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The elastic scattering data for ‘O + “’Alata laboratory energy (E, ) of 134 MeV and “O + "Smat E, , =85 and
134 MeV were analyzed using the optical model-based double-folding model. The real component of the optical
model potential was generated from the microscopic double-folding (DF) model, while the imaginary part was
considered using both microscopic and Woods-Saxon phenomenological forms. Two density-independent
effective nucleon-nucleon (NN) interactions were considered in the DF procedure: the Michigan-3-Yukawa
(M3Y) and Knyazkov and Hefter (KH). The folded potential was constructed using Two-parameter Fermi (2pF)
density distribution for the target nuclei and three different forms of projectile density: Two-parameter Fermi
(2pT), Slater determinants consisting of harmonic oscillator single-particle wave functions (SDHO), and Dirac-
Hartree-Bogoliubov (DHB) density distributions. The SDHO density exhibited slightly better agreement with
the data than 2pF and DHB. The results obtained using the KH interaction were highly consistent with those
achieved with the M3Y interaction. In general, the DF model-based calculations compared reasonably well with
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the experimental data.
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INTRODUCTION

Nuclear reactions occur in various forms, such as
elastic scattering, inelastic scattering, nucleon-
transfer reaction, knock-out reaction, and others.
These reactions can be described using different
nuclear models. FElastic scattering is often
investigated using the optical model (OM)
approach, which involves a complex potential
with real and imaginary parts. The real part
represents the reflection of the projectile waves by
the target nucleus, while the imaginary part
describes their absorption.

When analyzing the elastic scattering data, the real
and imaginary potentials can be represented in
different forms. One form is the
phenomenological approach, where both the real
and imaginary potentials assume the Woods-
Saxon (WS) shape. However, a major drawback of
the phenomenological WS form is that it contains
a large number of free parameters (at least six
parameters), which leads to ambiguities. These
parameter values are adjusted to provide an
accurate fit to the elastic scattering data.

Another approach, with fewer free parameters
and ambiguities, is to construct the real part of the
OM potential using the double folding (DF)

model and let the imaginary part assume a
phenomenological WS form. The third approach
is a complete microscopic form, where both the
real and imaginary potentials are constructed from
the DI model. In this last approach, the number
of free parameters is very small, and consequently,
the ambiguities are greatly reduced.

In the present study, we have employed the last
two approaches. Specifically, in the DF model, the
optical potential is obtained by folding a suitable
effective nucleon-nucleon (NN) interaction over
the density distributions of the two interacting
nuclei (Satchler and Love, 1979). Some of the
commonly used effective NN interactions are
Michigan-3-Yukawa (M3Y) (Bertsch ez al., 1977),
Knyazkov and Hefter (KH) (Knyazkov and
Hefter,1981), Jeukenne, Lejeune and Mahaux
(JLM) (1977), etc. Detailed review of the DF
model s presented in Brandan ezal, (1997).

In recent years, there has been a renewed interest
in multinucleon transfer reactions between heavy
ions, particularly at energies around and above the
Coulomb barrier (Corradi e a/., 2009; Zhang ez al.,
2018; Sekizawa, 2019; Adamian ez al., 2020; Roy et
al, 2018; and Roy ez al, 2022). The study of
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multinucleon transfer processes plays a crucial
role in understanding nucleon-nucleon
correlations and single-particle properties.

Recently, the elastic scattering and various transfer
channels' angular distributions of “Oon“Alata
laboratory energy of 134 MeV were measured
using the Pelletron-LINAC accelerator facility in
Mumbai, India (Roy ef al, 2022). Furthermore,
using the same facility, Roy e# a/. (2018) measured
the elastic scattering and many-nucleon transfer
channels' angular distributions of “O on a well-
deformed target nucleus, "Sm, at incident
energies of 85 and 134 MeV, respectively, around
and above the Coulomb barrier. Their primary
objective was to investigate the effect of
deformation on multinucleon transfer reactions.

The elastic-scattering data from both
measurements were analyzed using the
phenomenological optical model potential.
Additionally, the many-nucleon transfer channels'
angular distributions were analyzed using the
time-dependent Hartree-Fock (TDHF) theory,
along with a statistical model for secondary de-
excitation processes, GEMINI++. However, it is
important to note that the phenomenological WS
potential is a simplified model that may not
capture all the intricacies of the nuclear
interaction. More advanced theoretical
approaches, such as those based on microscopic
DF models, are required to achieve a more
comprehensive understanding of nuclear
properties. The primary reason for choosing the
DFM potential methods lies in their inherent
advantages over the traditional phenomenological
optical models. Firstly, the DF model approach
provides a more realistic description of the
nucleon-nucleus interaction by incorporating
both the nucleon-nucleon (NN) and nucleus-
nucleus (NA) interactions explicitly. This
inclusion of microscopic NN interactions makes
the DF model more accurate in predicting
scattering observables in nuclear reactions.
Secondly, the DF model has been successfully
applied to various nuclear reactions (Khoa ez a/,
2007; Olorunfunmi and Bahini, 2021) and has
shown superior performance in reproducing
experimental data. By employing a microscopic
NN interaction model and considering the nuclear
densities of both the projectile and target nuclei,
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the DF model offers a more comprehensive and
reliable approach to analyze nuclear reactions
compared to the phenomenological optical
models.

The aim of this study is to reanalyze the recently
measured ‘O + Al (E,,, = 134 MeV) (Roy ¢t al,
2018) and “O + ™'Sm (E,, = 85 and 134 MeV)
(Roy ez al., 2022) elastic scattering data using the
OM based DF model. Specifically, we will
calculate the real component of the OM potential
using DF model with two different forms of
effective nuclear interactions: M3Y and KH.
Additionally, we will consider both the
microscopic and WS forms of the imaginary
potential.

Furthermore, we aim to test the ability of three
different projectile density distributions to
describe the reactions considered.

MATERIALSAND METHODS

Double folding model
In the double folding model, the real part of the
OM potential is usually expressed as

Ve(r) = J d’"lf dry pp (1) pr ()t (1112 1) (1)

where 1, = [r - (1, - 1,)], V\n = effective NN

interaction, p, = density distribution of the

projectile nucleus, and p, = density distribution of
the target nucleus.

Effective NN interaction

Two forms of effective NN interactions are
considered in this study. The first is the popular
density-independent M3Y interaction derived by
Bertsch e al., and parametrized by Satchler and
Love as,

expl—4r expl—2.5r
vl =7999 ml4r) 2134 il )
4r 2.5r
A = ELEE‘.‘ -
—276|1 - 0.005— 8(r) MeV, @)

o

where E, , = laboratory energy in MeV, and A =
mass number of the projectile.

The direct part of the interaction potential is
represented by the first and second terms in
equation (2), while the third term is the exchange
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part estimated using a zero-range
pseudopotential.

The second effective NN interaction is a Gaussian
form of the effective NN interaction derived by
Knyazkov and Hefter (1981) parametrized as
follows:

uwa (1) = vyexp(—r?/a3) + vyexp(—r?/al)

Ej”] 50r), 3)

o

— 276 [1 — 0.005

where v, =-601.99 MeV, v, = 2256.4 MeV, a,= 0.8
fm and a,= 0.5 fm, and are taken from Knyazkov
and Hefter, 1981.

Projectile density

In the present work, three different forms of
density distributions are considered for the O
projectile nucleus. One of them is the Two-
parameter Fermi (2pF) density distribution, which
is expressed as follows (Seif and Mansour, 2015)

s R

where R,(R,) = neutron (proton) half-density
radius, and a,(a,) = neutron (proton) surface
thickness parameter.

—R
Ptz (7) = Poniy [1 + EKP(

These parameters are parameterized as follows
(Seif and Mansour, 2015):

N
R,=0.933N""?* + 0.015Z + 0.774;a,,=0.446 + o.oo?z(z), (5)
R, =1.3227Z'% 4 0.007N + 0.022;a,=0.449 + 0.0071 z 6
p=1.3222% + 0.007N +0.022.0,=0.449 + 0.0071(). (6)

where N and Z are the neutron and proton
numbers of the projectile nucleus. The second
density distribution considered for “O projectile
nucleus is the one obtained by Ahmad ez al., (2017)
using the Slater determinants consisting of the
harmonic oscillator single-particle wave functions.
This is denoted as SDHO and parametrized as:

1 3 72 —r2
180 —

rj=———il————+———remp|—) (7
pﬂ;‘ﬂ ( j .R.:--Zpﬂ{ léaLp; 32@‘;}4} ‘{p(dlp‘) ( )

4-1

_— — |
where a,=p25¢ fm, a,=+o.295 fm, p = |—=.
p : : _‘|4a‘.£1
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The quantity a,(a,) is the oscillator parameter for

the proton (neutron) and A is mass number of the
nucleus.

The third projectile density distribution
considered in this study is obtained from the
Dirac-Hartree-Bogoliubov (DHB) model and is
denoted as DHB, as described in Chamon e# 4/,
(2002, 2021).  Theoretical nuclear density
distributions for a wide range of heavy-ion nuclei
have been calculated by Chamon et al., (2002)
using the Dirac-Hartree-Bogoliubov (DHB)
model. A data file for DHB density distributions
of a wide range of nuclei are used as input file for
REGINA (Chamon et al., 2002) and are available
online for public use. Detailed description of the
DHB model and the calculation of the DHB
density distribution can be found in Carlson and
Hirata, (2000) and Chamon e al, (2002),
respectively. Figure 1 displays a comparative
representation of the three density distributions
for O in both linear and logarithmic scales. The
densities exhibit varying radial behavior, as
evident from Figure 1(a). The DHB distribution is
the largest at the nucleus center, while SDHO is
the smallest. Both the DHB and SDHO density
distributions show bumps in the central region,
with peaks around 1.8 fm from the nucleus center.
Figure 1(b) illustrates that at larger distances (r >
5.5 fm), the SDHO distribution is the smallest,
while the 2pF distribution is the largest.

Target density

The density distribution of the target nuclei “'Al
and "'Sm are taken to be two-parameter Fermi
form

p(r) = po [1+ex ()]

8)

where ¢ = 2.845 fm, z = 0.569 fm for ~'Al (Jager et
al., 1974), and ¢ = 5.9387 fm, z = 0.522 fm for
'Sm (De Vries ¢# al., 1987). The central density p,
can be obtained from the normalization
condition:

arf p(r)rid = A ©)

where A is the mass number of the nucleus.
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Figure 1: The 2pF, SDHO and DHB density distributions for ‘O in (a) linear scale and (b) logarithmic

scale.

Method of calculation

Using the DFPOT code (Cook, 1982), the folded
potentials for the projectile-target interactions are
computed with the three different density
distributions (2pF, SDHO, and DHB) together
with each of the effective interactions. The folding
process is conducted in momentum space,
employing a Fourier transform technique. The
resulting potentials obtained from DFPOT are
then fed into the PTOLEMY code (Rhoades,
1980), which calculates the elastic scattering cross
sections using the expression:

da

5= F@r,

7 (10)

Here, f (0) is the elastic scattering amplitude,
which is expressed as

£8) = £o(8) + (z;‘k}‘lz(21+1)a(cos 6)(s, — e, (11)

where 0, £, 0, and S, are the scattering angle, wave
number, phase shiftand scattering matrix element,
respectively. The code performs the calculation
using a total OM potential of the following form:

U(r) =V (r)-V(r)-iW(r), (12)

where V,(r) = Coulomb potential, V(r) = real
volume potential, and W(r) = imaginary volume

potential.

The Coulomb potential is expressed as,

2
. szfez(a—i) r <R (13)
4ns_ 2R, RZ) £
with
R, = TC(AS.-':,} + AE;"""}}, (14)

Where Z,(Z;) = projectile (target) charge,

A,(A,) = mass number of the projectile (target)
nucleus,

R, = Coulomb radius of the optical potential, and
r. = the Coulomb radius parameter, which was set
to 1.3 fmin this study.

The real component V(r) of the OM potential is
obtained using the double folding model as
expressed in equation (1), with a renormalization
factor N,. The imaginary part of the potential is
considered to be of two forms. The first one is the
phenomenological WS form given by

W

1+e ay

w(r) = (15)
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where W, r; and a, are the depth of the imaginary
potential, the reduced radius, and the diffuseness
parameter, respectively. In this case, the total OM
potential (equation (12)) becomes

U(r) = Vo (r) — NV (r) — W (r). (16)

For this case, we denote the total potentials as
2pF([R), SDHO(R) and DHB(R) using the density
distributions 2pF, SDHO, and DHB, respectively,
as O density. The second one is the case where
the imaginary phenomenological WS form is
replaced with microscopic real folded potential.
Then the total OM potential is expressed as

U(r) = Ve (r) — (NR +:—NI:]VF[:T:]' (17)

Similarly, for the second case, we denote the total
potentials as 2pF(R+I), SDHO(R+I) and
DHB(R+I) using the density distributions 2pFE,
SDHO, and DHB, respectively, as “O density.

To evaluate the level of agreement between the
calculated results and experimental data, the
imaginary reduced radius r, and diffuseness @,
were held constant at 1.2518 fm and 0.601 fm,
respectively, and a search on the depth of the
imaginary potential (W) and the renormalization
constants (N, and N)) was carried out using the
reduced chi-square :

Teal (9;{) B UEX[Bk):r-

R N
)
N

k=1

Here,o,,(0,) = theoretical cross section,

18
Aa, (6,) (18)

6.,(0,) = experimental cross sections,
Ac,,(0,) = experimental error, and
N = number of data points.

In the study of elastic scattering cross sections, the
volume integral is an important quantity, as it
provides information about the nuclear density
distribution and the interaction between
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interacting nuclei. In this study, we calculated the

real (J;) and imaginary (J;) volume integrals using
the formulae (Satchler and Love, 1979):

—dT .
IR(E)=A?JATJV[T,E]T dr, (19)
and
1B = [ By

A-pAI' (20)

Finally, the root mean square radius of the DF
potential is obtained from the expression (Varner
etal.,1991):

[ Ve (r)ride

(rZ)? = [

—_ 21
N|_|F Ve (r)r2de @1

The rms radius of nucleus is an important
quantity in nuclear physics that provides
information about the size and structure of the
nucleus.

RESULTS AND DISCUSSION

The DF model is used to calculate the real part of
the optical potentials for the YO + 7 Al reaction at
134 MeV and the “O + ™Sm reaction at 85 and
134 MeV, with M3Y and KH effective interactions
and three different forms of projectile densities
(2pF, SDHO and DHB). Figures 2 and 3 show the
typical calculated DF potentials for “O + 7Al and
“O + "Sm at 134 MeV, respectively, using the
aforementioned interactions and densities. It can
be observed that the M3Y and KH interactions
produce DF potentials with similar depths and
shapes. Furthermore, the DF potential obtained
from the DHB density has a slightly deeper depth
than that obtained from the 2pF and SDHO
distributions. This is because the DHB gives the
highest density value at the center of the nucleus
compared to the other two densities as shown in
Figure 1(a).
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Figure 2: Real folded potentials for “O+"Al at 134 MeV using 2pF, SDHO and DHB density
distributions with (a) M3Y and (b) KH effective interactions.

Table 1 presents the root mean square (rms) radii,
denoted as {r3., )% and (5%, )'/2 calculated for the
DF potentials using M3Y and KH interactions
with the 2pF, SDHO, and DHB densities. As
shown in the table, the rms radius of the DF
potential obtained from DHB is smaller than that
for the 2pF and SDHO densities. The difference is

about one percent, hence, it is of no consequence.
Additionally, we observe that the rms radii
increase as the mass number increases for all
densities. It is worth noting that the rms radii
obtained with the M3Y interaction display a
behavior and value that are apparently similar to
those obtained with the KH interaction.
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Figure 3: Same as Figure 2 but for "O+ "Sm at 134 MeV.
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Table 1: Root mean square radii <r'>"? of the calculated DF potentials with M3Y and KH effective
interactions, and three densities (2pF, SDHO and DHB) for ‘O + “Al and “O + "'Sm reactions.

System Energy Density < 12gy >Y2 < gy >?
(MeV) (fm) (fm)
“O+7Al 134 2pF 4.396 4.396
SDHO 4.395 4.395
DHB 4.313 4.313
O + *Sm 85 2pF 5.906 5.906
SDHO 5.906 5.906
DHB 5.845 5.845
O + *Sm 134 2pF 5.908 5.908
SDHO 5.908 5.908
DHB 5.847 5.847

To compute the elastic scattering cross sections
using M3Y and KH, two methods were utilized.
Method one employs a microscopic folded
potential for both the real and imaginary
components of the nuclear potential. In method
two, a folded potential is used for the real part
while the imaginary part is modeled using the
Woods-Saxon form. The calculated results based
on the 2pF, SDHO, and DHB density
distributions with folded real and imaginary
Woods-Saxon potentials are labeled as 2pF(R),
SDHO(R), and DHB(R), respectively. The
calculated results based on the 2pF, SDHO, and
DHB density distributions with folded real and
imaginary potentials are labeled as 2pF(R+I),
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SDHO(R+I),and DHB(R+I), respectively.

The elastic scattering cross sections of the ‘O +
“Aland “O + "'Sm reactions at 134 MeV and 85
MeV, respectively, were computed using the
potentials 2pF(R), SDHO(R), DHB(R),
2pF[R+I), SDHOR+I), and DHBR+I) with
both M3Y and KH interactions. The resulting
clastic scattering cross sections normalized to
Rutherford cross sections G, were compared to
experimental data and presented in Figures 4 to 6.
Tables 2 and 3 show the values of N,, N, /., J,, W,,
c,and X°/N, that produced good agreement with
the data.

10! : T T T . T
 (b)
10° O+ Al at 134 MeV ]
3 KH
107k 1
102 -
10 -
104y 2pFIR) P
2pFiR+1) '
SDHOIR)
s SOHOIR+1)
107k DHEBIR)
—  DHB{R+I)
by Eipt | ]
10-5 —— | 1 1
0 10 20 30 40 50 60
HI 21} {deg}

Figure 4: Elastic scattering cross sections for ‘O+""Al at 134 MeV calculated using 2pF, SDHO and
DHB projectile densities with (a) M3Y and (b) KH interactions. The experimental data are

taken from Roy ezal., 2018.
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Table 2: Real renormalization constants (N), depth of the imaginary potential, real and volume
integrals (J, and J,), total reaction cross sections (G) and X°/N values for “O+7Al and
“O+"'Sm elastic scattering using the M3Y and KH potentials. The imaginary radius r, and
diffuseness a,are fixed at 1.2518 fm and 0.601 fm, respectively.

Jx If
Energy w, MeV | MeV | , /N 9r
System (MeV) | Potential | Density | N, MeV) |fm®) |[fm?) |4 (mb)
“O+7Al 134 M3Y 2pF 0.15 | 8.469 61.52 | 29.12 | 2.60 1588.4

SDHO | 0.15 | 8.30 61.52 | 28,53 | 2.58 1582.1
DHB 0.15 | 8.20 82.02 | 28.19 | 4.30 1575.5
KH 2pF 0.15 | 8.40 61.52 | 28.88 | 3.14 | 1586.0
SDHO | 0.15 | 8.20 61.52 | 28.19 | 2.99 1578.5
DHB 0.15 | 8.00 82.03 | 27.50 | 5.07 1567.9
"O+"'Sm | 85 M3Y 2pF 0.7 24.00 290.0 | 40.59 | 1.06 1109.3
SDHO | 0.7 24.0 290.0 | 40.59 | 1.05 1107.2
DHB 0.8 24.0 331.5 | 40.59 | 1.05 1107.1
KH 2pF 0.8 16.56 331.5 | 28.03 | 1.77 1033.7
SDHO | 0.8 24.0 331.5 | 40.59 | 1.09 1110.3
DHB 1.0 20.0 331.4 | 33.83 | 1.46 1077.1
“O+"Sm | 134 M3Y 2pF 1.0 24.21 410.1 | 4095 | 1.00 | 2290.9
SDHO | 1.1 24.00 451.1 | 40.59 | 0.94 | 22949
DHB 1.25 | 24.00 512.6 | 40.59 | 0.92 | 2294.2
KH 2pF 1.0 18.47 410.1 | 31.24 | 1.98 | 2210.8
SDHO | 1.15 | 24.00 471.6 | 40.59 | 1.13 | 22924
DHB 1.25 | 24.00 512.6 | 40.59 | 1.58 | 2287.0

Table 3: Real and imaginary renormalization constants (IN, azd N), real and imaginary volume integrals

(J« and ), total reaction cross sections (c) and X’/ N values for “O+"Al and “O+""'Sm elastic
scattering using the M3Y potential.

Jr Ji
Energy MeV | (MeV 2 T

System (MeV) | Potential | Density | Nk | N; fm’) fm’®) x°/N (mb)
“O+77Al 134 M3Y 2pF 0.15 | 0.25 61.52 102.53 | 3.17 1588.1
SDHO | 0.15 | 0.25 61.52 102.53 | 3.11 1587.1
DHB 0.2 0.32 §82.02 131.24 | 2.73 1584.8
KH 2pF 0.15 | 0.25 61.52 102.53 | 2.71 1571.5
SDHO | 0.15 | 0.25 61.52 102.54 | 2.81 1564.2
DHB 0.2 0.3 82.03 123.04 | 2.70 1587.9
1O+1Sm 85 M3Y 2pF 0.6 1.0 248.61 414.36 | 1.07 11791
SDHO | 0.7 0.9 290.06 | 37294 | 1.04 1134.4
DHB 0.8 1.0 331.51 414.38 | 1.03 1135.8
KH 2pF 0.8 1.0 331.51 | 41439 | 1.27 1147.1
SDHO | 0.8 1.0 331.47 | 41434 | 1.02 1115.1
DHB 1.0 1.0 41433 | 41433 | 1.20 1102.1
O+%Sm 134 M3Y 2pF 1.0 1.0 410.13 | 410.13 | 0.95 2384.6
SDHO | 1.1 1.0 451.16 | 410.15 | 091 2360.9
DHB 1.3 1.0 533.17 | 410.13 | 0.89 2334.2
KH 2pF 1.1 1.0 451.16 | 410.15 | 1.29 2338.3
SDHO | 1.3 1.0 533.22 | 410.17 | 094 | 2318.3
DHB 1.4 1.0 574.20 | 410.14 | 1.05 2286.9
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Figure 5: Same as Figure 4 but for ‘O+""'Sm at 85 MeV. The experimental data are taken from Roy ezal,
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Figure 4 illustrates the results obtained for the ‘O
+ Al system at 134 MeV with M3Y and KH
The calculated tesults show a
reasonable agreement with the experimental data.
However, Tables 2 and 3 indicate that, for the
three densities (2pF, SDHO, and DHO), the

values of the renormalization constants (N, and

interactions.

N)) required for the DF potentials to reproduce
the experimental data successfully are significantly
different from unity. The interactions with very
low Ny and N, are too deep or strong. . This might
be attributed to the nature of the experimental
data. Additionally, the experimental data in Figure
4 covers only a limited range of angles, 0_ ~10"-
40°. Consequently, it is advisable to measure data
at larger angles to study the realistic effect of the
considered potentials on the elastic scattering
results. Moreover, the values of G, obtained for
the O + “Al system in this study are
approximately 15% higher on average than those

obtained using phenomenological potentials in
Ref. (Roy, 2018).

We present the results of our analysis of two data
sets for the O + *'Sm system at energies of 85
and 134 MeV in Figures 5 and 0, respectively.
Figures 5(a) and 6(a) show the results obtained
with the M3Y interaction, while Figures 5(b) and
6(b) show those obtained with the KH interaction.
It can be observed that the elastic scattering cross
sections obtained with all the densities and their
corresponding DF potentials are in good
agreement with the data. Additionally, Tables 2
and 3 reveal that all densities yield comparable
values of x°/N at both energies. Although, the
DHB density slightly performs best. Moreover, we
note that the values N, of increase from the range
0.7 to 1.0 at 85 MeV to approximately 1.0 to 1.3 at
134 MeV. Furthermore, the values of G, increase
by around 100% as the incident energy increases
from 85 MeV to 134 MeV, which is expected.
Finally, the values of G, obtained in this study
using the DF model are in close agreement with
those obtained using phenomenological
potentials (o, = 1182 and 2357 mb) (Roy e al,
2022) with a difference of less than 5%.

Olorunfunmi and Olatinwo: Analysis of Elastic Scattering Cross Sections

After analyzing the M3Y and KH effective
interactions, we found that both interactions
require nearly the same renormalization constant
to describe the experimental data, as shown in
Tables 2 and 3. Moreover, the values of G, for
MB3Y are slightly higher than those for the KH
interaction. We also observed that both
interactions provide similar fits to the data, which
is evident from the values of x°/N presented in
Tables 2 and 3. Interestingly, all the density
distributions for each effective interaction provide
comparable quality of fits, with only a ~ 5%
variation in the reaction cross-sections and similar
behavior of the potential renormalization factors.
However, the DHB density distribution performs
best.

CONCLUSION

DF optical model potentials were developed using
M3Y and KH interactions, and three distinct
projectile density forms, namely 2pF, SDHO, and
DHB. These potentials were then employed to
study elastic scattering data for “O + “Al at 134
MeV and “O + "Sm at 85 and 134 MeV. Two
forms of the imaginary potential, namely the
microscopic and the phenomenological WS
forms, were examined. The results indicated that
the 2pF, SDHO, and DHB densities produced
good agreement with the experimental data, but
the DHB density demonstrated superior
performance as measured by the chi-square value.

Opverall, the DF elastic scattering cross sections
computed using the M3Y and KH effective
interactions exhibit reasonable agreement with
the experimental data across all the reactions
analyzed. These results suggest that the double
folding potentials, which only involve a small
number of fitting parameters, offer a satisfactory
representation of the data. This reinforces the
advantage of the DF model-based optical
potential over the phenomenological form, which
typically demands a greater number of fitting
parameters.
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