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Abstract. In the present study, we have analysed the elastic scattering cross-section data of 9Li + 12C system
at Elab = 540 MeV and 9Li + 208Pb system at Ec.m. = 28.3 MeV for some cluster models and various density
distributions of the 9Li nucleus. First, we have obtained five different density distributions of the 9Li nucleus to
generate real potentials with the help of double-folding model. For these densities, we have calculated the elastic
scattering angular distributions. Secondly, using a simple approach, we have investigated some cluster models
of the 9Li nucleus consisting of 6He + 3H and 8Li + n systems. We have presented the comparison of elastic
scattering angular distributions for each system with each other as well as with the experimental data. Finally,
we have given the cross-section values obtained from the theoretical calculations for all the systems studied in
this paper.
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1. Introduction

Density distribution plays an important role in obtain-
ing microscopic optical potential, in clarifying the
elastic scattering of nucleus–nucleus interactions and
in identifying the structure of loosely bound nuclei.
Also, the cross-section of the nucleus–nucleus scat-
tering is sensitive to the density distributions of the
investigated nuclei [1,2]. Density distributions can be
obtained via a phenomenological model or a micro-
scopic model [3,4]. By using any one of these density
distributions, the real part of the optical potential eval-
uated in the analysis of the experimental data can be
achieved. The double-folding model (DFM) is one of
the most preferred methods [5–13] to evaluate the real
part of the optical potential. The DFM generates the
real part of the optical potential in terms of density dis-
tributions of the projectile and the target together with
the effective nucleon–nucleon interaction.

In order to analyse the experimental data of the sta-
ble nuclei, different density distributions can be found
in the literature. Some of these densities are Woods–
Saxon (WS)-type density distribution, Fermi (F)-type
density distribution, harmonic oscillator (HO)-type

density distribution [14,15], etc. On the other hand, the
density distributions of the halo nuclei have a long tail
and show a more different structure compared to the
stable nuclei. As a result, investigation of the density
distributions of the nuclei is important. In this work,
the 9Li nucleus is chosen to study density distributions.
If one does a comprehensive research over the exist-
ing density distributions of 9Li in the literature, one
cannot find such a study. Hence, we think that a com-
parative and comprehensive analysis of various density
distributions of the 9Li nucleus would be very signif-
icant in explaining the interactions with various target
nuclei and will be useful to address this deficiency in
the literature.

The cluster structure is an important tool to investi-
gate the structure of a nucleus, to constitute different
configurations with elements and to understand the
processes in nuclear astrophysics [16,17]. 9Li can be
thought to be a prominent candidate for cluster stud-
ies. For example, it can be assumed that 9Li consists of
different structure models such as 6He+3H and 8Li+n
[18]. In the present work, we apply a new and differ-
ent method for explaining the experimental data of the
9Li–nucleus interactions. In this respect, we investigate
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the roles of density distributions formed for some clus-
ter models of the 9Li nucleus. Thus, it will be very
important and useful in the analysis of different nucleus
interactions as well as the 9Li nucleus.

The present study proceeds in two steps. In the first
step, different density distributions of 9Li are tested by
using the DFM within a microscopic approach. Thus,
the elastic scattering angular distributions are obtained
theoretically. The similarities and differences among
the density distributions are investigated by comparing
each other. In the second step, some structure mod-
els of 9Li are examined within the framework of the
DFM. In this sense, 6He + 3H and 8Li + n models are
handled and the elastic scattering angular distributions
for each model are obtained. Finally, all the theoretical
results are compared with each other as well as with
the experimental data.

In the next section, we demonstrate the optical model
(OM) calculations, the density distributions and the
internal structure parametrization of the 9Li nucleus.
In §3, we give theoretical results of the calculations.
Section 4 is devoted to our summary and conclusions.

2. Theory

2.1 The optical model (OM)

The optical potential can be written in the following
form:

Voptical(r) = V (r) + iW(r), (1)

where V (r) and W(r) are the real and imaginary poten-
tials, respectively. The phenomenological model and

the DFM are the methods used to obtain the real poten-
tial. In our study, theoretical calculations are conducted
by using the DFM. The double-folding potential is
achieved via the nuclear matter distributions of both
the projectile and the target nuclei together with an
effective nucleon–nucleon interaction potential (νNN).
Thus, the double-folding potential is given by

Vdouble folding(r)=
∫

dr1

∫
dr2ρP(r1)ρT(r2)νNN(r12),

(2)

where r12 = r − r1 + r2, νNN(r12) is the effective
NN interaction, ρP(r1) and ρT(r2), respectively, are
the density distributions of the projectile and the target
nuclei, normalized so that [19]∫

ρi(ri )dri = Ai, (3)

where i = P (projectile) or T (target). In order to make
a comparative study, we have used five different den-
sity distributions for 9Li. All density distributions of
9Li used in the DFM calculations have been normal-
ized to 9 which is the total number of nucleons of 9Li.
Each of these densities is explained in the following.
On the other hand, the density distribution of 12C target
nucleus is attempted using the form

ρ12C(r) = ρ0(1 + ζ r2) exp(−ξr2), (4)

where ρ0 = 0.1644 fm−3, ζ = 0.4988 fm−2 and ξ =
0.3741 fm−2 [20,21]. The density of 208Pb, the other
target nucleus investigated in our work, is taken from
the Hartree–Fock–Bogoliubov (HFB) method based on
the BSk2 Skyrme force [22]. In figure 1, the density
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Figure 1. The density distributions of the 12C and 208Pb target nuclei in logarithmic scale (a) and linear scale (b).
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distributions of the target nuclei are plotted on both
logarithmic (a) and linear scales (b).

The νNN is integrated over both density distribu-
tions. We have used the most common one, the M3Y
nucleon–nucleon (Michigan 3 Yukawa) realistic inter-
action, which is formulated as

νNN(r) = 7999
exp(−4r)

4r
− 2134

exp(−2.5r)

2.5r

+J00(E)δ(r), (5)

where J00(E) is the exchange term given by

J00(E) = 276(1 − 0.005Elab/AP), (6)

where Elab and AP are the laboratory energy and
mass number of the projectile, respectively. Finally, the
imaginary part of the optical potential is assumed in the
WS form

W(r) = W0f (r, Rw, aw), (7)

f (r, Rw, aw) = [1+exp(X)]−1, X = (r −Rw)/aw,

(8)

where Rw = rw(A
1/3
P + A

1/3
T ) and AP and AT are the

mass numbers of the projectile and the target nuclei,
respectively.

2.2 Parametrization of density distributions

Density distribution used for both the projectile and
the target nuclei is very significant to determine the
double-folding potential. The densities of the target
nuclei have been mentioned before. In this section, 9Li
densities are introduced in detail.

2.2.1 The variational Monte Carlo (VMC) density
distribution. The variational Monte Carlo (VMC)
method is applied to construct a variational wave
function. Pieper et al [4] have reported 9Li den-
sity obtained from the VMC calculations using the
Argonne v18 (AV18) two-nucleon and Urbana X three-
nucleon potentials (AV18+UX). The VMC density is
one of the densities investigated in the present work.

2.2.2 The large-scale shell model (LSSM) density dis-
tribution. Another density which may be used for 9Li
is the large-scale shell model (LSSM) density. The
LSSM density is acquired by means of a shell-model
space by using the WS single-particle wave function
basis with realistic exponential asymptotic behaviour
[23]. In this manner, Karataglidis et al [24] have
reported the LSSM density of the 9Li nucleus. As the
second density, we examine the microscopic LSSM
density of 9Li.

2.2.3 The Gaussian proton–neutron (GPN) density
distribution. The density distribution of 9Li can be
considered as the sum of its constituents densities. In
this context, the proton and neutron density distribu-
tions of the 9Li nucleus can be taken in the Gaussian
forms. Thus, third density evaluated for 9Li is given
by [25]

ρi(r) = Nci
1

π(3/2)a3
exp

(−r2

a2

)
, i = p, n, (9)

where Ncp = 3, Ncn = 6, a = 1.89 fm.

2.2.4 The Gaussian-oscillator (GO) density distribution.
The Gaussian-oscillator (GO) density is the sum of the
core (8Li) and the valence (n) densities. While the core
density has the Gaussian function as

ρc(r) =
(

3

2πR2
c

)3/2

exp

(
− 3r2

2R2
c

)
, (10)

the valence density is taken as the 1p-shell harmonic
oscillator density formulated by

ρv(r) = 5

3

(
5

2πR2
v

)3/2 (
r

Rv

)2

exp

(
− 5r2

2R2
v

)
, (11)

where Rc and Rv are the r.m.s. radii of the core
and the valence nucleon distributions, respectively. The
total matter distribution ρm, normalized to unity [3], is
given by

ρm(r) = [Ncρc(r) + (A − Nc)ρv(r)]/A, (12)

where Nc and A are the number of nucleons in the
core and the mass number, respectively. In our calcula-
tions, the values of Rc and Rv are 2.16 fm and 3.22 fm,
respectively [26,27].

2.2.5 The Gaussian density (GD) distribution. The
last investigated density for 9Li is the Gaussian density
(GD). This density is assumed to be in the Gaussian
form [28]

ρ9Li(r) = α[1 + β(r/γ )2] exp[−(r/γ )2]/γ 3, (13)

where α = 0.718, β = 0.833 and γ = 1.618.

2.3 Parametrization of some structure models
of 9Li nucleus

In this section, some structure models of 9Li have been
examined by using a different approach. We have not
obtained a new density distribution. We have used the
existing density distributions in the literature with only
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a simple approach. With this goal, we have taken into
consideration several cluster models of 9Li consisting
of 6He + 3H and 8Li + n systems. We have used a
similar procedure for all the systems analysed in this
work. By determining the densities for these models,
we have applied the DFM based on the OM to generate
the real potential of each system. In this respect, the
imaginary part of the optical potential has been taken as
the WS potential. Consequently, the nuclear potential
for all the theoretical calculations has been assumed in
the same form.

2.3.1 The 6He + 3H system. Here we focus on 6He
+3H system from cluster models of the 9Li nucleus.
According to this simple approach, 9Li density is the
sum of the densities of the 6He and 3H nuclei as

ρ9Li(r) = ρ6He(r) + ρ3H(r). (14)

We can calculate 6He density using the expression

ρ6He(r) = ρ0 exp(−βr2), (15)

where β is adjusted to reproduce the experimental
value for the r.m.s. radius of 6He (=2.54 fm). ρ0 can
be obtained from the normalization condition∫

ρ(r)r2dr = A

4π
, (16)

where A is the mass number. However, 3H density is
in VMC density form [4].

2.3.2 The 8Li + n system. 9Li nucleus can be of 8Li
+ n form. In this manner, the density of 9Li is taken as
the sum of density distributions of 8Li and n given by

ρ9Li(r) = ρ8Li(r) + ρn(r). (17)

8Li nuclear matter density is evaluated in the construct
[3]

ρc(r) =
(

3

2πR2
c

)3/2

exp

(
− 3r2

2R2
c

)
, (18)

ρv(r) =
(

3

2πR2
v

)3/2

exp

(
− 3r2

2R2
v

)
, (19)

where the constant values of Rc and Rv are 2.50 fm and
2.53 fm, respectively [26]. The total matter distribution
ρm, normalized to unity [3], is formulated by

ρm(r) = [Ncρc(r) + (A − Nc)ρv(r)]/A. (20)

The density distribution of 1n-halo is in the Gaussian
form [29,30]

ρn(r) =
(

1

γ
√

π

)3

exp(−r2/γ 2), (21)

where γ is adjusted to reproduce the experimental
value for the r.m.s. radius of 9Li.

2.4 The fitting procedure

Here, we have introduced the details of fitting pro-
cedure used while the density distribution and simple
cluster calculations of the 9Li nucleus are performed.
In this context, we have investigated the agreement
between the theoretical results and the experimental
data of 9Li+12C and 9Li+208Pb by searching W0, rw
and aw parameters of the imaginary potential used in
the DFM calculations. We have conducted a similar
fitting procedure for all the systems analysed in this
work.

First, we have examined different values of rw in
steps from 0.1 to 0.001 fm. In the density calcula-
tions, rw has been fixed at 0.988 fm for 9Li+12C and
at 1.29 fm for 9Li + 208Pb. Then, we have investi-
gated aw in steps of 0.1 and 0.01 fm at fixed radius
and have assumed the value as 0.55 fm for 9Li + 12C
and 0.60 fm for 9Li + 208Pb. We have completed the
fitting procedure by adjusting the depth of the imagi-
nary potential. All the optical potential parameters are
listed in table 1.

Similar to the analysis of the density distributions,
we have performed simple cluster model calculations.
We have studied different values of rw in steps from 0.1

Table 1. The optical potential parameters of the VMC,
LSSM, GPN, GO and GD density distributions used for the
9Li nucleus in the analysis of the 9Li + 12C and 9Li + 208Pb
systems. In all the calculations, the Coulomb radius (RC) is
fixed as 1.25.

Density W rw aw σ

System distribution NR (MeV) (fm) (fm) (mb)

VMC 0.690 28.0 0.988 0.55 885.9
LSSM 0.675 27.0 0.988 0.55 876.2

9Li + 12C GPN 0.708 29.8 0.988 0.55 900.7
GO 0.700 28.7 0.988 0.55 891.9
GD 0.800 36.5 0.988 0.55 949.7

VMC 1.0 18.2 1.29 0.60 207.8
LSSM 1.0 16.0 1.29 0.60 203.0

9Li + 208Pb GPN 1.0 22.2 1.29 0.60 223.2
GO 1.0 17.5 1.29 0.60 201.0
GD 1.0 20.8 1.29 0.60 211.4
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to 0.001 fm and have accepted rw as 0.988 fm for 9Li +
12C and 1.31 fm for 9Li + 208Pb. Then, we have eval-
uated aw in steps of 0.1 and 0.01 fm at fixed radius and
have assumed the value as 0.50 fm for both 9Li + 12C
and 9Li + 208Pb systems. Finally, the fitting procedure
of the systems has been completed by adjusting the
depth of the imaginary potential and all the potential
parameters are given in table 2.

The code FRESCO [31] has been used in the DFM
calculations. FRESCO, a general-purpose reaction

Table 2. The optical potential parameters of the 6He + 3H
and 8Li + n systems used for the 9Li nucleus in the anal-
ysis of the 9Li + 12C and 9Li + 208Pb systems. In all the
calculations, the Coulomb radius (RC) is fixed as 1.25.

Structure W rw aw σ

System model NR (MeV) (fm) (fm) (mb)

9Li + 12C 6He + 3H 0.604 23.6 0.988 0.50 802.5
8Li + n 0.800 37.6 0.988 0.50 911.4

9Li + 208Pb 6He + 3H 0.870 17.5 1.31 0.50 175.5
8Li + n 0.660 15.0 1.31 0.50 168.2

code, is applied to obtain the OM parameters to fit the
data [32].

3. Results and discussions

3.1 Analysis of density distributions

First, we have obtained the density distributions used
in the DFM calculations of the 9Li nucleus. We have
presented the densities in figure 2 by both logarithmic
scale (a) and linear scale (b) in order to make a compar-
ison. It has been observed that the microscopic density
of the LSSM model extends much farther when com-
pared with the other densities. The neutron density of
the VMC model follows the LSSM density. The GO
density is larger than the GPN density. However, the
GD and VMC proton density distributions arrive close
distance with each other. Also, the density distribution
of 3H nucleus used in simple cluster analysis of 9Li is
given in both logarithmic scale (a) and linear scale (b)
as shown in figure 3.

The optical potential parameters of the investigated
densities are listed in table 1. For the 9Li+12C reaction,
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Figure 2. The VMC, LSSM, GPN, GO and GD density distributions of the 9Li nucleus in logarithmic scale (a) and linear
scale (b).
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Figure 3. The VMC neutron and proton density distributions of the 3H nucleus in logarithmic scale (a) and linear scale (b).

it is seen that the imaginary potential depths of the
densities are different from each other. The deepest
imaginary potential is obtained for the GD density.
This state can be attributed to the efficiency of absorp-
tion. In the 9Li + 208Pb reaction, the deepest imaginary
potential is found for the GPN density. However, we
should add that the imaginary potentials of 9Li+12C
are deeper than 9Li + 208Pb reaction.

In figure 4, we have plotted the obtained theoretical
results to determine the contribution of different den-
sity distributions of 9Li in explaining 9Li+12C scatter-
ing data at Elab = 540 MeV. We have observed that the
DFM results of VMC, LSSM, and GO densities exhibit
similar behaviour with each other in general. They
have given very compatible results with the data. On
the other hand, LSSM results are slightly better than
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Figure 4. Comparison of elastic scattering angular distributions for the VMC, LSSM, GPN, GO and GD density distribu-
tions of the 9Li + 12C reaction with the literature [33] as well as the experimental data at Elab = 540 MeV. The experimental
data have been taken from [33].



Pramana – J. Phys. (2017) 88: 53 Page 7 of 12 53

VMC and GO results. GPN and Gaussian densities have
displayed a similar behaviour with each other, but this
similarity has been broken down after � ∼ 10◦. How-
ever, GPN results are better than GD results. Moreover,
Gaussian density has become the weakest density in
explaining the scattering data. In addition, our results
have been compared with the results of Zahar et al [33]
which have been obtained by using the OM and the
DWBA. While the results of Zahar et al [33] have been
acquired, we have performed only the phenomenolog-
ical calculations for the OM parameters given in ref.
[33] without including the inelastic scattering of the
9Li nucleus. The theoretical results reported in ref. [33]
are the sum of elastic scattering and inelastic scattering.
Therefore, we should point out that there is some dif-
ferences between our results and the results of ref. [33].
As we know, purely elastic scattering data of the 9Li
+ 12C reaction are not currently available. Therefore,
the quasielastic data instead of the elastic scattering
data have been used in the fitting procedure.

Then, we have investigated the 9Li + 208Pb system
as the interaction with a heavier target nucleus. The
elastic scattering data of 9Li + 208Pb system at an
incident energy of Ec.m. = 28.3 MeV have been mea-
sured by Cubero et al [34]. In figure 5, we have shown
the elastic scattering angular distributions for differ-
ent densities of 9Li at Ec.m. = 28.3 MeV. When the
results are compared with each other as well as with
the experimental data, it is observed that each of the

examined density distributions describes the data well
in general. However, it is noticed that the LSSM den-
sity distribution explains the data better than the other
density distributions. Also, it is better in determining
the oscillations of the experimental data.

3.2 Analysis of the internal structure models

It is well known that the cluster or internal structure
models of the nuclei play important roles in explaining
the nucleus–nucleus interactions. The structure models
of the nucleus are detailed according to their structure.
With this goal, by using a different approach, we have
investigated some structure models of the 9Li nucleus
in terms of both light and heavy nucleus reactions such
as 9Li + 12C and 9Li + 208Pb. The structure models
discussed for 9Li in our study consist of 6He + 3H and
8Li + n systems and the optical potential parameters
for these models are given in table 2. In 9Li + 12C
systems, the potential depths are different from each
other. The deepest potential is found for the 8Li + n

system. This state can be attributed to the efficiency of
absorption. For 9Li + 208Pb, it is seen that the imagi-
nary potential depths are close to each other. However,
the deepest potential is obtained for 6He + 3H model.

In figure 6, we have presented the theoretical results
of 9Li + 12C reaction. The results of 6He+ 3H and 8Li+
n systems are different from each other. Also, we can
say that the results of 6He + 3H system is slightly
better than the results of 8Li + n. We should add
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Figure 5. Comparison of elastic scattering angular distributions for the VMC, LSSM, GPN, GO and GD density distribu-
tions of the 9Li + 208Pb reaction with the experimental data at Ec.m. = 28.3 MeV. The experimental data have been taken
from [34].
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Figure 6. The elastic scattering angular distributions for the 6He + 3H and 8Li + n systems used for the 9Li nucleus in the
analysis of the 9Li + 12C system in comparison with the literature [33] and the experimental data.

that none of the investigated structure models of 9Li
are very compatible with the experimental data. Addi-
tionally, we have compared the best analysis results
of both density distributions and structure models of
9Li together with the experimental data and the lit-
erature in figure 7. We have observed that none of
the results from structure model calculations are much

better than the results from the density distribution cal-
culations. We can conclude that simple cluster model
does not have a very significant effect on light target
nucleus interaction of 9Li with 12C.

In figure 8, we have shown the elastic scattering
angular distributions for different structure models of
9Li scattered from 208Pb. The simple cluster results of
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Figure 7. A comparison with the literature [33] and the experimental data of good consistent elastic scattering angular
distributions obtained from different density distributions and different structure models used for the 9Li nucleus in the
analysis of the 9Li + 12C system.
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Figure 8. The elastic scattering angular distributions for the 6He + 3H and 8Li + n systems used for the 9Li nucleus in the
analysis of the 9Li + 208Pb system.

6He + 3H and 8Li + n are very successful in explaining
the experimental data. As a result, we have noticed that
the simple cluster model of 9Li interacting with 208Pb
heavy target nucleus has an important effect on the
elastic scattering results. In figure 9, we have compared
the best results of the density distribution and structure

model calculations of 9Li with the data. We have
observed that while the simple cluster results show a
hump structure in the regions of 70◦ ≤ � ≤ 100◦, none
of the densities provide such a structure. We consider
that this result would be important and interesting in
the analysis of the 9Li + 208Pb reaction.
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Figure 9. A comparison of good consistent elastic scattering angular distributions with the experimental data obtained
from different density distributions and different structure models used for the 9Li nucleus in the analysis of the
9Li + 208Pb system.
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3.3 Analysis of the real and imaginary potentials

In figures 10 and 11, we have presented the real and
imaginary potentials of various density distributions
and some structure models of 9Li on 12C and 208Pb.
From these results, we have observed that the real
potentials of both 12C and 208Pb exhibit similar features.

However, the real potentials of 9Li + 208Pb are deeper
than the real potentials of 9Li + 12C because 208Pb
nucleus is heavier. When we examine the imaginary
potential values of 9Li + 12C, 208Pb systems, we have
observed that the difference between potential depths
is sufficiently clear. This is because of the different
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Figure 10. The shapes of the real (a) and imaginary potentials (b) of the 9Li + 12C reaction for both the VMC, LSSM,
GPN, GO, GD density distributions and the 6He + 3H and 8Li + n systems.
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W values used in the folding model calculations of the
density distributions.

3.4 Analysis of the normalization (NR) constant

Here, we discuss the change of normalization (NR)
used in the double-folding calculations. NR is used
to obtain results which are in good agreement with
the experimental data. In this respect, NR = 1.0 indi-
cates the success of the DFM [5]. On the other hand,
the fact that the value of NR is different from unity,
which means that the model would need corrections, is
attributed to strangeness and uncertainties in the data
or to uncertainties in the fitting procedures applied or
to uncertainties in the densities calculated under the
folding-model approach [5].

The values of NR used in the analysis of the den-
sity distributions and the internal structure models of
9Li by 12C and 208Pb are listed in tables 1 and 2. The
NR values of 9Li + 12C have shown deflection from
unity. For the 9Li + 208Pb system, while the NR val-
ues of simple cluster model deflect from unity, the NR

values of density distributions are unity. It has been
observed that the simple cluster results of 208Pb are
in more agreement with the experimental data than to
the simple cluster results of 12C although the values of
NR in the structure model calculations of both 12C and
208Pb show deflection from unity. The reason for this,
according to us, is that a heavy target nucleus such
as 208Pb becomes more effective in the simple cluster
analysis of 9Li.

4. Summary and conclusions

In the present study, we have reanalysed the elastic
scattering data of the 9Li + 12C system at Elab = 540
MeV and the 9Li + 208Pb system at Ec.m. = 28.3 MeV,
aiming to address the consistency of different den-
sity distributions and some cluster models of the 9Li
nucleus. The double-folding potentials generated by
using five different densities of 9Li nucleus have been
applied to acquire theoretical cross-sections. It has
been observed that the results are in good agreement
with the experimental data. Moreover, it is seen that
this agreement is better than the literature results.

Then, some cluster models of 9Li scattered from the
12C and 208Pb nuclei have been investigated. With this
goal, a different and simple method has been applied
in the theoretical calculations. It has been observed
that simple cluster results of 9Li + 12C reaction do
not make a very important contribution to density

distribution results of 9Li + 12C, whereas, simple clus-
ter results of 9Li + 208Pb system have presented the
differences from density distribution results of 9Li
+ 208Pb. In addition to this, simple cluster results of
9Li + 208Pb system have shown a hump structure sim-
ilar to the experimental data in the regions of 70◦ ≤
� ≤ 100◦. But, this state has not been observed in the
results of density distributions. As a result, we consider
that Coulomb scattering of a heavy target nucleus such
as 208Pb may be dominant.

Consequently, this work has provided a comprehen-
sive analysis on the validity of five different density
distributions of the 9Li nucleus and these densities have
given results which are better than the results from the
previous studies. In addition to this, a simple model has
been used to examine some cluster states of 9Li, and
it has been seen that this method has given important
results. Therefore, we consider that this method would
be useful and interesting in different nucleus states.
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