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Precision Measurement of the Spin-Dependent Asymmetry
in the Threshold Region of 3 �He����e, e000���
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We present the first precision measurement of the spin-dependent asymmetry in the threshold region
of 3 �He��e, e0� at Q2 values of 0.1 and 0.2 �GeV�c�2. The agreement between the data and nonrelativistic
Faddeev calculations which include both final-state interactions and meson-exchange current effects is
very good at Q2 � 0.1 �GeV�c�2, while a small discrepancy at Q2 � 0.2 �GeV�c�2 is observed.
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Three-nucleon systems have been an excellent testing
ground between theory and experiment in nuclear physics
[1]. In the context of electromagnetic processes, exact non-
relativistic Faddeev calculations for both the ground state
and the continuum of 3H and 3He have been carried out
using a variety of modern nucleon-nucleon (NN) poten-
tials [2–4]. The exact treatment of final-state interactions
501-1 0031-9007�01�87(24)�242501(5)$15.00
(FSI) in the Faddeev calculation results in a much im-
proved description of unpolarized pd capture and breakup
channels [2,4], as well as unpolarized electron scattering
from the three-nucleon system [3]. This has provided im-
portant information on the nuclear ground-state structure
and thus allows a deeper understanding of the underlying
nuclear force. With the availability of polarized beams and
© 2001 The American Physical Society 242501-1
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polarized targets, it has become possible to study additional
spin-dependent quantities. Polarized 3He is an ideal target
for such a study.

Polarized 3He is also important as an effective neutron
target [5,6], because its ground-state wave function is
dominated by the S state in which the proton spins
cancel and the nuclear spin is carried entirely by the
neutron. The spin-dependent asymmetries are thus sen-
sitive to the neutron electromagnetic form factors in the
vicinity of the quasielastic peak of polarized electrons
scattering from a polarized 3He target [5–10]. Recently
there has been significant progress in extracting neutron
electromagnetic form factors from double-polarization
electron-3He scattering experiments [11–15]. In recent
years, there have also been extensive efforts [16–19] in
studying polarized inelastic scattering of electrons from
polarized 3He targets in the deep inelastic and resonance
regions aiming at understanding the underlying neutron
spin structure. The extraction of the neutron spin structure
functions from these experiments requires detailed knowl-
edge of the 3He nuclear ground-state structure [6,20,21].

However, to probe the nuclear ground-state structure,
to extract the neutron electromagnetic form factors, or
to extract the neutron spin structure function in the reso-
nance region, the reaction mechanism, especially FSI and
meson-exchange currents (MEC) effects, must be well
understood. Recently, a nonrelativistic Faddeev calcula-
tion which includes both FSI and MEC has been carried
out [4] for the first time and describes very well the re-
cent precision data [12] on the transverse asymmetry AT 0

near the top of the quasielastic peak from the 3 �He� �e, e0�
process at low Q2. However, since FSI and MEC ef-
fects are relatively small in this region, it is highly de-
sirable to study another region where these two effects are
larger to provide a more stringent constraint on the theory.
The threshold region of 3 �He��e, e0�, which extends from
the two-body breakup threshold (with breakup energy of
5.5 MeV), the three-body breakup threshold (with breakup
energy of 7.7 MeV) to the low energy transfer side of the
quasielastic peak, is an ideal place for such a study. First,
FSI effects are expected to be large in the threshold re-
gion since the final-state nucleons have less kinetic energy
and thus have a higher probability of interacting with each
other. Second, it has been shown that a substantial con-
tribution from MEC is needed to describe the measured
elastic electromagnetic form factors of the three-body sys-
tem [22]. Therefore one would expect a large MEC effect
in the threshold region as well.

A precision measurement of spin observables in the
threshold region of 3 �He��e, e0� would thus provide us with
important information on the reaction mechanism, thereby
placing significant constraints on the theoretical uncer-
tainties in probing the 3He ground-state structure and in
extracting the neutron electromagnetic form factors from
electron scattering from 3He. In this Letter we report the
first precision measurement of the spin-dependent asym-
metry in the threshold region of 3 �He� �e, e0�.
242501-2
For inclusive scattering of longitudinally polarized
electrons from a polarized spin-1�2 target such as 3He, the
spin-dependent asymmetry is defined as A � sh12sh2

sh11sh2 ,
where sh6

are the cross sections for the two different
helicities of the polarized electrons. It is given in terms of
the quasielastic response functions as [23]

A �
2�cosu�nT 0RT 0 1 2 sinu� cosf�nTL0RTL0�

nLRL 1 nTRT
, (1)

where the nk are kinematic factors and u� and f� are the
polar and azimuthal angles of target spin with respect to
the three-momentum transfer vector q in the laboratory
frame. RL and RT are the spin-independent longitudinal
and transverse response functions, while RT 0 and RTL0 are
the spin-dependent transverse and longitudinal-transverse
ones. The response functions depend on the electron en-
ergy transfer v and the four-momentum transfer squared
Q2. By choosing u� � 0± �90±�, one selects the transverse
asymmetry AT 0 (longitudinal-transverse asymmetry ATL0).

The experiment was carried out in Hall A at the Thomas
Jefferson National Accelerator Facility (JLab), using a lon-
gitudinally polarized continuous wave electron beam of
10 mA current incident on a high-pressure polarized 3He
gas target. A detailed description of this experiment can
be found in a previous publication [12].

Electrons scattered from the target were detected in
the two Hall A high resolution spectrometers, HRSe and
HRSh. The data from HRSe have been presented in a
previous Letter [12]. The data from HRSh were used
for this analysis and covered both the elastic peak and
the threshold region. Since the elastic asymmetry can
be calculated accurately at low Q2 using the well-known
elastic form factors of 3He [24], the elastic measurement
allows a precise monitoring of the product of the beam
and target polarizations, PbPt. Two kinematic points
were measured in the threshold region, one with a central
Q2 value of 0.1 �GeV�c�2 at an incident beam energy
E0 � 0.778 GeV and the other with a central Q2 value
of 0.2 �GeV�c�2 at E0 � 1.727 GeV. The target spin
was oriented at 62.5± to the right of the incident electron
momentum direction, while the outgoing electron mo-
mentum directions were 23.7± and 15.0± to the right of
the incident electron momentum direction for Q2 � 0.1
and 0.2 �GeV�c�2, respectively. This corresponds to u�

from 131.2± to 136.5± for Q2 � 0.1 �GeV�c�2, and from
134.2± to 140.0± for Q2 � 0.2 �GeV�c�2.

The yield for each electron helicity state was corrected
by its corresponding charge and computer dead time, and
the raw experimental asymmetry was formed as a func-
tion of the excitation energy in the 3He system, which is
defined as Ex �

p
M2 1 2Mv 2 Q2 2 M, where M is

the mass of the 3He target. A 5 MeV bin was used for the
excitation energy. The range of the excitation energy is
from 5.5 MeV, which corresponds to the two-body breakup
threshold, to about 35 MeV for Q2 � 0.1 �GeV�c�2, and
about 50 MeV for Q2 � 0.2 �GeV�c�2. The raw asymme-
try was then corrected for dilutions due to scattering from
242501-2
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the target walls, the nitrogen admixture inside the target
cell, and PbPt. The physics asymmetry was obtained after
subtraction of the elastic radiative tail contribution, radia-
tive correction of the quasielastic asymmetry, and correc-
tion for spectrometer acceptance and bin-averaging effects,
all obtained from a Monte Carlo simulation [25]. The ex-
ternal radiative correction was treated following the stan-
dard procedure of Mo and Tsai [26]. The internal radiative
correction was calculated using the covariant formalism of
Akushevich and Shumeiko [27]. This procedure requires
knowledge of 3He nuclear response functions at various
kinematics points, which were obtained from full Faddeev
calculations [4].

Results for the physics asymmetry at both kinematics
are shown in Fig. 1. The uncertainty in determining the ex-
citation energy is about 0.4 MeV at Q2 � 0.1 �GeV�c�2,
and 1.0 MeV at Q2 � 0.2 �GeV�c�2, dominated by the
uncertainty in the beam energy. The vertical error bars on
the data are the statistical and systematic errors added in
quadrature. The systematic uncertainty includes contribu-
tions from the determination of PbPt, target wall and N2
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FIG. 1. The physics asymmetry together with theoreti-
cal calculations for (a) Q2 � 0.1 �GeV�c�2 and (b) Q2 �
0.2 �GeV�c�2. The theoretical calculations are all performed
using AV 18 potential, but with different reaction mechanisms.
The arrows point to the two-body and three-body breakup
thresholds.
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background subtraction, elastic radiative tail subtraction,
radiative correction, and the correction of spectrometer ac-
ceptance and bin-averaging effects. A careful analysis of
systematic uncertainties was carried out and the results are
shown together with the physics asymmetry and statisti-
cal uncertainties in Table I for Q2 � 0.1 �GeV�c�2 and
Table II for Q2 � 0.2 �GeV�c�2.

All theoretical calculations were performed using AV18
[28] as the NN interaction potential and the Höhler nu-
cleon form factor parametrization [29]. Plane wave im-
pulse approximation (PWIA) calculations [9,30] are shown
as dot-dashed lines. Nonrelativistic Faddeev calculations
with FSI only [31] are shown as dashed lines. Nonrela-
tivistic Faddeev calculations which include both FSI and
MEC [31] are shown as dotted lines without the inclusion
of the D isobar current, and solid lines with the inclusion
of the D isobar current. The MEC’s (p and r exchanges)
were chosen according to a prescription given by Riska
[32], which guarantees to a large extent the consistency
of the MEC’s to the NN force used. The agreement be-
tween the full calculation and the data is very good at
Q2 � 0.1 �GeV�c�2, and a relatively small discrepancy is
observed at Q2 � 0.2 �GeV�c�2.

To investigate the effects of different NN potentials, we
compare our data with full Faddeev calculations using the
AV18 potential and the Bonn-B potential [33], a nonlocal
potential which is very different from the local AV18 po-
tential. The result is shown in Fig. 2. As can be seen,
the difference between the theoretical calculations using
these two potentials is very small, which suggests that this
observable is not sensitive to the choice of different NN
potentials and the corresponding exchange currents.

Theoretical uncertainties due to G
p
E , G

p
M , Gn

E , and Gn
M

were studied using PWIA [6,34]. The relative difference
between the asymmetries calculated with the nucleon form
factors from the Höhler parametrization and from data
[12–15,35–38] was found to be around 1%, and thus theo-
retical uncertainties due to nucleon form factors are com-
pletely negligible.

The good agreement between the full calculation and
the data at Q2 � 0.1 �GeV�c�2 suggests the validity of the

TABLE I. Systematic uncertainties at each excitation energy
(Ex) for Q2 � 0.1 �GeV�c�2, which include contributions from
the determination of PbPt (dpol), target wall and N2 dilution
(ddil), elastic radiative tail subtraction (dert), radiative correc-
tion (drc), and the correction of spectrometer acceptance and
bin-averaging effects (dacc). The physics asymmetry (A) and
statistical uncertainties (dstat) are also shown.

Ex A 6 dstat dpol ddil dert drc dacc

(MeV) (%) (%) (%) (%) (%) (%)

8.0 3.602 6 0.157 0.153 0.048 0.105 0.020 0.032
13.0 1.666 6 0.100 0.073 0.021 0.061 0.014 0.015
18.0 1.399 6 0.082 0.050 0.012 0.076 0.010 0.009
23.0 1.553 6 0.071 0.043 0.009 0.066 0.008 0.023
28.0 1.768 6 0.063 0.043 0.008 0.042 0.008 0.009
33.0 1.756 6 0.066 0.039 0.007 0.016 0.010 0.009
242501-3
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TABLE II. Systematic uncertainties for Q2 � 0.2 �GeV�c�2.
Symbols are the same as in Table I.

Ex A 6 dstat dpol ddil dert drc dacc

(MeV) (%) (%) (%) (%) (%) (%)

8.0 3.161 6 0.170 0.121 0.070 0.121 0.018 0.014
13.0 0.676 6 0.094 0.044 0.022 0.064 0.034 0.011
18.0 0.190 6 0.071 0.022 0.010 0.036 0.075 0.035
23.0 0.446 6 0.058 0.020 0.008 0.021 0.012 0.021
28.0 0.625 6 0.049 0.019 0.006 0.012 0.006 0.021
33.0 1.025 6 0.045 0.024 0.007 0.007 0.012 0.017
38.0 1.241 6 0.041 0.026 0.007 0.005 0.015 0.013
43.0 1.300 6 0.041 0.026 0.006 0.005 0.018 0.011
48.0 1.537 6 0.050 0.028 0.005 0.005 0.020 0.022

current way of treating FSI and MEC in the full calcula-
tion. The small discrepancy at Q2 � 0.2 �GeV�c�2 may
be due to the fact that some Q2-dependent effects, such as
the relativisitic effect, are not included in the current non-
relativistic Faddeev calculation.

In conclusion we have presented the first precision data
on the spin-dependent asymmetry in the threshold region
of 3 �He��e, e0�. The agreement between the data and non-
relativistic Faddeev calculations which include both FSI
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FIG. 2. The physics asymmetry together with two full Faddeev
calculations, one using AV18 as the NN potential, the other using
Bonn-B: (a) Q2 � 0.1 �GeV�c�2 and (b) Q2 � 0.2 �GeV�c�2.
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and MEC effects is very good at Q2 � 0.1 �GeV�c�2,
while the discrepancy at Q2 � 0.2 �GeV�c�2 might be due
to some Q2-dependent mechanism.
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