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Cross sections and vector and tensor analyzing powers for the main levels in Pb have been measured

via the Pb(d, t) Pb reaction at 200 and 360 MeV incident energies. A~ and A» spin observables al-

low a clear identification of the valence levels, especially at 200 MeV. The results are compared with

finite range distorted-wave Born approximation calculations using the Paris projectile-ejectile form fac-
tor including the S and D components. The analysis shows a large effect of the D component on the ten-

sor analyzing powers at the most forward angles. At both energies, the spin part of the deuteron optical
potential is very important to describe the analyzing powers and especially A». A good description of
all observables at 200 MeV allows this reaction to be used as a spectroscopic tool.

PACS number(s): 25.40.Hs, 24.70.+s

I. INTRODUCTION

Pickup reactions have long been used to determine the
orbital angular momentum I of the single hole component
of nuclear wave functions. At low incident energy this
determination relies on the angular distribution of the
cross sections, especially on the location of the first max-
imum. Such characteristic dependence is more or less
lost in the reactions induced by high energy projectiles
( ~ 70 MeV), which are, however, necessary to investigate
high-lying states in the residual nuclei. On the other
hand such high energy pickup reactions are strongly
selective of large l transfers over the whole range of exci-
tation energies. This property has proved to be quite use-
ful in the investigation of deep hole states [1].

Besides, it is well known that the angular distribution
of the vector analyzing power A gives some additional
information about the total angular momentum j of the
transferred nucleon. Using vector polarized beam essen-

tially, the (p, d ), (d, t ), or (d, He) experiments have been
mainly performed with low or medium incident energy
beams (E (70 MeV) on light to medium nuclei
(A =120). Under these conditions, the identificatiori of
j=l+—,

' vs j=l—
—,
' states is best achieved for the small I

values.
At the incident energy of 79.4 MeV, the
Pb(d, He) Tl reaction [2] has proved to be a power-

ful spectroscopic tool for the 1=2 transitions. On the
other hand, distorted-wave Born approximation (DWBA)
analysis at higher incident energies (E=90 MeV), has
difficulties in reproducing the data of (d, t) and (d, He}
reactions on light and medium nuclei [3].

At energies around and beyond 90 MeV [4—6] most
efforts have concentrated, up to now, on the (p, d) reac-

tion with special attention on I transfer lower than or
equal to 3, even on sPb target [5]. It has been shown,
especially at 200 MeV [6] on light-medium nuclei, that
the specific features of cross sections and A„angular dis-
tributions are poorly or not reproduced even with exact
finite range DWBA calculations. On the other hand, the
j dependence of the tensor analyzing power A „,in addi-
tion to the usual vector analyzing power A~, has been re-
centgl observed at Ed =16.2 MeV for transitions induced
by (d, t ) and (d, He) reactions on s dshell nucl-ei [7].

In the present work we investigate the properties of the
(d, t) reaction at much higher incident energies, namely
at Ed =200 and 360 MeV with a vector and tensor polar-
ized deuteron beam, in order to gain new information on
large l neutron hole states, especially in the inner shells
[8]. This paper deals with the experimental results and
the analysis of the cross sections, vector and tensor
analyzing powers measured for reference levels in the

'Pb(d, t} Pb reaction. The first lii3&z, ih9&z, 2f5&z,
and 2f7/2 valence levels, which have large spectroscopic
factors and the largest cross sections, are well suited to
check the DWBA description of the reaction at these two
energies. The cross section angular distributions are
nearly exponentially decreasing with angle, but the vector
and tensor analyzing powers are found to exhibit very
characteristic features, especially at Ed =200 MeV.
These characteristic features have been used to analyze
higher-lying excited groups or structures in Pb, both in
the region of valence and inner hole states. These last re-
sults will be presented in a forthcoming paper [9].

II. EXPERIMENTAL PROCEDURE

%'e have taken advantage of the polarized deuteron
beam available at the Laboratoire National Saturne
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The quantity A, deanery by

Ao =(Ns N6 N7+Ns ) gN,

and which should be zero [10], was found to be zero
within a +0.01 error, taking into account the beam po-
larization and assuming the same integrated number of
incident deuterons on the target in each state.

The Pb target, isotopically enriched to 99.14%, was
16.7 mg/cm thick. The spectrometer slits were fixed to
achieve a horizontal and vertical aperture angle of 2.4
and 2', respectively. The scattering angle was determined

(LNS). Deuterons polarized in four different states called
5, 6, 7, and 8 [10]which are linear combinations of vector
and tensor polarization states were accelerated sequen-
tially in successive bursts.

The outgoing tritons labeled with the corresponding
deuteron polarized state were analyzed by the high reso-
lution spectrometer SPES 1 working in the dispersion
matching mode, using the "standard" detection at the fo-
cal plane [11]. No special selection of the tritons was

needed as background events were negligible.
Two scintillation telescopes, one in the reaction plane

at —45', the other in the vertical plane at 50, were used
to continuously monitor the beam. The counting rates
were averaged over the four polarization states. The two
monitors were calibrated at each energy by the carbon
activation method used at the LNS [12]. The two cali-
brations performed at the beginning and at the end of the
measurements at each incident energy were found in fair
agreement (less than 10%) for the telescope placed in the
vertica1 plane. The difference reached about 20% for the
second telescope, probably due to an instability of the
voltage setting. The mean results obtained with the first
telescope were adopted to calculate the cross sections at
the two incident energies. The statistical errors on the
cross sections were a few percent or less, except for the 2p
levels. We adopted an estimated uncertainty of 10% on
the cross sections at each angle, comparable to the ob-
served calibration shifts. An additional systematic error
of about 10% on all cross sections taking into account
the uncertainties on activation measurements cannot be
excluded.

The vector and tensor polarization parameters p, o and

p20 of the deuteron beam were periodically measured with
the low energy d(d, p)t polarimeter [10]. They were
found to be very stable at p&0= —0.370+0.015 and
pzo=0. 595+0.010 which correspond typically to 90%
and 85% of the maximum values of the vector and tensor
polarization parameters. Calibration of the low energy
polarimeter with dead time corrections may account for
an additional 5% systematic errors on the deduced A

and A„values for the relations
I /2

2
A

to better than 0.1' in reconstructing the trajectories. For
each measurement, the horizontal acceptance was divid-
ed in three intervals of 0.8' at Ez =200 MeV and in two
intervals of 1.2' at E& =360 MeV.

The measurements were performed at six angular set-
tings of the spectrometer from 3' to 18 at Ez =200 MeV
and from 3' to 15' at E&=360 MeV. The off-line data
reduction program corrects for the small dependence of
the position at the focal plane on the vertical and hor-
izontal angle of the trajectory in the spectrometer. The
energy resolutions were then 120 and 140 keV at E& =200
MeV and E& =360 MeV, respectively, partly due to the
beam transport settings, to the precision of the localiza-
tion achieved by the drift chambers at the focal plane,
and to the target thickness effects.

III. EXPERIMENTAL RESULTS

Typical spectra taken at E& =200 and 360 MeV in the
excitation region of the six valence levels are shown in
Figs. 1(a) and l(b). The li, 3/z level dominates at both en-
ergies while the 2p states are very weakly excited. The
two weak groups around the —,

' state will be discussed in

a forthcoming paper together with the large number of
higher-lying valence fragments with small spectroscopic
factors. Special care has been taken using a peak fitting
procedure to separate the pure —', state cross sections.
Only the central part of the corresponding peak was tak-
en into account in the analyzing power measurements.

At these small angles the 1h9/p and 2f7/2 cross sec-
tions are comparable at 200 MeV while the 2f7/2 level is
relatively less excited at 360 MeV, which indicates an
enhanced selectivity for l ~5 at 360 MeV. The experi-
menta1 cross-section angular distributions are displayed
in Figs. 2 and 3 at 200 and 360 MeV, respectively, for the
main valence levels. The comparison of the cross sec-
tions at the smallest experimental angles shows that the
lh9/2 and li&3/2 levels are less excited at 360 MeV than
at 200 MeV by a factor of =4—6. This is also true for the
2fs/2 and 2f7/2 levels but the factor is then =15—25.
The cross-section angular distributions are structureless
at both energies with rather similar slopes for all levels at
E& =360 MeV. At E& =200 MeV, the 2f and 2p levels
have clearly the steepest slopes. The li, 3/2 level slope is
steeper than that of the 1h9/2 level. The l =1 cross sec-
tions being so weak at 200 MeV and more evidently at
360 MeV, we will not discuss in the following part of this
article the observables associated with these badly
matched transitions.

The angular distributions of the vector and tensor
analyzing powers displayed in Fig. 4 (200 MeV) and Fig.
5 (360 MeV) change drastically with the characteristics of
the level. One may notice that l —

—,
' transitions exhibit

larger A values than l+ —,
' transitions over most of the

angular range.

IV. ANALYSIS AND DISCUSSION

If P„=A'K„and P, =%K, are the asymptotic momenta
of the deuteron and the triton in the entrance and the exit
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channels, respectively, the momentum transfer in the
projectile-ejectile system in a simple plane wave calcula-
tion is defined as q = ~Kd —

—,'K, ~. At 0 this momentum

transfer is about 0.9 fm ' at 200 MeV and 1.4 fm ' at
360 MeV. This means that at these high incident ener-

gies finite range DWBA calculations are necessary. In a
recent work [13], the projectile-ejectile form factor, or
range function [14], has been calculated in a consistent

way; it is defined as the overlap function
2)(r) = ( +r ~ V,„+V,„~ tlid tIr„) where tlid and qr, are the
deuteron and triton wave functions and 4„ is the spinor
of the transferred neutron in the target. The nucleon-
nucleon interaction V,.„ is also used to generate the deute-

ron and triton wave functions. The calculations of the S
and D components of $(r) have been done with the Ar-

gonne [151 «bana [16], Super Soft Core (SSC) [17],and
Paris [18] potentials. It appears that, in the momentum
space, &(q) is similar for each type of interaction. In the
following, we will compare the present (d, t) data with
DWBA calculations performed with the DwVcK5 code
[19]using the Paris range function. The discussion of the
small differences observed with the different range func-
tions is beyond the scope of the present paper [13).

The neutron form factors of the target nucleus were
calculated by the separation energy method, choosing the
Woods-Saxon geometry calculated by Mahaux [20] for
the different quasihole states (typically ra=1.22M 'y fm
for the radius and ao =0.70 fm for the diffuseness).
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FIG. 1. Pb excitation energy spectra at (a) Ez =200 MeV
and (b) E„=360MeV.

FIG. 2. Cross-section angular distributions at Ed =200 MeV;
experimental and theoretical cross sections. Solid line: Finite
range calculations with S and D components and with optical
parameter set 8. Dashed line: Finite range calculations with S
and D components and with optical parameter set A. Dotted
line: Zero-range calculations with ZR parameter set.
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The influence of different optical parameters, the role
of the S and D components, the transition dependence on
nlj, and zero-range two-step calculations are discussed in
the following paragraphs.

The optical potentials used in this analysis are not
corrected for the nonlocality, which is not we11 known at
intermediate energies. The sets A and 8 given in Table I
correspond, respectively, to the starting and final set of
optical parameters and the set ZR is used in the zero-
range calculations. The spectroscopic factors for the
main excited levels, deduced with the different parameter
sets, are summarized in Table II.

A. Optical parameters: adopted sets

All the analyses given in this paragraph correspond to
calculations including the S and D components in the
range function. At a first stage, we have used the deute-
ron parameters deduced from elastic scattering data pre-
viously obtained at Ed =200 MeV on Ni [21] thus lead-
ing to the sets D200A. The parameters obtained at
Ed =400 MeV also on Ni [21] were slightly modified to
get the parameter set D360A. An energy dependence es-
timated for nucleons at half the deuteron incident energy
was used [22]. We have tried to describe the triton rela-
tive motion using the He optical parameters deduced by

0.5—
i 13/2

E,=200 MeV —Pf3riS

i 13/2

A„

-0.5
: bg/2

0.5—

Willis et al. [23] from their analysis of 217 MeV He elas-
tic scattering data. D%'BA calculations with this triton
optical potential could not at all reproduce the angular
distributions of the measured observables at Ed=200
MeV. The exit channel potentials at both energies were
then built on a very simplified but successful [24] adiabat-
ic approach, by just adding neutron and proton potentials
calculated at a third of the triton energies, giving the sets
T200A and T360A. The central part and the spin-orbit
terms were calculated fo11owing the generalization of
Keaton [25] for the A =3 system. The energy depen-
dence of the parameters was taken from the systematic of
Schwandt [22].

The D%BA predictions obtained at 200 MeV with the
Paris interaction and the optical sets A are compared
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FIG. 3. Cross-section angular distributions at Fd =360 MeV;
experimental and theoretical cross sections. Solid, dashed, and

dotted lines as in Fig. 2.
FIG. 4. Experimental and calculated analyzing powers at

Fd =200 MeV. Solid, dashed, and dotted lines as in Fig. 2.
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with the experimental angular distributions in Figs. 2 and
4. The calculations reproduce fairly well the cross-
section angular distributions, except for the 1h9/2 state
beyond 6. The calculated slope of this level is slightly
steeper at forward angles than that of the li, 3/2 level,
contrary to the experimental data.

The calculated vector and -tensor analyzing powers of
the 1h9/2 and 2f5/2 levels differ strongly from the experi-
mental data. As shown in Table II, the spectroscopic fac-
tors deduced for the li, 3/Q and 2f 7/p levels agree fairly
well with the values adopted in most of the previous
works, while those of the j=I —

—,
' levels lh9/z and 2f5/z

are found somewhat smaller.
At 360 MeV the description of the A angular distribu-

tions using parameter set A (Fig. 5) is qualitatively good,
except for the vector analyzing power of the 2f~/2 level.
The shapes of the tensor analyzing powers A are only
poorly reproduced. On the other hand the slopes of the
cross-section angular distributions (Fig. 3) are not well
reproduced and moreover the relative spectroscopic fac-
tors, as shown in Table II, are not consistent with the
values obtained at lower energies.

We tried to improve the description of the reaction, at
both energies, searching for better agreement on the an-
gular distribution shapes, and on the ratio of the 1h9/Q
over li/3/2 spectroscopic factors. The optical potentials
were modified by changing the central parts or the L S

terms or by introducing a diagonal tensor term in the
deuteron channel as discussed below.

1. Reaction at 200MeV

a. Central part. The effects of about 10% change on
the deuteron and triton potential parameters were
checked. The shape of the 1h9/2 cross-section angular
distributions is significantly improved by decreasing the
depth of the deuteron real potential and slightly the ra-
dius of the triton real potential (see Table I, potential set
B). The ratio of the 1h9/p and li&3/Q spectroscopic fac-
tors increases when a larger surface thickness of the tri-
ton imaginary potential is used.

The choice of the deuteron and triton central poten-
tials has only small effects on analyzing powers except the
real depth of the deuteron potential which changes
significantly the 1h9/2 tensor analyzing power beyond
0=8'.

b. Spin-dependent part. We checked that the spin part
in the triton channel plays a minor role in the description
of the observables. On the other hand we found a strong
dependence on the spin part in the deuteron channel. In
the analysis of their data, Nguyen et al. [21] obtained a
good description of the three observables do/dQ, A~,
and A~~ with or without an imaginary term W&, in the
deuteron optical potential, so they chose the value
8'I, =0 which we have adopted in the analysis of the
(d, t) reaction with the set A. However a nonzero 8'~,
term leads to an overall better description of the vector
analyzing powers. The tensor analyzing powers are also
improved for the 1h9/2 and 2f5/2 states but they are
deteriorated for the li13/2 and 2f7/2 states. The addition
of an imaginary diagonal tensor term W, (with a

1

Woods-Saxon first derivative shape) in the deuteron chan-
nel [31], the main effect of which is to increase the A ~
values beyond =8', allows a reasonable fit of both A„and
A observables. The role of Wf, and W, (Table I, set B)
on analyzing powers is illustrated in Fig. 6 for the ii&3/2
and 1h9/2 states. It is interesting to notice that while the
calculated values of A and especially A beyond =8'
depend on WI, and 8'„ this dependence is weak at the
forward angles. The spin-dependent part of the deuteron
channel has only slight effects on the cross-section angu-
lar distributions.

2. Reaction at 360MeV

-0.5
- f5/2
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I

0 4
I I I 05
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8, ~ (deg)
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FIG. 5. Experimental and calculated analyzing powers at
Ed =360 MeV. Solid, dashed, and dotted lines as in Fig. 2.

It is more diScult at this energy to understand in detail
how the optical parameters modify the description of the
reaction. We have tried, without any success, to improve
the fits to the shape of the cross-section angular distribu-
tions by changing the central part of the deuteron and tri-
ton potentials. The spin part of the deuteron potential is
very important to describe the A„angular distributions
beyond =8' (see Fig. 5). With imaginary depths W,

(Woods-Saxon first derivative) and W, (Woods-Saxon

second derivative) of tensor operators (Table I, set
D360B) we can reproduce the A angular distributions.
The spin parameters have generally small effects on A„
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TABLE II. Spectroscopic factors extracted from the Pb(d, t ) data at Ed =200 and 360 MeV.

C S (E =200 MeV) C S (Ed=360 MeV) C S (previous works)

Interaction
Potential set

Paris Z.R.
ZR

Paris Z.R.
ZR

nlj

1/13/2

1h9/2

2f7n
2fsn
3P3/2
3P &/2

E„(MeV)

1.63
3.42
2.34
0.57
0.9
0

9.25
3.45
5.3
3.9

(5.05)
(2.1)

10.1
4.05
5.6
3.15

(3.85)
(1.3)

10.0'
44
4.8
2.3

(2.4)
(0.7)

5.45
4.0
4.0
3.7

6.25
3.45
4.6
2.7

10.0b

5.55
4.55
2.85

8.5—12
4.9-6.9
4.4-7.1

4.5-6.6
2.8—7
1.7-2.3

4.1 —11
2.0-5.5
3.8-8.0
4.2-5.7
2.8—6
1.6-2.7

'C S= 10.0 with a normalization factor N = 1.71 (N =3.33 at low energy).
C S= 10.0 with a normalization factor N =0.87.

'References [26—29].
Reference [30].

and cr angular distributions. However, the ratio of the
lh9/2 and li, 3/2 spectroscopic factors is improved when
positive values of WI, are introduced.

3. Summary

The best sets of optical potential parameters are the
sets B (Table I).

At Ed =200 MeV, the angular distributions of all ob-
servables are now rather well reproduced for the six
valence levels using the Paris interaction and parameter
set B (see Figs. 2 and 4). Absolute spectroscopic factors
are in reasonable agreement with the values deduced
from previous works (see Table II).

At 360 MeV, set B and set A differ only by the imagi-
nary L S and diagonal tensor terms of the deuteron po-
tential. The improvement bears on the relative spectro-
scopic factors (see Fig. 3 and Table II) and on the
description of the shapes of the tensor analyzing powers.

The DWBA angular distributions of the three observ-
ables in the forward angle region appear little or not sen-
sitive to the optical potentials, within some 10% varia-
tion of the parameters.

One notices that elastic scattering angular distributions
calculated with potential sets A and B are found very
similar for the cross section up to =20'. This is also true
to a lesser extent for the analyzing powers.

B. Eft'ect of the D component in the range function

It is expected that finite range effects and, more pre-
cisely, the contribution of the D state in the range func-
tion, become more important as the incident energy in-
creases. The influence of the D component is discussed at
both energies for the strongly excited lh9/2 and ii/3/2
levels.

At Ed =200 MeV, including or not the D component in
the calculation, absolute cross sections of the different
states remain nearly the same except for the lh9/2 level.
In that case, the cross section at the smallest angles in-
creases of 18% while the slope of the cross-section angu-
lar distribution increases significantly if the D component

C. Transition dependence on nlj
We have emphasized in Sec. III that at Ed =200 MeV

the cross-section angular distributions have different

E,=200 MeV —Paris

0.5—
A„ - i 13/2

QY OV'v ~ ~

-0.5
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h 9/2

Yg
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8 (deg)

I I I
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FIG. 6. Dependence of Ay and Ayy on the spin part of the
deuteron optical potential; finite range calculations with S and
D components. Solid line: Optical parameter set B. Dashed
line: Optical parameter set B except W~, = 8;=0. Dotted line:
Optical parameter set B except 8' =0.

is included. As shown in Fig. 7 for the li&3/2 and lh9/2
levels, the efFect of the D component is negligible on A .
The effect is also negligible on Ayy beyond =8' but quite
important at forward angles, especially for the lh9/2 lev-

el.
At 360 MeV, the theoretical cross sections increase at

forward angles by 22% for the lh&&z level and 4% for the

li&3/2 level when the D component is included in the
DWBA calculations. Also at forward angles, the D state
contribution is responsible for the good agreement
achieved with the A„data both for the li»/z and lh9/2
levels, as shown in Fig. 8. The vector analyzing powers
calculated with and without the D state are very similar.
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E,=200 MeV hole state energy is changed by several MeV and if
DWBA calculations are performed at Ed =360 MeV. A
weak dependence on I, a significant dependence on n, and
a strong dependence on the j+ or j type of states have
previously been noticed in a systematic survey of (p, d)
analyzing powers measured over a large range of nuclei at
65 MeV incident energy [32]. No n dependence has been
found in another systematic study of the same reaction at
higher incident energy [5].

D. Zero-range calculations
and boo-step process e8ects

Vg

O ~ e 12 16 2O O

8 (deg)

I I I

S 12 16 20

8, (deg)

slopes for the li, 3/2, Ih9/2 and 2f levels, which is not the
case at Ed =360 MeV. At both energies, angular distri-
butions of the vector and tensor analyzing powers exhibit
strong characteristic features. In order to understand the
specific role of the nlj quantum numbers, DWBA calculaoo

tions have been performed at Ed =200 MeV for several
inner hole states such as 1h»/2, 1g7/p 2d5/2 2d3/2 and

1g9/2 using separation energies calculated by Mahaux
[20).

The behavior of the three observables is found striking-
ly similar for hole states with different I values but with
the same number of nodes and the same spin and angular
momentum coupling j+=I+—,

' or j =I—
—,'. Typical

calculations for the analyzing powers are presented in
Fig. 9. This similarity remains qualitatively true if the

FIG. 7. Ed=200 MeV: Dependence of Ay and A» on the S
and D components. Finite range calculations with parameter
set 8. Solid line: S and D components. Dashed line: S com-
ponent only.
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As indicated in Sec. IVB, the contribution of the D
part of the range function, except for the description of
tensor analyzing powers at forward angles, plays a rather
limited role in the (d, t) reaction at Ed=200 MeV and
even at Ed =360 MeV. Under these conditions, zero-
range calculations may offer a simple and convenient ap-
proach to describe many features of the reaction. The
agreement achieved with angular distribution data of the
three observables and using the set ZR is illustrated in
Figs. 2 —5. Adopting C S=10 for the Ii»/2 level, the
normalization factors are N =1.71 at Ed =200 MeV and
N=0. 87 at Ed =360 MeV instead of the usual value
N=3. 33. The ratio of the 1h9/p to li, 3/2 level spectro-
scopic factors is well reproduced at both energies while
the mean value of the 1f7/2 over 1f5/2 spectroscopic fac-
tors is found too small at Ed =360 MeV (see Table II). In
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FIG. 8. Ed=360 MeV: Dependence of Ay and A» on the S
and D components; finite range calculations with parameter set
8. Solid line: S and D components. Dashed line: S component
only.
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FIG. 9. Ed=200 MeV: Dependence of Ay and Ayy on nlj.
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order to evaluate two-step pick up cross sections related
to the first 3 collective vibration in Pb, zero-range
calculations have been performed with the code CHUCK

[19] modified in order to introduce tensor and imaginary
L.S components in the deuteron potential. Maximum
cross sections reaching about 20—50 pb at the two in-
cident energies are found negligible for the strongly excit-
ed li&3/p level and would at most change the deduced
lh9/i and 2f7/i level spectroscopic factors by typically
10%%uo and 25%%uo at both energies.

V. SUMMARY AND CONCLUSIONS

Differential cross sections, vector and tensor analyzing
powers have been measured for the first time in a (d, t)
reaction induced by a high incident energy beam. The re-
action Pb(d, t) Pb at Ed=200 and 360 MeV popu-
lates selectively the higher I transfer transitions among
the valence hole states. The experimental cross-section
angular distributions are structureless but both spin ob-
servables A and, to a lesser extent Ayy, allow a clear
identification, especially at 200 MeV, of these well-known
valence levels taken as a reference. The j analyzing
powers have, on the average, larger absolute values than
the j+ analyzing powers.

The data have been systematically compared with ex-
act finite range calculations using the Paris interaction.
An overall good agreement could be achieved for all
three observables der/dQ, A, and A~ and the four
main valence levels at Ed =200 MeV. The description of
the reaction is only qualitative at Ed =360 MeV.

We emphasize the following conclusions.
(i) At both energies, the D component in the DWBA

calculation has significant effects on the relative cross sec-
tions of j vs j+ levels at forward angles. Also at for-
ward angles, it is necessary to describe tensor analyzing
powers. Its effect on Ay is small over the whole angular

range.
(ii) The spin part of the deuteron optical potential is

very important to describe the analyzing power angular
distributions at both energies over most of the measured
angular range. An imaginary diagonal tensor term has
been introduced in order to better reproduce the A an-
gular distributions beyond 8'. At Ed =360 MeV relative
spectroscopic factors are improved when an imaginary
L-S term is included in the calculation.

The (d, t ) reaction at Ed =200 MeV appears as a good
spectroscopic tool to study the fragmentation of high I
neutron hole states in heavy nuclei. The measurement of
vector analyzing powers is most important in this
respect, as they exhibit the largest differences between the
j and j+ states and they are less sensitive to the optical
potential parameters. Tensor analyzing powers give use-
ful additional information. The measurement of that ob-
servable at the smallest angles, where cross sections are
large but vector analyzing powers generally small, is of
special interest.

Further experiments and theoretical efforts are needed
for a better understanding of the (d, t) reaction at inter-
mediate energies. In particular, an experimental survey
of the dependence on nlj of the three observables
do /d 0, 3, and A, using known states in other nuclei,
would be most interesting. Theoretical approaches to the
role of the coupling of the deuteron and triton to the
breakup continuum would be most valuable. Nonlocality
and relativistic effects remain to be studied.
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