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Angular distributions of the tensor analyzing powers Ayy and A«have been measured for the ground-state

transition in the Nb(d, He) Zr reaction at Ed=12 MeV, and of A„ for the ground-state transitions in

Cu(d, He) Ni at Ed=8 MeV and Y(d, He) Sr at Ed=10.5 MeV. The data are compared with predictions

of full finite-range distorted-wave Born approximation (DWBA) calculations from which the asymptotic D to-
S-state ratio, g, for He is extracted to be —0.0386~0.0045~0.0012. The difficulties with a choice of deuteron

tensor optical potentials used in the DWBA calculations are discussed.

PACS number(s): 21.45.+v, 24.70.+s, 24.50.+g, 25.45.Hi

I. INTRODUCTION

One manifestation of the tensor component of the
nucleon-nucleon (NN) interaction in very light nuclei, such
as He, is the presence of nonspherical components in the
ground-state wave function. If the He nucleus is considered
as a deuteron plus a proton, then in addition to the configu-
ration where the relative orbital angular momentum (I ) be-
tween the two is zero, the 5 state, there also exists a configu-
ration where L=2, the D state. The presence of a D state in

light nuclei is exhibited in different ways. For example, in
the deuteron the existence of a quadrupole moment (Q„) is
associated with the presence of a D state. However, unlike
the deuteron the three-nucleon systems (triton and He) do
not possess a measurable quadrupole moment. In this case
some other observable which is a measure of the D state has
to be determined. One such observable which can be deter-
mined reliably from experiment is the asymptotic D- to
5-state ratio, r/[1]. The main motivation for determining r/

for He is to study the NN interaction and in particular the
tensor force in the three-nucleon system which is responsible
for -50% of the binding and the presence of the D state [2].
A practical application of this study stems from the consid-
erable interest that exists in using a polarized He target as a
polarized neutron target. The presence of a D state in He
dilutes the neutron polarization, since in this configuration
the neutron spin is antiparallel to the He spin [3].Our study
of the D-state properties of He is part of a larger work
investigating the three-nucleon system which has included a
high-precision determination of r/ for the triton [4].

Theoretical calculations of physical quantities for three-
nucleon (A =3) systems have improved dramatically over the
past few years. Exact Faddeev-type three-body calculations
have been performed for the triton and He [5,6] and this has
renewed interest in the determination of observables charac-
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terizing the A =3 system. The most precise measurements of
xg have been done by analyzing transfer reactions induced by
polarized deuterons. Calculations of tensor analyzing powers
(TAPs) in (d, He) reactions are found to be sensitive to the
D-state amplitude of the d+ p component in He [1].

In this paper TAP data measured in (d, He) transfer reac-
tions are compared with distorted-wave Born approximation
(DWBA) calculations and a best-fit value of r/ is extracted.
While previous xg determinations have also been made using
this technique, in the present case the target nuclei and deu-
teron energies have been chosen so as to improve the reli-
ability of the DWBA calculations used in the data analysis.
This is discussed in greater detail in the following sections.

II. BACKGROUND

A. Previous determinations

In the He nucleus if r is the separation of the proton from
the deuteron center of mass, and UL(r) is the radial wave
function of their relative motion with L the relative orbital
angular momentum between the two, then asymptotically
UL(r) behaves as [1]

NL
UL(r) NLUNL(r)„~ —f L+1/2(2~r)

Here W
& L+, /2 is a Whittaker function, and g and n are the

Coulomb parameter and wave number at the He~d+ p ver-
tex, respectively. The asymptotic D/S state ratio, g, is de-
fined as y=N2/No.

Earlier determinations of the D-state amplitude in He
focused on extraction of the parameter D2 [1],which is ap-
proximately related to r/ by D2=r//ln', where

~=(2/ d,&d,)'"

and pd„ is the d-p reduced mass while Bd„ is the d-p bind-
ing energy in He. Measurements of TAPs in (d, He) reac-
tions made in Refs. [7—9] were compared with DWBA cal-
culations using the local energy approximation (LEA) [10]
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which did not include a tensor potential in the entrance chan-
nel. The first finite-range calculations were made by Ioan-
nides et al. [11]who showed differences with LEA calcula-
tions at backward angles. The tensor potential was first
included in (d, He) calculations using the LEA by Karban
and Tostevin [12] who found that while the shape of the
predicted TAPs did not change with the potential their mag-
nitudes did. Entezami et al. [13] also included tensor poten-
tials in an analysis using the LEA and confirmed the result of
Karban and Tostevin. The most recent determination of D2
was by Merz et al. [14] who performed a full finite-range
DWBA analysis and also included the tensor potential in
their calculations. DWBA analyses which included the tensor
potential used a folding-model type parametrization for this
potential as obtained by Keaton and Armstrong [15]with the
magnitudes determined by fits to deuteron elastic-scattering
data.

The more recent determinations of the D-state properties
of He have concentrated on extracting the value of g. Dif-
ferent techniques have been used, though all involve the
measurement of TAPs in deuteron-induced reactions. Vetterli
et al. [16] reported an y value of —0.0354-0.010 obtained
from the 'H(d, y) He radiative capture (RC) reaction at
E„=19.8 MeV. However, calculations for RC experiments
are found to be relatively insensitive to the D-state properties
of He and are strongly model dependent. Vuaridel et al. [17]
used the technique of analytic continuation of tensor analyz-
ing powers to the exchange pole in the He(d, He) H reac-
tion and obtained a value of —0.035~0.006. However, the
treatment of systematic errors that arise in this procedure has
been questioned by Londergan et al. [18].Bhat et aL mea-
sured TAP's in the 'P(d, He) Si [19] and S(d, He) 'P
[20] reactions at E„=16 MeV and obtained r/ values of
—0.042~0.007 and —0.046~0.005 respectively. They used
full finite-range DWBA calculations to analyze their data,
but did not include a tensor potential in the deuteron channel.

Theoretical calculations of quantities characterizing the
three-nucleon system such as rg, rms charge radius, and elec-
tromagnetic form factors have been performed by the Los
Alamos —Iowa [5] and Sendai [6] groups. Both groups, using
different techniques, numerically solved the Faddeev equa-
tions for different sets of realistic nucleon-nucleon potentials,
also including in some cases three-nucleon potentials. The
resulting values of y, (r ), etc. are found to have a linear
dependence on the predicted binding energy and can be fit by
a straight line (so-called Phillips line) [5]. At the physical
binding energy for He (7.72 MeV) a value of rg= —0.043
~0.001 was obtained by the Los Alamos —Iowa group [5]
and —0.0414~0.0004 by the Sendai group [6].

B. Present determination

For the present work it was important to optimize the
reliability of the finite-range DWBA calculations which are
compared with data in order to extract a best-fit value of y.
Ideally the incident deuteron energies should be below the
Coulomb barrier. This is to reduce the sensitivity of the
DWBA calculations to the choice of optical potentials. Ow-
ing to the small cross section at sub-barrier energies ((&1
pb/sr) which render an analyzing-power measurement unfea-
sible, one is forced to make measurements at higher energies
where count rates are adequate. The deuteron energies were
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therefore chosen as a compromise between expected statisti-
cal uncertainties and uncertainties arising from the choice of
optical potentials in the DWBA calculations.

TAPs were measured for the ground state (g.s.) transitions
in the Nb(d, He) Zr reaction at 12 MeV, the

Cu(d, He) Ni reaction at 8 MeV and the Y(d, He) Sr
reaction at 10.5 MeV. These reactions were chosen so as to
involve unique j transfers (j =9/2+ for Nb, 3/2 for Cu,
and 1/2 for Y) and have large spectroscopic factors for
proton pickup. The former condition is chosen in order to
avoid the ambiguity of summing multiple I-transfer spectro-
scopic amplitudes, while the latter condition enhances the
reaction yield. In all the cases studied, the incident deuteron
energies chosen are above the Coulomb barrier while the
outgoing He particles are below the barrier. Also, our study
was conducted with heavier targets where the finite-range
DWBA analysis used to extract y is generally more reliable
than that for lighter targets [19,20].

The validity of the method applied in the present work is
based on the fact that tensor analyzing powers calculated
using DWBA scale directly with y in reactions near the Cou-
lomb barrier on heavy targets. Example of the scaling is
shown in Fig. 1.

III. EXPERIMENTAL PROCEDURE

The experiments were performed at Triangle Universities
Nuclear Laboratory using polarized deuteron s from an
atomic-beam polarized ion source [21) and techniques de-
scribed elsewhere [4]. The setting of transition units in the
source yielded deuterons with tensor polarizations (p„) of
~0.70. The quantization axis of the beam was defined by
suitable setting of a Wien filter and the beam was injected
into the FN tandem accelerator. After acceleration, the beam
was momentum analyzed and sent to a 62 cm diameter scat-
tering chamber. Typical beam currents on target were 0.5—
1.0 p,A.

The targets used were isotopically enriched, self-

FIG. 1. Theoretical calculations of the tensor analyzing powers

A« for the Nb(d, He) Zr reaction at Ed=12 MeV. The curves are
obtained by varying the best-fit value of y by ~15% and ~30%.
The long-dashed (short-dashed) curve corresponds to ran+0. 15' (rg
—0.15') and the dotted (dot-dashed) curve corresponds to

ran+ 0.30 rg (rg—0.30 rg).
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FIG. 2. Typical telescope spectrum obtained for the

Cu(d, He) Ni reaction. The He group is enclosed in a gate
which is used to sort a He energy spectrum.

supporting foils which varied in thickness from 600 p,g/cm
for Cu to about 2 mg/cm for Y and Nb. Outgoing He
particles were detected by three pairs of AE-E silicon
surface-barrier detector telescopes arranged symmetrically
on both sides of the incident beam. The thickness of the AE
detectors varied from about 25 p,m for the Cu target, to 50
and 75 p,m for the Y and Nb targets depending on the scat-
tering angles. For all targets the E detectors were 300 pm
thick. The telescopes subtended a solid angle of 6.63 msr and
were set 15 apart. Measurements were made in 7.5 steps
primarily at backward angles where the D-state effects on
the TAP's are the greatest. A three-detector polarimeter lo-
cated downstream from the target and utilizing the
He(d, p) He reaction was used to monitor continuously the

beam polarization [22].
Data were taken for three polarization states of the inci-

dent beam: an unpolarized state (state 1), a state with posi-
tive polarization (state 2), and a state with negative polariza-
tion (state 3). For the TAP data taken with the Nb target the
states were switched on and off manually at intervals of ap-
proximately 45 minutes. However, for the Cu and Y data,
an improved source control system allowed the state switch-
ing to be done under computer control over a period of less
than 0.5 seconds. The advantage of this latter technique is
that slow changes in experimental conditions such as beam
position on target, target thickness, amplifier gain changes,
affect the reaction yield for each spin state in the same way.
Another improvement made to improve the quality of the

Cu and Y data was to use a shorter resolving time be-
tween the AF. F. coincidences (50 ns as o-pposed to 500 ns).
This produced much cleaner He spectra and reduced the
background due to n particles from the prevalent (d, u) reac-
tion. A typical AE-E telescope spectrum is shown in Fig. 2.

The symmetric arrangement of left and right detectors has
the advantage that it compensates to first order for the effects
of left-right shifts of beam position on target. The counts in
the left and right telescopes were combined in order to de-

and NORM is the factor taking into account the dead-time
corrections and the total charge accumulated for the two po-
larization states. The L and R refer to the counts in the left
and right detectors, respectively, and the superscripts denote
the polarization state. The expression for Ayy is identical,
except that L and R here are obtained with the spin quanti-
zation axis perpendicular to the scattering plane. Effects of
the small vector polarization of the beam can be canceled for
the A measurements by use of a symmetric detector setup.

Uncertainties shown with the data points consist of statis-
tical errors arising from the primary (d, He) reaction and the
beam polarization measurement. There is also a 3% uncer-
tainty in the beam polarization values from the polarimeter
calibration. This error is taken into account separately.

IV. DATA ANALYSIS

Angular distributions of the TAPs Ayy and Azz were mea-
sured for the ground state (g.s.) transition in the

Nb(d, He) Zr reaction at 12 MeV. The TAP A«was also
measured for the g.s. transitions in Cu(d, He) Ni at 8
MeV and Y(d, He) Sr at 10.5 MeV. The data were ana-
lyzed with full finite-range DWBA calculations performed
using a modified version of the computer code pToLEMY

[23]. For each reaction, three different sets of global deu-
teron optical potentials were used in the analysis. These sets
were taken from Daehnick et al. [24], Lohr and Haeberli
[25], and Perrin et al. [26], while for the He channel the
global parameters of Becchetti and Greenlees [27] were
used. The deuteron potential set of Lohr and Haeberli is
based on an analysis of elastic cross-section and vector-
analyzing-power (VAP) data taken on 22 nuclei in a mass
range of A =27 and 208 and for deuteron energies between 9
and 13 MeV. The potential set of Perrin et al. is based on an
analysis of cross-section and VAP data and also includes
some TAP data taken for 10 nuclei with mass numbers vary-
ing from 12 to 208 and for a deuteron energy of 30 MeV. The
global parameters from this potential set have been extrapo-
lated for use at lower energies and have successfully de-
scribed elastic-scattering data taken at energies as low as 9
MeV. The potential set of Daehnick et al. covers an energy
range of 11.8 to 90 MeV and takes into account a much
larger set of elastic cross-section and VAP data than the other
potential sets considered here. All optical potential parameter
sets for the deuteron channel include only central and spin-
orbit terms.

The He wave function used in the calculations was gen-
erated in a Woods-Saxon well of radius 1.5 fm and diffuse-
ness 0.5 fm. The depth of the well was adjusted so as to
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TABLE I. Deuteron optical-model parameters yielding the best
fits to elastic-scattering observables measured for Nb(d, d) Nb at
E&=12 MeV. The notation and forms of the potentials are from
Goddard and Haeberli (Ref. [28]).All depths are in MeV, and radii
and diffuseness parameters in fm.

Potential type Depth

Real central (VR)
Imaginary surface (Wo)
Real spin-orbit (Vso)
Imaginary spin-orbit (Wso)
Real tensor (VTR)
Imaginary tensor (WTR)

93.1
13.6
3.5
2.5

—1.3

1.19
1.30
0.61
0.64
1.61
1.58

0.75
0.78
0.45
0.27
0.20
0.56

reproduce the separation energy of the proton in He
(separation-energy method). The wave function of the
picked-up proton in the target nucleus was also generated in
a Woods-Saxon well using the same method. Here, the radius
and diffuseness parameters were 1.27 and 0.76 fm, respec-
tively, and a real spin-orbit potential of depth 6.0 MeV was
also included. It was found that the TAP's predicted by the
DWBA calculations were not sensitive to the choice of well
geometry.

The quantity used to judge the quality of the fits between
the calculated and measured TAP's is the function g defined
by

where N is the number of data points, A,„~(8) is the quantity
measured, b,A,„~(8) is its error, and A,„(6I) is the theoretical
value. For each set of deuteron potentials the best-fit value of
rg was obtained by minimizing g as a function of g.

In order to determine a reasonable deuteron optical model
potential and to investigate the effects of including a
deuteron-nucleus tensor potential, we measured the cross
section, VAP and the TAPs A and A„ for Nb(d, d) Nb at
12 MeV. The data were analyzed using the optical-model
code DDTP [28]. The deuteron potential included complex
central and spin-orbit terms, and a tensor potential of the T~
type with a folding-model type parametrization [15]. Initial
values for these parameters were taken from the best-fit val-
ues obtained by Goddard for Zr(d, d) Zr at 12 MeV [28].
All parameters were then varied manually so as to obtain the
best overall fit to all four observables. The quantity used to
judge the quality of the fit is the function g defined above.
The parameters which yielded the minimum value of g are
listed in Table I. Since the code DDTP does not perform an
automatic search of the parameter space to find the minimum
value of g, the optical-model code HERMES [29] which in-
cludes such a search routine was used to verify that the pa-
rameters listed in Table I are indeed the values at which g is
a minimum. The data along with the best fits are shown in
Fig. 3.
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VrsPotential set Vz ao a res aLs

Daehnick et al. [24]
Lohr and Haeberli [25]
Perrin et al. [26]

1.34 0.822
1.43 0.767
1.32 0.812

6.82
7.0
5.2

1.07
0.75
0.85

0.66
0.50
0.475

92.57
111.04
85.31

1.17
1.05
1.13

0.73
0.86
0.80

12.27
10.62
12.0

V. RESULTS AND DISCUSSION for a given potential set which is noted in the legend for the
plot. Calculations performed with different OM sets give
similar theoretical angular distributions of the tensor analyz-
ing powers for every particular reaction which indicates that
our extraction of y is relatively insensitive to the deuteron
optical potential. Figure 5 contains the results of A„ob-
tained for the Cu(d, He) Ni and Y(d, He) Sr reactions
using only DCV OM potential. For the final determination of
the y value we took the best fit value obtained using the
potential set of Daehnick et al. since this is the most recent
and is therefore based on a larger data set than the potentials
of Refs. [25] and [26].

Although the DWBA calculations are not very sensitive to
the various sets of global OM potentials which contain the
real, imaginary, and spin-orbit terms, the inclusion of the
tensor potential term gives different results. When the poten-

Tensor analyzing powers A «and Ayy in the
Nb(d, He) Zr reaction and A„ in the Cu(d, He) Ni and
Y(d, He) Sr reactions were calculated using the three op-

tical model (OM) global potential sets, DCV, LH, and Per.
Listed in Table II are the deuteron potentials which were
used for the Nb target. Other calculations for Nb were
performed with the OM potential from Table I. Figure 4
shows a comparison of the four theoretical calculations to-
gether with the experimental Azz and Ayy values for the

Nb(d, He) Zr case. Each curve is the best fit to the data
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FIG. 4. Angular distributions of the tensor analyzing powers Ayy

(top) and A«(bottom) measured in the Nb(d, He) Zr reaction at
Fd=12 MeV. The curves are the best fits to the data obtained by
varying y using different potential sets. DCV, LH, and Per represent
the potential sets of Refs. [24], [25], and [26], respectively. TP is the
potential set from Table I.

FIG. 5. Angular distributions of the tensor analyzing power A«
measured in the Cu(d, He) Ni reaction at Ed=8 MeV (top), and
the Y(d, He) Sr reaction at Ed 10.5 MeV (bottom——). The curves
are the best fits to the data using the DCV OM potential.

TABLE II. Deuteron optical-model parameters for Nb taken from global analyses of deuteron elastic
scattering. The notation of Daehnick et al. (Ref. [24]) has been used. All depths are in MeV, and radii and
diffuseness parameters in fm.
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tial set obtained from our fits to elastic-scattering observ-
ables is used in the DWBA calculations for the

Nb(d, He) Zr reaction we see some marked differences in
the resulting calculations compared with the global potentials
(see Fig. 4). For the A data, the calculation does not de-
scribe the shape of the data. For the A„data, the zero cross-
over in A„ is shifted towards forward angles by about 6
degrees, and here again the fit is poor. The inclusion of the
tensor term in the optical-model potential appears to be re-
sponsible for this shift. Attempts to improve the fit to the
reaction data by varying the magnitudes of the real and

imaginary parts of this potential were not successful. One
possible explanation for this lack of success is that the shape
of the T~ potential is not well established by fits to TAPs in
deuteron elastic scattering. The form commonly used at sub-
Coulomb energies which was employed in the present work
is that of the standard folding model.

Similar difficulties in employing tensor potentials ob-
tained from elastic scattering in calculations of reactions
both above and below the Coulomb barrier were reported.
Frick et al. [30] have shown in the case of ' O(d, d)' 0 at

Ed =20 MeV, that if the imaginary part of the tensor potential
is kept fixed and the shape of the real part is varied, then
predictions for the TAP T2&(8) are found to be nearly identi-
cal. Frick et al. concluded that the poor knowledge of the
tensor potential is a problem for the quantitative analysis of
transfer reactions with tensor-polarized deuterons. This con-
clusion is borne out by our analysis of TAP for the

Nb(d, He) Zr reaction which shows that the reaction ob-
servables appear best fit when the tensor potential is set to
zero.

Even at sub-Coulomb energies the tensor potential is
rather poorly known. In previous analyses [31—33], the mag-
nitudes of the real and imaginary depths of this potential that
have to be used in order to describe elastic-scattering data
have varied between zero and the full values obtained by the
folding model of Keaton and Armstrong [15].In our analysis
of TAP in (d, t) reactions at sub-Coulomb energies we used a
model of Santos et al. [34] to determine the depths of the
tensor potential [4].

There are also alternatives to the use of any tensor poten-
tials in fits to elastic scattering TAP observables. Effects of
coupling on TAP data in elastic scattering similar to those
caused by the introduction of the folding-model tensor po-
tential were discussed by Tostevin [35]. He showed that in
the case of Pb, sub-Coulomb deuteron elastic-scattering
data could be described well if coupling to specific (d,p)
channels is taken into account. We are not aware of this type
of analysis for reactions at energies above the Coulomb bar-
rier.

In view of contradictory conclusions concerning the role

of more sophisticated potentials we assume in this work that
cross-section and analyzing-power data in deuteron elastic
scattering can be described adequately by the use of global
potentials. These potentials describe transfer reaction data
well and have been employed in most analyses of deuteron-
induced reactions above the Coulomb barrier [19,20,36].

We have therefore extracted separate values of rg from
each of the four angular distributions using the global poten-
tial sets of Daehnick et al. [24] in the deuteron channel and
the global parameters of Becchetti and Greenlees [27] in the
He channel. The values of y were extracted by minimizing

the g parameter [Eq. (1)] between calculated and measured
TAP's for different values of the asymptotic D-state ampli-
tudes. The error in g, Ag, was taken to be the difference in
the value of rI where g is a minimum and the value of rI
where g is twice its minimum value. The extracted best-fit
values of g together with their statistical uncertainties, Erg,
minimum g per degree of freedom, +IN, and the number of
points in the angular distributions are summarized in Table
III.

The values listed for +IN are based on the uncertainties
in the individual data points. Since these values for three out
of four measurements are significantly larger than 1 we as-
sumed that there is either an unknown systematic error in the
experimental data points or inadequate theoretical descrip-
tion of the present data or both. In order to account for all
these effects which may have affected the measurements and
be a source of an unknown uncertainty we followed the pro-
cedure described by Rosenfeld [37] and we multiplied our
experimental errors by a scale factor 5= [y IN]" . As a
result of this rather conservative approach the +IN values
became equal to 1.0 and the weighted average errors scaled
up by the same factor S. The SA y errors are listed in the last
column of Table III and are further used in calculating
weighted average AH, and its error ASH, .

Our measurements of y for different nuclei are consistent
with each other which indicates that they are independent of
nuclear structure effects. To obtain a final value of AH, we
computed a weighted average of the four values listed in
Table III, using the inverse square of each error SA y as a
weighting factor. We obtain an y3H, value of —0.0386
~0.0045. There is also a systematic uncertainty of 3% in the
beam polarization. We thus obtain a final y3H, value of
—0.0386~0.0045+ 0.0012.

VI. SUMMARY AND CONCLUSIONS

From comparison of the TAP's measured in the
Nb(d, He) Zr Cu(d, He) Ni, and Y(d, He) Sr reac-

tions with full finite-range DWBA calculations, we extracted
four independent values of xg for He. These values were

TABLE III. Values of rI~hg extracted from the TAP data measured in (d, He) reactions.

Reaction [MeV] TAP N /N

No. of
pts

Nb(d, He) Zr

Nh(d, He) Zr

Cu(d, He) Ni

Y(d, He) Sr

12.0
12.0
8.0

10.5

A

A„
A„

—0.0356
—0.0384
—0.0401
—0.0394

6.0
4,4
6.0
1.3

12
12
12
8

~0.0047
~0.0044
~0.0070
~0.0054

~0.0115
0.0092

~0.0171
~0.0062
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found to be consistent with each other and were combined to
yield a final AH, value of —0.0386~0.0045~0.0012. The
first error includes statistical errors in the measurements and
takes into account unknown effects which might have af-
fected the extraction of g3H, . The second error is a system-
atic error due to the uncertainty in the beam polarization. The
improvement in the present determination of AH, over pre-
vious attempts that also measured TAPs in (d, He) transfer
reactions is the choice of energies and targets used to im-
prove the reliability of the DWBA calculations. Some ques-
tions still remain as to the magnitude and shape of the tensor
potential which is able to fit both deuteron reaction and
elastic-scattering data at energies above the Coulomb barrier.
The present statistical uncertainty obtained for g is smaller
than obtained in previous determinations, however, the ef-
fects of including a different shape for the tensor potential or
coupling to (d,p) reaction channels provides an additional
uncertainty which we are unable to estimate at this time.

The present determination of y agrees with the results of
Bhat et al. [19,20] who also performed a DWBA analysis to
extract tg, the result of Vuaridel et al. [17], and also Vuar-
idel's "world average" of —0.037~0.003. While the present
result is slightly lower than the value predicted by the Los
Alamos —Iowa group [5] (—0.043~0.001), it agrees with the
Sendai group [6] calculation (—0.0414~0.0004). These re-
sults are summarized in Fig. 6.

A recent attempt by this group to determine y for the
triton (tJ,) yielded rJ, = —0.0411~0.0013~0.0012 [4]. If a ra-
tio of y,/y3„, is calculated, we obtain y,/y», =1.06~0.129
in excellent agreement with the results of the Los Alamos-
Iowa (1.06~0.034) and Sendai (1.06~0.014) groups. The
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FIG. 6. Summary of recent experimental determinations and
theoretical calculations of y. The solid circles are the experimental
results obtained by Vuaridel et al. [17]and the results of Bhat et al.
[19,20]. The open circles are the theoretical calculations with Ref.
[5], the Los Alamos —Iowa group calculation and Ref. [6], the Sen-
dai group calculation.

results of this work provide information for further tests of
modern three-body calculations.
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