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Abstract

In cases where experimental studies cannot be carried out and there is no experimental data with it,
studies carried out with theoretical models shed light on the researchers' knowledge of different data.
The most important of this data is the measurable or calculatable influence cross-section value, which
is defined as the probability of a reaction occurrence. Examining the possible effects of different models
in the calculation of the effect section is important for the correct calculation of this value. The most
important data, the cross section of influence, has taken its place in the radioisotope world on the side
in many fields of nuclear physics. With developing technology and advancing science, radioisotopes
have widespread and diversified uses. Most commonly, radioisotopes are used in medical diagnosis and
treatment applications. Among the many radioisotopes used for this purpose, 1°1-199Au radioisotopes
are also important in terms of both their benefits and characteristics in medical applications. In this
respect, the study aimed to analyze the influences of different nuclear level density models in
production impact cross-section calculations of 1°11%°Au radioisotopes with deuteron reference.
Theoretical cross sections using the TALYS code have been simulated for all isotopes. The results of the
calculations obtained were compared with each other and with the experimental data in the literature
and it was aimed to define the most compatible level density models according to the reaction
situations examined.

Platinyum Element igin 1°-199Au Medikal izotop Uretim Tesir Kesitlerinin
ve Seviye Yogunluk Modellerinin Etkisinin incelenmesi

Anahtar kelimeler
Uretim tesir kesiti;
Platinyum hedef;
Déteron indiiklenmis
reaksiyonlar; Seviye
yogunluk modelleri;
191199 Ay Medikal
radyoizotop

Oz

Deneysel calismalarin yapilamadigl ve bununla birlikte deneysel verilerin bulunmadigi durumlarda,
teorik modellerle yapilan ¢alismalar, arastirmacilarin farkli veriler hakkindaki bilgilerine 1sik tutmaktadir.
Bu verilerden en onemlisi, bir reaksiyonun olusma olasiligi olarak tanimlanan olgilebilir veya
hesaplanabilir tesir kesiti degeridir. Tesir kesiti boliminin hesaplanmasinda farkli modellerin olasi
etkilerinin incelenmesi, bu degerin dogru hesaplanmasi agisindan énemlidir. En 6nemli veri olan tesir
kesiti, radyoizotop diinyasinda oldugu gibi niikleer fizigin bircok alaninda da yerini almistir. Gelisen
teknoloji ve ilerleyen bilim ile radyoizotoplarin yaygin ve gesitli kullanimlari vardir. En yaygin olarak
radyoizotoplar medikal tani ve tedavi uygulamalarinda kullanilmaktadir. Bu amagla kullanilan birgok
radyoizotop arasinda 191-199Ay radyoizotoplari da tibbi uygulamalarda hem yararlari hem de 6zellikleri
agisindan o6nemlidir. Bu baglamda c¢alismada, °119%Au radyoizotoplarinin Uretim tesir kesit
hesaplamalarinda farkli nikleer seviye yogunluk modellerinin etkilerinin déteron referansi ile
arastiriimasi amaclanmistir. TALYS kodunun kullanildigi teorik kesitler tiim izotoplar igin simile
edilmistir. Elde edilen hesaplamalarin sonuglari birbirleri ve literatirdeki deneysel verilerle
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karsilagtirilmis ve incelenen reaksiyon durumlarina gére en uyumlu seviye yogunluk modellerinin

belirlenmesi amaglanmistir.

1. Introduction

Nuclear reaction is said to occur when a nuclear
particle comes into close contact with another
particle. During interaction, an exchange of energy
and momentum are characterized by the incoming
nuclei and the outgoing reaction products (Asres et
al. 2019). The cross section is an important quantity
in studying the nuclear reaction, where it helps to
calculate the probability of nuclear reaction,
therefore, it became the main concern since the
beginning of nuclear reaction studies (Abdullah et
al. 2020). The cross section is a mathematical
version of describing the probability of a nuclear
reaction occurring. The cross-sectional value of a
reaction can be expressed as the value that clearly
indicates the probability of that reaction occurring.
This value can be measured with the help of
experimental studies.

The use of systematics for nuclear reaction
cross section evaluation is important, if
experimental data are absent or results of nuclear
model calculation are not reliable. Systematics of
cross sections has a special importance as an
additional tool for the cross section evaluation (Tel
et al. 2016). Studies of excitation functions of
nuclear reactions are of considerable importance
for testing nuclear models as well as for practical
applications (Sudar et al. 2006). Theoretical nuclear
models are very important in terms of guiding
researchers in the lack of experimental cross section
data. The development of a model compatible with
experimental datum is of great significance for
solving fundamental nuclear physics problems
(Lilley, 2018). Thanks to the reaction models in the
nuclear codes, it is possible to predict the shapes of
the nuclear sections. Consequently, these reaction
and level density types are required to make
predictions about excitation functions. Nuclear
reaction models and nuclear effect keywords for the

decay of compound nuclei are a convenient way to
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estimate and evaluate yields for dissimilar reactions.
These codes are very important in cross section
calculations in a extensive range of incident energy.
In addition, one of the most significant inputs in
reaction cross section computation is the nuclear
level density. According to literature, energy level
density can be described as the number of nuclear
energy levels per MeV. To learn the density of the
nuclear levels at different excitation energies, in the
calculation of the sudden neutron spectra resulting
from different nuclear reactions and fission, in the
determination and classification of the energy level
density, which is an important subject of nuclear
spectroscopy; It has an important place in making
statistical calculations in fission-fusion reactor
physics, astrophysics and heavy ion collision studies.
Experiments with targets of a natural isotope
composition provide necessary information about
the interaction mechanism specific, on the whole,
for a given element and do not allow investigations
into particular reaction channels dependent on the
nucleon composition of the interacting nuclei (Kulko
etal. 2012).
Investigations of excitation functions of nuclear
effects are of significant emphasis for testing
nuclear models on the side for convenient
utilizations. It should be noted that dissimilar
nuclear reaction sections consist of with dissimilar
possibilities. Physically, the possibility of a reaction
is described in an amount called a nuclear cross
section. The forms of nuclear cross sections can be
estimated using reaction types in nuclear codes. As
a result, these types are requiremented to provide
trained estimates of excitation functions. Nuclear
reaction codes for the degradation of the compound
nucleus are an advantage way to guess and evaluate
yield for dissimilar reactions.
There are experimental (Vagena and Stoulos 2017),
(Stoulos and Vagena, 2018), (Ghergherehchi et al.

2012), (Hu et al. 2022), (Sziki et al. 2006), (Usman et
1257
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al. 2016), (Usman et al. 2017), (Usman et al. 2016),
(Usman et al. 2020) and theoretical (Kaplan et al.
2014), (Aydin et al. 2015), (Kaplan et al. 2015),
(Ozdogan et al. 2018), (Artun 2018), (Artun 2019),
(Sarpiin et al. 2019), (Canbula et al. 2014), (Canbula
2020), (Noori et al. 2019), (Noori et al. 2017), (Demir
2017), (Noori et al. 2016), (Karpuz 2016), (Noori et
al. 2018), (Kavun and Makwana 2021), (Kavun et al.
2020), (Kavun and Makwana 2020) nuclear reaction
section studies in the literature that conducted in
the light of this direction.

The deuteron induced reactions play an important
role in the accelerator based high intensity neutron
sources (d-Be, d-Li). These high intensity neutron
sources have broad applications in development of
the fusion technology, in boron neutron capture
based
systems, etc. Although platinum is not a basic

therapy, in accelerator transmutation
material for nuclear technology, it is an important
component of alloys or minor small parts used in
several electronic devices, collimators,
thermometers, target backings, etc (Tarkanyi et al.
2004).

Light ion-sending activation effects to platinum are

important in different areas such as model
computations, accelerator technology, loaded
particle activation analysis, medical isotope

production. The results in natural elements are
useful for the use of radioisotope in medicine for the
production of related radioisotope, as well as for
estimation of the need for the description of nuclear
datum.

In this study, the cross section values of the
natpt  deuteron-induced reaction were computed
using different nuclear level density models.
Calculations were performed with version 1.95 of
the TALYS nuclear code (Koning et al. 2019). The
calculation results obtained and the experimental
data of the reaction obtained from the experimental
database were compared. The details of the level
density models used for the calculations are
presented in the Material and Method section, and
the results are presented in the Results and

Discussions section.

2. Material and Method

In different practical applications often either
the knowledge of the total produced activity or the
distribution of that activity as a function of depth,
bombarding energy and the target thickness are
more convenient to use than the microscopic cross-
section data. The production vyield is directly
connected to the cross-section and to the
composition of the used target (Tarkanyi et al.
2004).

Nuclear reaction calculations require complete and
clearly defined nuclear level densities (Koning et al.
2008). The level density is the number of levels per
unit energy at a certain energy. So, the level density
model is important input parameter in the cross
section calculations. Namely, the level density has
been investigated through applications such as
astrophysics, fission, fusion and radionuclide
production (Yigit et al. 2016), (Yigit et al. 2017).
Nuclear-level density models are valid in the
literature. TALYS has six level density models
relating to two groups, phenomenologically and
microscopically. Level density models that are
phenomenological are Constant Temperature Fermi
Gas Model (CT + FGM) (Gilbert and Cameron 1965),
Back-shifted Fermi Gas Model (BSFGM) (Bethe
1937), (Dilg et al. 1973) and Generalized Superfluid
Model (GSM) (Ignatyuk et al. 1979), (Ignatyuk et al.
1993). The three microscopic level density models
found in Talys are Skyrme Force-Goriely (SFG)
(Goriely et al. 2001), Skyrme Force-Hilaire (SFH)
(Goriely et al. 2008) and temperature-dependent
Hartree-Fock-Bogoliubov Gogny Force (Hilaire et al.
2012).

Most commonly used level density models are
relating to the Fermi Gas Model (Bethe 1937), which
assumes the single-particle state in which the
excited levels of the nucleus are evenly spaced and
there are no collective levels. The first level density
model developed is the Fermi Gas Model introduced
by Bethe (Bethe 1937). This model is relating to the
supposition of single particle state, in which the
stimulated levels of the nucleus are evenly spaced
and there are no collective levels. Nucleons do not
interact with each other, they are located in equal
spaces at one-particle energy levels, and they do not
have collective levels. According to the Fermi Gas
Level density model, protons and neutrons occupy
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the lowest energy levels. Although this fundamental
assumption supports the Fermi gas model for low
energies to yield successful results; failed results at
much higher energies. In the Constant Temperature
Model, a constant temperature rule is applied for
the energy zone in the portion from 0 MeV to a
match energy. Correspondingly, greater energy
value than match energy is applied to Fermi Gas
Model (FGM). The state in the Back-shifted Fermi
Gas Model (BSFGM) is that at high energies, the
excitation energy of the Fermi gas expression
includes a shifting parameter. In the Generalized
Superfluid Model (GSM), superconducting mating
correlations are active. And accordingly, according
to Bardeen-Cooper-Schrieffer theory,
computational syntax is the case analysis of a phase
transition from low-energy superfluid behavior to a
high-energy zone described by the Fermi gas model,
where mating correlations show a strong effect on
level density. Hartree-Fock-based microscopic level
density models demonstrate close success to
phenomenological models in retrieving
experimental data and adapting it to nuclear

applications.

TALYS Computer Programme

TALYS, is one of the widely used computer
programs for the cross-section computations of
nuclear reactions. It is a program that can simulate
nuclear reactions involving protons, neutrons,
deuterones, tritons, alpha particles, and gamma
rays in the energy range of 1 keV to 1 GeV. TALYS is
preferred in both basic and applied sciences. It is
written in Fortran 77 programming language. Over
time, continuous updates were made to eliminate
the deficiencies seen on TALYS. In this study,
dissimilar nuclear level intensity models were

calculated using the latest version of TALYS.

3. Results and Discussions

The cross section of platinum is very available in the
in the
classification of nuclear reaction theory, in thin layer

production of medical radioisotopes,
activation analysis. In this study, the impact section
values of "™'Pt, which is one of the transition metals
that are important with its different practices in
science and technology, and the production impact

section calculations of ¥¥1%°Au radioisotopes were
calculated with TALYS 1.95 computer program
(Koning et al. 2019) using nuclear level density
models. To research productions of Au
radioisotopes by level density models, i.e., Constant
Temperature Fermi gas model (CTM), Back-shifted
Fermi gas model (BFM), Generalised Superfluid
Model (GSM),

level densities from numerical tables (SHFBM),

Skyrme-Hartree-Fock-Bogoluybov
Gogny-Hartree-Fock-Bogoluybov level densities
from numerical tables (GHFBM), Temperature-
dependent Gogny-Hartree-Fock-Bogoluybov level
densities from numerical tables (TGHFM), are
calculated the cross sections. Moreover, the yields
and the cumulative number of levels of effect for the
level density models are calculated. Comparison of
all theoretical calculated results obtained from the
models with both each other and with the
experimental datum, valid in the EXFOR (Int Kyn. 1)
database in literature. Figures 1-8 represent
calculated cross section effects with the all of level
density models for "Pt(d,x)*1°Au, respectively.
The vyields of the production alpha, deuteron,
helium-3, neutron, proton and triton are calculated
and are indicated on the figure (Figure 9-14). And
the cumulative number of levels values (Figure 15-
19) are indicated on the figure. The relative variance
analysis of reaction calculations for radionuclides of

gold are also presented in tabular (Table 1).

3.1. Production cross sections for radionuclides of
gold

3.1.1 "pt(d,x)***Au reaction

The computation cross section results with six level
density models, (CTM), (BFM), (GSM), (SHFBM),
(GHFBM), (TGHFM), for the radionuclides of *'Au
are indicated in Fig. 1 and the relative variance
analysis of reaction cross section calculations in
Table 1. These calculated results are checked
against with the experimental results in the
literature (Tarkanyi et al. 2019), (Ditroi et al. 2017),
(Ditroi et al. 2006). The level density model results
are harmonious with each other up to 60 MeV. The
model computations are in harmonious with the
experimental results in 38 MeV. For this reaction,
value of maximum calculated cross section is 50,5

1259



Investigation of the Cross Sections and Effect of Level Density Models for Platinum Element in the Production..., Demir

MeV. The experimental cross section results are
convenient to the conclusion of GSM in the area
between 28 MeV and 55 MeV.

500
"Ipt(d x)"*' Au

—TALYS 1.95 (CTM)
= = TALYS 1.95 (BFM)
TALYS 1.95 (GSM)
=== TALYS 1.95 (SHF8M)
= === TALYS 1.95 (GHFBM)
----- TALYS 1,95 (TGHFM)
Tarkanyi et al., 2019
Ditroi et al., 2017
Ditroi et al., 2006

400

300

200

Cross section (mb)

100 4

T
25 50 75 100
Energy (MeV)

Fig. 1. Calculated cross section for "™*Pt(d,x)!*'Au
reaction.

3.1.2 "'pt(d,x)9?Au reaction

The nuclear cross sections for MPt(d,x)!?Au
reaction in energy range 5-100 MeV are shown in
Fig. 2. In Fig. 2, the cross section graph for the (d,x)
reaction is demonstrated as derived by the six level
density models and efficiently together with
experimental data (Tarkanyi et al. 2019), (Tarkanyi
et al. 2004), (Khandaker et al. 2015), (Ditroi et al.
2017) and (Ditroi et al. 2006). The model
calculations match to each other. It is explicit that
the maximum of the calculated cross section graph
for the radionuclide of %Au occurs at 35 MeV. Up
to the maximum of theoretical excitation curve,
there are differences between the theoretical and
experimental results.

"Pt(dx)“Au
600 ——TALYS 1.95 (CTM)
= = TALYS 1.95 (BFM)
. TALYS 1.95 (GSM)
N LET == TALYS 1.95 (SHFBM)
[ ’ (il =+« = TALYS 1.95 (GHFBM)
\t:/ I J T ----- TALYS 1.95 (TGHFM)
g 4004 JlL ‘ Ti Tarkanyi et al., 2019
] Ditroi et al., 2017
2 R Khandaker et al., 2015
8 Ditroi et al., 2006
I} Tarkanyi et al., 2004
2004
0 o s
T T T T
2% 50 75 100
Energy (MeV)
Fig. 2. Calculated theoretical cross section for

natpt(d,x)'%2Au reaction.

3.1.3 "pt(d,x)***Au reaction

For production of *3Au, the nuclear reaction cross
sections are shown in figure 3. Figure 3 is indicated
in conjunction with experimental data from EXFOR,
the reaction cross-section curve and six-level
density model of the reaction for the production of
193Au(d,x). The calculated cross sections of °*Au
show a consisteny with the experimental
measurements by (Tarkanyi et al. 2019), (Tarkanyi et
al. 2004), (Ditroi et al. 2017), (Ditroi et al. 2006) and
(Khandaker et al. 2015). Although the cross section
of 13Au is considerable, the contribution of SHFBM,
GHFBM and TGHFM level density model of 1%%Au
reaction was found to be insignificant small.

Level density models are checked against with each
other. As an energy value of 54 MeV, experimental
data are harmonious with level density models. The
calculated maximum cross section amount for this
reaction is in the GHFBM level density model at 30
MeV. When the level density models are checked
against with each other, the maximum impact cross
section value is 30 MeV, although it is the same in
all of them.

Table 1 Analysis of variance for production cross section
calculations of the 191,192,193,194,195,196,198,199Au
radionuclides by using level density models

Isotope CcT™M BFM GSM  SHFBM GHFBM TGHFM

1260



Investigation of the Cross Sections and Effect of Level Density Models for Platinum Element in the Production..., Demir

B1AY 177033 173100 18222 16180 14422 10320
192Au 15494 14072 14740 11934 9928 9174
AU 19502 20308 20816 23562 26076 24230
P4AU 15481 12407 11343 8893 14244 14164
195Au 6666 7478 7248 10635 8211 7572
196AU 835 932 820 1064 1149 1130
98AU 24 31 30 50 46 46
199Au 0,042 0,064 0,049 0,076 0,060 0,101
600
500 1 ——TALYS 1.95 (CTM)
= = TALYS 1,95 (BFM)
TALYS 1.95 (GSM)
_ 4004 === TALYS 1.95 (SHFBM)
-g =+~ TALYS 1.95 (GHFBM)
< 1 LN T e TALYS 1.95 (TGHFM)
& 3004 Tarkanyi et al., 2019
S Ditroi et al., 2017
a Khandaker et al., 2015
a Ditroi et al., 2006
O 200 Tarkanyi et al., 2004
(]
100
0

T
25 50 75 100
Energy (MeV)

Fig. 3. Calculated cross section for "'Pt(d,x)'%*Au
reaction.

3.1.4 "'Pt(d,x)***Au reaction

The relative variance analysis production of **Au is
due to the contributions from the six level density
models listed in Table 1. The calculated excitation
function of *Au is shown in Fig. 4 together with
experimental data (Tarkanyi et al. 2019), (Tarkanyi
et al. 2004), (Khandaker et al. 2015), (Ditroi et al.
2017), (Ditroi et al. 2006) and (Kulko et al. 2012)
from EXFOR. The cross sections reported by
Tarkanyi et al., Ditroi et al., Khandaket et al. and
Kulko et al. are clearly discrepant with the calculated
results. Based on the calculated cross section values
and the experimental cross section values, although
there is a discrepancy in the numerical data, the
formal representation as the cross section curve is
in harmony with each other. The level density model
consequences are harmonious with each other up
to 55 MeV. The model calculations are in agreement
with the experimental results in 20 MeV. The
maximum calculated cross section amount of this

reaction is 25,5 MeV. The experimental conclusions
are convenient to the result of GSM in the area
between 5 MeV and 25 MeV.

"Pt(d,x)"*“Au
——TALYS 1.95 (CTM)

600 o = = TALYS 1.95 (BFM)

TALYS 1.95 (GSM)
—-= TALYS 1.95 (SHFBM)
=-== TALYS 1.95 (GHFBM)
----- TALYS 1.95 (TGHFM)
Tarkanyi et al., 2019
Ditroi et al., 2017
Khandaker et al., 2015
Kulko et al., 2012
Ditroi et al., 2006
Tarkanyi et al., 2004

400

Cross section (mb)

200

T
0 25 50 75 100
Energy (MeV)

Fig. 4. Calculated cross section for "Pt(d,x)**Au
reaction.

3.1.5 "pt(d,x)**Au reaction

The relative variance analysis of %°Au radioisotope
production reaction effect cross section data where
level intensity models were examined are indicated
in Table 1. The calculated cross sections of ***Au are
plotted in Fig. 5. The experimental cross sections
reported by (Khandaker et al. 2015), (Kulko et al.
2012), (Ditroi et al. 2006) and (Ditroi et al. 2017)
show only a partial agreement with the calculated
results. Tarkanyi et al. (2004 and 2019) reported the
natpt(d,x)%°Au cross sections in the energy area of
6.9-20.3 MeV and 34.8-48.5 MeV, and they showed
a good agreement with the calculated results. The
level density model conclusions are harmonious
with each other up to 20 MeV. The model
calculations are in harmony with the experimental
conclusions in 15 MeV. The maximum calculated
cross section amount of this reaction is 20 MeV. The
experimental conclusions are close to the result of
SHFBM in the area between 6 MeV and 15 MeV.
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600 4 "'Pt(d x)'**Au

= TALYS 1.95 (CTM)
~ ~ TALYS 1.95 (BFM)
TALYS 1.95 (GSM)
=== TALYS 1.95 (SHFBM)
=-== TALYS 1.95 (GHFBM)
----- TALYS 1.95 (TGHFM)
Tarkanyi et al., 2019
Ditroi et al., 2017
Khandaker et al., 2015
Kulko et al., 2012
Ditroi et al., 2006
Tarkanyi et al., 2004
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S
S
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200+

Cross section (mb)

Energy (MeV)

Fig. 5. Calculated cross section for ™*Pt(d,x)!**Au
reaction.

3.1.6 "Pt(d,x)**°Au reaction

The calculated excitation functions of °Au and
effect of level density models are displayed in Fig. 6
together with the experimental data from the
EXFOR library. The production of °®Au is due to the
contributions from the six level density models with
variance analysis listed in Table 1. Calculated values
with experimental results are formally compatible.
The calculated cross sections of '*Au show a
consisteny with the experimental measurements by
(Tarkanyi et al. 2019), (Tarkanyi et al. 2004), (Ditroi
et al. 2017), (Ditroi et al. 2006), (Khandaker et al.
2015). Although the cross section of °Au is
considerable, the contribution of SHFBM, GHFBM
and TGHFM level density model of ®Au reaction
was found to be negligibly small. The level density
model conclusions are harmonious with each other
up to 25 MeV. The model computations are in
harmony with the experimental data in 15 MeV. The
maximum calculated cross section amount of this
reaction is 15 MeV.

225
na'Pt(d.X)‘gﬁAU

——TALYS 1.95 (CTM)
= = TALYS 1.95 (BFM)
1504 TALYS 1.95 (GSM)
== TALYS 1.95 (SHFBM)
=+-=TALYS 1.95 (GHFBM)
----- TALYS 1.95 (TGHFM)
Tarkanyi etal., 2019
4 Ditroi et al., 2017
N s Khandaker et al., 2015
Ditroi et al., 2006
Tarkanyi et al., 2004

e

Cross section (mb)

i
a
1
-

v . . . T
0 25 50 75 100
Energy (MeV)

Fig. 6. Calculated cross section for "Pt(d,x)!*¢Au
reaction.

3.1.7 "Pt(d,x)'*®Au reaction

The relative variance analysis of production of %Au
is due to the contributions from the six level density
models listed in Table 1. The calculated excitation
function presented in Fig. 7., is in good harmonious
with the experimental data by (Khandaker et al.
2015) and (Ditroi et al. 2017) reported lower cross
sections in the energy area. The level density model
conclusions are harmonious with each other up to
20 MeV. The model calculations are in agreement
with the experimental results in 6-30 MeV. The
maximum cross section amount of this reaction is 15
MeV.

nat 198
10 Pt(d.x) "Au

w
S
I

; —— TALYS 1.95 (CTM)

\ - = TALYS 1.95 (BFM)

A p TALYS 1.95 (GSM)

204 :\.\ == TALYS 1.95 (SHFBM)
} '\\ ~++=TALYS 1.95 (GHFBM)

L TALYS 1.95 (TGHFM)

\ \ Ditroi et al., 2017

(A Khandaker et al,, 2015

U

Cross section (mb)

=3
1

T r T T T T
0 25 50 75 100

Energy (MeV)

Fig. 7. Calculated cross section for "™'Pt(d,x)**®Au
reaction.
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3.1.8 "'Pt(d,x)**°Au reaction

The calculated excitation function is shown in Fig. 8.
together with the experimental data by (Khandaker
et al. 2015) from EXFOR (Int Kyn. 1) library. Also, the
relative variance analysis of the production of °Au
radioisotope is due to the contributions from the six
level density models listed in Table 1. In the 5-100
199Au

production cross section amounts are very small.

MeV energy region, the radioisotope
The level density model conclusions are harmonious
with each other up to 20 MeV. The maximum
calculated cross section amount of this reaction is

15 MeV.

25+

"pt(d,x) *Au
204
5 —— TALYS 1.95 (CTM)
£ 154 = = TALYS 1.95 (BFM)
= TALYS 1.95 (GSM)
S —-= TALYS 1.95 (SHFBM)
8 -+ = TALYS 1.95 (GHFBM)
w4 020 A ueme TALYS 1.95 (TGHFM)
8 Khandaker et al., 2015
s}
54
i
0 i
T T T T T
0 25 50 75 100

Energy (MeV)

Fig. 8. Calculated cross section for "'Pt(d,x)'**Au

reaction.

3.2. Calculations of yield for a, p, n, d, t, He-3
production

In different practical applications, information of
total production activity is often more useful than
microscopic cross section data. Compared to
microscopic cross-sectional data; as a function of
depth, bombardment energy, and target thickness,
the distribution of this activity is more favorable.
The product yield directly depends on the impact
cross section and the compound of the target used.
In this article, the theoretical yield calculations
shown in Figure 9-14 are calculated using level
in the

density models for reaction products

platinum target.

3.2.1 Alpha production

The calculated yield result with the six level density
models of (d,x) reaction on "'Pt target for the
production of alpha is shown in Fig. 9. In yield
calculations for alpha production, level density
models are close in value. The TGHFM level density
model is formally different from other level density
models beyond 70 MeV deuteron incident energy.
In vyield calculation for alpha production the
maximum yield is found in the CTM level density
model.

2,04

Yield (mb)
P
!

0,5

0,0

T
25 50 75 100
Energy (MeV)

Fig. 9. Alpha production

3.2.2 Deuteron production

The calculated yield result for the production of
deuteron with six level density models is shown in
Fig. 10. BFM and GSM level density models have
same graph, but the CTM level density model result
split from the other models beyond 80 MeV
deuteron incident energy and TGHFM level density
model result split from the other models beyond 60
MeV deuteron event energy. In yield calculation for
deuteron production the maximum yield is found in
the TGHFM and SHFBM level density models.
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Fig. 10. Deuteron production

3.2.3 Helium-3 production

The product yield for production of Helium-3 is
calculated with six level density models and is
shown in Fig. 11. In the calculation of the yield for
helium-3 production, the curves of all level density
models resemble each other formally. The highest
field calculation value for helium-3 production is
observed in the CTM level density model.

0,10~

Yield (mb)

0,00 4

T
25 50 75 100
Energy (MeV)

Fig. 11. Helium-3 production

3.2.4 Neutron production

The product yield for the neutron production is
calculated with six level density models and is
demonstrated in Fig. 12. As a yield calculation for
neutron production, the curves of the six level
density models examined in this article are formally
similar to each other. Only the TGHFM level density
model is split off as a curve from other level density
models, behind 75 MeV. The highest vyield

calculation value for neutron production is observed
in the BFM level density model at 90.5 MeV
deuteron incident energy.

T T T
25 50 75 100

Energy (MeV)

Fig. 12. Neutron production

3.2.5 Proton production

The calculated vyield result with six level density
models of proton production is shown in Fig. 13.
When we examined the yield values calculated for
proton production according to the six level density
models in the yield calculation, it was observed that
all the level density models were similar in shape.
Only after 65 MeV, the TGHFM level density model
is separated from other level density models both as
a curve and as an yield value. The highest yield
calculation value for proton production is observed
in the GSM level density model at 100 MeV
deuteron incident energy.

—c
- - BFM [

GsM i
== SHFBM 7,

N
1

== GHFBM

Yield (mb)

T
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Energy (MeV)

Fig. 13. Proton production
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3.2.6 Triton production

The calculated vyield result with six level density
models on "'Pt target for the production of triton is
shown in Fig. 14. In triton production yield
calculation, the yield curves of SHFBM and GHFBM
level density models are similar. In addition, CTM,
BFM and GSM level density models are similar in
their yield curves. The TGHFM level density model
was calculated at a different yield value than other
selective density models. In addition, the CTM, BFM,
GSM level density models and SHFM and GHFBM
level density models are separated from each other
according to the yield value after 95 MeV deuteron
incident energy. The highest vyield calculation
amount for triton production is observed in the
TGHFM level density model at 100 MeV deuteron
incident energy.

0,6

Yield (mb)

T
25 50 7% 100
Energy (MeV)

Fig. 14. Triton production

3.3. Cumulative number of

natPt(d,X)l.‘)Z,194,196,197,198Au

levels  for

The cross sections from the calculated results for
the cumulative number of levels data of the
natpt(d,x)'%2Au reaction are shown Fig. 15. In
graphical form, the cumulative number of levels
values of *2Au radioisotope were calculated based
on the six level density models. All level density
models are compatible with each other as data and
curves. The calculated values for the CTM level
density model are as follows; asymptotic a value: 22,
70807, shell correction: 0,24129, pairing energy: 0
While shell
correction and separation energy remain at the

and separation energy: 7.0455.

same value for the BFM level density model;

asymptotic a: 20.36875 and pairing energy value: -
0.86603. In the GSM
asymptotic a value is calculated as 22.27431 and

level density model,

pairing energy: 1.73205.

1000000
100000 - -~ BfM
10000+

1000 4

Cumulative number of levels

1004

104

Energy (MeV)

Fig. 15. Cumulative number of levels for "'Pt(d,x)°?Au
reaction

The cross sections from the calculated results for
the cumulative number of levels data of the
natpt(d,x)!®*Au reaction are shown Fig. 16. In
graphical form, the cumulative number of levels
values of *Au radioisotope were calculated based
on the six level density models. All level density
models are compatible with each other as data and
curves. The calculated values for the CTM level
density model are as follows; asymptotic a value:
22.91182, shell correction: -0.84031, pairing energy:
While shell
correction and separation energy remain at the

0 and separation energy: 6.87844.

same value for the BFM level density model;
asymptotic a: 20.55828 and pairing energy value: -
0.86155. In the GSM
asymptotic a value is calculated as 22.50270 and

level density model,

pairing energy: 1.72310.
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Fig. 16. Cumulative number of levels for "Pt(d,x)***Au
reaction

The cross sections from the calculated results for
the cumulative number of levels data of the
natpt(d,x)!°®Au reaction are shown Fig. 17. In
graphical form, the cumulative number of levels
values of *®Au radioisotope were calculated based
on the six level density models. All level density
models are compatible with each other as data and
curves. The calculated values for the CTM level
density model are as follows; asymptotic a value:
23.11535, shell correction: -2.05766, pairing energy:
While shell
correction and separation energy remain at the

0 and separation energy: 6.64300.

same value for the BFM level density model;
asymptotic a: 20.74766 and pairing energy value: -
0.85714. In the GSM level
asymptotic a value is calculated as 22.73106 and

density model,

pairing energy: 1.71429.
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Fig. 17. Cumulative number of levels for "Pt(d,x)'°®Au

reaction

The cross sections from the calculated results for
the cumulative number of levels data of the
natpt(d,x)'°’Au reaction are shown Fig. 18. In
graphical form, the cumulative number of levels
values of ¥’Au radioisotope were calculated based
on the six level density models. All level density
models are compatible with each other as data and
curves. The calculated values for the CTM level
density model are as follows; asymptotic a value:
23.21703, shell correction: -2.65787, pairing energy:
0.85496 and separation energy: 8.07235. While
shell correction and separation energy remain at the
same value for the BFM level density model;
asymptotic a: 20.84229 and pairing energy value: 0.
In the GSM level density model, asymptotic a value
is calculated as 22.84523 and pairing energy:
0.85496.

10000 5 —

"pt(dx) " Au . ==iBFM
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Fig. 18. Cumulative number of levels for "Pt(d,x)**’Au
reaction

The cross sections from the calculated results for
the cumulative number of levels data of the
natpt(d,x)'%Au reaction are shown Fig. 19. In
graphical form, the cumulative number of levels
values of *8Au radioisotope were calculated based
on the six level density models. All level density
models are compatible with each other as data and
curves. The calculated values for the CTM level
density model are as follows; asymptotic a value:
23.19694, shell correction: -3.42086, pairing energy:
While shell
correction and separation energy remain at the

0 and separation energy: 6.51237.

same value for the BFM level density model;
asymptotic a: 20.35119 and pairing energy value: -
0.85280. In the GSM

level density model,
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asymptotic a value is calculated as 16.29227 and
pairing energy: 1.70561.

1000 4
valpl(d‘x)‘SEAu —CTM
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Fig. 19. Cumulative number of levels for "Pt(d,x)'*®Au

reaction

4. Conclusions

In this article where | examined the effect of level
density models on "Pt(d,x)'°*%Au reaction effect
sections, it was observed that SHFBM, GHFBM and
TGHFM level
generally compatible conclusions with the existing

density models could not give

experimental data in the calculated conclusions and
graphs drawn accordingly. SHFBM, GHFBM and
TGHFM level density models were observed to
derive lower impact cross section data from
experimental data on "'Pt(d,x)*'%Au reaction
effect cross-section. It is clear that CTM, BFM and
GSM level density models generally give conclusions
that are harmonious with existing experimental
data. To specify in detail; while the CTM level
density model for  "Pt(d,x)9L193194196198p
reaction, GHFBM and TGHFM models up to 28 MeV
energy value for "'Pt(d,x)!?Au reaction are more
compatible; after the energy value of 28 MeV the
CTM level density model and SHFBM level density
model can be predicted as the most compatible
model for the "Pt(d,x)'*>Au reaction.

One of the most important goals of theoretical
studies for nuclear reactions is to make calculations
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