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Abstract

Precise elastic scattering differential cross sections have been measured
for the 0 + 1208y, 13885 2°*Ph systems at sub-barrier energies. The
corresponding “experimental” nuclear potentials have been determined at .
interaction distances larger than the Coulomb barrier radii. These exper-
imental potentials have been compared with our earlier results for other
systems, and with theoretical calculations based on the double-folding
and liquid-drop models. We have shown that the nuclear potentials have
a systematic behavior at the surface region. The present results for the
180 -+ 2% Ph system are used to extend earlier studies of the dispersion
relation to sub-barrier energies.

NUCLEAR REACTIONS: **°Sn{'?0, °0}!?°Sn, **Ba(*0, *0)
138 Ba, 8 Ph(10, ¥0)***Pb, measured elastic scattering cross sections.
Deduced optical potentials. Double-Folding calculations with microscopic
densities.
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I. Introduction

In this work, we present elastic scattering differential cross sections for the
180 + 1205n,138Ba,205Ph systems at sub-barrier energies. The main purpose
of the experiments was to determine the corresponding nuclear potentiais. The
method was applied earlier successfully to the 160 4 58,00,62.84y; 88g, 90,927,
®2Mo systems [1, 2, 3]. As discussed in these previous works, the imaginary
part of the optical potential is negligible at sub-barrier energies due to the
small number of reaction channels with relevant cross sections. Thus, the elas-
tic scattering data analysis, at this energy range, determines the real part of
the optical potential (nuclear potential). The slopes and strengths of the ex-
perimental (i.e. extracted from data analyses) nuclear potentials have been
determined within 5% to 10% uncertainty in the surface region, R > barrier
radius ~ 1.4 x (A% 4 AL/3) fm,

The optical potential is the result of the addition of the bare and polar-
ization potentials. The bare potential represents the ground state expectation
value of the interaction operator, which contains as basic input the average
effective nucleon-nucleon force. The polarization potential contains the contri-
butions arising from nonelastic couplings. Due to the very small reaction cross
sections, the absorptive imaginary part of the polarization potential is negligible
at sub-barrier energies. We have estimated the contribution of the polarization
potential to the real part of the optical potential to be small at the energy re-
gion at which our elastic scattering data were taken. Thus, the data extracted
experimental potentials are representative of the corresponding bare potentials,
and have been compared with those derived from double-folding and liquid-drop
{proximity potential) theoretical models.

With the present work, we have completed a set of results (this work and
Refs. [1, 2, 3]} to demonstrate a systematic behavior of the nuclear potential
for systems involving the %0 as projectile. All the target nuclei are magic
or semi-magic,_ with mass number ranging from A = 58 to A = 208. The
systematization indicates a universal exponential shape for the experimental
potentials, as predicted by the liquid-drop model, but with a diffuseness value
smaller than that from the proximity potential [4]. A similar result was found
by Christensen and Winther (hereafter CW) [5] in another systematic study of
potential strengths, which were extracted from elastic scattering data analyses
at energies above the barrier. In that work, a diffuseness of 0.63 fm was found
for the heavy-ion nuclear potential, a value very close to that (0.62 fm) obtained
from our sub-barrier data analyses. We have detected a small difference among
the potential strengths at the sub-barrier region in comparison with those from
the CW work. We have associated this difference to the following sources: i}
vartation with the energy of the polarization potential contribution to the optical
potential, ii) variation of the bare potential with the energy, due to nonlocal
effects, and iii) ambiguities in the extraction of potential strengths from the
higher energy data analyses.

The polarization potential is expected to obey a dispersion relation [6] which
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connects the real and imaginary parts of the optical potential. This relation has
been observed for several systems [6], including 0 + 2%Pb for which the
dispersion relation had already been studied in a large energy range [7]. We
have used our present results to extend this study to the sub-barrier region.

The paper is organized as follows: section 2 gives the experimental details
and data analyses. In section 3, the experimental potentials are compared with
those derived from double-folding and liquid-drop models. In section 4 is pre-
sented a comparison between potentials extracted from data analyses at the
sub-barrier region with those from higher energies. The dispersion relation for
‘the %0 4 29%PbL system is analysed in section 5. Section 6 contains a brief
summary and the main conclusions.

IT. Experimental Results and Data Analysis

The measurements for the 160 + 120Sn,138By, systems were made using the
160 beam from the Sio Paulo 8UD Pelletron Accelerator, Brazil, and the data
for the 180 + 2%8Pb system were taken at the 14UD BARC - TIFR Pelletron
at Bombay, India. The detecting system has already been described in Ref. [1].
The thickness of the 12°Sn, 1¥¥Ba and ?°8Pb targets were about 70 ug/cm?. Figs.
1 to 3 exhibit the elastic scattering cross sections for the three systems in the
energy ranges: 53 < Erap < 55 MeV (120Sn), 54 < Epap < 57 MeV (13¥Ba)
and T4 < Epap < 78 MeV (ZUSPb). We have included a small contribution of
detected transfer processes in the “elastic” cross sections for the '¢Q + 208Pb
systerm.

In the optical model (hereafter OM) calculations, we have adopted a pro-
cedure similar to that described in the analysis of the sub-barrier elastic and
inelastic scattering data for the 16Q 4 5869.62,64Nj 838Gy 90,927, 920y gystems
[1, 2, 3]. We have assumed a Woods-Saxon shape for the real part of the op-
tical potential, with radius parameters equal to the Coulomb radii, which were
obtained from electron scattering experiments [8]. We have also used an inner
imaginary potential, which takes into account the rather small internal absorp-
tion from barrier penetration. The chosen parameters for this potential result in
very small strengths at the surface region. This procedure must be adopted in
the data analysis due to the small cross sections of peripherical reaction channels
at sub-barrier energies. No sensitivity in the cross section predictions has been
detected related to depth variations of this absorptive potential. The depth, Vj,
and the diffuseness, a, of the (real) nuclear potential were searched for the best
data fits. For each system and bombarding energy we have found a family of po-
tentials, with different depth and diffuseness parameters, which give equivalent
data fits, as illustrated in Fig. 4 for the 50 + 298Pb system at two different
energies. These potentials cross at a particular radius, Rs, which is usually
referred to as the strong absorption radius in the case of higher energy elastic
scattering data analyses. At sub-barrier energies, this radius is related to the
classical turning point, and is energy dependent. Due to the small absorption



involved in this case, we refer to Rs as the sensitivity radius.

We have used the energy dependence of Rg (see Fig. 5) to characterize the
shape of the nuclear potentials at the surface region for the 16Q + 1208 38R,
298Pb systems. For comparison purpose, we have included in Fig. 5 the earlier
results [2, 3] that we had obtained for two lighter systems. As discussed in Ref.
(1], the potential strength error bars were estimated considering the variation
by unity of chi-square around the minimum value. The shape of the nuclear
potential is quite close to an exponential, represented by solid lines in Fig. 5.
Table 1 gives the diffuseness values obtained for the 150 + 1208p,138B, 208p}
systems. We have included, in table 1, the results for the 180 + 98,60,62,64N
%88r, °%927r, *2Mo systems that we had obtained previously [1, 2, 3]. Within
the uncertainties, the diffuseness parameters are compatible with the average
value @ = 0.62 fm. This diffuseness value is in good agreement with theoretical
double-folding calculations, as will be discussed in the next section. Using the
value a = 0.62 fm, we are able to fit all the angular distributions (see Figs. 1
to 3) with an energy-independent nuclear potential for each system (which are
represented by solid lines in Fig. 5). Table 1 also gives the radii {R; pmev) at
which the strengths of the energy-independent nuclear potentials equal 1 MeV',
and the strengths at these same radii of the corresponding folding (V) and
proximity (V,,) potentials.

III. Double-Folding and Proximity Calculations

In this section, we present theoretical calculations with the aim of evalnating
the nuclear part of the jon-ion potential, by using the double-folding [9] and
liquid-drop [4] models.

The double-folding potentials were calculated in a similar way as described
in Refs. [1, 2, 3]. The ground-state nuclear density of the %0 nucleus was
~derived from electron scattering experimental results [8], with the assumption
that the neutron and proton densities have the same shape as the charge density.
For the ?*Pb nucleus, we have used densities of Ref. [10] derived from Hartree-
Fock calculations. For the neutron, 12%Sn, and proton, !3®Ba, superfluid (and
semi-magic) nuclei, we have calculated nuclear densities using a self-consistent
Dirac-Hartree-Bogoliubov model [11]. Fig. 8 presents the proton (dashed lines),
neutron (dotted lines) and total (solid lines) densities for the ®Ni,!2°Sn,'**Ba
and 2%8Pb nuclei. For the heavier nuclei, the number of protons is significantly
smaller than the number of neutrons, and the proton densities are somewhat
more internal as compared to the corresponding neutron ones.

We have calculated the folding potential contributions of the proton and
neutron target densities according to the following expressions:

VolR) = [ pol6) vo (R=7i 73 pyls3) dii dr (1)

—

ValB) = [ (i) vo (B= 73 4 13) pals3) dri dr, @)



Vi(R) = Vp(R) + Va(R) = fpa(ﬁ) Vo (f%'- 1+ r“z) pe(r3) dri dry,  (3)

where p, is the total '°0 density; pp, pr and p; are the proton, neutron and
total target densities, respectively; Vj, V,, and V} are the corresponding proton,
neutron and total folding potentials. These folding potentials at the surface
region are shown in Fig. 7. As expected, due to the neutron and proton density
features, the heavier the target nucleus the greater is the nentron potential
contribution in comparison to the corresponding proton one.

The predictions of the folding calculations for the potential strengths are
smaller than the corresponding experimental values (see Table 1). We have
previously [1, 2, 3} discussed this discrepancy for the 180  58.50.62,64Nj 838Gy
90,927y, 92Mo systems. These studies have indicated that the discrepancy is
mainly connected to the '®0 nuclear density model adopted in the folding cal-
culations [3].

Table 1 gives the “diffuseness parameters® obtained from the slopes of the
folding potentials. The folding diffuseness values are similar for all systems
and close to the average “experimental” value (0.62 fm). This result indicates
that the heavy-ion nuclear potentials have a “universal” shape in the surface
region rather independent of the “size of the system”. This behavior should be
expected, considering that the features of the potential in the surface interaction
region are dependent on the nuclear densities in the nucleus surface region, and
that heavy-ions have very similar nuclear density diffuseness values, as detected
for charge distributions from electron scattering experiments [8].

A theoretical interaction, which predicts a universal shape for the heavy-ion
nuclear potentials, has been proposed [4] within the framework of the liquid-
drop model. This interaction is based on the Proximity Theorem, which relates
the force between two nuclei to the interaction between two flat surfaces made
of semi-infinite nuclear matter. This theorem leads [4] to an expression for
the potential which is a product of a simple geometrical factor and a universal
function of the separation (s = R — R¢1 — Res) between the surfaces of the
nuclei

V(R) = dnyRa ®(s), (4)
with ¥ = 0.9517(1 — 1.78267%) MeV/fm?, I = 5% and o ~ 1 fm. The mean
curvature of the system is obtained from

A Reificy
FE= o 5
Re1+ Rea ®)
Rci and Rga are the central radii of both nuclel, which are related to the
effective sharp radii by Res > Resyq (1~ a?/R2;; ;). The formula indicated [4]
for the effective sharp radius is
Rejsi = 128417 0.76 + 0.847 /%, (6)

The universal function was calculated [4] using the nuclear Thomas-Fermi model
with Seyler-Blanchard phenomenological nucleon-nucleon interaction [12, 13, 14]

®(s < 1.2511 @) ~ —% (2 - 2.54)2 —0.0852 (2 - 2.54)3 , (7)
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®(s > 1.2511 &) ~ —3.43T exp (—O 735 a)' (8)

The proximity potential predicts an exponential shape at the surface region
(Eq. 8), but with a diffuseness parameter (0.75 fm) greater than the value
{0.62 frn) that we have obtained from data analyses. The radii &; prev (see
Table 1) at which the experimental potential strengths equal 1 M eV, correspond
to separation distances about 3 fm. In this region, the strengths of the prox-
imity potentials are about half of the corresponding experimental values (see
Table 1). In the same region, similar differences among experimental results
and theoretical predictions, concerning both diffuseness and potential strength
values, had already been shown in the original paper in which the proximity
potential was proposed (see Fig. 9 of Ref. [4]). We believe that such differences
are due to the model adopted for the nuclear densities in the derivation of the
proximity potential.

IV. Systematization of the Nuclear Potential

The main features of the proximity potential are the universal shape and
the dependence of the strengths with the mean curvature (R) of the system.
These features are also included in the empirical potential (Eq. 9) proposed by
Christensen and Winther in the seventies [5). In that work, the radii involved
in the s and R calculations were obtained from expression (10). The values
Vo =50 MeV/fm and a = 0.63 fm were obtained from the fit of “experimental”
potential strengths, extracted from elastic scattering data analyses for several

systems at energles above the Coulomb barrier.
V(R) = ~VoRe™*/¢ (9)

Rei = 12334} — 0.978471° (10)

We have selected potential strength “data” from the CW systematization
[5] for systems that involve the *°0 nucleus. Fig. 8 (bottom) presents the V/R
values as a function of the nucleus surface separation distance. The solid lines
in the figure represent the CW empirical potential. . Our sub-barrier strength
“data” are also presented in Fig. 8 (top). The sub-barrier strength “data” are
systematically greater than the CW empirical potential. The dashed lines in
Fig. 8 represent a fit of the sub-barrier strength “data” to expression (9), which
resulted the values a = 0.61 fm and Vy = 75.5 MeV/fm.

Fig. 8 (top} shows that the difference between sub-barrier strength “data”
and the CW empirical potential is slightly dependent on the s value. The
average difference between the complete set of sub-barrier strength “data” and
the CW empirical potential (solid lines in Fig. 8) is 18%. We point, out that also
the higher energy strength “data” for systems with 'O (Fig. 8 bottom) are, in
average, slightly greater than the CW empirical potential. We estimate that the
average difference among sub and above-barrier strength “data” is about 15%.
Thus, the agreement between both analyses is good, and we have associated this
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small difference to three sources: i) variation with the energy of the polarization
potential contribution to the optical potential, ii) variation with the energy of
the bare potential, due to nonlocal effects (this subject is discussed in the next
section}, and iii) ambiguities in the determination of the optical potential from
elastic scattering data fits at energies above the barrier.

We have already extensively discussed [1, 2, 3] the contribution of the polar-
ization potential to the nuclear potential strengths that we have obtained from
sub-barrier data analysis for the 160 4- 58.60,62,64N; 388Gy 90,927, 9204 systems.
Extensive and rather complete coupled channel (hereafter CC) calculations have
indicated that the strengths of the polarization potential, at the energy range
at which our sub-barrier data have been obtained, are about 17% of the bare
potential strengths [3, 17], which corresponds to 14% of the optical (polarization
+ bare) potential. The contribution of the coupling for the **0 3~ state (which
* has a very large fonon amplitude) is about 50% of the full polarization potential
(which corresponds to all coupled channels). Nevertheless, recent comparison
[18] between the predicted fusion cross sections of this full CC analysis and
precise fusion data indicates that such CC calculations overpredict the data at
energies below the barrier (see Fig. 3 of Ref. [18]). Thus, we believe that the
couplings are not so strong as considered in such CC calculations, and the po-
larization potential strength should be even less significant in comparison to the
optical potential. Based on these studies, we estimate the contribution of the
polarization potential to the experimental potentials extracted from sub-barrier
data to be less than 10%. In this sense, we consider the experimental potentials
at sub-barrier energies to be representative of the corresponding bare potentials.

In the sub-barrier elasiic scattering data analysis, we have assumed the
strengths of the imaginary part of the optical potential to be very small in
the surface region. As we have already discussed, this procedure is consistent
with the very small absorption in this energy region. At higher energies, it is
very difficult to set the imaginary part of the optical potential based on physical
grounds. Thus, the corresponding OM elastic scattering data analyses usually
involve parametrized shapes (mostly the Woods-Saxon one) for the imaginary
part of the potential, and this procedure results in ambiguities in the determina-
tion of the strengths of the real part of the optical potential. As an example, we
have taken elastic scattering data for the 10 + 298Pb system [15, 16] in three
energies, which are included in the CW potential strength systematization (open
triangles in Fig. 8 - bottom). We have fitted the angular distributions (solid
fines in Fig. 9) assuming the sub-barrier energy-independent nuclear potential
for the real part of the optical potential. In these fits, only the diffuseness (a;)
and depth (W5) of a Woods-Saxon shape (with rjp = 1.2 fm) imaginary po-
tential were allowed to vary. Table 2 contains the resulting «; and Wy values.
Table 2 also presents a comparison among the potential strengths at the strong
absorption radii of the present sub-barrier energy-independent potential (Vsg)
with those (Vow) obtained from the earlier OM data fits of Refs. [15, 16] (which
were used in the CW systematization [5]). There are large differences between
these sets of potential strengths, but the elastic scattering data fits obtained
from both sets are equivalent. Thus, the strengths of the optical potential are



not well determined from data fits at energies above the barrier. We stress that
the present sub-barrier data analysis determines the real part of the optical
potential without ambiguity.

V. The Dispersion Relation

Elastic scattering data analyses for some heavy-ion systems have resulted in
a rapid and localized variation of the optical potential with the energy, known as
“threshold anomaly” [6]. This variation has been observed in the vicinity of the
Coulomb barrier, and has been associated to the contribution of the polarization
to the optical potential [6]. The dispersion relation, Eq. (11) [6], describes the
connection between the energy dependence of the real and imaginary parts of
the polarization potential.
P wWE)

_ '
AV(E) = — T 5 (11)

The 160 + 208Pb system is included among the systems for which the thresh-
old anomaly was first observed [7]. The dispersion relation was verified for this
system from the Coulomb barrier to higher energies. We have used the present
results to extend these studies to the sub-barrier energy region. In an earlier
work [3], we have made a similar study for the lighter systems. Fig. 10 presents
the data extracted OM potential strengths from Ref. [7] (closed circles and open
triangles) and the present sub-barrier results (open circles). The solid lines in
the figure represent the trend suggested in Ref. [7], which is compatible with
the dispersion relation.

In section 4, we have discussed the ambiguity in the determination of po-
tential strengths from elastic scattering data analyses at energies above the
Coulomb barrier. This sort of ambiguities is illustrated in Fig. 10. The open
triangles in this figure correspond to earlier OM data analyses (from Ref. [7])
for the angular distributions presented in Fig. 9. The closed triangles in Fig. 10
represent the results of our OM analyses for the same angular distributions, in
which the “sub-barrier” energy-independent nuclear potential was used for the
real part of the optical potential. The differences between closed and open trian-
gles provides an estimation about the “error bars” that the potential strengths
may have. Thus, the trend adopted for the optical potential suggested based on
the “data” behavior is itself also ambiguous. The ambiguity in the determina-
tion of potential strengths from OM elastic scattering data analysis at energies
above the barrier could be reduced by using a realistic (based on fundamen-
tal physical grounds) imaginary part for the optical potential. A model for a
realistic polarization potential should be consistent with the dispersion relation.

There is an additional energy dependence of the optical potential that arises
from the nonlocal nature of the bare nuclear interaction [6]. This additional
energy dependence has been neglected in most studies of the dispersion relation.
Recently, a model for the energy dependence of the bare potential has been



proposed [19, 20]. For the 50 + 2%8Pb system and based on this model, we
have calculated a variation of about 0.17 MeV between the strengths (at R =
12.4 fm) of the bare potential at Frap = 60 MeV and Epap = 240 MeV.
The difference between solid and dashed lines in Fig. 10 {top) represents the
additional variation of the optical potential due to nonlocal effects in the bare
potential.

VI. Summary and Conclusions

In summary, we have performed optical model analyses of elastic scattering
angular distributions for the 80 4 1208 138B, 208Ph systems at sub-barrier
energies. The sub-barrier data analyses determine the optical potential without
the usual ambiguities found in elastic scattering data analyses at energies above
the barrier. The present sub-barrier data are well reproduced with energy-
independent nuclear potentials, which are real and have an exponential shape
in the surface region. Similar results had been obtained by us earlier for the
16(Q 4 58,50,62,64; 88Gp 90,927, 92My systemns. The diffuseness of all these ex-
perimental potentials are compatible, within the uncertainties, with the average
value @ = (.62 fm. This result is in agreement with theoretical Double-Folding
calculations, and with the Christensen and Winther's systematization of real
potential strengths which were extracted from higher energy OM data analyses.
Our sub-barrier results indicate a systematic behavior for the nuclear potential,
which contains the main features predicted by the liquid-drop model. By com-
bining exchange nonlocal effects and the liquid-drop model [21], it is possible
to describe the heavy-ion nuclear potential in a much larger energy range than
that considered in this work.

This work was partially supported by Financiadora de Estudos e Projetos
(FINEP), Fundagio de Amparo & Pesquisa do Estado de Sao Paulo (FAPESP),
Fundag¢do de Amparo 4 Pesquizsa do Estado do Rio de Janeiro (FAPERJ), and
Consetho Nacional de Desenvolvimento Cientifico e Tecnoldgico (CNPq).
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Figure 1: Elastic scattering angular distributions for the 10 + 12°Spn system
at the bombarding energies Erap = 53, 54 and 55 MeV. The solid lines
correspond to optical model calculations with an energy-independent nuclear
potential, with diffuseness a = 0.62 fm (see details in the text).
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74, 75, 76, 77 and 78 MeV.
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Figure 4: Determination of the nuclear potential at the sensitivity radius (Rg)
for the 10 + 208Pb system, as obtained from OM analysis of the experimental
data (Erap = 74 and 78 MeV). The lines represent potentials with different
values of diffuseness and depth parameters, which give equivalent data fits.

13



10¢ T T T ¥ T T T T

-V (MeV)

R (fm)

Figure 5: The nuclear potential strength as a function of the sensitivity ra-
dius for the 180 + %¥Ni,*2Zr,'2%Sn,'%8Ba and 2%8Pb systems. The bombarding
energies of the elastic scattering angular distributions in which the sensitivity
radii have been obtained are indicated in the figure. The solid lines represent
potentials with the same diffuseness value, @ = 0.62 fm. :
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Figure 6: The ground-state proton (dashed lines), neutron (dotted lines) and
total (solid lines) densities derived from theoretical calculations for the 5¥Ni,
120Gy, 138Ba and 2%8Pb nuclei. The 58Ni and 2°®Pb densities were obtained
from Refs. [2] and [10], respectively. The densities for the neutron (12°Sn) and

proton ('**Ba ) superfluid nuclei were calculated using a self-consistent Dirac-
Hartree-Bogoliubov madel [11].
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Figure 7: Proton (dashed lines), neutron (dotted lines) and total (solid lines)
double-folding potentials at the surface region for the 1°0 + 58Nj,*2%Sn, %*Ba
and 2%®Pb systems (see text for details).
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Figure 8: The “normalized” potential strengths {V/R) from sub-barrier (top)
and above-barrier (bottom) elastic scattering data analyses as a function of the
nucleus surface separation distance (s) for systems that involve the 160 nucleus.
The open triangles (bottom) represent potential strengths deduced from earlier
[15, 16] OM analyses of the angular distributions presented in Fig. 9. The
Christensen and Winther’s (CW) empirical potential [5] is represented by solid
lines. The dashed lines represent a fit of the sub-barrier potential strengths by

Eq. (9).
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Figure 9: Elastic scattering angular distributions for the '°0 + *°®*Pb system
at the energies Epap = 104, 129.5 and 192 MeV (the data were extracted
from Refs. [15, 16]). The solid lines represent data fits, in which the sub-
barrier energy-independent nuclear potential was assumed for the real part of
the optical potential. In the data fits, only the diffuseness and depth parameters
of the Woods-Saxon shape imaginary potential were allowed to vary.
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Figure 10: Potential strength values obtained from earlier [7] OM data analyses
of elastic scattering angular distributions at energies above the barrier (closed
circles and open triangles). The open circles represent the energy-independent
nuclear potential that we have obtained from sub-barrier data analyses. The
open triangles correspond to earlier [7] data analyses of the angular distributions
presented in Fig. 9. The closed triangles correspond to present OM analyses
of the same angular distributions (see text for details). The lines represent be-
haviors compatible with the dispersion relation, with (dashed line) and without
(solid line) the additional effect due to the nonlocal nature of the bare potential.
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Table 1: The diffuseness values of the nuclear potentials from Optical Model
data analyses {(a) and Double-Folding calculations {a;), and the radii (R mev)
at which the strengths of the OM energy-independent nuclear potentials equal
1 MeV. In the calculations of the Ry arev values, T = 0.62 frn was assumed to
be the diffuseness for the OM nuclear potentials. The strengths of the folding
(V¢) and proximity (V;.) potentials at the radii Ry mev are also included in the
table. :

target a (fm) ar (fm) | Bimev (fm) | Vy (MeV) | Vor (MeV)
BNi | 0.57 £ 0.03 0.67 10.06 0.81 0.62
5ONi [ 0.58 £0.04 0.58 10.21 0.72 0.55
52Ni | 0.60 £ 0.05 0.58 10.28 0.72 0.54
54N1 | 0.67 £ 0.05 0.69 10.39 0.67 0.50
BSr [ 0.71+£0.05 0.58 10.93 0.71 0.54
07r | 0.63£0.03 0.59 10.98 0.70 0.55
27r | 0.6140.05 0.61 11.11 0.66 0.48
Mo | 0.63+£0.06 0.59 10.99 0.73 0.57
120Gn | 0.59 £ 0.07 0.65 11.73 0.76 (.44
1383, | 0.63 £ 0.03 0.61 12.07 0.60 0.42
208ph [ 0.56 4 0.04 0.63 12.94 0.75 0.49

Table 2: The table presents the diffuseness {a;) and depth (W)) parameters of
the imaginary part of the OM potential, obtained from the fit of elastic scai-
~ tering angular distributions for the %0 + 2°®Ph system at Erap = 104, 129.5
and 192 MeV. In these fits, the energy-independent (Vsg) nuclear potential,
obtained from the sub-barrier data analyses, was assumed for the real part of
the optical potential. Also the strong absorption radii (Rs4), the corresponding
potential strengths from the Christensen and Winther’s systemiatization (Vow ),
and the sub-barrier potential (Vsg) at Rga are included in the table.

Epap (MeV) | a; (fm) | Wy (MeV) | Rsa (fm) | Vow (MeV) | Vsp (MeV)
104.0 0.316 951 12.672 1.088 1.541
129.5 0.523 102 12.520 1.557 1,968
192.0 0.443 176 12.493 1.324 2.066
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