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Abstract

Aim of this study is to examine the effect of various potentials on continuum discretized
coupled channel (CDCC) calculations. For this, the elastic scattering cross section of 11Be
projectile from 120Sn target is calculated by using ten different potentials. The results are

compared with experimental data.

1. Introduction

Nuclear potential plays an important role in explaining
nuclear reactions. Although there are different nuclear
potentials in the literature, determining alternative
potentials is still one of the hot topics of nuclear
physics. Proximity potentials have an important place
among alternative nuclear potentials, and have widely
been evaluated in analysing cluster decay and fusion
reactions [1-4]. Recently, proximity potentials have
also been applied on elastic and quasielastic scattering
reactions [5-8].

Continuum discretized coupled channel (CDCC) is an
effective model in explaining different nuclear
interactions such as elastic scattering, inelastic
scatttering, breakup reaction. In this respect, a lot of
studies as theoretical and experimental have been
performed [9-13]. Theoretical studies have been
carried out using different potentials. However, it is
still needed to determine new alternative nucler
potential for CDCC calculations.

In this paper, we aim to get alternative potentials in
CDCC analysis of nuclear interactions. Our study
consists of three steps. In one step, the elastic scattering
cross-section (ESCS) of Be + !2Sn system is
calculated by using eight type potentials. In the second
and third steps, the calculations are performed for
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phenomenological and double folding potentials,
respectively.

2. Theoretical Formalizm

2.1. CDCC model

In this study, we use the CDCC model within the
optical model limits to explain !Be + 12°Sn system,
which is evaluated in describing nuclear interactions.
In the CDCC model, projectile is considered as
nucleon-core system, and total system are composed as
nucleon-core, nucleon-target and  core-target.
Discretization has been obtained by the average
method (Av) in the CDCC calculation [14,15]. In the
CDCC calculations, coupled channel equation is

[E — Kg — &lx:(r) = 2 (¢:|U | )x; (R,

where the bound and discretized continuum states are
demonstrated by ¢;, U is total potential, and ¢; is
energy of nucleon-core system [14]. S-matrix elements
are obtained with solving this equations.

The projectile ''Be is assumed as 'Be — °Be + n in
the calculations, and is discretized to energy bins.
Thus, 1Be + 12°Sn system is evaluated as n + 1°Be, n +
1209n and °Be + 2°Sn. The nuclear potentials of n +
19Be and n + 12Sn systems are taken from Ref. [16] and
Ref. [17], respectively. On the other hand, the nuclear
potential of 1°Be + 2°Sn system is calculated by using
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eight  different  proximity type  potentials, following subsection. The CDCC calculations have
phenomenological potential and double folding been performed by the code FRESCO.
potential whose a brief summary is given in the

2.2. Potentials
2.2.1. Promimity 1977, 2003-1, 2003-11, 2003-111 and 2010 potentials

Proximity 1977 (Prox 77) [18] can be written as

V(r) = 4mybR®(§) MeV, (2)
where
_ _ N—-Z 2 ~ o _ GG
v =Yo |1 - kiG0?| b~ 1fm, R="00 3)
and
2
C,=R; [1 -(=) + ] R; = 1.284}% — 0.76 + 0.847*/® fm, (i=12) (4)
with
—%(5 — 2.54)%2 — 0.0852(¢ — 2.54)3 & <1.2511,
(I)(f) = & (5)
~3.437exp(~ 5>) § >1.2511,

Proximity 2003-1, 2003-11, 2003-111 and 2010 potentials are same as that of Prox 77, but for different parameters
listed in Table 1 [17, 18].

Table 1. Parameters of Prox 77, Prox 2003-1, Prox 2003-11, Prox 2003-111 and Prox 2010 potentials.

Potential type ¥0, MeV/fm? Jes
Prox 77 0.9517 1.7826
Prox 2003-1 1.08948 1.9830
Prox 2003-11 0.9180 0.7546
Prox 2003-111 0.911445 2.2938
Prox 2010 1.460734 4.0
2.2.2. Broglia and Winther 1991 (BW 91) potential
BW 91 potential is definited as [3]
_ Yo — RiR; —
V() = ren(D)] Vo = 167 PR LI 0.63 fm, (6)
where

Ry =Ry + R, +0.29, R;=1.23341°-09847"% fm(i=12), y =095 [1 - 1.8(%)(%)]. @
1 2
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2.2.3. Aage Winther (AW 95) potential

AW 95 potential [4,16] is the same as the other parameters of BW 91 potential except for the following parameters

1
1.17(1+o.53(A;1/3+A;/3))'

a= R0:R1+R2,

R, =124%-0.09 fm (i = 1,2). (8)

i

2.2.4. Chirstensen and Winther 1976 (CW 76) potential

CW 76 is [19]

V(r) = —50 22k cb(r‘Rl‘Rz) MeV,

R{+R, 0.63

R; = 1.2334;> - 0978477 fm (i = 1,2).

i
2.2.5. Phenomenological potential

The phenomenological potential is assumed as

V() = = —— i—

[ren(C)] ~frrenn(52)]

aw

9)

(10)

(11)

where V,, and W, are the depths of real and imaginary potentials, Ry is the nuclear radius of real(imaginary),
and ay (yy is the diffusion parameter of real(imaginary), respectively.

2.2.6. Double folding potential

The double folding potential can be presented as

V = [ary [ diyp,(r)p, () vy (12 = |ﬁ + 75— Fll)

(12)

where, pi(r1) is nucleon density of the projectile, p2(r2) is the nucleon density of the target and V(r) is the
nucleon-nucleon interaction potential with M3Y. Density distribution of °Be has been used as gaussian density

in the following form [20]
p(r) = poexp(—pr?)

(13)

where p, = 0.0992 fm=3and g = 0.424 fm™. Density distribution of 12Sn has been taken from the Ref. [21].

3. Results and Discussion

We investigated the ESCS of 1'Be projectile from 12°Sn
target at 32 MeV by using various potentials within the
framework of CDCC model. Since the real part of core
(*Be) — target (2°Sn) nuclear potential is more
effective in 1'Be + 2°Sn interaction, we calculated the
ESCS for different potentials of 1°Be - 12°Sn system.
For this, we first used eight type potentials such as Prox

77, Prox 2003-1, Prox 2003-11, Prox 2003-I11, Prox
2010, BW 91, AW 95, and CW 76. The changes with
r (fm) of the real potentials were shown in Figure 1.
The imaginary potential was taken in the Woods-
Saxon shape for all the theoretical calculations. The
parameters of the imaginary potential were selected as
free parameters to provide consistent with the
experimental results, and were listed in Table 2.

903



Karatepe Celik, Aygiin | Cumhuriyet Sci. J., 41(4) (2020) 901-907

EIRER R A R
Prox 77

L1 |1—|1||||11
6

150
0 P O I e wm
0123456728 09101112 10 11 12
ggg llllllllllllllllllllll 600
250 B Prox 2003-I1 450 Prox 2003-I11
300 E- 300
150 150
S 0
% _]50 1 | 1 I L | 1 I 1 [ 1 ] 1 ] 1 1 1 | 1 l 1 _]50 | 1 I 1 | L | 1 I 1 Tl l 1 1 1 I 1 | L
2701234567 10 11 12 0123456 10 11 12
5900 | T | T | T I T | T | T I T I T | T | T l 0 T | T I T | T | T | T | T | T I T | T I T I
” 730 Prox 2010 i BW 91
450 30
300 20
150
OB 1 1.1 PO | Tl bl L Talelalsl
_150 1 1 1 1 1 1 1 1 1 _60 1 1 1 1 1 1 | 1 1 1 1 1
0123456728 09101112 012345678 9101112
_]8 T | T | T | T I T l T | T I T I T | T ' T l T 0 EI | T I T | T | T | T | T | T I 1 | IE
220 AW 95 -200 E— CW 76 _E
30 400 - &=
-40 -600 E- =
50 5 =
_60 lllllllllllllllllllllll _800_||lllllllllllllllllllll_
0123456728 09101112 0123456728 09101112

r (fm)

Figure 1. The changes with r (fm) of Prox 77, Prox 2003-1, Prox 2003-11, Prox 2003-I11, Prox 2010, BW 91, AW 95 and
CW 76 for 1°Be + 1209 system.

Table 2. Parameters of the core-target imaginary potential for the potentials.

Potential Type Wo (MeV) rw (fm) aw (fm) v
Prox 77 55 1.39 0.850 0.0495
Prox 2003-1 55 1.39 0.850 0.0661
Prox 2003-11 55 1.39 0.850 0.0661
Prox 2003-111 55 1.39 0.850 0.0661
Prox 2010 55 1.39 0.850 0.0661
BW 91 20 1.39 0.900 0.0656
AW 95 20 1.39 0.900 0.0657
CW 76 20 1.39 0.900 0.0661
Phenomenological 80 1.35 0.900 0.1604
Double Folding 80 1.35 0.857 0.0710

The ESCS calculated for all analyzed potentials are  Additinally, we can see that the result with Prox 77
plotted in Figure 2. The theoretical results are coherent  slightly better than the other potentials.
with the data at small angles, but are not at large angles.
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Figure 2. The ESCS of !Be + 120Sn system at 32 MeV for Prox 77, 2003-1, 2003-11, 2003-111, 2010, BW 91, AW 95 and
CW 76. The experimental data is taken from Ref. [22].

We also compared the results of Prox 77 potential with
the results of phenomenological and double folding
potentials in Figure 3. We also gave the potential
parameters in Table 2. We observed that the result of
optical potential is close to the oscillating structure
seen at the data. Moreover, we noticed that the optical
potential has given closer results to the data while other
potentials cannot approach the data at forwards angles.

From this point of view, it can be said that the
compatibility of the results of the optical potential with
the experimental data is better than the results of both
Prox 77 and double folding potential. We think that this
is because the variable parameter of the optical
potential is higher than the other potentials, and the
change of both real and imaginary potentials is more
effective.
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Figure 3. Comparison of the ESCS with Prox 77, phenomenological and double folding potentials of 1'Be + 12°Sn system
at 32 MeV. The experimental data is taken from Ref. [22].
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4. Summary

In this study, we focused on the effect of different
nuclear potentials on the CDCC calculations for 1!Be +
1209n elastic scattering reaction at 32 MeV. We used
eight different potentials for the real potential. We
compared our results with the data. Then, we compared
the results of Prox 77 potential with the results of
phenomenological and double Folding potentials. We
noticed that the optical potential gives better result than
Prox 77 and double folding potentials. Consequently,
Prox 77 potential can be suggested as alternative
potential compared to other proximity potentials in
CDCC analysis of nuclear interactions.
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