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A systematic and simultaneous description of elastic scattering, reaction and fusion cross sections for tHeEystél Bi at energies
below the Coulomb barrier is given within the direct reaction theory. Woods-Saxon optical potentials are used in the calculations whel
cut-off parameteR - is defined to separate the fusion and direct reaction absorption procesgés-s@arch for energy dependent forms

for the diffuseness parametef and the radial parametdt; of the imaginary potentialV,, that best fits the experimental data is carried
out. Good fits to the data are found. A relationship between the large values founddiod R; with the large spatial extension of the halo
nucleus’® He wave function is also looked for.

Keywords:Nuclear reactions; exotic nuclei; nuclear fusion.

Se ha hecho un estudio simaieo y sistertico de las secciones eficaces de dispearshstica, reaccin total y de fushbn para el sistema
nuclear® He +-2°° Bi para enertgs alrededor de la barrera Coulombiana. En el estudio se utiliza un potencial de Woods-Saxon para el ¢
se define un pametro de corté? para dividir el proceso de absabai correspondiente a fuisi del de reacciones directas. Igualmente
se realizan ajusteg” para encontrar los mejores ajustes a los datos experimentales mediante relaciones dependientesideraiesg
patametrosa; y Ry de la parte imaginari®l/,, del potenciabptico. Los resultados para todas las secciones eficaces concuerdan en buen
medida con los datos experimentales. Finalmente se trata de determinar uiba refé@ los valores relativamente grandes dg Ry con

el extenso halo del nucléHe.

Descriptores: Reacciones nuclearedjcieos ekticos; fusbn nuclear.

PACS: 25.60Bx; 25.60.Dz; 25.60.Pj; 24.10.Ht

1. Introduction which means that at every step of the calculations the optical
potentials to be used must be such that elastic scattering is
In a recent work, exceptionally anomalous strong reactiorwell described. In other words, the description of the fusion
cross sections were found in the interaction of the "Bor-and reaction processes is given in such a way that it is con-
romean” nucleu$ He with a 2% Bi target at energies around sistent with the observed elastic scattering. The basic con-
the Coulomb barrier [1]. Strong anomalous breakup/transfereept of the approach is to define a Woods-Saxon potefitial
yields were obtained in th#° Bi(° He,* He) reaction, and whose absorptive componeif, (« being the elastic chan-
consequently large reaction cross sections were derived fromel) is split into two parts, one responsible for only the fusion
the209 Bi(S He, He) elastic scattering data measured in theabsorption process, and the other for the rest of the reaction
same work [1, 2]. Enhanced fusion excitation functions wereprocesses. We call these two parts the fusion @aft and
also measured for the same system [3]. The total reactiothe direct reaction pafi/ r respectively. The fusion cross
cross section was simply determined by the sum of the fusiosectiono» can be obtained from that portion of the total re-
and breakup-transfer yields. In the calculations of Ref. 2action cross section due solely Wr. On the other hand,
two different optical model descriptions were given that usethe direct reaction cross section is given in termdigf .
energy dependent absorptive optical potentials which matcBince the total absorption potential which is used in the elas-
the elastic and total reaction data equally well. In one of theic scattering calculation will remain itself unmodified, the
descriptions the Woods-Saxon absorptive potential becomdssion is calculated in consistency with the elastic scattering,
more diffuse at lower energies while the other uses a foldingind total reaction cross section calculations. In our approach
model [4], and involves an increasing radius for the imag-the diffuseness parameter and the radial parametét; of
inary well at lower energies. However, although scatteringhe absorptive pait/,, of the Woods-Saxon optical potential
angular distributions and total reaction excitation functionswill be determined by a?2-analysis of the elastic scattering,
have been well predicted by both of these descriptions, nand total reaction experimental data. The fusion cut-off pa-
account for fusion has been given within the same descriprameter that split§//,, into a fusion part and a direct reaction
tion. It is the purpose of the present work to show that itpart is calculated in conjunction witly, and R; [5-7]. As
is possible to give a simultaneous description of the elastia first calculation, we determine the best energy dependent
scattering, fusion and total reaction cross section experimerequations fo; and R; that fit the elastic and total reaction
tal data for the reactiohHe +2%° Bi at the measured ener- data alone. Then, the best energy dependent fit¥pris
gies; 14.3, 15.8, 17.3, 18.6 and 21.4 MeV. The approach tfound. Next a simultaneous determinationaf, R; andR g
be used here will be consistent with the direct reaction theorys done, and the results are compared with the foregoing cal-
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culation. Throughout the calculations a relationship betweesense we say that our fusion cross section calculation is con-
the large values for the diffuseness and radial parameters sistent with the elastic scattering. Integrating Eq.(6) over the
andR; with the expected large radial spatial extension of theangles, we have
halo nucleu$ He is discussed. So, it is attempted to find out
how the halo structure of He might intervene in the absorp- . Z 20, + 1 /
tion processes. k?x z

In Sec. 2, a brief description of our method is presented.

In Sec. 3, the results of the calculations are shown. FinallyEvidently the corresponding direct reaction cross section
in Sec. 4, a summary and a discussion is given. has a similar expression to the last equation except that

Wr.«(r) is substituted by¥p r . (r). Throughout the calcu-
. ) . lations only coupling to the elastic channel was considered,
2. Brief theoretical description that is fusion going first through excited states of the colliding
nuclei was ignored. We will see that this assumption becomes
good enough to give a good description to the experimental
data.

(r) ‘2 Wia(r)dr. (7)

Possibly the simplest choice for the fusion potentig} is
to make it equal to the absorptive imaginary pértof the
Woods-Saxon potentidl for radial distances shorter than
someRyr , and zero for larger distances th&g, That is,
3. Numerical Calculations
We(r) = { W) rs e (1)
0 r > Rp In this section the calculations of elastic, fusion, and total re-
action cross section calculations are presented for the system
whereRr = rp(A;/* + Ay/*), r being the fusion radius 6He|-209Bj at the center of mass energies 14.3, 15.8, 17.3,
parameter which will be determined phenomenologically. Of18.6, and 21.4 MeV. It is important to emphasize that the
courseWpr is defined accordingly a8/pr(r) = 0 for  fusion cross section will be calculated simultaneously with
r < Rp, andWpg (r) = W(r) for r > Rp. Basically elastic scattering and total reaction cross sections by intro-
the formalism begins with the Sdinger equation for elas-  ducing a cut-off parameter that will divide the optical po-

tic scattering from an optical potential, tential into a fusion part, and a direct reaction part. In a first
+) ) calculation the only Woods-Saxon optical potential parame-
(To + Ua)xa” = Baxa' () ter that will vary with the incident energy is the imaginary

diffuseness parameter, the other parameters will remain con-
stant as shown in the upper part of Table IyA—analysis

of elastic scattering data is now executed where good fits are
obtained for minimum values of the reduced = \?/v,

where« is the elastic incident channél, = V,—ilV, is the
elastic optical potential an;zlfj) is the distorted wave func-
tion. The real and imaginary parts of the optical poteritial
are assumed to be of the Woods-Saxon form, that is,

defined as,
Vo,a
Va(r) = P (3) 1 & 1
T exp(S ) M e @
and =
W wherev is the number of degrees of freedom for a function
W (r) = O.a (4)  y(z;) with n parameters. That is, the number of degrees of

1+ exp(*5H) freedom is given byy = N —n — 1, N being the number of
As it is well known, the total reaction cross section can pedata points, and; is their uncertainty. Then, allowing only
calculated by the diffuseness; to vary, best fits to the data gave the fol-
lowing values ofy?; 4.67, 0.99, 0.52, 0.75, and 1.5 for the

2 /W +) center of mass energies 14.3, 15.8, 17.3, 18.6, and 21.4 MeV

IR = hu,, < Walxa > (5) respectively. We found that the determined values:fofol-

) . . o low the linear equation,
whereu, is the relative velocity between projectile and target.

The fusion cross section is similarly calculated by, ar = (1.964 — 0.045E.,,,) fm 9)
oF = % < W |X(+)> (6) Now, the fusion radius paramet@r of Eq.(1) will be

determined so as to fit the fusion data of Ref. [3]. By us-
whereWr, is defined by Eq.(1). It is important to point out iNg Eq.(9), we found that the fusion data can be well de-
that the distorted wave function that appears in Eq.(6) is th&cribed if the fusion cut-off parameté follows the linear
same as that in Eq.(5), and is the solution of Eq.(2). We calParametrization,
or the fusion cross section that proceeds through the elastic
channelx or in short the elastic fusion cross section. In this Rp = (14.4 — 0.0984E,, ) fm. (10)
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The calculated elastic scattering cross section is shown in
Fig. 1(full lines) compared to the data for all the energies.

The results for the total reaction and fusion cross sections are
shown by the full lines of Figs. 2 and 3 respectively. As seen,
the fusion cross section is well described by our calculation,
and the reaction cross section is possibly a little underpre-

dicted for 14.3, 17.3, and 21.4 MeV. Of course the values =

o]

S
~
w

taken byRr does not influence the calculation of the total re-
actionor. However, it is important to emphasize once more ©
that in this calculation we do not vary any parameter other
than Ry anday, which vary according to Egs. (9) and (10),

all the other optical potential parameters have kept fixed.
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FIGURE 1. Calculated angular elastic scattering cross section dis-
tribution following Eq.(9) (solid-line) and Eq.(11) (dashed-line).

Experimental data corresponds to Ref. 2.
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FIGURE 3. Simultaneous fusion cross section calculation based
on a cut-off fusion radius parametrization following Eq.(10) (solid-
line) and Eq.(12) (dashed-line). Experimental data are taken from
Ref. 1.

Now, in order to improve the calculation particularly that
of o, instead of following the recipe of Eq.(9), we have al-
lowed our computer program to find by itself the best values
of the diffuseness parametey of 1W,, and of the cut-off
parameterR » simultaneously. In this way both the total re-
action and fusion cross section are fitted simultaneously. The
new calculation shows that the fit to the elastic scattering, and
the total reaction cross section can be further improved if the
following formula is used,

a; = 2.060 — 0.0488E.,,, fm. (11)

As before, the fusion cross section fitting to the data produces
slightly scattered values fdR, but a linear least squares fit

to these scattered values is used in a final calculatienzof
That is given by the equation,

Rp = 15.498 — 0.147E,.,,, fm. (12)

The final results obtained by using the last two equations
while keeping all the other potential parameters the same as
before, are shown by the dashed lines of Figs. 1, 2, and 3. As
seen in these figures, the elastic scattering, and fusion cross
sections are also well described, but particularly the reaction
cross section is how closer to the data than in the foregoing
calculation.

In a second calculation, instead of varying the diffuse-
ness parameter; of the absorption potentialV,,, the radial
parameterR; is allowed to change. The real and imaginary
potential strengths used in this second calculation are deter-
mined as in the folding potential calculation of Mohr [8].
That is, the strengthV,, of the imaginary potential is ob-
tained by the volume integral,

FIGURE 2. Total reaction cross section corresponding to a Woods-
Saxon parametrization with a diffuseness given by Eq.(9) (solid-

line) and by Eq.(11) (dashed-line). Experimental data corresponds

to Ref. 2.
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TABLE |. Optical potential parameters used in the calculations. All potential depths and the center of mass energies are in MeV. Radial and
diffuseness parameters in fm.

ay andrp are varied. Vo,a TV ay Wo,a TI ar
For all energies 150.0 1.02 0.68 25.0 1.2 Eq.(11)

r; andrg are varied
14.3 118.43 1.2 0.68 2.29 Eq.(19) 0.6
15.6 119.37 1.2 0.68 3.77 0.6
17.3 120.24 1.2 0.68 5.89 0.6
18.6 120.91 1.2 0.68 8.34 0.6
214 122.12 1.2 0.68 15.75 0.6

and the real paft,, by a similar equation. The energy depen- fusion cross sections, now we allow our program to simulta-
dence of the volume integral is given by the parametriza- neously determine by itself the beRf and Ry parameters
tion of Ref. 9i.e., for each center of mass energy. Keeping all the other parame-

ters fixed as above, we find that the bRstvalues are slightly

JR1(Eem) = J 1 €xp[—(Bem — E% 1)? /A% 1], (14)  dispersed around the straight line
with the following parameters,
R; = (3.65 4 166.15/E.., ), (19)
J% =350 MeV, E% = 30 MeV andA R = 75 MeV, (15)

and the fit to the fusion data gives scattered values for the fu-
sion parameteR r which can be well described by the linear

JO = 127 MeV, E = 30 MeV andA; = 12.7 MeV, (16)  SXPression

while for the absorption part,

Woods-Saxon shapes are assumed for both potentials where Rp = (16.30 — 0.199E.,,,) (20)
for each center of mass energy, the depth of the real and imag-

inary parts are determined by Egs.(13)-(16). The values S?he results for elastic, total reaction and fusion excitation

determined are shown in the lower part of Table I. functions with the use of Egs. (19), and (20) are shown by

With these potential parameters, afi—search of elas- the dashed lines of Figs. 4, 5, and 6 respectively. Now the

tic and total reaction cross section data give a best fit wheg, i) oycitation function has become closer to the experi-
the radial parameteft; of the absorption potential is varied mental data particularly in the high energy region. The total

according to the equation reaction cross section calculation has been greatly enhanced
R; = (5.314 + 131.7/E,,,,) fm. (17) for low energies being also much closer to the data.

The elastic scattering results are shown by the full lines of 0., = .
Fig. 4, which are very close to those of Ref. 8. The calcu- E
lated total reaction cross section is shown by the full line of
Fig. 5 in comparison to the data of Ref. 2. It can be said that
our calculation folw  is basically under the expected values

mainly in the low energy region. We now proceed to find the
best fitting to the fusion cross section data. It was found that ]
the fit to the experimental fusion data at the center of massg  '° 3
energies 14.3, 15.8, 17.3, 18.6, and 21.4 MeV produced scat ] 18.6
tered values for the cut-off parameter that can be adjusted by =
the straight line, 3

R uth

Ry = (14.82 — 0.126E,,,) fm. (18)

The calculatedrr, obtained with this equation foRp, is 0
presented by the full line of Fig. 6 in comparison with the

data of Ref. 1. In this case the fusion cross section is barigure 4. Angular elastic scattering cross section distribution cal-
sically above the expected values. As done before, and iBulated with Eq.(17) (solid-line) and with Eq.(19) (dashed-line).
order to improve the predictions for the total absorption andSee text for details. Experimental data corresponds to Ref. 2.
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calculations, an iterativg? —analysis starting with single an-
gular distributions, but gradually involving more data points
is done in one single calculation.

1000 | P i Therefore, we can conclude this section by establishing
] i i ] that in our approach, the elastic scattering, total reaction and
o fusion cross sections give closer results to the data when they
5 ) /,/ are calculated simultaneously. A detailed discussion of the
% 4 / results as well as a search for a relationship between the op-
o S
/
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tical potential parameters; and R; with the expected large
radial extension of the wave function of the halo nucleds
will be given in the next section.

4. Summary and discussion

In this work, we have presented an approach to simultane-
ously calculate the elastic, reaction, and fusion cross sections.
The method has been applied to the interaction between the

FIGURE 5. Total reaction cross section corresponding to a Woods-halo nucleu$ He and a2%° B target at the center of mass en-

Saxon parametrization with a radial parameter given by Eq. (17)
(solid-line) and by Eq. (19) (dashed-line). Experimental data cor-

responds to Ref. 2.
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FIGURE 6. Simultaneous fusion cross section calculation based on
a cut-off fusion radius parametrization following Eq. (18) (solid-

34

ergies close to the Coulomb barrier energy. The basic idea of
the method consists in defining a fusion cut-off radius param-
eter R for which all the incident-channel absorption goes to
fusion for radial distances lower tha®y, and to direct re-
action processes alone for distances bigger thanWoods-
Saxon potentials have been used in the calculations whose ab-
sorption pari¥,, is energy dependent through the diffuseness
ay or radial Ry parameters. A thorough analysis of the effect
of this absorption potential energy dependence on the elastic,
reaction, and fusion cross sections has been performed. For
all the bombarding energies, fitting to the fusion experimental
data has been achieved by a linear energy dependent expres:
sion for the fusion radius paramet&. We first allowed

the diffuseness paramete; of W, to be determined in

the 2 —analysis of the elastic and total reaction experimental
data. The best fitting to the data that minimizes the reduced
X2 has been achieved whenis described by Eq. (9). Then,

we proceed to fit the fusion experimental data which was well
described by the use of a linear relation for the fusion cut-off
parameterRr of Eq. (10). At this point, the overall theo-
retical results of elastic, reaction, and fusion cross sections

line) and Eq. (20) (dashed-line). Experimental data are taken fromWere in good accordance with the data, however some de-

Ref. 1.

viations still existed. A more precise calculation was then
searched but instead of following Eq. (9), we allowgdto

Certainly one may question the significance of anbe calculated in consistence wifty, that is both parame-

x2 —analysis for a small number of angular elastic scatteringers were calculated simultaneously in §fe-analysis. This
data points (five for each energy). However, in the end onlyhas given us Egs. (11) and (12) and the resulting calculations
two parameters in Eqgs. (9) and (10) are determined out of fivéor reaction, and fusion cross sections have been improved.
angular distributions containing a total of 32 pointe.(30  Particularly, the reaction cross section became closer to the
degrees of freedom). Even in the intermedigfefits of in-  data. This can be explained from the fact that the absorption
dividual angular distributions, which should be thought onlypotential is now more diffuse particularly for low energies,
as a guide, the correspondirg distribution for 4 degrees of and there can be more absorption for larger radial distances
freedom gives reasonable probability values for most angulaas can be seen in Fig. 7a.

distributions. At the very end, after including the total cross  Then we proceeded to perform a calculation in which the
section and fusion data points, only four parameters will bémaginary part of the Woods-Saxon potential is now energy
calculated [Egs. (11) and (12), or (19) and (20)] out of 46 ex-dependent through the radial paramdigr As done before,
perimental points, that is a total 42 degrees of freedom. Befirst it was attempted to find a simultaneous description of the
cause of the inherent numerical complexity of optical modelelastic and reaction excitation functions. Good fits to the data
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clear matter mean-square radifis, ,..,s for ¢ He is about
2.73 fm [10], thenR,, = 2.73 + 1.24}/* = 9.85 fm. Now if

the ® He—neutron matter distribution radius is used instead,
thatisR},, = 2.87 fm [10] thenR,, = 9.99 fm. These val-

ues suggest that in the fusion reactiorf$fBi with the halo
nucleus® He a very strong neck-formation effect might take
place [11]. A possible explanation for this strong effect may
be found in the large spatial extension of fii&e-wave func-

tion. The decreasingr values with increasing energy in-
dicates that as the incident energy becomes higher the length
of the fusion neck becomes smaller. On the other hand, the
fact that the diffuseness parametgr of the imaginary ab-
sorption potentialV,, takes values anomalously large in the
range of energies of interest (1.377 fm for 14 MeV to 0.84 fm
for 25 MeV) can be empirically related to the large neutron
halo radial distribution ofS He. For the halo nucleu$éHe,

we may expect that the description of its internal state func-
tion, in particular the nuclear halo by a Woods-Saxon well be
related to a large diffuseness parameter. In Table |, we show
how theR,.,, s varies with the diffuseness parameter. We have
used optical potential parameters that correctly reproduce the
2-neutronps /5 binding energy (0.96 MeV). The best value
for the diffuseness parameter that reproduce the experimental
R}, s=2.87 fm [10] isa = 0.75 fm. This fact shows that the
nuclear surface or extended halo fofe can be simulated

by a large diffuseness. It is important to emphasize that our
direct reaction approach to fusion can not take into consider-
ation the explicit influence of the two-neutron halo structure
of 6 He on the reaction and fusion processes. The only way
in which we can account for the effect of the neutron halo is
through its contribution to the relative motion distorted wave
function XSF) for which anomalous large values of the dif-
fuseness parametey of the absorptive Woods-Saxon poten-

FIGURE 7. a) Imaginary optical potential, as function of  tial ha\(e been found. _ o _
Rr = r1(AY? + ALY for 14.3 MeV when its diffuseness is Going back to the calculated fusion excitation functions
given by Egs. (9) and (11). In the inset, the diffuseness of Egs. (9)obtained withR - given by Egs. (12) and (20) (dashed-lines
and (11) as function of the center of mass energy; b) Imaginaryof Figs. 3 and 6). These two equations were obtained for best
optical potentiallV,, as function ofR; = r;(Al/® + AY®) for fits to the data when; and Ry or alternativelyR; and Ry
14.3 MeV when its radial parameter is given by Egs. (17) and (19).were determined simultaneously. Both calculations give a
In the inset, Egs. (17) and (19) as function of the center of massgood description of the dat@(i =0.9 and 0.8, respectively).
energy. Since the values taken by in the energy region of inter-

) est are similar for both cases, one might ask whether a good
were obtained through the use of Eq. (17). However, thejescription can be given by a single formula for as well.
calculated total reaction cross section resulted under the exfter weighing the contributions of Egs. (12) and (20), the

pected values especially for low energies. Then, we profo|lowing formula for the radial cut-off parameter is found,
ceeded to fit the fusion cross section which was correctly

calculated by the Eq. (18). Next, we allow&d to be deter-

mined in consistency wittik » for each energy, the resulting

Egs. (19) and (20) were obtained from the best simultaneoughich gives a fairly good account for the fusion data for both

fit to all the data. Fig.7b illustrates the increasing range oktasesy? = 5.2).

absorption when using Eg. (19). We conclude this discussion by making some comments
It is very interesting to notice that the values takenabout the role of the halo &H e when interacts witi%° Bi.

by Rr of Eqg. (12) lie in the range from 13.29 fm to It has been suggested above that the nuclear halo of the nu-

12.26 fm for energies between 15 MeV and 22 MeV.cleus®He can be implicitly considered through a large dif-

These Rr values are well above the contact parameteffuseness or a large radial parameter of the relative Woods-

given by R,, = R(°He) + R(*°?Bi). That is, since the nu- Saxon potential. We intend in this last part to make this sug-

Rp = 15.982 — 0.177E,,, fm (21)
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ferent. It is true that for the class of nuclear reactions that we
TABLE Il. Relationship between diffusenessnd radiusk of an  have tried to study for théHe +2°9 Bi system with the use

optical potential to the neutron mean square radifs,,. In all of an optical potential model, the values of the geometrical
cases the proton potential depth is fixedfp= —58.5 MeV. All parameters of the Woods-Saxon potential such as the diffuse-
the potentials sets reproduce the experimental negtspnbound  ness and reduced radial distance are more important than the
energy of 0.96 MeV central values of the potential depths. This is so, since these
V.MeV afm R fm V,MeVv Rfm R’ fm geometrical parameters greatly determine the interaction at
: : the surface of the colliding nuclei than in the inner region
~58.7 0.55 2.609 -58.7 2.0 2.609 where the potential depths are more important. However, it is
-56.0 065 275 50.7 218  2.696  jnteresting to notice that in the first calculation where the dif-
-53.3 0.75 2.88 -44.3 2.36 2.77 fuseness; of W, and fusion cut-off radiu& » were varied,
46.1 1.0 3.22 -39.0 255 2.86 the real potential depthi, remained fixed at 150 MeV. In the

second case, where the reduced radial paranfgtand R

gestion clearer. For that purpose two calculations are peivere varied, the depth varied between 118 and 122 MeV. On
formed for the neutron internal wave functigft, and neu- the other hand, the imaginary part being constant in the first
tron root-mean-square radif, ,, with a Woods-Saxon po- Case varies very strongly in the second. Clearly, even though
tential well of; i) variable diffusenessand ii) variable radial the results of the calculations and the agreement with the data
parameterR. In all the calculations the experimental two- are more influenced by the large values of the diffusengss
neutron binding is fitted by adjusting the depth of the poten-2nd of the reduced radil; parameters in the peripheral re-
tial. It can be seen in Table Il, that the large experimenta@ion, it is true that the different behavior &, andV, as
value forR™ . of ¢ He can be simulated either by a large dif- well as ofa; and R; in both calculations must combine to
fuseness parameter or a large radial paranfetefra Woods- produce distorted wave functior)(éf) that compensate for
Saxon potential. In fact the experimentaf, .=2.87 fm is the differences so that when used in Eq. (6), reproduce a to-
obtained whem = 0.75 fm, R = 2.0 fm, V,, = —53.3 MeV tal reaction cross section that fit the experimental data. It is

and whenR = 2.55 fm, a = 0.55 fm, V = —39.0. There- nhice to see that once the distorted wave functi(iﬁ) has
fore, the extended neutron halo®@ e must play an impor- been determined with the above mentioned variations, the fu-
tant role in the interaction witP?® Bi since nuclear reactions Sion potentialVr,, as defined by the cut-off parametey-
can begin at larger distances, and this fact is also representégsuch that the predictions of Eq. (7) agree very well with the
by the large values of the diffuseness or the radial parametefta.
of the absorptive potentidl/, .

Finally, it is remarkable that we can get simultaneouspcknowledgments
good fits to all the data in both cases (see Table |) in spite
of the fact that the optical potential parameters are quite difThis work was partially supported by CONACYT (Mexico).
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