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Elastic scattering angular distributions were measured for “4Ca 4 ®0 at 56 MeV and for *’Sc + '°N at 47.53
MeV. Extensive searches and systematic analyses of the optical-model potentials were performed to study
ambiguities. Various potential sets that fit elastic scattering were used in distorted-wave Born approximation
calculations of single-nucleon transfers. To a high degree the optical potential ambiguities that exist for elastic
scattering persist for the transfer predictions. The distorted-wave Born approximation calculations are
compared to experimental angular distributions of the single-proton-transfer reactions **Ca(*%0, *'N)*°Sc and
“Ca('°F, *0)*’Sc at 56 MeV and “Ca(*N, “C)*’Sc at 48 MeV. The transfers are well predicted by the distorted-
wave Born approximation when there is ! matching between the entrance and exit channel dominant partial
waves. For cases of I mismatch the calculations do not reproduce the data. This disagreement cannot be
removed by changes in the optical potentials, if these are still required to described elastic scattering. These
results suggest the possible presence of reaction processes other than those treated in the conventional

distorted-wave Born approximation amplitude.

NUCLEAR REACTIONS “ca(!0,%0), E =56 MeV, *Sc(!N, 5N), E =47.53 MeV,
®ca(to, 'N)¥sc, ca(l’F, #0)4%se, E =56 MeV, *8Ca(5N, 4C)%%c, E =48 MeV,
. measured 0(0), optical model, and DWBA analyses.

I. INTRODUCTION

Considerable effort has been devoted to an under-
standing of heavy-ion-induced transfer reactions!™!°
through the use of the first-order distorted-wave
Born approximation (DWBA).2°"2% Such attempts
have been successful in cases where both the spec-
troscopic overlap between the initial and final con-
figurations is large and where the kinematic condi-
tions correspond to a quasielastic reaction, i.e.,
good matching for the dominant partial waves I, in
the entrance and exit channel. However, as more
data have been accumulated it has become evident
that for many transfer reactions, strengths and
angular distributions deviate markedly from their
DWBA predictions,!®+18:24"31  Gipnce a large number
of parameters enter such calculations through the
entrance and exit channel optical potentials and
through the properties of the bound state wave
functions, the origin of such failures could be a
consequence of an incorrect choice of these param-
eters. An investigation of this question is clearly
necessary before any relevant conclusions regard-
ing basic shortcomings in the DWBA formalism
can be drawn. In the present paper we limit our-
selves to questions regarding the optical-model
parameters. Specifically we investigate the effects
of optical-model ambiguities that result from fits
to elastic scattering data when these parameter
sets are used in the DWBA calculations.

It has been suggested®? that angular distributions
of heavy-ion-induced transfer reactions and, in
particular, the oscillatory structure at forward

angles might prove useful in determining the aver-
age ion-ion potential. This expectation arises
from the observation that small changes in the opti-
cal-model parameters may introduce large changes
in the calculated angular structure of such transfer
cross sections while altering the elastic scattering
predictions only little. A number of investigations
have been performed®*~3%” which were apparently
successful in reducing optical-model ambiguities
through transfer data. However, our preliminary
studies did not support these findings.%®

To study this problem more carefully, we have
measured elastic scattering and single-nucleon-
transfer reactions. Angular distributions of elastic
scattering were measured for *®Ca +%0 at 56 MeV
and **Sc +!°N at 47.53 MeV. The second system
was chosen to represent the outgoing channel in the
(%0, 15N) reaction on Ca isotopes. Since %Sc is the
only stable Sc isotope usable as a target, the “*Sc
+!5N potential is taken to be representative for the
other Sc isotopes. One-proton transfers on “8Ca
were measured via the (*°0,'*N), (*N,!*C), and
(*°F,®0) reactions. The reactions proceed under
differentkinematic conditions to the same final states
in**Sc. Extensive optical-model and DWBA transfer
calculations were performed and compared to the
data.

Section II describes the experimental methods
used. In Section III the elastic scattering results
are discussed and optical-model calculations are
presented. Section IV shows the transfer predic-
tions of DWBA calculations employing the optical-
model parameters deduced in Sec. III. In Sec.V
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the transfer predictions are compared to the data.
Section VI summarizes our conclusions.

IL. EXPERIMENTAL METHOD AND RESULTS

The measurements were performed with two
different experimental setups: (a) a split-pole
magnetic spectrograph with a position sensitive
resistive wire proportional counter at the focal
plane,® and (b) a AE-E surface barrier detector,
time-of-flight telescope.*® The focal plane pro-
portional counter yielded a AE signal of about 5%
resolution which together with the high momentum
resolution of the spectrograph was sufficient to
separate the strongest particle groups. The energy
resolution was typically of the order of 80-170 keV
and mainly determined by the finite target thick-
ness. The time-of-flight system guaranteed com-
plete channel resolution for all transfer channels
but the energy resolution was typically 250 keV.

The #8Ca(!%0, °N)*°Sc reaction was measured
independently with both systems and yielded con-
sistent results for resolved states, The *®Ca('°N,
14C)*9Sc reaction was measured with the split-pole
spectrograph and the (°F,80) reaction with the
time-of-flight telescope. In addition some data
points for the (**F,'®Q0) reactions and the optical-
model parameters for “8Ca +1°F elastic scattering
were taken from Ref, 41, The *8Ca +1%0 elastic
scattering reaction was also measured with both
systems; the “5Sc +!5N reaction with the spectro-
graph. An absolute normalization was obtained
from elastic scattering measurements at forward
angles. Relative normalizations were obtained
through the use of a fixed monitor counter and the
integrated particle current in the Faraday cup.
The electronic system eliminated pileup and pro-
vided an exact measure of the deadtime.*® For the
time-of-flight system small angle scattering losses
were measured and found to vary monotonically
over the angular range with a maximum of 15%.
With this correction applied the spectrograph and
time-of-flight data agreed. Because of the large
dynamic range of the split-pole magnetic spectro-
graph, the 50 cm long focal plane detector simul-
taneously recorded the two dominant charge states
of the outgoing ions (1808*7* ISN7"6* and CS"5*),
At regular intervals, the '%0%*, 15N°* and !4C**
charge states, which account for less than 3% of
the total yield, were also measured. The error
introduced through the neglect of the smaller
charge states is estimated to be less than 0.5% of
the total yield. Figure 1 shows energy spectra for
two of the single-proton-transfer reactions mea-
sured. The angular distributions for elastic scat-
tering and transfer reactions will be discussed in
the following sections.

III. ELASTIC SCATTERING AND OPTICAL-MODEL
ANALYSIS

Before discussing the details of the optical-
model analysis we reiterate that the main empha-
sis in the elastic scattering study is not to obtain
general information about the ion-ion potential,
but rather to study the implications of the optical
potential on the DWBA analysis of transfer reac-
tions. Although both are interrelated and cannot
be considered totally independently, our effort is
primarily directed toward the second aspect.

The *®Ca +'®0 elastic scattering angular distribu-
tion at 56 MeV bombarding energy is shown in
Fig. 2. The ratio for elastic scattering to Ruther-
ford scattering, 0/0,, has been measured to a
lower value of about 3X1073, Optical-model fits
performed with the codes ABACUS*2 and GENOA*3
yielded identical results after a careful choice of
integration step sizes and the cutoff radius. Cal-
culations with ABACUS were found to be more sen-
sitive to the integration parameters and care had to
be taken to prevent spurious oscillations in the
calculated cross sections. Optical-model fits were
performed with various types of starting potentials
taken from the literature,32:35:44749 Al] of these
have been considered typical for heavy-ion scatter-
ing in the mass and energy range being studied
and some have been touted as the most appropriate
ones. The potential was of a Wood-Saxon type.

Six parameters were varied independently: depths
(Vv,w), radii (r,,,7,), and diffusenesses (a,, a;)
for real and imaginary parts of the potential. The
decision to vary six parameters was made in order
to obtain rather equivalent elastic scattering pre-
dictions, since the main purpose of this study is to
investigate whether the additional information ex-
tracted from the transfer reactions resolves am-
biguities in parameters that exist in the analysis
of the elastic scattering.

Potentials that fit the elastic scattering for the
48Ca +180 system at 56 MeV incident energy are
listed as potentials A in Table I. First we find
that the typical features of the original starting
potentials are maintained and the parameters are
only moderately altered; this is also true for the
potentials that were originally of the four-param-
eter type. Secondly, we observe that extending
data from 0/0,=1072 to 1072 does not remove
potential ambiguities; the calculations yield small
changes in the various parameter sets and differ
only in the region not constrained by data. How-
ever, in view of the possible complexity of the
reaction processes discussed later, the extension
of optical-model fits to elastic scattering data
many orders of magnitude below Rutherford scat-
tering appears ab initio questionable. Finally, the
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FIG. 1. Energy spectra of the single-proton-transfer reactions (15N, 1"C) and (160, 15N) on 48Ca leading to various

states in 4%Sc.

quality of the fits is nearly equal with respect to

XZ (Table II, last column); the relative deviations
from the average value x2=1.7 is about +25%. The
absolute value is only of limited significance, since
the errors were chosen as statistical errors when
larger than 1%, but kept at a systematic limit of
1% when the statistical error was smaller.

Before studying the detailed features of these
potentials let us consider the results for the elastic
scattering for *°Sc +'°N. They were treated in an
identical fashion as the *®Ca +%0Q data. Figure 3
shows the experimental angular distribution and
the optical-model fits. The optical-model param-

eters are listed in Table I as Set B. In addition
to the same features as found for the *®Ca +%0
system we find a large similarity between Sets

A and B. Within the limits determined by the ac-
curacy of our data, they are identical. We cannot
conclude from this similarity that there is a gen-
eral ion-ion potential for collisions in heavy-ion
systems of masses as the ones studied here. It
has been shown,’® for example, that 80 and O
elastic scattering yield quite different potentials
because of the stronger absorption in the 120 sys-
tems which is attributed to its strong inelastic
excitations. It appears, however, that ions without
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FIG. 2. Elastic scattering angular distributions for
48Ca + 180 at 56 MeV. The solid lines are various optical-
model fits as discussed in the text.

TABLE I. Optical potential parameter sets for the
systems %8Ca + 180 (A) and %5Sc + 15N (B) as discussed in
the text. The optical potential V(r) of Woods-Saxon
shape is given in terms of the listed parameters by the
following expressions:

V)=V, [F Ry, )1 =iW,
X[f0.Rysa)l,

Ry =75, (/% + 4113,

Ry =7, (413 + A1/3),

S R.a)={1+explr —R)/al}™".

Potential Vv, Vor a, Wy Y oi a;
Al 313 1.208 0.408 105 1.337 0.188
Bl 319 1.205 0.408 92 1.326 0.176
A2 149 1.168 0.496 11.1 1.233 0.566
B2 150 1.170 0.507 10.8 1.211 0.541
A3 100 1.200 0.500 24.0 1.207 0.482
B3 108 1.202 0.504 26.9 1.185 0.481
A4 78 1.218 0.497 11.3 1.232 0.571
B4 82 1.221  0.502 9.3 1.216 0.553
A5 43.5 1.259 0.520 48.0 1.203 0.458
B5 45.0 1.262 0.525 42.3 1.194 0.452
A6 33.8 1.344 0.424 110.2 1.274 0.280
B6 35.9 1.349 0.425 96.7 1.272 0.275
A7 12,7 1.363 0.510 8.0 1.363 0.510
B7 13.3 1.367 0.522 6.7 1.349 0.488

TABLE II. Various quantities as deduced from the
optical-model parameters Sets A of Table I for the
system 48Ca+ 150,

VR WRysp) 0,
Potential Iy, Ry (MeV) (MeV) ®) x?

Al 30.36 9.43 -2.3 -0.17 1.281 1.4
A2 30.21 9.44 -1.6 -0.40 1.313 1.5
A3 30.18 9.44 -1.6 -0.37 1.290 1.7
A4 30.16 9.44 -1.5 -0.42 1.313 1.4
A5 30.15 9.43 -1.7 -0.57 1.306 1.3
A6 30.30 9.43 -2.1 -0.37 1.286 1.5
A7 29.86 9.38 -1.6 -1.00 1.303 2.1

strong low-energy excitations as 160, 15N, and
presumably “C have a quite similar average inter-
action with targets of the mass region studied here.
We note this because, in general, for studies of
heavy-ion transfer reactions elastic scattering data
for the outgoing channels are not readily obtained
inasmuch as the outgoing projectiles or final target
nuclei are often unstable or hard to produce.

Let us consider the common feature of the po-
tentials listed in Table I. Because of the surface
nature of the heavy-ion elastic scattering at the
energies studied here, we expect large similarities
in the surface part of the potentials and in physical
quantities associated with it, as in Blair’s discus-
sion of elastic a scattering.’® The real (V) and
imaginary potentials (W) as a function of relative
radial coordinate 7 between the two ions are shown
in Figs. 4 and 5. The real potentials, despite their
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FIG. 3. Elastic scattering angular distribution for ’Sc
+5N at 47.53 MeV.
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FIG. 4. Shape of the real part V(v) of the optical po-
tential for the elastic scattering of 4Ca + 160 for various
potential parameter sets.

very large differences in depths in the nuclear
interior, approach a nearly constant value at ap-
proximately 7 =10 fm and have close values over
the range 9 fm<7<10 fm. However, because of
their different slopes in the asymptotic tail region,
they do not represent potential ambiguities of the
type described by 1go.’ No such close values exist
for the imaginary potentials, although for a small
region around 9 fm all values lie within a factor of
2.5, It appears that the imaginary potential is
required to be sufficiently large in the interior so
as to absorb all flux for close collisions. This is
demonstrated by the transmission coefficients for
the various potentials as shown in Fig. 6. Adll
partial waves below [ =26 are totally absorbed and
this results in partial wave reaction cross sec-
tions equal to the unitarity limit, as shown in Fig,
7. The hatched band in this figure indicates the
range of values obtained by employing the various
optical potential sets.

From the transmission coefficients or the scat-
tering amplitudes we can now deduce a half value
1,5, corresponding to an average surface partial
wave ! value. Following Blair,’! we take the ! value
where the real part of the scattering S matrix goes
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FIG. 5. Shape of the imaginary part W(r) of the optical
potential for the elastic scattering of 8Ca + 180 for var-
ious potenti#dl parameter sets.

through 0.5 and deduce the value of /,, given in
Table II. From the total energy relation
+ Z,Z,é + _ﬁ___z_ ll/z(lx/z +1)

R4 24 R1/22 ’

E=V,

£ (h)

FIG. 6. Transmission coefficients T, as a function of
partial wave angular momentum ! for various optical
potential parameter sets as given in Table I.



15 OPTICAL MODEL POTENTIAL IN... 297

- 4800 +I60 ]

EI ab” 56 MeV )

]

—~ 0; 7

E 50 ]

O ]

25 —
OO 10 20 30 40

£(h)

FIG. 7. Partial wave reaction cross section o, for
48Ca + 180 at 56 MeV. The hatched area indicates the
range of 0, for the various optical potential parameter
sets given in Table I.

we then iteratively deduce a half radius R,, which
is also listed in Table II. Here V, is the nuclear
potential, u the reduced mass, and Z,,Z, the nu-
clear charge of the projectile and target, respec-
tively. We find that [, and, as a consequence,
R, are highly constant for all potential sets. As
one would expect from Figs. 6 and 7, thigis also
true for the total reaction cross sectiong:listed

in Table II. Also listed are the values of real and
imaginary potentials at ¥ =R,,. As observed be-
fore, V(R,,) is nearly constant to within about
+30% from the average value, whereas W(R,;)
varies as much as a factor of 6 at this particular
radius. In conclusion, we find that the ambiguities
in the elastic scattering distribution and the de-
duced quantities arise mainly from two features of
the potentials considered: (a) the complete ab-
sorption in the interior for {<26, even for the
“weakest absorbing” potential, and (b) nearly con-
stant strengths of the real potentials at the nuclear
surface in the vicinity of the strong absorption
radius R,

Inspection of the complex scattering amplitudes
for the surface partial waves /=25 to 35 shows
that the amplitudes from different parameter sets
are to a very large extent equivalent. This is ob-
viously a result of the delicate interplay between
real and imaginary potentials and their effect on
phases and amplitudes, superimposed upon the
gross features discussed above. The choice of
six parameters facilitates the generation of equiva-
lent amplitudes. For the dominant partial waves
the radial wave functions are also nearly identical
at the nuclear surface. We emphasize this point
because, if transfer reactions yield additional’

information concerning the average potential, they
must be sensitive to different partial waves and a
different nuclear region.

IV. DWBA PREDICTIONS FOR TRANSFER PROCESSES

Since additional complexities arise in DWBA
calculations if more than one particle is trans-
ferred, we restrict our investigation to single-
proton transfers. This has the additional advantage
that spectroscopic factors are generally known
from light-ion-induced reactions, such as (°He,d),
and can be used as additional checks on heavy-ion-
induced transfer reactions.

The DWBA calculations were performed using
the exact finite-range code LOLA in the post rep-
resentation. In all calculations the conventional
separation energy prescription with Woods-Saxon
parameter 7;=1.25 fm and a,=0.65 fm was used to
generate the bound state wave functions for both
target and projectile. Spin-orbit terms were ne-
glected. The transfer interaction in all cases was
taken to include only the nuclear part.5®

The optical-model parameter sets of Sec. III
which are found to produce equivalent fits to the
elastic scattering of %0 +*%Ca are used to calculate
DWBA predictions for the one-proton-transfer
reactions **Ca(*®0,'°N)*°Sc leading to the f,
ground state and the p,, first excited state at 3.08
MeV in *°Sc. The results are shown in Fig. 8.
Although there are small differences in shape, the
DWBA predictions are practically equivalent for
both states. The curves have been arbitrarily nor-
malized so as to produce maximum overlap; how-
ever, the relative normalization differs by no more
than £15%. The same potential has been used for
both the ingoing and outgoing elastic channels in
view of the close agreement between Sets A and B
in Table I. This is further justified through trans-
fer calculations for the *®Ca(!®0, !N )*°Sc reaction
using each of two parameter sets (A3 and B3) in
both entrance and exit channel, and using A3 in the
entrance and B3 in the exit channel and vice versa.
The results overlap well with the band of curves
in Fig. 8. As a further example, DWBA predic-
tions for a different reaction, namely “®Ca(°N,
14C)*9Sc(g.s.) at 48 MeV are shown in Fig, 9 for the
various potential sets,

From the DWBA calculations we conclude that
the close agreement between predictions for dif-
ferent potentials indicates that the same partial
waves dominate the angular distributions for both
the transfer and elastic scattering.’* This is valid
for reactions where the ingoing and outgoing
dominant partial waves overlap well within the
range spanned by the transferred angular momen-
tum (“well matched” or “quasielastic”) such as the
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transfer to the f,, state in the *8Ca('°0,'*N)*Sc
reaction, However, this also holds for the “mis-
matched’] transfer to the p,, state; the matching
condition ¥an be read from the [, values listed in
Table III. In the latter case this might appear sur-
prising since it is found in DWBA calculations of
mismatched light-ion-induced reactions that the
nuclear interior contributes considerably. How-
ever, in heavy-ion collisions the total flux pene-
trating the nuclear interior is absorbed (Figs. 6 and
).

Some caution, however, should be exercised with
respect to the generality of the argument that the
same partial waves dominate elastic scattering and

TABLE III. Ingoing and outgoing channel dominant partial waves lin and lout as discussed
in the text., L is the transfer_'red (no-recoil) angular momentum, a@ut* the modified real dif-
fuseness (if different from a,") in the outgoing channel optical potential.

lout
Reaction State Lin @gvt=gin agutx =g in) ain agutx L
(**N, c) Fiy2 27.6 28.3 29.7 0.50 0.60 4
P32 27.6 25.5 27.4 0.50 0.60 2
(80, 15N) Fiy2 30.5 29.4 29 .4 0.50 0.50 4
P32 30.5 26.9 28.4 0.50 0.58 2
(¥F, 180) Fi/2 31.2 34.1 38.5 0.50 0.75 3
P32 31.2 30.8 30.8 0.50 0.50 1




transfer reactions in a given ion-ion scattering
situation. In a transfer reaction the form factor
plays a dominant role in determining the distance
that contributes most to the transfer cross sec-
tion. Because of the high correspondence between
coordinate and ! space in a heavy-ion reaction, the
partial wave contribution will depend on the form
factor. In multinucleon transfers for example the
form factor is expected to fall more steeply and
possibly enhance smaller !/ values, or a smaller
band of ! values.

We can summarize the results of the DWBA pre-
dictions for a given ion-ion system in the mass
region studied as follows: When optical-model
parameters that give equivalent fits to elastic
scattering are used in DWBA calculations similar
single-nucleon-transfer predictions result. This
is independent of the ! matching between incoming
and outgoing elastic channels.

V. COMPARISON OF DWBA PREDICTIONS AND TRANSFER
DATA

Comparisons of the DWBA predictions for the
*8Ca('®0, *N)**Sc reaction leading to the f,, ground
state and first excited p,, state at 3.08 MeV with

15 OPTICAL-MODEL POTENTIAL IN... 299

experimental angular distributions are shown in
Fig. 10. The solid lines are calculated using the
optical parameter Set B3. The f,, ground state
transition is rather well described while the angu-
lar distribution for the transfer to the p,, state is
mispredicted. From the results of Sec. IV it is
seen that all other optical-model sets will equally
mispredict the p,, state angular distribution.
However, as seen in Table III the well-predicted
f . transition corresponds to a well I-matched
situation while the p,, transition does not.

In order to further investigate the effect of /
matching we have measured the (**N,*C) and the
(*F, '80) one-proton transfer reactions on *8Ca
which lead to the same f,, and p,, states. Because
of the different @ values and charges in the incom-
ing and outgoing channels the kinematic conditions
differ. While the ('°O,'*N) reaction is well matched
for the f,, ground state, the (*°F,'®0) reaction is
well matched for the p,, excited state; [ matching
occurs for the (!N, !*C) reaction half way between
both states (see Table III).

If we now compare DWBA predictions and data
for the three reactions shown in Fig. 10, we find
that in cases of I matching, the data are well pre-
dicted by the DWBA calculations. In cases of mis-

T T T T 7T A T 7 T T T T T T
— “%ca(®N,"*c)**sc, 48 MeV — o P *%a(®0, ""N)**sc, 56Mev *%ca ("%, '"%0)*%sc, 56 Mev
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N 1 sL ] osf .
7 O.l._.— =
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1 [ Pye oo
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FIG. 10. Angular distributions for the single-proton-transfer reactions (N, 14C), (IGO, 15N), and (1°F, 1%0) leading to
the fy, ground state and 3.08 MeV excited state in *Sc. The solid curves are DWBA predictions, calculated with opti-
cal-model parameters that fit elastic scattering and with bound state wave functions that are generated by fitting the
binding energy in a real Woods -Saxon potential with fixed radius R =1.25 fm x A"3 and diffuseness @ =0.65 fm. The
dashed curves are calculated with modified optical-model parameters as discussed in the text.
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match, discrepancies exist between data and pre-
dictions. The degree of discrepancy appears to be
related to the degree of mismatch, and the trans-
ferred angular momentum L. The difference

lin— lowt is largest for the p., state populated in the
(%0, !*N) reaction, and for the f,, state populated
in the (1°F,%0) reaction. While both are badly fit,
the discrepancy appears to be larger for the p,,
state which is populated via primarily L =2 than
for the f,, state populated by L =3. For the

(5N, 1C) reaction the @ value for li,— low lies mid-
way between the f,, and p,, states. Again both are
mispredicted by the DWBA, but the discrepancy for
the f,, state, populated mainly by L =4, is less
serious than that observed for the p,, state, popu-
lated mainly by L =2,

There are optical potentials which do not fit
elastic scattering but do provide fits to the transfer
data even for the mismatched cases. However,
these results may be of limited significance since
different reaction mechanisms may contribute and
the adjusted optical parameters may mask these
effects rather than lead to their understanding. It
is found that for the (*°0,!°N) reaction leading to
the p,, final state in **Sc, the disagreement be-
tween DWBA and data is easily reduced by an in-
crease in real diffuseness a, in the outgoing chan-
nel (dashed curve in Fig. 10). Such improvement
between DWBA predictions and data through an in-
crease in the diffuseness of the outgoing channel
optical potential has been noted previously.’® An
inspection of the elastic scattering amplitudes re-
veals the effect of this change in diffuseness. As
seen in Table III, the dominant partial waves in the
outgoing channel are shifted to higher ! values.
This shift of the transition amplitude increases the
overlap between the incoming and outgoing elastic
channel. In other words, for a mismatched case
the reaction mechanism appears to proceed mainly
through the dominant partial wave region of the
incoming channel, to a larger extent than predicted
by the conventional DWBA. However, this explana-
tion can only explain part of the data.

For the *8Ca('°N,*C)*°Sc reaction where a
matched situation corresponds to a @ value half
way between the f,, ground state and p,, excited
state, we find that agreement between DWBA and
data is obtained for both states if, in both cases,
the diffuseness in the outgoing optical potential is
increased. For the p,, final state this means in-
creased overlap between the dominant partial waves
in the incoming and outgoing channels, but for the
fu ground state, this results in an even larger
shift between them. This is substantiated by the
“8Ca(°F, '80)*°Sc reaction where the p,, excited
state is matched and well described by DWBA.
However, the f,, ground state mismatch is in-

creased when the real diffuseness in the outgoing
optical potential is increased, even though the
DWBA predictions are in agreement with the data
(dashed curve Fig. 10),

An additional feature that emerges with these
improved DWBA predictions is that the spectro-
scopic factors deduced agree fairly well with those
from light-iondata® (Table IV). This might appear
to be of significance, since the forward angle pre-
dictions between the original and the changed po-
tential can differ by factors of 5. However, both
predictions agree closely in the region of the
grazing bump where most of the cross section
originates. It appears that some back angle cross
section strength is moved to forward angles. This
suggests the presence of additional coherent pro-
cesses such as two-step or multistep processes
whose treatment has to await future detailed calcu-
lations.

VL. CONCLUSIONS

The purpose of the present investigation was to
study the sensitivity to the optical potential in
single-nucleon-transfer reactions induced by heavy
ions. Since our study is limited to masses around
A =48 and bombarding energies about twice the
energy of the Coulomb barrier we cannot draw gen-
eral conclusions with respect to all heavy-ion-
inducedtransfer reactions. The systematics of
our calculations and data, however, point to some
features which are expected to be valid for a
wider range of heavy-ion-induced transfers.

We find that at a given energy the optical poten-
tial parameter ambiguities for elastic scattering
persist in DWBA predictions for single-nucleon-
transfer reactions in the same system. Thus,
discrepancies between DWBA predictions and data
cannot be removed by a different optical param-
eter set, if the latter is still required to reproduce
the elastic scattering. The experimental angular
distributions are well reproduced by standard
DWBA predictions only for cases of good ! match-
ing. For cases of ! mismatch, discrepancies arise
which seem to indicate the effects of coherent reac-

TABLE IV. Spectroscopic factors as deduced from the
various single-proton-transfer reactions leading to the
f1/2 ground state and first excited p;/, state at 3.08 MeV
in ¥Sc. The last row gives the ground state @ values of
the reactions.

State (3He,d) a (15N, MC) b (160, 15N) b (IBF, 180) b
f7/2 1.0 1.68 1.04 1.8
D3/a 0.68 0.87 0.56 0.45
Q (MeV) +4.125 -0.588 -2.504 +1.626
2 Reference 56. b This work.



tion processes other than the conventional one-step
DWBA amplitude. If one departs from the original
DWBA prescription requiring the use of elastic
scattering distorted waves, one can find adjusted
optical potentials which do reproduce transfer an-
gular distributions under mismatch conditions.
These result in a shift of the outgoing dominant
partial waves to higher ! values, independent of

the increased or decreased overlap with the en-
trance channel partial waves. The significance of
these changes is not clear and may in fact simulate
additional reaction processes. Further systematic
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studies and attempts to understand the reaction
mechanisms are underway.
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