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Differential cross-section angular distributions have been measured for single-nucleon transfer re-
actions induced by E/A =50 MeV ' C on targets of ' C, Al, Ca, Zr, and Pb. Finite-range
distorted-wave Born-approximation calculations reproduce the shape of the angular distributions
for all targets. Although the cross-section magnitudes are sensitive to the choice of distorting po-
tentials, reasonable potentials are found that yield spectroscopic factors within 50% of light-ion re-
sults for all targets.

I. INTRODUCTION

The distorted-wave Born approximation (DWBA) has
been extensively used to describe low-energy single-
nucleon transfer reactions. At energies well above
E/A = 10 MeV, however, individual nucleon-nucleon in-
teractions are expected to become more important than
nucleon-nucleus interactions, ' which may invalidate the
mean-field assumptions inherent in the DWBA. Such a
breakdown of the DWBA might be manifested by an ap-
parent need for an energy dependence of the effective
nucleon-nucleus interaction, although the use of phenom-
enological optical-model potentials (OMP's) might ob-
scure any effect on the cross sections.

A study of the Pb(' 0 ' N) Bi and
Pb(' 0, ' 0) Pb reactions at E/A =50 MeV found

that the DWBA overpredicted the data by a factor of
about 10. This discrepancy by far exceeds anomalies
found in DWBA analyses of transfer reactions at or
below E/A = 10 MeV that have often been attributed to
coupled-channel effects or to uncertainties in the bound-
state description, etc. Furthermore, it is not an isolated
result: For the same ' 0+ Pb system, Olmer et al.
had previously noted a trend for DWBA to overpredict
cross sections as the bombarding energy was increased
from E/A =6.5 to 20 MeV. At E/A =20 MeV, the ra-
tio R =o (DWBA)/tr(expt) ranged from 2 to 3, depending
on the particular final state involved.

Other intermediate energy heavy-ion transfer reactions
add little support to an energy dependence of R. For ex-
ample, Fernandes et al. studied transfer reactions in-
duced by E/A =20-MeV 'sO projectiles on a 2sSi target
and were able to reproduce the cross sections with
DWBA calculations that used deep real Woad-Saxon po-
tentials to generate the distorted waves, although
surface-transparent potentials with very shallow real
strengths overpredicted the data by a factor of about 3.
Transfer reactions induced by ' C projectiles have been
studied at E/A =30 MeV on a quite extensive range of

targets (' C, Al, Ni, and Zr) by von Oertzen et al. ,
and DWBA calculations have given satisfactory agree-
ment for the cross sections. In addition, the same group
that found the large discrepancy in ' 0+ Pb have re-
ported that DWBA calculations do reproduce data for
one-nucleon-stripping reactions induced by E/A =40
Me@ "Co» "Pb targe

To help understand these apparent inconsistencies, we
have undertaken a systematic study of single-nucleon
transfer reactions induced by E/A =50-MeV ' C on a
wide mass range of targets. The reactions studied were
' C(' C, ' C)"C Al(' C, "B) 'Si, Ca(' C, "C) 'Ca,

Zr(' C, ' N) Y, and Pb(' C "B) Bi. The ' C tar-
get data have been published in preliminary form in Ref.
7.

In the past, studies of heavy-ion transfer reactions have
been plagued by uncertainties arising from ambiguities in
the optical-model potential. The strong absorption in
heavy-ion elastic scattering has restricted its sensitiviy to
the extreme surface region of the nucleus, and a variety
of potentials can provide fits to the data, provided that
they have similar values in this critical region. However,
for higher bombarding energies, the potential is probed
over a wider domain inside the strong absorption radius,
and there is evidence ' that phenomenological optical-
model potentials can be quite precisely determined, at
least for relatively light projectiles and targets. In the
present work, we find that potentials with the same
characteristics (shallow imaginary wells) as determined
by high-energy ' C+ ' C and ' 0+ ' C elastic scattering
measured over a large angular range, perform best in the
DWBA transfer predictions for the ' C and Al targets.
Unfortunately, detailed elastic scattering data is not
available for Ap„j& 6 on heavy targets. In any case, we
find that the sensitivity to the choice of optical-model po-
tential would not obscure an anomaly as strong as that
seen in the ' 0+ Pb transfer reactions.

Following a description of the experimental procedure
in Sec. II, we discuss the general features of the spectra in
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Sec. III. In Sec. IV, the results of finite-range DWBA
calculations are presented. In Sec. V the conclusions are
drawn.

the resolved low-lying states in "B and Mg were then
used to fix the calibration for the Y spectrum.

EI. KXPKRIMKNTAL PRDCKDURK

The experiment was performed with an E/3 =50.4-
MeV ' C + beam from the K500 cyclotron at the Nation-
al Superconducting Cyclotron Laboratory. Beam
currents on target ranged from about 2 to 20 particle nA
during the reactions runs, and about 0.5 particle nA dur-
ing the elastic scattering runs. The uncertainty in the
beam energy is about +2%. The target thicknesses (with
isotopic purities given in parentheses) were as follows:
' C 1.05 mg/cm (natural); Al 1.25 mg/cm; Ca 2.41
mg/cm (natural); Zr 1.07 mg/cm (98.7%%u ); Pb 3.10
mg/cm (99.9%). All target thicknesses were measured
by the a-particle energy-loss technique to an accuracy of
about +5%. The Ca and Pb targets were stored and
transferred to the target chamber under vacuum.

The reaction products were analyzed by the S-320 spec-
trograph" with a resolution of about 1 MeV. By means
of interchangeable sets of aperture slits and holes, the
solid angle of acceptance for the reaction runs was set be-
tween 0.03 and 0.67 msr (+0. 19 to +0.74' horizontal an-
gular acceptance, respectively), depending on the reaction
yield.

The focal plane detector consisted of two single-wire
proportional counters separated by two ionization
counters and a thick plastic scintillator that stopped the
ions. Adequate particle ideniflcation (PI) was obtained
through the energy-loss signal from the ion chambers,
time of Aight relative to the cyclotron rf, and the light
output from the scintillator.

A set of four monitor detectors, arranged symmetrical-
ly around the beam axis, was used to determine the rela-
tive cross sections for di6'erent spectrograph angles.
These detectors were 4 X4 mm Hamamatsu PIN photo-
diodes, fixed at a distance of about 15 cm from the target
and at an angle of about 12.5' to the beam. Absolute
cross sections were determined by the integrated current
from a Faraday cup which was fixed on the beam axis.
The eSciency of the Faraday cup was checked by
measuring elastic scattering from a gold target at small
angles where Rutherford scattering dominates. For the
measured gold target thickness, the elastic scattering
yield agreed with optical-model predictions to within 5%%uo

in the c.m. angular range from 3.5 to 5 . This measure-
ment was repeated throughout the experiment as a check
against possible changes in beam position or angle of in-
cidence. The measurements showed changes in the elas-
tic scattering yield by no more than 7%%uo during the
course of the experiment. A conservative estimate of the
overa11 systematic uncertainty from all sources is +15%.

The focal plane of the spectrometer was calibrated by
varying the magnetic elements to step elastically scat-
tered ' C particles across the region of interest. The cali-
bration points were fitted by a second-order polynomial.
In addition, single spectra for ' C(' C, ' N) "B and

Al(' C, ' N) Mg were obtained at the same field set-
tings as a sample Zr(' C, ' N) Y reaction measurement;

III. RESULTS

Spectra for all the targets are shown in Figs. 1 and 2.
Typically, relatively high-spin states tend to be favored,
which reAects the large momentum transfer imparted by
these high-energy heavy-ion reactions. ' We have con-
centrated on states of the residual nuclei which are
known to have strong single-particle character. Except
for the ' C(' C, ' C)"C reaction, excitation of the ejectile
nucleus is not evident in the spectra (for the

Zr(' C, ' N) Y reaction, ejectile excitation would not be
observed since ' N has no bound excited states). Inhibi-
tion of multistep processes, such as mutual excitation,
might be expected due to the short interaction times at
high bombarding energies relative to the Fermi velocities
of the participating nucleons.

A discussion of the individual reactions follows.

300—

200—

7/2- I
0.0

40( (12( ll( )41(

lab

100—

0

800—

600—

400—

27gi(12C 11B)28S~

ei~b 3» 5
3,4+,6.88

4+,4.62

200—

0600—
» »

(3/2, 3.68 +
5/2, 3.85 +
5/2, 4.32)

f

'2C ( '2C 13C)"C
0, b —5.0

400—

200—

0

1

1/2, 2.00 I

li, t

0 5 10
Excitation Energy (MeV)

FIG. 1. Spectra of single-nucleon transfer reactions induced
by E/2 =50-MeV ' C on targets of ' C, 'A1, and Ca.
Known low-lying states in the residual nuclei are indicated.
The dashed lines in the ' C and Ca spectra are the results of
multiple Gaussian fits described in the text.
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FIG. 2. Spectra of single-nucleon transfer reactions induced
by E/A =50-MeV ' C on targets of Zr and Pb. Low-lying
states in the residual nuclei are indicated by spin, parity, and ex-
citation energy. The dashed lines are the results of multiple
Gaussian fits described in the text.

12C(12C 13C)11C

The strongest peak observed (Fig. 1) in this neutron-
pickup reaction corresponds to the unresolved —', (3.68
MeV) and —', + (3.85 MeV) states in ' C, and the —', (4.32
MeV) state in "C; the ground-state peak of interest is
about eight times weaker. The yield to the ground state
has been extracted from multiple-Gaussian fits with the
separation of the ground and first excited states fixed
from the focal plane calibration and two representative
peaks used in the 3—5-MeV region. The areas of the un-
folded peaks of ground and first excited states compare
well with spectra for the same reaction taken at
E/A =25 and 35 MeV, where the low-lying states are
better resolved.

g 27A]( 12C 11B)28S

The spectrum for this proton-stripping reaction (Fig. 1)
appears quite similar in regard to the distribution of yield
to the (a, t) spectrum measured by Ciangaru et al. ' The
yield between 11 and 15 MeV is identified in Ref. 13 as
excitation of the 6, T=0 (11.58 MeV) state and three
T = 1 states (4, 5, and 6 ) that are analogs of levels in
28Al.

4OC (12C 11C)41C

Transfer to the —,
' ground state dominates this

neutron-stripping reaction (Fig. 1). immediately above

this state lie a number of unresolved levels, of which the
strongest are expected' ' to be the —,

' 1.94-MeV, —,
'

2.46-MeV, and —,
' 3.94-MeV excited states of 'Ca. We

note that in the "Ca(' C, ' C) 'Ca reaction at 64 MeV
(Ref. 14), the ground-state yield is commensurate with
that of the 1.94-MeV state. The fact that the ground
state (mainly Of7&2) dominates in the present (' C, "C)
data at 600 MeV probably rejects the preference for
higher angular momentum transfer as the bombarding
energy is increased. ' To extract the yield for the ground
state, a four-fold peak fit was performed; the first peak
being the ground state and the others are the three main
levels listed above. For clarity, only the unfolded peak fit
to the ground state is displayed in Fig. 1.

D. Zr(' C ' N) Y

The spectrum of this proton-pickup reaction (Fig. 2) is
dominated by two peaks, the —,

' ground state of Y and
a broad peak next to it which consists of low-lying excit-
ed states in Y, i.e., the mainly Og9&2, ip3&2, Of~&2, and
1d5~2 configurations at 0.91, 1.51, 1.74, and 2.22 MeV,
respectively. From previously studied proton-pickup re-
actions on Zr, Zr(d, He) at 52 MeV (Ref. 16),

Zr(' C, '"N) at E/A =30 MeV (Ref. 17), and Zr
( Li, Be) at E/A =10 (Ref. 18), one expects the ground
state, the 1.51-MeV state, and the 1.75-MeV state to be
the most strongly populated.

In the analysis, peaks of Gaussian shape with exponen-
tial tails were used. The peak shape was based on that
observed in "Ca(' C, "C) 'Ca where the ground state is
weil separated. The method of analysis was to specify a
sequence of four peaks, the first three of which corre-
sponded to the ground state, and the 0.91- and 1.74-MeV
excited state of Y at the known separation energies
(tests showed that the fit was very insensitive to the in-
clusion of the 1.51-MeV state). The remaining peak was
used to reproduce the higher excitation region of un-
resolved states. The positions of the three lower-energy
peaks were allowed to move as a group, with widths set
equal and fixed, while the g was minimized. The areas
of the unfolded peaks for the low-lying states compare
well with the spectrum obtained' for Zr(d, He) Y. As
a check, several spectra were reanalyzed by a second ap-
proach in which the broad peak next to ground state was
fitted by two overlapping peaks. The position of all three
peaks was set free for the best fit to the data, with widths
again held equal and fixed. The two methods gave yields
for the ground state which diFered by less than 15%.

F 208pb( 12C 11B)209B1

This proton-stripping reaction has been studied recent-
ly by Mermaz et al. at E/A =40 MeV. From the better
resolution in their spectra, the only states below 3 MeV
with observable yield are known' states of 9Bi, i.e.,
ejectile excitation does not appear to contribute
significantly. Based on this, we have analyzed our spec-
trum (Fig. 2) by specifying a sequence of four peaks cor-
responding to the first four states in Bi at the known
excitation energies. The positions of these four peaks
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were allowed to move as a group, with widths set equal
and fixed, while the y was minimized.

The cross sections that we obtain for the
Pb(' C,"B) Bi reaction at E//I =50 MeV are almost

a factor of 3 lo~er than those measured at E/A=40
MeV by Mermaz et al .(comparing at equivalent q
transfer), whereas the peak cross section for
E/A =6.4, 8.2, and 9.7 MeV rises monotonically with
increasing bombarding energy. It thus appears that there
is an energy above E/2 =40 MeV, beyond which the ex-
perimental peak cross section turns over and begins to
decrease, as might be expected' from considerations of
the linear momentum transfer necessary and the max-
imum nucleon velocity available at the Fermi surface.
However, DWBA calculations at E/A =40 and 50 MeV
with similar optical-model potentials do not reproduce
this behavior (compare results for potential PB4 in Sec.
IV C).

IV. DWBA ANALYSIS

A. Computational details

The DWBA analysis was performed with the full-recoil
finite-range programs PTOLEMY (Ref. 21) and
SATURN —MARS (Ref. 22). Tests showed that in the angu-
lar range of the measured data, ITOLEMY predicted cross
sections about 40% lower on average than
SATURN —MARS for the ' C(' C, ' C)"C, reaction at
E//I =50 MeV, due to the modeling of the core-core in-
teraction by PTOLEMY, which SATURN —MARS neglects.
For the proton-stripping reaction on the Pb target,
where the Coulomb correction term in the interaction
(also neglected in SATURN —MARS) is important, the
PTOLEMY cross sections were about 10% lower then
SATURN —MARS. In the latter case, the predictions of the
two programs could be brought to agreement within a
few percent by adding a Coulomb correction term to
SATURN —MARS. The results presented below are those
from PTOLEMY.

The Woods-Saxon potential used to generate the bound
states for the mass-12 and mass-13 systems, and for

Al+p, had a diffuseness of 0.65 fm, a reduced radius of
1.25 fm, . and a spin-orbit potential strength of Vs&=7
MeV; similar parameters have been used in light-ion
analyses of these systems. ' For Y+p and Ca+ n,
the bound-state potential had a reduced radius of 1.20 fm
and a diffuseness of 0.65 fm, as used in the analyses of
Stuirbrink et ah. ' and Hansen eg al. 8 For 2 Pb+p, the
bound-state potential shape was the same as used in Refs.
2 and 6; this shape fits the single-particle state energies of
'"Bibest. '

B. Selection of optical-model potentials

Optical potentials for E / A =50-MeV ' C elastic
scattering are not currently available. Even if they were,
there might still remain large uncertainties: Horen
et ah. have shown that for heavy-ion reactions at high
incident energies, different types of potentials that give
similar elastic scattering cross sections can give rise to
large differences in the probabilities for nucleon transfer-
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FIG. 3. Angular distributions for '~C(' C,"C)"C (g.s.) and
Al(lzC &lB) 88i (g.s.) at E/A =50 MeV. The curves are 6nite-

range D%'BA calculations, normalized to the data, with the fol-
lowing potentials. ' C target: C1 (solid line} and C2 (dashed
line}. 'Al target: CA1 (solid line) and SI3 (dashed line).

(see also Ref. 4). This happens if the partial-wave S-
matrix elements for the potentials are very different in the
region where the transfer radial integrals are most impor-
tant. The potentials used in Ref. 29 had (i) a fairly deep
real well (50 MeV), which gave reasonable cross sections,
and (ii) a very shallow real well, which overpredicted the
data at E/2 =20 MeV by a factor of about 3.

On the other hand, the enhanced sensitivity at high en-

ergy of DWBA calculations in general to different OMP's
means that elastic scattering data covering a wide angu-
lar range can select unambiguous heavy-ion potentials.
In particular, Brandan has found a distinct preference
for shallow-imaginary potentials with large radii and
diffuseness in the fitting of ' C+ ' C and ' C+ ' 0 elastic
scattering data that extend to very backward angles (For
convenience, we wi11 refer to this potential type as "shal-
low imaginary").

The potentials we have used here have come from vari-
ous analyses of elastic scattering. Firstly, there is the
rather extensive set of potentials found by Sahm et al. '

from the analysis of E/A =35-MeV ' C scattering on
' C, Ca, 9 Zr, and o Pb. These potentials all have
deep-imaginary wells (-200 MeV) with either small radii
or small diffuseness. We will refer to these potentials as
"deep imaginary. " Secondly, there are some shallow-
imaginary potentials found from high-energy (E/A =90
MeV) heavy-ion scattering. These potentials are
similar to the ones found by Brandan, and in fact a po-
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I TABLE I. Target spectroscopic factors C S determined from
the normalization of the DWBA predictions to the data. The
column "C S other" is a list of representative values from the
literature.
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FIG. 4. Angular distributions for Ca{' C,"C) 'Ca (g.s.) and
Zr{' C, ' N) Y {g.s.) at E/A =50 MeV. The curves are

finite-range DWBA calculations, normalized to the data, with
the optical-model potentials CA1 and ZRl, respectively.

'Reference 26
Reference 27.

'Reference 28.
"Reference 16.
'Reference 6 with the OMP given here as PB4.
'Reference 34.
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tential from Ref. 9 with the real depth interpolated for
E/A =50-MeV scattering gives very similar results to
the potential from Buenerd et aI. (see Sec. IV C). In ad-
dition to these, me have tried potentials from Ref. 6 for
' C+ Pb scattering at E/A =40 MeV. The same
optical-model potentials mere used in both entrance and
exit channels for the transfer calculations presented here.

C. Results

10'
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b
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—2 Pb( C, B)

6

8, (deg )

10

FIG. 5. Angular distributions for the one-proton stripping
reaction Pb(' C,"8) Bi at E/2 =50 MeV. The curves are
finite range DWBA calculations, normalized to the data, with
the optical-model potentials PB4 {solid lines) and PB1 (dashed
lines).

Angular distributions for all the extracted data are
shown in Figs. 3—5. Only the angular distribution for the
' C target shows pronounced oscillations; the others
display a rather smooth exponential fallofF with angle.
DWBA predictions, normalized to the data, also are
shown in these figures.

The extracted target spectroscopic factors (C S) are
listed in Table I together with values obtained from other
work (mostly light-ion reactions) for comparison. In or-
der to obtain the target C S, the projectile spectroscopic
factors have bee'n taken as 3.0 for (' C, "C) and (' C, "8)
and as 0.53 for (' C, ' C) and (' C, ' N). These values
represent average values from a compilation of experi-
mental results for mass 11 —13.

The various optical-model potentials that mere used in
the DWBA calculations shown in Figs. 3—5 and that
yielded the results presented in Table I are listed in Table
II. For the ' C(' C, ' C)"C reaction, the E/2 =35-MeV
potential C1 from Sahm et al. ' underestimates the
section magnitude by more than a factor of 2. The
E/A =85-MeV potential C2 from Ref. 32, which is of
the shallow-imaginary type, gives much better agreement.
Since the analysis of ' C+ ' C elastic scattering by Bran-
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TABLE II. Optical-model parameters of Woods-Saxon potentials used in the DWBA analyses. Potential depths are in MeV and
geometrical parameters are in fm. The convention R =r( A~ '+ A,' ) is used. J, /A and J /A are the real and imaginary volume
integral per nucleon pair (in MeV fm'). The columns labeled "System" and "E/A" refer to the elastic scattering from which the po-
tential was obtained.

Label

C1
C2
Cx
SI3
CA1
ZR1
FB1
PB4
FB4b

250
120
150
100
200
150
95

200
50

0.814
0.71
0.64
0.892
0.870
0.934
1.068
0.905
1.082

0.626
0.84
0.884
0.905
0.75
0.781
0.80
0.836
0.792

231.9
34.02
25.0
50.5

281.1
207.7
200.0
42.4
50.0

0.789
0.96
1.017
0.992
0.869
0.890
1.033
1.085
1.082

aw

0.60
0.69
0.73
0.780
0.678
0.834
0.658
0.819
0.792

481
199
209
151
262
169
117
155
64

J /A

405
105
91
95

355
210
217

54
64

Ref.

31
32
a
33
31
31
31

6
6

System

12C+ 12C

12C+ 12C

12C+ 12C

16O+ 28S1

12C+40Ca
12C+90Zr
12C+ 208pb

12C+208pb

12C+ 208pb

35
85
50
94
35
35
35
40
40

'Parameters interpolated for E/A =50 MeV from the E/A =30 MeV and E/A = 85 MeV potentials of Ref. 9.

dan gave OMP's with rather smoothly varying parame-
ters with incident energy, it was possible for us to extra-
polate an E/A =50-MeV potential. This is given in
Table IE as potential Cx. When used in a transfer calcu-
lation, both the shape of the angular distribution and the
extracted value of C S were very similar to those with
OMP C2.

For Al(' C, "B) Si, the shape of the angular distribu-
tion is reproduced somewhat better by the ' C+" Ca
QMP CA1 than the high-energy ' 0+ Si potential SI3
from Ref. 33, but the cross section again is underestirnat-
ed by the lower-energy potential wheras the high-energy,
shallow-imaginary —type potential gives a very reasonable
C S.

On the other hand, the deep-imaginary potentials
determined ' at E/A =35 MeV appear to be quite ade-
quate for the reactions on heavier mass targets (alterna-
tive choices of potentials given in Ref. 31 were tried and
gave similar results). For the Ca and Zr targets, the
Sahm et al. potentials CA1 and ZR1 give a good descrip-
tion of both the shape and magnitude of the angular dis-
tributions.

The potential PB4 determined by E/A =40 MeV from
' C+ Pb by Mermaz et al. overestimates the
20 Pb(' C, "B)20 Bi cross section by a factor of approxi-
mately 3 (the OMP PB4b, also taken from Ref. 6, gave
similar results). The OMP PB1 of Sahm et al. , despite
having been determined at a lower energy, gives
significantly better agreement with the data. The fact
that the relative spectroscopic factors for the three states
in Bi agree quite well with those deduced from light
ion work gives confidence in the peak-fitting procedure.

V. CC)NCLUSIQNS

101
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there is some evidence from the prediction of cross sec-
tion magnitudes that shallow-imaginary potentials are
more appropriate for the reactions on lighter targets. %"e
also note that the potentials that yield reasonable values
of C S generally have real volume integrals in the range
110—210 MeV frn and imaginary volume integrals in the
range 90—220 MeVfm (see Table II). The volume in-
tegrals for potentials C1, PB4, and PB4b lie outside this
apparent range of acceptability.

Our approach here has been to try various "reason-
able" OMP's taken from the literature, the criteria for
reasonableness being based on closeness to bombarding
energy and projectile and target masses. Although the

The choice of an optical-model potential (OMP) for the
generation of the distorted waves undoubtedly introduces
the greatest uncertainty to the present analysis. Et has
been suggested that angular distributions for high-
energy transfer reactions might be able to discriminate
against various OMP ambiguities if the angular range
were large enough (see Fig. 6). While the angular range
of the present data is too limited for such comparisons,

FICi. 6. Angular distributions plotted with an extended angu-
lar range to show the di6'erence between the calculations at an-
gles beyond 8, =15' with either deep- or shallow-imaginary
potentials. ' C target'. C1 (solid line) and C2 (dashed line). Al
target: CA1 (solid line) and SI3 (dashed line). Pb target: PB4
(solid line) and PB1 (dashed line). (From a suggestion by
Satchler and McVoy in Ref. 35.)
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extracted spectroscopic factors have differed by up to a
factor of 3 in the worst cases (see Table I), we have been
able to show that there are some OMP's that give a satis-
factory prediction of the cross-section magnitude. For
the ' C, Al, Ca, and Zr targets the agreement with
the data for the best cases is within 25%; for Pb the
agreement with the OMP PB1 is not quite so good (about
50%). This may be contrasted with the ' 0+2 Pb
transfer reactions at EjA =50 MeV, where there was a
factor of 10 overprediction of the experimental cross sec-
tion by the DWBA calculations, despite extensive trials
of different OMP's. Note that for two of the cases in
Table I, 'where the spectroscopic factors differ
significantly with the light-ion results ("C, with OMP
Cl, and Si, with OMP CA1), the DWBA calculations
apparently un, derpredict the data.

The anomaly in the ' 0+ Pb stripping reactions at

high-energy thus appears to be specific to the ' 0 projec-
tile. This suggests that the problem might be further in-
vestigated by studying transfer reactions induced by
high-energy ' 0 or heavier projectiles on a wide mass
range of targets.
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