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Semi-microscopic analysis of 2’Ne +**Te elastic and inelastic
scattering at 15.3 A MeV
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Abstract: The new measured data of elastic and inelastic ’Ne+'*"Te scattering at an energy of 15.3 4 MeV are
analyzed in framework of the nuclear optical potential. Three types of semi-microscopic potentials are used: the real
part is calculated using a double folding model in conjunction with the conventional phenomenological Woods-Sax-
on (WS) potential for the imaginary part. Two real cluster models are constructed using the cluster structure of *’Ne
nucleus as 5a and a+'°0. The real part of the third potential is generated using a CDM3Y6 interaction employed for
comparison. Three excited energies to the superposition of the projectile and target states, ground-state (Quasi), 1.6
and 2.5 MeV are investigated using deformed potentials. The contributions of these states are calculated using a one-
step distorted wave Born approximation and coupled Channels approaches. Successful calculations and results using
semi-microscopic potentials in simple one-channel and coupled channels are obtained. The values of cross section
and volume integrals require more contributions to enable more comparisons regarding this project.
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I. INTRODUCTION

The physics community is interested in investigating
whether neutrinos are Majorana fermions. Neutrinoless
double beta decay (0v8B) is the most auspicious resource
for providing a precise measurement of the effective
neutrino mass and establishing the Majorana and Dirac
nature of the neutrino [1, 2]. However, this decay is still a
predicted and unobserved spontaneous decay that awaits
experimental confirmation. This phenomenon could
provide valuable information to interpret key problems of
fundamental physics, such as the unification of the funda-
mental forces and the matter-antimatter balance in the
universe [3—-6]. A few nuclei are known to decay via this
rare process, as discussed in Refs. [7, §].

A critical aspect of 0vBB physics is associated with
the determination of the Nuclear Matrix Elements
(NMESs) entering the expression of the decay half-life [1,
9]. These quantities must be known with good accuracy,
despite the intrinsic many-body nature of the parent and
daughter nuclei, which makes this task particularly diffi-
cult. No experimental methods can directly measure 0vSf
NMEs, and state-of-the-art theoretical calculations lead to
discrepancy factors larger than 2 [10]. In addition, some
assumptions that are common to different nuclear struc-
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ture approaches can cause systematic uncertainties. Thus,
experimentally driven inputs relevant to understanding
the 0vBB responses are useful for evaluating the O0vBB
NMEs constraining existing calculations [11-17].

In this context, experimentalists and theorists are un-
dertaking significant efforts to study heavy-ion induced
single charge exchange (SCE) and double charge ex-
change (DCE) reactions [18-21] to identify possible con-
nections with Ovff [ 18], whereas other complementary
studies [22, 23] have recently explored DCE reactions in
connection to 0vBB and populate exotic structures.
Moreover, the precise determination of the NMEs of the
surrogate process requires measuring all the reaction
channels characterized by the same initial projectile and
target nuclei. Therefore, experimental projects aim to in-
vestigate the complete net of reaction channels, including
not only DCE and SCE but also transfer reactions and
elastic and inelastic scattering channels [24].

From a theoretical perspective, the description of the
measured DCE cross sections poses significant chal-
lenges. This requires a detailed microscopic description
of the reaction mechanism. The state-of-art reaction the-
ory for the description of SCE and DCE reactions up to
high excitation energies triggers the need for knowledge
of the initial and final state interactions for these scatter-
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ing systems.

Promising experiments are being conceived by
searching for the Ovff decay in nuclei reactions such as
*¥Ca, %Ge, ''°Cd, "°Te, and "**Xe, with half-lives higher
than 10y [4—6]. One of the heaviest targets explored to
date in the NUMEN project is the *°Te nucleus [25-27].
The CUORE [27] and SNO+ [28] experimental cam-
paigns are seeking to measure the Ovff half-life for this
nucleus and provide an experimental limit for the Ovfp
half-life. The *’Ne+'*’Te system, theoretically investig-
ated in this article, was studied for the first time within
NUMEN [24, 25]. In this first work, the elastic and in-
elastic scattering cross-section angular distributions of
this system were measured, and a theoretical analysis was
performed using the optical model [25]. Coupled-chan-
nel (CC) approaches and one-step distorted wave Born
approximation (DWBA) using the Sao Paulo double-fold-
ing (DF) optical potential were used in the calculations. A
satisfactory description of the experimental data in the
entire explored range was obtained, provided that coup-
lings with the 2° states of the projectile and target were
explicitly included within the CC technique.

The optical model is one of the important models de-
scribing the DCE mechanism. In this model, the optical
potential has a central role, as it describes the average in-
teraction during the collisions between the nuclei in-
volved in the entrance and exit partitions. Information re-
garding the optical model potential (OMP) for such reac-
tions has not been thoroughly tested. Thus, this task re-
quires the control of the distortions of the incoming and
outgoing waves owing to the OMPs, as shown in Refs.
[29-31]. Another option is to derive an OMP from the
DF of a realistic nucleon—nucleon (NN) interaction with
the matter densities of the projectile and target nuclei
[32]. This was also performed in our previous papers
[33-37]. In some cases, specific models, such as the
cluster one [38-43], can be adopted, as recently per-
formed for the *’Ne +7°Ge system at 306 MeV in our re-
cent work [44].

The present article is an extension to the previous one
[44] to analyze the complete net of elastic and inelastic
scattering channels of the new experimental data of the
*Ne+"Te interaction. The target '*°Te nucleus is a can-
didate nucleus for OvBB decay [25], and limited theoretic-
al analyses have been presented in the literature regard-
ing the °Ne+'’Te reaction. Furthermore, these data
provide opportunities to confirm our theoretical calcula-
tions and nuclear structure models of the reaction nuclei
used for heavy ion (HI) reactions. This paper is con-
sidered a contribution to this field.

Therefore, the main objective of this article is to re-
confirm the ability of the three calculated OMPs using the
same procedures as in Ref. [44] to reproduce the con-
sidered data. The two-cluster potential model is gener-
ated based on the like a cluster (5a cluster) [45—47] and

the unlike o cluster (a+'°0) [48] of the *’Ne nucleus to
present a description of the data for elastic and inelastic
PNe+'*'Te scattering at 15.3 4 MeV [25]. The third po-
tential model is the CDM3Y6 effective NN interaction
[49, 50] for comparison; it is dependent on the density
and energy and has been proved to be effective in most
folding calculations. Additionally, the relevant internal
states (inelastic channels) of the projectile-target system
are properly considered using DWBA and CC techniques
for a complete understanding of the scattering dynamics
of the reaction under study.

The remainder of this paper is organized as follows:
A brief description of the derived formalisms is given in
Sect. II. Section III presents the results and discussion.
Finally, conclusions are given in Sect. [V.

II. THEORETICAL FORMALISM

Most of the studied HI scattering data showed that
they are sensitive to the potential at the long-range radius,
and the dominant contributions of the potential result
from the surface and tail regions of the nuclear densities.
One of the constructed potentials that can reproduce the
observed HI elastic and inelastic scattering for many sys-
tems with long ranges of bombarding energies is the
semi-microscopic potential [44, 51, 52]. The total semi-
microscopic nuclear potential of the ’Ne+'*Te system in
this work is used in the form

— RW
aw

U(R):NRV(R)HWO{Hexp(R )rwc(R), (1)

where Vc(R) is the Coulomb potential, taken as a uni-
formly charged sphere of radius Rc = 1.2(AY* + A}*), and
At and Ap are the masses of the target and projectile, re-
spectively. The second term represents the imaginary
part, because the parameters W,, Ry, and ay are the
depth, radius, and diffuseness of the imaginary potential,
respectively. The radius is calculated as Ry =
ry (A{” +A”). The first term represents the real part
(V(R)) of the OMP. The Ny factor is multiplied by the
potential model to optimize the fit to the experimental
data; if the value Ny ~ 1.0, this indicates success for the
model, whereas any systematic deviation of Ny from
unity requires a correction to the calculated potential. The
real part V(R) is calculated using three different DF mod-
el forms:

V(R) = fpre (ro) pre (r2) vy (s)dridro, Is| = IR —ry + 12l
)
The three calculated DF models depend on different

forms of the density distributions of the projectile *’Ne
and target '*°Te nuclei and the NN effective vyy (s) inter-
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actions. Three different forms of densities, two cluster
structure of **Ne nucleus as unlike a cluster o+ '°O with
the wave function for the relative motion of the a and '°O
clusters in the ground state (r) and the like o cluster
(50), in addition to the form of the Fermi—density distri-
bution density (2pF) [53, 54] for both *’Ne and "*°Te nuc-
lei, are taken. Additionally, three types of vyy (s) interac-
tions are used. Their parameters and details of calcula-
tion procedures are defined and explained in Refs. [44,
55, 56]. The 2pF form of the target *°Te nucleus is taken
as [53, 54]

o =po[1+exn (5)] @

Therefore, the calculated OMPs within the first order cal-
culations generated using Egs. (1)—(3) are CPM1, CPM2,
and CDM3Y6 as follows:

Vermi (R) = / |:Vu—Te (R - gr)

Vo (R+ 1) [worar 4)

VafTe (l") = /pTe (r/) V(YN(|r_r/|) dr',
Vo-re (r) = //)0("1),0Te (r)vyy (s)dridry, s = |r—ry+r;|
Vernn (R) = f f PXe (1) P1e (12) Vo (5) drydrs, )

Vepmsys (R) = fpre(rl )P (r2) vy (s)drdr, (6)

Second, in the theoretical formalism to evaluate the
deformed potential (DP) model for studying the inelastic
Ne +"*Te scattering, the calculations of the inelastic
channels are performed using the one-step DWBA and
CC approaches within the DP in the context of the rota-
tional model. This DP, the nuclear coupling potential, is
directly extracted as a derivative of the adapted elastic
CPMI potential to analyze the inelastic channels. The DP
potential is given as

Table 1.
at 1.0, 1.40, and 0.55 fm, respectively.

1
U,?P (r) = _ﬁégdUCPMl (r)/dr, U=W,R. N

The coupling potentials in macroscopic models are
often expressed in terms of multiple decomposition as in
Eq. (7) for the multipolarity A >2 [57]. While 6Y is the
potential deformation length that determines the strength
of the interaction, it corresponds with the electric trans-
ition probabilities B(EA T)[58]. The transition probabilit-
ies can only be extracted from the measured cross sec-
tions when the contributions from both the Coulomb and
nuclear interactions to the total cross section are cor-
rectly accounted for. 6% =¥ =pB,R, where B, is the de-
formation parameter, and Ris the radius of the deformed
potential for real part (R) or imaginary part (W). The de-
formation parameter is determined by

B 4
T 3ZR?

1/2

Ba [B(EAI—T)b*e?/e’] (8)

The corrected deformation length (65") of the heavy
nuclear reactions is adopted for the deformed potential to
consider the relative differences in the density and poten-
tial radius, as follows [25, 44]:

630rr = 6/1R/Rpolv (9)

where the radius R, of the considered potentials is listed
in Table 1. In this work, the deformed CPM1 potential is
generated to study the quasi-elastic and inelastic scatter-
ing. Therefore, the complex inelastic OMP will be in the
form

Ulp (R) = VS (R)+ U™ (R). (10)

I11. RESULTS AND DISCUSION

This paper analyzes and studies the reaction mechan-
ism of the quasi-elastic and inelastic of *’Ne+'*"Te scat-
tering. The role of the initial-state interaction (ISI) and fi-
nal-state interaction (FSI) is fundamental to studying all
the nuclear reaction channels in the theoretical descrip-
tion of reactions mechanism. In the same context, the OPs

Parameters required for best fit of *’Ne+'*'Te system at 15.3 A MeV using OMPs. The parametersNg, ry, and a,, are fixed

Pot. Wo/MeV Jr/(MeV.fm’) ()" ffm Jw/(MeV.fin?) (2)" s X og/mb
CPMI 9.17 368.2 5.92 19.60 8.68 2.8 3389
CPM2 16.42 370.6 6.08 35.04 8.68 5.8 3636

CDM3Y6 16.64 377.0 6.27 35.04 8.68 6.2 3639
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represent an important tool for describing the ISI and FSI.
Therefore, three semi-microscopic OPs models are used:
two cluster models, CPM1 and CPM2, and the nucleonic
potential of the CDM3Y6 density-energy dependent ef-
fective NN interaction. The three considered real poten-
tials are evaluated using our computer code [59] and
DFPD4 computer code [60].

The radial shape of the three potential models for the
*Ne+"Te reaction is shown in Fig. 1, in linear (Panel
(a)) and logarithmic (Panel (b)) scales. The strong absorp-
tion radius is 5.61£0.02 fm, approximately for the poten-
tials, as indicated by the arrows in the two panels. We ob-
serve from Fig. 1 that the three potentials, CPM1, CPM2,
and CDM3Y6, generally have the same behavior. Addi-
tionally, these potentials have the following characterist-
ics: CPM1 is deeper at small radii and steeper than the
other two potentials at large radii owing to the cluster
structure of the 2°Ne nucleus, and the nucleonic CDM3Y6
potential is steeper than the other two potentials at small
radii (~ 80.1% from average other two potentials). These
characteristics of CPM1 are consistent with those of pre-
vious studies [44], inclusive of the nucleonic CDM3Y6
potential of [44] and the real nuclear SSP potential of
[25]. Moreover, the cluster potentials provide good res-
ults for the y? value as given in Table 1 compared with

1200 |- ! ! ! -
The Real Potentails

1000

800

[ —— CPM1
[— - cPM2
- .. CDM3Y6 \ \ N

10

3 6

R (fm)
Fig. 1. (color online) Three real OMPs of the *’Ne+'**Te re-
action: panel (a) for linear scale and panel (b) for logarithm
scale. In the curves of the potentials, the continuous, dashed,
and dash double dotted lines are for CPM1, CPM2, and
CDMB3Y6, respectively.

the nucleonic CDM3Y6 potential. These calculated
OMPs, in addition to the extracted DP, are used in the
analysis of the experimental data under study.

The experimental data considered in this work are ob-
tained from Ref. [25]. Three types of measured experi-
mental data are extracted from the excitation energy spec-
trum for the *°Te (*’Ne,*’Ne)'*"Te scattering at an incid-
ent energy of 15.3 4 MeV and 16.8° < 6, <17.2°. These
data identify three peaks corresponding to the superposi-
tion of the projectile and target states: the quasi elastic
scattering, with expected contributions to the cross-sec-
tion from the 2" excited state of *°Te at 0.839 MeV,
which is not separated from the elastic peak owing to the
energy resolution; the second peak at ~ 1.6 MeV, corres-
ponding to the population of the Ne'2,,+Teil and
Ne,? +Tet,;, and third peak at ~ 2.5 MeV, with the ex-
pected contribution of the Nej%;;+Tey3;, transition.

The theoretical calculations of the cross section angu-
lar distribution using the optimized OMP and DP poten-
tials are obtained using the FRESCO Computer Code
[61]. Many attempts have been undertaken for auto
searches to measure the ability of the elastic OMP and in-
elastic DP potentials as acceptable fits of the quasi-elast-
ic and inelastic scattering for system under study. There-
fore, the values of imaginary potential radius (ry,) and dif-
fuseness (a,,) are fixed. Finally, the procedures in this
work optimize one free parameter, the depth (W;) of the
WS imaginary part. The same procedure for the elastic
calculations is used in the inelastic cross section while
keeping the value of 59" fixed. The experimental data are
fitted by minimizing the y? value, defined as

, | ZN: {mh (6) =0 6]

= N Ao-ex (ek)

k=1

(11)

o (o) 1s the theoretical (experimental) cross section at
an angle 6, in the c.m. system, Ao is the experimental
error, and N the number of the data points.

Therefore, the experimental angular distribution of
*Ne+"*'Te quasi-elastic and inelastic scattering at 15.3 4
MeV is analyzed using the derived semi-microscopic
OMPs and DP for CPM1, respectively. Comparisons of
the experimental data with the theoretical prediction of
the cross section are shown in Figs. 2-5. The best-fit
parameters required for best fit are listed in Tables 1-2.

As shown in Table 2, the obtained real potentials with
Ng = 1.0, in addition to the limited variation of one para-
meter, Wy, of the WS imaginary part validates our model
compared with the model used in Ref. [25].

The resulting angular cross sections using the three
derived potentials of *’Ne+"*"Te elastic scattering at 15.3
A MeV are comparable to the experimental data. The
best-fit parameters are listed in Table 1 and shown in Fig.
2. We observe a reasonable agreement with the experi-
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Fig. 2.  (color online) Comparison of the data of the quasi-
elastic angular distribution [25] for ’Ne+'*°Te scattering at

15.34 MeV and the theoretical predictions obtained using the
OMPs in a simple one-channel (CPMI1, CPM2, and
CDM3Y6), shown as solid, dashed, and dashed double dotted
lines, respectively.

mental data from Fig. 2 and Table I for the OMPs of the
cluster density and the comparison potential, CDM3Y6.
This figure shows that the calculated cluster CPM1 po-
tential leads to a satisfactory prediction of the elastic scat-
tering cross sections over most of the measured angular
range for the *’Ne+"*"Te system. Moreover, in the angu-
lar range 6 = 13°—20°, CPM1 has almost the best fitting
with the data and the smallest y? value compared with the
other potentials (CPM2 and CDM3Y6). This may be ow-
ing to the cluster structure (a+'°0) of *’Ne, which con-
tributes to the deformation of the nucleus geometric
structure [44]. In addition, observing CPM1 in Fig. 2, the
agreement between the experimental data and the present
calculations appears correspond with the results of the
folded Sao Paulo potential (SPP) in Ref. [25].

We investigate the contribution of the excited states
of the projectile and target for *°Te (**Ne, *’Ne)"*'Te
scattering, which is expected in this energy region. The
contribution of the 2" excited state of '**Te at 0.839 MeV
in quasi-elastic scattering is considered. The Net2,,+Tes?
and Negg,-ﬁ-Tef‘éSz transition in the second energy peak of
the spectrum is tested. Finally, the Nej%,,+Te}3;, trans-
ition in the third excited state is calculated. The theoretic-
al cross-section angular distribution calculations are per-
formed within the one-step DWBA and CC approaches

T T T T T T T T
ol 1307 (2°Ne,2°Ne) 13°Te_
; Quasi-Elastic-DPs
10° |
10"
14
o
T
~
© 107
T
107
o Exp. Data
[= = CPM1-DWBA
10* = - CPM1-CC
F—— CPM1- OPM
L | L | L | L | L |
5 10 15 20 25
0. [deg.]
Fig. 3. (color online) Same as Fig. 2 but for CPM1 using the

total contributions from the 2* excited state of '*°Te at 0.839
MeV (Tei2s). The Tej2,, for the one-step DWBA and CC ap-
proaches are represented by the dashed and dash double dot-
ted lines, respectively, compared with the OPM of CPM1 as a
solid line. The overlapping between the curves in large angles
is shown in the inset.

based on the sketch in Figure 6 (Panel(a)) of Ref. [25].
Some coupling states far from providing any successful
calculations in the previous study in Ref. [25] using the
DP are neglected, as in Eq. (7). The deformed potential is
calculated for the adopted OMPs of the simple one-chan-
nel using a corrected deformation length as in Eq. (8) to
consider the relative differences in the density and radius
of the OMP (R, ). The results of R, are listed in Table I
and are consistent with the results of Refs. [25, 57] with a
slight difference. This provides a reasonable description
of the optical potential properties.

The theoretical prediction of CPM1 of the simple
one-channel, in addition to the total one-step DWBA and
total CC calculations of the target excitation at 0.839
MeV (Tej3s) in *Te for the quasi-elastic data, is shown
in Fig. 3. The data and calculations, particularly at large
angles (0 > 20"), agree closely when the coupling with the
second 2" state (Tey3,,) is considered in the CC approach
than others (DWBA and OMPs).

The contribution of the Ne}2,;+Te; and Ney? +Tett,,
transition states are included in the cross-section angular
distribution calculations of the inelastic scattering at 1.6
MeV using the one-step DWBA and CC technique as
shown in Fig. 4. The theoretical inelastic cross-section in
Fig. 4 shows that the present results and data agree
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(color online) Comparison of the experimental data

0-2

-

Fig. 4.
of the inelastic *’Ne+"*"Te scattering with the theoretical pre-
dication of the DWBA and CC calculations at 15.34 MeV.
The inelastic experimental data identify the second peak cor-
responding to the superposition of the projectile and target
states at 1.6 MeV [25]. The theoretical predictions of the
NetZ,.+ Te;,'_%_ and Neg_2_+ Tef4s,
dashed lines. The dash double dotted line represents the total
DWBA transition, whereas the solid line represents the total
CC calculations.

transitions are shown as

closely when the Nej2,, state is included or when the full

coupling effects are considered in the CC approach.
These results illustrate the importance of including the
excited state of Nej%,; in reproducing the data. These res-
ults are consistent with previous studies [25, 44, 62].

The analysis of the third inelastic scattering data at
2.5 MeV using the Nejz,;,+Tej 35 transition in the CC cal-
culations is shown in Fig. 5. The calculated angular distri-
bution cross section of the considered potential (CPM1)
is fitted the experimental data more than that obtained in
Figure 4 (b) in Ref. [25]. This result may be owing to the

10% —— — — —
[ I 130I-|-e (20Ne,2I0Ne) 130-|-eI
E, ~ 2.5 MeV
ol
2" 0 E
= R .i% % ]
é I B §’§ % % %
N Sel
O ..
= ..
10° | N . .
e Exp.Data *]
= ==:CC - (20Ne+2+130-|-e+2)
N T T B
18 20 22 24
0., (deg)

Fig. 5. (color online) Same as Fig. 4., but for the third vis-
ible peak at 2.5 MeV of the *Ne+ '*°Te system [25]. The
dashed line represents the results of the theoretical prediction
of the CC calculations for Net2,,+Te2;, transitions.

semi-microscopic potential and cluster density of the pro-
jectile *’Ne in this work.

The normalization factor (Ng), real volume integrals
(Jr), and total reaction cross section (o) are important
physical quantities that characterize the optical potential
properties. These quantities are listed in Tables 1-2. The
difference between the present J; of CPM1 and the res-
ulting Jy of SPP in Ref. [25] is approximately 8%. This
value is the smallest percentage of the three OPs listed in
Table 1. This indicates that CPM1 is preferred in describ-
ing such studied systems.

IV. CONCLUSION

In this paper, the recently measured quasi-elastic and
inelastic scattering of the *’Ne + **Te system at 15.3 4
MeV is analyzed using the optical nuclear model. The
real part of the nuclear potential is generated using three

Table 2. Best fit parameters required for the DWBA and CC calculations of CPM1. The parameters Ng, rw, and aw are fixed as in
Table 1.
Nucleus Technique Wo/MeV o5 X oRr/mb
Ne (2*) DWBACC 11.259.02 1.301.30 43.4511.15 34743537
30Te (21) DWBACC 11.4910.43 0.740.74 13.9213.41 34833492
130Te (4%) CC 10.66 0.33 95.6 3500
Net2 . + Tet2. cc 14.74 1.300.74 4.18 3728
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folding optical potentials. First, the potential CPMI1 is
generated using the cluster structure of the projectile *’Ne
as a+'°0 in a similar manner to our previous work [44].
The second potential CPM2 is derived using the 5o
cluster structure of the *’Ne. Finally, a potential based on
the effective CDM3Y6 Paris NN interaction is construc-
ted for comparison. The imaginary potentials are used as
a phenomenological WS form. In the calculations of the
elastic scattering cross-sections, only the free parameter
(Wy) is considered while maintaining the normalization
factor Nx=1, imaginary potential radius r, =1.40, and
diffuseness a,, =0.55. The calculated elastic scattering
angular distribution using the derived semi-microscopic
OMPs in a simple one-channel has a reasonable agree-
ment with the experimental data of quasi-elastic scatter-
ing. This result may be related to the cluster structure
(a+'°0) of *Ne, which can contribute to the deformation
of the nucleus geometric structure. In the second step of
the calculations, the experimental data for quasi-elastic
and inelastic scattering are analyzed using the DWBA
and CC technique within the rotational model. The cross
section of the inelastic state is obtained with the DP of the
semi-microscopic CPM1 with the same optimization pro-
cedure employed in the elastic calculations. This poten-
tial is selected because it was confirmed to be appropri-
ate and successful in describing the same data in the same
energy range [44].

The transitions of the *’Ne projectile 2" excited state
at 1.633 MeV and 4" excited state for '*Te are con-
sidered to analyze the experimental cross section angular
distribution with the peak ~ 1.6 MeV visible in the *’Ne +
30Te spectrum. A satisfactory agreement between the the-
oretical calculations and experimental data is attained
when the full coupling effects are explicitly considered in
the CC approach. The obtained CC results reveal that the

inclusion of 2" state of *’Ne has the strongest influence
and is sufficient to reproduce the experimental data at this
energy region. This result is compatible with the conclu-
sion of Ref. [25].

The cross section with the third peak (~2.5MeV) in
the spectrum is obtained with the NeiZ,,+Te %, trans-
ition in the CC calculations. The calculated angular distri-
bution cross section using the CC potential in this work is
fitted the experimental data more than that obtained in
Ref. [25].

The cluster model for *Ne within the semi-micro-
scopic potential CPM1, in addition to the limited one free
parameter, has an acceptable agreement with the con-
sidered experimental data. Moreover, the effect of ex-
cited-state contributions appears in the backward angles.
This confirms the success of the present model similar to
those obtained in the previous work [25] that used the mi-
croscopic SPP with nucleonic densities (two Fermi para-
meters) .

In conclusion, the potentials calculated in this work
can describe the experimental data under study in this
range of energies and produce results corresponding with
the only available study [25]. The obtained results
demonstrate the ability of the o+ '®O cluster model of
*Ne in analyzing the DCE reactions [44]. In addition,
some new quantities, such as o and J; require addition-
al theoretical studies in this field. This will enable more
comparisons to obtain the best potentials and results that
can contribute to this project.
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