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We investigate the effects of potentials with quadrupole and hexadecapole deformations on the elastic
scattering angular distributions of deformed projectiles. We calculate the elastic scattering cross-sections
of ©Ne + 12C, #Ne + 12C, *Mg + #*Mg and 28Si + 27Al reactions by using Deformed Broglia-Winther
(1991) (DBW91), Deformed Aage Winther (DAW95) and Deformed Woods-Saxon (DWS) potentials.
Then, we perform the calculations for different orientation angles such as 6 = 0 and 6 = n/2 of deformed
projectiles. Finally, we compare the theoretical results together with the experimental data.
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1. Introduction

Elastic scattering cross-sections were analyzed extensively for
spherical states of nuclei. Different methods including various
density distributions [1-3] and nuclear potentials [4-6] were
used in order to explain experimental data. However,
deformation effect was generally neglected in the calculations.
If one or both of nuclei are deformed, the effect of deformation
and orientation of nuclei should be included in the analysis of
nuclear interactions. In this context, the deformation effect on
nuclear reactions was investigated with different studies [7-9].
It is known that the theoretical calculations with deformed
case are more difficult. Therefore, different approaches can be
found from the literature. One of these is to use a deformed
potential. For this purpose, there are different deformed
potentials in the literature. As a result, the question of which
potential is more valid arises. Thus, we believe that it will be
important and useful to investigate the suitability of different
deformed potentials for deformed projectiles.

We investigate the effect of deformed potentials on the elastic
scattering cross-sections of deformed projectiles. We calculate
the elastic scattering cross-sections of 20Ne + 12C, 22Ne + 12C,
24Mg + 24Mg and 28Si + 27Al reactions for three various
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deformed potentials such as Deformed Broglia-Winther (1991)
(DBW91), Deformed Aage Winther (DAW95) and Deformed
Woods-Saxon (DWS). Then, we chose two important
orientation angles such as 8 = 0 and 6 = /2 where the nucleus
can be found. We repeat the theoretical calculations for 68 = 0
and 0 = ©/2 angles of deformed projectiles. We compare our
results with the data.

Section 2 gives calculation process. Section 3 provides
information about deformed potentials. Section 4 shows the
results and discussion. Finally, Section 5 is assigned to the
summary and conclusion.

2. Calculation procedure

The total potential for deformed projectile and spherical target
can be expressed as

U(r)=Ve(r)+ V(r) +iW(r) (1)

where Ve(r), V (r) and W(r) are the Coulomb, real and
imaginary potentials, respectively. Vc(r) potential is [10]
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where W, rw and aw are the depth, radius and diffuseness

parameters, respectively. The elastic scattering cross-sections
are acquire via the code FRESCO [11].

3. Deformed potentials
3.1. Deformed Broglia-Winther 1991 (DBW91) potential

The DBW91 potential can be written in the following form

DBW 91 _ Vo (9)
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l+exp| ————
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P and T subscripts indicate the projectile and target,
respectively. The 2 and 4 values which are traditionally used
to symbolize nuclear deformation show quadrupole and
hexadecapole deformation parameters of deformed projectiles
respectively, and are given in Table 1 [12].

Table 1. The $; and B4 deformation values of deformed projectiles.

Projectile B2 Ba

20Ne 0.364 0.207
2ZNe 0.384 0.096
2Mg 0.393 -0.012
28Si -0.363 0.187

3.2. Deformed Aage Winther (DAW95) potential

The DAWO5 potential is similar to the DBW91 potential except
for [13]
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With
Re(6) = (1.2A5° =0.09) [L1+ BeY50(6) + BiYio (0)], Ry =1.2A° ~0.09 (10)

3.3. Deformed Woods-Saxon (DWS) potential

The DWS potential is assumed as [14]
VO

VoS (r,0) =~ MeV, (11)

Where
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Irny, Zp(n, Np(ry and Apry are isospin asymmetry, atomic
number, neutron number and mass number of
projectile(target), respectively. The potential depth Vo is
evaluated as [15]
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4. Results and Discussion

A comparative analysis of deformed potentials that can be used
to explain the elastic scattering cross-sections between
deformed projectile and spherical target nuclei was
performed. However, it is also possible to consider target
nuclei and Coulomb potential as deformed. Thus, they may give
also contributions to the cross-sections. Here we investigated
the effect of deformation on the projectile without considering
other deformed situations. While studying the deformation
effect of the projectiles, we assumed their ground states. With
this goal, each potential was achieved by using FORTRAN code
which was written by us. Then, the FRESCO cards over the
acquiring results were formed. As a result of this, the real part
of the optical model potential was obtained. In Fig. 1, we
showed the distance-dependent changes of the real potentials
of deformed different projectile reactions at @ = 0 and 6 = n/2
orientations. We observed that the real potentials of DBW91
and DAW95 potentials behaved similarly for 20Ne, 22Ne and
24Mg nuclei except for 28Si. The real potential depths of 20Ne,
22Ne and 24Mg nuclei decrease with increasing orientation
angle while the depth of 28Si nucleus increases. It was found
that the DWS potential was the deepest for all nuclei and all
deformed potentials. The effect of the orientation angle for the
DWS potential was observed in the tail part of the potential
compared to other potentials. In addition, we noticed that this
tailing showed a different situation for the 28Si nucleus.
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Figure 1. Distance-dependent changes of the real potentials of
deformed projectile and spherical target nucleus reactions at different
orientations.

The Woods-Saxon potential was applied for the imaginary part
of the optical model. The rv and aw parameters were
investigated in steps of 0.1 fm and 0.01 fm, and the Wo value
was determined for convenient results with the data. Thus, the
potential parameters of the reactions were given in Table 2.

Table 2. The wy (in MeV), r, (in fm), av (in fm) values used in the
calculations of the elastic scattering cross-sections of 20Ne + 12C, 22Ne +
12C, 24¢Mg + 2¢Mg and 28Si + 27 Al reactions with DBW91, DAW95 and DWS
potentials and at =0 and ¢=7 orientations.

Reaction Parameter DBW91 DAW95 DWS
=0 == 6=0 == =0 ==
2 2 2
Wo 84.0 39.5 95.0 43.0 105.0 48.0
20Ne+12C Tw 1.38 138 138 138 138 138
aw 0.88 0.88 0.88 0.88 0.88 0.88
Wo 80.0 39.0 89.0 38.0 93.0 44.0
22Ne+12C Tw 1.38 138 138 138 138 138
aw 0.88 0.88 0.88 0.88 0.88 0.88
Wo 1.00 1.00 1.00 1.00 1.00 1.00
24Mg+24Mg Tw 1.38 138 138 138 138 138
aw 0.88 0.88 0.88 0.88 0.88 0.88
Wo 1.00 1.10 1.00 1.00 1.00 1.00
285i+27A] Tw 1.38 138 138 138 138 138
aw 0.88 0.88 0.88 0.88 0.88 0.88

We calculated the elastic scattering cross-sections of 20Ne + 12C
reaction at 390 MeV and 22Ne + 12C reaction at 264 MeV by
using DBW91, DAW95 and DWS potentials for 6 = 0 and 6 =
m/2. We compared the theoretical results together with the
experimental data for 20Ne + 12C in Fig. 2 and for 22Ne + 12C in
Fig. 3. We observed that deformed potentials gave an average
behavior in explaining the experimental data that exhibit an
oscillating structure. In addition, all the potentials for these
reactions were seen to produce a marked phase shift at
different orientation angles.

L—r' T I IrrTy ' ™ rIrrrrry l TTTTTTTTY ] T ™ T T T ’:
0 TNe =0 m B =300 Mey 3
il |
0" -
|r ]
n'E 4
% -4 1
& 10 : 4
- Exp 3
; — DBWY! for 0 =1’ ]
10 e =
— DRWYI for = %0 \
— DAWOS [og 8 =0
& 1
Ha [F DAWSS for 6=90 1
f DWS for 8=0" 3
10 E — DWS tor g’ | Y
www
10t

10 20

8__<deg)
Figure 2. The elastic scattering cross sections of 20Ne + 12C reaction at
390 MeV by using DBW91, DAW95 and DWS potentials for 6 = 0 and 6
=m/2. The data are from Ref. [16].
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Figure 3. Same as Fig. 2, but for 22Ne + 12C reaction at 264 MeV. The
data are from Ref. [17].

Then, we obtained the elastic cross-sections of 24Mg + 2¢Mg
reaction at 60 MeV and 28Si + 27Al reaction at 70 MeV. The
calculations were based on DBW91, DAW95 and DWS
potentials for 8 = 0 and 6 = /2. We compared the theoretical
results with the data for 2¢4Mg + 24Mg in Fig. 4 and for 28Si + 27Al
in Fig. 5. The potential results for 24Mg + 24Mg reaction cannot
explain the initial values of the experimental data. Although
they explain some of the later angles, the results are notin very
good agreement with the data in general sense. Additionally,
the potentials display a phase shift at different orientation
angles. For 28Si + 27Al reaction, it is seen that the results of the
deformed potentials are not in good agreement with the
experimental data. Especially, for 6 > 479, the potentials are
quite inadequate in explaining the experimental data. Also,
phase shifts were observed for different orientation angles of
the deformed potentials.
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Figure 4. Same as Fig. 2, but for 2Mg + 2¢Mg reaction at 60 MeV. The
data are from Ref. [18].
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Figure 5. Same as Fig. 2, but for 28Si + 27Al reaction at 70 MeV. The data
are from Ref. [18].

One of the remarkable results of our study, all the deformed
potentials could not provide good agreement results with the
elastic scattering experimental data of 2¢Mg + 2¢Mg and 28Si +
27Al reactions although they gave consistent results in defining
the elastic scattering experimental data of 20Ne + 12C and 22Ne
+ 12C reactions. In other words, although the deformed
potentials are different from each other, the results were seen
to be similar. We think that the structural conditions of the
projectiles are more prominent. In this context, we
investigated the deformation parameters of all the deformed
projectiles. We noticed that the 2 and B4 values of 20Ne and
22Ne nuclei are positive, whereas the 2 and f4 values of 2¢Mg
and 28Si nuclei are negative. That is, we consider that
quadrupole and hexadecapole deformations play a key role in
the theoretical calculations.

5. Summary and Conclusions

In our study, the effect of three different deformed potentials
such as DBW91, DAW95 and DWS potentials on the analysis of
elastic scattering angular distributions of deformed projectile
and spherical target was investigated. In this context, although
the results of potentials is compatible with the experimental
data for 20Ne and 22Ne nuclei, the same results could not be
obtained for 2¢Mg and 28Si nuclei. Especially, the results of 28Si
nucleus were seem to be incompatible with data. We concluded
that the structural properties of the deformed projectiles were
found to be more dominant than the shapes of potentials.
Finally, we noticed that the orientation of deformed projectiles
affected the shape of the nucleus-nucleus potential well.
Therefore, we believe that the deformed potentials used to
explain the scattering cross sections of the deformed nuclei
should be investigated for further nuclear interactions.
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