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Yerevan Physics Institute, Yerevan, Armenia
Abstract

We propose to perform the first measurements of the parity violation (PV) asymme-
tries A,, Aq, and A over the full resonance region (1 < W < 2.1 GeV) at Q* ~ 0.8
GeV2. The measurements consist of scattering 4.8 GeV longitudinally polarized elec-
trons from unpolarized hydrogen, deuterium, and carbon targets at a scattering angle
centered on 12.5 degrees, using the HRS-L and HRS-R spectrometers in Hall A. The
projected total asymmetry errors are approximately 5% (relative) in each of four regions
in W. The overall error is projected to be about 3% for each target (equal statistical
and systematic errors), and the error on the ratios A,/A,; and Aq/A, is projected to be
about 4% (dominated by statistical errors).

The goals include the study of resonance structure in A, and A4, and exploring both
global and local quark-hadron duality with the previously un-studied combination of
structure functions probed by PV inelastic electron scattering. The carbon target allows
an investigation of the EMC effect that emphasizes the d quark contributions. The PV
asymmetry is particularly sensitive to the isospin decomposition, as well as the axial
hadronic current. The results are of great practical importance in more accurately mod-
eling neutrino interactions in the few GeV region, which is essential in the interpretation
of neutrino oscillation experiments. The new data are needed for modeling of radiative
corrections to PV in the DIS region, and will also help in understanding backgrounds
for other PV experiments.

The experiment will use the same Compton polarimeter, targets, detectors, and elec-
tronics as the planned experiment E05-007 (DIS-parity). The use of a lower beam energy
(4.8 GeV compared to 6 GeV) is the only essential difference. We request a total of 14
days of production running and 1 day of checkout and calibrations.
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1 Introduction and Motivation

The electromagnetic interaction has proved very successful in probing the structure of
the nucleon. Inelastic electron scattering at high momentum transfer )? and excitation
energy v (corresponding to large missing mass W) has provided the best information to
date on the parton distribution functions, whose universal nature makes them useful in
understanding a wide variety of particle interactions with nucleons. One limitation is
that spin-averaged inclusive electron scattering probes quarks weighted by their charge
squared: for a proton target this means that the contribution from down and strange
quarks is strongly suppressed relative to the up quarks. Our best information on the down
quark PDFs come from using a neutron target, although at high momentum fraction
r = Q?/2Mv (where M is the nucleon mass), corrections from nuclear binding (Fermi
motion) become large. Because the weak charges of the strange and down quarks are
relatively larger than the electromagnetic ones, the weak interaction can provide another
sensitive means to probe the down and strange PDF's.

An alternative basis for the description of nucleon excitations is in terms of transition
form factors to specific resonant states. Lately, the subject of quark-hadron duality
has received considerable interest, both theoretically and experimentally. Theoretical
interest comes about in making a unified QCD description of the hadronic interactions.



Experimental interest arises because to the extent that duality works, it can be used to
extract both spin-averaged and spin-dependent PDF's at large . Duality is also of great
importance experimentally to predict cross sections in regions where they haven’t been
measured precisely (for example, in predicting neutrino scattering cross sections needed
to interpret neutrino oscillation experiments). The weak neutral current gives access to
the axial hadronic current, which also enters in weak charge current interactions.

Electron scattering measurements sensitive to the weak neutral current are quite lim-
ited. The pioneering experiment of Prescott et al. [1] using inelastic scattering on the
deuteron helped establish the standard electroweak model. The relatively large errors on
the parity-violating asymmetry A; measured in this experiment are no longer relevant in
constraining physics beyond the Standard Model, or in constraining the strange quark
PDFs. The experimental program at HERA at very high Q? (comparable to M%, where
My is the Z-boson mass) are of limited statistical precision. Most electron PV experi-
ments have focused on elastic channels, with the goal of probing the strange quark form
factor of the nucleon (SAMPLE at Bates, HAPPEX and GO at JLab, A4 at Mainz, etc.),
and ultimately searching for physics beyond the standard Model (QWeak and DIS-parity
at JLab). The GO collaboration plans to study the N — A transition at large electron
scattering angles and DIS-parity (E05-007) was approved by the previous PAC to make
a phase I measurement in the DIS region at 6 GeV (Q?=1.1 GeV?, W?2=4.2 GeV? and
Q*=1.9 GeV?, W?=5.3 GeV?), but there are presently no approved experiments to ex-
tend PV inelastic electron scattering into the full resonance region (W < 2.1 GeV). With
an 11 GeV electron beam at JLab, or a 30 GeV beam at SLAC, it will be possible to re-
peat the original Prescott experiment with more than an order-of-magnitude reduction in
error bars. This will allow a competitive search for new physics, or to establish coupling
of new particles if they have already been found at LHC. One hint that such new physics
may exist comes from the observation of a 3-sigma discrepancy with the Standard Model
from the NuTeV neutrino scattering experiment at Fermilab [2]. However, conventional
explanations of this discrepancy also exist, for example a particle-antiparticle asymmetry
in the strange sea, charge symmetry violation, or higher twist corrections.

The interpretation of a new high-precision electron scattering experiment will rely
on a reasonable understanding of scattering at lower energy and W, through radiative
effects. If a given experiment measures electron scattering with incident energy E, and
scattered electron energy E, the helicity-dependent cross sections must be known at all
energies £/ > E| and all B < E' < Ej. For Ey = 11 GeV, Ej will typically be 3 to
5 GeV (see JLab 12 GeV pCDR), so measurements are needed down to E = 3 GeV.
This data will also allow for improved radiative corrections for the 6 GeV DIS-parity
measurement.

Lower energy data will also be crucial to understand the role of higher twist correc-
tions, which are generally expected to decrease with powers of Q% and/or W?2. Measure-
ments over a large range of Q% and W are needed to measure higher twist diagrams,
because there are no models to calculate them reliably.

Another motivation for this proposal comes from the desire to understand back-
grounds in other PV experiments. In the recently completed E158 experiment [4] at



SLAC, the primary electron-electron (Mgller) scattering signal was mixed with electron-
proton scattering background, enhanced through radiative effects by the relatively long
180 em LH2 target. While the ep elastic contributions are relatively well understood, the
inelastic contribution (with an asymmetry about 20 times larger than the Mgller asym-
metry), turned out to generate the largest correction to the measured asymmetry and
yields the largest systematic error of this experiment (22 ppb, or 17% relative). While
measurements were made in a special detector that measured only ep scattering, the
W-range was quite different than that of the Mgller detectors, and elastic and inelastic
contributions were strongly mixed. Dedicated measurements of the W dependence of
PV inelastic scattering will help to build confidence in the systematic error on the E158
result, which is at present one of the three most precise Standard Model tests away from
the Z-pole, and will also be of value for future Mgller PV experiments, for example with
JLab at 12 GeV.

The study of the resonance region is also of interest in its own right. In the quark-
hadron duality picture, the response averaged over resonances should equal that at higher
(Q?, once target mass corrections and leading-log effects are taken into account [5, 6, 7,
8, 9]. Because of the much different isospin structure and different couplings, the weak
current will couple to individual resonances differently than the electromagnetic current,
which can help in identifying new or poorly established resonances. We already have an
indication that duality in the weak neutral current will work at the 20% to 30% level
in a leading order valence picture of the vector hadronic current, as discussed in more
detail below. What is of interest is to study the deviations due to the different mixture of
resonances, their isospin structure, and their axial form factors. Since no measurements
exist at present, it is not impossible that surprises await, and deviations from the leading
order picture could be even larger than 30%.

A better understanding of the weak interaction at low Q? (1 to 3 GeV?) is of great
importance in understanding low energy neutrino interactions, which in turn are needed
to determine neutrino masses and couplings through neutrino oscillation experiments
[10, 11]. Neutrino oscillations in the channel v, — v, will be studied by 7 produc-
tion from neutrinos at underground neutrino telescopes like AMANDA, ANTARES,
BAIKAL, and NESTOR, and with long base-line accelerator experiments like [CARUS,
MINOS, MINERvA, MONOLITH, and OPERA. Future high-accuracy experiments such
as NOvA and T2K will require even better knowledge of neutrino cross sections. In most
experiments, the neutrinos have sufficient energy so that the excitation of nucleon reso-
nances is possible. To go from the 7 yield to incident neutrino flux, one needs accurate
predictions for the cross section integrated over the neutrino energy spectrum. This
involves the three charged current structure functions Wy, Wy, and Wj. Using isospin
symmetry, W, and W5 can be related to measurements using inclusive unpolarized elec-
tron scattering, and essentially depend on a knowledge of the hadronic vector current.
PV electron scattering places additional constraints on the structure functions because
of the very different weighting of isoscalar and isovector amplitudes compared to unpo-
larized scattering. Spin-averaged scattering is highly dominated by the u quarks, while
PV scattering has relatively strong d quark contributions. Also, PV scattering is some-



what sensitive to the axial nucleon current. Modeling of neutrino cross sections requires
assumptions such as PCAC to relate vector and axial current that may break down with
increasing energy, so experimental constraints from PV scattering are useful [11]. The
role of duality in the weak current has been discussed and the literature [12], and can
be tested with the present proposal.

I[sospin separation with unpolarized electrons relies on the use of neutrons embedded
in nuclei such as deuterium, in which the effects of Fermi motion and Pauli suppression
must be taken into account. On the other hand PV electron scattering on the proton
allows access to a new isospin combination free from these effects. Since most neutrino
experiments use nuclear targets, it is especially important to understand how the EMC
effect changes the effective v and d quark distributions individually (or equivalently the
isospin decomposition of the nucleon resonances). Unpolarized electron scattering is
dominated by the effective u quark distributions at high x, while PV electron scattering
has a large sensitivity to the effective d quark distributions. This makes PV electron
scatting data a new way to help separate the EMC effect in valence and sea quarks [13].
While this data is largely in the resonance region, this is the precisely the region that
dominates interactions in many of the high precision neutrino measurements. In addition,
nuclear dependence of the F, structure function shows identical behavior in the DIS and
resonance region, down to very low W? values [14]. Recent work showing a very different
EMC effect for spin structure functions [15, 16], with a noticeable difference in the effect
on the up and down quark distributions [15], makes such a measurement all the more
appealing.

Our proposed measurements at the 5% level for about eight values of W from thresh-
old through the resonance region and slightly into the DIS region (/W = 2.1 GeV) should
be useful in building confidence in the models used to predict the neutrino cross sections,
and complement the direct measurements planned at MINERvA [10].

All of these observations suggest that it is long overdue to measure the PV asymmetry
Ay, Ag, and Ac in inelastic electron scattering at low Q2. JLab is the only laboratory
with sufficient beam energy and intensity to make these measurements in a meaningful
way.

2 Physics

2.1 Parity Violating Asymmetry

Figure 1 shows the lowest-order Feynman diagrams for inelastic lepton-nucleon scat-
tering for electromagnetic and weak interactions. Electrons can scatter off of protons
by exchanging either a virtual photon, v*, or a Z° . Therefore the cross section for
lepton-nucleon scattering can be written as,

do = do, + doyear + doy, (1)

where do, is the electromagnetic, doeqr is the weak and doy is the interference contribu-
tions to the total cross section. For low-energy small-momentum-transfer lepton-nucleon



Figure 1: First order Feynman diagrams for lepton-nucleon scattering in the presence of
a weak neutral current.

scattering, the weak cross section is much smaller than the electromagnetic cross sec-
tion, so the former can be safely neglected. However, the electromagnetic part is parity
conserving, so the cross section is the same for right and left handed electrons, while the
neutral current amplitude contains a parity violating term. Consequently the weak neu-
tral current can be measured using the parity-violating asymmetry in the inclusive cross
sections for electrons polarized parallel (R) and anti-parallel (L) to their momentum.
The PV asymmetry is given by

dO’R—dO'L

App = )
R dog + doy,

(2)
Here dog and doj, are the cross sections for scattering right and left handed electrons
off an unpolarized target.

2.2 Resonance Region Asymmetry

In the nucleon resonance region, it is possible to describe Ag; in terms of response
functions to specific final states, combined with a non-resonant background. In the one
gauge boson (y or Z°) exchange approximation the asymmetry for scattering to discrete
states can be written as [17, 18],

v Ry (¢,w) + vr Ry (q,w) +vrr RV (g, )

ARes — A
il =0 v RE(g,w) + opRT (¢, w)

) (3)

where L, T, and 7" stand for longitudinal, transverse, and axial, and v ;s are lepton
kinematic factors. The term Ap ~ 6.5 x 10~* [17] and the subscripts AV and V A denote
axial-vector leptonic and vector hadronic currents and vector leptonic and axial-vector
hadronic currents. The parity violating responses Rfﬁ;ﬁ can be decomposed in terms of
their isospin content [17],

RED = §10R, (1 = 0) + 5/ RY (1 = 1), (4)
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BI=0 = —2sin? Oy, BT = (1 - 2sin?Oy), (5)

and I is the isospin quantum number. In the case of N(1520), which is an isospin % state,
both terms in equation (5) contribute to the asymmetry. If one makes the approximation
sin(#,) = 0.25 (so that the vector leptonic current, which multiplies the axial hadronic
current, is zero), then in the limit of pure magnetic or electric scattering, and assuming
isospin symmetry and negligible strange and charm form factors, the proton asymmetry
can be written as:

o
AP — 0.9 x 1074Q* 2, (6)
Op
a remarkably simple equation. For the deuteron, the result has a different sensitivity to
nuclear structure and with these approximations becomes:

Afesd — 0.9 x 107'Q*R(W). (7)

where R(W) depends on the relative I = 1 compared to I = 0 strength, and is unity for
a pure I = 1 transition, and is negative for a pure I = 0 transition.

We stress that these simplified relations are simply presented here to bring out the
main features of the PV asymmetry, and that the terms we are neglecting (axial current,
strange and up/down sea quarks) are interesting and will be fully addressed in the actual
data analysis.

Although the formalism for this was worked out long ago [19], to the best of our
knowledge the details have so far only been worked out for the case of elastic scatter-
ing [20] and the N — A(1232) transition [21], although there is an ongoing effort to
understand the higher W region [17], in particular the influence of meson exchange cur-
rents. An approximate model for the Sj;(1530) resonance was very recently presented
in the Ph.D. thesis of Sacco [22].

A detailed prediction of the N — A(1232) proton asymmetry is given by [21] A® =
—(1.04 + 0.27F(Q?* E, E',0,) x 107*Q? where F(Q?* E, E',0.) contains the information
on weak form transition form factors, and is expected to be of order unity for Q? < 1
GeV?, decreasing to zero at very large F (or small Q*/2ME) [20]. In the moderate
and energy of this proposal, this detailed prediction is within 20% of the simple model
given by Eq. (6), since 0,,/0, =1 for the isovector A(1232) resonance.

2.3 Deep-Inelastic Asymmetry

In the Standard Model and assuming quark degrees of freedom, the asymmetry arises
from the interference between photon and Z exchange diagrams, and is given by [20]

orp—or _ 2Q° ¥ fi(x)(Q]/e)lghgi + Ygigi]

A= = , 8

ontor M3 > @) Q7 )

where f;(z) are the quark distribution functions for a quark of type i, the ¢’s are the
electroweak axial and vector charges, Q% = —¢? is the four-momentum transfer squared



(Q? > 0 for our kinematics), M is the mass of the Z boson, and

_ 1-(1-y)’
1+ (1-y)?2—y2R/(1+R)

Y (9)
where y = v/E, v = E — E' is the energy lost by an incident electron of energy E
scattering to an electron of energy E', and the factor R = o, /oy takes into account [23]
the longitudinal contributions to both Z and photon exchange. Performing the sums
and re-writing M in terms of the o and Gz coupling constants, for a proton target we
obtain

g 3GrQ?* 2C,u(z) + c(x)] — Cgld(z) + s(x)] + Y[2Co,uy (1) — Cogdy ()]
P ra2v?2 du(x) + d(x) + s(x) + 4e(x) '

(10)

where the products of weak charges in the Standard Model at tree level are given by:

Ciuw = 9a9v (11)
Cua = ga9v
Cow = Gv 94
Coa = g%

When Standard Model electroweak radiative corrections are included the C;; become [24]

1 4

Cro = p(— 5+ 5/4 sin?(0,)) + A, ~ —0.1886 (12)
1 2

Ciy = p'(5 - gn’ sin®(0,)) + A\ig ~ 0.3414

1

Ogu = p( — 5 + 2K sin2(9w)) + )\2u ~ —0.0359
1

Cog = p(5 — 2k8in°(0y,)) + Aog ~ 0.0265.

In the limit of no electroweak radiative correction p = p' =k =k’ =1 and A\, = \jg =
)\211, - )\2d = 0.

We have assumed that the u(z), d(z), s(z), and ¢(z) quark parton distribution func-
tions (PDFs) of the proton can be described in terms of valence (v) and sea (s) contri-
butions as

w(x) = uy(x)+us(r) + () (13)
d(z) = dy(x) +ds(z) + ds(z)

s(x) = ss(x) + 55(x)

c(x) = c5(x)+Es(x)

The quark distribution functions depend mainly on the Bjorken scaling variable x =
Q?/2Mv (where M is the nucleon mass), but also evolve slowly with Q? due to QCD
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and finite mass corrections. While not shown explicitly, all quantities involving PDFs
are functions of both z and Q2.
In the valence region, A, is numerically approximated using Eq. (10) and Eq. (12)
by
[0.51 + 0.457(z) + 0.10Y (1 + r(z))]
[1+0.25r(z)] ’

where we have ignored the strange and charm quark contributions, r(z) = d(x)/u(z) ~
1—0.75z, and Q? is in units of GeV2. Using isospin symmetry and with the approximation
sin?(f,,) = 0.25, and ignoring strange and charm quark contributions, this can be written
as

A, = 107" @ (14)

2(1
A, =—09x 107" @ % (15)

The full equation for the deuteron asymmetry is given by

[0.78 + 0.41R,(2) + 0.37R,(2) + 0.10Y Ry ()]

_ —4 2
Ag=—-107"* Q [1+4 0.2Rs(z) + 0.8R.(x)] ,

(16)

which when simplified in the valence region using sin?(f,,) = 0.25, can be written as
Ag=—-0.7x10"* Q7 (17)

which is about 20% less than the simplified transition form factor model for a pure I = 1
transition.

2.4 Duality

Quark-hadron duality was first observed by Bloom and Gilman in 1970 [6]. It postulates
that physical quantities calculated in the hadronic description give the same results as
if they were calculated using the partonic description if a proper scaling variable that
connects the two kinematic regions is used. In QCD, De Rujula, Georgi and Politzer [5]
have shown that duality can be understood from an operator product expansion of
moments of structure functions, which allows one to separate the short and long distance
contributions to the moments of structure functions. The leading terms in the OPE
correspond to scattering from free quarks, which are responsible for scaling, while higher
terms take interactions between quarks and gluons (higher-twists) into account. In
the resonance region if the higher-twists are significant then the moments of structure
functions cannot be much different than the corresponding scaling value, which is given
by the moments of the leading-twist term. Therefore, if a structure function rises above
the scaling value it has to fall in the neighboring region (or oscillate around the scaling
function) in order to compensate for the increase or decrease in the moments above
the scaling value. This explains why resonances average to a smooth scaling curve.
This behavior observed over restricted regions in W for each resonance is known as
local duality. So far duality has been seen to work for unpolarized structure functions
for the electromagnetic tensor, WEM and WM to Q% as low as 0.6 GeVZ2. Figure 2
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shows the structure function vW." as a function of the Nachtmann scaling variable,

& =2z/[1+ \/1 + 422 M3 /Q?], for different Q? values. The data clearly demonstrate
that duality works remarkably well to rather low values of (.
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Figure 2: The spin independent structure function vW.”™ plotted as a function of £ for
hydrogen at different Q* values [7]. The solid and dashed lines are a fit to deep inelastic
structure function data at Q? = 10 (GeV/c?) and Q* =5 (GeV/c?) respectively.

In terms of structure functions, to lowest order in the weak and electromagnetic
currents, Agz, can be written as,

Q% ga QWQ* + WH(4EE' — Q%)) — g,W3Q*(E + E') /M

Apr =
QM 2WFMQ? + WEM(4BE' — Q?) ’

(18)

where W 93 are structure functions for the interference tensor of the electromagnetic
and weak neutral hadron currents, g, and g4 are the vector and axial-vector coupling
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constants at the lepton-Z° vertex and F and E’ are the energies of the incoming and
outgoing electron. The denominator of the asymmetry Ag; depends only on WEM and
WEM_ Both these structure functions are very well measured and understood at the
Q? values of this experiment and can be determined using a model. Although it is not
possible to separate the structure functions for the interference tensor, Ary, can be used
to test duality for a linear combination of Wy, W5 and Wj (numerator of Eq. (18)).
Duality has never been tested for these structure functions to the date. As pointed out
in the previous section depending on the isospin of the final excited state the interference
cross section is expected to show a resonance structure.

-3
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Figure 3: The oscillating curves are the simplified resonance region prediction for
A,(W,Q?%) in the limit sin*(0,) = 1/4 from Eq. (6) using a fit [25] for 0,/0,. The
smooth curves are the DIS prediction from Eq. (14).

Figure 3 shows the expected asymmetry for the proton calculated with the simplified
model of Eq. (6) and a fit [25] to 0,,/0,, at the two average Q* values of this proposal. Also
shown is the DIS prediction, evaluated at the corresponding values of £, and a standard
set of PDF's for d(z)/u(z) to evaluate 0,,/0,. It can be seen that in this approximate
model, duality appears to roughly work at both the local and global level. Essentially,
the leading order criteria for duality to work can be written as

(ouf ) = 3 (1L (0/)"") (19)

The two different dependencies on o, /0, come from the fact that in the resonant case,
the current is expressed through the square of the sum over parton charges, while in the
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DIS limit, it is the sum of the squares which gives the current. As pointed out by Close
and Isgur [26], the cross terms can cancel on average when opposite parity states are
mixed. In Fig. 3 it can be seen that the average of the A(1232) and the elastic peak
region tend to equal the DIS curve, and that at higher masses there are many resonances
whose sum appears to oscillate around the DIS limit. We note that Eq. (19) is satisfied
if on average o,,/0, = 2/3, which is not a bad approximate of actuality.

In the case of the deuteron, the simplified formulas Eq. (7) and Eq. (17) differ by 20%
for R(W) =1 (as for the N — A transition in the absence on non-resonant background
terms). On the other hand, the average of the quasi-elastic and A(1232) asymmetries
lies close to the DIS prediction.

Only with experimental data (which will include the effects of the axial current,
strange form factors and higher twist contributions) will we be able to tell if duality
works in actuality, and to what accuracy it works. Duality in the unpolarized F3; structure
function is good to ~5% down to @?=0.5 GeV?, and we will be able to make tests of
local duality with comparable precision, and global duality down to 2-3%. A quantitative
understanding of duality in PV electron scattering will provide new constraints for models
trying to understand duality and its QCD origins. In addition, if duality is observed
to hold at the few percent level at the lower W? and ? values of this measurement,
it would provide significant limits on the contributions of higher twists to DIS-parity
measurements at 6 and 11 GeV.

3 Experiment

The primary goal of the experiment is to measure A,, A;, and A¢ in and slightly beyond
the traditional nucleon resonance region (M < W < 2.1 GeV) at moderate Q*. The
choice of hydrogen and deuterium as the targets is dictated by the desire to observe
possible resonance structure, without the large blurring effects of Fermi motion and
shadowing in heavier nuclei, and to test duality using the weak neutral current with
two isospin combinations, for which the predictions are quite different, as was discussed
above. Measurements with both hydrogen and deuterium have a further advantage, in
that the ratio of asymmetries is almost free of experimental systematic errors, allowing
a very precise comparison with theory. The data on carbon allows a first look at the
nuclear dependence in PV electron scattering, while also providing input for cross sections
models needed in precise neutrino scattering measurements and backgrounds for other
PV electron scattering measurements.

The range of Q% to be explored is limited to about 0.5 GeV? on the low end due to
increasingly large elastic radiative tails at low @* (which dilute the measured asymme-
try), and by the smallest practical scattering angle for a large solid angle spectrometer.
The range of Q% on the high end is limited to about 1 GeV? by the beam energy and
the rapidly decreasing cross sections with increasing Q2. The range of 0.5 < Q% < 1 is
well matched to that where the onset of duality is seen to occur in the spin-averaged
proton response functions, as well as the spin-dependent structure function g; [9]. We
have picked an average Q? of 0.8 GeV? as giving the best sensitivity to the physics issues
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we wish to study.
The experimental asymmetry is diluted by the beam polarization P,, so that
N, - N_
Aemp - N+—|—N, - PeAa
where N, and N_ are the number of scattered electrons detected from + and — beam
helicities respectively. The statistical uncertainty is given by

1
- PJN, + N

For @? in the 1 GeV? range, on the order of 10'? electrons must be detected to achieve
a 1% uncertainty in the physics asymmetry.

For Q* = 1 GeV?, typical asymmetries are of order 100 ppm, large compared to the
typically few ppm asymmetries of HAPPEX or GO experiments at JLab, and comparable
to the raw asymmetries measured in Hall B with polarized electrons incident on polarized
deuterons in ND3. This makes the requirements on beam systematics for this proposal
(charge and position asymmetries and jitter, leakage from other Halls, etc.) considerably
more relaxed than in previous PV experiments at JLab.

0A

3.1 Optimization of Kinematics

Several considerations enter into the optimization of beam energy and spectrometer
angle. The beam energy F must be at least 3 GeV to span the full resonance region.
In practice, a higher beam energy of 4 GeV is needed to avoid large radiative tails at
high W. For a given choice of @2, the figure of merit (FOM) improves approximately
linearly with E, due to the larger cross section at the correspondingly smaller angles.
However, the maximum momenta of the HRS spectrometers (3.2 and 4.3 GeV) limits
the useful beam energy to 5.1 GeV. If we lower this to 4.8, we can take two settings with
each spectrometer and have overlap between the higher and lower W settings. The best
figure of merit is then obtained by running at the smallest possible angle that doesn’t
require the septum magnets, which is 12.5 degrees.

3.2 Beam Line and Polarimetry

We propose to use 4.8 GeV polarized beam with a 80% polarization and 85 A beam
current. To reduce the heat impact on the target, the beam is circularly rastered such
that the beam spot size at the target is ~ 4 mm in diameter (or rectangularly rastered to
a 4x4 mm? spot). The beam energy can be measured to a AE/E = 2 x 10~ level using
either ARC or eP devices [27]. The beam polarization will be measured by the Compton
polarimeter utilizing a upgraded (green) laser. Compton-scattered electrons and photons
are detected by two sets of detectors and the data can be analyzed either inclusively or in
coincidence. The systematic error of “electron only” method for a 4.8 GeV beam is 1.1%.
Within 40 minutes of 85 pA beam the statistical error is 0.6%, giving a total error of
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1.2%. The systematic error of “photon integration” method currently being developed by
the HAPPEX collaboration is also expected to achieve a 1% level, providing a cross check
of the electron method. The green laser upgrade of the Compton is already underway.
It is expected to be installed in the hall in 2006 and will be used for two approved
experiments PREX [28] and DIS-parity [29].

3.3 Parity DAQ (Hall A)

The parity DAQ in Hall A [30] and the beam helicity feedback system have been suc-
cessfully used to control the beam helicity-dependent asymmetry for the Hall A parity
experiments in the past. The asymmetry in the integrated beam current measured by
the parity DAQ is sent to the polarized electron source where the Pockel cell voltage is
adjusted accordingly to minimize the beam intensity asymmetry. Using this method the
beam helicity asymmetry was controlled to the 107 level during HAPPEX. Since the
false asymmetry caused by the beam helicity asymmetry is a second order effect hence
is much smaller than the latter, and our measured asymmetry is much bigger than that
measured by HAPPEX, we request that the beam helicity asymmetry to be controlled
below 1075 which will require only modest effort.

3.4 The Liquid Target

We choose to use two racetrack-shaped 25 cm long cells with 5 mil aluminum for both
entrance and exit windows. One cell will be filled by LD2 and the other by LH2. A 2.5
g/cm? carbon target (6% radiation length) will be added to the target ladder.

The target will be almost identical to the one used by HAPPEX in 2004-5, aside from
the additional cell. Cooling from the CHL is piped in to aid the ESR. The racetrack-shape
is chosen because of its much smaller boiling effect than the commonly used cigar-shape
(cylindrical) cells. Boiling tests on racetrack-shaped LH2 cells were performed by the
HAPPEX collaboration in 2004 [31], where a negligible boiling noise (< 100 ppm) was
found for a 20-cm long LH2 cell and a 70 p#A beam. A 5 x 5 mm? raster and 60 Hz fan
speed were used for the test. The boiling noise of a LD2 cell is expected to be at the
same level, and will not be a problem for the proposed measurement. Boiling tests on
a LD2 cell will be performed during commissioning to optimize the running condition.
We plan to start from a 4 x 4 mm? raster and 60 Hz fan speed and the boiling noise will
be measured up to a beam current of 90 pA. Such a test is also a pre-requisite for the
approved DIS-parity experiment.

3.5 Luminosity Monitor

The luminosity monitor (Lumi) in Hall A was successfully used for the HAPPEX exper-
iment in their 2004 and 2005 run, and will be used for the two approved experiments
PREX and DIS-parity. In the following we discuss how well the noise level can be
controlled by the Lumi.
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The Lumi consists of 8 pieces of quartz at 0.5°. Each piece has 2 x 5 cm? effective
area at 7 m from target. The rate for 4.8 GeV beam is > 10*! Hz per piece. With this
high rate, the false asymmetry and the target boiling effect has been monitored to a level
of 100 ppm per pulse during the 2004 running of HAPPEX II for a 70 gA current and a
5 x 5 mm raster. With a 85 pA current and a 4 x 4 mm raster being proposed here, the
noise level is expected to be controlled below the 10® ppm level, thus will add negligible
effect to the statistical width of the measured asymmetry (0.01 per pulse).

Most of the events in Lumi are elastic. The asymmetry is in general proportional
to @2, hence the physics asymmetry detected by Lumi is very small, of the order of
< 100 ppb. Therefore the false asymmetry can be monitored to ~ 100 ppb. Compared
to the physics asymmetry that we proposed to measure (50 ~ 100 ppm), this will cause
a < 0.2% systematic uncertainty and is therefore negligible.

3.6 Spectrometers and Pole-tip Background

We use the standard Hall A High Resolution Spectrometer (HRS) to detect the scattered
electrons. For each HRS the effective solid angle acceptance for an extended target is
6 msr and the momentum bite is +4.5%. The central momentum of the HRS can be
calculated from the dipole field magnitude at the 5 x 107* level [27]. The HRS central
angle can be determined to +0.2 mrad with careful analysis [32].

One of the concerns of most parity experiments utilizing spectrometers is the Mgller-
scattered electrons off the magnetized iron inside the spectrometer magnet (“pole-tip”
background). This has been studied extensively by the HAPPEX collaboration. During
their test runs, the angle of one spectrometer was set slightly away from the elastic peak
such that elastically scattered electrons may hit the pole-tips. Such events are then
tagged by the elastically scattered protons in the other spectrometer. Using this method
an upper limit on the asymmetry from pole-tip events was found to be §A < 1078 [33].
Simulations were also performed to confirm this test result and in fact, the background
asymmetry was found to be less than 2 x 107 in the simulation [34]. We scale the
HAPPEX number by the ratio of electron flux, detector acceptance, also consider that
not all pole-tip events can survive the event selection of the DAQ, and find the pole-
tip background for the proposed measurement to be 64 < 7 x 107%. Compared to the
50 ~ 100 ppm measured asymmetry, this contribution is < 0.2%.

3.7 Particle Identification Detectors

Particle identification (PID) in each HRS will be done with a CO, Cerenkov detector
and a double-layered lead glass shower detector. Based on data from past experiments,
the combined pion rejection factor of these two detectors was found to be > 10* [35]
for a given electron efficiency of > 99% each. At high rate, a practical estimate of the
PID efficiency should also take into account the effect of event pileup, detector readout
deadtime and electronic noise. We simulated these effects and the pion rejection with
the fast counting DAQ is found to be better than 103.
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3.8 Fast Counting DAQ

To separate the pion background we will use a counting method. The counting method
has been used successfully at 100 MHz by the Mainz A4 parity violation experiment [36,
37]. Also relevant is the experience of the GO collaboration in deploying a counting
method [38]. We plan to use a Flash ADC (FADC)-based fast counting DAQ which has
virtually no deadtime, and use a scaler-based DAQ as cross check. This strategy will
also be used for the DIS-parity experiment and test runs of both DAQs using a small
fraction of the PID detectors are already underway by the DIS-parity collaboration. The
basic principle of these two DAQs is described below:

3.8.1 FADC-based DAQ

Figure 4: Schematic diagram for the fast DAQ system (a possible 2"¢ generation of JLab
in-house design).
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The detector signals we will use include the 10 PMT signals from the gas Cherenkov
detector and the approximately 180 signals from two layers of lead glass detectors. To
reduce the processing time and the noise, as well as the number of FADC modules, both
detectors will be segmented. PMT signals from each segments are summed first and then
sent to the FADC for digitizing. Segmentation of the detectors will also allow binning
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in the W and Q?, the central value of which can be checked by taking data with regular
HRS DAQ at low rates. In addition, the 24 signals from scintillators might be useful for
crude directional information.

For the FADC we are considering a modified version of the one presently being
designed by the Fast Electronics Group at JLab. A schematic diagram is given in Fig. 4.
This FADC design will allow for the possibility of counting experiments at approximately
1 MHz with virtually now deadtime. The FADC fills an on-board memory at 250 MHz
with &~ 4 psec latency (buffer size). The information provides both amplitude and timing
information about the signal. An on-board processor (FPGA) will analyze the digitized
data, with intermediate results sent to an external trigger processor to form a trigger
based on multiple FADC boards. The scheme will be flexible enough to accommodate a
variety of experiments. A first version of the FADC should be ready by 2007.

The on-board algorithm shall permit an online identification of electrons, pions, and
associated pileup, and counts these in local memory on the FADC. The data which is
read out from the FADCs by the VME cpu is the number of counts of these particles
integrated over the helicity pulse, usually at 30 Hz, and possibly at a higher sampling
rate, say 600 Hz. In a test mode the entire FADC data may be read (at the price of
some deadtime) to check the reliability of the algorithm.

Electrons are identified as events which pass above the Cherenkov cut and which
deposit a sufficient total energy in the lead glass, while pions leave no signal in the
Cherenkov and small average signals in the lead glass. The efficiency of the cuts and the
cross contamination of the particle samples can be checked at very low beam current.
From experience in Hall A, these efficiencies and contaminations are already known
under running conditions similar to the proposal. Pileup of two particles will occur in
approximately 6% of events if we make no changes to the existing phototubes which have
a 60 nsec resolving time. Although these effects are not easy to study directly at high
rates, we can indirectly study them by an analysis in which the data of independent events
are added. The pileup effects include: 1) e~ —e™; 2)e” — m; 3) ™ — . Since electrons
must only pass a threshold, electrons accompanied by a secondary particle will still be
counted as electrons; however, a correction must be applied for two-electron pileup.
These can be measured using a higher threshold cut on the lead glass and counting the
events that pass this higher threshold. For the lowest momentum setting of the proposed
measurement where the 7 /e ratio is the highest, a total rate of 1.3 MHz (800kHz e~ and
500kHz 77), the pileup involving pions will result in a (1.5 — 2.0)% loss of the pion
count rate, since they tend to be moved away from the one-pion cut window. A fraction
(0.5 — 1)% of two pion events will be counted erroneously as electrons. These effects
from pions can be corrected with sufficient accuracy and the uncertainty is practically
negligible (since the 7 /e ratio and the pion asymmetry will be measured precisely).

If the processing of the FADC is fast enough we can maintain a deadtime which is
very small, probably <10 nsec. However, the system may have a deadtime of order 1%
which could be different for different physical processes. Our goal is to measure the
deadtime correction to the physics asymmetry with an absolute accuracy £0.3%. To
ensure reliability it is important to measure the deadtime with at least two independent
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methods as follows. A first method is to pulse the detector channels with a light sources
whose amplitude and pulse shape is similar to those of real particles, and count how
many of these signals are subsequently identified by the electronics. A second method
is to introduce a deliberate programmed deadtime into the frontend, thus making it
predictable and understood.

3.8.2 Scaler-based DAQ

An alternative way to count events is to use a custom scaler electronics. The electron-
ics will process signals from PID detectors and scintillators and perform a fast on-line
discrimination. Useful electrons, pions, and two-electron pileup events will be identified
using different discrimination thresholds, see Fig. 5.

Figure 5: PID Logic diagram for the scaler-based DAQ.

SCINTILLATORS ‘ CHERENKOV ‘ ‘ PRESHOWER‘ SHOWER

48 y
» 7 -
g e cut pi cut e cut pi cut
o #2 #2 #3 #3
g e cut pi cut
o #1 #1
g e cut
s #4
8
=
=}
I
i & &

e scaler pion scaler

To ensure the stability of this scaler electronics, the outputs of a typical module need
to be wide enough, typically 20 ns, causing a deadtime of 2.4% for 1.2 MHz rate. We
plan to measure this deadtime also to an absolute accuracy of +0.3% using the same
methods as described above for the FADC DAQ. More importantly, it will provide a
reliable online check of the FADC counting both for data taking at high rates and test
runs at low rates. If any inconsistency is observed between the two DAQs, one can
investigate possible problems promptly. For example, full-sampling FADC data can be
collected to diagnose whether there is a problem with the FPGA algorithm.
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Table 1: Kinematic variables, pion/electron ratio, total particle rate (electron plus pion),
expected asymmetry (DIS model), and expected relative asymmetry error for the pro-
posed measurements. All data is taken with a beam energy of 4.8 GeV and a scattering
angle of 12.5°.

w T Q? Y E' w/e rate A dAJ/A

(GeV) (GeV?) (GeV) (MHz) (ppm) (%)
LH2

2.00 0.17 0.64 0.50 3.0 0.5 0.5 46 9.1

1.78 0.24 0.73 0.39 3.2 0.2 0.5 51 7.4

1.52 036 082 029 3.6 0.1 0.6 53 5.7
.21 061 091 019 4.0 0.0 0.8 52 4.9

LD2
200 017 064 050 3.0 0.6 0.8 61 6.2

1.78 024 073 039 32 0.2 0.9 64 5.1
1.52 036 082 029 3.6 0.1 0.9 67 4.5
1.21 061 091 019 4.0 0.0 1.3 71 3.4

Carbon
2.00 0.17 0.64 0.50 3.0 0.6 0.5 61 8.1

1.78 024 073 039 32 0.2 0.5 64 6.6
1.52 036 082 029 3.6 0.1 0.5 67 2.9
.21 061 091 019 4.0 0.0 0.9 71 4.4

4 Expected Results

4.1 Kinematic Coverage

The kinematic coverage in W, Q?, x, and Y is shown in Table 1. The full resonance
region M < W < 2.1 GeV is covered, with an average Q? of 0.8 GeV? for E =4.8 GeV.
Figure 6 shows the distribution of events at the HRS calorimeter for the Pyrs =3.2 GeV
setting. Each calorimeter block covers 14.5 cm, corresponding to a W bin of less than
25 MeV per block (full width). The W resolution is slightly worse at larger E’ values,
with a worst case value of 50 MeV (full width) near the peak of the A(1232) resonance.

4.2 Statistical and Systematic Uncertainties

The expected statistical errors are listed in Table 1. We will divide each spectrometer
setting into two (or more) W bins. Resonant structure on the scale of 10% will be clearly
visible with these data: this is small compared to the 30% to 50% resonant fluctuations
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Figure 6: Missing mass W as a function of vertical position at the calorimeter for the
E'" = 3.2 GeV setting.

of the unpolarized structure functions around the smooth duality curve. For tests of local
duality, we can divide the full resonance region into four regions in W, and in each region
will be able to test local duality at the level of about 4%. This seems quite adequate
for a pioneering measurement. At these Q% values, duality in the unpolarized structure
function is good to ~5%, so this measurement will be able to determine if duality in
parity violating electron scattering is of a similar quality or if there are significantly
larger deviations. This information, coupled with recent measurements of duality in
longitudinal, transverse, and spin-dependent structure functions will provide additional
input to efforts aimed at understanding the origin of duality in QCD.

The statistical error for a test of global duality (averaged over the entire resonance
region) will be at the level of 2%, which is well-matched to the anticipated systematic
error (see below). The error on the ratio of averaged proton, deuteron, and carbon
asymmetries will be about 3%, with a much smaller systematic error, since the largest
sources of systematic uncertainty cancel in the ratio.

The expected systematic errors are tabulated in Table 2, and discussed in the follow-
ing sub-sections.
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Table 2: Estimated experimental systematic errors on dA/A. Note that in the compari-
son of proton, deuteron, and carbon, the uncertainties in the beam polarization and Q?
determination will largely or completely cancel, yielding a systematic of ~0.010 for the
target ratios.

source dA/A
Beam Polarization 0.012
Kinematic determination of Q? <0.009
Deadtime corrections 0.003
Electromagnetic radiative corrections  0.005
Beam asymmetries 0.005
Pion contamination <0.005
Pair symmetric background 0.002
Target purity, density fluctuations 0.002
Total <0.018

4.3 Beam Polarization

We will use the Hall A Compton polarimeter, as described in section 3.2. With the
upgraded polarimeter being developed for PREX [28] and DIS-parity [29], we will achieve
a 1.2% measurement of the beam polarization. The PREX experiment is planning an
upgrade of the Mgller polarimeter to achieve a 1% measurement. We will use this as a
cross check for the Compton polarimeter if it is available in time.

4.4 Kinematic determination of ()?

Since the raw asymmetry has a linear dependence on %, but a small dependence on
other kinematic variables such as W or z, the largest systematic error in the physics
asymmetry determination arises from the knowledge of the average QQ? of the events
seen in each detector, weighted by detector response. The average Q? will be determined
from a detailed model of the spectrometer apertures and magnetic fields. The HRS spec-
trometers are very well understood from previous experiments, and preliminary studies
indicate that we will be able to determine the average effective Q? to better than 0.9%.

The uncertainty in beam energy E is <0.02%, which contributes a negligible uncer-
tainty to Q? = 4EE'sin?(0/2). The HRS central momentum is known to < 0.1%, and
the central angle can be determined to better than 1 mr. These generate an uncertainty
in the central Q% value of less than 0.9%, dominated by the uncertainty in the scattering
angle. Previous experiments have determined the HRS angle to better than 0.5 mr,
which would yield an uncertainty in Q? of 0.5%.
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4.5 Electromagnetic Radiative Corrections

Electromagnetic radiative corrections arise from the emission of photons by either the
incident or scattered electron, either in the field of the nucleus (internal corrections),
or in the field of another nucleus (external corrections). The ratio Ry of un-radiated
to radiated spin-averaged cross sections is shown in Fig. 7 for the kinematics of the
proposed measurements. At high W (low electron momentum P), the radiated cross
section is larger than the Born cross section, while the reverse is true at high W. In
the kinematics of this proposal, Ry is mainly determined by the (z,Q?) dependence
of the spin-averaged structure function Fj. Of particular relevance is the ratio Rp of
radiated to un-radiated ed parity-violating asymmetry. This ratio is close to unity for
the kinematics of this proposal. The shape and magnitude of Rp is primarily determined
by the probability for an electron to radiate a hard photon, and to a lesser extent by
the (z, Q%) dependence of F, and A,. We have estimated the systematic error in A,, Ay,
and Ac to be about 0.5% over most of the kinematics of this experiment by considering
the uncertainty in the unpolarized cross section (using several fits to world data) and
in A,, which will be largely determined by an iterative fit to the data of this proposal
(although the elastic contributions to A, are already reasonably well known from previous
experiments). Uncertainties in the target dimensions and various materials which act as
radiators have much smaller effects. These calculations were performed in the peaking
approximation of Mo and Tsai [39]. Calculations with the more exact formulas of Ref. [40]
are planned.
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Figure 7: Radiative correction as a function of scattered electron momentum P for

E = 4.8 GeV. The curves are for deuterium (solid), proton (long dash), and carbon
(short dashed).
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4.6 Electroweak Radiative Corrections

Interpretation of the experimental results in terms of transition form factors (both axial
and vector) requires the careful treatment of electroweak radiative corrections. In the
case of the A(1232) resonance, these can be sizable, and increase in relative importance
as Q? — 0 [41]. We are not aware of calculations for higher mass resonances. For the
interpretation of the data in terms of quark-hadron duality, and for simply searching
for resonance structure in A,, it is not crucial to have a complete understanding of
electroweak radiative corrections, so we haven'’t included an uncertainty in the systematic
error table. However one should keep in mind their importance in the interpretation of
the data in terms of specific transition form factors.

4.7 Beam Asymmetries

Since the raw asymmetry in this experiment is 50 to 1000 times larger than other JLab PV
experiments, our requirements on beam position, angle, energy, and charge asymmetries
are relatively modest. Using the parity DAQ and the luminosity monitor as described
in sections 3.3 and 3.5, we are confident that the false asymmetry due to beam quality
will be under control, and the uncertainty will be negligible compared to the statistical
uncertainty of the proposed measurement.

We will periodically reverse the half-wave plate at the injector to help cancel any
residual false asymmetries.

4.8 Pion Contamination

The sign and magnitude of the pion asymmetry is of some physics interest in it’s own
right, especially as it may impact backgrounds in experiments such as E158 and GO.
It was seen to be small in the original SLAC experiment [1]. While we don’t know of
any calculations of the pion photoproduction asymmetry at our kinematics, the predicted
asymmetry is of order 10~ 7 at energies below 0.55 GeV [42], and 1.3 x 10~° for excitation
of the A(1232) resonance [43]. These are both negligible compared to our expected
electron asymmetry of about 1 x 107*.

The predicted 7 /e ratios shown in Table 1 are based on a fit to pion photoproduction
data [44], which has proved to be accurate to 30% or better in past experiments. The
7 /e ratio is strongly W-dependent, approaching 1 in the highest W bin. We will measure
both pions and electrons (see sections 3.7 and 3.8) during each run, yielding a measure of
the pion asymmetry for each setting. The 7 /e ratio will be measured precisely using the
regular HRS DAQ at low rates. Because the pion asymmetry is expected to be negligible
compared to the electron asymmetry, only the dilution is expected to be important. With
the proposed particle identification cuts, the pion contamination should be < 1% to the
electron sample (mainly due to pileup) for all kinematic conditions. Because we will have
a good measure of the pion and electron rates, we can correct for this with a systematic
uncertainty below 0.5%.
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4.9 Pair Symmetric Background

In addition to the electron scattering events of interest, electrons can originate from
decays of vector and pseudo-scalar mesons, and wide angle pair production. To a very
good approximation, these processes are pair-symmetric, and can be measured with
better than 3% accuracy by reversing the polarity of the spectrometers. Based on simu-
lations with PYTHIA [45], we expect the largest source of pair-symmetric events to be
from decays of photoproduced 7 mesons. The simulation is in reasonable agreement
with data taken in Hall C over the past years. The highest predicted e /e~ ratio for
this proposal is about 0.5% (at W = 2.1 GeV), and drops rapidly at lower W. The
asymmetry is expected to be very small, and this will be verified by taking data for a
few hours with reversed spectrometer polarity. The net relative uncertainty on A, and
Ay will be < 0.2%.

4.10 Target Related Systematics

Target boiling effects are expected to be very small for the proposed 25 cm LH2 and LD2
targets and 85 puA. The increase in effective statistical fluctuations should be negligible,
as described in section 3.4. In additional, the small-angle luminosity monitor will be used
to verity a null asymmetry, as described in section 3.5, and provide additional confidence
that target density fluctuations and helicity-correlated beam asymmetries are small.

With a magnetic field at the target of < 10 Gauss, the proton polarization will be
less than 0.001%, leading to a negligible double-spin asymmetry from the ¢; structure
function.

Impurities in the liquid hydrogen are typically less than 0.1%, and are expected to
cause a negligible effect on A, since the asymmetry has only a weak dependence on
atomic number A. The largest effect will be from the aluminum endcaps, for which
the asymmetry is typically 20% larger than for the proton is the DIS limit. Since the
endcaps contribute only a few percent of the count rate, this correction is small, and
will be constrained by the carbon asymmetry measurements, for which the asymmetry
should be nearly identical to aluminum (after making a small neutron excess correction
based on the proton and deuteron measurements). For the deuteron measurements, the
biggest correction comes from the fraction of hydrogen. This will be measured to better
than 0.2%, leading to a negligible systematic error on A,.

5 Request

We request 14 days of production data and one day for checkout, beam polarization
measurements, and configuration changes, as summarized in Table 3. While 4.8 GeV is
optimal, energies between 4.6 and 5.2 GeV would be acceptable, yielding slightly reduced
statistics at the lower energy and introducing a slight gap in the W coverage at increased
energies.
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Table 3: Beam time request. All data taken with 4.8 GeV beam and both HRS spec-
trometers at 12.5°.

Target P (HRS-L) P (HRS-R) time
LH2 4.0 GeV 3.2 GeV 72 hours
LH2 3.6 GeV 2.8 GeV 72 hours
LD2 4.0 GeV 3.2 GeV 48 hours
LD2 3.6 GeV 2.8 GeV 48 hours
Carbon 4.0 GeV 3.2 GeV 48 hours
Carbon 3.6 GeV 2.8 GeV 48 hours
Pass Change 8 hours
Polarimetry runs 8 hours
et Asymmetry 8 hours
Total 360 hours (15 days)

This experiment requires only standard Hall A equipment, with the exception of the
upgraded Compton polarimeter and the high speed DAQ system which are being built
for the DIS-parity measurement (E05-007). We will work with the E05-007 collaboration
on the implementation of the necessary equipment.

Figure 8 shows the projected uncertainties for the asymmetries for each target.

6 Physics Summary

The physics results will be the first ever measurements of the PV asymmetry in inelastic
electron scattering from the proton and deuteron in the resonance region beyond the
A(1232). The precision will be sufficient to observe resonance structure at the 5% level,
and to test local and global duality at the few percent level, comparable to the level at
which duality is observed in the unpolarized structure functions. The PV asymmetry
is also useful because it is more sensitive to the down and strange quarks than the
unpolarized structure functions, allowing us to study the d/u ratio in the proton without
the nuclear corrections that enter when studying the neutron in nuclear targets.

Data on deuterium and carbon will allow us to look for nuclear dependence in the
PV asymmetry. Recent measurements of the nuclear dependence of F; in the resonance
region show nearly identical effects to the EMC measurements in the DIS limit [14],
while recent calculations show that medium modifications may be very different in spin-
averaged and spin-dependent structure functions, with a significant dependence on quark
flavor [15].

The results will not only be interesting in their own right as a new way to probe the
fundamental structure functions of the proton and neutron, but will be of great value
in the growing world-wide program of neutrino studies. The new data will also provide
details about the backgrounds in other PV experiments, and are needed as input to
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DIS-parity studies at 6 and 11 GeV through radiative corrections.

7 Collaboration

The collaboration has many members with recent experimental experience in precision
electron PV experiments (such as SLAC E158 and JLab HAPPEX), and we are con-
fident that we will be able to control systematic errors at the few percent level. The
collaboration has large overlap with the DIS-parity collaboration that is working on the
upgrades to the Compton polarimeter and the fast data acquisition system.
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Figure 8: Expected asymmetry divded by Q* (in ppm/GeV?) for the DIS and simplified
(pure I = 1 transition) resonance region models) as a function of ¢ along with projected
errors for the proposed measurements on the three targets. Each spectrometer setting
has been divided into two W bins. The error bars shown include both statistical and
systematic (<2%) uncertainties
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