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For backward elastic scattering of deuterons by3He, cross sectionss, and tensor analyzing powerT20 are
measured atEd51402270 MeV. The data are analyzed by the plane wave impluse approximation~PWIA!
and by the general formula which includes virtual excitations of other channels, with the assumption of the
proton transfer from3He to the deuteron. Using3He wave functions calculated by the Faddeev equation, the
PWIA describes global features of the experimental data, while the virtual excitation effects are important for
quantitative fits to theT20 data. Theoretical predictions onT20, Ky

y ~polarization transfer coefficient!, andCyy

~spin correlation coefficient! are provided up to GeV energies.

PACS number~s!: 25.10.1s, 24.70.1s, 25.45.Hi
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I. INTRODUCTION

For the last few decades, elastic scattering of deuteron
protons at the backward angle at intermediate energies
intensively been studied as an important source of inform
tion of nuclear interactions and reaction dynamics, by incl
ing non-nucleonic degrees of freedom in the considera
@1–10#. Since3He has the same spin as the proton’s, the s
structure of the scattering amplitude of thed1 3He (d 3He)
system is similar to that of thed1p (dp) one when3He is
considered as a single body@11#. Then the backward elasti
scattering of the deuteron by3He attracts our attention, fo
investigations of probable differences as well as similarit
of the information when compared to thedp scattering.

In the dp backward scattering, the assumption of mec
nism by neutron transfer from the deuteron to the pro
@Fig. 1~a!# @2# has been fundamentally successful in expla
ing energy dependence of observables. For example,
neutron-transfer mechanism produces the overall agreem
to the experimental cross sections of the scattering up to the
GeV-energy region when the empirical momentum distrib
tion of the deuteron is employed in the relativistic framewo
@7# and the simple plane wave impulse approximat
~PWIA! calculation by the mechanism describes qualitat
features of the measured tensor analyzing powerT20 and
polarization transfer coefficientKy

y(d→p) at few hundreds
MeV @5,9#. Further, the measureds andT20 of the scattering
have broad resonancelike structures aroundEd51 GeV in
the plot against the incident energy@5,9#, which have been
interpreted as the signal of excitations of the transferred n
tron to D states@Fig. 1~b!# @5,6#. The PWIA calculation by
the transfer mechanism has reproduced the observed s
ture of T20 when effects of other reaction channels such
the D excitation have been phenomenologically includ
@10#. For the transfer mechanism, the spin observables
0556-2813/99/61~2!/024602~8!/$15.00 61 0246
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described by thew(k) to u(k) ratio, whereu(k) and w(k)
are the deuteronS- andD-wave functions in the momentum
space, and thus the information of the nuclear interact
obtained by the spin observables is generally of differ
nature from the one by the cross section@8#.

In the case of the3He target, the possible reaction mech
nism of the backward scattering of the deuteron will be p
ton transfer from3He to the deuteron@Fig. 1~c!# as follows.
The backward cross section of direct scattering, for exam
by potentials, is small compared to the forward one by s
eral order of magnitude at intermediate energies. On
other hand, the cross section of the proton transfer reactio
large for the forward emission of3He, i.e., the backward for
the deuteron, as in usual pick-up reactions. When the tran

FIG. 1. Neutron transfer indp scattering and proton transfer i
d 3He scattering.~b! and~d! show the excitations of the transferre
nucleons toD states by the exchange of mesons, for examp
pions, and include varieties of the combination of the charges of
related nucleons and those of the exchanged mesons. In~d!, the four
combinations of the spectator nucleons are described repres
tively by one combination.
©1999 The American Physical Society02-1
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mechanism is adopted, the analogy to thedp scattering sug-
gests that the spin observables of thed 3He scattering in the
PWIA are described by thew(k) to u(k) ratio, whereu(k)
and w(k) are now the wave functions of thep-d relative
motion in 3He. The wave functions, which are supplied
the Faddeev calculation, have ambiguities due to the ch
of interactions as the input@12#. The information of thew(k)
to u(k) ratio obtained from the spin observables will be us
ful in solving such ambiguities.

Further, the spin structure of the scattering amplitude
thed 3He system is similar to that for thedp one even in the
nucleon transfer mechanism because in both scattering
spin of the projectile is transformed in the same way, fro
one to one half, and similarly that of the target from one h
to one. Thus, the spin observables can be described in sim
forms in these scattering and therefore some of their cha
teristics in thedp scattering will also be observed in th
d 3He one. These stimulate us to investigate the spin obs
ables of thed 3He scattering at the backward angle by the
ries as well as by experiments, which have not been
tempted so far. In particular,T20 will be investigated in detail
because of its sensitivity to the wave functions. The theo
ical prediction is performed up to GeV-energy region sim
larly to the dp case although the present measurements
limited to a few hundreds MeV. As the first step of inves
gations, we will try to clarify global features ofT20 in the
scattering theoretically and to provide experimental evide
for the reaction mechanism. The interests of the investiga
will be focused on~i! the validity of the assumption of th
proton-transfer mechanism,~ii ! effects due to the differenc
between the3He wave function and the deuteron one, a
~iii ! the overview of effects of coupling to other reactio
channels. In the following, experimental details are descri
in Sec. II, the PWIA analyses are given in Sec. III, where
addition to the cross section and the analyzing power
polarization transfer coefficient and the spin correlation o
are briefly discussed, and in Sec. IV the effects of ot
reaction channels are investigated. Section V is devoted
summary, discussion, and perspective.

II. EXPERIMENTAL DETAILS AND RESULTS

The d 3He experiment was carried out at RIKEN Acce
erator Research Facility fors and T20. Polarized deuteron
beam was provided by the high-intensity polarized i
source@13#. Three polarization modes~unpolarized and two
tensor-polarized modes! were cycled every 5 sec. The bea
polarization was measured with a polarimeter based on
d1p elastic scattering after acceleration to 140, 200, a
270 MeV. It was monitored continuously during a run a
obtained to be typically 60–80 % of the ideal value. AtEd
5200 and 270 MeV, detectors were placed at the an
whereT20 vanishes so that the polarimeter could work a
beam intensity monitor independent of beam polarization

A cryogenic 3He gas target was bombarded by the pol
ized deuteron beams. The size of the target was 13 mm~20
mm! wide, 15 mm~20 mm! high, and 20 mm~10 mm! thick
in the case of 270 MeV~140, 200 MeV! measurement. En
trance and exit windows were 6mm thick Havar foils. The
02460
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gas pressure~;1 atm! was measured with a Baratron gaug
Temperature of the target was monitored by using a di
thermo-sensor and found to be about 11 K throughout
experiment. The density of the3He gas was 6.631020 cm23.

Scattered3He particles were momentum-analyzed in t
magnetic spectrograph SMART@14# and detected by a mul
tiwire drift chamber and plastic scintillators placed at t
focal plane. The total beam charge was measured wit
Faraday cup placed in the first dipole magnet and the be
intensity was monitored by the polarimeter described abo

In the off-line analysis, data foru lab<1.4° were used. The
background spectrum from the (d,3He) reactions on Hava
foils was subtracted to obtain the net yield for thed3He
events. Signal-to-noise ratio at the peak region was 4–2
depending on the beam energy. The tensor analyzing po
T20 was deduced from the ratios of yields for three polariz
tion modes.

The measured cross sections and analyzing powers
statistical errors are given in Table I. The systematic err
of s andT20 are610 and62 %, respectively. The former is
mainly due to the uncertainties of both the beam intens
and the target thickness, whereas the latter is due to the
certainty of the beam polarization.

III. PWIA ANALYSES

The theoretical analyses are performed first by the PW
The approximation is rather crude but is still useful to obta
the qualitative feature of the reaction at the intermediate
ergies@2,8#. Analyses by extended formulas which includ
the effect of virtual excitations of other reaction chann
will be presented in the next section.

The 3He wave function in thepd cluster configuration is
given by

CHe5(
nd

S 1

2
1npndU 1

2
nHeDxnp

xnd

u~k!

A4p

1 (
nd ,m

S 1

2
1npndU 3

2
n D

3S 3

2
2nmU 1

2
nHeDxnp

xnd
Y2m~ k̂!w~k!, ~1!

wherek is the proton-deuteron relative momentum in3He,
xnp

and xnd
are the wave functions of the proton and t

deuteron, andn ’s are thez components of their spins. In th
PWIA for thed 3He scattering, the proton transfer is induc
by proton-deuteron interactions as the neutron transfer
neutron-proton interactions in thedp scattering@8#. We de-

TABLE I. Measured cross sections and tensor analyzing pow
in d 3He backward elastic scattering with statistical errors.

Elab ~MeV! 140 200 270

s ~mb/sr! 16.360.1 8.5660.03 0.9760.08
T20 0.0760.02 0.1560.01 0.1760.03
2-2
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REACTION MECHANISM AND CHARACTERISTICS OF . . . PHYSICAL REVIEW C 61 024602
note the proton-deuteron scattering amplitude at the mom
tum k by t(k), neglecting the spin dependence similarly
thedp case. Referring to the calculation of thedp scattering,
we get nonvanishing independentT matrix elements
^nHe8 ,nd8uMunHe,nd& for the proton transfer in thed 3He
backward elastic scattering as

K 1

2
,1UMU12,1L 5

t~k!

4p H 2

3
u~k!21

2A2

3
u~k!w~k!1

1

3
w~k!2J ,

~2!

K 1

2
,0UMU2 1

2
,1L

5 K 2
1

2
,1UMU12,0L

5
t~k!

4p HA2

3
u~k!22

1

3
u~k!w~k!2

A2

3
w~k!2J ,

~3!

K 2
1

2
,0UMU2 1

2
,0L

5
t~k!

4p H 1

3
u~k!22

2A2

3
u~k!w~k!1

2

3
w~k!2J ,

~4!

wherek is related to the incident deuteron momentumkd as
k5 1

3 kd @8#. The matrix elements~2!–~4! are equivalent to
those in thedp backward scattering except for the factor2

3 ,
when nHe is replaced bynp and t(k) by the n-p scattering
amplitude. Then the cross sections and the tensor analyzin
powerT20 are given as

s5S m

2p D 2 1

3 S ut~k!u
4p D 2

@u~k!21w~k!2#2 ~5!

and

T205
2A2r 2r 2

A2~11r 2!
with r 5

w~k!

u~k!
. ~6!

Herem is the reduced mass of thed3He system. Using Eqs
~2!–~4!, one can also calculate other polarization obse
ables, which are equivalent to those in thedp scattering. For
example, the polarization transfer coefficientk05 3

2 Ky
y(d

→ 3He) and the spin correlation coefficientCyy are given as

k05
1

11r 2 S 12
1

A2
r 2r 2D ~7!

and

Cyy5
2

9~11r 2!2 S 12
5

A2
r 13r 21A2r 322r 4D . ~8!
02460
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The quantitiesT20 andk0 satisfy the equation of a circle a
in dp scattering,

S T201
1

2A2
D 2

1k0
25

9

8
. ~9!

At the low-energy limit wherer 50, T2050, and k051.
With the increase of the incident energy, the magnitude or
is increased and the point defined by a set ofk0 andT20 in
the k02T20 plane moves along the above circle clockwi
for r ,0 and counterclockwise forr .0. As will be seen
later, the former is the case of thedp scattering and the latte
that of thed 3He one. More details can be found in Ref
@8–10#.

For the Faddeev calculation of3He, we will specify the
nucleon-nucleon (NN) force to the AV14 potential@15# and
the three-nucleon (3N) force to the 2p-exchange Brazil
model @16#. The Coulomb interaction is discarded and t
3He nucleus is approximated by the triton. These potent
give the binding energy of the three-nucleon system as 8
~7.68! MeV with ~without! the 3N force @12#. In Fig. 2~a!,

FIG. 2. ~a! Wave functions of3He and deuterons normalize
properly.u(k) andw(k) are theSandD components, respectively
~b! The D to S wave-function ratior for 3He and deuterons. The
solid lines are for3He and the thin solid lines for the deuteron. Th
dash-dotted lines are for3He including the contribution of the Bra
zil 3N force.
2-3
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M. TANIFUJI et al. PHYSICAL REVIEW C 61 024602
the calculatedu(k) andw(k) are shown as the functions ofk
and are compared to those for the deuteron by the sameNN
force. The wave functions of3He have similark dependence
to those of the deuteron in a global view but with the opp
site sign ofw(k) for most k. Due to the different sign of
w(k), the calculatedr of 3He has the opposite sign to that
the deuteron except at largek as is shown in Fig. 2~b!. This
characteristic ofr is consistent with the result of Ref.@17#
that the asymptoticD-state toS-state ratio in3He has the
opposite sign to that in the deuteron. The quantityr is infinite
at the zero point ofu(k), k5k0u , which is located at almos
the samek for 3He and the deuteron,k0u50.40 GeV/c. The
zero point of w(k) for 3He, k5k0w , is located at abou
k0w50.79 GeV/c (0.96 GeV/c) with ~without! the 3N force.

The analysis of the measured cross section will not fu
be performed because the cross section depends on
proton-deuteron scattering amplitudet(k) as is seen in Eq
~5!, and reliable information oft(k) is not available at the
present. In Fig. 3, however, a crude estimation which
sumes thek dependence oft(k) to be negligible for the rel-
evant energies is presented. The calculation describes
global feature of the energy dependence of the meas
cross section. This will encourage further investigations
the scattering by the assumption of the transfer mechan

The characteristics ofr in Fig. 2 are reflected toT20 of the
scattering as shown in Fig. 4~a!, where comparisons will be

FIG. 3. Cross sections ofd 3He backward elastic scattering. Th
closed circles are the present experimental data. The solid lin
calculated bys;@u(k)21w(k)2#2, which is suitably normalized to
the data.
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made in two ways; one is the comparison ofT20 between the
d 3He scattering and thedp one and the other is that ofT20
between the calculated and the measured for the same
tering. Due to the opposite sign ofr, in a small-k region, the
calculatedT20 for the d 3He scattering has the opposite sig
to that for thedp one. In the figure, the measuredT20 for the
d 3He scattering by the present experiment is shown toge
with that for thedp scattering in Ref.@9# and their signs are
opposite to each other. Since thedp andd 3He scattering in
the transfer model are essentially (d,p) stripping and
(d, 3He) pickup reactions, although the incident energies
higher than the conventional stripping and pickup reactio
the above feature is compared to that of measuredT20 for
(d,p) and (d,t) reactions at low energies, whereT20 of the
former reactions has the opposite sign to that of the latte
a wide angular range@17,18#. This nature of the sign of the
measuredT20 indicates that the proton-pickup mechanism
a reasonable model for thed 3He backward scattering. In
both of thed 3He anddp scattering, the calculatedT20 at the

is FIG. 4. T20 as a function ofk. In ~a!, the solid and dashed line
describe the PWIA calculations by the AV14 potential for thed 3He
scattering and that for thedp scattering, respectively. The close
circles are the present experimental data for thed 3He scattering and
the open circles are the data for thedp scattering in Ref.@9#. The
thin solid line is fordp scattering, which includes effects of virtua
excitations of other reaction channels.~b! describes the dependenc
of T20 on the nuclear interactions employed for thed 3He scattering.
The solid and dotted line are for the AV14 and NijmII potentia
respectively, and the dashed line includes the Brazil 3N force in the
case of the AV14 potential.
2-4
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REACTION MECHANISM AND CHARACTERISTICS OF . . . PHYSICAL REVIEW C 61 024602
small k reproduces the qualitative feature of thek depen-
dence of the measured one, although the magnitudes o
calculated are larger than those of the measured. This q
tative agreement of the calculation to the experiment s
ports the assumption of the proton-transfer mechanism
the d 3He scattering. In Fig. 4~b!, as an example of calcula
tions by other potentials,T20 by the recently proposed NijmI
potential @19# is compared to that by the AV14 one. Th
calculatedT20 are very similar to each other up tok'0.6
GeV/c and the difference due to the potential employed
seen at largerk. In the figure, the effect of the 3N force,
which arises through high-momentum components of
3He wave function, is shown for the AV14 potential. In larg
k region, the contribution of the 3N force to T20 becomes
large and the second zero point ofT20 is shifted from k
50.96 GeV/c to k50.79 GeV/c due to the 3N force.

In Figs. 5~a! and 5~b!, the calculatedk0 and Cyy are
shown for the AV14 and NijmII potentials. The dependen
of k0 andCyy on the choice of the potential is weak, up
aboutk'0.6 GeV/c. The 3N force effect is shown in the
figure but is less remarkable compared to that inT20.

IV. VIRTUAL EXCITATION OF OTHER
REACTION CHANNELS

Now we will extend the theoretical framework to a mo
general one so as to include effects of other reaction chan

FIG. 5. The PWIA calculations ofk0 ~a! andCyy ~b! in d 3He
scattering as functions ofk. The solid and dotted lines are for th
AV14 and NijmII potentials, respectively, and the dashed lines
clude the Brazil 3N force in the case of the AV14 potential.
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@10#. Let us first transform the originalT-matrix elements
^nHe8 ,nd8uMunHe,nd& into U, T, andT8 as

U5
9

2A2
K 1

2
,1UMU12,1L 13K 1

2
,0UMU2 1

2
,1L

1
3

A2
K 2

1

2
,0UMU2 1

2
,0L , ~10!

T52K 1

2
,1UMU12,1L 2A2K 1

2
,0UMU2 1

2
,1L

22K 2
1

2
,0UMU2 1

2
,0L , ~11!

T85
1

4 K 1

2
,1UMU12,1L 2

1

A2
K 1

2
,0UMU2 1

2
,1L

1
1

2 K 2
1

2
,0UMU2 1

2
,0L . ~12!

Here,U, T, andT8 are free from the PWIA in principle. It is
shown by the invariant-amplitude method@10# that U is the
scalar amplitude in the spin space and describes the sca
ing by central interactions andT and T8, the second-rank
tensor ones, describe the scattering by tensor interaction
the PWIA limit, as will be seen later, contribution of theS
state of3He @u(k)2# is included inU, that of the interference
between theSstate and theD state@u(k)w(k)# in T and that
of theD state@w(k)2# is divided into two amplitudes,U and
T8, according to their tensorial character. Secondly, we
troduce the relative magnitudes and phases betweenU, T,
andT8 as

uTu
uUu

[R,
uT8u
uUu

[R8, uT2uU[Q, and uT82uU[Q8.

~13!

Then we get the general form ofT20 in terms ofR, R8, Q,
andQ8 as

T205$2A2R cosQ2R2232R82112RR8cos~Q82Q!%/NR ,
~14!

NR5A212A2R2134A2R8224R8cosQ8, ~15!

which is exact except for the proton-transfer assumpti
Since these formulas are the same as those in thedp case
@10#, we will follow their analyses.

We will calculateR andR8 by the PWIA and treatQ and
Q8 as the adjustable parameters. This treatment ofQ andQ8
takes into account effects of virtual excitations of other
action channels phenomenologically since the virtual exc
tions of the channel induces imaginary parts in the transit
amplitudes to varyQ and/orQ8. These effects can be ne
glected inR and R8 since the neglect has not induced si
nificant errors in the calculation ofT20 of the dp scattering
except at very largek @10#. The range ofQ and Q8 will

-

2-5
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M. TANIFUJI et al. PHYSICAL REVIEW C 61 024602
generally be2p<Q(Q8)<p. In the following,Q andQ8
are treated to bek independent for simplicity, althoughQ
andQ8 vary with k in principle. The amplitudesU, T, andT8
in the PWIA limit are calculated as

U53A2S u~k!21
1

4
w~k!2D t~k!, ~16!

T53A2u~k!w~k!t~k!, ~17!

and

T85
3

4
w~k!2t~k!. ~18!

ThenR andR8 are obtained as

R5
4ur u

41r 2
and R85

r 2

A2~41r 2!
. ~19!

In addition, when we choose the PWIA limit forQ andQ8,
i.e., Q50 for k,k0u and k.k0w and p for k0u,k,k0w ,
andQ850, Eqs.~14!, ~15!, and~19! give the previous result
Eq. ~6!. SinceQ changes atk5k0u andk5k0w , in the fol-
lowing we will identify Q by the value fork,k0u , for sim-
plicity.

By the numerical calculation, we will study the effects o
T20 by varyingQ and/orQ8, specifying the potential to the
AV14 one. First we will examine the calculation without th
3N force. In Fig. 6~a!, effects of variations ofQ are de-
scribed for typicalQ by fixing Q8 to the PWIA limit, where
the result is shown for positiveQ sinceT20 in this case is
independent of the sign ofQ as seen in Eqs.~14! and ~15!.
The k dependence ofT20 varies remarkably withQ. At k
5k0u(r 5`) and k5k0w(r 50), T20 are independent ofQ
and are21/A2 and zero, respectively. The calculation
Q560° describes the present data very well and indica
the importance of the virtual excitation of other channels
the quantitative description of the data. In Fig. 6~b!, we show
the Q8 dependence ofT20 with typical Q8 by fixing Q50,
where the result is shown for positiveQ8 because of the
independence on the sign ofQ8 @see Eqs.~14! and ~15!#.
None of the calculations with variations ofQ8 reproduces
our data ofT20 in the small-k region. However, the calcula
tions for Q85120° and 180° produce resonancelike stru
tures aroundk5k0u , which are similar to the structure foun
in thedp scattering observed atk50.320.45 GeV/c in Fig.
4~a!. There the calculation by Eqs.~14! and ~15! with Q
5180° ~PWIA limit ! andQ85120° for thedp scattering is
shown to exhibit that the virtual-excitation effect reproduc
the structure.

As examples of combined effects ofQ andQ8, we vary
Q8 fixing Q560° in Fig. 6~c!. The calculatedT20 in the
small-k region is little affected by the variation ofQ8, re-
producing our data. On the other hand, the calculations
Q85260°, and2120° produce structures similar to tho
in Fig. 6~b!. ThereforeQ andQ8 play different roles in the
calculation ofT20; i.e., T20 in the small-k region is mainly
governed by the magnitude ofQ, while the resonancelike
02460
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structure in the mediumk is produced by proper choices o
Q8. In Fig. 6~c!, the calculatedT20 at k5k0u is concentrated
in a narrow range of the magnitude ofT20. This is due to the
weak dependence ofT20 on Q8 at k5k0u as seen in Eqs.~14!
and ~15!, and thus the measurement atk5k0u will provide
less ambiguous examinations of the reaction mechan
These features ofT20 are similar to those in thedp scattering
@10#.

In Figs. 6~a! and 6~b!, we show the effect of the 3N force,
as examples, forQ5120° in Fig. 6~a!, andQ85120° in Fig.
6~b!. The qualitative nature of the effect is similar to that
the PWIA limit in Fig. 4~b!; T20 for large k is remarkably
affected by the 3N force, reflecting that the 3N force domi-
nantly affects thep-d wave function at small distance. Th
second zero point ofT20, which is independent ofQ and
Q8, is moved tok50.79 GeV/c from 0.96 GeV/c by the
force.

FIG. 6. Effects of virtual excitations of reaction channels
d 3He scattering. The calculations are by the AV14 nuclear pot
tial. In ~a!, the dashed, solid, dotted, and dash-dotted lines are
calculations forQ50°,60°,120°, and 180° fixingQ850° without
the 3N force, respectively. The thin solid line includes the 3N-force
effect for Q5120°. In ~b!, the dashed, dotted, dash-dotted, a
solid lines are the calculations forQ850°,60°,120°, and 180° fix-
ing Q50° without the 3N force, respectively. The thin solid line
includes the 3N-force effect forQ85120°. In ~c!, the dashed, dot-
ted, solid, and dash-dotted lines are the calculations forQ8
560°,120°,260°, and 2120° fixing Q560° without the 3N
force, respectively. The closed circles are the present experime
data for thed 3He scattering.
2-6
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V. SUMMARY, DISCUSSION, AND PERSPECTIVE

In the present paper, we have investigated the cross
tion and the spin observables in thed 3He backward elastic
scattering by the theory and the experiment. The the
which assumes the proton-transfer mechanism has pred
T20, k0, andCyy in a wide range of the intermediate ene
gies. In the low-energy region of the range,s andT20 have
been measured. The global feature of the energy depend
of s is reproduced by the PWIA calculation with the energ
independentp-d scattering amplitude and the measuredT20
is described qualitatively by the PWIA prediction. The3He
wave function is obtained by solving the Faddeev equat
At small k, the sign ofw(k)/u(k) of 3He is different from
that of the deuteron and this explains the sign of the m
suredT20 in thed 3He scattering to be opposite to that in th
dp scattering. These give strong support to the assump
that the dominant reaction mechanism is the proton tran
from 3He to the deuteron. The quantitative difference b
tween the measuredT20 and the PWIA one has been e
plained by including the effect of the coupling to other cha
nels. More details will be discussed later. The formula ofT20
in the d 3He scattering looks similar to the one in thedp
scattering. However, the difference of the internal wa
functions between3He and the deuteron produces the diffe
ent features ofT20 for most k. The calculatedT20 depends
weakly on the NN interaction employed, up tok'0.6
GeV/c. The 3N force contributes toT20 through the high-
momentum components of thep-d wave functions in3He.
The 3N forces, which have a long history since the pione
works in Ref.@20#, have recently been investigated in det
by analyzing cross sections, analyzing powers and so
spin-correlation effects in then-d scattering@21,22# and the
cross sections in then-t one@23#. The measurement ofT20 at
largek in the d 3He backward elastic scattering will provid
additional information of the 3N force.

The effect of the virtual excitation of other reaction cha
nels is considered through the imaginary part of the sca
ing amplitudes, which are parametrized byQ and Q8. The
calculations withQ560° are successful in reproducing th
small-k data. This effect will be interpreted as the virtua
breakup effects, mainly of the deuteron, by the analogy
the dp case. In the case ofdp scattering the calculations b
Q5120° –135° which differ from the PWIA limit (Q
02460
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ry
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5180°) by 60° –45° have described the measuredT20 at the
small k @10# and thisQ effect has been interpreted as th
deuteron-breakup contribution, because below the p
threshold the breakup is the only one open channel stron
coupled to thedp one. In the present scattering, the lar
magnitude ofQ8 produces the resonancelike structure, wh
is similar to that observed in thedp scattering. If the virtual
excitation of the transferred nucleon to theD state@Fig. 1~b!#
is responsible for producing the structure in thedp scatter-
ing, similar effects will also be expected in thed 3He scat-
tering as shown in Fig. 1~d!. Thus it will be interesting to
examine by experiments if such structures are observe
should be noted that the effects ofQ and Q8 on T20 have
been studied by using the AV14NN potential and the Brazil
3N force. However, the essential features of the effects w
be unchanged by other choices of the nuclear interact
except in the large-k region.

In the present investigation, thek dependence ofQ and
Q8 is not considered. Since they depend onk in principle, a
particular set ofQ andQ8 might be valid in a limited range
of k. At present,Q560° with anyQ8 reproduces the data
betweenk50.1 and 0.2 GeV/c, indicating that such sets o
Q andQ8 are valid in this range ofk. In thedp scattering, as
shown in Fig. 4~a!, a set ofQ andQ8 reproduces the globa
feature of the data in a wide range ofk. This suggests a set o
Q andQ8 to be applicable in a wide range ofk in thed 3He
scattering as well.

Finally, although numerical results are not displayed,
effects of virtual excitation of other channels onk0 andCyy
are small at smallk. However, their contributions have ap
preciable magnitudes atk;0.2 GeV/c. Therefore, the mea
surements of these quantities in thisk region will give infor-
mation of Q and Q8, such as the validity of the
phenomenological value,Q'60°. Because the predictedT20
has interesting features, experiments at higher energies
desirable, which will provide valuable information of th
nuclear interaction and the reaction mechanism. In particu
the measurement ofT20 at k;0.4GeV/c will be one candi-
date to obtain the convincing evidence of the react
mechanism becauseT20 there is almost independent ofQ
and Q8. Further refinements of the theory, which includ
relativistic effects, will be made when higher-energy da
become available.
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