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The well-known inputs for determining the reaction cross section are nuclear level density (NLD) and y-ray strength functions. In this
work, effects of y-ray strength functions and NLD models on photoneutron reactions of 747778Se isotopes are analyzed by using the
latest version of TALY'S computer code. For y-ray strength functions, macroscopic and microscopic options which are available in the
TALYS, are used in the calculations. Kopecky-Uhl and Brink Axel y-ray strength function models as macroscopic options, Hartree-
Fock BCS tables, Hartree-Fock Bogolyubov tables and Goriely’s hybrid model as microscopic options are preferred. The statistical
analysis is carried out to determine the y-ray strength function that reproduces the experimental data quite well. And then, calculations
of photoneutron cross section are redone by using the determined y-ray strength function via the NLD models. The Constant
Temperature Model (CTM), Back Shifted Fermi Gas Model (BSFGM) and Generalized Superfluid Model (GSM) are preferred to use
in NLD calculations. The predictions are compared with each other and the available experimental data. EXFOR library is used to take
all experimental data.
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The proton induced reactions are commonly used in variety of applications from astrophysics to transmutation of
nuclear waste and can give beneficial knowledge about the data estimation of nuclear reactions. The most important
channel of these reactions is gamma emission channel, which is defined by gamma ray strength functions. This channel
can be observable in all other reactions and can called as universal channel. Therefore, it has a great importance to describe
this channel. The well-known and useful inputs for theoretical calculations of the photon induced reactions are NLD and
y-ray strength functions. These functions can be selected as an optional input in the computer codes [1,2]. There are many
theoretical [3-6] and experimental [7-10] works for photon induced reactions in the literature using these codes.

In the photon induced reactions, giant dipole resonance (GDR) is dominant at energies below 30 MeV. It is
observable in the energy range 10—15 MeV, and 20—25 MeV for heavy and light nuclei, respectively. In GDR energies,
maximum photoabsorption and cross section of other photonuclear reactions are observed. The aim of the work is to study
the effect of the nuclear level density and y-ray strength function on cross section of photoneutron reactions. To analyze
these effects, best known computer code TALY'S is used for the theoretical calculations [11-19]. This code is widely used
code in the reaction analysis. The effect of y-ray strength function is investigated by using Kopecky-Uhl generalized
Lorentzian, Brink-Axel Lorentzian, Hartree-Fock BCS table, Hartree-Fock Bogolyubov tables and Goriely’s hybrid
models. The y-ray strength function which give the closest result to the experimental data, is determined with the
statistical calculations. Then, best strength function is used together with nuclear level density models and calculations
are reperformed using TALYS code for each reaction. To analyze the effect of nuclear level density models, Constant
Temperature Model (CTM), Back-Shifted Fermi Gas Model (BSFGM, and Generalized Superfluid Model (GSM) are
used. The predictions are presented and discussed with the experimental data taken from EXFOR [20] library. The best
combinations of models are decided by evaluating the statistical analysis.

The rest of this paper is organized as follows: In section “Materials and Methods”, calculation method is presented.
In section “Results and Discussion”, I represent my results and their discussions. Finally, in section “Conclusion”, I give
some concluding remarks.

MATERIALS AND METHODS
For the gamma induced nuclear reactions, y-ray strength functions are the key input. This function is used to
calculate the reaction cross section with the statistical theory and defines the transmission coefficients.
The phenomenological model, Brink Axel is used to determine the y-ray strength functions for E1, E2 and M1
modes [21,22]. According to this model, gamma ray strength function is given as a standard Lorentzian form below as
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where oy, is the strength, Ey; is the energy, and I, is the width of resonance. They are the giant dipole parameters.
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For E1 radiation, this standard Lorentzian form is generalized and written as
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where g, (E,) is temperature and energy dependent width [23] and given as
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where T is a nuclear temperature and written below
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where § is the pairing correction, E,, is the neutron energy, S,, is the neutron separation energy, and a is the nuclear level
density parameter.

Bardeen Cooper Schrieffer (BCS) [24] model is a microscopic option for E1 radiation. It can be found a detail
information for this model and the other microscopic gamma ray strength function models (Hartree-Fock Bogolyubov
and Goriely’s hybrid) from Reference input Parameter library (RIPL-3) database [25].

Nuclear level density is the number of excited levels around an excitation energy. The first model of nuclear level
density has been proposed by Bethe [26] called as Fermi gas model. According to this model, nucleons do not interact
with each other, have equispaced single particle states, and collective levels are absent. The total nuclear level density
formulation is given as

1 exp[2Val]
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where a is the main variable of the nuclear level density and called nuclear level density parameter, U is the excitation
energy, and o is the spin-cutoff parameter.

The default option of TALYS computer code is Constant Temperature Model (CTM) [27]. This model considers
the energy region in two parts as low and high. For Back-Shifted Fermi Gas Model (BSFGM) [28] Fermi gas expression
is used for all energy range. The other nuclear level density model, Generalized Superfluid Model (GSM) [29] based on
BCS theory has a pairing correlation, and is characterized by a phase transition.

y -ray strength functions and nuclear level density models are inputs to calculate the reaction cross sections.
Therefore, if these two inputs are used together in the calculations, successful results can be obtained.

TALYS computer code is used for all calculations. It is a computer program which simulates nuclear reactions,
which are caused by light particles such as gamma, proton, neutron, triton etc. from 1 keV to 1 GeV. y -ray strength
functions and nuclear level density models can be used as an optional input in TALYS.

RESULTS AND DISCUSSION
In this work, cross sections of 7°Se(g,n)”>Se, "’Se(g,n)’®Se, and 78Se(g,n)"’Se reactions are calculated with different
y -ray strength functions and nuclear level density models by using TALY'S computer code. The predictions are shown
in Figs. 1-6, and statistical results are presented in Tables 1 and 2.
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Figure 1. Comparison of gamma ray strength function Figure 2. Comparison of nuclear level density calculations with
calculations with the experimental data for 7*Se(g,n)”>Se the experimental data for 76Se(g,n)’>Se

76Se(g,n)"*Se reaction cross section calculations with y -ray strength functions are given in Fig. 1. The results of
Hartree-Fock BCS tables show two humps at the giant dipole resonance region. Hartree-Fock BCS and Hartree-Fock
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Bogolyubov display the predictions far from the experimental data. According to the statistical analysis given in Table 1,
Goriely’s hybrid model are chosen the best y -ray strength function, which reproduces the experimental data.

Table 1. Statistical analysis of (g,n) reaction cross section calculations using gamma ray strength functions.

Target Kopecky-Uhl Brink Axel Hartree-Fock BCS | Hartree-Fock Bog. Goriely’s hybrid
76Se 0.7179 0.7858 0.4743 0.8006 0.8127
77Se 0.2166 0.7157 0.7780 0.8126 0.6675
78Se 0.5019 0.4028 0.2210 0.6114 0.5925

The calculations for 7*Se(g,n)”>Se reaction are redone by using Goriely’s hybrid model with nuclear level density
models. The calculation results with nuclear level density models are given in Fig. 2. All models have close predictions.
However, statistical analysis for nuclear level density models given in Table 2 is presented that for this reaction, best
combination is Goriely’s hybrid model and BSFGM.

Table 2. Statistical analysis of (g,n) reaction cross section calculations using nuclear level density models

Target CTM BSFGM GSM
76Se 0.8127 0.8467 0.8142
"7Se 0.8126 0.8433 0.8750
8Se 0.6114 0.6526 0.5826

In Fig. 3, comparisons of 7’Se(g,n)’*Se reaction cross section calculations with y -ray strength functions are shown.

All predictions have higher peaks at 15 MeV-20 MeV energies. According to the statistical analysis table for y -ray
strength functions, Kopecky Uhl generalized Lorentzian form is the worst model, and Hartree-Fock Bogolyubov model
has the best result compared the others. The cross sections are recalculated using Hartree-Fock Bogolyubov model with
nuclear level density models. Predictions are compared with the experimental data and shown in Fig. 4. According to the
statistical analysis for nuclear level density models, GSM has the best prediction to reproduce the experimental data.
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Figure 3. Comparison of gamma ray strength function
calculations with the experimental data for 7’Se(g,n)’¢Se
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Figure 4. Comparison of nuclear level density calculations with
the experimental data for 7’Se(g,n)”¢Se
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Figure 6. Comparison of nuclear level density model
calculations with the experimental data for 7®Se(g,n)’’Se
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For 7Se(g,n)”’Se reaction, calculations are performed with y -ray strength functions and compared with the
experimental data in Fig. 5. All models have similar geometries after 18 MeV gamma energy. Hartree-Fock BCS and
Hartree- Fock Bogolyubov models are far away from the experimental data at between 13 MeV-18 MeV energies.
According to the statistical analysis table, Hartree-Fock Bogolyubov is the closest model to the experimental data. After
y -ray strength function model is determined, calculations are redone for nuclear level density models and represented in
Fig. 6. According to Table 2, BSFGM can be chosen as a suitable nuclear level density model for this reaction.

CONCLUSION
The photoneutron cross sections of 7%773Se isotopes are analyzed using available y-ray strength functions and
nuclear level density models in TALY'S computer code. The following concluding remarks can be written as:
e The results of nuclear level density model calculations performed with y -ray strength function models agree with
the experimental data for all reactions in this study.
e For all investigated reactions, microscopic y-ray strength functions are more successful to reproduce the
experimental data than the others.
e  Hartree-Fock BCS is the worst model to explain the experimental data for all calculations.
e All nuclear level density models have close predictions with each other.
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JOCJIIIKEHHS ®OTOHEUTPOHHUX PEAKIIIN 3A IOIOMOI'OI0 CTATUCTUYHOI'O AHAJII3Y
Henis Kanoyna®, Bopa KanoynaP®
“Pakynvmem mexHoao2ii anomepHamueHux odxcepen enepeii, Yuisepcumem Manicu Yenan baap, Manica, Typeuuuna
b®daxynemem xomn omeproi inocenepii, Yuisepcumem Manicu Yenan Basp, Manica, Typeuuuna

Jobpe BimOMUMH BXiTHMMH JAaHHMH JUIS BU3HAUCHHS MEPETHHY peakuii € MmiibHICTh saepHoro piBHs (NLD) i cmmosi ¢yHKuii
y-IpoMeHiB. Y wiif poGOTi 3a ZOIOMOT0I0 OcTaHHBOI Bepcil koMt 1otepHOro koay TALYS mpoananizoBaHO BIUIMB CHIIOBHX (DYHKINIH
y-BunpomintoBanus ta Mmogeseil NLD na porouneiirpounni peakuii isoromnis 7%7778Se. st cunosux GpyHKIil y-IIPOMEHIB y po3paxyHKax
BHUKOPUCTOBYIOTBHCSI MAKPOCKOIIIYHI Ta MiKpocKoIiuHi mapamerpu, noctymsi B TALYS. Mogeni ¢ynkuii cuuin Korneki-Yiia ta bpinka
AxceJs SIK MakpocKoniuHi Bapianty, Tabmuni Xaprpi-®oka BCS, tabnuui Xaprpi-doka Boroarobosa ta ridpunna moxens ['opini sk
MIKpOCKOIIiYHI BapiaHTH. [IpoBeACHO CTATHCTHYHHMN aHAIi3 IS BU3HAYCHHS CHJIOBOI (YHKIII Y-TIPOMEHIB, sIKa IOCHTH 100pe
BIZITBOPIOE EKCIIEPUMEHTAIbHI MaHi. [IoTiM po3paxyHKH MOMEPEUYHOrO Mepepizy (POTOHEHTPOHIB MEPEPOOISIOTHCS 3a JTOTOMOTOI0
BHU3HAUCHOT (DYHKIIIT CHJIM Y-BUIIPOMIHIOBaHHS 3a foromororo mojeneir NLD. B NLD po3paxyHkax Kpaiie BAKOPHCTOBYBATH MO/ICITb
noctiitaoi Temnepatypu (CTM), monens razy depwmi 31 3cyBom Hazaa (BSFGM) 1 y3aransHeny Haarekydy monens (GSM). [Ipornosu
TIOPIBHIOIOTECS MiX COOOI0 Ta HasBHHMH CKCIICPHMCHTAJBbHUMU NaHUMHU. I OTpUMaHHS BCIX EKCIICPHMEHTAIbHUX JaHUX
BHUKOPHCTOBY€EThCs OibmioTeka EXFOR.
KorouoBi ciioBa: Mojeni T'yCTHHU siICPHHX DIBHIB; HOIEpeYHH nepepi3; cuiioBi (QyHKIIT Y-IpOMeHIB; (OTOHEUTPOHHI peakiil;
TALYS





