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Abstract

The effects of different cluster configurations of °Be nucleus on the cross-
sections of °Be + 28Si, °Be + %4Zn, °Be + 144Sm), °Be + 18W and °Be + 2%®Pb
fusion reactions have been explored for the first time using a simple cluster
approach. The real potential has been calculated based on the a + o + n, d
+ 7Li, ®H + 5Li, *He + ®He and n + ®Be cluster cases of the °Be nucleus
while the imaginary potential is evaluated as Woods-Saxon potential. It
has been seen that our results are in agreement with the experimental data.
In addition to this, the fusion barrier height (Vg) and barrier position (Rg)
values have been given for each reaction and cluster case.
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Basit Bir Kiime Modeli Aracihigiyla °Be Fiizyon Tesir Kesitlerinin Analizi

Oz

°Be + 28Sj, °Be + %Zn, °Be + **Sm, °Be + ®W ve °Be + 2%Pb fiizyon
reaksiyonlarinin  kesitleri {izerine °Be c¢ekirdeginin farkli kiime
konfigiirasyonlarinin etkileri basit bir kiime yaklagimi kullanilarak ilk kez
aragtirllmigtir.  Sanal potansiyel Woods-Saxon potansiyeli olarak
degerlendirilirken, reel potansiyel °Be cekirdeginin o, + o + n, d + "Li, *H
+ 8Li, *He + ®He ve n + ®Be kiime durumlarma gore hesaplanmustir.
Sonuglarimizin deneysel verilerle uyumlu oldugu gorilmiistiir. Buna ek
olarak fiizyon bariyer yiiksekligi (Vg) Ve bariyer pozisyon (Rg) degerleri
her bir reaksiyon ve kiime durumu i¢in verilmistir.
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Introduction structure is still a hot topic, and many studies

can be found in the literature.
A cluster structure can be evaluated as a

structure resulting from the movements of

nucleons in a nucleus. Thus, a structure
consisting of nucleons can be thought as one
body [1]. In this respect, the °Be nucleus can be
assumed as oo + o +n, d + 'Li, 3H + 5Li, *He +
®He and n + ®Be cluster structures [2-4]
although the cluster structure of °Be is not

known exactly yet [5]. Therefore, cluster
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In recent years, Aygun has proposed a simple
cluster method, and has performed the elastic
scattering calculations of °Li [6], °Be [7], '°Be
[8], 2B [9] and ??Ne [10] nuclei. He has gotten
the results compatible with the experimental
data. However, this approach has not been
(FCSs).

Therefore, we believe that it will be useful to

applied to fusion cross-sections
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evaluate this approach in the theoretical

analysis of fusion reactions.

We examine the effects of different cluster
configurations of the °Be nucleus on the FCSs
of °Be + %Sj, °Be + %Zn, °Be + **Sm, °Be +
18w and °Be + 2%®Pb reactions over a simple
cluster model. °Be with low binding energy and
cluster structure is an important nucleus in the
field of nuclear physics. Also, it has a usage area
in the field of nuclear technology like
thermonuclear devices [11, 12]. We first obtain
the density distributions for a + a + n, d + "Li,
H + 5L, ®He + ®He and n + 8Be cluster cases of
the °Be nucleus. Then, we calculate the real
potentials for each fusion reaction using these
density distributions within a double folding
(DF) model. We get the fusion cross-sections
via the optical model (OM). Finally, we give
fusion barrier height (V) and barrier position
(Re) values for each reaction and each cluster

case.

Theoretical Formalism

Calculation Process

The total effective potential that is a significant
parameter in the analysis of fusion reactions can

be considered as

ISSN: 2536-4383

VTotaI(r) ZVCoqumb(r)+V(r)+ IW (r) (1)
Real Im aginary

VNuclear (r)

Veouoms (1) potential is given by [13]
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4re, r

1 z,2,¢* (1
4re, 2R, L R¢
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The real potential is gotten for five cluster
structures of °Be. Detailed information about
these structures can be found in our previous
study [7]. The calculations of the real potential
are carried within the framework of the DF

potential shown by

Vor (1) = [ 1 [ drap, (1) o, (12) vy, (=114 12)

3)

where pP(T)(;l(z)), respectively are the

densities of projectile (target). The densities of
28Gj, 18\ and 2°8Pb targets are accepted in the
two parameter Fermi (2pF) form, and the
parameters are demonstrated in Table 1. On the
other hand, the densities of %Zn and *Sm

targets are supplied from RIPL-3 [14, 15].

Table 1. 2pF density parameters of the *2Si, W and *®Pb nuclei

Nucleus C z po Ref.
2g;j 3.15 0.475 0.175 [16]
186w 6.58 0.480 0.148087 [17]
208pp 6.62 0.551 0.1600 [18]

34



Aygun

Sinop Uni J Nat Sci 6(1): 33-41 (2021)

The nucleon-nucleon interaction (vnn) IS

parameterized by [13]

el V4"

-,
Yor YaF

VNN (r) = Y]
p

E
- 276 [1 0.005 A“‘*")a(r) MeV

(4)

where y1, y2, y3 and y4 are 7999 MeV, 4.0 fm™,
2134 MeV and 2.5 fm™, respectively. The
imaginary potential is applied in the Woods-
Saxon (WS) form

W

o (5)
(r—rW(A§+AT§)W
8y

W(r)=-

1+exp

where Wy, ry and ay, are the depth, radius, and

diffuseness parameters, respectively. The codes
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DFPOT [19] and FRESCO [20] are used in the

DF model and the cross-section calculations,

respectively.
Results and Discussion

The total potential for the theoretical analysis of
the fusion reactions has been calculated using
Equation (1). According to this, the real
potential has been acquired via the DF model by
using the density distributions calculated for
The
imaginary potential has been taken as the WS

five different cluster cases of °Be.

potential. The appropriate values of WS
potential have been researched and given in
Table 2. Thus, we have plotted the total

potential according to the distance in Figure 1.

Table 2. The imaginary potential parameters (Wo, rw and a.) used in the theoretical analysis of °Be +
285, ®47n, 1*45m, ¥W and 2%8Pb fusion reactions for a + o+ n, d + 'Li, ®H + °Li, ®*He + ®*He and n +
®Be cluster cases

Reaction Parameter a+a+n d+'Li SH+%Li °*He+°He n+%Be
Wo(MeV)  4.00 3.00 3.40 3.10 2.70
Be + 28Sj rw (fm) 0.82 0.82 0.82 0.82 0.82
aw (fm) 0.55 0.55 0.55 0.55 0.55
Wo(MeV) 128 15.0 16.2 12.8 12.8
Be+%Zn  ry(fm) 1.27 1.27 1.27 1.27 1.27
aw (fm) 0.93 0.93 0.93 0.93 0.93
Wo(MeV)  11.3 11.7 10.1 7.30 3.30
Be + 44Sm 1y (fm) 1.27 1.27 1.27 1.27 1.27
aw (fm) 0.59 0.59 0.59 0.59 0.59
Wo(MeV)  3.00 2.50 2.60 2.30 1.70
Be + 1885\ rw (fm) 0.87 0.87 0.87 0.87 0.87
aw (fm) 0.40 0.40 0.40 0.40 0.40
Wy (MeV)  5.60 4.80 4.80 3.60 2.40
°Be + 208pp rw (fm) 0.87 0.87 0.87 0.87 0.87
aw (fm) 0.40 0.40 0.40 0.40 0.40
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Figure 1. The total potentials (in MeV) according to r (fm) for °Be + 2Si, ®zn, *Sm, *¥Ww and 2°®Pb
fusion systems by using a + o + n, d + "Li, *H + °Li, ®*He + °He and n + ®Be cluster cases

As will be seen from Figure 1, the deepest %Be + i

potential for all reactions has been obtained for 0'E //"’L\)I\L/L:'
a + a + n cluster case. Accordingly, it means 2 i ' t

that this potential is more attractive than the

potentials of the other cluster cases. In addition, — El?+ __
it has been seen that the shallowest potential has 2 b I
been gotten for n + ®Be. Finally, it has been —
observed that nuclear pocket width has
increased as the nucleon number of target ' B Iimilﬁ’ B
nucleus has increased. Figure 2. The FCSs of °Be + ?Si reaction
calculated using o + o + n, d + Li, *H + °Li,
Then, we have calculated the FCSs of °Be + 28Si ®He + ®He and n + ®Be cluster cases. The data
reaction for a + o + n, d + “Li, °H + 6Li, 3He + is from [21]
%He and n + ®Be cluster cases of °Be. We have We have obtained the FCSs of °Be + ®Zn
compared the results with the data in Figure 2. reaction for the same cluster structures. We
We have tracked that the a + o + n and 3H + 5Li have compared the theoretical results with the
results are very similar. However, we have data in Figure 3. We have realized that the
noticed that the results of all cluster cases have results are generally similar to each other, and
shown an average behavior with the display good consistent with the data.

experimental data.
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Figure 3. The same Figure 2, but for °Be +
847n fusion reaction. The data is from [22]
Then, we have acquired the FCSs of °Be + 144Sm
reaction for five different cluster cases. We
have showed our results together with the data
in Figure 4. We have monitored that the cluster
results are different from each other at small
angles while they are very close at further
angles. Additionally, we can say that their

compatibility with the data is good.

9 144,
Be+ ~Sm

e Exp.
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d+'Li ]
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Al v L L L L Ly by
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Figure 4. The same Figure 2, but for °Be +
144Sm fusion reaction. The data is from [23]
We have gotten the FCSs of °Be + #W reaction
for various cluster cases of the °Be nucleus. We
have compared the results with the data in
Figure 5. We have experienced that the cluster

cases are very close to each other at forward
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angles, and are in good agreement with the data

in general sense. Additionally, we have

observed that n + ®Be cluster case is slightly

better than the other cluster cases.
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Figure 5. The same Figure 2, but for °Be +
18\v fusion reaction. The data is from [24]
Finally, we have calculated the FCSs of °Be +
208py reaction for o + o + n, d + Li, °H + °Li,
%He + ®He and n + ®Be cluster cases of °Be. We
have compared our results and the data in Figure
6. We have observed that the d + 7Li and *H +
®Li cluster cases are very close to each other.
Also, we have noticed that other cluster results,
except for n + 8Be cluster case, have shown an
average behavior with the data. However, we
have observed that the compatibility of n + ®Be
result with the data is very good, and is much

better than the other cluster results.
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Figure 6. The same Figure 2, but for °Be +
28pp fusion reaction. The data is from [25]

In the present study, we have also calculated the

fusion barrier height (V) and barrier position
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(Re) for each reaction and each cluster case.
They are known as basic parameters in defining
nuclear fusion reactions. We have listed all the
values of Vg and Rg in Table 3. We have
obtained the highest Rg value and the lowest Vg
value for n +®Be cluster case in all the reactions.
In addition to this, we have found for o+ o + n
cluster case the highest Vg value except for °Be
+ 28Gj and °Be + %4Zn reactions and the lowest
Re value in all the reactions. Thus, it can be said
that the kinetic energy of the projectile for n +
®8Be cluster state can be less than the other
cluster states.

Table 3. The fusion barrier heights (Vg) and positions (Rg) calculated based on the theoretical
analysis of °Be + 2Si, #zn, 1**Sm, ¥*W and 2°®Pb fusion reactions for o + a + n, d + Li, *H + °Li, *He

+ ®He and n + ®Be cluster cases

Reaction Parameter a+a+n d+7Li *H+°Li °He+°®He n+°%Be

Vg (MeV) 8.67 8.86 8.76 8.40 8.24
°Be + %Sij

Rg (fm) 8.15 8.44 8.40 8.58 8.84

Vi (MeV) 17.05 17.17 17.07 16.55 16.20
°Be + %Zn

Rg (fm) 9.04 9.38 9.30 9.42 9.72

Vg (MeV) 31.66 3159 3152 30.80 30.15
°Be + 14Sm

Rg (fm) 10.24 10.60  10.52 10.58 10.92

Vi (MeV) 35.92 3583 35.76 35.01 34.30
QBe + 186W

Rg (fm) 10.82 11.20 11.10 11.16 11.50

Vs (MeV)  38.98 38.86  38.82 38.09 37.31
°Be + 2%Ph

Re (fm) 11.06 11.40 11.32 11.38 11.70

Conclusions experimental data. We have obtained agreement

We have calculated the FCSs of °Be + %Sij, °Be
+547n, °Be + 4Sm, °Be + 18\ and °Be + 2°8pp
reactions for the o+ oo+ n, d + 'Li, °H + °Li, *He
+ ®He and n + ®Be cluster structures of °Be. We

have compared the theoretical results with the

38

results with the data. We have also given the
fusion barrier height and barrier position for
each reaction and each cluster case.

Consequently, we have provided new results on

various fusion reactions of °Be over a simple



Aygun Sinop Uni J Nat Sci 6(1): 33-41 (2021)
ISSN: 2536-4383

cluster approach. We think that this approach Ethics Committee Approval and Permissions -

will be useful to apply to other fusion reactions. Conflict of Interests -
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