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The transverse-longitudinal asymmetryATL0 in 3 !!!Hes$e, e0d quasielastic scattering at momentum transfer
Q2  0.14sGeVycd2 has been measured to be1.52 6 0.55sstatd 6 0.15ssystd%. The plane wave impulse
approximation (PWIA) prediction for this measurement ranges from 2.1% to 2.9%, where the variation
is due to uncertainty in the initial state wave function, nucleon form factors, and off-shell prescription.
The data may suggest a suppression with respect to the PWIA, which has also been observed for the
unpolarized longitudinal response function.

PACS numbers: 25.30.Fj, 13.40.Gp, 24.70.+s, 25.10.+s
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The three-body system has played a significant role
a testing ground between theory and experiment in n
clear physics. The3H and3He nuclei are unique in that,
although they are relatively tightly bound, essentially ex
act nonrelativistic Faddeev solutions for the ground sta
(g.s.) have been obtained using a variety of two-nucle
(NN) potentials. Measurement of inclusive unpolarize
quasielastic (QE) electron scattering (where only the sc
tered electron is detected) from these nuclei at interm
diate energies has provided important information on th
g.s. structure and on the nature of the reaction mec
anism. In particular, the unpolarized cross section h
been separated in terms of the transverse and long
dinal response functions,RT and RL, respectively [1,2].
The experimentally determinedRT is well described by
the plane wave impulse approximation (PWIA), which ig
nores effects of final state interactions (FSI) and meso
exchange currents (MEC). However, the measuredRL

is suppressed with respect to PWIA at the QE peak
low Q2. Recently, treatments of the trinucleon continuum
which include FSI [3,4] and a calculation which employ
a path integral technique [5] have brought theory in bett
agreement with theRL data at low momentum transfers.

Measurement of spin observables allows one to stu
additional quantities which are inaccessible or difficult t
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measure in unpolarized scattering experiments. Inclus
electron scattering from the spin-1

2
3He target is a partic-

ularly simple case [6]: For both beam and target pola
ized, the spin-dependent contribution to the cross sect
is completely contained in two additional response fun
tions, a transverse responseRT 0 , and an interference be-
tween longitudinal and transverse multipolesRTL0 , beyond
the spin-independentRL andRT . An experimentally clean
signature of these new responses is the spin-depend
asymmetry, defined as

A 
s1 2 s2

s1 1 s2

, (1)

where the subscript1 (2) refers to the helicity of the
incident electrons, ands is the differential cross section.
In terms of theRK sQ2, vd, A can be written [6]

A  2
cos upyT 0RT 0 1 2 sin up cos fpyTL0RTL0

yT RT 1 yLRL
, (2)

where up and fp are the polar and azimuthal angle
defining the direction of the target spin with respect t
the momentum transfer$q, theyK are kinematic factors,v
is the electron energy loss, andQ2 ; j $qj2 2 v2. Hence,
orienting the target spin atup  90± (0±) selects the
asymmetry pieceATL0 (AT 0) proportional toRTL0 (RT 0).
© 1995 The American Physical Society
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Faddeev calculations [7,8] predict that the3He g.s. is
predominantly in a spatially symmetricS state (,90% of
the spin-averaged wave function), where the two proto
are in a spin singlet state so that the nuclear spin
entirely due to the neutron. A net proton polarizatio
is carried by the remaining “small” components, notab
the D state (,8%), where the three nucleon spins ar
oriented (roughly) opposite to the nuclear spin, and th
mixed-symmetryS0 state (,1%). Recent measurements
of spin-dependent proton-induced nucleon knockout fro
polarized3He (3 !He) support these results [9].

As a consequence of theS-state dominance, spin
observables in scattering from3 !He are in general expected
to be sensitive to neutron properties. A number o
experiments have been carried out or proposed to meas
the neutron electromagnetic (electricGn

E and magnetic
Gn

M) form factors in QE electron scattering [10–13
and the neutron spin structure functions in deep-inelas
electron scattering from3 !He [14]. A basic premise in the
extraction of neutron form factors from spin-depende
electron-3He scattering is that both the nuclear groun
state spin structure and the QE scattering mechanism
well understood.

To date, theoretical studies of QE inclusive scatterin
from 3 !He have employed the PWIA for the scatterin
mechanism, in which the3He RTL0 (RT 0) response contains
a contribution proportional toGn

MGn
E (Gn2

M ). Blankleider
and Woloshyn, using closure to sum over final states [15
originally predicted thatATL0 would be strongly sensitive
to Gn

E, at the kinematics of the experiment reported her
This was confirmed by Ciofi degli Atti, Pace, and Salm
[16], who studied the effect of nuclear binding using
full spin-dependent spectral function to describe the3 !

He
g.s. However, a more sophisticated analysis, which w
recently performed [7], points out an inconsistency i
the previous predictions forATL0 (while it agrees with
those forAT 0). In particular, it shows, at the kinematics
of the measurement reported here, a dominant prot
contribution toATL0 , which greatly reduces the sensitivity
to Gn

E .
As previously reported [13], we have measuredAT 0

under similar kinematic conditions to the experimen
described here. The data are in good agreement w
PWIA calculations, allowing the extraction of a value
for Gn2

M . While AT 0 is dominated by the effects of the
S-state neutron, the asymmetryATL0 in PWIA at these
kinematics arises from the sum of a contribution du
to the S0- and D-state protons (,75%) and a neutron
contribution proportional toGn

E (,25%). Thus, ATL0

is not only significantly smaller (and correspondingl
more difficult to measure) thanAT 0 , but also provides
substantially new information which can be used t
constrain our understanding of electron scattering
intermediate energies from the three-body system.

The purpose of the present Letter is twofold: Firs
we report a measurement ofATL0 at Q2  0.14 sGeVycd2
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which has significantly higher precision than two previou
experiments done at similarQ2 [10,11]. Second, we
present a theoretical study of theATL0 asymmetry in
PWIA using the formalism of Refs. [7,17] and compare
its results with the data.

The experiment was carried out at the MIT-Bate
Linear Accelerator Center using a 370 MeV longitudinally
polarized, pulsed electron beam and a polarized3He
gas target. Details about the beam and target can
found in an earlier publication [13]; the average beam
and target polarizations weres36.5 6 1.5d% and s38 6

1.1d%, respectively. To maximize sensitivity toATL0 ,
the target spin was oriented at 42.5± with respect to the
beam direction. A total beam charge of 5020mA h was
accumulated. The scattered electrons were detected in
OHIPS spectrometer using a detector package consist
of two crossed drift chambers, three planes of plast
scintillators, and an isobutane gašCerenkov detector.
The trigger was formed by a coincidence of the thre
scintillators. Pion background was rejected in softwar
using theČerenkov information. The spectrometer wa
positioned at a scattering angle of 70.1± and had a
central momentum of 285 MeVyc, corresponding to
QE kinematics. The momentum resolution was&1.2%
FWHM over the momentum acceptance of 9.5%. Th
target length viewed by the spectrometer was collimate
with slits to 10 cm along the beam. The solid angle
acceptance was12 msr as determined by12Cse, ed.
Background scattering of beam halo from the coppe
target walls was measured at regular intervals wit
the target cell empty and was approximately 5% o
the full target yield. As a check on the experimenta
procedure, elastic data were taken at regular interva
with OHIPS. The resulting elastic asymmetry ofs29.9 6

3.9d% agrees well with the prediction of 32.1% calculated
from elastic form factor data [18].

ATL0 was extracted from the detected spin-depende
yield according to Eq. (1) as a function of the electro
energy lossv. To account for the dilution from unpo-
larized scattering, the result was divided by the produ
of the beam and target polarizations. Corrections we
applied for target-related background (15%) and radia-
tive effects (215%). The contribution to the asymmetry
of helicity-correlated background and efficiency varia
tions was negligible. The measured asymmetry is show
in Fig. 1. (The curves in the figure are discussed be
low.) Combining all the data over the experimental en
ergy acceptance (72 # v # 99 MeV) yields a value of
ATL0  s1.52 6 0.55 6 0.15d%, as detailed in Table I.

To interpret the data, the main PWIA model de
pendences were identified and quantified. Figure 2(
presents the predicted variation inATL0 for three realistic
form factor models [using the Paris force [19] and CC1(0)

single-nucleon off-shell (o.s.) prescription [17]]: Gal-
ster [20] (the solid base-line curve), Gari-Krümpelman
[21] (dashed curve), and Höhler [22] (dot-dashed curve
655
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FIG. 1. The transverse-longitudinal asymmetryATL0 as a
function of electron energy transferv. The errors on the data
are statistical only. The curves represent the upper and low
bounds of our PWIA calculation (see text).

(Note, however, that Gari-Krümpelmann at highQ2 has
been found to be inconsistent with data [23].)

Similarly, Fig. 2(b) shows theATL0 variation with NN
potential (for Galster form factors and CC1(0) o.s. pre-
scription); 18-channel momentum space Faddeev eq
tions [8] were used to generate3He g.s. wave functions
for the Paris (the solid base-line curve), Reid soft-co
[24] (dashed curve), and Bonn B [25] (dot-dashed curv
potentials. Of the currently available potential model
these three models yield a representative spread for
fraction of S0 and D state in the g.s. (see Table II).
(An additional calculation, in which individual partial
waves are varied, demonstrates thatATL0 increases with
the amount of either theS0 or theD state.)

Finally, Fig. 2(c) compares the effect onATL0 of dif-
ferent o.s. current prescriptions (for Galster form facto

FIG. 2. Variation DAyA ; sA 2 Abase linedyAbase line of ATL0

with different (a) form factor parametrizations, (b)NN po-
tential models, and (c) single-nucleon o.s. prescriptions (s
text). The arrow indicates the location of the QE peak. Th
experimental acceptance is shown as a horizontal band.
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TABLE I. Results of the asymmetry measurement average
over the experimental energy acceptance (72 # v # 99 MeV).
The uncertainties are statistical and systematic, respective
The second row corresponds to data taken with reversed tar
spin; hence the negative sign.

Charge (mAh) up fp A s%d

2878 87± 0± 1.65 6 0.72
2142 93± 180± 21.33 6 0.86
5020 (combined) 1.52 6 0.55 6 0.15
Theory 87± 0± 2.1 2 2.9

and the Paris force), though only that of Ciofi degli Atti,
Pace, and Salmè [16,26] (the dashed curve) differs app
ciably from the others: CC1(0) (the solid base-line curve),
CC2(0) [17] (short-dashed curve), and Schulze and Sau
[7] (dot-dashed curve). It must be noted, however, th
our o.s. comparison omits many other, equally accep
able prescriptions (such as non-current-conserving form
for detailed discussion see Ref. [17]), and so yields only
minimumuncertainty.

Summarizing the results of Fig. 2, the theoreticalATL0

sensitivity (averaged over our experimentalv accep-
tance) is64.5% DAyA for varying nucleon form factor
parametrizations,66% DAyA for NN potential models,
and64.5% DAyA for o.s. current prescriptions. The sta-
bility of DA with choice of base-line calculations in each
case indicates that these uncertainties are roughly ind
pendent and so add linearly. The average of the base l
calculation isAbase line  2.52%.

This total model uncertainty is responsible for the
spread of PWIA predictions shown with the data in
Fig. 1 (dashed curves). The lower bound forATL0svd
results from Höhler form factors [22] with the Bonn B
potential [25] and CC1(0) o.s. prescription [17]. The
upper bound is obtained using the Gari-Krümpelman
form factors [21] with the Reid soft-core potential [24],
and o.s. prescription of Ciofi degli Atti, Pace, and
Salmè [16,26]. When averaged over the experiment
acceptances (weighting with the experimental error), th
PWIA yields minimum and maximum values of (2.15 6

0.05)% and (2.85 6 0.05)% (where the error stems from a
Monte Carlo correction for the finite angular acceptance
Hence, for our experimental conditions the averageATL0

predicted by PWIA models varies between 2.1% an
2.9%.

Although thev dependence of the data seems to be we
described by PWIA (Fig. 1), the average of the data (Ta

TABLE II. Main properties of the three-body wave functions
used in the calculation.

NN potential PsSd PsS0d PsDd EBs3Hd
(%) (%) (%) (MeV)

Reid soft-core 89.34 1.45 9.21 27.23
Paris 90.36 1.38 8.25 27.39
Bonn B 91.75 1.18 7.07 28.10
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