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Elastic scattering and transfer reactions induced by 100 Mev S on Al~
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Angular distributions have been obtained at an incident energy of 100 MeV corresponding
to S elastic scattering on Al, Al(~ S, P) transitions to the ground and first-excited
states of 2SSi and 2~Al( 2S, 33S) transitions to an unresolved group of low-lying states in 2~At.

An optical model analysis of the elastic data shows that the "best fit" potentials with con-
stant diffusivity follow the Ve~ = constant ambiguity extremely well. It appears that the
elastic data is most sensitive to the ion-ion potential near a radius of = 10.1 fm, The abso-
lute cross sections of the 'Al(3 S, lP) transitions to the ground and first-excited states of

Si are well reproduced in a distorted-wave Born-approximation analysis using optical model
parameters which reproduce elastic scattering. The angular positions of the (3~S, ~1P) graz-
ing peaks, however, are observed a few degrees forward of their predicted position, and the
measured cross sections forward of the grazing peaks are considerably larger than predicted.
The agreement between measured and predicted angular shape apparently is better for the

Al(3 S, ~S) Al neutron transfer than for the proton transfer data. From this limited first
data for S induced reactions it appears that such reactions can be explained to the extent
that "lighter heavy-ion" induced reactions are understood.

NUCLEAR REACTIONS 3~S+~YAl elastic scattering; E'=100 MeV, measured
v(8); optical model analysis, extracted optical model parameters. ~A1(32S, P)
and ~Al(3 S,33S); E =100 MeV, measured 0{8); DKBA analysis, extracted spec-

troscopic factors.

I. INTRODUCTION

High resolution beams of mass 12-20 nuclei
from tandem Van de Graaff accelerators and mod-
ern cyclotrons together with improved techniques
of particle detection and identification have made
possible the study of heavy-ion induced transfer
reactions to discrete final states. The proceed-
ings of recent heavy-ion conferences' indicate the
richness of this rapidly growing research area.
The present paper reports an extension of such
heavy-ion induced transfer studies to projectil. es
of 4=32 while sufficient energy and mass resolu-
tion is maintained to resolve individual final states.
A study of ' Si induced quasielastic transfer from
a target of "Si also has been reported previously
by Hildenbrand et al, '

Angular distributions have been measured for
the elastic scattering and transfer reactions in-
duced by 100 MeV 3~S incident on an Al target
(g —= Z,Z, e'm/a'k=18. 6). The elastic scattering is
analyzed with a variety of optical model potentials
and the differential cross sections of groups cor-
responding to "Al("S,"P) transitions to the ground
and first-excited states of 'Si are analyzed in

terms of the distorted-wave Born approximation
(DWBA). This method has been successful in de-
scribing most of the properties of A = 12-16 heavy-
ion induced single-nucleon transfer reactions (see,
e.g. , Refs. 3 —8).

II. EXPERIMENTAL METHODS AND RESULTS

A 100 MeV "S beam from the Brookhaven Na-
tional Laboratory Tandem Accelerator Facility
was used to study the elastic scattering and the
few nucleon transf er reactions induced on a 75
p, g/cm' self-supporting natural Al foil. Reaction
products were detected in a time-of-flight spec-
trometer' consisting of a very thin Pilot-B plastic
scintil. lator" start detector and a silicon surface
barrier stop detector. The flight path was about
2 m long and the electronic signals from the flight
time TAC (time-to-amplitude converter) and the to-
tal energy signal from the stop detector were sorted
and displayed in a two dimensional 128 && 128 channel
format using a Sigma7 on line computer. The geom-
etry of the spectrometer was arranged so thai two
separate stop detectors were used with a single
start scintillator. This permitted the simultaneous
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col.lection of two spectra each having an angular
resolution of +0.1 (lab) and separated by a labora-
tory angle of 0.5 . A "typical" two dimensional
plot of energy versus time of flight measured at a
laboratory angle of 20.5 is shown in Fig. 1. The
time resolution is sufficient to distinguish single
mass lines up to about mass 40. An energy reso-
lution from the stop counters of -1 MeV ful. l width

at half-maximum was obtained. No charge identi-
fication could be derived from the system.

Spectra corresponding to the A = 28, 30, 31, 32, and

33 mass lines extracted by projection from the
data shown in Fig. 1 are shown in Fig. 2. These
are the dominant intensities in the mass spectra.
Groups identified with the ground state and lowest
2' state at E„=1.78 MeV of "Si are labeled on the
mass 31 spectra. Contributions corresponding to
the excited states of "P at 1.27 and 2.23 MeV also
may be contained in this latter group although the
position and width of this group indicate that it
corresponds predominantly to the 2' level of 'Si.
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FIG. 2. Mass 28, 30, 31-, 32, and 33 energy spectra
for 100 MeV 3 on ~Al measured at a laboratory angle
of 20.5' These spectra correspond to a portion of that
data shown in Fig. 1. The channels corresponding to
both the exiting and the residual nuclei being in their
ground states are indicated by the arrows labeled with
the symbol for the appropriate exiting particle in each
spectra. Groups corresponding to the ~A1( 8, P)
transitions to the ground and first-excited 2+ states of

Si are indicated in the A =31 spectra. The spectra
corresponding to the mass groups not shown contain few-
er counts at this angle than those shown (see Fig. 1).
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FIG. 1. Plot of energy (abscissa) ys time of flight
(ordinate) for the reachon products of 100 MeV 32S on
27A1 measured at a laboratory angle of 20.5 ~ Lines of
constant masses are indicated, and spectra of those cor-
responding to A =28, 30, 31, 32, and 33 are shown in
Fig. 2.

The elastic scattering groups from "Al. and "0
can be identified in the A=32 spectra. A group at
channel 86 in this spectrum (iabeled "ineV') is at
the appropriate energy to correspond to an in-
elastic excitation to either the —,

'' state at 2.21
MeV in "Al or to the 2' state at 2.23 MeV in "S.
The broad group near channel 77 in the mass 33
spectrum is identified with unresolved transitions
to the ground states of "S and "Al and the several
low-lying excited states at 0.23, 0.42, and 1.06
MeV in Al and at 0.84 MeV in S.

Angular distributions corresponding to the "Al-
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27AI(32S 5IP) 28SI 27AI (32S GAS)26A I

O. I 1.0

('2S, "P) transitions to the ground and first-ex-
cited 2' states of "Si and to the unresolved "Al-
("S,"S)"Al transitions are shown in Fig. 3. Two
data points separated by 0.5 (lab angle) were ob-
tained as described above every 2.5' in the lab-
oratory between 10 and 30'. The large elastic
count rate prevented the measurements of trans-
fer cross sections forward of 10' in the laboratory
system. The relative cross sections for the trans-
fer data were obtained by normalizing the elastic
scattering measured with the time-of-flight spec-
trometer to elastic scattering measured separate-
ly with a single surface barrier detector (see Fig.
4). The latter data were measured in 0.5-1.0
steps between 7 and 31.5' and was normalized to
the sum of two monitor detectors located on oppo-
site sides of the beam. A detector acceptance
angle of +0.0't5 (lab) was used.

By normalizing to elastic scattering at forward
angles where it deviates by &1% from Rutherford
an absolute cross section scale was established
for both the elastic and transfer data. Because of
uncertainties in the absolute angle of the time-of-
flight spectrometer arm an over-all uncertainty
of +20% is expected in the absolute cross section
scale for the transfer data. The error bars shown
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FIG. 4. Elastic scattering data corresponding to 100
MeV 32S on 2'Al. The errors shown when they are larger
than the data points represent the quadrature of 1% and
statistical error. The curve was calculated using optical
model parameters labeled 100/0. 50 in Table I which were
obtained by searching on the imaginary well depth lV and
the channel radius 8 —= ro(27 3+32~ ~3). Curves corres-
ponding to nearly identical "fits" to the data are shown
in Fig. 5.
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with the transfer data in Fig. 3 represent statisti-
cal errors as well as uncertainties encountered
in separating the mass 31 and 33 l.ines from the
large A=32 elastic groups at forward angles. For
the elastic scattering uncertainty the quadrature
of 1% plus the statistical error was assumed and
these errors are shown in Fig. 4 as error bars
where they are larger than the signature for data
points.
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FIG. 3. Angular distributions corresponding to 27Al-

PS, ~iP) transitions to the ground and 1.78 MeV states
of Si (left side) and to the Al( S,S~S) transitions to the
unresolved low-lying states in ~6A1 (right side) mea-
sured at an incident energy of 100 MeV. The error flags
represent statistical errors as well as uncertainties in
separating the mass 31 and 33 lines from the larger
elastic groups at forward angles. The curves are DWBA
predictions calculated using optical model parameter set
100/0. 50 of Table I.

III. ELASTIC SCATTERING ANALYSIS

The 100 MeV "S+"Al elastic scattering data
(see Fig. 4) were analyzed in terms of the phenom-
enological. optical. model. using the heavy-ion ver-
sion of the search code ABACUS. A four-param-
eter compl. ex potential of Woods-Saxon form with
identical real and imaginary geometry was em-
ployed throughout the analysis:

r-R
U(r) = —(V+iW) 1+exp

a
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with 8 =r,(A, '"+A,'"). The Coulomb radius was
fixed equal to the radius A. The elastic data were
fitted by simultaneously searching on the imagi-
nary potential depth S' and the radius 8 for a vari-
ety of real potentials V and diffusivities a. The
resulting optical model parameters are tabulated
in Table I and the predicted elastic scattering of
the 100/0. 50 potential (V=100 MeV, a =0.50
fm —see Table I for the other parameters) are
shown with the experimental data in Fig. 4.

The "best fit" optical potentials obtained for a
definite value of a follow the Igo ambiguity"'"
(Ve"~' = constant) extremely well (see Table I)
for the entire range of V's considered (20 MeV
~ V~1000 MeV). Furthermore, the ratio of W/V

only changes by -25% over the range of V's and is
nearly independent of the diffusivities used (0.45
& a ~ 0.55). The potentials in Table I for a definite
diffusivity are essentially identical at distances
a 10 fm (see left side of Fig. Band Fig. 6). Such po-
tentials generate near ly identical partial-wave
scattering amplitudes" g, for all partial waves
(see left side of Fig. I), even though the real and

imaginary nuclear potentials are very different in-
side of =9 fm. The small differences observed in
the phase derivatives 2(86/&l) at the lowest partial
waves correspond to amplitudes

~ q, ~
which ap-

proach zero. Similar approximate invariance of
the generated partial-wave amplitudes for widely
varying potential depths connected by the "contin-
uous ambiguity" has previously been demonstrat-
ed" for elastic n-particle scattering.

The Ve '=constant ambiguity, however, does
not hold between the parameter sets with different
diffusivities (see Table I). Potentials for different
diffusivities, in spite of the fact that they generate
almost identical elastic scattering cross sections,
do not have identical. tails. Some small differences

also are observed in the calculated partial-wave
amplitudes with potentials of different diffusivities
(see right side of Fig. 7) leading to differences in

the predicted large angle elastic scattering cross
sections. Such differences were not found with po-
tentials having the same diffusivity (see Fig. 5).
The present elastic data do not distinguish between
the diffusivities (0.45 ~a ~ 0.55) used in the anal-
ysis.

The interaction barrier heights V~, defined to be
the maximum of the sum of Coulomb plus real nu-
clear potential, and the interaction radius A~, the
nuclear separation corresponding to the interac-
tion barrier, also are given in Table I. Consistent
values of the interaction barriers are predicted
using the best fit optical potentials determined
from the analysis of elastic data.

It appears from Figs. 5 and 6 that all the poten-
tials of Table I pass through the same point at an
ion-ion separation of 10.1 fm. The elastic scatter-
ing data thus cannot be claimed to determine the
tails of the potentials; only the value at 10.1 fm
is determined unambiguously. The classical
Rutherford orbit having a turning point distance
(p, ) of 10.1 fm under the present kinematical con-
ditions" corresponds to an impact parameter of
p=6.00 fm and to a scattering angle of 6, =57.2'.
[A classical. interpretation should be quite accu-
rate here because of the large value of q =18.6.
Furthermore, ReU(10.1 fm) =0.5 MeV compared
with Uc,„,(10.1 fm) =30 MeV. ] It is seen from
Fig. 4 that 6) =57.2' corresponds to a cross sec-
tion of 0.4 of the Rutherford cross section. This
value may be compared with the strong absorption
radius A, which corresponds to a transmission co-
efficient T= 1 —

~ q, ~' = —,'. In the strong absorption
limit 8, is defined from the orbit corresponding
to an elastic cross section of 0.25 of the Buther-

TABLE I. Optical model parameters obtained from fits to elastic scattering data.

Parameter
set

V W

(Me V) (Me V)
ro

(fm) (fm) W/V

a
VeB/a

(10 Me V) X

Vg
(Me V) (fm)

20/0. 45
100/0.45

1000/0.45
20/0. 50

100/0. 50
1000/0. 50

20/0. 55
100/0.55

1000/0. 55

20
100

1000
20

100
1000

20
100

1000

12.02
48.56

467.7
12.05
48.76

468.8
12.06
48.82

469.7

1.361
1.245
1.078
1.331
1.203
1.016
1.303
1.161
0.956

0.45
0.45
0.45
0.50
0.50
0.50
0.55
0.55
0.55

0.601
0.486
0.468
0.602
0.488
0.469
0.603
0.488
0.470

25.8
26.3
26.6
2.75
2.83
2.81
0.451
0.458
0.458

2.67 29.9
2.67 29.8
2.73 29.8
2.60 30.1
2.56 30.0
2,33 30.0
3.30 30.4
2.86 30.2
2.76 30.1

9.5
9.6
9.6
9.4
9.4
9.5
9.2
9.3
9.4

'0(27 ~3+ 32 ~ )
Maximum value of real nuclear plus Coulomb potential.
Radius corresponding to maximum in real nuclear plus Coulomb potential.
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FIG. 6. Log plot of the "best fit" real nuclear poten-
tial as a function of the channel radii for some of those
potentials given in Table I. The best fit potentials with
constant diffusivities are nearly identical for radii~ 10
fm. The potential sets having different diffusivities
are identical in magnitude for radii near 10.1 fm only
indicating a sensitivity of the elastic scattering to such
radii and explaining why larger variations are predicted
for elastic scattering and transfer using the potentials
of varying diffusivity (see Fig. 5).

A. A1( S, P) Si reaction

In ("S,"P) reactions when the "P is produced
in its ground state a 2s,» proton is transferred
between 3 S and ~ P; therefore, only a single
transferred L is allowed for each transition to
a particul. ar shell-model. orbit. Furthermore,

IV. TRANSFER ANALYSIS

The exPerimental o',„~(8) and calculated o'sRc(9)
single-nucleon transfer cross sections for the re-
action A(a, b)B are related through the spectro-
scopic factors C'8 by

&.„(~)= (&'S).o(C'S) o„(&) . (2)

The theoretical differential cross sections as„c (e)
were calculated using the finite-range DWBA code
SEC of Baltz."" The effects of recoil. were in. -
cluded using a series expansion"" keeping terms
to the second order, which under the present con-
ditions, should be accurate to a few percent.

the transferred L is identical. to the l of the shell-
model orbit which it enters in the residual nucleus,
and the L values are the same as for ('He, d) or
(d, n) where a Is,&, proton is transferred. The
s„, transfer between projectile and ejeetile sim-
plifies the analysis considerably and removes the
complication of a non-normal transferred L,, the
result of transverse recoil. '

DWBA predictions are shown in Fig. 3 with the
angular distributions corresponding to "Al('2S, "P)
transitions to the ground and first-excited states
of "Si. The curves shown were calculated using
the optical potentials labeled 100/0. 50 in Table I,
in both entrance and exit channels. These poten-
tials were derived from the elastic scattering
analysis —see Sec.III. The bound-state wel l param-
eters given in Table II were used in all the D%BA
calculations. Nearly identical transfer cross sec-
tions are predicted using other optical potentials
which fit the elastic scattering (see Fig. 5). This
is expected since the ion-ion potentials derived
from the elastic scattering data are well deter-
mined in the region of ion-ion separations that
contribute to the transfer cross section. "

The curve shown in Fig. 3 with the "Al("S,"P)
transition to the 1.78 MeV 2' excited state of "Si
corresponds to pure 2s«, proton transfer to the
"Al 2' ground state even though both d„, and d„,
transfer are allowed. Indeed d strength has been
observed"" in the light-ion induced single-proton
transfer populating the 1.78 MeV state in "Si.
DWBA calcul, ations predict nearly identical angular
shapes for 2s«, L = 0 and 1d„,L = 2 transfer to
this state except at the most forward angles where
data do not exist. The DWBA cross section corre-
sponding to 2s«, L = 0 transfer, however, is pre-
dicted to be =4.5 times larger at the grazing peak
than the L =2 1d», transfer, presumably the re-
sult of a larger magnitude for the 2s„, bound-
state wave function at the nuclear surface as com-
pared to the 1d,&, form factor. The magnitude of
the predicted transfer with the proton in a 1d»,
state in both "Si and "S for otherwise identical
parameters is reduced further by a factor of =4
because the "tail" of the bound-state wave function
is now small in both asSj and S. Since the 1.27
and 2.23 MeV states of "P have J' =- —,

"and ~",
respectively, the configuration dependence of the
cross sections explains why a strong yield is not
obs erved in the mass 31 spec trum cor responding
to "P excited to these two states and "Si in its
ground state. Similarly, the configuration depen-
dence helps" to explain why the cross sections to
"Si(2 ) is almost an order of magnitude larger
than the ground state "Al("S,"P) cross section.
Similar configuration dependences have been ob-
served"'" for transfer induced by "lighter heavy
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a comparison of the results for best fit otentials of c
and left res ectivel .
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curve is shown.
an e t, respectively. The amplitudes (q, ~

for the potential sets 100/0. 50 and 10 /an 00 0.50 are so similar that only one

ions, " In these cases, however, it is not so
dramatic, because the least strongly bound nu-
cleon in the projectile-ejectile system does not
have a node near the nuclear surface" as does
the 2s„, form factor.

The DWBA calculations shown with the ("S,"P)

ata in Fig. 3 underpredict the experimental cross
sections at the most forward angles and overpre-
dict the observed yield at backward angles. Cross
sections calculated using the other parameters
which fit elastic scattering produce curves essen-
tially identical (see Fig. 5) to that shown with the

TABAB in eABLE II. Surface transparent potentials used '
th DWBA prediction shown in Figs. 9.

Channel

"S+ "Al
3iP P 28S

Bound state

V

(Me V)

100
100

b

R
(fm)

7.428
7.432

Q =QsD

0.50
0.50
0.65

&ws
(Me V)

100
100

WsD

(MeU)

2.5
2.5

WS SD

7.10
7.10

"ws
(fmj

0.3.0
0.10

a Used for all DWBA calculations in this paper.
Varied to gave the transferred nucleons the correct binding energy.
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data in Fig. 3. Similar problems have been ob-
served in proton transfer induced by "lighter
heavy ions" (see e.g. , Refs. 3, 6, 7, 23, 24, 26,
and 27). An ad Doc solution for the problem is
modifying"' the optical model potentials to re-
produce the data. Weakened absorption near the
nuclear surface will change the predicted shape
of the angular distribution in the correct direc-
tion (see Fig. 8). The surface transparent poten-

I 00.

tials"' used in this calculation are given in Table
II. Such weakly absorbing potentials, however, no
longer reproduce the elastic data (Fig 9). An ex-
actly analogous situation has been reported for the
'"Al("0, "N)"Si reaction in Ref. 29. It is quite
possible that transfer reactions from a near de-
formed nucleus such as "A1 require a more
sophisticated analysis than is provided by the
DWBA in order to obtain a detailed agreement
between experiment and theory. Changes in the
optical model parameters away from those that
fit elastic scattering can to some extent compen-
sate for the neglect of coupled channel. effects."

The spectroscopic factors for proton transfer to
"Al obtained from the DWBA analysis of the "Al.-
("S,"P)"Si reaction are compared in Table III
with values from studies of the (d, n)'o and
('He, d)" reactions on "Al. The tabulated ("S,"P)
spectroscopic factors assume a spectroscopic fac-
tor of 1.4 for the removal of a proton from "S

IO.
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V)

b

I.O—

I.O

CL
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boI

O. I

0
I

50
ec.m. ~deQ j

I

60 90

FIG 8. Comparison of predicted differential cross
sections for the ~Al(3 S,~ P) transition to the Si ground
state using optical model potentials differing only in the
imaginary part. The solid curve labeled %=48.76 MeV
corresponds to potential set 100/0. 50 of Table I and is
shown with the transfer data in Fig. 3. The dash-dot
curve corresponds to set 100/0. 50 with the imaginary
depth reduced to 8'=10 MeV, and the dashed curve cor-
responds to the surface transparent potentials (STP)
given in Tab1e II and similar to the potentials discussed
in Refs. 8 and 28. The potentials having weaker absorp-
tion near the nuclear surface reproduce the cross sec-
tions forward of the grazing angle better; however, such
potentials fail to reproduce the elastic scattering of 328

on ~7Al —see Fig. 9.

O.OI
0

I

30
8, (deg)

I

60

FIG. 9. Comparison of predicted elastic scattering
calculated with the potentials which are weaker in the
region of the nuclear surface and the elastic data. Such
potentials fail to reproduce the elastic scattering par-
ticularly near the "glory peak. " The transfer cross sec-
tion based on such potentials are compared in Fig. 8 to
optical model set 100/0. 50 of Table I which fits the e1as-
tic data. See caption of Fig. 8 for a description of the
potential used in the calculations for this figure.
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TABLE III. Comparison of spectroscopic factors derived from VA1(3 S, P) Si and light-ion
induced transfer.

&„jn "Si
(MeV) L.)p ' b

+exp~+S RC

g $( ~Al+P 28Sj)
(32S 3ip) c (d Q) d (3He d) e

0.0

1.78

2—5' 2

0 2

2 5
2

3.8

0.80

2.7

0.57

1.5

0.19

0.08

2.6

0.46

0.08

' Transferred L and spin of particle transferred to ~~Al.

Corresponds to fits shovrn in Fig. 3.
Assuming C $=1.4 for 2S~S~P+P. See Ref. 30.
Reference 20.
Reference 21.
Because the L=O predicted cross section is 4.5 times larger than the L=2 cross section

and the light-ion transfer results indicate that this transition is predominately s&y2 transfer,
the C $ extracted from the present study assumes pure L=0 transfer. Assuming C $=0.08,
the value from light-ion transfer, for the L=2 transfer would reduce the extracted L =0 2~A1-

( S, P) Si spectroscopic factor for this state by only 3/&.

leaving "P in its ground state." The spectroscop-
ic factors extracted from the present analysis are
in excell. ent agreement with those obtained from
an "Al('He, d)"Si study. " The factor of 10 varia-
tion in the differential cross sections for the "Al-
("S,"P) transitions to the ground and first-excited
states of "Si is explained by the DWBA analysis.

B. Al( S, S) Al reaction

The right hand side of Fig. 3 shows the angular
distribution of a broadened group in the mass 33
spectra (Fig. 2) associated with unresolved "Al-
("S,"S)"Al transition to the ground states of "S
and 'Al and the low-lying excited states at 0.23,
0.42, and 1.06 MeV in 'Al and at 0.84 MeV in "S.
The curve shown with the data corresponds to the
angular shape predicted for the '"Al("S,"S)"Al
transition with both "S and "Al in their ground
states. The angular shapes for the other transi-
tions which may contribute to this group are near-
ly identical to that shown except at the forward-
most angles where data do not exist. This pre-
dicted curve is arbitrarily normalized to the data.
No attempt has been made to extract spectroscopic
information, since so many unresolved transitions
can contribute to this angular distribution. The
agreement between the predicted and observed
angula. r shape for the ("S,"S)group, however,
probably is better than observed in the analysis
of the ('2S, "P) single-proton transfer.

V. CONCLUSIONS

The relative and absolute "grazing peak" cross
sections for the 'Al("S, '"P)"Si transitions ob-
served were reproduced in a finite range DWBA
analysis including recoil corrections. The angular
positions of the "Al("S,"P)"Sigrazing peaks,
however, are observed a few degrees forwa, rd of
their predicted positions, and the measured cross
sections forward of the grazing peak apparently
are considerably larger than predicted (see Fig. 3).
By weakening the absorption at the nuclear surface
the angular shape of the "Al("S,"P)"Sicross sec-
tion can be reproduced; however, such optical po-
tentials no longer reproduce the elastic scattering.
From the limited "Al("S,3'S)"Al neutron transfer
data it appears that the agreement between pre-
dicted and measured angula, r shapes may be better
for neutron transfer than for proton transfer.

The analysis of the elastic data indicates that
the optical potentials which reproduce the elastic
data follow the Ve ~'=constant ambiguity for po-
tentials with the same diffusivity over a large
range of U. Such ambiguous potential. s produce
nearly identical partial wave scattering amplitudes
q, for all partial waves. The elastic scattering of
100 MeV "S on "Al unambiguously determines the
real nuclear potential at a distance of about 10.1
fm which is about 0.5 fm larger than the strong
absorption radius of 9.7 fm.

The authors wish to acknowledge informative
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