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ANALYSIS OF ELASTIC
SCATTERING CROSS-SECTIONS OF CARBON
ISOTOPES (10−16C) USING DIFFERENT
NUCLEON-NUCLEON INTERACTIONS

In this study, the comparative analysis of different nucleon-nucleon interactions is carried
out in the framework of the optical model. The real potential is obtained using the double
folding model for eight different nucleon-nucleon interactions which consist of B, G1, G2, SL,
R3Y(HS), R3Y(Z), R3Y(W), and R3Y(L1). The results are compared with M3Y nucleon-
nucleon results, as well as the experimental data in order to perform a comparative study. The
similarities and differences of the nucleon-nucleon interactions are discussed, and alternative
nucleon-nucleon interactions are proposed for the analysis of carbon isotopes ( 10−16C).

K e yw o r d s: nucleon-nucleon interaction, relativistic mean field, optical model, double fold-
ing model.

1. Introduction

The nucleon-nucleon (𝑁𝑁) interaction plays a signif-
icant role for the nuclear force and nuclear structure
and is a very important parameter in the theoretical
analysis of any nuclear reaction. In this manner, var-
ious 𝑁𝑁 interactions have been developed. For ex-
ample, Bertsch et al. [1] have proposed a Yukawa-
type 𝑁𝑁 interaction. Greenless et al. [2] have shown
a Gauss-type 𝑁𝑁 interaction. Ball et al. [3] have
reported on the 𝑁𝑁 interaction consisting of two
Gauss-type terms. Satchler and Love [4] suggested a
different 𝑁𝑁 interaction. Additionally, four different
𝑁𝑁 interactions such as R3Y (HS), R3Y (Z), R3Y
(W), R3Y (L1) have been proposed under the rela-
tivistic mean field (RMF) theory [5,6]. The RMF the-
ory is one of the microscopic approaches evaluated to
obtain a solution to many-body problem. It assumes
that nucleons interact through the meson exchange
[7]. The 𝑁𝑁 interactions have been researched for
radioactive decays [8], proton radioactivity [9], and
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fusion reactions [10]. Finally, M3Y 𝑁𝑁 interaction
which consists of three Yukawa-type 𝑁𝑁 interaction
is well known in the literature [11].

In the present work, we aim to give acceptable
and alternative 𝑁𝑁 interaction(s) for the analysis
of the elastic scattering cross-sections of carbon iso-
topes (10−16C). For this, we examine the effects of
different 𝑁𝑁 interactions on the analysis of elastic
scattering cross-sections. In this context, we calculate
the elastic scattering cross-sections of carbon isotopes
(10−16C) with various target nuclei by using B, G1,
G2, SL, R3Y(HS), R3Y(Z), R3Y(W), and R3Y(L1)
𝑁𝑁 interaction potentials, as well as M3Y 𝑁𝑁 in-
teraction. We compare the theoretical results and the
experimental data. Thus, we evaluate the similarities
and differences of the 𝑁𝑁 interactions and report al-
ternative 𝑁𝑁 interactions for the elastic scattering
analysis of carbon isotopes (10−16C).

The study is organized as follows. In Section 2,
the theoretical formalism used in the calculations
is presented. In Section 3, the investigated 𝑁𝑁 in-
teractions are summarized. In Section 4, the results
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are discussed. Finally, the conclusions are shown
in Section 5.

2. Theoretical Formalism

The total potential (𝑉Total) defining the studied sys-
tems can be given in the following form:

𝑉Total(𝑟) = 𝑉Coulomb(𝑟) + 𝑉Nuclear(𝑟). (1)

The 𝑉Coulomb(𝑟) potential [4] is accepted as

𝑉C(𝑟) =
1

4𝜋𝜖∘

𝑍𝑃𝑍𝑇 𝑒
2

𝑟
, 𝑟 ≥ 𝑅𝑐, (2)

=
1

4𝜋𝜖∘

𝑍𝑃𝑍𝑇 𝑒
2

2𝑅𝑐

(︂
3− 𝑟2

𝑅2
𝑐

)︂
, 𝑟 < 𝑅𝑐, (3)

where 𝑅𝑐 is the Coulomb radius, 𝑍𝑃 (𝑍𝑇 ) and
𝐴𝑃 (𝐴𝑇 ) are the atomic and mass numbers of projec-
tile (target), respectively. The 𝑉Nuclear(𝑟) potential is
obtained within the optical model that consists of the
real and imaginary parts. In this way, the real poten-
tial is produced with the help of the double folding
potential parameterized by

𝑉 (r) = 𝑁𝑅

∫︁
𝑑r1

∫︁
𝑑r2𝜌𝑃 (r1)𝜌𝑇 (r2)×

× 𝜈𝑁𝑁 [r− (r1 − r2)], (4)

where 𝑁𝑅 is the renormalization factor, 𝜌𝑃 (𝑇 )(r1(2))
is the density of projectile(target) and 𝜈𝑁𝑁 is

Table 1. The parameters of two-parameter
Fermi (2pF) density for the 10−16C, 27Al, 28Si,
40Ca, 90Zr, 138Ba and 238Pb nuclei

Nucleus 𝑐 (fm) 𝑧 (fm) 𝜌0 (fm−3) Ref.

10C 1.8542 0.446608 0.238136 [12]
11C 1.93441 0.452909 0.235422 [12]
12C 2.01294 0.45901 0.232115 [12]
13C 2.08983 0.464917 0.228446 [12]
14C 2.16511 0.470631 0.224577 [12]
15C 2.23879 0.476157 0.220627 [12]
16C 2.31091 0.481497 0.216675 [12]
14N 2.20079 0.475549 0.214639 [12]
27Al 2.84 0.569 0.2015 [13]
28Si 3.15 0.475 0.175 [14]
40Ca 3.60 0.523 0.169 [14]
90Zr 4.90 0.515 0.165 [14]
138Ba 5.60 0.540 0.171930 [15]
208Pb 6.62 0.551 0.1600 [13]

nucleon-nucleon interaction. For all the projectile and
target nuclei, we have used two-parameter Fermi
(2pF) density distribution

𝜌(𝑟) =
𝜌0

1 + exp
(︀
𝑟−𝑐
𝑧

)︀ , (5)

where 𝜌0, 𝑐 and 𝑧 values are listed in Table 1. The
imaginary part is assumed as the Woods–Saxon po-
tential given by

𝑊 (𝑟) = −𝑖𝑊0(1+𝑒𝑥)−1, 𝑒𝑥 =
𝑟 − 𝑟𝑤 (𝐴

1/3
𝑃 +𝐴

1/3
𝑇 )

𝑎𝑤
,

(6)

where 𝑊0, 𝑟𝑤 and 𝑎𝑤 are the depth, radius, and
diffuseness parameters. The codes DFPOT [16] and
FRESCO [17] are used in the double folding model
and the optical model calculations, respectively.

3. Microscopic 𝑁𝑁 Interactions

3.1. Bertsch (B) interaction

The B interaction [1] is

𝜈B𝑁𝑁 (𝑟) = −2105.1
𝑒−4𝑟

4𝑟
+ 653.6

𝑒−2.5𝑟

2.5𝑟
+

+1.3
𝑒−0.707𝑟

0.707𝑟
+ 𝐽00(𝐸)𝛿(𝑟), (7)

where 𝐽00(𝐸), the exchange term, is shown by

𝐽00(𝐸) = − 276

[︂
1− 0.005

𝐸Lab

𝐴𝑝

]︂
MeV fm3, (8)

where 𝐸Lab is the incident energy.

3.2. Gaussian 1 (G1) interaction

The G1 interaction, which is introduced by Greenless
et al. [2], can be given as

𝜈G1
𝑁𝑁 (𝑟) = −22.332 𝑒(−0.46𝑟2) + 𝐽00(𝐸)𝛿(𝑟). (9)

3.3. Gaussian 2 (G2) interaction

The G2 interaction [3] takes the following form:

𝜈G2
𝑁𝑁 (𝑟) = −5.447 𝑒(−0.292𝑟2) − 12.448 𝑒(−0.415𝑟2) +

+ 𝐽00(𝐸)𝛿(𝑟). (10)
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3.4. Satchler and Love (SL) interaction

The SL interaction [4] can be identified by

𝜈SL𝑁𝑁 (𝑟) = 6315
𝑒−4𝑟

4𝑟
− 1961

𝑒−2.5𝑟

2.5𝑟
− 81𝛿(𝑟). (11)

3.5. R3Y (HS) interaction

The R3Y (HS) interaction [5] can be written as

𝜈
R3Y(HS)
𝑁𝑁 (𝑟) = 11957

𝑒−3.97𝑟

4𝑟
+ 4099

𝑒−3.90𝑟

4𝑟
−

− 6883
𝑒−2.64𝑟

4𝑟
+ 𝐽00(𝐸)𝛿(𝑟). (12)

3.6. R3Y (Z) interaction

The R3Y (Z) interaction [6] can be presented by

𝜈
R3Y(Z)
𝑁𝑁 (𝑟) = 12009

𝑒−3.96𝑟

4𝑟
+ 7446

𝑒−3.87𝑟

4𝑟
−

− 7862
𝑒−2.80𝑟

4𝑟
+ 𝐽00(𝐸)𝛿(𝑟). (13)

3.7. R3Y (W) interaction

The R3Y (W) interaction [6] becomes

𝜈
R3Y(W)
𝑁𝑁 (𝑟) = 8551

𝑒−3.97𝑟

4𝑟
− 5750

𝑒−2.79𝑟

4𝑟
+

+ 𝐽00(𝐸)𝛿(𝑟). (14)

3.8. R3Y (L1) 𝑁𝑁 interaction

The R3Y (L1) interaction [6] can be given as

𝜈
R3Y(L1)
𝑁𝑁 (𝑟) = 9968

𝑒−3.97𝑟

4𝑟
− 6661

𝑒−2.79𝑟

4𝑟
+

+ 𝐽00(𝐸)𝛿(𝑟). (15)

3.9. M3Y interaction

In order to make a comparative study, we perform
the theoretical calculations for the M3Y 𝑁𝑁 interac-
tion. Thus, we can discuss the similarities and differ-
ences of the investigated 𝑁𝑁 interactions. The M3Y
interaction that is used in the analysis of numerous
nuclear reactions is one of the most popular interac-
tion potentials [18–21]. The M3Y, which is produced
with G-matrix elements under Reid–Elliott soft core
𝑁𝑁 interaction [22], consists of the sum of three
Yukawa potentials with ranges 0.25 fm for a medium-
range attractive part and 0.4 fm for a short-range re-
pulsive part. Thus, the M3Y interaction can be writ-
ten as [11]

𝜈M3Y
𝑁𝑁 (𝑟) = 7999

𝑒−4𝑟

4𝑟
− 2134

𝑒−2.5𝑟

2.5𝑟
+

+ 𝐽00(𝐸)𝛿(𝑟). (16)

4. Results and Discussion

We have examined the effect of eight different 𝑁𝑁
interaction potentials on the elastic scattering cross-
sections of carbon isotopes (10−16C). We have pre-
sented the changes with the distance of the 𝑁𝑁 in-
teractions without the 𝐽00(𝐸) term in Fig. 1. To make
a comparative research, we have also plotted the M3Y
𝑁𝑁 interaction.

In our study, we have first examined the variations
with the distance of real potentials calculated for dif-
ferent interactions. In this context, we have compara-
tively plotted the real potentials for 11C, 12C and 15C
projectiles scattered from the same target (208Pb) in
Fig. 2. We have observed that the behavior of the
real potentials is the same for all three reactions. In
this regard, the real potentials for the other inter-
actions show an attractive behavior similar to each
other, while the behavior of the real potential for the
R3Y(Z) interaction is repulsive.

The 𝑁𝑁 interactions have been calculated by
means of the code FORTRAN developed by us. The
optical potential has been determined in the scope of
the real potential produced by using the 𝑁𝑁 interac-
tions and the code DFPOT together with the imagi-
nary part based on the Woods–Saxon potential. The
normalization constant (𝑁𝑅) is used in the double
folding calculations to increase the harmony of the
experiment and theory. Its normally default value is
1.0, and the deviation from this value may be due to
either uncertainty or peculiarity of the data or the
fitting process. We have assumed as 𝑁𝑅 = 1.0 for all
the calculations in our study in order to eliminate the
effect of the 𝑁𝑅 value on the theoretical results. The
depth (𝑊0) in MeV, radius and diffuseness param-
eters (𝑟𝑤 and 𝑎𝑤) in fm of the imaginary potential
have been released in order to obtain optimum re-
sults with the experimental data. In this way, the 𝑟𝑤
value is found by varying, at 0.1 and 0.01 fm, the
interval at fixed 𝑊0 and 𝑎𝑤. Then the 𝑎𝑤 value is
determined by varying, at 0.1 and 0.01 fm, the in-
terval at fixed 𝑊0 and 𝑟𝑤. Finally, the 𝑊0 value is
acquired for fixed 𝑟𝑤 and 𝑎𝑤. Thus, the values of 𝑊0,
𝑟𝑤, and 𝑎𝑤 parameters are given in Tables 2, 3 and
4, respectively.

In this research, the elastic scattering cross-sections
of six different carbon isotopes (10−16C) by differ-
ent target nuclei have been calculated for nine differ-
ent 𝑁𝑁 interactions. First, the elastic cross-section of
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Fig. 1. A comparison of B, G1, G2, SL, R3Y (HS), R3Y (Z), R3Y (W), R3Y
(L1), and M3Y effective 𝑁𝑁 interactions as a function of the distance

Table 2. The 𝑊0 values (in MeV)
obtained for B, G1, G2, SL, R3Y(HS), R3Y(Z),
R3Y(W), R3Y(L1), and M3Y interactions

Reaction B G1 G2 SL HS Z W L1 M3Y

10C + 27Al 18.5 22.0 29.0 19.5 10.0 9.70 19.5 15.5 25.5
11C + 14N 24.0 32.0 24.0 25.0 25.0 16.0 31.0 33.0 33.0
11C + 208Pb 10.7 51.0 51.0 51.0 41.0 51.0 51.0 61.0 51.0
12C + 28Si 11.5 11.5 8.00 11.5 11.5 10.5 10.5 11.5 10.0
12C + 90Zr 13.0 15.0 15.0 7.0 7.0 10.0 13.0 9.0 7.0
12C + 208Pb 32.0 32.0 90.0 15.0 12.0 17.0 65.0 75.0 15.0
13C + 12C 62.0 62.0 72.0 13.0 10.0 13.0 18.0 13.0 13.0
13C + 28Si 15.0 15.0 15.0 15.0 15.0 15.5 15.0 13.0 15.0
14C + 13C 4.5 9.5 9.5 28.0 14.2 25.5 22.0 22.0 15.5
14C + 40Ca 15.0 10.0 10.0 10.0 10.0 16.0 10.0 10.0 10.0
14C + 138Ba 16.0 16.0 20.0 20.0 11.0 16.0 21.0 21.0 11.0
15C + 208Pb 62.0 62.0 62.0 62.0 62.0 62.0 62.0 62.0 62.0
16C + 12C 14.6 24.0 24.0 21.0 24.0 30.0 24.0 25.0 20.0

Table 3. Same as Table 2, but for 𝑟𝑤 values

Reaction B G1 G2 SL HS Z W L1 M3Y

10C + 27Al 1.40 1.40 1.45 1.40 1.40 1.40 1.40 1.30 1.25
11C + 14N 1.40 1.40 1.40 1.40 1.40 1.40 1.40 1.40 1.40
11C + 208Pb 1.35 1.32 1.32 1.31 1.32 1.31 1.32 1.32 1.32
12C + 28Si 1.40 1.40 1.45 1.32 1.28 1.40 1.30 1.35 1.27
12C + 90Zr 1.40 1.37 1.37 1.36 1.35 1.36 1.39 1.36 1.36
12C + 208Pb 1.28 1.28 1.28 1.28 1.28 1.28 1.29 1.28 1.28
13C + 12C 1.00 1.00 1.00 1.28 1.28 1.33 1.23 1.28 1.28
13C + 28Si 1.42 1.42 1.42 1.42 1.42 1.42 1.42 1.42 1.42
14C + 13C 1.40 1.40 1.38 1.10 1.10 1.10 1.10 1.10 1.10
14C + 40Ca 1.38 1.41 1.41 1.31 1.31 1.41 1.41 1.41 1.31
14C + 138Ba 1.30 1.30 1.33 1.23 1.24 1.27 1.24 1.24 1.24
15C + 208Pb 1.47 1.47 1.47 1.48 1.48 1.48 1.48 1.47 1.48
16C + 12C 1.40 1.40 1.43 1.43 1.33 1.40 1.41 1.40 1.40
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Fig. 2. A comparison as a function of the distance of the
real potentials calculated for 11C + 208Pb, 12C + 208Pb
and 15C+208Pb reactions by using the B, G1, G2, SL, R3Y
(HS), R3Y (Z), R3Y (W), R3Y (L1), and M3Y effective 𝑁𝑁

interactions

10C+27Al reaction has been calculated at 29.1 MeV
and has been compared with the data in Fig. 3. The
result with R3Y (L1) 𝑁𝑁 interaction has exhibited a
quite different behavior from the results with other
𝑁𝑁 interactions. In addition, it has been noticed
that R3Y(HS) has provided better results than the
other 𝑁𝑁 interactions except for M3Y.

Table 4. Same as Table 2, but for 𝑎𝑤 values

Reaction B G1 G2 SL HS Z W L1 M3Y

10C + 27Al 0.80 0.50 0.44 0.59 0.55 0.82 0.45 0.55 0.48
11C + 14N 0.72 0.65 0.52 0.58 0.58 0.58 0.58 0.58 0.62
11C + 208Pb 0.58 0.30 0.30 0.30 0.30 0.30 0.30 0.30 0.30
12C + 28Si 0.93 0.63 0.43 0.73 0.63 0.83 0.58 0.60 0.63
12C + 90Zr 0.86 0.40 0.40 0.40 0.40 0.90 0.40 0.40 0.40
12C + 208Pb 0.80 0.40 0.40 0.40 0.40 0.90 0.30 0.40 0.40
13C + 12C 0.70 0.65 0.65 0.60 0.50 0.70 0.50 0.50 0.60
13C + 28Si 0.90 0.78 0.70 0.80 0.80 0.82 0.80 0.78 0.80
14C + 13C 0.80 0.60 0.50 0.90 0.90 0.90 0.90 0.90 0.90
14C + 40Ca 0.90 0.37 0.37 0.45 0.52 0.73 0.49 0.40 0.47
14C + 138Ba 0.90 0.50 0.40 0.85 0.77 0.80 0.55 0.55 0.75
15C + 208Pb 0.98 0.98 0.98 0.98 0.98 0.98 0.98 0.98 0.98
16C + 12C 0.43 0.37 0.37 0.32 0.32 0.42 0.41 0.41 0.37

Fig. 3. The elastic scattering cross-sections of 10C + 27Al
reaction calculated using the B, G1, G2, SL, R3Y (HS), R3Y
(Z), R3Y (W), R3Y (L1), and M3Y effective 𝑁𝑁 interactions
at 29.1 MeV [23]

Fig. 4. Same as Fig. 3, but for 11C+14N at 110 MeV [23]

For 11C isotope, the scattering cross-sections of
11C+14N (at 110 MeV) and 11C + 208Pb (at 226 MeV)
systems have been obtained. The theoretical results
and the data have been compared in Figs. 4 and 5,
respectively. It is seen that the results with G2 for
11C+14N have slightly higher amplitudes compared
to the results with other 𝑁𝑁 interactions. However,
it is observed that the results for 11C+208Pb are dif-
ferent from each other in general. Additionally, it has
been realized that the results with the R3Y(HS) and
R3Y(Z) interactions are better than the other results.

For 12C isotope, the elastic cross-sections of
12C+28Si (at 49.3 MeV), 12C+90Zr (at 120 MeV) and
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Fig. 5. Same as Fig. 3, but for 11C+208Pb at 226 MeV [23]

Fig. 6. Same as Fig. 3, but for 12C+28Si at 49.3 MeV [23]

Fig. 7. Same as Fig. 3, but for 12C+90Zr at 120 MeV [23]

Fig. 8. Same as Fig. 3, but for 12C+208Pb at 180 MeV [23]

12C+208Pb (at 180 MeV) reactions as light, medium,
and heavy target samples have been calculated and
compared with the experimental data in Figs. 6, 7
and 8, respectively. The results for the 12C+28Si re-
action are close to each other. The results with the
B, G1, G2, R3Y(Z), R3Y (W), and R3Y(L1) 𝑁𝑁
interactions for the 12C+90Zr reaction are far from
defining experimental data. On the other hand, the
results with the SL and R3Y (HS) have been found
to be compatible with each other and experimental
data, as well as M3Y results. It is observed that the
results with the SL, R3Y (HS), R3Y (W) are in agree-
ment with the data, while the results with the B, G1,
G2, R3Y(Z) and R3Y(L1) 𝑁𝑁 interactions for the
12C+208Pb system could not describe the experimen-
tal data well. It has been realized that the results with
SL and R3Y(HS) 𝑁𝑁 interactions are better than the
other results.

For 13C isotope, the elastic scattering cross-sections
of 13C+12C (at 650 MeV) and 13C+28Si (at 60 MeV)
systems whose experimental data can be obtained
from the literature have been calculated and com-
pared with data in Figs. 9 and 10, respectively. It is
observed that the results with different interaction
potentials for both reactions have displayed a similar
behavior generally. However, it has been recognized
that the results based on R3Y(HS) interaction are
in better agreement with the experimental data com-
pared to the results with other 𝑁𝑁 interactions.

For 14C isotope, the scattering cross-sections of
14C+13C (at 168 MeV) , 14C+40Ca (at 51 MeV) and
14C+138Ba (at 64 MeV) reactions as light, medium,
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Fig. 9. Same as Fig. 3, but for 13C+12C at 650 MeV [23]

Fig. 10. Same as Fig. 3, but for 13C+28Si at 60 MeV [23]

and heavy target samples have been obtained. The
theoretical results have been compared with the ex-
perimental data in Figs. 11, 12 and 13, respec-
tively. The results with the R3Y(HS) 𝑁𝑁 interaction
are better than the results with the other interactions
in general.

Then the elastic scattering cross-section of 15C +
208Pb system has been calculated for nine various
𝑁𝑁 interactions at 65 MeV due to acquiring the ex-
perimental data for a single reaction of the 15C iso-
tope in the literature. The theoretical results and the
experimental data have been compared in Fig. 14. It
is seen that the results by means of different 𝑁𝑁 in-
teractions have displayed a similar behavior with each
other and experimental data.

Fig. 11. Same as Fig. 3, but for 14C+13C at 168 MeV [23]

Fig. 12. Same as Fig. 3, but for 14C+40Ca at 51 MeV [23]

Fig. 13. Same as Fig. 3, but for 14C+138Ba at 64 MeV [23]
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Fig. 14. Same as Fig. 3, but for 15C+208Pb at 65 MeV [24]

Fig. 15. Same as Fig. 3, but for 16C+12C at 260 MeV [23]

Finally, for only a single reaction similar to the 15C
isotope, the elastic cross-section of 16C+12C system
has been calculated at 260 MeV. The theoretical re-
sults have been compared with the experimental data
in Fig. 15. It is seen that the result with the B 𝑁𝑁
interaction is better than the results with the other
𝑁𝑁 interactions.

The cross-section value is a useful parameter in pro-
ducing an alternative 𝑁𝑁 interaction. In this con-
text, we have showed the cross-section values for
each 𝑁𝑁 interaction and each nuclear reaction in Ta-
ble 5. We observe that the cross-sections are different
from each other according to the differences of 𝑁𝑁
interactions. However, the results with the G1 and
G2 have been generally observed to be close to each
other. In addition, the results with the SL, R3Y (HS)

and M3Y interactions have been seen to be close to
each other. From this point of view, it can be said
that the SL and R3Y (HS) interactions are close to
M3Y interaction.

We have calculated the 𝜒2/𝑁 values for the re-
sults with all 𝑁𝑁 interactions and have listed the
results in Table 6. It is seen that the 𝜒2/𝑁 values
are low for all the reactions except for 13C+12C and
16C+12C reactions. It can be also noted that the
R3Y (HS) interaction has given the lowest 𝜒2/𝑁

Table 5. The cross-sections (in mb)
values for B, G1, G2, SL, R3Y(HS), R3Y(Z),
R3Y(W), R3Y(L1), and M3Y interactions

Reaction B G1 G2 SL HS Z W L1 M3Y

10C + 27Al 1501 1117 1168 1202 1026 1311 1043 1042 891
11C + 14N 2065 2066 1774 1855 1854 1693 1924 1945 2011
11C + 208Pb 3258 3139 3165 3071 3072 3003 3142 3180 3116
12C + 28Si 2140 1700 1525 1786 1443 1930 1453 1577 1407
12C + 90Zr 3107 2297 2329 2091 2050 2857 2332 2198 2090
12C + 208Pb 3745 2879 3120 2690 2622 3616 2845 3066 2689
13C + 12C 1383 1351 1400 1335 1148 1462 1284 1286 1331
13C + 28Si 2476 2269 2135 2295 2300 2338 2307 2213 2300
14C + 13C 1531 1750 1636 1987 1639 1828 1855 1863 1690
14C + 40Ca 2236 1446 1500 1325 1376 2017 1573 1495 1344
14C + 138Ba 1859 1258 1276 1605 1346 1550 1242 1260 1327
15C + 208Pb 3043 3050 3050 3111 3111 3110 3111 3050 3111
16C + 12C 1632 1719 1793 1686 1504 1799 1792 1783 1674

Table 6. The 𝜒2/N values calculated
for B, G1, G2, SL, R3Y(HS), R3Y(Z),
R3Y(W), R3Y(L1) and M3Y interactions

Reaction B G1 G2 SL HS Z W L1 M3Y

10C+27Al 3.10 1.96 5.44 2.01 0.53 1.53 1.71 11.3 0.45
11C+14N 26.6 27.9 37.2 33.6 32.7 26.2 36.2 36.4 33.0
11C+208Pb 5.82 3.91 6.69 2.46 2.33 3.21 3.94 4.51 2.54
12C+28Si 6.11 3.04 2.05 2.47 2.32 2.83 2.09 1.36 2.93
12C+90Zr 5.61 1.14 5.28 0.14 0.13 3.85 1.32 3.09 0.25
12C+208Pb 5.04 2.38 4.67 1.45 1.64 4.32 1.75 2.93 1.45
13C+12C 1014.3 40.6 81.4 43.0 159.4 632.4 100.9 151.4 49.6
13C+28Si 12.3 5.84 6.18 6.19 5.65 7.89 6.72 6.20 5.92
14C+13C 41.1 54.4 166.6 56.1 15.3 16.4 35.4 47.0 21.4
14C+40Ca 4.71 1.00 6.10 0.32 0.25 4.86 1.33 1.17 0.29
14C+138Ba 11.8 0.34 2.40 14.8 0.73 22.7 0.31 1.27 0.58
15C+208Pb 4.54 4.50 4.51 4.94 4.94 4.94 4.94 4.50 4.94
16C+12C 212.4 402.0 506.0 823.5 448.5 548.9 354.6 356.4 248.9
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values compared to the other 𝑁𝑁 interactions in
general.

In the present study, the results with eight differ-
ent 𝑁𝑁 interactions have been compared with M3Y
𝑁𝑁 interaction potential in order to propose an al-
ternative 𝑁𝑁 interaction. We have deduced that the
SL and R3Y (HS) 𝑁𝑁 interactions would be an im-
portant alternative to M3Y 𝑁𝑁 interaction for the
analysis of the elastic scattering cross-sections of car-
bon isotopes (10−16C).

5. Conclusions

We have investigated the effect of the B, G1, G2,
SL, R3Y(HS), R3Y(Z), R3Y(W), R3Y(L1), and M3Y
𝑁𝑁 interaction potentials on the elastic scattering
cross-sections of carbon isotopes by various target
nuclei. We have observed that the reaction dynamics
depend on the choice of 𝑁𝑁 interaction potential. In
addition, we have noticed that the SL and R3Y (HS)
𝑁𝑁 interactions would be a good alternative to M3Y
𝑁𝑁 interaction. We think that it will be beneficial to
apply these 𝑁𝑁 interactions simultaneously to inelas-
tic scattering and transfer reactions.
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АНАЛIЗ ПОПЕРЕЧНИХ
ПЕРЕРIЗIВ ПРУЖНОГО РОЗСIЮВАННЯ
IЗОТОПIВ (10−16C) З ВИКОРИСТАННЯМ
РIЗНИХ НУКЛОН-НУКЛОННИХ ВЗАЄМОДIЙ

В рамках оптичної моделi проведено порiвняльний аналiз
рiзних нуклон-нуклонних взаємодiй. Отримано дiйсний по-
тенцiал в моделi подвiйної згортки (double folding model)
для восьми рiзних нуклон-нуклонних взаємодiй: B, G1,

G2, SL, R3Y(HS), R3Y(Z), R3Y(W) та R3Y(L1). Результати
спiвставлено з отриманими для нуклон-нуклонної взаємодiї
M3Y, а також з експериментом. Обговорюються подiбностi
та вiдмiнностi нуклон-нуклонних взаємодiй i запропоновано
їх альтернативнi варiанти для дослiдження iзотопiв вугле-
цю (10−16C).

Ключ о в i с л о в а: нуклон-нуклонна взаємодiя, релятивi-
стичне середнє поле, оптична модель, модель подвiйної
згортки.
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