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We have measured the neutron virtual photon asymmetry A7 over the kinematic
range 0.33 < x < 0.61 and 2.8 < Q% < 4.9 (GeV/c)2. To extract A7, longitudinal

and transverse spin asymmetries have been measured for inclusive 3H e(e,e’) scat-
tering, using a 5.7 GeV longitudinally polarized electron beam at Jefferson Lab
and a high-density polarized 3He target in Hall A. Preliminary results of AT are
presented and compared to existing data and various models, including the pre-
dictions of SU(6), broken SU(6) constituent quark models and perturbative QCD
based models.

1. Introduction
1.1. AT at large xzp;

In the scattering of polarized electrons on a polarized target, the virtual
photon asymmetry A; is defined as

ol — o1

A= ——— (1)

where o't and o7 are cross sections with virtual photon spin antiparallel
and parallel to target spin, respectively. A; can be expressed as a ratio
of the polarized structure functions g1, g2 and the unpolarized structure
function F} as

g1(2, Q%) —v2ga(x, Q%)
Fl (CC, Q2)

AM3z?
2

A = (2)

with a kinematic factor v2 =
Bjorken variable, and Q2 the four momentum transfer squared.

, M the nucleon mass, * = xp; the

The value of A; in the large z region is of particular interest because
valence quarks are presumed to dominate in this region. Hence there is
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minimal contribution from sea quarks and gluons to the physics quanti-
ties being measured. For the same reason, the constituent quark model
is presumed to work fairly well in the large = region. Moreover, for deep
inelastic scattering in the large = region where the nucleon momentum is
mainly carried by the struck quark, it is possible to do perturbative QCD
calculations.

1.2. Theories about AT

To first approximation, the constituent quarks in the nucleon are described
by SU(6) wavefunction as:

1) = 5141 (ud)s) + —=|d T (ud)sa) = 51d | (ud)s)

Lt o) - Lt (@) 3)
where the subscript S denotes the total spin of the diquark state. In this
limit where SU(6) is an exact symmetry, both diquark spin states S = 1
and S = 0 contribute equally to the observables of interest, leading to the
predictions:

Al = 9’ and AT = 0. (4)
However, the SU(6) symmetry is known to be broken. A natural SU(6)
symmetry breaking mechanism based on phenomenological arguments is
the hyperfine interaction among the quarks, described as S; - §j 83(75),
where S; is the spin of i*" quark. It is this interaction that explains, for
example, the difference between the nucleon and A masses. The effect of
this perturbation on the wavefunction is to lower the energy of the S =0
‘diquarks’, allowing the d-quark in the first term of Eq.(3), which has its
spin parallel to that of the neutron, to be more energetic and hence to
dominate the high energy tail of the quark momentum distribution that is
probed as x — 1. The dominance of this term as x — 1 implies:

AV — 1, and A} — 1. (5)

In the large x region, AY(z) and A%(z) can be calculated based on this
mechanism?.

Another approach focuses directly on relativistic quarks instead of the
nonrelativistic quarks in the previous discussion. Farrar and Jackson? in
the early 1970’s, as one of the first applications of pQCD, noted that at

x — 1, the scattering is from a high energy quark, and the process can be



October 17, 2002 10:29 WSPC/Trim Size: 9in x 6in for Proceedings zheng-uva’'aln-2

treated perturbatively. Farrar and Jackson proceeded to show that a quark
carrying nearly all the momentum of the nucleon (i.e.  — 1) must have
the same helicity as the nucleon and that quark-gluon interactions cause
only the S =1, S, = 1 diquark spin projection component, rather than the
full S=1 diquark system to be suppressed as  — 1. This gives d! = u! = 0,
1‘% — % as x — 1. Consequently, they obtained the previous limiting value
for both the proton and the neutron, namely A7” — 1 for  — 1. This
is one of few places where QCD can make an absolute prediction for the x
dependence of the structure functions (here a ratio of structure functions).
How low in z and @Q? this picture will work is uncertain. Using this pQCD
prediction as a constraint at x = 1, A} can be calculated from polarized
and unpolarized parton distributions, for example, LSS parametrization®.
A similar result is obtained in the treatment of Brodsky, Burkhardt and
Schmidt (BBS) based on quark-counting-rules®.

In addition to SU(6), constituent quark models and pQCD based mod-
els, there are a few other models which can give a prediction for A} at large
x.

A global next-to-leading order (NLO) QCD analysis of unpolarized and
polarized DIS data has been performed based on a statistical model of the
nucleon®, and a good description has been obtained in a broad range of =
and Q2 of all measured structure functions. In this calculation, A} and A7
approach certain positive values (smaller than 1) at x — 1.

Using the local quark-hadron duality, the large  behavior of structure
functions can be predicted from empirical electromagnetic form factors®.
In this case, A and A} approach 1 at z — 1 naturally.

In contrast to other theories, the chiral soliton model” and the instanton
model® predict the possibility that A} can be negative at large x.

However, compared to the various theoretical predictions listed above,
all world data for A} at z > 0.4 have poor statistics and are consistent
with the SU(6) prediction A7 = 0 and can not even determine the sign of
A?. Therefore, high precision data on A7 at large = are greatly needed.

2. The Experiment E99-117
2.1. The Experiment

The experiment E99-117% was carried out in Hall A at JLab in the summer
of 2001 to measure A} in the x region 0.33 < z < 0.61. The kinematics are
shown in Table 1. To measure AT, the asymmetries A and A, of polarized
e~ scattering off polarized 3 He target have been measured in deep inelastic
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Table 1. E99-117 kinematics

XB; 0.331 0.474 0.609
Q? (GeV/c)? | 2.738  3.567 4.887
W2 (GeV/c)? | 6.426 4.846 4.023

region, which are defined as

o —_ 5 ols _ o1=

h=omrom A= oEree )
where ¥, ¢, 67 and o= are cross sections with electron spin antipar-
allel, parallel, anti-perpendicular and perpendicular to target spin, respec-
tively. A; can be extracted from A and A, as

4 nAL

A= D(1+n¢)  d(1+mnf) @)

where D, d, n, £ are kinematic variables. To reduce the possible systematic

errors related to the beam helicity and target polarization directions, data
were taken for four different beam helicity and target polarization configura-
tions for parallel settings and two different configurations for perpendicular
settings.

2.2. Ezxperimental Setup

Fig. 1 shows the floor plan of experimental hall A. The polarized electron
beam enters the hall from the left side. Two methods - eP and ARC!?
- were used to measured the beam energy to a level of 3 x 1074, Beam
polarization was measured by a Mgller polarimeter regularly and was con-
tinuously monitored by a Compton polarimeter. During the experiment
the beam energy was 5.7 GeV and beam polarization was 82%=+ 2.4%.

At the center of the hall the electron beam interacts with the polarized
3He target. This target is based on the principle of optical pumping of
Rubidium (Rb), after which He nuclei are polarized by spin exchange in
Rb-3He collisions. The target cell is a 25 cm long glass vessel with ~ 130 um
end windows and a 3He density of about 10 atm at room temperature. The
target polarization is measured by two independent polarimetries - NMR
polarimetry based on the adiabatic fast passage technique'!, calibrated
with a water signal and EPR polarimetry which measures the shift in Rb’s
electron paramagnetic resonance (EPR) frequency due to the polarization
of 3He. These two polarimetries provide independent and complementary
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Figure 1. E99-117 floor plan at Jefferson Lab Hall A

measurements of the *He polarization. During the experiment the average
in-beam polarization with an average beam current of 12 pA was 40%+
1.6%.

The scattered electrons were detected by the two standard Hall A High
Resolution Spectrometers (HRS)!? at symmetric positions. Because of the
high pion rate and large pion asymmetry in deep inelastic inclusive € —
3He scattering, the pion rejection efficiency of both HRSs were carefully
studied before and during the experiment. Pion rejection was achieved by
using a COs gas Cherenkov detector and a double-layered lead-glass shower
counter. The combined pion rejection factor was found to be better than
10* for both HRSs, with a 99% identification efficiency for electrons. This
was sufficient for the kinematical range of this experiment.

3. Data Analysis
3.1. Extracting Asymmetries

The raw asymmetries can be extracted from the data as:

Nt NT
QF Q-
Araw = W (8)
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where N" and Q" are the yield and accumulated beam charge for each beam
helicity state h = 4= . The physics asymmetries A and A are obtained
by

A’r‘a’w
fPP; ©)

Aphys =

where f is the target dilution factor, typically 0.92~0.94, P, and P; are
the beam and target polarizations. The signs for parallel and perpendic-
ular asymmetries were checked by measuring the 3He elastic asymmetry
and the A(1232) asymmetry; both are well known from either theoretical
calculation or existing data. False asymmetries were checked by measur-
ing asymmetries of polarized e~ beam scattering off unpolarized 2C foil
target. The result shows that the false asymmetry is negligible compared
to the physics asymmetry being measured. Finally AiH ¢ can be calculated
from physics asymmetries using Eq. (7).

3.2. Radiative Corrections

Radiative corrections have been applied to the 3He asymmetries AEH ¢ and

AiHe directly. Since the theoretical aspects of radiative corrections are
mostly understood!?, the uncertainty in the correction is mainly due to
the uncertainty in the structure functions used in the procedure. This is
studied by using various world fits for the structure functions Fs, g1, g2
and the ratio R = o, /o7 in the procedure of radiative corrections.

3.3. From 3He to neutron

A 3He model which includes S, S’, D states and pre-existing A(1232) com-
ponents in the 3He ground-state wave-function'® has been used for extract-
ing A} from AiH . It gives

FyHe s FP 0.014
A= ——2 (A -2 2P AR (1 - ), 10
YRR+ %)[ FyHe (- 2P, 10

where P, and P, are the effective nucleon polarizations of the neutron
and the proton inside He. A set of values P, = —0.028 £ 0.004, P, =
0.86 £ 0.02'* were used in the correction. Moreover, an extreme case of
P, = —0.018, P, = 0.897'® were used to study the maximum uncertainty
due to nucleon polarizations. The E155 fit'¢ of ‘71 has been used to obtain
the proton contribution from A7 at Q* = 4(GeV/ c)?.
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4. Preliminary Results
4.1. AT

Preliminary results of AT are shown in Fig. 2, together with the theoretical
predictions described in Section 1.2. Existing world data from HERMES

1
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= i 2
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Figure 2. Preliminary result of A} compared with world data and theoretical predic-
tions. Curves: predictions of %—11 from pQCD based model using LSS 2001 parametriza-
tion at Q2 = 5 (GeV/c)? (1), and A} from constituent quark model (light shaded band),
pQCD based model using BBS parametrization (2), statistical model at Q2 =4 (GeV /c)?
(3), local duality (4), chiral soliton model at Q% = 3 (GeV/c)? (5), and E155 fit at Q2
=4 (GeV/c)? (6).

and SLAC are also shown. The error bars in Fig. 2 only include statisti-
cal errors. However, a detailed study has been done for systematic errors
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showing that the total error is dominated by statistics.

Compared with world data, the E99-117 datum at x = 0.33 is in good
agreement with existing data. In the region of x > 0.4, the statistical error
of AT has been improved by about a factor of 10. Also, the data show a clear
trend that A} turns to positive values at large x. Compared with theory
curves, it is important to note that the constituent quark model gives the
correct sign and trend of A} at large x. Two other models which use the
world data as input - the LSS parametrization and Soffer’s statistical model
can be largely refined if the data from this experiment are included in the
inputs.

4.2. Other Results

A preliminary result of g}" is obtained by multiplying %—11 data by the Fy
world fit. Similar to AT, the result for g7 has improved the statistical error
of the world data by about an order of magnitude.

Besides AT and g7, the asymmetry A% and structure functions g5 can
also be extracted from our data. The statistical uncertainties of A% and g
are about twice as large as that of the latest data from SLAC E155x'7.

4.3. Pion Asymmetries

In addition to electron asymmetries in inclusive 3H e(e, ¢') scattering, there
is a large amount of asymmetry data on pion photoproduction, from E99-
117 and other g; experiments. Unfortunately, available theoretical calcula-
tions of pion asymmetries are rather limited. It has been shown that the
pion asymmetry at large pion transverse momentum pr is sensitive to the
polarized parton and polarized gluon distributions'®, but there is no such
prediction suitable for the JLab energy range. Theoretical work on the pion
asymmetry at low and medium energies (pr ~1 GeV/c) is an area where
progress should be made to interpret the data.

5. Summary and Outlook

Experiment E99-117 provided precise data on the neutron spin asymme-
try A7, Data on the structure functions g7 (z,Q?), A% and g5 (z, Q?) are
also available. The results of this experiment will provide valuable input to
pQCD based calculations, as well as other models in which neutron data
are used as input. A7 in the valence quark region is of great interest in the
understanding of the valence quark structure, the constituent quark mod-
els and the transition between perturbative and non-perturbative regions
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of QCD. The measurement of A7 in the valence quark region is also an im-
portant part of the JLab 12 GeV upgrade!®, in which A7 will be measured
up to = 0.8 and within a larger Q2 range of 2 < Q2 < 10 (GeV/c)2.
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