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Abstract. In our previous work Burtebayev et al, Int. J.Mod. Phys.E 28, 1950028 (2019), we presented the angular
distribution (AD) for 10B ions elastically scattered from the 12C target at Elab(

10B) = 41.3 MeV. The measured
data exhibited a pronounced increase in cross-sections at backward angles. This is mostly attributed to the effect
of deuteron transfer between the colliding nuclei. In this work, we present the inelastic ADs for the same system
leading to the Jπ = 2+, Ex = 4.439 MeV and Jπ = 3−, Ex = 9.641 MeV excited states of the 12C nucleus. The
measured inelastic 12C(10B, 10B)12C∗ ADs, together with the previously measured elastic 12C(10B,10B)12C ADs at
Elab(

10B) = 17.5, 18, 41.3 and 100 MeV, are analysed within the methods of distorted wave Born approximation
(DWBA) and coupled reaction channels (CRC) using the new B3Y and the standard M3Y effective interaction
potentials. Spectroscopic amplitude (SA) values were determined for the 12C → 10B + d configuration.

Keywords. Elastic and inelastic scattering; B3Y-fetal folding potential; saturation property of nuclear matter;
coupled channel method; distorted wave born approximation method; coupled reaction channel method.
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1. Introduction

Numerous theoretical frameworks have been devised
to characterise the real and imaginary components of
the nuclear interaction potential, aiming to effectively
account for a diverse range of elastic scattering mea-
surements at various energies [1–4]. Elastic scattering is
a fundamental process in nuclear reactions that provides
valuable insights into the properties of the interact-
ing nuclei, including their binding nature, deformation
parameters and spectroscopic factors. Furthermore, the
investigation of elastic processes may present signif-
icant difficulties in cases where the coupling effects
to nonelastic channels are substantial. Specifically, in
nuclear processes induced by weakly bound (WB)

projectiles, the dynamics of the reaction can be influ-
enced by direct mechanisms such as breakup or transfer.
This is mostly due to their low breakup threshold energy
[5–9].

Traditionally, the optical model (OM), based on sim-
plifying the solution of Schrödinger’s equation that
describes the scattering process by replacing the N -
body problem (N is the total number of nucleons in
the interacting nuclei) with a one-body problem of a
reduced mass (μ) and moving in a potential well cre-
ated by all nucleons, was employed successfully to
reproduce a large body of scattering data. For resolving
the parameter ambiguities that are normally associated
with the traditional Woods–Saxon (WS) optical poten-
tials, the double folding model (DFM) was extensively
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employed. In a comprehensive investigation, Satchler
and Love [10] employed the microscopic M3Y sum of
three Yukawa nucleon–nucleon potentials, using matter
radii obtained from electron scattering data when acces-
sible, to examine the potential existence of a universal
method for generating interaction potentials. According
to the analysis of elastic scattering processes, it is feasi-
ble to increase the saturation of the nuclear medium in
addition to acquiring essential information on the struc-
ture of the nucleus and the reaction mechanism. The
saturation point of the dependence of the binding energy
of the nucleus on density is directly related to nuclear
incompressibility (K) [11]. In the study of the scatter-
ing process, the method of constructing the equation
of state of the nucleus based on considering the over-
lap of the density of the interacting nuclei is performed
using a microscopic approach. The preparation of the
effective nucleon–nucleon (VNN ) interaction potential,
which depends on the density of both the projectile and
the target, makes it possible to calculate the saturation
property of nuclear matter (NM) [12].

One of the main aims of the current work is to check
the reliability and effectiveness of the nucleon–nucleon
interaction potential (VNN ) based on the B3Y-Fetal
potential [11], recently constructed based on the calcula-
tion of the elements of the nuclear matrix of two bodies
in a variational approach with lower-order constraints
(LOCV) [13] in reproducing the considered 10B +12C
elastic and inelastic angular distributions (ADs). As a
reference guide, the most standard M3Y potential was
employed also in the analysis. For this purpose, differ-
ent interaction models, namely, CDM3Y2, CDB3Y2,
CDB3Y3 and CDB3Y4, were tested to reproduce the
considered data. These interaction models were chosen
as they give very close nuclear incompressibility (K )
value and hence very close results within these poten-
tials are expected. The analysis emphasised the fact
that higher value of NM incompressibility for a specific
interaction implies a less attractive nature, necessitating
a higher renormalisation factor.

The nuclear incompressibility is a fundamental key
in our understanding of nuclear structure, reactions and
the behaviour of NM. Determined through a combina-
tion of theoretical calculations and empirical models, K
is influenced by the choice of the potential, such as the
CDM3Y2, CDB3Y2, CDB3Y3 and CDB3Y4 interac-
tions, used in these calculations. Typically falling within
the range of 200 to 300 MeV, K values exhibit some
variation and uncertainty. Certain studies have even sug-
gested values below 200 MeV. The precise value of
K has significant implications for the curvature of the
binding energy curve, the saturation property of nuclear
matter and the short-range behaviour of nuclear poten-
tials. By adjusting the density dependence of the folding

potential through the variations in K , researchers can
achieve improved agreement with experimental scatter-
ing data, enabling a more comprehensive exploration of
the properties displayed by atomic nuclei [14].

This work adds to the ongoing joint research program
devoted to the investigation of the scattering processes
at the DC-60 cyclotron, Institute of Nuclear Physics,
Kazakhstan [15–20] and at the U-200P cyclotron, War-
saw University, Poland [21,22], in which the scattering
processes are investigated to consider the influences of
nucleon(s) transfer mechanism.

The structure of the paper is as follows: The experi-
mental set-up is explained in §2. Section 3 is dedicated to
the presentation of the implemented potentials. Section
4 provides an overview of the theoretical calculations,
presents the obtained results and engages in a compre-
hensive discussion of the findings. A concise overview
is provided in §5.

2. Experiment set-up

The 10B ions beam of laboratory energy Elab = 41.3
MeV, was accelerated in the U-200P cyclotron, Warsaw
University. The 10B beam was impinged on a 12C tar-
get foil of thickness ∼0.141 μg/cm2. Four �E − E
telescopes were employed for registering the reaction
products. Each telescope consists of a silicon detector
(E) of thickness ∼300 μm and an ionisation chamber
(�E) filled with isobutene gas (C4H10). The measured
elastic AD for the 10B+12 C system at Elab = 41.3 MeV
as well as more information on the experimental set-up
and data acquisition are presented in our previous work
[22]. The energy spectrum of the scattered 10B ions from
the 12C target with transition to the Jπ = 2+, Ex =
4.439 MeV and Jπ = 3−, Ex = 9.641 MeV excited
states of 12C nucleus is shown in figure 1. The experi-
mental 10B + 12C inelastic AD at Elab = 41.3 MeV is
shown in figure 2.

3. Implemented potentials

There are a limited number of studies devoted to study-
ing the 10B+12 C nuclear system at Elab = 17.5 [23], 18
[24], 41.3 [22] and 100 MeV [25]. The measurements
at low energies up to 41.3 MeV demonstrated the exis-
tence of an observed rise in differential cross-sections
(DCs) at the backward hemisphere (θ > 90◦), which
is attributed to deuteron transfer mechanism between
the colliding nuclei, namely, 10B and 12C. In the afore-
mentioned studies, the data in the forward hemisphere
(θ < 90◦) were analysed using the phenomenological
WS potential and to describe the AD data in the entire



Pramana – J. Phys.          (2024) 98:106 Page 3 of 13   106 

Figure 1. Energy spectrum of the 12C(10B, 10B)12C reaction
products at Elab(

10B) = 41.3 MeV and at angle θlab = 20◦.

Figure 2. Experimental 10B + 12C inelastic ADs at Elab
(10B) = 41.3 MeV with transition to the Jπ = 2+, Ex =
4.439 MeV and Jπ = 3−, Ex = 9.641 MeV excited states of
the 12C nucleus.

angular range, the method of the distorted wave Born
approximation (DWBA) was applied.

In this work, the elastic scattering ADs for the
10B + 12C system at Elab(

10B) between 17.5 and 100
MeV [22–25] are subjected to a microscopic analysis
using a real double-folded (DF) potential based on both
the new B3Y and the standard M3Y interaction poten-
tials, each include both direct (VD) and exchange (V EX)
components [14]. The real DF potential was estimated
by folding the density distributions of the projectile
(ρP(r1)) and of the target (ρT(r2)), with an effective
potential [26,27] as follows:

VDF (R) =
∫∫

ρP ( �r1) ρT ( �r2) VNN (S) d �r1d �r2. (1)

The direct and exchange components of the M3Y-Paris
potential [28,29] are expressed as

vD(S) =
[

11061.625
exp(−4s)

4s

−2537.5
exp(−2.5s)

2.5s

]
MeV,

vEX(S) =
[
−1524.25

exp(−4s)

4s
− 518.75

exp(−2.5s)

2.5s

−7.8474
exp(−0.7072s)

0.7072s

]
MeV. (2)

The direct and exchange components of the B3Y-Fetal
[11] potential, based on the LOCV approach [13] are
expressed as follows:

vD(S) =
[

10472.13
exp(−4s)

4s
− 2203.11

exp(−2.5s)

2.5s

]

MeV,

vEX(S) =
[

499.63
exp(−4s)

4s
− 1347.77

exp(−2.5s)

2.5s

−7.8474
exp(−0.7072s)

0.7072s

]
MeV. (3)

Direct and exchange potentials of the B3Y and M3Y
types are formed depending on the density and energy
[30].

vD(EX)(E, ρ, s) = F(E, ρ)g(E)vD(EX)(s), (4)

the density-dependent function (F( ρ)) is expressed as
[31],

F( ρ) = C
[
1 + α exp(−βρ) − γρn] (5)

and the energy-dependent factor (g(E)) is expressed as
[32]

g(E) = 1 − 0.003(E/A). (6)

Based on the adjustment of the density-dependent
parameters in eq. (5), it is necessary to reduce the
K -value in accordance with the saturation property of
the nucleus. The parameters of the employed density-
dependent function are listed in table 1.

By employing several parametrisations for the den-
sity dependency function, it is possible to obtain diverse
models of interaction. Actually, it has been observed that
various formulations of density dependence yield con-
sistent NM saturation properties. However, they display
distinct curvatures in the binding energy per nucleon
(E/A) curve near the saturation point. This discrepancy
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Table 1. Density-dependent parameters and incompressibility (K ) values that are included in the B3Y-Fetal and M3Y-Paris
potentials [11,14].

Density dependence C a β (fm3) γ (fm3) K (MeV)

CDM3Y2-Paris 0.3346 3.0357 3.0685 1.0 204
CDB3Y2-Fetal 0.3346 3.0357 3.0685 1.0 204
CDB3Y3-Fetal 0.2985 3.4528 2.6388 1.5 217
CDB3Y4-Fetal 0.3052 3.2998 2.3180 2.0 228

Figure 3. The generated real DF potentials for the 10B+12 C
system at Elab(

10B) = 41.3 MeV using different interaction
models.

is attributed to different values of the NM incompress-
ibility (K ), which is determined as

K = 9ρ2 d2[E/A]
dρ2

∣∣∣∣
ρ=ρ0

.

A higher value of NM incompressibility for a specific
interaction implies a less attractive nature, necessitat-
ing a higher renormalisation factor. The distribution of
matter density of the 10B nucleus is expressed as

ρ(r) = ρ0(1 + α(r/a)2) exp(−(r/a)2), (7)

where ρ0 = 0.1593, a = 1.71 and α = 0.837 [33],
while the density distribution of 12C is expressed as

ρ(r) = ρ0(1 + wr2) exp(−βr2), (8)

where ρ0 = 0.1644, w = 0.4988 and β = 0.3741 [34].
The prepared real DF potentials for the 10B + 12C

system at Elab = 41.3 MeV utilising the so-called
CDM3Y2, CDB3Y2, CDB3Y3 and CDB3Y4 interac-
tion models are shown in figure 3. The generated DF
potentials within CDB3Y2, CDB3Y3 and CDB3Y4
interactions are so close to each other, in the radial region
>3 fm and the four generated potentials are nearly iden-
tical.

4. Results and discussion

4.1 Elastic scattering 12C(10B,10 B)12C

The considered elastic scattering ADs for the 10B+ 12C
system at 17.5, 18, 41.3 and 100 MeV energies [22–25]
are analysed using a real potential constructed according
to the microscopic B3Y-Fetal and M3Y-Paris interac-
tion potentials in addition to an imaginary part with the
WS form, the so-called double-folding optical model
(DFOM). The employed central potential has the fol-
lowing shape:

U (R) = VC(R) − NRV
DF(R)

−iW0

[
1 + exp

(
r − rW

aW

)]
, (9)

where VC is the Coulomb potential of a uniformly
charged sphere, NR is the renormalisation factor of the
real DF potential and the parameters W0, rW and aW
stand for the depth, radius parameter and diffuseness
for the imaginary WS potential. The starting parame-
ters of the imaginary WS potential part were chosen
in accordance with previous studies [22–25] and were
slightly adjusted to reduce the deviation between the
experimental data and the theoretical calculations.

As a first step, we have performed the theoretical cal-
culations in the forward angular region, θ < 90◦, to
exclude the influence of the transfer, compound nucleus
and other reaction channels on the potential parameters.
In this case, the DCs are computed as the square of the
elastic scattering amplitude fel(θ). The quality of fit-
ting between the 10B + 12C elastic scattering ADs and
the theoretical results using the DF potential, namely,
CDM3Y2-Paris, CDB3Y2-Fetal, CDB3Y3-Fetal and
CDB3Y4-Fetal interaction potentials, are fairly good, as
depicted in figures 4 and 5 using the potential parametri-
sations presented in table 2.

In order to fit the experimental ADs in the entire
angular range, the DWBA method was employed to
consider the influence of deuteron transfer between
the colliding nuclei, 10B + 12C. The main ingredi-
ent to perform the DWBA calculations is the optimal
interaction potential, which fairly reproduces the exper-
imental pure elastic scattering ADs in the forward angle
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Figure 4. Experimental ADs (solid circles) vs. the theoretical results for the 12C(10B,10B)12C elastic scattering at Elab = 17.5
and 18 MeV. The calculations are carried out using real DF potential of different interaction models, namely, CDM3Y2-Paris,
CDB3Y2-Fetal, CDB3Y3-Fetal and CDB3Y4-Fetal in the forward hemisphere (θc.m. < 90◦). The imaginary potential has the
conventional WS shape.

Figure 5. Same as figure 4 but at Elab = 41.3 and 100 MeV.
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Table 3. Cluster quantum numbers for the 12C → 10B + d configuration.

N B.E.
Overlap Number of nodes L S J = L + S (MeV)

〈12C |10B + d〉 1 2 1 3 25.19

Figure 6. Experimental ADs (solid circles) vs. the theoretical results for the 12C(10B,10B)12C elastic transfer at Elab = 17.5
[23], 18 [24] and 41.3 MeV [22]. The calculations within the DF + DWBA method were performed in the full angular range.

region (up to ∼ 90◦). Both the entrance (10B + 12C)

and exit (12C + 10B) channels were considered to have
the same potential due to their physical indistinguisha-
bility. The d + 10B binding potential was taken in
the usual WS shape of radius rV = 1.25 fm, dif-
fuseness aV = 0.65 fm and the real potential depth
was modified in order to accurately replicate the bind-
ing energy of the cluster (Eb = 25.19 MeV). All
these potentials were fixed in the DWBA calculations
and the only adjusting parameter is the SA, which
was adjusted till the optimal consistency between the
data and the results was reached by minimising the
χ2/N value. FRESCO and SFRESCO codes [35] were
utilised to describe the data and get the optimal potential
parameters.

As mentioned before, the DWBA calculations were
performed to test the contribution of d transfer among
the colliding nuclei. Such a transfer phenomenon results
in an observed rise in DCs at backward angles. In

this case, the DC can be expressed as the square
sum of amplitudes for both elastic fel(θ) and transfer
fDWBA(π − θ) as follows:

dσel

d�
=

∣∣∣ fel(θ) + eiαS fDWBA(π − θ)

∣∣∣2
, (10)

where S is the product of the two SA of the exchanged
particle in the initial and final states which are identical
in the case of elastic transfer. Cluster quantum numbers
for the overlap 〈12C |10B + d〉 employed in the theoreti-
cal computations are presented in table 3. The number of
nodes (N ) was estimated utsing the Talmi–Moshinsky
formula [36]:

2(N − 1) + L =
n∑

i=1

2(ni − 1) + li , (11)

where ni , li are the quantum numbers of the transferred
nucleons and L is the orbital moment of the cluster.
The comparisons between the experimental ADs for
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Table 4. Optimal parameters of the 10B +12C system at Elab = 17.5, 18, 41.3 and 100 MeV extracted from the CRC analysis
using the (Real DF + Imag. DF) approach.

E Interaction σR
(MeV) potential Model NR NI (mb) SA χ2/N

17.5 CDM3Y2-Paris DF 1.02 0.074 880.4 3.3
DF+CRC 883.8 1.67 6.31

CDB3Y2-Fetal DF 1.035 0.073 862.8 4.2
DF+CRC 866.3 1.67 7.74

CDB3Y3-Fetal DF 1.038 0.073 861.4 4.3
DF+CRC 858.8 1.67 8.62

CDB3Y4-Fetal DF 1.04 0.074 860.7 4.3
DF+CRC 858.2 1.67 8.49

18.0 CDM3Y2-Paris DF 0.744 0.319 875.9 1.3
DF+CRC 870.2 2.13 11.9

CDB3Y2-Fetal DF 0.861 0.281 867.5 1.3
DF+CRC 872.5 2.13 11.4

CDB3Y3-Fetal DF 0.869 0.281 867.3 1.3
DF+CRC 872.3 2.13 11.4

CDB3Y4-Fetal DF 0.875 0.281 867.1 1.3
DF+CRC 872.1 2.13 11.4

41.3 CDM3Y2-Paris DF 0.732 0.102 1181 14.5
DF+CRC 1180 1.26 14.4

CDB3Y2-Fetal DF 0.743 0.097 1168 14.1
DF+CRC 1167 1.26 12.5

CDB3Y3-Fetal DF 0.745 0.097 1167 13.9
DF+CRC 1166 1.26 13.7

CDB3Y4-Fetal DF 0.746 0.097 1166 13.9
DF+CRC 1164 1.26 13.7

100 CDM3Y2-Paris DF 0.577 0.482 1351 21.7
CDB3Y2-Fetal DF 0.615 0.505 1343 19.2
CDB3Y3-Fetal DF 0.619 0.508 1342 19.1
CDB3Y4-Fetal DF 0.622 0.511 1342 19.0

the 10B +12C at Elab = 17.5, 18 and 41.3 MeV and
the theoretical results within the DWBA method using
CDB3Y2-Fetal potential are depicted in figure 6. The
SA for the 12C → 10B + d configuration was taken as
a free parameter, which is adjusted to achieve the opti-
mal consistency between the experimental data and the
theoretical results as depicted in figure 7, which repre-
sents the variation of the extracted SA with χ2/N at
Elab = 17.5, 18 and 41.3 MeV. The average extracted
SA for the 12C → 10B+d configuration is 1.68±0.106,

which agrees well with the previously reported theoret-
ical value of 1.78 [37,38]. The extracted SA values at
the considered energies are displayed table 2.

Furthermore, we have examined the effect of absorp-
tion and coupling to other channels on the elastic and
elastic transfer ADs for the considered 10B + 12C sys-
tem. First of all, to reduce the ambiguities from the
phenomenological WS potential adopted for the imagi-
nary part, we have reproduced the considered 10B+12 C
ADs within a real DF potential part in addition to an
imaginary part taken as a factor multiplied by the real

DF potential part. The previously utilised interaction
models, namely, CDM3Y2, CDB3Y2, CDB3Y3 and
CDB3Y4, were also employed. The central potential
has the following shape:

U (R) = VC(R) − NRV
DF(R) − i NIV

DF(R). (12)

The considered data were fitted using only two adjustable
parameters, namely, NR and NI, which stand for the nor-
malisation factor for the real and imaginary DF potential
parts, respectively. For simplicity, we shall call (Real DF
+ Imag. DF) potential approach. The NR and NI values
were allowed to freely change till the best agreement
between the data and the results were obtained and their
optimal values are listed in table 4. It was found that
the employed imaginary potential part plays a signifi-
cant role in replicating the considered data especially at
backward angles as shown in figures 8 and 9 when com-
pared to the calculations within the DFOM (see figures 4
and 5).

Then, to examine the effect of channel coupling on
the considered ADs data, the data were re-analysed
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Figure 7. Variation of χ2/N with the extracted SA from the theoretical calculations using DF (B3Y2-Fetal)+DWBA approach
at Elab = 17.5, 18 and 41.3 MeV.

within the framework of the CRC method. The CRC
calculations were done using the optimal parameters
obtained from the analysis within the Real DF + Imag.
DF approach. The couplings to both the 2+

1 , Ex = 4.439
MeV and 3−

1 , Ex = 9.641 MeV 12C excited state were
considered with deformation parameters taken from ref.
[39]. The comparison between the 10B +12C ADs data
and the CRC calculations are shown in figure 10. The
CRC calculations were performed using the same poten-
tials for the 10B + 12C and 12C + 10B channels, listed
in table 4, as they are physically indistinguishable. The
optimal SA values for the 12C → 10B+d configuration
extracted from the analysis within the CRC method were
obtained by studying the variation between the χ2/N
and SA as shown in figure 11. Rather quite different
SA values were extracted from the calculations within
the CRC method (see table 4) to those obtained within

the DWBA method (see table 2) at the same consid-
ered energies, which emphasises the high dependence
of the SA values on both the utilised model and the
interaction potential. The average extracted SA for the
12C → 10B + d configuration within the CRC method
using the Real DF + Imag. DF potential is 1.69 ± 0.44,

which agrees well with the previously reported theoret-
ical value of 1.78 [37,38].

4.2 Inelastic scattering 12C(10B, 10B)12C∗

A further test of the energy dependence of the imple-
mented DF potentials extracted from the elastic scatter-
ing data is their use in reproducing the inelastic 10B+12C
ADs data at Elab = 41.3 MeV with transition to the
2+

1 , Ex = 4.439 MeV and 3−
1 , Ex = 9.641 MeV 12C

excited states within the coupled channels (CC) method.
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Figure 8. Experimental ADs (solid circles) vs. the theoretical results for the 12C(10B,10B)12C elastic scattering at Elab = 17.5
and 18.0 MeV. The calculations are carried out using the (Real DF+Imag. DF) potential of different interaction models, namely,
CDM3Y2-Paris, CDB3Y2-Fetal, CDB3Y3-Fetal and CDB3Y4-Fetal in the forward hemisphere (θc.m. < 90◦).

Figure 9. Same as figure 8 but at Elab = 41.3 and 100 MeV.
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Figure 10. Experimental ADs (solid circles) vs. the CRC results for the 12C(10B,10B)12C elastic transfer at Elab = 17.5, 18
and 41.3 MeV using the Real DF + Imag. DF potential approach.

The implemented quadrupole and octupole deformation
parameters and lengths for the 2+

1 and 3−
1

12C excited
states in the CC calculations are displayed in table 5. As
depicted in figure 12, the inelastic 12C(10B, 10B)12C∗
ADs agree reasonably well with the CC results. The
nuclear potential was deformed utilising the deforma-
tion length (δ) given by δλ = βλ · R, while the nuclear
and Coulomb matrix elements in the rotational model
are related by

Mn(Eλ) = 3ZβλRλ

4π
. (13)

Here β is the deformation parameter and λ is the mul-
tipolarity. The transitions to these states were estimated
using the form factor

Vλ(r) = − δλ√
4π

dU (r)

dr
(14)

5. Summary

We present the inelastic scattering ADs measurements
for the 10B+ 12C system leading to the Jπ = 2+, Ex =
4.439 MeV and Jπ = 3−, Ex = 9.641 MeV excited
states of the 12C nucleus. These measurements were
performed at the U-200P cyclotron using 10B ion beam
with an energy of 41.3 MeV. These data were anal-
ysed within the CC method using real DF potential of
different interaction models, namely, CDM3Y2-Paris,
CDB3Y2-Fetal, CDB3Y3-Fetal and CDB3Y4-Fetal in
addition to an imaginary WS potential. The aforemen-
tioned potentials were used to reproduce the previously
measured elastic 12C(10B, 10B)12C and elastic trans-
fer 12C(10B, 12C)10B ADs at 17.5, 18, 41.3 and 100
MeV energies. The marked increase in DCs at back-
ward angles >90◦ for the three lowest studied ener-
gies emphasises that a significant contribution comes
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Figure 11. Variation of χ2/N with the extracted SA from the CRC calculations at Elab = 17.5, 18 and 41.3 MeV using the
Real DF + Imag. DF potential approach based on the B3Y2-Fetal interaction model.

from deuteron transfer mechanism between the col-
lided nuclei, 10B and 12C. The average extracted SA
for the configuration 12C → 10B + d is 1.68 ± 0.106,
which agrees well with the previously reported theoreti-
cal values [37, 38]. The extracted renormalisation factor,
NR, for the real DF potential using the aforementioned
interaction models are close to each other. The effects
may arise from the absorption and coupling to other
channels on the 10B + 12C elastic and elastic transfer
ADs are further examined by employing another form
for the imaginary potential rather than the previously
employed WS form. In this case, the imaginary part
was taken as a factor multiplied by the real part, the so
called (Real DF+Imag. DF) potential approach. Within
the CRC method, the considered data were re-analysed
and the SA values were extracted, the average extracted

Table 5. The values of λ, β and δ for the 2+ and 3− 12C
excited states employed in the CC calculations.

Multipolarity Deformation Deformation
State (λ) parameter (β) length (δ) Ref.

2+
1 2 0.583 1.602 [39]

3−
1 3 0.831 2.283 [39]

SA within the CRC method is 1.69 ± 0.44. The anal-
ysis showed that the extracted SA values are strongly
depending on both the employed potentials and calcu-
lation methods. The performed analysis gives evidence
of the efficiency of the implemented B3Y-Fetal inter-
action potential in comparison with the standard M3Y
potentials.



Pramana – J. Phys.          (2024) 98:106 Page 13 of 13   106 

Figure 12. Inelastic 12C(10B, 10B)12C∗ scattering at Elab =
41.3 MeV with transition to the Jπ = 2+, Ex = 4.439 MeV
(circles) and Jπ = 3−, Ex = 9.641 MeV (squares) 12C
excited states. Solid curves denote the CC calculations using
the Real DF+Imag. WS potential and dashed curves denote
the CC calculations using the Real DF+Imag. DF potential.
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