from the proton, deuteron, and He targets is a classic example of using
the weak interaction to probe hadronic structure [3, 4]. Elastic scattering is determined
by two functions ofQ2, GE and GM. Both form factors have contributions from the
various quarks, includingu, d, and possiblys. The strangeness contribution to the form
factors, possibly caused by a “kaon cloud” around the nucleon, can be differentiated
from the largeru andd contributions by measuring the weak form factor.

Before this year, data on parity violation were consistent with the absence of signif-
icant strange contribution to the form factors. Then the A4 experiment at Mainz pub-
lished a 2σ effect atQ2 = 0.1(GeV/c)2 [5]. With the publication of data from the
HAPPEX [6, 7] andG0 [8] collaborations at JLab, the significance of the world’s data
atQ2 = 0.1(GeV/c)2 remains at about the 2σ level. However, data fromG0, which cov-
ers a wide range ofQ2, indicates that the observed effect of strangeness in the range
Q2 = 0.2−0.3(GeV/c)2 is quite small. Thus strange form factors, if they are large, have



a rapidQ2 dependence. Further experiments are planned that will clarify this potentially
exciting situation.

DEEP INELASTIC SCATTERING

In the limit of deep inelastic scattering (DIS), the parity-violating asymmetry is given
by

APV = Q2 GF
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is the probability of a parton with flavori having a fractionx of the momentum of the
nucleon. AlsoQi is the electromagnetic charge andC1i(C2i) are the weak vector (axial
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The key feature is that largea(x) term is constant and independent of hadron structure at
moderately largex where the heavy quarks make small contributions. Thus the deuteron
makes an ideal target for tests of the Standard Model[9].

For hydrogen targets, thea(x) term is given by

a(x)≈ 3
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]
In this case the asymmetry depends on the ratiod(x)/u(x), a quantity of considerable
interest for very largex[10, 11, 12, 13].

Possible Hadronic Corrections

Since any interesting corrections to Eq. 1 are at most 5-10%, the experiments must
attain precision at the 1-2% level. However, the surprising results of the NuTeV exper-
iment [14] have led to a critical examination of whether all hadronic effects are un-
derstood to this high precision. We discuss below two possible effects which might be
interesting in themselves, higher twist and charge symmetry.

Higher Twist

One interesting candidate for hadronic corrections are the higher twist (HT) effects,
which might addQ2 dependence to the asymmetry [15]:

APV(x,Q2) = APV(x)(1+C(x)/Q2).



The size of the coefficientsC(x) is not known. However, the effect might be about the
same size as the corresponding coefficients in the formula

F2(x,Q2) = F2(x)(1+D(x)/Q2).

extracted from GLAP fits to structure function dataF2(x,Q2) [16]. The sizes of theD(x)
for x< 0.4 are negligible for GLAP fits at the NNNLO level. However, the effects may
be substantial and easy to measure forx> 0.5− 0.6. APV makes an ideal laboratory
for studying HT because the dominanta(x) term is constant and requires no GLAP
evolution.

Charge Symmetry Violation

One of the assumptions in deriving Eq. 1 is charge symmetry:up = dn anddp = un.
If we allow charge symmetry violation (CSV), new structure functions are required:

δu(x) = up(x)−dn(x); δd(x) = dp(x)−un(x).

The effect of the CSV parameters onRPW, the quantity measured by NuTeV, is[17]:

δRPW

RPW ∼ 0.85
δu−δd

u+d
.

For parity, we have
δAPV

APV = 0.28
δu−δd

u+d
. (2)

Knowledge about(δu−δd)/(u+d) is limited. Empirical limits from the MRST group
allow CSV effects to be large enough to explain the NuTeV result[18].

The asymmetryAPV is less sensitive to CSV than isRPW. However, for the NuTeV
experiment with its large kinematic acceptance, the data is averaged over a large range in
x. With the spectrometers at JLab, data may be obtained over a narrow kinematic range
and in particular focus on the region of largex. Then if the CSV ratio in Eq. 2 is larger
at highx, perhaps because of the falling values of the structure functions, measurements
of APV at JLab might observe a significant effect. Any experimental demonstration of
anx-dependent CSV would be extremely important.

Required Apparatus

A DIS point can be done with existing facilities at JLab at lowx and lowQ2. With
the advent of the 12 GeV upgrade and the SHMS spectrometer, additional points can
be reached. Also, useful data withW < 2 GeV can be obtained. However, to reach
points with the highestQ2 andx values with sufficient statistics, a spectrometer with
at least 50% acceptance in azimuth operating at angles of 20◦-40◦ is required. We do not
know how to achieve this goal economically with a conventional magnetic spectrometer.



We suggest that a calorimeter such as the one used for A4 at Mainz might be more
suitable. At the higher beam energies at JLab, the calorimeter must be shielded from
photons and low energy pions originating in the target. Thus a sweeping magnet would
be required. Such an apparatus will also be useful for many other physics topics, such
as measurements ofA1(x).

Summary of the DIS Program

With the proposed spectrometer, we can plan to measureAPV for hydrogen and
deuterium with <2% relative precision over the range 0.3< x< 0.7 with Q2 varying
by a factor of 2 for each point except atx = 0.7. Unexpected variation ofAPV for the
deuteron withQ2 or x would be a signature for HT effects or CSV respectively. If these
effects are demonstrated to be under control, we then can use deuterium as a test of the
Standard Model and measured/u at highx for hydrogen.
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