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YARI-ESNEK SACILMA TESIR KESITLERI VE ETKIN AGIRLIK FONKSIYONU
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Coulomb bariyeri etrafindaki ¢ok ¢esitli bombardiman enerjilerinde es zamanli olarak hesaplanan
32§492949698.100 Mo reaksiyonlarindaki bariyer dagilimi igin yar1 esnek sagilma ve etkin agirhik fonksi-
yonunu ¢alistik. Yari-esnek agisal dagilim verileri Woods-Saxon potansiyeli olan optik model kodu kul-
lanilarak analiz edilmistir. Bu reaksiyonlarin yari-esnek sac¢ilma tesir kesitlerini ve bariyer dagiliminin
yapilarini agiklayabildigi hesaba katildig1 gosterilmistir. Bu sonuclar, birlesmis kanallarin formaliz-
minin, ¢esitli kiitle sistemleri icin bile gecerli olabilecegini gostermektedir. Genis acili yari-esnek sagil-
ma reaksiyonlari, fiizyon reaksiyonlarini belirlemek icin onerilen 6zdes ¢ekirdek-cekirdek potansiyeli
ile incelenmistir. Bariyer dagiliminin ve niikleon transferinin Woods-Saxon potansiyeli tizerindeki etki-
si goz Oniine alindiginda, bir dizi reaksiyonun hesaplanan yari-esnek sacilma tesir kesitlerinin birbiriyle
iyi bir uyum i¢inde oldugu gozlenmistir.

Anahtar Kelimeler: Tesir Kesiti, Yari-Esnek Sagilma, Etkin Agirlik Fonksiyonu, Bariyer Dagilimi
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THE LARGE ANGLE QUASI-ELASTIC SCATTERING CROSS SECTIONS
AND THE EFFECTIVE WEIGHT FUNCTION BASED ON THE BARRIER
DISTRIBUTION FOR 5+-°2%4%%8100Mo REACTIONS
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ABSTRACT

We have studied quasi-elastic scattering and the effective weight function for the barrier distribution in
32§49294.9698100Mo reactions, which calculated simultaneously in a wide range of bombarding energies
around the Coulomb barrier. The quasi-elastic angular distribution data were analyzed using the optical
model code with Woods-Saxon potentials. It was shown that the calculations taken into account so that
these reactions can explain structures of the quasi-elastic cross-section and the quasi-elastic barrier
distribution. These results have indicated that the coupled-channels formalism can still valid even for
the various mass systems. The large-angle quasi-elastic scattering reactions have scrutinized with the
identical nucleus- nucleus potential recommended for designating fusion reactions. Given the effect
of a barrier distribution and nucleon transfer on the Woods-Saxon potential, it was observed that the
calculated semi-elastic scattering cross-sections of a series of reactions are in good harmony each other.
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Introduction

It is important to understand the nuclear potential
to identify nucleus collisions. Nuclear potential
can be studied via quasi-elastic scattering and fu-
sion reactions. This scattering process is the sum
of elastic, inelastic scattering and transfer chan-
nels. These reactions at energies near the Coulomb
barrier have greatly discussed in last years. They
maintain an impeccable possibility to achieve the
knowledge of nuclear structure and nucleon inter-
action and to analyze the structure of heavy-ion
reactions at near barrier energies that is of huge
value for the synthesis of super-heavy nuclei.
Whence, quasi-elastic scattering and fusion are
supplementary to each other [1-11].

In our work, we have tried to illustrate the heavy-
ion elastic and quasi-elastic scattering with the
identical potential for understanding the fusion
reactions. Theoretical model for the description
of the elastic and quasi-elastic scattering have de-
termined and then the results have calculated with
different programs have been compared with each
other. The calculation and results have imparted at
the end.

Coupled-Channels Method For Elastic Scatter-
ing, Quasi-Elastic Scattering And Fusion

To account for the stimulations of nuclei that in-
teract with each other in fusion and scattering re-
actions, we have used the following Hamiltonian
[12]:

12 ,
H = 2204 V(1) 4 Hy () 4+ Vigay (1) (1)

r symbolize the coordinate for the relative motion
between the bullet and the target nuclei and p is
the reduced mass. # describes the vibrational
excitation spectra of the bullet and projectile
nuclei, € is the internal degrees of the vibration in
the nuclei. *.tn0 is the potantial of coupling be-
tween the motion and excitations of the bullet and
projectile nuclei. %«(r) contains the atomic number
of the bullet and the target and bare nuclear poten-
tial. Optical potential for the reaction is a sum of
the Coulomb and nuclear potentials that is deemed
to have a Woods—Saxon shape and consists of the
real and imaginary parameters [12-13]:
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The coupled-channels equations are attained from
the vibrational excitation spectra of the bullet and
projectile nuclei in terms of H,(£),
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€n is the excitement energy operator of the nth
channel and [ is the total angular momentum of
the reaction channels. This approach significantly
minimizes the magnitudes of the coupled-channels
problem for heavy ion reactions.

The recommended potential is stand on the den-
sity approach. Calculations demonstrate that the
potential of the nucleus-nucleus is linked with
the incoming energy in the energies near the Cou-
lomb barrier. In our work, we have examined the
Woods-Saxon potential for the definition of heavy
ion elastic scattering near the Coulomb barrier.
Rely on the optical model, we have disentangled
the Schrodinger equation for a given nucleus-nu-
cleus potential using the conventional system to at-
tain the partial-wave scattering matrix that is used
to illustrate the elastic scattering data. The real and
imaginary sections of the optical model potential
accepted in the calculations were defined via the
Woods-Saxon potential [2].

We have computed the elastic scattering reaction
differential cross sections as a function of ener-
gy for the reactions ¥S+°2949%69810Mo at different
energies. The computational results were demon-
strated in Fig. 1.
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L

Fig.1. Elastic scattering reaction differential cross
sections results for ¥S42949698.10Mg reactions.
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At these energy regions, the fusion cross section
was generally designated via the conventional
equation

o/us(Ec.m,) = ﬂR}(l - B/Ec.m.) )

with fusion radius parameter Rf and height of
fusion barrier B. Our computational results were
demonstrated in Fig. 2.

Fig. 2. Fusion excitation functions result for
32§492949698.10M o reactions.

We have determined that both the fusion and the
elastic scattering excitation functions of the five
reactions can be adequately well reproduced as
shown Fig. 1 and 2. While elastic scattering re-
action differential cross-sections have very small
differences from one another at high energies, the
results of the fusion excitation functions are in har-
mony at high energies.

Taking B to be the barrier height B, of the
Woods-Saxon potential, the fusion cross sections
cannot be duplicated via the Eq. (4). To character-
ize cross sections, we have induced an empirical
barrier distribution. We have recommended an ef-
fective weight function to illustrating the barrier
distribution

D,(B) :
Darv(B:’ :

B < B, )

D,y (B) = BB
= Uy

here D_ (B)=(D, (B)+D, (B))/2 and B_ is the left
cross point of D (B) and D,(B). D,(B) and

D,(B) are two Gaussian operators and these op-
erators affiliated with the barrier height B of the
Woods-Saxon potential. The effective weight
function of the reactions 32S+°2%4969%8.10Mo was
illustrated in the Fig. 3 [11, 14].

Quasi-elastic scattering was considered to be the
sum of a number of reactions, such as elastic and
inelastic scattering, which can be expressed as an
important counterpart of fusion reactions.

L )

i

Fig. 3. The effective weight function results
for 32S+4°2949698.100Mo reactions.

According to the results in Fig. 1,2 and 3 from the
reaction models studied, a combined description
of the scattering and fusion data gives important
information about the potential parameters used
and the compatibility of the calculation programs.
For this reason, it has contemplated that the qua-
si-elastic scattering is an excellent technique of the
one for fusion.

We have found that the Woods-Saxon potential
yields good outcomes for heavy ion elastic scatter-
ing in the upward barrier energies. However, the
fusion section of the identical reaction framework
cannot be well illustrated by the potential and it
is necessary to familiarize the barrier distribution
for the regeneration of the fusion output. Either
elastic scattering or fusion outputs may be pleasur-
ably characterized by the potentials in the energies
around the Coulomb barrier. In our study, we have
aimed to identify a general nuclear potential that
can be used to identify different nucleus-nucleus
reactions.

As a decent response to the fusion reaction, we
have studied wide-angle quasi-elastic scattering to
find out the nucleus- nucleus potential. We have
investigated the effect of the proposed barrier dis-
tribution on wide-angle quasi-elastic scattering for
fusion reactions.

Identical to the characterization of fusion with
the empirical barrier distribution, we describe the
large-angle quasi-elastic scattering cross section
with the effective weight function D_,, (B) (Equa-
tion 5) at energies around the Coulomb barrier,
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in these equations, P“W is a small correction term,
= is a proportion of the elastic cross section # to

the Rutherford cross section 4. ¥ is a normaliza-

tion constant ¥, = [ 8., (#)d8. Within the semiclassical

perturbation model, a semiclassical notation to the

backward scattering (6=r) is bestowed [4, 15].
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hw is an obliqueness of the Woods-Saxon poten-
tial. Where the nuclear potential Vv(f) was appre-
ciated at the Coulomb rotation point,

nml(n, R)ul)
\1+ expl(Rc — Ro)/al)

®

- (-5

by the closest approach distance among two nu-
cleusR =Z,Z, ¢’/ E_ .ais the diffusiveness co-
efﬁ01ent of the nuclear potenual and Z, Z, remark
bullet and target nucleus. £ is the center-of-
mass energy. R, is the barrier locatlon

Calculations And Results

In this study, both the fusion and quasi-elastic
scattering sections of a series of reactions were
investigated. Fig. 4 and 2 show the calculated qua-
si-elastic scattering and fusion cross sections for
the reactions 2S+°2949098.100Mo. The results of the
calculation programs were also demonstrated for
crosscheck.

In order to take into consideration for the structure
of the *2S nuclei, we have established the potential
between *2S and *294%681%0Mo with an appropriate
procedure, while we have wielded a Wood-Saxon
potential with the worldwide Akyiiz-Winther pa-
rameters for the channels [16-19].
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The nuclear component of nucleus-nucleus poten-
tial in article [16], U, is elementary parameterized
like

Vo
1 + e(r—Rp—Rr)/ay

(10)

u(r) = -

whose components originate in the enlightenment
of the nuclear densities. These parameter values
have thimbleful regulated owing to a methodical
crosscheck of elastic scattering reactions. With the
potential amplitude is

Vo = 16myay Ryp (ah
In these equations the reduced radius is
Ryp = — IR (12
Ry +Rp
with
= (12047 - 0.09)fm , i=T,p (13
The diffuseness coefficient is
ui,,' 117[1 4 053(4;V2 + A7V fm— (14)
while the surface tension coefficient is
y=095[1-18 ’A_,‘z' B |v ev.pm-z (19

where A, Z,, and N, are the mass, charge and neur-
ton numbers of nuclei i=T,P.

The radius and diffuseness coefficients of imag-
inary part R, and a, were recommended to be
proportional to the real potential parameter part,
while imaginary depth W, is a quarter of the real
depth. This selection is optional, so these parame-
ters should be used in addition to the calculations.

The Coulomb potential radius in our calculations
is equal to

(16)

R; = 1.30(A1"° + AY*)fm
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Table 1. The parameters of quasi-elastic scattering
for our calculations
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We have introduced a collation among the features
of the barrier distributions stated by the proposed
methods based on the nucleus—nucleus poten-
tials calculated for reactions. As a result of the
calculations, it was observed that the differential
cross-sections were systematically decreased at
high energy values and the results were in good
agreement with each program codes in Fig. 4z

"5 Ovew D Semw oy

da s,

Fig. 4. Theoretical

quasi-elastic
cross-section results for 32§492:94.96.98,1000 o
reactions [2-25].

scattering

Summary And Conclusions

In our work, we have calculated the quasielastic
barrier distributions and and the effective weight
function for 32S+°29499810Mo systems. The shapes
of the distribution for ¥S+°2949%698.10Mo reactions

are consistent with the one foreseen by our calcu-
lations.

Results were represented that the barrier distribu-
tions for the fusion reaction and the quasi-elastic
scattering change owing to the excitations at ener-
gies above the Coulomb barrier.

The energy dependence of the cross sections,
on the other hand, was not affected much by the
non-corporate excitations and barrier distributions
remains the same.

Therefore we have extracted couplings to the many
excitations as a possible source of the hindrance of
fusion cross sections at sub-barrier energies and at
energies above the Coulomb barrier.

The refinement of the models to achieve a degree
of precision and reliability comparable to the data
presents an interesting challenge to theory. From
this attributive comparison, the quasi-elastic ex-
citation function appears to have some sensitiv-
ity to the fusion barrier distribution. It would be
favourable if these attributive features could be
quantified by displaying the data in the form of a
legation of the barrier distribution, identical to that
extracted from fusion excitation functions.

However, this important result still leaves the
mechanism for fusion hindrance phenomena as an
open question.

In brief, we have calculated the quasielastic and
elastic scattering excitation functions for the
32§492:94.9698100 Mo reactions around the Coulomb
barrier with high precision in 1 MeV energy steps.
Excitation functions were calculated using the the
code FUSSCAT, FRESCO and CCFULL.

dogy

o and "‘,‘, have subtracted from the measured
excitation functions and compared with barrier
distributions extracted from the existing fusion ex-
citation function and the quasi-elastic and elastic

scattering excitation functions.

These calculations demonstrate that the informa-
tion about the fusion barrier distribution for a reac-
tion can be investigate by quasi-elastic and elastic
scattering excitation functions. Quasi-elastic scat-
tering were measured to comprehend effects of ex-
citation and deformation of colliding nuclei on the
dynamics of fusion reactions.
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