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Angular distributions for the reactions '*C(**C,*C)'*C, >C(*3C,°Be)'°0, '*0("*C,3C)'°0, '*0(*C,'*C)""0* (0.871
MCV), 2SSi(l3C,13C)28si, ISSi(ISC’ 12c)295i; ZSSi(IBC’Uc)ZQSi* (127 MEV), ZSSi(HC, 14N)27Al’ SZS(ISC,”C)HS,
228(1C, 120)™s, *S(13C,'2C)Ms* (0.841 MeV), and ¥S("’C,'*N)’'P have been measured in fine steps between
0., = 4° and 6, = 40° at the bombarding energy of 36 MeV. Elastic scattering data are fitted by optical-
model calculations and the parameters of the potential are determined. The neutron-transfer and proton-
pickup reaction cross sections are compared with the predictions of the exact finite-range distorted-wave Born-
approximation. The calculated angular distributions reproduce the gross features of the data but not the
details. The quantitative agreement of the determined spectroscopic factors with the spectroscopic factors
found from light-ion reactions varies from excellent to poor. The a-transfer reaction >C(*3C,°Be)'®O has been
analyzed using cluster-model form factors. The agreement between theory and experiment is poor. The
measured angular distribution is, however, well described by |P;o(cosd).

NUCLEAR REACTIONS Elastic scattering, neutron stripping, and proton pickup

induced by 36 MeV 13C on %25, %8si, 160, and !2C, and '2C(3C,°Be)!®0 measured

at 6, =4°—40°, A6, =1°. Optical-model parameters, exact finite-range DWBA,
spectroscopic factors.

I. INTRODUCTION

In recent years extensive studies of heavy-ion
induced reactions have led to a quantitative under-
standing of the reaction mechanisms involved in
several types of such reactions. This is particu-
larly true of the one-nucleon transfer reactions
that have been the subject of careful and systematic
investigations at several laboratories.!”™ The
semiclassical aspects of the heavy-ion collisions
have formed the basis of several models,**® and
gross features of the observed angular distribu-
tions can, in many cases, be understood in terms
of these models. For a quantitative understanding
of the reactions, and in particular for the extrac-
tion of spectroscopic factors it is necessary to use
the distorted-wave theory of reactions. For ap-
plications to heavy-ion reactions, the commonly
used zero-range approximation has to be aban-
doned. Recently, computer codes'®! for per-
forming exact finite-range distorted-wave Born-
approximation (EFR DWBA) calculations have be-
come available. It is of considerable interest to
compare neutron-transfer and proton-pickup re-
actions induced by heavy projectiles with the cor-
responding (d, p) and (d,°He) reactions. The pro-
jectile 3C appears to be well suited for one-neu-
tron-transfer reactions because of its extra neu-
tron.

In the past, '3C induced reactions have received
limited attention. Gobbi'? and Chua et al.’® ana-
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lyzed the elastic and inelastic scattering of the

12C + 13C system with a view to discuss the contri-
butions of elastic and inelastic transfer. Debevec,
Ko6rner, and Schiffer'* measured excitation func-
tions and angular distributions of the reaction
13C(*°0, "0)!%C to demonstrate that resonances ob-
served in the '°0 + '2C system persisted in '°Q + 13C
system. Seiler et al.'® measured excitation func-
tions of the total cross sections for one-neutron-
transfer reactions by detecting the deexcitation y
rays. They also reported measurements of life-
times of final states. To our knowledge, no *C
induced reactions on 28Si or *2S have been reported
in the literature.

In the present study, the cross sections for elas-
tic scattering of *C from '2C, '°0Q, 28Si, and %3S
were measured in fine steps in the angular range
between 6,,, =4° and 6,,,=40°. This was done for
the purpose of determining optical-model param-
eters for these channels. Angular distributions
for the transfer reactions *38(*°C, 12C) %S,
325(13C, 12C)338* (0.841 MeV), 32S(13C, HN)“P,
gi(*3C, *2C)?8si, 288i(*3C, '3C)?°Si* (1.27 MeV),
%Si(mC, “N)27A1, 160(130’ 12C)17O* (0.871 MeV),
and '2C(**C,°Be)'®O were measured in fine steps
over the same angular range and the results were
compared with EFR DWBA calculations. The cross
section for the ¢ -transfer reaction is compared
with EFR DWBA calculations and with |P,(cos6) |2,
where [ is the orbital angular momentum for the
classical grazing trajectory of *3C incident on **C.
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II. EXPERIMENTAL METHOD

The experiments reported here were performed
with the 36 MeV '3C beam from the University of
Texas EN tandem Van de Graaff accelerator. '3C
ions were produced in a cesium sputter ion
source.'® The intensity of the '3C beam used in
this experiment varied between 50 and 300 nA.

The scattering chamber used was 1 m in diam-
eter. Two different detector configurations were
used. The first configuration consisted of four
silicon surface-barrier detectors, each 200 pm
thick, mounted 10° apart. The second configura-
tion consisted of a monitor detector and a particle
telescope. The telescope was made up of two sur-
face-barrier detectors, a 10.7 um AE detector and
a 200 um E detector. Particle identification using
the telescope was based on the linear relationship
between dE/dx and E for the scattered particles in
our energy range. Values for dE/dx were taken
from the tables of Northcliffe and Schilling.’” Since
the values of dE/dx were not tabulated for Si, the
values of dE/dx for ions passing through Al were
taken. Figure 1 shows the graph of —dE/dx versus
E for N ions passing through Al. In this energy
region, one can express the linear relationship be-
tween E and dE/dx as

B bEc, (1)
where b is the slope of the linear region and c is
the y intercept of the extrapolated straight line.
Similar relationships are valid for several pro-
jectiles of neighboring values of charge and mass.
One notices that ¢ depends strongly on the particle
type, whereas b is almost independent of it. This
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FIG. 1. Rate of energy loss for nitrogen ions in alumi-
num. The curve is based on tables by Northcliffe and
Schilling (Ref. 17) and shows that for energy values be-
tween 10 and 25 MeV there is a linear relationship be-
tween dE/dx and E.

expression can be integrated over the thickness T
of the AE detector to give

E+AME=B, (2)
where

A=[1-exp(bT)]", (3)
and

B=—c¢/b. (4)

Here AE is the energy lost by the particle in pass-
ing through the AE detector and E is the energy

of the particle striking the E detector. The factor

A is nearly independent of the charge and mass of

the particle. It was calculated to be approximately
6. The value for B is dependent on the charge and

mass of the particle and the predicted values of B

can be used to identify the various particles.

The pulses from the two detectors were digitally
summed, in addition the function E + AAE was
formed to identify the detected particles. Gates
were set on the peaks in the identification spectrum
corresponding to the different particles and the
corresponding energy spectra were selected. The
actual value of A used was found empirically by
displaying the E + AE spectrum versus the E + AAE
spectrum and choosing the value of A which best
linearized the display. This value was found to be
12. We attribute this discrepancy to the numerical
values of dE/dx used. The above reasoning, how-
ever, seems to justify the use of Eq. (2) as an
empirical relationship. The telescope was able to
discriminate between particles differing in one unit
of charge but could not resolve particles differing
in one unit of mass. A typical particle-identifica-
tion spectrum is shown in Fig. 2.
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FIG. 2. Particle identification spectrum showing that
particles differing in one unit of charge are clearly
separated.
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Four different natural targets were used. For a
12C target, self-supporting carbon foils were used
varying in thickness from 10 to 100 pg/cm?. A
self-supporting SiO target was used for 28Si and
80 which was approximately 30 pg/cm? thick.
Li,S evaporated onto a carbon backing produced a
329 target of approximately 6 pg/cm? thickness.
No significant deterioration was observed during
the experiment in any of the above targets.

The beam spot was limited to 1 mm width and 12
mm height and the angular acceptance of the de-
tectors was limited to approximately $°. The en-
ergy resolution varied between 180 and 280 keV
full width at half maximum (FWHM).

The absolute cross sections were found by as-
suming the observed elastic scattering to be
Rutherford scattering at the smallest scattering
angle for which data were taken. The reaction
cross sections were found from the ratio of the
yields in the reaction peaks to the yield in the elas-
tic peaks.

The particle telescope did not allow a discrimina-
tion between *2C and '*C. In the angular range of
interest, however, the detected particles arising
from an elastic collision between a '*C target and
13C projectile consist almost exclusively of *C.
This fact may be seen as follows: The observed
cross section d5/dQ may be written as:

ko do do .
ﬁ(e)_aﬁ(e) +E(recoﬂ angle=16), (5)

where do/dS (recoil angle=6) is the cross section
for the recoiling nucleus 2C to be detected at the
angle 6 and do/dQ(6) is the cross section for *3C to
be detected at an angle 6. The ratio

do . do
Ziﬁ(recoﬂ angle = ) 25(9)

can be rewritten by expressing these cross sec-
tions in terms of the corresponding cross sections
for the scattering of *C on '2C in the center-of-
mass frame and the Jacobians of the transforma-
tion evaluated at the appropriate angles. The ratio
of these two center-of-mass cross sections is
finally estimated on the basis of known'? cross sec-
tions for this reaction at other energies. In this

manner we arrive at an upper limit of 2 X 10™ at
4° and 3% at 40° for this ratio. Accordingly we
ignore the second term in (5).

III. ANALYSIS OF ELASTIC SCATTERING DATA

The measured elastic scattering cross sections
were compared with elastic scattering cross sec-
tions calculated for an optical-model potential of
Woods-Saxon shape. The computer code OMFESD!®
(Optical Model Fit to Elastic Scattering Data) was
used to perform these calculations and to search
for the parameters of the optical potential that
produced the best fit to the data. The six param-
eters determining the Woods-Saxon potential that
were searched upon were as follows: well depths,
radius parameters, and diffusenesses of the real
and imaginary parts of the optical-model potential.
The imaginary part of the optical-model potential
was taken to be purely of volume type. Two param-
eters were searched at a time in an effort to mini-
mize the y? and the procedure was repeated about
15 times until it was felt that no further improve-
ment could be achieved. We found several differ-
ent sets of parameters that provided very good fits
to the data. The parameters for the best fit in each
case are given in Table I. The ambiguity in opti-
cal-model parameters for heavy ions arising from
the circumstance that only the “tail region” of the
potential determines the scattering is well known.'?
Reference 20 gives a particularly clear formula-
tion of the transformation relating equivalent sets
of optical-model parameters.

Figure 3 shows the cross sections in the center-
of-mass frame for the elastic scattering of *C
from !2C, '¢Q, 2%Si, and 32S at 36 MeV bombarding
energy. Also shown in the same figure are the
optical-model calculation for the parameters given
in Table I. In the case of %25, apart from a small
discrepancy around 6, . =30° the calculated cross
sections agree perfectly with the measured cross
sections. The %Si elastic scattering data display
small oscillations superimposed on a gradual fall-
off. Also in this case, the agreement between mea-
sured and calculated cross sections is very good.
Elastic scattering data for '*0O and '*C display well

TABLE I. Optical-model parameters for best fit.

v ¥y a, w 7 a;

Reaction (MeV) (fm) (fm) (MeV) (fm) (fm)
2gtsc, 13¢)d2g 100.166 1.235 0.507 8.489 1.234 0.889
28gi (3¢, 13¢)28si 112.12 1.177 0.524 10.087 1.324 0.304
28gi t2c,12¢)8si 2 90.624 1.173 0.530 10.036 1.295 0.317
16o3c, 13¢)t%0 100.323 1.140 0.560 12.960 1.284 0.442
L2cd3c,13¢)i2¢ 86.602 1.084 0.586 9.563 1.263 0.329

3 Epp, =40.16 MeV.



IZC( ‘3C. IBC) I2C

o

T rrr

ol

LR AALY |

0.01

LR B RRL

WV NS SN N W B N N SR 'Y

14 REACTIONS INDUCED BY !3C ON !2C, '°0, 288i, AND 328 613

Al

160( BC, |3c) IGO

ol

%/ Or

0.0l

ZBSi( 'BC, I3c) 288i

328( I3C, |3c)328

(o}

AERELARALI|

(deq)

FIG. 3. Cross sections for the elastic scattering of 36 MeV '3C from '2C, %0, 8si, and %?S. Optical-model calcula-
tions for the best-fit parameters given in Table I are shown as solid lines. Scattering cross section at the smallest
angle in each case was assumed to be given by Rutherford’s formula.

pronounced oscillations. Also in these two cases,
the calculations provide a good fit to the data. It
is apparent, however, that there are definite
though small discrepancies between the data and
the calculations. These discrepancies persisted
in spite of considerable effort to search for more
suitable parameters by varying them two at a
time.

The absolute cross sections were arrived at by
assuming that the cross section measured at the
smallest scattering angle was in each case equal
to the Rutherford scattering cross section at that
angle. This assumption is justified a posteriori
for the elastic scattering from 2C, 2%Si, and 3?S
as evidenced by the flattening out of the ratio
0,/05. In the case of '°O our data do not justify
this assumption. However, we estimate that the
uncertainty introduced in the absolute normaliza-
tion is less than 15%.

In addition to the elastic scattering of *C from
285j at 36 MeV, the elastic scattering of *C from
28Gj at 40.16 MeV was also measured. This mea-
surement was carried out to describe the elastic
scattering in the exit channel of the reaction
28g8i(13C, 12C)?°Si. An optical-model fit was obtained
to the data and the parameters found are listed in
Table I. The cross sections in the center-of-mass
frame are shown in Fig. 4 along with the optical-
model fit.

IV. REACTION DATA AND ANALYSIS

Reaction data obtained in this experiment were
compared with EFR DWBA calculations using the
computer code SATURN-MARSby Tamura and Low.™
The optical-model parameters needed to generate
the distorted waves were obtained as described in
the previous section. The optical-model param-
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FIG. 4. Cross sections for the elastic scattering of
40.16 MeV !2C from ?8si. Optical-model calculation for
the best-fit parameters given in Table I is shown as
solid line. Scattering cross section at the smallest angle
was assumed to be given by Rutherford’s formula.

eters for the exit channel were obtained from those
of the entrance channel by scaling the radii with
(A,*3+A,'?). Some additional calculations were
performed for the one-neutron-transfer reaction
on 8i in which the optical-model parameters of
the exit channel were varied. The post form of

the DWBA transition matrix element was used in
calculations describing the pickup reactions. Sixty
partial waves were used in each of the two chan-
nels and it was ascertained that the contribution

from the last 10 partial waves was negligible.
Bound state wave functions were calculated using

a Woods-Saxon potential with the radius parameter
7, equal to 1.2 fm, the diffuseness a equal to 0.65
fm, and the depth V equal to the value which re-
produced the binding energy of the transferred par-
ticle.

The product of the two spectroscopic factors in-
volved in each reaction was determined by re-
quiring a visual fit of the calculation to the ob-
served data. In the neutron-transfer reactions
discussed below, the spectroscopic factors of the
final states of the nuclei were obtained by assuming
the neutron spectroscopic factor of the ground state
of ®C. Several experimental investigations have
been concerned with this spectroscopic factor.*
The values obtained lie within the range 0.6-1.2.
We assumed a value of 0.61 predicted by Cohen
and Kurath?? for the analysis presented here. The
proton spectroscopic factor for the ground state
of N was needed for extracting the proton spec-
troscopic factors of the target nuclei in the pickup
reactions. It was also taken from the calculations
by Cohen and Kurath to be 0.69 since consistent
experimental values were not available. The de-
rived spectroscopic factors are compared with
those found from (d, p) and (d, *He) reactions for
the neutron-transfer and proton-pickup reactions,
respectively. Table II lists these spectroscopic
factors as well as the @ value, the excitation and
spin and parity of the final state of the residual
nucleus, the allowed [ transfer, and the derived
bound state well depth for each reaction.

All reaction data are shown in the center-of-
mass frame of reference.

TABLE II. Spectroscopic factors for the neutron-transfer and proton-pickup reactions induced by '3C.

Bound state c%s
Q value  E, Allowed!  well depth c%s From light-ion
Reaction MeV) MeV) J™  transfer MeV) This work studies
325(t3¢, 120) s 3.69 00 3 1,2 52.4 1.64 0.932
38 ("c, 2c)3s 3.69  0.841 4 1 48.2 0.48 0.32°
325, UN)3tp -131 00 & 1 61.5 1.66 1.1°
Same © Different ©
Bsi(Bc, 20)2%si 3.53 0.0 { 1 52.7 0.51 0.47 0.53°2
g (Bc, 120) 2% * 3.53 1.27 %+ 1,2 54.1 0.96 0.89 0.74 2
Bgi (Bc, 14N)27A1 —4.03 0.0 { 2,3 63.4 2.9 3.3¢
6o (B¢, 2c)"o* —0.804  0.871 { 1 56.9 0.49 0.78 —0.91¢

2 From Ref. 25.
b From Ref. 29.
¢ From Ref. 30.

4 From Ref. 26. An earlier work, Ref. 27, gave 0.62 and Ref. 28 leads to a range of values between 0.5 and 1.0 de-

pending upon the deuteron energy.
€See Sec. IV B and Fig. 7 for explanation.



14 REACTIONS INDUCED BY !'3C ON !2C, '60, 28Si, AND 328 615

A. Reactions induced on 328

Experimental cross sections for the reaction
32g(13C, 12C)3%S leading to the ground state and first
excited state of *3S are shown in Fig. 5 along with
the EFR DWBA calculations. In the case of the
ground state, poor agreement between the calcu-
lated and measured cross sections and large sta-
tistical errors in the data make the determination
of the spectroscopic factor uncertain. The first
excited state is not expected to be a very pure
single-particle state since the 2S,,, single-particle
orbit is expected to be filled in 33S on the basis of
simple shell-model considerations. Experimental
cross sections for the proton-pickup reaction
325(13C, N)3'P are shown in Fig. 6 along with an
EFR DWBA calculation. The calculated cross sec-
tions for the neutron transfer to the first excited
state of %3S and for the proton-pickup reaction
seem to reproduce the gross features of the ob-
served cross sections but not the details.

B. Reactions induced on 28Si

The observed angular distributions for the re-
action 288i(*3C, '2C)?°Si leading to the ground state
and first excited state of 2°Si are shown in Fig. 7
along with two different EFR DWBA calculations
for each state. The solid line corresponds to the
EFR DWBA calculations with the distorted wave
in the entrance channel calculated from optical-
model parameters for the elastic scattering of
36 MeV *C incident on 2%Si and the optical-model
parameters for the elastic scattering of 40 MeV
2C incident on 28Si used to calculate the distorted
wave in the exit channel. The dashed line cor-
responds to the EFR DWBA calculations performed
with the optical-model parameters for '°C incident
on 2%Si being used in both channels.

The scattering of '?C from 2°Si was chosen to

328( IBC'IZC)B?)S 328( I3C' IZC)33S*
L (0841 MeV)

— EFR DWBA +’ — EFR DWBA

(mb/sr)

do /da

A|AII4IOALLTGlOIIL ol
2. (deg)

FIG. 5. Cross sections for the neutron-transfer reac-
tion 32s(13C, 12C)%S leading to the ground state and the
first excited state of 3%S, respectively. The solid line
shows angular distributions predicted by EFR DWBA
calculations.

325( I3C, |4N) 3!P
— EFR DWBA
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T

ol
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FIG. 6. Cross sections for the proton-pickup reaction
32g5(13¢c, 1YN)* P leading to the ground state of P. The
solid line shows the angular distribution predicted by
EFR DWBA.

represent the exit-channel distorted wave in the
same spirit in which the proton distorted wave in
a (d, p) reaction is described by elastic scattering
of protons from the target nucleus. The elastic
scattering '2C +2°Si was measured at 40.16 MeV
to give the same center-of-mass energy as the
12C + 281 system.

In Table II, “same” and “different” for the de-
rived spectroscopic factors for these two reac-

ZBSi( |3C' IZC) ZQSi ZBSi( I3C. IZC) 29Si*

L * L
Ay, - EFR DWBA (1.27 MeV)
’5 A\ ¢ (Different) - — EFR DWBA
~ 0‘+ —— EFR DWBA ' (Different)
el *
E o (Same) ¢ —— EFR DWBA
~ " ’+ Lo ' (Same)

TT T

M

do /da

ol [ 1 ]
2040 56~ Gl
em. (deg)

FIG. 7. Cross sections for the neutron-transfer reac-
tion 288i(13C, 12C)?°Si leading to the ground state and the
first excited state of 2°Si, respectively. The dashed
curve shows EFR DWBA calculations in which the opti-
cal-model parameters in the exit channel were taken to
be the same as those in the entrance channel. The solid
line represents EFR DWBA calculations in which the
optical-model parameters for the exit channel were
chosen to fit the elastic scattering of 40.16 MeV !2C
from 28Si. This corresponds to the energy of the exit
channel consisting of 12C and 2°Si in the above reaction
leading to the ground state.
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FIG. 8. Cross sections for the proton-pickup reaction
28513, 14N)27A1 leading to the ground state of *’Al. The
solid line represents the angular distribution predicted
by the EFR DWBA calculation.

tions refer to the choice of optical potentials in
the entrance and exit channels as explained above.

For both the ground state and the first excited
state, both EFR DWBA calculations, “same” and
“different,” predict similar angular distributions.
Thus the calculations are not very sensitive to the
optical-model parameters used in the exit channel.
The calculations for the ground state predict the
overall features of the observed data but fail to re-
produce the details of the angular distribution. The
agreement between the predicted and observed
cross sections for the first excited state is poorer
than that for the ground state. The oscillations in
the data seem to be out of phase from the predicted
oscillations.

Figure 8 shows the observed angular distribution
for the proton-pickup reaction 28Si(*3C, N)*"Al.
The EFR DWBA calculation shown as a solid line
in this figure describes the data well except at
forward angles where the predicted cross section
is too low.

C. !3C induced reactions on 0

Experimental cross sections for the reaction

180Q(13C, *2C)"0* leading to the first excited state

of ’0 are shown in Fig. 9 where the solid line cor-
responds to an EFR DWBA calculation. The over-
all shape of the EFR DWBA calculation reproduces
the gross features of the data but it fails to predict
the cross section from 30° to 60° where the predic-
tion is too low.

" 180(13¢, 2) 70"
-~ | (0.871 MeV)
& 100 — EFR DWBA
0
E
a
©
N Lof
b 3
S u
o1+
20 20 60
cm. (deg)

FIG. 9. Cross section for the neutron-transfer reac-
tion 1%0(3C, 12C)!70 leading to the first excited state of
170. The solid line shows the angular distribution pre-
dicted by the EFR DWBA calculation.

D. !3C induced reactions on !%C

The measured cross sections for the ¢ -transfer
reaction '?C(**C, °Be)'°0 are shown in Fig. 10. The
angular distribution displays strong oscillations
that are superimposed upon a gradual decrease of

1O
2¢( 3¢, 9Be) "0
5 [ — EFR DWBA
3 2
£ ! —= 1J,(1056)l
!
|
% ol
~ 1
E B , I’-\\
o° - '“ \
- \
i ¢
8
C 1 1 1 I 1 A 1 TR BT
20 40 60
Oem. (deg)

FIG. 10. Cross sections for the a-transfer reaction
120d3¢, 9Be)!®0 leading to the ground states of 10 and
9Be. The solid line represents EFR DWBA calculation
based upon a cluster-model form factor. The dashed
line stands for [J;(10.56)]? multiplied by a suitable con-
stant to give a visual fit to the data. Here [J;(10.56)]?
is used as a convenient approximation for [P,,(cosf)I%.



the cross section with angle. The solid line is the
prediction of the EFR DWBA based on the assump-
tion that the four nucleons are transferred as an
o particle. In this model, the form factor for the
a particle is determined by specifying its orbital
angular momentum L and the number of nodes N
in the radial part of the wave function. The quan-
tum numbers assumed to describe the cluster
bound to '2C to produce %0 are N=2 (excluding the
one at the origin) and L=0. Similarly, the quantum
numbers describing the ¢ cluster around °Be are
N=1and L=2. The parameters of the Saxon-
Woods potential were taken to be 7,=1.0 fm and
a=0.65 fm. The radius parameter of the well R,
was taken to be 7,(A,'/2+A,'/%). The well depths
of the single-particle potentials used to bind the
«a particles to the respective cores were 47.93
MeV for 2C + ¢ system and 56.49 MeV for °Be + ¢
system. The calculated cross sections bear little
resemblance to the data. We performed some
calculations with other values for the parameter
7, (20% changes). However, the results did not
agree better with experimental cross sections.
Following Ref. 23 we computed [J,((Z, +3)6)]?,
which is a good approximation to [P,o(cosf?)]z,
where [, is given by the expression

I,+3=ncot(z6,) (6)
and 6, is defined by the relation
Gel(eo)/cn(eo) =3, (7

n stands for the Sommerfeld parameter, and 6, is
the angle often referred to as the “quarter-angle.”
For our case [,=10, the corresponding prediction
for the angular distribution is shown as a dotted
line in Fig. 10. The fit is quite good. It remains,
however, to understand why °Be is ejected in al-
most an eigenstate of orbital angular momentum.

V. CONCLUSION

Elastic scattering data obtained in this experi-
ment could be fitted very well with reasonable
values of optical-model parameters. There are
some discrepancies between theory and experi-
ment for the elastic scattering from 2C and '°O.
These might be due to elastic-transfer amplitude
or inelastic scattering effects. Finally, these
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discrepancies might reflect the difficulty of de-
scribing elastic scattering from light nuclei in
terms of optical potentials, a problem well known
from work with light ions. Calculations of the
cross section for the reaction 28Si(**C, 2C)?°Si
showed that for small changes of optical-model
parameters (10% change in real well depth) about
the values found in this work, the calculated reac-
tion cross sections remained essentially the same
(within a few percent) if the changed optical-model
parameters also fitted the elastic scattering. The
EFR DWBA calculations compare reasonably well
with the data but failed to reproduce the detailed
shape of the angular distributions. It is possible
that very different optical-model parameters exist
that lead to an equally good fit to elastic scattering
data and in conjunction with the EFR DWBA code
provide better fit to the reaction data.

Spectroscopic factors obtained for the ground
state and first excited state of 3*S from the neutron-
transfer reactions are about 1.5 times the values
obtained from (d, p) studies. The reaction
Q(*3C, 12C)"0* (0.871 MeV) yielded a spectro-
scopic factor about 0.5 times the value obtained
from (d, p) reaction studies. We do not have a
specific explanation for these discrepancies at
this time. Measured angular distributions for
the o -transfer reaction '2C(*3C, °Be)'®0O bear little
resemblance to the EFR DWBA based on the
cluster-model form factor. The measured angu-
lar distribution is, however, well fitted by the
function | P, (cos6) |2 Thus °Be is produced in
almost an eigenstate of orbital angular momentum
with =10 which is the orbital angular momentum
for the trajectory of 3C for a grazing collision as
determined by semiclassical considerations.

After this manuscript was completed, a paper by
A. J. Baltz, P. D. Bond, J. D. Garrett, and S.
Kahana®! appeared in print. The improved optical-
model potential proposed by these authors might
well be important for our analysis as indicated by
a sample calculation, the results of which were
communicated to us by Mr. R. Landon Ray.
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