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Dear Colleagues,

Welcome to the 5th International Conference on Theoretical and Experimental Studies in Nuclear
Applications and Technology (TESNAT 2019). This conference is the fifth step of the TESNAT
Conference series. TESNAT 2015 was held in Osmaniye Korkut Ata University, Osmaniye,
TESNAT 2016 was held in Mustafa Kemal University, Hatay, TESNAT 2017 was held in Çukurova
University, Adana and TESNAT 2018 was held in Akdeniz University, Antalya. The world of nuclear
physics is an exciting area in which to work, and we’ll continue to meet and bring inspired people
together in conference like this, to ensure TESNAT remains at the cutting edge.

We intend in this conference to discuss and compare all applicable methods as are being applied at
present in nuclear physics. The problems faced in these fields at present are focused in the
development of new methods and in the improving of existing techniques to achieve an understanding
of existing experimental data and in predicting with high reliability new properties and processes. We
propose this conference as a mean to bring together all these related communities with the goal of
creating an enriching dialog across the disciplines. The conference will give an overview on the
theoretical and experimental challenges in nuclear physics and applications.

We’d like to thank each of you for attending our conference and bringing your expertise to our
gathering. You are truly our greatest asset today and tomorrow, and we could not accomplish what
we do without your support and leadership.

TESNAT 2019 Organization Committee
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Recent developments of optically stimulated luminescence (OSL) dosimetry in
medical use

Z. YEGINGIL
Cukurova University, Art-Sciences Faculty, Physics Department, TURKEY

Abstract
This work overviews the basic principles of optically stimulated luminescence (OSL) technique, its use in ionizing
radiation dose measurements and its applications in radiotherapy, radiology, nuclear medicine and heavy charged particle
treatments. In this brief review, a simple phenomenological model of the OSL technique is described and the main
processes taking place in the dosimeter during irradiation and readout are included. The possible processes affecting the
OSL and different stimulation modalities to be used in OSL technique are described. The essential elements required for
an OSL measurement are demonstrated. For in vivo measurements in clinics, an optical fiber system consists of an
Al2O3:C probe with a size of a millimeter is used. This system provides the information on both the dose rate and the total
dose from the readout of radioluminescence and OSL signals respectively, from the same probe. Finally, Al2O3:C probe
dosimeters, available Al2O3:C dosimeters, BeO dosimeters and other dosimetric materials are presented in this review.
Key words: Dosimetry; OSL; X-ray; Radiotherapy, Radiology; Diagnostic imaging; Medical imaging

Introduction
Recently, significant advances have been made in description of the OSL mechanism to explain the behavior of radiation
sensitive materials which have various types of dosimetry traps, recombination centers and competing deep traps. OSL
dosimeters are designed to provide dose amount by irradiation of x, gamma, beta and neutron. These dosimeters are
suitable in personal dose measurements, environmental dose measurements and medical applications etc. The new and
promising developments regarding OSL applications in the medical field were obtained. The Al2O3:C as a material of
choice for many dosimetric applications was specially focused on. The presented technology can provide Al2O3:C fiber
sensors with diameters as small as 300 μm. A new RL/OSL fiberoptic system has been using for in vivo and in vitro
dosimetry in both radiation oncology clinics and in radiology departments especially for diagnostic mammography.
In personal dosimetry, OSL technique has been used for almost two decades. The operation principle is identical to the
well-known thermoluminescence dosimeters (TLDs), except that the readout is performed by controlled illumination of
the dosimeter instead of by heating.
A new readout approach using fast time discrimination to separate the OSL from the stimulation light called the pulsed
OSL (POSL) technique was proposed to take advantage of the properties of Al2O3:C (Akselrod and McKeever, 1999).
In 1998, the first commercial OSL dosimetry service based on Al2O3:C and the POSL technique (LuxelTM) was
introduced by Landauer Inc. It was started to be used in radiotherapy and radiology. More recently, commercial readers
specifically designed for dosimetry have become available (Bøtter-Jensen et al., 2003; Perk et al., 2007). There exists 1.5
million users of OSL dosimeters with the 25% of the world market for dose measurements. It was also used in space by
NASA.
A project with the aim of studying alternative dosimetric materials and methods was started in 1990s at the Helmholtz
Zentrum München. Based on this research work, the use of BeO as an OSL dosimeter was studied by the radiation physics
group of the TU Dresden. It was shown, that BeO metal oxide has promising dosimetric properties, making BeO detectors
particularly suitable for being used in all applications in whole-body dosimetry measuring photons. Ceramic BeO material
has an excellent resistance to environmental influences. The BeO chips are almost tissue equivalent. Therefore, these
TESNAT 2019
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detectors show low photon energy dependence. A new personal dosimetry system based on the OSL dosimetry of BeO
was developed for monitoring of the Personal Dose Equivalent Hp(10) since 2011. Dose profiles for lung and breast
regions at prospective and retrospective CT coronary angiography using optically stimulated luminescence dosimeters
were studied (Funama et al., 2012). Optically stimulated luminescence for diagnostic and therapeutic low to medium
energy X-ray beams were indicated (Spasic and Adam, 2013). Sensitivity and stability of optically stimulated
luminescence dosimeters with filled deep electron/hole traps were sudied (Park et al., 2017). The possibility of using
OSLDs for precise dosimetry in proton and carbon therapy has worked, although the first steps in this direction have been
taken using optical fiber systems (Andersen et al., 2007; Edmund et al., 2007).
Basic theory for the OSL mechanism
In a crystalline material, the energy levels are found in the delocalized energy bands. In our case, the valence and
conduction bands are the most important ones, created by the periodic potential of the crystal. The conduction and valence
bands are separated by the forbidden band. Naturally, there are localized energy levels introduced by defects in the
crystalline structure or produced on purpose by doping the material (Bube, 1960). Ionizing radiation causes to excite
electrons to the conduction band, leaving behind holes in the valence band. In the conduction band, the electrons and in
the valence
Figure1a and b: Possible electronic transitions between the dosimeter’s energy levels during (a) irradiation and (b) readout
stages (Yukihara and McKeever, 2008) band the holes are freely move in the crystal structure until they recombine with
each other or are captured by the localized energy levels (traps). The total dose absorbed by the material depends on the
trapped charge concentration at these localized energy levels. By stimulating the trapped charges back to the conduction
band and after the electron– hole pair recombination the luminescence can be recorded. Thus, the stimulated luminescence
intensity gives the trapped charge concentration and, thereby, the absorbed dose.
Stimulation modalities

Because the stimulation can be controlled with light sources, a variety of stimulation modalities are proposed:
Continuous-wave OSL (CW-OSL). CW-OSL is the recommended stimulation modality for most applications because it
is simple. There exists continuous illumination of the dosimeters during CW-OSL while monitoring the OSL intensity.
The CW-OSL curve is typically a decay curve as shown in Figure 2.
Pulsed OSL (POSL). POSL is a technique mostly for dosimetry of low doses. Here, stimulation the dosimeter with short
pulses of light from LEDs or lasers, while asynchronously monitoring the luminescence (Sanderson and Clark, 1994) are
the main steps. The order of hundreds or thousands hertz of pulse frequency is applied and the OSL signal detected inbetween the pulses is integrated over many pulses. In dosimeters having luminescence centers characterized by long
luminescence lifetimes, an appropriate choice of timing parameters allows the detection of most of the OSL signals while
suppressing the counts associated with the scattered stimulation light, thereby improving the signal-to noise ratios and
the limits of detection (Akselrod and McKeever, 1999; McKeever et al., 1996). If the stimulation is carried out for a long
time, a decay curve is observed similar to that shown in Figure 2.
Linearly modulated OSL: Changing the known OSL decay curve into a peak-shaped function by increasing the intensity
of the stimulating-light linearly with time.
TESNAT 2019
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Figure 2. Three main OSL stimulation Modes (Yukihara and McKeever, 2008).
Measurement set-up of OSLDs
Because the intensity of the stimulation light is many orders of magnitude higher than the OSL signal, it is important to
carefully choose the filters used in front of the stimulation light source and in front of the PMT to keep the stimulation
light from being scattered into the PMT. As an example, when using broadband stimulation such as green (e.g., 525 nm)
or blue (e.g., 470 nm) LEDs, long-pass filters such as Schott GG-420 or GG-475 can be used in front of the LEDs, while
bandpass filters such as Hoya U-340 are used in front of the PMT (transmission between 290 nm and 370 nm) (BøtterJensen et al., 2003) the microStarTM reader. The OSL is read with a short stimulation (1 s) using an array of 38 green
LEDs operating in the CW-OSL mode (Perk et al., 2007). Depending on the dose level, two beam intensities are possible:
for low doses, all 38 LEDs are used resulting in maximum stimulation and higher OSL signal, but also larger degree of
signal depletion; for high doses, only 6 LEDs are used, resulting in a lower OSL signal, but low degree of signal depletion,
∼0.05% per readout (Jursinic, 2007). The light detection system includes a PMT tube with Hoya B-370 filters in front of
the PMT.
A typical schematic layout is shown for the TL/OSL reader produced by Risø National Laboratory in Fig. 3. Such readers
are normally equipped with an array of blue and IR LEDs for stimulation, but green LEDs can be used. For dosimetry
applications with Al2O3:C, green stimulation is currently recommended.,
Fiber Optic OSL Probes
The concept of combining OSL probes with optical fiber systems is to use the optical fiber to deliver the stimulation light
to the OSL probe and carry back the luminescence signal from the probe to the reader. The motivation for this approach,
as opposed to a simpler scintillator probe, is (i) the possibility of obtaining two estimates of the absorbed dose, the first
based on the RL signal emitted during irradiation and a second based on the OSL signal measured after irradiation and
(ii) the possibility of separating the OSL signal originating from a single probe from other undesirable luminescence
signals originated elsewhere (e.g., RL and Cerenkov light from the optical fiber itself—the so-called stem effect).
Fig. 4 presents the schematics of the prototype optical fiber reader developed by the research group at the Risø National
Laboratory (Andersen et al 2003, Aznar et al 2004). In this system a small Al2O3:C crystal is optically coupled to one
end of an optical fiber, while the other end of the fiber is connected to a reader containing a stimulation source and a
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detection system. Light from a green laser is optically coupled to the optical fiber for the OSL measurements. The RL
and OSL signals from the probes are carried by the fiber and reflected by the dichroic mirror to the PMT. Filters are used
in front of the PMT to block the scattered stimulation light. An alternative approach is to use bifurcated optical fibers to
separately carry the stimulation light and luminescence signal (Huston et al 2001, Polf et al 2002).

Figure 3. Schematic drawing of the Risø TL/OSL luminescence reader (https://www.nutech.dtu.dk/english/products-and-services/radiationinstruments/tl_osl_reader/manuals)

Figure 4. Conceptual diagram of the optical fiber systems developed by the research group at Risø National Laboratory (Aznar et al., 2004). Small
Al2O3:C dosimeters.

Basic properties of Al2O3:C in medical applications: NanoDot Dosimeter
NanoDots are Al2O3:C dosimeters. They are designed to measure point radiation dose measurements and are to be
readout by a specially developed equipment Microstar. They can be used in medical application and in vivo dosimetry.
Because it is small it does not effect the treatment process. They can be used without buildup to measure surface dose. In
radiotherapy departments, they can be used with buildups to obtain deep dose values.
Technical Specifications:
landauer.co.jp/english/inlight/dosimeters.html)

(https://www.nagase-

Dose operating range

For general applications, useful dose range 10 µGy to >100Gy;

Lower Limit of Detection(LLD)

0.1 mGy

Useful Energy Range

From 5 keV to 20 MeV
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Accurate within ±10% over diagnostic energy range 70-140 kvP; within ±5% for

Energy Dependence

Accuracy

(total

photons and electrons from 5 MeV-20MeV

uncertainly

measurement)

Precision

-

single

±10% with standard nanoDod; ±5.5% with screened nanoDot

±5%, k=2 for both standard and screened nanoDot

Figure 5. Landauer NanoDots and Microstar reader.
Conclusion
The OSL signals following irradiation when stimulated by continuous-wave blue or IR light are recorded and can be used
for absorbed dose measurements in the medical applications. It is known that OSL signals in nanoDots OSL dosimeters
increase linearly with dose. Sensitivities of the nanoDots depend on the stimulation light wave length and the beam
energy, and are higher with blue stimulation than with IR stimulation. Based on the present technology used and the
background PMT counts, the current minimum detectable dose (MDD) values are estimated as 0.1 mGy for blue
stimulation. The dose operating range of the Al2O3:C nanoDot OSLDs is from 10 μGy to 100 Gy. Improvements in
technology may very well lead to improvements, lowering, of the MDD. Useful energy range is changing between 5 keV
and 20 MeV. Therefore, the experiments have indicated that continuous wave stimulation with wavelengths in the blue
region is the most promising of the investigated stimulation schemes for the nanoDot OSLDs.
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Theoretical calculations of energy levels for even-even Si, S and Ar nuclei

S. AKKOYUNa, M. BÖYÜKATAb
a

Department of Physics, Faculty of Science, Sivas Cumhuriyet University, Turkey

b

Department of Physics, Faculty of Art and Science, Kırıkkale University, Turkey

Abstract
In this proceeding, the energy levels of even-even Si, S and Ar nuclei have been calculated by using both the nuclear shell
model (SM) and interacting boson model (IBM). These models are quite useful to calculate the low-lying energy levels
of given nucleus. For the SM calculations, the 16O nucleus was considered as inert core and the 0d5/2, 1s1/2, 0d3/2 single
particle orbitals were used as the model space. The results were compared with each other and with the experimental data.
Keywords: Energy level, shell model, interacting boson model, sd shell
Introduction: The models
The atomic nuclei display different attitudes along to the nuclear chart. Some models are developed to explain the nuclear
properties of very complex atomic nuclei, such as the shell model and the interacting boson approaches. The nuclear shell
model (SM) [1-3] and interacting boson model (IBM) [4] are the quite successful models to understand the nuclear
structure. The calculations of these models have been widely applied to understand the energy levels for many nuclei and
results are in good agreement with experimental data. In this proceeding, we presented the results of the energy levels of
even-even Si, S and Ar nuclei calculated by using both SM and IBM models. In the SM model, the nucleus is considered
as a quantum mechanical system consisting of nucleons. The SM calculations are performed by the solution of the
Schrödinger equation [2]. The IBM model is a algebraic approaches to explain the properties of nuclei by fitting the
parameters given as the constant in the model Hamiltonian. For the SM calculations, the improved USDB [5] interactions
were used for the sd shell and the multipole form of IBM Hamiltonian were used for the IBM calculations.
Results: Discussion and Conclusion
In the SM calculation, the16O nucleus is used as inert core for the even-even Si, S and Ar nuclei. The valence particles
located outside of this core are considered to have different levels in the sd shell. In the calculations, the matrix elements
are generated by using the appropriate interaction potential. The energy levels of the given nuclei can be calculated within
the solution of the eigenvalue equation. The improved USDB-type interaction were used and the Lanczos algorithm [6]
are discussed in the diagonalization of matrices. In the present application, the existing computer program KShell [7]
were used for the calculations with the modification according to the given nuclei. Following simple model Hamiltonian
# = 𝜖𝑛'( + 𝜅 𝑄- ∙ 𝑄- + 𝜅 / 𝐿- ∙ 𝐿𝐻

(1)

including three parameters were used fitted from the experimental data to obtained better results for the IBM calculations.
The obtained results are collected in the Figure for all given even-even 28-30Si, 28-34S, and 32-36Ar nuclei. Figure is plotted
in color where the experimental data, the SM and the IBM calculations are denoted respectively by black, red and blue
lines. As seen in this figure, the calculated results for 28Si, 30Si, 28S, 30S, 34S, 32Ar and 34Ar nuclei are close to experimental
data. It is clearly seen that the SM calaculations are closer to experimental data than IBM calculations. However, other
results for 24Si, 26Si, 32S and 36Ar nuclei far from experimental data especially the SM calculations.
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Fig. 1. The energy levels of ground state bands for given even-even 24-30Si, 28-34S and

32-36

Ar nuclei.

In this preceding, some basic calculations for energy levels are presented for the selected even-even istopes of Si , S and
Ar nuclei in the light-mass region. These calculations are performed within the nuclear shell model and interacting boson
model. The detail calculations are still in progress to expand the other energy levels and also for B(E2) values within the
same models.
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Theoretical investigation of cross-section calculations for 62Ni(p,γ)63Cu and
63

Cu(γ,n)62Cu reactions
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Abstract
In this study, 63Cu(γ,n)62Cu reaction cross-section calculations have been performed by using gamma ray strength
functions of Brink-Axel Lorentzian and Kopecky-Uhl Lorentzian and also level density models of Constant Temperature
Fermi Gas Model, Back Shifted Fermi Gas Model and Generalised Superfluid Model. The relative variance analyses have
been used for determining the best models. Also, new giant dipole resonance (GDR) parameters for E1 transition have
been obtained from experimental data taken from Experimental Nuclear Reaction Data Center, and calculations have
been performed again by using the obtained new GDR parameters. 62Ni(p,γ)63Cu reaction cross-sections have been
computed by using the best models and new GDR parameters. All calculations have been performed by using TALYS
1.8 code.
Introduction
Photonuclear reaction data is crucial to understanding the nature of atomic nuclei and solving nuclear physics phenomena.
There has a variety of current or emerging applications such as radiation shielding and transport analyses, calculations
absorbed dose during radiotherapy, fission and fusion reactor design, activation analyses, nuclear waste transmutation
and astrophysical nucleosynthesis.
There has been numerous study for photonuclear reactions which is are performed by experimentally or theoretically in
the literature. Several reaction codes, such as TALYS, EMPIRE, ALICE/ASH and GNASH, are developed for
understanding the experimental data. Gamma strength function and level density information are some of the most
important ingredients for theoretical calculations of photonuclear reactions. Gamma ray strength functions, which are
known as radiative strength functions, are significant for the description of the gamma emission channels of compound
nuclei. Level density and gamma strength function effects on reaction cross section calculations are attractive area for
scientist [1,2]. Researchers usually carry out theoretical calculations due to the possible experimental difficulties and
efficiency optimizations for these investigations. There exist many studies that shows the importance of theoretical
examinations on the material development studies. The common point of these studies is the usage of computer aided
calculation codes to obtain the requested data [3-5].
In this study, 63Cu(γ,n)62Cu reaction cross-section calculations have been performed by using gamma ray strength
functions of Brink-Axel Lorentzian [6] and Kopecky-Uhl Lorentzian [6] and also level density models of Constant
Temperature Fermi Gas Model [7], Back Shifted Fermi Gas Model [8] and Generalised Superfluid Model [9]. The relative
variance analyses have been used for determining the best models. Also, new giant dipole resonance (GDR) parameters
for E1 transition have been obtained from experimental data taken from Experimental Nuclear Reaction Data Center
(EXFOR) [10], and calculations have been performed again by using the obtained new GDR parameters. 62Ni(p,γ)63Cu
reaction cross-sections have been computed by using the best models and new GDR parameters. All calculations have
been performed by using TALYS 1.8 [6] code.
Theoretical Calculations
The giant dipole resonance is the name given to the broad peak which appears in y-ray absorption cross sections of nuclei
when these are measured with sufficiently bad resolution. The energy of the peak is generally between 13 and 25 MeV
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and is a slow function of mass number. The width of the peak is between 3 and 10 MeV, being smallest for closed-shell
nuclei and greatest for nonspherical nuclei [11]. TALYS 1.9 calculates photonuclear cross section calculations by using
GDR parameters included in its library. If the value for the GDR parameters is not present in the directory, it is calculated
from systematics.
Gamma strength functions and level density models are key input parameters for photonuclear cross section calculations.
Gamma strength function describes the average energy distribution of photon emission from highly-excited states or
cross–section for photon absorption [2].
Main aim of in this study is to investigate the GDR parameter set, which is used to obtain strength function, belong
compound nucleus or target. For this question we have used Hauser Feschbach Model [12] because energy region of
investigated reactions are belongs to compound process area.
Results
Within the purpose of this study, cross section calculations of 63Cu(γ,n)62Cu and 62Ni(p,γ)63Cu have been given in Figs.
1-4. Also new GDR parameters and relative variance analyses have been shown in Table 1-3.
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Figure 1. 63Cu(γ,n)62Cu cross section calculations by using gamma strength functions
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Figure 2. The same as Fig.1 but for level density models
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In Fig. 1, photo-neutron cross section calculations of 63Cu have been given. Brink-Axel and Kopecky-Uhl Lorentzian
Models follows experimental data from below. According to relative variance analyses given in Table 2, Brink Axel
lorentizan model are the more successful than Kopecky-Uhl Lorentzian Model to estimate EXFOR data.
63

Cu(γ,n)62Cu reaction cross section calculations by using level density models have been presented in Fig. 2. Gamma
strength function has been selected as Brink-Axel Lorentzian Model for this calculation. All level density models gave
close cross section results with the each others. According to statistical analyses GSM model has been found as the best
level density model.
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Figure 3. 63Cu(γ,n)62Cu cross section calculations with new GDR parameters

After selecting the best models, Lorentzian fit has been done for determining the new GDR parameters. Results of fitting
can be seen in Table 1. After that, 63Cu(γ,n)62Cu reaction cross section calculations with the new GDR parameters have
been redone by using the best gamma strength function and level density model. Computation results versus EXFOR data
has been given in Fig. 3. As can be clearly seen all calculations are in good harmony with the experimental data.
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Figure 4. 62Ni(p,γ)63Cu cross section calculations
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In Fig. 4, reaction cross section calculations of proton capture reactions for 62Ni have been given. Default and new GDR
parameters of 63Cu have been used for calculations. All calculations have exhibited similar geometry with experimental
data. But default model is the more successful than calculations done with new GDR parameters. It can be speculated that
using of (γ,n) reaction for selecting GDR parameters is using of this results. But there is no experimental data for
63
Cu(γ,abs) reactions at EXFOR database.
According to results it can be said that, GDR parameter set, which is used to obtain strength function, belong compound
nucleus.
Table 1. New GDR parameters for 63Cu

Table 2. Relative variance analyses for gamma strength functions

E_peak (MeV)

σpeak (mb)

Г

Figure

Brink-Axel

Kopecky Uhl

17.18

79.33

5.63

Figure 1

0.2635

0.3985

Table 3. Relative variance analyses for level density models

Figure
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Figure 2

0.2635

0.2499

0.2363
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Some energy transitions in Ti and its yields after photonuclear reaction
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Abstract
In order to observe energy transition between nuclear levels, the nucleus under investigation have been excited to higher
levels. One of the basic way to perform this task is the absorption of a gamma-ray photon by nucleus. Then the
accompanying ejection of protons, neutrons or light particles from the nucleus is called photonuclear reaction. For the
activation of the target nucleus, bremsstrahlung photons might be used which are also generated from a medical linear
accelerator. Due to particle separation energy limitation, for low photon energy (~15 MeV), the reaction exit channels are
limited to ejection of 1-2 particles. Thus the gamma spectrum is relatively clear and the use of ancillary detectors to HPGe
is not highly needed. In this study the breemstrahlung photons have been used for the activation of titanium target. The
yields of reaction on stable Ti isotopes have been measured The results are consistent with the literature values.
Keywords: Photonuclear reaction, energy transition, titanium, bremsstrahlung
Introduction
Activating a nucleus by high energy photons are known as photo activation method. If the absorption cross section is high
enough, target nucleus are activated by photons. Particularly, if one or more nucleons are emitted from the target nucleus
after activation, this reaction takes the name of photonuclear reaction. Excited nucleus emits nucleons or gamma-rays in
order to get rid of its excess energy. Emitting nucleons can cause transmuting to short-lived radionuclide. The unstable
nuclides decay to stable ones by beta decay or electron capture processes. These types of reactions have an importance in
various fields of nuclear physics studies [1-3]. For instance, the studies are determination of neutron binding energy,
identification of nuclear energy levels and nuclear deformations and specification of half-life of the unstable isotopes.
Furthermore, the photonuclear reactions are also important for the application of radiation protection, dosimetry,
calculation of absorbed dose, designing radiation shielding and activation analyses.
The character of the interaction in reaction is pure electromagnetic due to the nature of the photon. In the giant dipole
resonance region (about 15-30 MeV), photonuclear reaction cross sections are quite large. The experimental studies on
these reactions have begun in 1934 [4], but the data in the literature is still incomplete. Therefore, systematic studies
related to photonuclear reactions on different target materials by different energies are needed. Determination of the
multiple element simultaneously, non-destructive structure of the process, requiring no time-consuming chemical
separation procedure, deeper penetrating capability of the photon into the target are some of the advantages of the
photonuclear reactions [5]. In this study, the radioactive yields of the photonuclear reaction products of titanium nuclei
have been investigated. Previous experimental investigations into the photodisintegration of titanium isotopes are
presented in Refs. [6-12].
Experiment
Photonuclear reaction on titanium target with high energy bremsstrahlung photons have been performed by using clinical
linac. Thus, Elekta Synergy medical linear accelerator has been used for the generating of the photons which is capable
to provide sufficient photon intensity for the reaction [13-17]. The primary electron beam with 50 keV energy is
accelerated into a copper cavity by 3 GHz radio frequency with about 5MW peak power. The average electron current
was about 30 μA at electron energy of 18 MeV. The electrons were stopped by hitting the tungsten target. By slowing
down the electrons, bremsstrahlung photons were produced with 18 MeV maximum energy. The resulting photon beam
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is uniform forward focused because of its flattening and collimating with filters. The target was placed 58 cm away from
the photon source. The irradiation time was 1 hour.
After irradiation process, the residual activity of the target has been measurement by a HPGe (AMATEK-ORTEC
(GEN40P4-83)) detector. It is p-type coaxial detector with electrical cooling system. The relative efficiency is 40% and
the FWHM is 1.85 keV for energy values of 1332 keV. The detector is connected to bias supply, amplifier, analog-todigital converter and a computer. The detector is placed into a lead shield with 10 cm thickness. In order to protect the
detector from x-rays arising in lead, inner surface of the shield is covered by 2 mm copper foil. The standard calibration
sources of 22Na, 54Mn, 133Ba, 137Cs, 57Co and 60Co has been used for the energy calibration. The total counting time were
taken about 74.3 hours. The gamma-ray spectrum measured by HPGe has been shown in Figure 1.

Fig. 1. Gamma-ray lines of radioactive products of the reaction measured with the HPGe detector.

Results
A natural mixture of titanium isotopes contains 5 isotopes with the natural abundances of 8 8.25% 46Ti, 7.44% 47Ti,
73.72% 48Ti, 5.41% 49Ti and 5.18% 50Ti has been used as a target material. Only one neutron and one proton separation
energies are below the 18 MeV energy thresholds. In order to foresee the expected yields produced after the reaction, we
have to basically know the proton and neutron separation energies from titanium target. Only one neutron/proton
separation energies are below 18 MeV. Therefore we expected to see only (γ,n) and (γ,p) reactions. We have shown in
Table 2 the some measured energy transition from the experiment. As can be seen in the table that the measured energies
are close to the literature values [18]. The maximum and minimum differences between measured and existing literature
values are 1 and 0.03 keV for 934 keV and 1509 keV transitions, respectively.
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Table 2. List of observed and literature transition energies from Ti activation with the error values if exist (The energies of observed transitions
indicated by asterisk (*) might be from more than one yields whose transition energies are close to each other).
Nuclei
45
Ti
46

Sc

47

Sc

48

Sc
Sc

49

Energy (keV)
934.0 (5)
966.80 (4)
295.04 (4)
860.54 (4)*
1509 (6)
1763.8 (4)
2203.5 (9)*
2613.62 (6)
582.9 (4)*
911.0 (3)
1237.8 (4)*
1620.2 (4)*

Literature Energy (keV)
933
966 (1)
295.239 (13)
860.72 (4)
1509.03 (16) or 1509.3 (2)
1763.28 (14)
2203.57 (18)
2614.0 (11)
583.2
910.5
1238.4 (3)
1620.0 (15)

Conclusions
The photonuclear reaction performed on titanium isotopes in the giant-dipole-resonance region has been studied.
Bremsstrahlung photons whose spectrum has the endpoint energy of 18 MeV have been used. The sample material
residual activity have been measured. The observed results have been compared with the literature values. Our aim was
not only obtaining more sensitive and accurate energy values for the transitions in the isotopes, but also to show the
usefulness of this relatively basic method. Additionally, we have showed that a clinical linear accelerator is a basic
equipment in determination of the energies of the isotopes.
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Abstract
One of the most important part of fusion reactor design is making a decision on the selection of structural materials which
are resistant to the effects of radiation. In this study, the neutron emission spectra of fusion reactor structural elements
90,94
Zr have been investigated by equilibrium and pre-equilibrium nuclear reaction models by bombarding single energetic
alpha particles at 26.8 and 45.2 MeV. Hauser Feschbach and Two Component Exciton models have been employed for
calculations. Obtained results have been compared with the experimental data taken from Experimental Nuclear Reaction
Data Center.
Introduction
Structural materials represent the key for containment of nuclear fuel and fission products as well as reliable and
thermodynamically efficient production of electrical energy from nuclear reactors. Advanced materials can enable
improved reactor performance via increased safety margins and design flexibility, in particular by providing increased
strength, thermal creep resistance and superior corrosion and neutron radiation damage resistance [1]. The materials used
in fusion reactor must be resistance to the harmful effects of radiation in the manner of material itself. Selection of the
appropriate materials used in nuclear reactor has a crucial importance to achieve the maximum efficiency and security
[2]. To investigate radiation effects on structural materials experimental and theoretical studies have been done for a long
time. Theoretical studies focus on calculations of attenuation coefficient, stopping power, penetrating distance,
cross-section and energy spectrum of secondary particles [3-7]. Scientists use computer codes such as GEANT, TALYS,
ALICE/ASH, MCNP and EMPIRE for theoretical investigations.
In this study, neutron emission spectra of 90,94Zr at 26.8 and 45.2 MeV energies have been investigated by TALYS 1.8
[8] nuclear reaction code. Hauser Feschbach [9] and Two Component Exciton [8] models have been used for calculations.
Model results have been compared with the experimental data taken from Experimental Nuclear Reaction Data Center
(EXFOR) [10].
Theoretical Calculations
Nuclear reactions can be classified in three groups as compound, direct and pre-equilibrium reactions. The hypothesis of
compound reactions are made that, a collision between a high-speed projectile particle and a heavy nucleus will be in the
first place result in the formation of a compound nucleus. After that, compound nucleus decays according to the statistical
laws. Experimental studies indicated that the spectra of particles emitted in a process by an energetic projectile have three
distinct contributions. At low energies, there is a Maxwellian peak corresponds to the compound reaction and other end
of the spectrum mono-energetic peaks for direct reaction. In between of two reaction mechanisms, there is the
structureless pre-equilibrium reaction which has a weak mass dependence [11].
These reaction mechanism studies have crucial importance to investigate the angular distribution of secondary particles
emitted from materials used in nuclear reactors. To invesitage compound and pre-equlibrium reactions’ contributions,
Hauser-Feshbach and Two-Component Exciton models have been used, respectively.
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Results
In this paper, neutron emission spectra of 90,94Zr(α,xn) reactions at 26.8 and 45.2 MeV were examined by using Hauser
Feshbach and Two-Component Exciton models. Calculation results with respect to the experimental data were given in
Figures 1-4.
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Fig. 1. 90Zr(α,xn) reaction at 26.8 MeV

Fig. 2. The same as Fig. 1 but for 45.2 MeV

Investigation of the neutron emission spectra on 90Zr(α,xn) reaction have been given in Fig. 1. All calculations are in good
agreement with the experimental data up to 7.5 MeV. After this energy, compound reaction calculations slow down
dramatically but pre-equilibrium results follow experimental data from below up to 18 MeV.
90

Fe(α,xn) reaction results at 45.2 MeV have been shown in Fig. 2. Hauser-Feshbach Model have been consisted with
experimental data up to 10 MeV. Two-Component Exciton Model results are in good agreement with the EXFOR data
up to 30 MeV. Pre-equilibrium proceses have been found dominant after 10 MeV.
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Fig. 3. The same as Fig. 1 but for 94Zr

Fig. 4. The same as Fig. 3 but for 45.2 MeV

Compound and pre-equilibrium mechanism effects on neutron emission spectra of 94Fe(α,xn) at 26.8 MeV have been
shown in Fig. 3. As can be seen in Figure 3, Hauser-Feschbach Model results have been mismatched the experimental
data after 7 MeV. Pre-equilibrium reaction results are coherent with the EXFOR data up to 19 MeV. According to the
experimental data, it can be speculated that direct reaction mechanism are dominant after 19 MeV neutron energy.
Outcomes of 94Zr(α,xn) reaction results at 45.2 MeV have been given in Fig. 5. Hauser-Feshbach calculations are in good
agreement with the experimental data up to 10 MeV. Pre-equilibrium reaction calculations are in good harmony with the
experimental data up to 30 MeV.
In this study, equilibrium and pre-quilibrium reaction mechanism effects on neutron emission spectra of 90,94Zr(α,xn)
reactions at 26.8 and 45.2 MeV have been investigated. Generally; all pre-equilibrium calculations have been in good
harmony with the experimental data, whereas calculations based on compound reaction are consistent with EXFOR data
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up to 8-10 MeV energy region.
*This article is evaluated from thesis of Hasan ÖZDOĞAN.
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SO(6) representation of eigenstates in the prolate to oblate shape phase
transitional region
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Abstract
We have devoleped a computional code to determine the SO(6) representation of eigenstates for Pt isotopes which are
located in the prolate to oblate shape phase transitional region. Parameter free (up to overall scale factors) predictions for
spectra, B(E2) transition rates and two neutron separation energies are found to be in good agreement with experimental
data.
Introduction
Investigation of significant changes in energy levels and electromagnetic transition rates resulting in the shape phase
transitions [1-4] from one kind of collective behavior to another has received a lot of attention in recent years. The new
symmetries called X(5) and E(5) are obtained within the framework of the collective model. These dynamical symmetries
have employed to describe the atomic nuclei at the critical points. In the interacting boson model (IBM) framework [15], a very simple two-parameter description has been used leading to a symmetry triangle describing many atomic nuclei.
This model describes the nuclear structure of the even–even nuclei within the U(6) symmetry, possessing the U(5), SU(3)
and O(6) dynamical symmetry limits. No phase transition is found between the SU(3) and O(6) vertices of the triangle.
However, as discussed in Refs. [5-9] in the context of catastrophe theory, an analysis of the separatrix of the IBM-1
66666666) and prolate
Hamiltonian in the coherent state formalism shows that there is a phase transition in between oblate (𝑆𝑈(3)
(SU(3)) deformed nuclei. This phase transition and its critical point symmetry, which in fact, coincides by the O(6) limit
has described from the standpoint of physical observables in Refs. [5-9] by Jolie et al. In this paper, we have considered
phase transition between SU(3) and 66666666
𝑆𝑈(3) limits of IBM. A simple Hamiltonian with two control parameters was used
[3-4]. Also, the SO(6) representation [8-9] of eigenstates is obtained and then, matrix elements of quadrupole term in
Hamiltonian are determined for systems with total boson number N=3,4. Variation of control parameter, i.e. c, between
66666666 limits suggest level crossing and also represent significant changes in quadrupole transition rates. Also,
SU(3) and 𝑆𝑈(3)
parameter free prediction for energy spectra and B(E2) transition rates by c=0, have compared with the most recent
available experimental data for some nuclei which known as the empirical evidences for O(6) dynamical symmetry limit,
namely 198-200Pt isotopes which an acceptable degree of agreement is achieved.
In the Interacting Boson Model (IBM), one would achieve a very simple two parameters description leading to a symmetry
triangle which is known as extended Casten triangle [1]. To consider transitional regions, it is parameterized using simple
Hamiltonian as has been introduced in Refs. [3,8].
# (𝑁, 𝜂, 𝜒) = 𝐸< + 𝜂𝑛( + =>? 𝑄-A 𝑄-A + 𝐶𝐿C
𝐻
@

(1)

Where 𝑛( = 𝑑E ∙ 𝑑 is the d-boson number operator and 𝑄F = (𝑠 E 𝑑 + 𝑑E 𝑠)(C) + 𝜒(𝑑E × 𝑑)(C) represents the quadrupole
operator and 𝑁 = (𝑛I + 𝑛( ) stands for the total number of bosons. h and c are regard as control parameters and can vary
within the range 𝜂 ∈ [0,1] and 𝜒 ∈ [−P7⁄2 , +P7⁄2]. The transitional region in this study, namely prolate-oblate
transitional region, passing through the O = 6 dynamical symmetry limit, is known to be situated close to the upper right
leg of the extended Casten triangle with h = 0.
Algebraic structure of IBM in the SO(6) basis has been described in detail in [8-9]. Here, we briefly outline the basic
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ansatz and summarize the results. Classification of states in the SO(6) representation is [8].
𝑈(6)
↓
[𝑁]

⊃ 𝑆𝑂(6)
↓
[∑]

⊃ 𝑆𝑂(5)
↓
[𝜏]

⊃ 𝑆𝑂(3)
↓
[𝐿]

⊃ 𝑆𝑂(2)
↓
[𝑀]

(2)

with using similar procedure which has done in [8], we show |[𝑁]〈𝑁〉(𝜏)𝜈∆ 𝐿𝑀⟩ as eigenstates with zero eigenvalues and
the normalized two-boson SO(6) representation for systems with total boson number N = 4-5. Now, with using these
eigenstates, the energy spectra for considered systems are determined as
⟨[𝑁]〈𝜎〉(𝜏)𝜈∆ 𝐿𝑀|𝐻|[𝑁]〈𝜎〉(𝜏)𝜈∆ 𝐿𝑀⟩ = 𝐸< + 𝜂𝑛( + def
𝜀 + 𝐶𝐿(𝐿 + 1)
g

(3)

Since, Hamiltonian (1) is not diagonal in SO(6) basis, we have solved the eigenvalue problem numerically. The e term in
Eq. (3) denotes the analytical expressions of quadrupole term in Hamiltonian as presented in [8]. On the other hand, The
reduced electric quadrupole transition probabilities B(E2) are considered as observable which as well as quadrupole
moment ratios within the low-lying state bands prepare more information about nuclear structure.The electric quadrupole
transition operatör [8].

Fig. 1. Extended Casten triangle for all four dynamcal symmetries.

T ( E 2) = e[(s† d! + d † s)(2) + c (d † d! )(2) ]

,

(4)

would employ in the consistent-Q formalism [8-9], namely, with the same c value as considered Hamiltonian. The
reduced electric quadrupole transition rates between

B( E 2;a i J i ® a f J f ) =

a f J f T ( E 2) ai J i
2Ii + 1

ai J i ® af J f

states are given by

2

,

(5)

We have used the SO(6) representation for considered states in the calculation of energy spectra, quadrupole transition
probabilities and two neutron separation energies which results are presented in the Figs. 2 and 3 for 198-200Pt isotopes,
respectively and also compared with the experimental counterparts. These nuclei are known as the best candidates to
locate near or in the critical point of oblate to prolate phase transitional region, e.g. O(6) dynamical symmetry.
Energy spectra which obtained in this approach are generally in good agreements with the experimental data and indicate
the elegance of extraction procedure which presented in this technique and they suggest the success of guess in
parameterization. Results of present analysis for different quadrupole transition ratios interpret a satisfactory agreement
in comparison with experimental counterparts [29-30], too. In all tables of the present paper, the uncertainties of
experimental data which are smaller than the size of symbols are not represented.
Energy spectra which obtained in this approach are generally in good agreements with the experimental data and indicate
the elegance of extraction procedure which presented in this technique and they suggest the success of guess in
parameterization. Also, our results for different quadrupole transition ratios interpret a satisfactory agreement in
comparison with experimental counterparts where the uncertanity in the intra-band transitions is increased in comparison
with interband ones. These results give information on the structural changes in nuclear deformation and shape-phase
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66666666 leg of the extended
transitions. These results may interpret these nuclei as situated on or very near the SU(3) ! 𝑆𝑈(3)
Casten triangle. They exhibit a prolate-oblate phase transition in their shape which can be described at the transition by
the O(6) limit of the IBM. The results obtained reinforce this new interpretation.

Fig. 3. Energy spectra and two neutron separation energies for198Pt

Fig. 2. Energy spectra, B(E2) transition probailities (in W.u.) and
198

two neutron separation energies for Pt which are determined by

which are determined by Eq. (3). Experimental counterparts are

Eq. (3). Experimental counterparts are taken from [10].

taken from [11].
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On the ground-state nuclear properties of superheavy Hs, Ds and Cn nuclei
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Abstract
One of the hot topics in nuclear physics is superheavy elements (SHE). Synthesizing of SHE researches is continued in
lab. These efforts also trigger theoretical studies on nuclear structure properties of SHEs. In the present study, we have
investigated nuclear ground-state properties of isotopic chains of Hs (Z=108), Ds (Z=110) and Cn (Z=112) SHE by using
Relativistic Mean Field (RMF) approach which is well known to be successful model for description of finite nuclei. The
binding energies, two-neutron separation energies, alpha decay energies, charge radii and quadrupole moment
deformation parameters of considered isotopic chains have been calculated by using non-linear version of RMF model
with NL-SH and NL3* parameter sets. The results have been found as in agreement with the limited number of
experimental data. Furthermore, alpha decay half-lives of the considered nuclei have been predicted by using a semiempirical formula based on our calculated results. Also, the data of nuclear ground-state properties of Hs, Ds and Cn
isotopic chains within the framework of RMF model have been tabulated.
Keywords: Superheavy nuclei, ground-state properties, binding energy, alpha decay energy, alpha decay half-life
Introduction
Due to the success of laboratory work in the superheavy isotopes region, theoretical studies on the investigation of the
ground state properties such as binding energies, two neutron separation energies, alpha decay energies, alpha decay halflives, charge radius and deformation parameters have increased in recent years [1-11]. The better understanding of
structures and properties of SHEs can provide important knowledge for the region of existing nuclei and chemical
elements. Also, this can be responsible for making a change in our conception of the material world's boundaries [12].
Many nuclear research centers have started preparing experiments for the synthesising of SHEs since 1970 [15-25]. Due
to the successful synthesizing of SHEs in the laboratory, some of them has been stimulated (Z=113-118), recently at
Livermore (LLNL), Oak Ridge (ORNL), Knoxville (UT), Nashville (VU) and Russian centers (RIAR) [13].
SHEs have large number of protons and neutrons numbers. Therefore, their nuclear stability, size and predicted spherical
shell closure at N=184 and around Z=114-126 are under investigation. Furthermore many nuclear models have been
employed to investigation of shell closure for proton and neutron numbers in superheavy region. In the study of Bayram
et al., N=162 and N=184 have been found as to be possible magic neutron numbers in superheavy island by using RMF
model with non-linear interaction parameters [14]. Some properties of SHE, such as binding energy, alpha decay energy
and alpha decay half-lives of SHE have been intensively studied by using various nuclear models such as macroscopicmicroscopic models, Skyrme-Hartree-Fock and RMF model. The authors refer to read [10-11] and references therein.
In this study, we have investigated ground-state nuclear properties of superheavy isotopic chains of 260-280Hs (Z=108),
264-284
Ds (Z=110) and 268-288Cn (Z=112) using the NL3* and NL-SH parameter sets in the axial deformed RMF model and
compared to limited number of experimental data. The reason use of RMF model is high degree of accuracy in the
description of nuclear ground-state properties [26-27].
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Relativistic Mean Field Model
The RMF model is a relativistic quantum field theory model proposed by Walecka (1974), in which nucleons described
by Dirac spinor interact with the exchange of mesons (σ, ρ, ω and photons). The starting the point of RMF theory is
Lagrangian density includes this interactions is given as

{

}

1
2

L = y i ig µ ¶ µ - M y i + ¶ µs¶ µs - U (s ) - gsy iy is
1
1
- Ωµn Ωµn + mw2 w µwµ - gw y ig µy iwµ
4
2

(1)

! !
1 ! !
1
! !
- R µn Rµn + mr2 r µ r µ - g ry ig µty i r µ ,
4
2
-

(1 - t 3 ) y A ,
1 µn
F Fµn - ey ig µ
i µ
4
2

where Dirac spinor ψ refers the nucleon with mass M. σ, ω and ρ mesons denotes attractive scalar interactions, repulsive
vector interactions and isospin asymmetry, respectively. mσ, mω and mρ denotes masses of this mesons. gσ, gω, and gρ
correspond to the nucleon-meson coupling constants. U(σ) term includes explicit form given as

U (s ) =

1
1
1
ms s 2 + g 2s 3 + g3s 4 .
2
3
4

(2)

τ represents the isospin of the nucleon and τ3 represents the third component. In this case, the model is called the nonlinear
Walecka model. The expression g2 and g3 in the expression given in equation 2 are an effective intensity dependency and
is set from the experimental data for the appropriate definition of the nuclear surface. The field tensors for vector mesons
and electromagnetic field are as shown below

W µn = ¶ µ wn - ¶n w µ
!
!
!
!
!
Rµn = ¶ µ rn - ¶n r µ - g r ( r µ ´ rn )
F µn = ¶ µ An - ¶n A µ

(3)

.

In terms of classical relativistic field theory, fields represented by qi=ϕ,V,ψ are quantum numbers. Lagrangian density
can be used in the classical variation principle given as

d dtL = d d 4 xL ( qi , ¶ µ qi , t ) = 0 .

ò

ò

(4)

This provides a set of coupled equations namely the Dirac equation with potential terms for the nucleons and the KleinGordon equations with sources for the mesons and the photon. Dirac equation for the nucleon is

ìï µ æ
(1 -t 3 ) A ö + M + g s üïy = 0 .
!!
íg ç i¶ µ + gwwµ + g rtrµ + e
µ÷ (
s )ý i
2
ø
îï è
þï

(5)

Klein-Gordon like equations are
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{-Ñ

2

+ ms2 s ( r ) = - gs r s ( r ) - g 2s 2 ( r ) - g3s 3 ( r )

}

{-Ñ

2

+ mw2 w µ ( r ) = gw J µ ( r )

{-Ñ

2

!
!
+ mr2 r µ ( r ) = g r J µ ( r )

}

(6)

}

-Ñ 2 Aµ ( r ) = eJ pµ ( r )

Here scalar intensity for σ-meson field

rs ( x ) =

A

åy ( x )y ( x) ,
i

(7)

i

i =1

Current density for the ω-meson field

J µ ( x) =

A

åy ( x ) g y ( x) ,
µ

i

(8)

i

i =1

The iso-vector current density for the ρ-meson field

!
J µ ( x) =

A

µ!

åy ( x ) g ty ( x ) ,
i

(9)

i

i =1

And proton current density for the photon field

J pµ ( x ) =

A

åy ( x ) g
i

i =1

µ

(1 - t 3 )y
2

i

( x ),

(10)

The anti-particle contribution is neglected in the applications of the RMF model in order to be able to define the groundstate properties of nuclei. In the mean-field approach, the operators of the meson field are re-arranged with their predicted
values. Thus, n nucleons are defined by slater determinants

f

of single-particle spinors (ψi) that move independently

in the classical meson areas, and sources of mesons are defined by nucleon currents and densities. The Dirac spinor ψi is
characterized by the quantum numbers Ωi, πi and ti and as it is given below
𝑓ku (𝑧, 𝑟w )𝑒 k(Ωz>?⁄C){
>
k(Ωz u?⁄C){ ⎞
𝑓 (𝑟)
? ⎛ 𝑓k (𝑧, 𝑟w )𝑒
ψi = i k
o=
χ (t).
⎜
u
√Cq 𝑖𝑔 (𝑧, 𝑟 )𝑒 k(Ωz >?⁄C){ ⎟ €z
𝑖𝑔k (𝑟)
w
k
>
k(Ω u?⁄C){
⎝𝑖𝑔k (𝑧, 𝑟w )𝑒 z
⎠

(11)

Detailed numerical description for the solution of RMF equations can be found in Ref. [29]
Details of Calculations
260-280

Hs (Z=108), 264-284Ds (Z=110) and 268-288Cn (Z=112) superheavy isotopes have been considered in this study. The
equations of motion of meson have been solved by using axially deformed harmonic-oscillator potential. Shell numbers
were taken as 20 for both fermions and bosons. The pairing gap for neutron and proton were chosen to be Δn = Δp =
11.2/√2 for an even number of nucleons. Many parameter sets have been developed within the framework of the RMF
model due to their use in calculating the ground state properties of stable nucleus [30-31]. NL3* and NL-SH non-linear
interaction parameters sets were listed in Table 1.
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Results and Discussion
The calculated binding energies of Hs, Ds and Cn isotopes in RMF model with the NL3* and NL-SH parameters sets
[30-31] are shown in the Fig. 1, respectively. Also, experimental data [32] and the predictions of Finite Range Droplet
Model (FRDM) [33] are shown for comparison in these figures. As it can be seen in Figure 1, the calculated binding
energies of nuclei by using the NL3* parameter set are in compatible with the experimental values. Maximum deviation
of calculated binding energies of Hs, Ds and Cn isotopes between RMF model with NL3* parameter set and experimental
values are approximately 6.293 MeV at 264 mass number, 6.982 MeV at 268 mass number and 6.152 MeV at 276 mass
number, respectively. This maximum deviation values for NL-SH parameter set are approximately 17.972 MeV at 264
mass number, 18.700 MeV at 268 mass number and 18.730 MeV at 278 mass number, respectively. Maximum deviations
for FRDM parameter set are approximately 2.286 MeV at 274 mass number, 2.984 MeV at 274 mass number and 3.92
MeV at 284 mass number, respectively. It should be noted that NL-SH parameter set predictions for binding energy of
all considered nuclei in this study are not so close to experimental data when its compared with those of NL3* parameter
set and FRDM predictions.

Figure 1: Comparison of theoretical and experimental total

Figure 2: The two-neutron separation energies for Hs, Ds and Cn

binding energies for the Hs, Ds and Cn isotopic chain.

isotopes.
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In order to get more information on ground state properties of SHEs considered, two-neutron separation energy graphics
for Hs, Ds and Cn isotopes are shown in Fig 2. In addition, the harmony between experimental values [32] and values
obtained from the FRDM [33] was added for comparison. Two-neutron separation energies (S2n) have been calculated
from binding energies of two neighboring even isotope by using S2n = B(Z,N) − B(Z,N − 2) equation. It can be seen in
Fig. 2. Two neutron separation energies calculated in this study are compatible with experimental values.
Table 1: NL3* and NLSH parameters sets for RMF calculations
Parameter

NL-SH

NL3*

M (MEV)
mσ (MeV)
mω (MeV)
mρ (MeV)
gσ
gω
gρ
g2 (fm-1)
g3

939.000
526.059
783.000
763.000
10.4440
12.9450
4.3830
-6.9093
-15.8337

939.000
502.574
782.600
763.000
10.0944
12.8065
4.5748
-10.8093
-30.1486

In Fig. 3, obtained α-decay energies (Qα) of Hs, Ds and Cn isotopes are shown. The Qα energy is calculated from the
formula Qα(N,Z) = BE(N,Z) − BE(N − 2,Z − 2) − BE(2,2). Here, BE(N, Z) is the binding energy of the parent nucleus
with neutron number N and proton number Z, BE (2,2) is the binding energy of the α particle chosen as 28.296 MeV and
BE(N − 2,Z − 2) is the binding energy of the daughter nucleus after the emission of an α particle. As it is shown in Figure
3, the results of our calculations are quite consistent with the experimental data.
Furthermore, half-lives of Hs, Ds and Cn isotopes were approximately calculated using the Viola and Seaborg [35]
formula: log?„ 𝑇† (𝑠) =

‡ˆ>‰
PŠ‹

− (𝑐𝑍 + 𝑑), where Z is the atomic number of the parent nucleus, a=1.661175, b=8.5166,

c=0.20228 and d=33.9069. The calculated log?„ 𝑇† (𝑠) in this study for Hs, Ds and Cn isotopes as a function of neutron
number are shown in Figure 4.
The obtained Tα values, the other calculated ground state properties which are total binding energy, neutron radii, proton
radii, total quadrupole moments and α-decay energies were listed in Table. 2, 3 and 4.
Table 2: The obtained ground-state properties of Hs isotopes (NL3*).
Nuclei
BE [MeV]
Rn [fm]
Rp [fm]
β2
Qn
Qp
QT
Qσ (theor.)[MeV]
Tσ (theor.)
260
1903.058
6.241
6,089
0.285 1.896
1.392
3.288
10.439
1.378 ms
262
1918.410
6.262
6,097
0.278 1.883
1.362
3.245
10.347
2.362 ms
264
1933.065
6.284
6,107
0.273 1.884
1.344
3.228
10.136
8.383 ms
266
1947.185
6.308
6,118
0.271 1.906
1.342
3.248
9.819
60.831 ms
268
1960.862
6.332
6,129
0.268 1.922
1.338
3.259
9.474
584.310 ms
270
1973.773
6.354
6,138
0.263 1.917
1.322
3.239
9.382
1,095 s
272
1985.321
6.377
6,146
0.256 1.891
1.293
3.183
9.830
56.383 ms
274
1996.277
6.386
6,145
0.222 1.669
1.126
2.795
9.572
303.978 ms
276
2007.111
6.402
6,149
0.202 1.541
1.031
2.572
8.426
1314,444 s
278
2017.684
6.420
6,154
0.184 1.426
0.948
2.375
7.804
263886,170 s
280
2028.039
6.438
6,159
0.166 1.302
0.862
2.164
7.396
12104950,200 s
BE, total binding energy; Rn, neutron radii; Rp, proton radii; QT, total quadrupole moment; Qα, α-decay energy; Tα, α-decay half-life
Table 3: The obtained ground-state properties of Ds isotopes (NL3*).
Nuclei
BE [MeV]
Rn [fm]
Rp [fm]
β2
Qn
Qp
QT
Qσ (theor.)[MeV]
Tσ (theor.)
264
1920.228
6.263
6,118
0.269 1.838
1.348
3.186
10.664
1.548 ms
266
1935.669
6.284
6,125
0.262 1.825
1.315
3.139
10.722
1.108 ms
268
1950.518
6.307
6,135
0.258 1.834
1.301
3.135
10.803
0.702 ms
270
1964.956
6.330
6,144
0.255 1.845
1.292
3.137
10.795
0.736 ms
272
1978.751
6.351
6,153
0.250 1.838
1.275
3.113
10.441
5.701 ms
274
1991.354
6.370
6,159
0.236 1.764
1.211
2.975
9.694
0,624 s
276
2003.596
6.382
6,161
0.211 1.600
1.089
2.688
9.182
21.682 s
278
2015.344
6.400
6,167
0.195 1.502
1.017
2.519
9.305
8.966 s
280
2026.725
6.420
6,173
0.181 1.411
0.950
2.360
9.304
9,069 s
282
2037.760
6.439
6,179
0.165 1.306
0.877
2.184
8.630
1394,138 s
284
2048.489
6.457
6,184
0.147 1.177
0.787
1.964
8.216
41918,055 s
BE, total binding energy; Rn, neutron radii; Rp, proton radii; QT, total quadrupole moment; Qα, α-decay energy; Tα, α-decay half-life
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Figure 3: The α-decay energies for Hs, Ds and Cn isotopes as a

Figure 4: The log?„ 𝑇† (𝑠) for Hs, Ds and Cn isotopes as a function

function of neutron number.

of neutron numbe

Table 4: The obtained ground-state properties of Cn isotopes (NL3*).
Nuclei
BE [MeV]
Rn [fm]
Rp [fm]
β2
Qn
Qp
QT
Qσ (theor.)[MeV]
Tσ (theor.)
268
1936.558
6.289
6,149
0.260 1.820
1.339
3.160
11.688
23.328 μs
270
1952.193
6.308
6,155
0.252 1.800
1.297
3.098
11.755
16.534 μs
272
1967.455
6.329
6,163
0.246 1.789
1.267
3.056
11.665
26.219 μs
274
1982.156
6.350
6,170
0.238 1.767
1.234
3.001
11.064
0.646 ms
276
1995.836
6.367
6,175
0.223 1.680
1.162
2.842
10.277
0.065 s
278
2009.109
6.381
6,179
0.202 1.546
1.061
2.607
9.772
1,694 s
280
2021.952
6.399
6,186
0.187 1.455
0.993
2.448
10.033
0.307 s
282
2034.230
6.420
6,193
0.175 1.381
0.937
2.318
10.849
2.176 ms
284
2046.006
6.440
6,199
0.163 1.297
0.880
2.177
9.769
1,730 s
286
2057.371
6.459
6,205
0.147 1.189
0.806
1.995
9.281
51,546 s
288
2068.178
6.473
6,208
0.124 1.008
0.685
1.693
9.219
80,863 s
BE, total binding energy; Rn, neutron radii; Rp, proton radii; QT, total quadrupole moment; Qα, α-decay energy; Tα, α-decay half-life

CONCLUSIONS
The ground state properties of even-even Hs, Ds and Cn isotopes which has 108, 110 and 112 protons respectively were
calculated by using RMF model with NL3* and NL-SH parameters sets. The NL3* parameters set has been found to be
more compatible with the experimental data for binding energies of Hs, Ds and Cn isotopes rather than NL-SH parameters
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set. Our calculated values on two-neutron separation energies and α-decay energies for even-even Hs, Ds and Cn isotopes
are quite compatible with experimental data. Also, the log?„ 𝑇† (𝑠) values of Hs isotopes were obtained using the results
of the RMF theory in Viola and Seaborg formula. The results obtained with the NL3* parameter set have been found
more consistent with the experimental values than those obtained with the NLSH parameter set. Furthermore, RMF model
predictions for neutron radii, proton radii and total quadrupole moments of Hs, Ds and Cn isotopes are carried out and
listed.
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Investigation of neutron emission spectra on some proton, deuteron and alpha
particle incident reactions with different energies for 115In isotope
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Abstract
The aim of this study was build up as the investigation of the neutron emission spectra on some proton, deuteron and
alpha particle induced reactions with different energies for 115In isotope which is a widely used material in many branches
of scientific studies and also industrial applications. Theoretically obtained calculations for the reactions 115In(p,xn) where
Ep=11.2 MeV, 115In(p,xn) where Ep=22.2 MeV, 115In(p,xn) where Ep=22.4 MeV, 115In(d,xn) where Ed=22.3 MeV,
115
In(α,xn) where Eα =26.8 MeV and 115In(α,xn) where Eα =45.2 MeV have been generated via using two most preferred
calculation tools, TALYS 1.8 and EMPIRE 3.2. Both calculation tools provide the ability of selecting pre-equilibrium
and equilibrium reaction models for calculations where Two Component Exciton and PCROSS Exciton models have been
adopted as pre-equilibrium models from TALYS 1.8 and EMPIRE 3.2 while Hauser-Feshbach Models from both codes
have been selected as equilibrium models. All obtained results have been compared with each other, literature data taken
from the Experimental Nuclear Reaction Data (EXFOR) Library and also values obtained from TALYS-Based Evaluated
Nuclear Data Library (TENDL) by graphing the related results and data to determine the most consistent model on each
reaction route.
Introduction
The studies in science and industry have always been in contact with each other and they have great influences on each
other to generate forward studies. Many examples could be given considering their long-time relationship but the studies
about energy requirement have an undeniable importance among the others. Increase in the energy demand could possibly
solved by using the chain fission reaction mechanism which led scientists to be able to use the nuclear power plants. Like
in all nuclear reactions, it is vital to have the ability to control the chain reaction and know how the reaction process
forwards. Due to that, specific material based devices have been utilized in the control mechanisms of nuclear reactors
which are known as "control rods" and as it is obvious from its name the duty of those instruments is the control of the
chain reaction mechanism. By using such instruments, it is possible to control a fission chain reaction and indirectly
control the whole energy production process. Considering the importance of these instruments, the material selection for
their manufacturing becomes more and more important and vital [1].
Among many possible material options, one of them was marked as more promising due to its mechanical, chemical and
physical properties. The indium element is one of the most preferred material in the manufacturing process of control
rods together with Cd and Ag. Due to that, indium has an importance and 115In isotope also has an importance since it is
the most abundant isotope among all indium isotopes. In this study, by considering the importance of 115In isotope, neutron
emission spectra on some proton, deuteron and alpha particle incident reactions with different energies were investigated
by employing pre-equilibrium and equilibrium reaction mechanisms within two of the most used and common theoretical
calculation tools which are TALYS 1.8 [2] and EMPIRE 3.2 [3].
Theoretical Calculations
Within the scope of this study, theoretical calculations have been performed by employing two of the most widely used
and accepted codes, which are TALYS 1.8 and EMPIRE 3.2, even there exist many other possibilities. The codes have
many advantages in the manner of their utilization, included models, user specifications and etc. Both of them are able to
perform calculations for various reactions where the incident particles could be given as neutrons, photons, protons,
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deuterons, tritons, 3He and alpha–particles. Among the models provided by the codes, Two Component Exciton (TCE)
[4] and Hauser–Feshbach (HF) [5] models from TALYS 1.8 were used. On the other hand, from EMPIRE 3.2, PCROSS
exciton [3] and Hauser–Feshbach models were selected for the investigations. By doing so, it is also aimed to investigate
the effects of pre-equilibrium and equilibrium models on the selected reactions within this study. Among the employed
models, TCE and PCROSS exciton models could also be classified as pre–equilibrium models where HF model could be
pointed as equilibrium model. To provide better interpretations and visual comparison opportunities about the obtained
calculation results, they all graphed together with each other and also by using not only with the literature data taken from
EXFOR [6] database but also with the theoretical data taken from the TENDL [7] database.
Results
Within the purpose of this study, 115In(p,xn) where Ep=11.2 MeV, 115In(p,xn) where Ep=22.2 MeV, 115In(p,xn) where
Ep=22.4 MeV, 115In(d,xn) where Ed=22.3 MeV, 115In(α,xn) where Eα =26.8 MeV and 115In(α,xn) where Eα =45.2 MeV
reactions were examined and obtained theoretical calculation results were graphically represented in Figures 1-6. Within
the graphical representations, literature data from EXFOR and TENDL databases also represented. It should be noticed
that, for some incident particle energies the TENDL data may not be available with the exact energy value. Due to that,
to be able to visualize the data from TENDL, the closest upper and lower available energy results were represented in the
figures.
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Fig. 1. 115In(p,xn) where Ep=11.2 MeV reaction results.
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Fig. 4. 115In(d,xn) where Ed=22.3 MeV reaction results.

Fig. 3. 115In(p,xn) where Ep=22.4 MeV reaction results.

Figs. 1-3. represent the theoretical calculation results and literature data for 115In(p,xn) reactions where Ep=11.2 MeV,
22.2 MeV and 22.4 MeV, respectively. In the first two cases, the most incompatible results with respect to the
experimental data were produced by PCROSS Exciton model of EMPIRE 3.2. However, for Ep=22.4 MeV case, the most
unsuccessful model has been noticed as HF from TALYS 1.8, especially with a clearly seen rapid decrease at neutron
emission energy after 6 MeV. Calculation results from other models have been able to generate similar trending shapes
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with respect to the literature data taken from both EXFOR and TENDL databases as decrease in the dσ/dE (mb/MeV)
data with the increase of neutron emission energy. For all three different incident proton energy cases, the most consistent
values with respect to the literature data have been generated by TALYS 1.8 code. For the Ep=11.2 MeV and 22.2 MeV
cases the most successful model could be pointed as HF where for Ep=22.4 MeV case it becomes TCE.
Calculation results and literature data comparisons for 22.3 MeV energetic deuteron induced case on 115In have been
given with Fig. 4. The data from EXFOR and TENDL show a great similarity below 5 MeV, yet after this energy a
difference with factor almost 101 has been observed. Regardless of this difference, the most consistent model with the
experimental data taken from the EXFOR could be appointed as the HF model of TALYS 1.8. On the other hand, the
PCROSS Exciton Model has generated the less rhythmic results that suits neither EXFOR nor TENDL data.
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Fig. 6. 115In(α,xn) where Eα =45.2 MeV results.

Fig. 5. 115In(α,xn) where Eα =26.8 MeV reaction results.

Comparisons of obtained results with the EXFOR and TENDL data for 115In(α,xn) where Eα =26.8 MeV and 115In(α,xn)
where Eα =45.2 MeV have been represented as Fig. 5. and Fig. 6., respectively. For each case, it is clearly seen that the
results obtained via TALYS 1.8 HF model starts and continues a decrease in the dσ/dE (mb/MeV) data with the increase
of neutron emission energy which cause its nomination as the least compatible model among the all employed models.
The HF model of EMPIRE 3.2 provides results that cause to generate similar shapes with the HF model of TALYS 1.8
yet they tend to be more close to the literature data. For both cases, TCE model of TALYS 1.8 and PCROSS Exciton
model of EMPIRE 3.2 generate close results to the literature data but the difference between all results and data at lower
neutron emission energy region makes the TCE model of TALYS 1.8 more compatible than the others.
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Positron CSDA range and stopping power calculations in some human body
tissues for 20 eV to 100 MeV with the modified Rohrlich–Carlson model by
using Tietz screening function
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Abstract
In this study, for some human body tissues, stopping power values were presented, being valid for low and intermediate
positron energies. In addition, calculation of the continuous slowing down approximation range (CSDA range) from the
stopping power is also made. Calculation of the CSDA range for some human body tissues: adipose tissue, skeletal
muscle, skin, and soft tissue have been introduced for incident positron in the energy range 20 eV to 10 MeV. The range
of positron has been calculated within the continuous slowing down approximation (CSDA) using modified Rohrlich and
Carlson formula of stopping power.
The results have been compared with the other theoretical results, Monte Carlo code such as Penelope 2014 predictions
and semi-empirical results. The calculated results of CSDA ranges for positrons in the energy range from 20 eV to 100
MeV are found to be in good agreement to with the Penelop 2014 code results above 0.4 keV energies.
Introduction
Stopping powers (SPs) of matter for positrons are important in wide variety of applications such as nuclear medicine,
radiology, basic paticle physics, health physics, and radiation dosimeters design. Positron stopping powers (PSPs) at
energies above 10 keV are theoretically well described and can be found in tables given in Berger & Seltzer [1] and the
ICRU 37 Report. [2]. The stopping power formula for positrons obtained by Batra had been fitted by a two parameter
approximation and is valid for the energy range from 1 keV to 500 keV [3]. On the other hand, Meiring et al., [4]
developed a theory of multiple scattering, exhibiting differences between positrons and electrons in the interaction with
matter for the MeV energy range. In recent years there have been many studies on positron stopping power and its
applications [5-8]. It is well known, positrons are used for imaging purposes (for example, PET), but can also be used for
cancer therapy. Hence, it is important to obtain SP values, for many applications in the lower energy range (<1 keV). On
the other hand, the positron range is important for improved resolution in PET imaging. Relevant distributions for the
positron range have been derived for seven isotopes [9].
The purpose of this study is to present stopping power and range values for positrons in some tissue materials such as
adipose tissue, skeletal muscle, skin, soft tissue and water and to compare with a number of other calculation such as the
Penelope 2014 code results [10]. Stopping power and the Continuous Slowing Down Approximation (CSDA) range are
calculated by following the procedure described in Gümüş [11,12]. Here, results of calculations are shown performed for
incident projectile energies from 20 eV to 10 MeV.
Calculation Method of Stopping Power for positrons by using Tietz Screening Function
In inelastic interactions the target atom is either excited to a suitable higher level than the ground level or it is ionized
depending on the energy that the arriving particle imparts to the target atom. Energetic charged particles lose their kinetic
energy in matter by collisions and radiations. Stopping power strongly depends on projectile “velocity”. Electronic
stopping power has a peak when the projectile velocity is almost equal to the mean velocities of target electrons <ve>.
The modified collision SP formula for incoming positrons can be wrttten as [11-14]
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m is the electron mass, N= N0/A is the density of target atoms, z* is the effective charges of incident positrons, Z2* is the
effective number of target electrons, A is the atomic weight of the target element, N0 Avogadro’s number, β is the ratio
of v1/c, where c is the light velocity, k= 4πe4 N0/mc2 =0.307075 MeVcm2 and I* is the effective mean excitation energy
of the target atom,
I* and Z* can be obtained from Bohr’s stripping criterion for the effective electron number of target atoms, and from the
Lindhard and Schraff theory [16], EMEEs [14, 17] given by Sugiyama [14, 17] respectively,
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Where r is the distance from the nucleus and rc is determined from adiabatic Bohr criterion [18]. I* and Z* can be obtained
analytically from these expressions by using Tietz [19] screening function of the TF atom [11, 12].
According to Tietz [19], the screening function for the TF atom can be written as xc=rc/˄ and they obtained,

F ( x) =

b2
( x + b) 2

(7)

where b is chosen as b=(8/π)2/3 to normalize the electronic density [20].
The semiempirical effective charge of incident electrons/positrons z*e is used with z* being given by
𝑧 ∗ = 1 − exp (−2200𝛽?.Ÿ

(8)

where 𝛽 = 𝑣? /𝑐 is the ratio of v1/c, with c the velocity of light [14].
In order to calculate the electronic SP of the compound the effective charge of the incident positron, z* was obtained
primarily using Eq. (8) and then the effective electron number of the target atoms, Z*. The effective mean excitation
enerrgy of the target I* was calculated directly from Eq. (6) by using Tietz screening function. The effective charge of
incident electrons is a phenomenological parameter, which was determined by Sugiyama [14] by fitting the semiempirical
formula of Peterson and Green [21]. Following the procedures described by Gümüş [12] for the quantities in Eqs. (5, 6,
8), the collision stopping power was calculated.
For compound targets, Bragg’s rule is used [15], i.e., the stopping power of a compound is calculated by the linear
combination of the stopping powers of its individual elements (Eq. 1):
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where w1 , w2 ,...w15 1), (2), … are the atomic rates of element in compound. The chemical contents of the tissues used
in this sudy are given Penelope 2014 pdcompos.pen [10].
Range Calculations
The SP values can be used to calculate therange of an electon slowing down from its initial energy to a given energy. The
furthest distance radiation travels in a medium is called the range. Since we know the SP values, we can calculate the
range (pathlength) a charged particle travels before stopping. This is called the CSDA (Continuously Slowing Down
Approximation) range
¤

(¤

𝑅(𝐸„ ) = ∫¤ § (¥/¦)

(10)

¨

Here ( S/ρ ) is collision stopping power, ET is a cut-ff energy. If you SP choose in [MeV.cm2/g] or [keV.cm2/mg] units
and energy in keV you find, the range in mg/cm2 units. Numeric integration was performed by using Simpson's and
Trapezoidal rule [22]. Electron range, R was evaluatede for water, adipose tissue, skeletal muscle skin and soft tissue by
means of a numerical integration of Eq. (10) based on the Simpson's and Trapezoidal rule described in Kreyszig [22].
Results and Discussion
The results of the calculations and comparison with the other calculation results are given Figures 1a, 2a, 3a, 4a, and 5a.
The stopping values for positrons in water and tissues have a maximum value at around 100 eV.
Figure 1 a shows the mass stopping power (mSP) for incident positrons energy from 1 eV to 10 MeV energy in liquid
water. The calculated positron SP values obtained by using Eqs. (1-9) are good agreement with Penelope 2014 code
results to within 1% expect at energies below 400 eV.
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Fig. 1. (a) Comparison of mass stopping power results for incident positron energies in liquid water. (b) Comparison of CSDA range results for
incident positron energies in liquid water.

Figure 2 (a) shows the mSP for incident positrons from 1 eV to 10 MeV energy range in adipose tissue. The results
obtained from this study are compared with the Penelope 2014 program results for positrons by using Tietz screening
functions. The calculated PSPs values obtained by using Eqs. (1-9) are good agreement with Penelope 2014 program
results to within 1%. expect at energies below 400 eV.
Figure 2 (b) shows the CSDA range results obtained from this calculation procedure for incident positron on adipose
tissue target. The calculated results in this study are in good agreement with the Penelope 2014 results above 0.4 keV
energies.
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Figure 3a shows the mSP for incident positrons from 50 eV to 10 MeV energy range in Muscle skeletal. The results
obtained from this study are compared with the Penelope 2014 program and results for positrons by using Gumus
calculation methods. The calculated PSPs values obtained by using Tietz Screening function are good agreement with
Penelope 2014 program results to within 3% above 0.4 keV energies.
Figure 3 (b) shows the CSDA range results obtained from this calculation procedure for incident positron on adipose
tissue target. The calculated results in this study are in good agreement with the Penelope 2014 results above 0.4 keV
energies.
Table 1. Comparison of stopping power values (Mev.cm2/g) of adipose tissue and skin for incoming positrons

Adipose Tissue
This
Penelo
Study
pe
2014

Energy
(eV)
2
3
4
5
6
7
8
9
10
20
30
40
50
60
70
80
90
100
200
300
400
500
600
700
800
900
1000

7.0062
13.565
21.225
29.667
38.676
48.093
57.801
67.707
77.737
175.986
259.051
323.594
371.580
405.974
429.613
444.907
453.809
457.865
399.805
327.702
276.573
240.282
213.327
192.454
175.747
162.027
150.526

This
Study

Skin
Penelope
2014

6.502
12.510
19.510
27.217
35.436
44.026
52.880
61.914
71.064
160.813
236.958
296.365
340.740
372.7283
394.880
409.376
417.989
422.127
371.287
305.808
259.,022
225.,665
200.,806
181.500
166.011
153.262
142.556

811.648
770.798
728.782
687.181
656.238
628.871
436.092
436.092
280.831
241.664
213.584
192.830
176.026
162.140
150.454

Adipose Tissue
This
Penelope
Study
2014

Energy
(eV)
2000
3000
4000
5000
6000
7000
8000
9000
10000
20000
30000
40000
50000
60000
70000
80000
90000
100000
200000
300000
400000
500000
600000
700000
800000
900000
1000000

618.140
612.646
604.020
591.238
574.040
554.550
400.598
314.474
261.756
225.588
200.091
180.510
164.785
151.,856
141.270

90.947
66.829
53.453
44.853
38.820
34.333
30.856
28.075
25.797
14.780
10.711
8.560
7.221
6.305
5.637
5.128
4.728
4.404
2.919
2.428
2.196
2.067
1.990
1.942
1.911
1.891
1.879

Skin
Penelope
2014

This
Study

90.578
66.556
53.263
44.706
38.699
34.231
30.768
27.998
25.728
14.745
10.686
8.539
7.203
6.288
5.621
5.113
4.713
4.389
2.903
2.408
2.172
2.038
1.957
1.903
1.867
1.842
1.824

86.739
63.946
51.247
43.059
37.303
33.016
29.690
27.028
24.846
14.268
10.350
8.277
6.986
6.101
5.456
4.965
4.578
4.265
2.829
2.355
2.130
2.006
1.932
1.886
1.856
1.837
1.825

86.022
63.41
50.855
42.744
37.039
32.790
29.492
26.851
24.686
14.187
10.297
8.236
6.953
6.073
5.432
4.944
4.559
4.247
2.819
2.347
2.123
1.996
1.917
1.865
1.830
1.806
1.788

The calculated results in this study for adipose tissue and skin tissue are given in table 1. Also for comparison
Penelope collision SP results are given in Table 1.
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Figure 2. (a) Comparison of stopping power values of adipose tissue for incoming positrons. (b) The CSDA range results obtained from this calculation
procedure for incident positron on adipose tissue target.
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Figure 3. (a) Comparison of stopping power values of muscle skeletal tissue for incoming positrons. (b) The CSDA range results obtained from this
calculation procedure for incident positron on muscle skeletal tissue target.
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Figure 4. (a) Comparison of stopping power values of skin tissue for incoming positrons. (b) The CSDA range results obtained from this calculation
procedure for incident positron on skin tissue target.
func.

Figure 4a shows the mSP for incident positrons from 50 eV to 10 MeV energy range in skin tissue. The results obtained
from this study are compared with the Penelope program and results for positrons by using Gümüş calculation methods.
The calculated PSPs values obtained by using Eqs. (1-9) are good agreement with Penelope 2014 program results to
within 2%. expect at energies below 400 eV.
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Figure 5. (a) Comparison of stopping power values of skin tissue for incoming positrons. (b) The CSDA range results obtained from this calculation
procedure for incident positron on skin tissue target.

Figure 5a shows the mSP for incident positrons from 50 eV to 10 MeV energy range in soft tissue. The results obtained
from this study are compared with the Penelope program. The calculated PSPs values obtained by using Eqs. (1-9) are
good agreement with Penelope program results to within 4%.

Conclusion
In this study was presented stopping power and CSDA-range values for positrons in water and some tissue materials,
such as adipose tissue, muscle skeletal, skin, and soft tissue by using Tietz Screening functions. The calculated values
was compared with a number of other calculation such as the Penelope 2014 code results.
The results obtained by using Tietz screening function are in good agreement with the Penelope calculation results above
0.4 keV energy region. It makes more meaningful results than penelope 2014 in low energies. The simple effective
charge, effective atomic number and EMEE expressions are found to be successful, and are useful for practical
computation of the SP and ranges for incident positron in tissues.
The procedure presented in this does not need to solve any equation. It therefore can be used directly in SP and range
calculations, and should be useful for Monte Carlo calculations.
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Abstract
In radiation therapy, regarding hazardous effects of radiation for healthy tissues surrounds tumoral tissues; the protection
of normal tissues is essential. The protection of normal tissues can be performed by the collimating of radiation beam. In
this study, the γ-ray energy-dependent mass and linear attenuation coefficients of cerroband, styrofoam and solid phantom
have been experimentally obtained. The gamma-rays were obtained from 137Cs and 60Co sources. Also theoretical
calculations have been performed in order to obtain the half-value thicknesses, mass and linear attenuation coefficients,
and the tenth-value thicknesses at photon energies 0.001 MeV–10 GeV for the dependent mass and linear attenuation
coefficients of cerroband and bolus. The experimental linear mass attenuation coefficients, half value layer for dependent
mass and linear attenuation coefficients of bolus and cerroband were compared with theoretical values obtained using
WinXCOM.
Introduction
Due to the increasing use of x-rays and gamma-rays in medicine, particularly in medical imaging and radiotherapy,
various human organs and tissues will be exposed to x-rays and gamma-rays, in particular during radiotherapy treatment.
This can cause many dangerous diseases, such as cancer. In radiotherapy, regarding hazardous effects of radiation for
healthy tissues surrounds tumoral tissues; the protection of normal tissues is essential. The protection of normal tissues
can be performed by the collimating of radiation beam. The workers may encounter two kinds of exposure, internal and
external. Thus, radiological safety of occupational radiation workers includes external and internal monitoring.
On the other hand, the attenuation of gamma radiation in different materials and tissues is of general interest in many
kinds of radiotherapy and clinical radiophysics work. The linear atenuation coefficients (μ) and mass attenuation
coefficient, μ/ρ, are basic quantities used in calculations of the penetration and the energy deposition by photons in
biological, shielding and other materials.
To minimize the risk of damage to healthy tissue, it is necessary to restrict and control exposure of human beings to these
types of radiation by using shields of proper dimensions and of an appropriate material. The choice of suitable shielding
materials requires a thorough understanding of the absorption and interaction of gamma-rays with matter. Knowledge of
photon interaction parameters is therefore very useful for radiation protection engineers in the design and manufacture of
gamma radiation shielding.
Radiological safety of occupational radiation worker assumes significance with extensive use of radioactive materials in
different fields. The workers may encounter two kinds of exposure, internal & external. Thus, radiological safety of
occupational radiation workers includes external and internal monitoring. On the other hand, the attenuation of gamma
radiation in different materials and tissues is of general interest in many kinds of radiotherapy and clinical radiophysics
work.
The mass attenuation coefficient (μt) is a measure of the probability of interactions that occur between incident photons
and the thickness of the target material; it is measured in cm2/g unit [1,2]. It is a fundamental parameter used in the
calculation of many other photon interaction parameters such as energy absorption and build-up factor in designs of
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radiation shielding. The values of this coefficient are used in several fields such as radiotherapy, radiation protection,
nuclear diagnostics and radiation dosimetry. The mass attenuation coefficients of different materials have been
determined in several works [3-11]. The magnitude of this coefficient depends on the material density, the atomic number
of elements and the incident photon energy. Indeed, the partial interaction cross-section depends on the chemical
composition of the material; a single, unique atomic number across the entire energy region, cannot describe the chemical
properties of composite materials in an entire energy range, as is possible for pure elements. The investigation of the
radiation attenuation coefficient for different materials (cerroband, styrofoam and solid phantom) used in radiotheraphy
in wide range of energies.
In this study, measurements have been made to determine the mass attenuation coefficients of some materails used in
radiotheraphy such as cerroband, styrofoam and solid phantom by using 137Cs and 60Co gamma ray sources. The
experimental results were compared to the results of the WinXCom computer program [12]. The present work will be of
prime importance for radiation shield design in radiotherapy and medical imaging.
Mass attenuation coefficient
During its passage through a material medium, a photon undergoes several interactions such as photoelectric absorption,
coherent scattering, incoherent scattering, and pair production. If a photon beam having an initial intensity (I0) penetrates
matter, it will be attenuated and its intensity decreases exponentially according to the following exponential law:
𝐼 = 𝐼„ 𝑒

ª
«

>( )¦A

=𝐼„ 𝑒 >(¬-()

(1)

This is called the Beer-Lambert law, where I is the transmitted intensity, μ (cm-1) is the linear attenuation coefficient, ρ is
the material density in g/cm3, x is the thickness of the absorbing medium, d is the mass per unit area (cm2/g), and μt is the
total mass attenuation coefficient (cm2/g). For a chemical mixture composed of various compounds and elements, as in
our case, the total mass attenuation coefficient of the mixture (μt) is given by the following “mixture rule”:
𝜇€ = ∑k 𝑤k (𝜇€ )k

(2)

where 𝜇€ and wi are, respectively, the total mass attenuation coefficient and the fractional weight of the ith constituent in
the mixture.
To correctly choose the optimum thickness of a material used for shielding purposes, it is necessary to have knowledge
of the values of the HVL. This parameter is commonly used in shielding calculation, especially in radiotherapy and
medical imaging. The HVL is the thickness of the shielding material required to reduce the incident beam intensity by
one-half. The HVL is expressed in units of distance (cm). Like the attenuation coefficient, the values of HVL is dependent
on the energy of the photon radiation and the type of material. HVL is inversely proportional to the linear attenuation
coefficient (ρ) and is related as follows:
𝐻𝑉𝐿 = 𝑥?/C =

²³C
´
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The unit of (μ) is cm-1 and that of HVL is cm.
𝑇𝑉𝐿 =
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´

=
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.

(4)

Material and Method
Gamma transmission technique with narrow beam method is based on the penetrating gamma rays through
materials [13]. The material is placed between the detector and gamma source on the same axis. The detector counts
the beam of gamma radiation intensity, which comes from the source trough collimator. First initial baseline
intensity in the absence of any materials is counted (I0), at a specific energy. Then, each material with different
thickness are placed between the detector and gamma source, above a lead collimator and the gamma ray intensity
is counted (I). The collimators have a 30 mm diameter holes. The result of intensity for each material are then compared
with the initial baseline intensity (I/I0) [3].
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Mass attenuation coefficient is more useful than linear attenuation coefficient because the density is negligible
and defined as μm =μt/ρ (in cm2g-1), where ρ is the measured sample density. Theoretical mass attenuation coefficients
were obtained from WinXCom computer code [12]. The gamma-ray photon transmission through the samples were
measured using gamma ray spectrometry with a 3˝×3 ˝ NaI (Tl) detector. The detector system including a 10 cm
diameter NaI(TI) detector by ORTEC Inc., connected to a multi channel pulse height analyzer are used. Co-60 and Cs137 point sources were used for the energy calibration of the system with gamma ray energies at 1173.2, 1332.5
and 661.7 keV respectively. The measured photon attenuation coefficients μ and 𝐻𝑉𝐿 were compared with the
calculations obtained by using WinXCom [12].
Cerroband, contains 50 % Bismuth (Bi), 31.8 % Lead (Pb), 18,2 % Tin (Sn). Its density is 10,32 g /cm3. The main
advantage of cerroband according to lead is melting temperature. The melting temperature of the lead is 327 o C , while
the melting temperature of cerrobend is 95 o C. Cerrobend is also a material that is harder than lead at room temperature.
Styrofoam, contains 7.9 % Hydrogen(H), 90.36% Oxygen(O), 0.49% Nitrogen (N), 0.01.25 % Sulphur(S). Its density is
0.05 g /cm3
Solid phantom is designed for quality assurance of absolute and relative dose measurements in photon and electron beams
with ion chambers. The solid phantom material RW3 is a white polystyrene.The absorption of RW3 is very similar to that
of natural water. RW3 density value: 1.045 g/cm³
The diameter of collimator was adjusted to 30 mm. The samples were placed in between the γ-ray source and the NaI(Tl)
detector. In narrow beam geometry, the standard γ-point source was placed at a distance 175 mm away from the each
sample and 70 mm between the sample and detector.
Results and discussion
Experimental and calculated mass attenuation attenuation coefficient for (cerroband,solid phantom and styrofoam) and
comparison with the experimental values. It can be clearly seen that the mass attenuation coefficients and the half-value
thickness depends on the photon energy. The mass attenuation coefficients values of samples decrease with increasing
photon energy as shown in Figs.1-3.
4

4

10

10

CERROBAND

2

µ (cm /g)

1

10

0

10

10

Coherent (Scatter.)
Incoher. (Scatter.)
Photoel. (Absorb.)
Total
Total without coherent
Experiment

2

Coherent
Incoherent
Photoelectric
Total
Total without coherent
Experiment

2

10

SOLID PHANTOM

3

Attenuation coefficient (cm /g)

3

10

-1

10

-2

10

2

10

1

10

0

10

10

-1

10

-2

10

-3

-3

10

-4

-3

10

10

-3

-2

10

10

-1

10

0

10

1

10

2

10

3

10

4

10

10

-2

10

-1

10

0

10

1

10

2

3

10

4

10

Photon Energy (MeV)

Fig. 2. The variation of total mass attenuation coefficients of solid

Fig. 1. The variation of total mass attenuation coefficients of

phantom with incident photon energies for the energy range of 10-3

cerrobend with incident photon energies.

MeV-106 MeV.

The variations of the total mass attenuation coefficients (μt), with the incident photon energy for cerroband, solid phantom
and styrofoam have been shown graphically in Fig. 1-3. It can be clearly seen in this figure that the total mass attenuation
coefficients depend on the incident photon energy and the concentration of elements within alloys. It can also be clearly
seen in this figure that the behaviors of μt with the incident photon energy for all the alloys considered in this work are
almost identical. Maximum values of μt have been observed at low energies. However, low values of μt have been
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observed at intermediate energies. The dependence of the mass absorption coefficient on the chemical composition is
large at the lower energy region and negligible at intermediate energies; furthermore, there is a significant variation in μt
in the high energy region. The dependence of μt on the incident photon energy and the chemical composition can be
attributed to domination of the different photon interaction processes with materials in different energy regions. The
contributions of different photon interaction processes (photoelectric absorption, Compton scattering, and pair production
in the nuclear and electronic fields) are shown graphically in Fig. 1-3. This figure shows that the variation of the total
mass attenuation coefficients with the incident photon energy.
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Fig. 3. The variation of total mass attenuation coefficients of styrofoam phantom with incident photon energies for the energy range of 10-3 MeV-106
MeV.

In the low incident photon energy region (E<0.6 MeV), the total mass attenuation coefficient (μt) decreases rapidly with
the increase of the incident photon energy. Fig. 1-3 shows that the difference between the values of the mass attenuation
coefficients of the materials in this region is very large compared with that of other regions. The strong dependence of μt
on the incident photon energy and the chemical composition in this energy region can be explained based on the
dominance of the photoelectric absorption at low energy, as shown in Fig. 2. It can be seen from this figure that in the
low photon energy region, the photoelectric absorption is the dominant process; the contribution of other processes is
negligible. Also, we can see that the partial mass attenuation coefficients of the photoelectric absorption decrease rapidly
with increases in the incident photon energy. The rapid decrease in the attenuation coefficients for all the selected alloys
in this region is due to the fact that the cross-section of the photoelectric absorption is inversely proportional to the incident
photon energy, as E3.5 [1,2]. On the other hand, the significant difference in the values of μt in the low energy region can
also be attributed to the dominance of the photoelectric absorption because the photoelectric cross-section is strongly
dependent on the atomic numbers of the constituent elements; it is proportional to the atomic number as Z4 [1,2].
At intermediate incident photon energies, the mass attenuation coefficient decreases slowly with the increase of the
incident photon energy and becomes almost constant as the incident photon energy aproaches 3 MeV (Figs. 1-3).
Furthermore, the difference between the values of μt becomes almost negligible compared with that observed in the low
energy region; almost identical values have been observed for different alloys. This signifies that the chemical
composition of the selected alloys plays a less significant role in the intermediate energy region. Fig. 2 shows that in this
energy region, Compton scattering (especially incoherent scattering) becomes the main type of photon interaction; the
partial mass attenuation coefficient decreases slowly with the increase of incident photon energy. The variation of this
coefficient is due to the fact that the crosssection of the Compton scattering process is inversely proportional to the
incident photon energy (E-1) [1,2]. Therefore, the slow decrease in the values of μt at intermediate energy is mostly due
to the contribution of the partial mass attenuation coefficient of the Compton scattering process; this also explains why
lower values of the mass attenuation coefficients of all the alloys were obtained in this energy region (the minimum values
of μt for all selected alloys have been observed at 5 MeV). On the other hand, the small difference observed between the
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values of μt of the six alloys in this energy region is due to the linear Z-dependence of the cross-section of the Compton
scattering [1,2].
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In the high energy region (5 MeV < E), the μt values increase gradually with the increase of the incident photon energy
and become almost constant when the incident photon energy approaches 1 GeV (Fig. 5). Moreover, the variation in μt
with chemical composition again becomes important, but it is less than the variation observed in low incident photon
energy region (Fig. 1-3). These behaviors may result dominance of the pair-production process in the high energy region.
Fig. 1-3 shows that the pair-production processes in the nuclear and electron fields become the dominant photon
absorption processes after certain thresholds are exceeded (1.022 MeV and 2.044 MeV for pair-production in the nuclear
and electron fields, respectively). It is also observed from this figure that the partial mass attenuation coefficients of pairproduction in the nuclear and electron fields start, respectively, from 1.022 MeV and 2.044 MeV, and thereafter increase
with the increase of the incident photon energy and become almost constant when the incident photon energy approaches
100 MeV. This also shows that the variation of the total mass attenuation coefficients in the high energy region is mostly
due to the contribution of the partial mass attenuation coefficients of the pair-production processes. On the other hand,
the variation of μt with the chemical composition can be explained based on Z-dependence of cross-section of pair
production, which is proportional to Z2 [1,2].
The HVL for the cerrobend, solid phantom and stryfoam were determined from Eq. 3. The variations of the HVL with
the incident photon energy are graphically shown in Figs. 4-6.
From these figures, it can be observed that initially, HVL have minimum values, which increase rapidly with the increase
of the incident photon energy up to 4 MeV. Then, with further increase of the incident photon energy, the HVL values
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decrease slowly and become almost constant beyond 1 GeV. Like the variation of the value of μt, the variations of HVL
can be explained by the dominance of different processes of photon interaction on different energy regions.
Conclusions
The overall uncertainty in the measured values of the attenuation coefficients was estimated ≈ 5 %. The errors in the
present measurements are due to counting statistics, thickness determination and density measurement. The attenuation
of gamma radiation from 137Cs, 60Co has been studied experimentally, using narrow-beam geometry, in 3 different
materials of interest in radiotherapy and in clinical radiophysics work.The mass attenuation coefficients values of samples
decrease with increasing photon energy.The comparison between present experimental results and calculated values and
also WinXCOM computer programme showed that results agreed well.
Because of the dominance of the photoelectric absorption process, the dependence of these parameters on both the
chemical composition and the incident photon energy is remarkable in the low incident photon energy region. The
compositional effects and photon energy dependencies are reduced at intermediate incident photon energies because the
Compton scattering process becomes the main type of photon interaction. In the high energy range, the variation of these
parameters with the chemical composition again becomes important, and these parameters become almost independent
of the photon energy because of the dominance of the pair-production process.
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Abstract
Differential elastic neutron scattering cross sections for 139La target elements have been calculated in the various incident
neutron energy. TALYS 1.8 nuclear reaction code was used in cross-section calculation and all theoretical calculation
results were compared with experimental data from EXFOR library.
KEYWORDS : TALYS 1.8, EXFOR, Nuclear Reaction.

Introduction
Since neutrons are uncharged particles, they are unaffected by the coulomb field created by the nucleus, and thus are
reacted with less energy than other charged particles. Elastic scattering is a common process that realize without loss of
kinetic energy in the system. These scatterings provide more information about the structure of the nucleus.
Neutron scattering reactions are very important and an effective experimental method used extensively to understand the
structure of atomic nuclei and nanoscale materials. Neutron scattering reactions are being used by many researchers in
the world and its usage is constantly developing. In addition to being an important tool for understanding nuclear physics
and nucleus, neutron reactions, which are an important tool for solid state physics and crystallography in the mid-20th
century, serve to the fields of science such as biology, earth sciences, engineering and polymer chemistry.
The use of neutrons, particularly in materials science, can be both time and cost-intensive, as neutron experiments can be
performed in research reactors. Therefore, it should be used in cases where other methods are inadequate. Neutrons used
in these reactions are produced by fission in nuclear reactors or by bombarding heavy elements with high speed particles.
In nuclear reactions, scattered product particles often exhibit an anisotropic distribution. So their energy changes
depending on the direction and angle they are scattered. It will be useful for us to calculate the number of particles entering
the solid angle d per unit time by making the angle with the direction of arrival. For this, the definition of the differential
cross-section can be defined as the cross-section per unit angle. The cross-sectional effect is not only dependent on energy,
but also depends on the type of reaction. The angular distribution of different reactions can be determined by selecting a
type of nuclear force.
The investigation of the elastic scattering of neutrons in the rare-earth elements are interesting for both theoretical and
applied physics reasons. In the field of theoretical physics, angular distributions of elastically scattered neutrons can be
compared to the theoretical estimates of the optical model. The attitude of the optical model potential parameters can be
investigated both as a function of the incident neutron energy and the scatter mass. Such studies may provide information
on the validity of the use of a spherically symmetrical optical model of the nucleus to identify the distorted rare earth
nuclei. In the field of applied physics, especially in reactor physics, it is important and necessary to know the neutron
scattering cross sections of rare earth elements, because they are fission products that contribute to the poisoning of reactor
fuel elements.
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In the neutron energy range from 0.232 to 8.0 MeV, which was investigated in this work, elastic scattering neutron of
nuclear reactions may be initiated by neutrons on 139La, namely the elastic scattering.
The experimental angular distributions have been interpreted within the formalism of the optical model. For a systematic
nuclear model study of this character it is quite important to have a large, homogeneous experimental set of material
obtained under identical experimental conditions. With the fundamental knowledge of the character of the scattering
process at our disposal we are in possession of a tool which allows us to make safer and more reliable calculations and
extrapolations into mass and energy regions where little or nothing is known from scattering experiments.
The aim of the present work was then to give a direct measurement of the elastic neutron differential scattering cross
sections of 139La and to compare experimental results.
Calculation Methods
TALYS is a nuclear code system for the investigation and estimation of nuclear reactions. The basic goal behind its
structure is the simulation of nuclear reactions which involve neutrons, photons, protons, deuterons, tritons, 3He- and
alpha-particles, in the 1 keV - 200 MeV energy range and for target nuclides of mass 12 and heavier. To reach this, we
have implemented a suite of nuclear reaction models into a single code system. This provide us to evaluate nuclear
reactions from the unresolved resonance range up to intermediate energies. The TALYS nuclear code program is that
allows us to simulate long-running or difficult nuclear reactions and make comparisons scientifically. The values obtained
agree with the experimental results.
The calculated neutron elastic scattering cross sections were obtained using the TALYS 1.8 code program. Elastic
scattering cross sections for 139La was calculated at specific energy intervals for the reaction. The results obtained with
TALYS were compared with the experimental results obtained from Exfor [3].
Calculations

Figure 1. Comparison of measured elastic angle-integrated cross sections with EXFOR database .
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Figure 2. Comparison of measured elastic angle-integrated cross sections with EXFOR database .

Figure 3. Comparison of measured elastic angle-integrated cross sections with EXFOR database .

Figure 4. Comparison of measured elastic angle-integrated cross sections with EXFOR database .
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Figure 5. Comparison of measured elastic angle-integrated cross sections with EXFOR database .

Results
The neutron elastic scattering differential cross section was measured as a function of laboratory angle in the angular
range from several angles for lanthanum.
Optical model calculations predict only the elastic scattering cross sections referring to the shape elastic effect. The
process of compound nucleus formation followed by the reemission of the nucleon in the entrance channel is described
by the optical model as an absorption process which, however, is experimentally indistinguishable from the shape elastic
scattering.
In this study calculated results that obtained from TALYS 1.8 are compared with EXFOR experimental value.
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Abstract
In this study, neutron elastic scattering cross sections were theoretically calculated at different energy value for 197Au,
182
W and 186W target elements using TALYS 1.8 nuclear reaction code. Calculated theoretical results are compared with
available experimental data in EXFOR nuclear data library.
KEY WORDS : TALYS 1.8, EXFOR, Nuclear Reaction, Differential Cross Section.

Introduction
Neutron scattering is one of the most powerful and versatile experimental methods to study the structure and dynamics
of materials on the atomic scale. The neutron interacts with nuclei via the strong nuclear force and with magnetic moments
via the electromagnetic force. Most of this text deals with the consequences of these interactions; i.e. the scattering and
absorption of neutrons by atoms and nuclei inside materials, as well as reflection from surfaces and interfaces. In most
cases, neutron scattering is performed in combination with other experimental techniques; often with neutron scattering
as one of the final techniques to be applied before conclusions can be drawn [1].
The magnitude of a reaction cross-section depends on the energetics of the reaction (elastic, inelastic–endothermic,
inelastic–exothermic) and the interaction responsible for the reaction (strong, electromagnetic, or weak). Additionally, at
low energy, inelastic reactions between positively charged ions are strongly suppressed by the Coulomb barrier.
The elastic cross-section depends on whether or not the scattering is due to long-range Coulomb interactions or to shortrange strong interactions. The differential cross-section between two isolated charged particles diverges at small angles
like dσ/dΩ ∝ θ−4. The total elastic cross-section is therefore infinite. For practical purposes, this divergence is eliminated
because the Coulomb potential is “screened” at large distances by oppositely charged particles in the target. Nevertheless,
the concept of total elastic cross-section for charged particles is not very useful.
Elastic neutron scattering is due to the short-range strong interaction so the differential cross-section does not diverge at
small angles and the total elastic cross-section (calculated quantum mechanically) is finite.
In an elastic process, the same particles are present before and after the scattering. The target nucleus A remains in its
ground state, absorbing only the recoil momentum and hence changing its kinetic energy. The scattering angle and the
energy of ejectile nucleon and the production angle and the energy of recoil nucleus are unambiguously correlated.
Calculation method
TALYS is a computer code system for the analysis and prediction of nuclear reactions. The basic objective behind its
construction is the simulation of nuclear reactions that involve neutrons, photons, protons, deuterons, tritons, 3He- and
alpha-particles, in the 1 keV - 200 MeV energy range and for target nuclides of mass 12 and heavier. To achieve this, we
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have implemented a suite of nuclear reaction models into a single code system. This enables us to evaluate nuclear
reactions from the unresolved resonance range up to intermediate energies [2].
TALYS 1.8 code have been used in DDX calculation according to the compound, pre-equilibrium and direct mechanisms.
The TALYS 1.8 code is able to analyze and predict nuclear reactions induced by up to 1 GeV light particles (A ≤ 4) for
target nuclei heavier than lithium.
The two-component exciton model developed by Kalbach was used for calculating the pre-equilibrium contribution while
the compound nucleus was calculated by the Hauser–Feshbach model. Direct reaction calculation is obtained via the
ECIS-97 code which is implemented as a subroutine in TALYS.
Results
These figures are calculated for different isotopes which are 197Au, 182W and 186W in several energy values using TALYS
1.8 nuclear code. Obtained values are compared with EXFOR experimental data for each isotopes. Then values obtained
agree with experimental results [3].
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Figure 1. Comparison of measured elastic angular cross sections with EXFOR database .
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Abstract
Nowadays, neuro-oncological and neurodegenerative diseases cause a noteworthy socio-economic burden on societies
and have a substantial portion of global problems. Because of the heterogeneity of cancer diseases are main roadblock at
the diagnosis and targeted therapy, mainly researchers are focused on studies willing to add novel advances in detection
and treatment of diseases. Researches on the development of brain agents and determination of their potential remains
important. Many diagnostic and therapeutic methods do not pass the blood brain barrier and have negative effects on the
treatment of neurodegenerative diseases. In the literature search, the outstanding potential of the Baicalein (BA)
compound found in the roots of Scutellaria Baicalensis Georgi has been recognized. There have been several scientific
studies revealing that Baicalein may be a potential agent for the brain cancer due to its multi-targeted effects and that it
can be used as a new therapeutic agent for the treatment of neurodegenerative diseases.
In current study, it is aimed to determine radioiodination potential of BA with iodine-131 (131I). 131I is preferred due to its
properties which provide both diagnosis and therapy at the same time. With this aim, BA was radiolabeled with 131I and
quality control studies were performed utilizing chromatographic [Thin Layer Radio Chromatography (TLRC) and High
Performance Liquid Radio Chromatography (HPLRC)] methods. Stability and lipophilicity studies of radioiodinated BA
(131I-BA) was performed.
According to the results, it is seen that BA can be radiolabeled with 131I in high yields and stability. The lipophilicity of
the radioiodinated BA give insight for blood brain barrier penetration. Our studies about radioiodinated BA are ongoing.
Bioaffinity of 131I-BA will be investigated on different brain cancer cell lines (U87-MG and U251-MG) utilizing in vitro
cell culture methods.
Introduction
Cancer is one of the most dangerous health problem due to its high rate of death. Recent researches show that mortality
and morbidity rates of cancer rapidly increased in consequence of many reasons [1]. Despite treatment options, there are
serious side effects associated with chemotherapy drugs and multiple forms of drug resistance that significantly reduce
their effects. Neuro-oncological and neurodegenerative diseases cause a noteworthy socio-economic burden on societies
and have a substantial portion of global problems [2]. Researches on the development of brain agents and determination
of their potential remains important. Limitations are tried to be overcome with focusing on personalized and targeted
strategies such as theranostic and smart molecule approaches [3]. Additionally, because of their natural properties and
biological effects, plant origined agents are under investigation for a long time and recently, they are preferred on
diagnosis/therapy of diseases instead of synthetic compounds.
Scutellaria Baicalensis Georgi is a species of flowering plant in the Lamiaceae family. Chinese people have used the
dried root of this medicinal plant for more than two thousand years as a traditional medicine. Baicalein (BA) is one of the
major, active constituents of Scutellaria Baicalensis Georgi and is isolated from its roots [4]. In literature studies;
Baicalein have many pharmacological properties [5] such as; anti-oxidant, anti-inflammatory, anti-cancer (e.g., bladder
cancer, breast cancer, brain cancer, cervical cancer, colorectal cancer, gastric cancer, hepatocellular carcinoma,
osteosarcoma, multiple myeloma, melanoma/skin cancer, ovarian cancer, pancreatic cancer, prostate cancer, and lung
cancer), anti-diabetic, anti-thrombotic, anti-viral [6], cardioprotective, hepatoprotective, neuroprotective [7] etc..
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Additionally, there have been several scientific studies revealing that Baicalein may be a potential agent for the prevention
of neurodegeneration due to its multi-targeted effects and that it can be used as a new therapeutic agent for the treatment
of neurodegenerative diseases [8]. Baicalein has been reported to reduce invasion of glioma cells. It is also emphasized
that it may be an effective neuroprotective agent for neuro-toxicity mediated diseases.
In the literature, there are a lot of scientific research that examine bioactivities of plant-derived compounds on specific
organs and tissues via radiolabeling with appropriate radioisotopes on various cancer types [9]. Radiolabeling of these
compounds may initiative discovery of novel promising imaging and therapy agents forward. However, we couldn’t find
radiolabeled studies of Baicalein. In the literature, there are a lot of studies which include synthesis of radiolabeled plant
origin compounds with the appropriate radioisotopes (125/131I, 99mTc etc.) [9,10,11]. Iodine-131 (131I) is a radioisotope used
for both diagnosis and treatment, due to the beta decay and gamma energy of 364 keV with half-life of 8 days [11,12].
Due to above-mentioned properties, the objective of current study is to determine radioiodination potential of BA with
iodine-131 (131I).
Results
Radioiodination of Baicalein (BA) was performed using Iodine-131 (131I) which is used for both diagnosis and therapy,
in order to develop targeted theranostic agent. Radioiodination reaction with 131I was carried out by using iodogen method.
The advantage of the iodogen method from other methods is that the ligand is not subjected to a chemical or physical
deformation during radioiodination. Quality control of radioiodinated Baicalein (131I-BA) was accomplished with
radiochromatography methods (Thin Layer Radio Chromatography (TLRC) and High Performance Liquid Radio
Chromatography (HPLRC)). Additionally, stability and lipophilicity studies of 131I-BA were determined.
Radioiodination yield of 131I-BA was obtained in high yields over 95%. In the quality control studies, the iodine-131
relative front (Rf) value was found to be 0.45 (Figure 1a). The oxidized iodine peak did not advance on the plate (Rf:
0.03) and remained at the starting point (Figure 1b). Radioiodinated BA peak was observed towards the end of the plate
(Rf: 0.90) differently from the iodine and oxidized iodine peaks as seen in Figure 1c. Furthermore, similar radioiodination
yield was obtained by HPLRC analysis and the chromatograms of BA and 131I-BA are seen in Figure 2 and 3, respectively.

Fig. 1. Radiochromatograms of 131I (a), Oxidized 131I (b) and 131I-BA (c), respectively. (mobile phase: n-butanol / distilled water /acetic acid
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I-BA was very stable until 24 hours (Figure 4). In lipophilicity (logP) studies, we obtained experimental logP value as
0.69 ± 0.12 (n:3). It is seen that radioiodinated BA can pass the blood brain barrier by up to 95% [13].
All experimental results show that Baicalein successfully
radiolabeled with 131I. Hereby, radioiodinated Baicalein is a
Time (minutes)
potent agent that can be used in the diagnosis / treatment of cancer and neurodegenerative diseases. The current potential
of Baicalein will be examined by in vitro cell studies.
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Cross–section calculations of 67Zn(d,2p)67Cu, 68Zn(d,3He)67Cu, 70Zn(d,x)67Cu
and natZn(d,x)67Cu reactions up to 50 MeV energy for medical 67Cu radioisotope
production
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Suleyman Demirel University, Physics Dept., Isparta, Turkey

Abstract
Radioimmunotherapy (RIT) is a multidisciplinary treatment that involves combination of immunotherapy and radiation
therapy used to treat various types of cancer. Treatment consists in the administration of radiolabeled antibodies to the
tumor tissue. 67Cu isotope is also used for this treatment and it is still being under investigation and development. Also,
it has several advantages over other isotopes used in this field in terms of half-life and the energies it emits. In this study,
in order to contribute to the development of this isotope the cross-section, which indicates the possibility of a reaction,
were examined. The production cross-sections of 67Zn(d,2p)67Cu, 68Zn(d,3He)67Cu, 70Zn(d,x)67Cu and natZn(d,x)67Cu
reactions have been examined up to 50 MeV via both phenomenological and microscopic level density models with
TALYS 1.9 nuclear reaction code. Constant Temperature Fermi Gas Model (CTFGM), Back Shifted Fermi Gas Model
(BSFGM), Generalised Super Fluid Model (GSM) are the phenomenological level density models, while Gogny Force
Model is the microscopic level density model. Calculated theoretical values of the reactions by using TALYS 1.9 nuclear
reaction code were compared with the experimental results taken from EXFOR library. The model, which produces the
most compatible results with experimental data, was determined by the relative variance analysis method and the effects
of different level density models on the calculations were investigated. Also, the possible energy ranges of 67Cu production
have been given.
Introduction
Environmental, genetic and nutritional factors may cause abnormal proliferation of cells which is called cancer. Surgery,
chemotherapy, radiotherapy, immunotherapy, targeted therapy, stem cell therapy and many other methods are used for
cancer treatment. The basic principle in the treatment of cancer with radiation is to give minimum amount of dose to the
healthy tissues and to protect them from the side effects as much as possible. Radioimmunotherapy (RIT) is one of the
methods that has being developed which performs targeted cancer treatment by binding radioisotopes to the antibodies.
In this treatment, protecting healthy tissues from radiation damage is very important. 67Cu radioisotope, one of the
radioisotopes used in radioimmunotherapy, is a beta particle emitter radionuclide used for imaging, theraphy and
dosimetry purposes. Many studies show that 67Cu isotope is a suitable radioimmunotherapy radioisotope for ovarian,
bladder and lymphoma cancers in terms of nuclear and chemical properties [1-3].
Theoretical Calculations
There are two radioisotopes used for the RIT treatment around the world which are 90Y and 131I. According to 90Y and
131
I, the 67Cu radioisotope has several advantages in terms of half-life and the energies it emits. The 131I isotope has 192
hours of half-life (T1/2=8.025 d), 610 keV maximum beta energy (βmax=610 keV), 192 keV mean beta energy (βmean=192
keV) and 2.4 mm maximum penetration distance to the tissue. Another RIT isotope 90Y has 64 hours of half-life
(T1/2=2.668 d), 2270 keV maximum beta energy (βmax=2270 keV), 890 keV mean beta energy (βmean=890 keV) and 11.9
mm maximum penetration distance to the tissue. The 67Cu isotope has 62 hours of half-life (T1/2=2.58 d), 577 keV
maximum beta energy (βmax=577 keV), 141 keV mean beta energy (βmean=141 keV) and 2.2 mm maximum penetration
distance to the tissue. When the half-lives of these isotopes are compared, it is more suitable for the protection of healthy
tissues and workers, considering the energies and half-life of the 67Cu isotope. This isotope is routinely produced in the
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cyclotron with 68Zn(p,2p)67Cu reaction, around 70 MeV energy [4,5].
The cross-section means the probability of the interaction of one target and one induced particle. Because of the short
half-life of the transient nuclei, it may not possible to make measurements. In such cases, where the experimental data is
insufficient or difficult to obtain, incomplete data can be completed by using nuclear reaction codes. It is also
advantageous in terms of time and cost [6].
In this study; TALYS 1.9, an open source nuclear reaction analysis code, was used to access nuclear reaction data. TALYS
version 1.9 has been introduced in 2017. For targets with a mass number greater than 12 in the 1 keV – 1 GeV energy
range; it is used for the analysis and estimation of neutron, proton, deuteron, triton, 3He and alpha induced nuclear
reactions [7].
In TALYS 1.9, there are several options for choosing different parameters such as nuclear level densities and nuclear
models. Three of the level density models are phenomenological where three of them are microscopic. Options for
changing the level densities in the code: ldmodel1 – a Combination of Constant Temperature and Fermi-Gas Model
(CTFGM); ldmodel2 – Back-Shifted Fermi Gas Model (BSFGM); ldmodel3 – Generalized Superfluid Model (GSM);
ldmodel4 – Microscopic Level Densities from Goriely’s tables; ldmodel5 – Microscopic Level Densities from Hilaire’s
combinational tables and ldmodel6 – Temperature Dependent Hartree-Fock-Bogoliubov Gogny force from Hilaire’s
combinational tables (Gogny Force). The default level density model for TALYS 1.9 is the CTFGM [7].
Results
In this study, in order to contribute to the development of 67Cu radioisotope, the production cross–sections of
67
Zn(d,2p)67Cu, 68Zn(d,3He)67Cu, 70Zn(d,x)67Cu and natZn(d,x)67Cu reactions have been examined up to 50 MeV via
CTFGM, BSFGM, GSM, Gogny Force Level Density Model with TALYS 1.9 nuclear reaction code. Calculated results
have been compared with the experimental data which are taken from the EXFOR library [8] and the most appropriate
reaction and level density model for the production of examined radioisotope has been determined by the relative variance
analysis method where the definiton is given with Equation (1).
@
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The first figure shows the cross–section of the 67Cu radioisotope production from the 67Zn isotope with 67Zn(d,2p)67Cu
reaction. CTFGM, BSFGM, GSM and Gogny Force Level Density models do not fit well with the experimental data. The
GSM model appears to be relatively closer to the experimental data according to the Table 1 which is given for the relative
variance analysis results of 67Cu production. As can be seen from Table 2, the possible production of the 67Cu radioisotope
via this reaction in terms of the incident particle energy is 15-16 MeV.
The second figure shows the cross–section of the 67Cu radioisotope production from the 68Zn isotope with 68Zn(d,3He)67Cu
reaction. CTFGM, BSFGM, GSM and Gogny Force Level Density models do not fit well with experimental data. The
BSFGM and GSM models appear to be relatively close to the experimental data. Similar to the 67Zn(d,2p)67Cu reaction,
68
Zn(d,3He)67Cu has the same energy interval for possible 67Cu production.
Figure 3 shows the production cross–section of the 67Cu radioisotope via 70Zn isotope with 70Zn(d,x)67Cu reaction. All
models, which has been employed for the calculations, generally seem to be suitable with the experimental data. The
CTFGM level density model is the most compatible one among these models in 10-20 MeV energy range.
The cross–section of the 67Cu radioisotope production from the natZn isotope with natZn(α,x)67Cu reaction has been given
in Figure 4. CTFGM, BSFGM and GSM level density models generally seem to be suitable with the experimental data
where the CTFGM is the most compatible level density model in the 15-50 MeV energy range.
Table 1. Relative Variance Analysis Results of 67Cu Production.

Reactions
Zn(d,2p)67Cu
68
Zn(d,3He)67Cu
70
Zn(d,x)67Cu
nat
Zn(α,x)67Cu
67

CTFGM
0.935966617
0.985918762
0.12411322
0.356474342

BSFGM
0.932137173
0.915957034
0.233691233
0.352727128

GSM
0.906577977
0.915957034
0.461399599
0.494482656

Gogny Force
0.955431491
0.985681027
0.28278617
0.366692848

Table 2. Possible Energy Range of 67Cu Production.

Radioisotope
67
Cu
67
Cu
67
Cu
67
Cu

Production Reaction
67
Zn(d,2p)67Cu
68
Zn(d,3He)67Cu
70
Zn(d,x)67Cu
nat
Zn(d,x)67Cu

Possible Energy Range (MeV)
8→16
11→16
10→20
15→50

As a result, the cross–section of some deuteron induced reactions for 67Cu production have been examined with different
level density models in the TALYS 1.9 nuclear reaction code. When the results examined with relative variance analysis
method, GSM model for the 67Zn(d,2p)67Cu reaction, BSFGM and GSM models for the 68Zn(d,3He)67Cu reaction,
CTFGM model for 70Zn(d,x)67Cu reaction and CTFGM model for the natZn(α,x)67Cu reaction could be pointed as the most
compatible models with the experimental data. 70Zn(d,x)67Cu reaction could be used for the production of the 67Cu isotope
due to the proximity to the experimental data and low production energy range.
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Abstract
Within this study, our motivation was to perform theoretical studies to obtain the neutron emission spectra of 107,109Ag
isotopes, where Ag has the highest rate of materials in widely employed Ag-In-Cd (85-15-5, %wt.) nuclear reactor control
rods. Reactions at 18, 22 and 25 MeV proton incident energies have been carried out with two commonly used and
accepted calculation codes which are TALYS 1.8 and EMPIRE 3.2. It is possible to investigate the pre-equilibrium and
equilibrium effects with both of the codes and all calculations have been performed within this manner. From TALYS;
Two Component Exciton and Hauser-Feshbach Models have been employed as pre-equilibrium and equilibrium models
whereas from EMPIRE PCROSS Exciton and Hauser-Feshbach model have been selected. To appoint the most consistent
model result with the exist literature data, computation results have been compared with the experimental data taken from
the Experimental Nuclear Reaction Data (EXFOR) Library by visually via graphing both mentioned values. In addition
to those, TALYS-Based Evaluated Nuclear Data Library (TENDL) data for each investigated reaction have been also
included to the graphs for better interpretations.
Introduction
One of the most important problems of this century could be pointed as the enormously increasing need to energy. In
addition to that enormous increase in the energy desire, which people want to use as a need for modern daily life, the
limited amount of resources for the effective and environmental friendly production methods cause to take more attention
on this issue. A possible solution to this demand could be provided by employing more fission based power plants. With
the great and numerous advantages, a fission reactor power plant could be very likely for solving both the regional and
international energy crisis and provide a more comfortable life after all. Considering this and many other positive effects
of such facilities like improvement in science and engineering, technology transfer possibilities, more respect and less
harm to the nature, countless studies have been performed to make them work in perfect condition and generate no harm
at all. One considerable branch of those studies could be shown as the material development studies to consummate the
operation in many different perspectives. Among many parts of a nuclear power plant, control rods which are basically
responsible for the continuity and regulation of the fission reactions, could be pointed as almost the most important part
within the whole system. Therefore, it is very important to select the most suitable material for the production of these
parts and there is a need for detailed theoretical and experimental information about the materials which are likely to be
used [1].
Within this scope, in this study neutron emission spectra of 107,109Ag isotopes under proton induced reactions have been
investigated since Ag is the most widely used material in control rods i.e. the most commercial product Ag-In-Cd (8515-5, %wt.) control rods. The energies of incident particles have been selected as 18, 22 and 25 MeV and for both isotopes
of Ag, which are 107,109Ag, theoretical calculations have been obtained by utilizing TALYS 1.8 [2] and EMPIRE 3.2 [3]
which are two of the calculations codes among many alternatives.
Theoretical Calculations
Theoretical investigations have an undeniable importance and impact in the nuclear physics like it is in many various
branches. Obtaining data about a reaction without physically generating it may help to the researchers in numerious areas
and studies such as material development, medical applications, industrial utilization and etc. Also, having information
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and knowledge about a reaction’s possible consequences may provide enormous advantages. To be able have all those
and more, theoretical calculation codes have been developed with the help of improved computer based technologies.
There exist varios codes for the investigation of different types of reactions and different parameters in where it is possible
to employ many theoretical nuclear reaction models. The codes TALYS 1.8 and EMPIRE 3.2, which are selected for the
use in this study among the wide alternatives, have been appointed by considering their acceptance in literature, high
usage rate and ability to employ various theoretical nuclear reaction models. To investigate the neutron emission spectra
of 107,109Ag isotopes under proton induced reactions, pre-equilibrium and equilibrium reaction mechanisms have been
included. To be able to do so, different models have been employed within the codes which are Two Component Exciton
(TCE) [4] and Hauser–Feshbach (HF) [5] models from TALYS 1.8 and PCROSS exciton [3] and Hauser–Feshbach
models from EMPIRE 3.2. While HF model is the equilibrium model in both codes, pre–equilibrium model is TCE in
TALYS 1.8 and PCROSS exciton in EMPIRE 3.2. All outcomes have been compared by reporting the caculation results,
the experimental data taken from EXFOR [6] database and another literature data taken from TENDL [7] database in the
same graph for each reaction to realize the effects of models and their influences on the calculation results.
Results
Neutron emission spectra of 107,109Ag isotopes under proton induced reactions have been investigated where the energies
of incident particles have been selected as 18, 22 and 25 MeV. Graphical comparisons of the obtained theoretical
calculation results with the EXFOR and TENDL databases have been given in Figs. 1-6.
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Fig.2. 109Ag(p,xn) where Ep=18 MeV reaction results.

Fig. 1. 107Ag(p,xn) where Ep=18 MeV reaction results.

Figs. 1 and 2 represent the 18 MeV particle induced calculation results and their comparisons with the EXFOR and
TENDL databases for 107Ag and 109Ag isotopes, respectively. For both isotopes, there exist a TENDL data with exact
incident particle energies which are in good agreement with the experimental values. For each case, the most compatible
model could be pointed as TCE model of TALYS 1.8 code where the least one is observed as HF model of TALYS 1.8
code. On the other hand, it could be seen from the figures that pre-equilibrium and equilibrium models of the codes have
a consistency among them even there exist a difference.
Like the first two, following two figures represent the outcomes and comparisons but for the 22 MeV incident particle
situation where Fig. 3. is dedicated to 107Ag and Fig. 4. is dedicated to 109Ag. It is clearly seen from the graphs that the
same energetic TENDL data follow the experimental data from above till 10 MeV and from below after that. The
compatibility of TALYS 1.8 TCE model results with TENDL data is so evident and these are the most consistent results
with the experimental data from the beginning of the detection of neutron emission energy to almost 10 MeV. After that
energy, even these results lay close to the experimental data, PCROSS exciton model values of EMPIRE 3.2 has better
agreement with the experimental data. The HF models of both codes generate no successful values after almost 8 MeV
neutron emission energy region.
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Fig. 3. 107Ag(p,xn) where Ep=22 MeV reaction results.

Fig. 4. 109Ag(p,xn) where Ep=22 MeV reaction results.

Figs. 5 and 6 have been dedicated to 25 MeV energetic incident particle cases of 107Ag and 109Ag isotopes, respectively.
Unlike previous energies, TENDL library does not have the calculation results for 25 MeV protons yet it has 24 MeV and
26 MeV data that have been given in the graphs for an understanding. Similar to the previous conditions, the HF model
results generate a rapid decrease in the dσ/dE (mb/MeV) value with the increase of neutron emission energy where the
line of TALYS 1.8 lays below the EMPIRE 3.2. Due to that, it is possible to say that the least harmonic calculations
results with respect to the EXFOR and TENDL data have been generated via these models. On the other hand, other
models of the codes are in good agreement with both each other and with experimental values.
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Abstract
Natural radioactive elements, which are mainly uranium (238U), thorium (232Th), and potassium (40K), have existed in the
earth's crust since the formation of the earth. These elements have survived to date due to the long half-lives of various
radioactive element in natural radioactivity series. Natural radioactivity level from terrestrial sources depends on the
geological structure, the radiochemical status of the region and distribution of radioactive nuclei on the earth. Terrestrial
radiation level in any place is strictly related to the contents and the geochemical distribution of uranium, thorium and
potassium in rocks and to the geological composition of that place. The concentrations of terrestrial radionuclides in rocks
and soils constitute the sources of natural radiation of terrestrial origin. Therefore, the dose rates of people from these
rays vary from region to region. The aim of this study was to determine the level of terrestrial radioactivity and its
relationship with the geological structure of Afyonkarahisar city center.
Keywords: Natural radioactivity, Gamma-ray spectrometry, Geological structure, Afyonkarahisar

Introduction
The natural radiation sources can be divided into two main categories namely terrestrial radiation and cosmic radiation.
Terrestrial radiation, which is a formation of gamma emission from primordial radionuclides and their progenies existed
in the earth's crust since the formation of the earth, is one of the main external sources of radiation exposure to humans
[1, 2]. It is a continuous and unavoidable natural source of ionizing radiation exposure for human. Uranium (238U),
thorium (232Th), and potassium (40K) are the natural radioactive elements which make the main contribution to terrestrial
radiation. These elements are still active to date due to the long half-lives of various radioactive element in natural
radioactivity series.
Natural radioactivity level from terrestrial sources depends on the geological structure and soil type of the location [2-5],
and the radiochemical status of the region and distribution of radioactive nuclei on the earth. Killeen (1979) made
classifications of different rock groups based on radioelement contents [6]. Therefore, terrestrial radiation level is strictly
related to the contents of thorium (232Th), uranium (238U) and potassium (40K) in rocks which is the origin of the soil
in an area, and to the geological composition of the area [2]. The range and average values of terrestrial radioactivity
concentration are given in Table 1.
Table 1. The range and average values of terrestrial radioactivity concentration.

Radionuclides
40
K
238
U
232
Th

Terrestrial Radioactivity Concentrations [Bq /kg]
Mean
Range
400
140-850
35
16-110
30
11-64

Geological Settings of the Study Area
The present study was carried out in the midwest Anatolian city of Afyonkarahisar province. The study area can be
assumed to be divided into four regions according to lithological properties and tectonic structure. The scheme of
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lithological properties and tectonic structure in the regions, and the location of the study area between latitudes and
longitudes are shown in Fig. 1.

Alluvion

Pyroclastic rock

Trachyte

Fig. 1. The scheme of lithological properties and tectonic structure in the regions, and the location of the study area between latitudes and longitudes.

Materials and Method
Terrestrial radionuclides concentrations of 232Th, 238U and 40K were measured at 103 sampling points in Afyonkarahisar
city center (Fig. 2a) using a portable hand-held gamma-ray spectrometer (Fig. 2b). The measurements were done just
above the surface and repeated three times. The average activity concentration values of 232Th and 238U and 40K were
calculated using the IAEA (International Atomic Energy Agency) regulations [7,8]. For the environmental radioactivity
measurement, the amount of Potassium, Uranium and Thorium is normally expressed in Becquerels (Bq) per unit mass.
Following conversion factors are used to change from concentration unit to activity unit in Bq.kg-1:
•

1% Potassium

= 313 Bq.kg-1 of 40K,

•

1 ppm of Uranium

= 12.35 Bq.kg-1 of 238U,

•

1 ppm of Thorium

= 4.06 Bq.kg-1 of 232Th.

Gamma-ray spectrometry is widely used for natural radioelement mapping in the field studies. It monitors the energy
channels centered at 1461 keV (40K), 1765 keV (214Bi) and 2615 keV (208Tl) photo- peaks, for the estimation of K, U and
Th concentrations, respectively.
In the gamma spectrometry measurements, the estimation of the Potassium concentration in rocks and soils by gamma
ray spectrometry is through the detection of 1461 keV gamma rays emitted by 40K. 40K occurs in nature as a fixed ratio
to other, non-radioactive, isotopes of Potassium. Thus, the estimation of K is direct, and results are reported in % K
(percent potassium). The estimation of Uranium is through detection of 1765 keV gamma rays of 214Bi, a daughter product
in the 238U disintegration series. The estimation of Uranium by gamma ray spectrometry is thus indirect, and the results
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are reported in ppm eU (parts per million of equivalent Uranium). The equivalent is a reminder that the estimation is
made in basis on the assumption of radioactive equilibrium in the 238U decay series.

(a)

(b)

Fig. 2. (a) Locations of sampling points. (b) A photo of portable hand-held gamma-ray spectrometer.

Similarly, estimation of Thorium is through detection of 2615 keV gamma rays of 208Tl, a daughter product of 232Th decay
series, and estimates are reported in ppm eTh (parts per million of equivalent Thorium). For geological purpose, the
amount of Potassium is normally expressed in percent while Thorium and Uranium in parts per million (ppm).
Results and Discussions
Terrestrial radionuclides concentrations obtained for surface soil measurements in Afyonkarahisar and the average
activity concentrations are given in Table 2. Concentration values are ranged from 0.20 to 3.83% for 40K, from 1.76 to
19.48% ppm for 238U, and from 2.77 to 40.74% ppm for 232Th, whereas the average values are 1.89%, 7.21% ppm, and
14.90% ppm, respectively. The present average activity values of Potassium, Uranium and Thorium are well above the
World average values defined by the UNSCEAR. From the point of geological structure and rock type, the present average
values are compatible with the values reported by Killeen [6].
Table 2. Concentrations of radionuclides and average activity concentrations.

Concentration values [% ppm]
Average Activity Concentrations [Bq /kg]
Radionuclides
Minimum
Maximum
Average
Present
UNSCEAR
40
K
0.20
3.83
1.89
591.57
400
238
U
1.76
19.50
7.21
89.04
35
232
Th
2.77
40.74
14.90
60.50
30
The spatial distribution map of activity concentrations of Potassium, Uranium and Thorium are shown in Fig. 3a, Fig. 3b,
and Fig. 3c, respectively. According to the density distribution map of potassium, the concentration is gradually increasing
towards the southwest of the city. Although potassium concentration increased in the region of Trachy-triacanesitic lava,
the highest distribution was determined geologically in the parts dominated by Pyroclastics.
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(a)

(b)

(c)

Fig. 3. The map spatial distribution of activity concentrations; (a) Potassium, (b) Uranium, (c) Thorium.

From the uranium spatial distribution map, it is clearly seen that the concentration slightly increases towards the south of
the city. Apart from this, there is a region in the southeast of the city having the highest uranium concentrations. This is
probably for the reason that the region is dominated by Pyroclastic rocks. In other words, in the southern region where
trachytandritic lava is present, a higher uranium concentration distribution was observed than in the northern part of the
alluvium structure.
Thorium spatial distribution map shows that the concentration of thorium clearly increases towards the south of the city.
In other words, a low thorium concentration was observed in the alluvial geological parts than the parts dominated by
Trachy-triacanesitic and Pyroclastics rocks. On the other hand, one can also see that there is a line having high thorium
concentration which is compatible with the defined fault line laid on from the southeast to northwest.
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Excitation of the autoinizing states of Helium by electron impact
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Abstract
Depiction of autoionizing resonances in cross sections of ionization has been a topic of research in collision physics for
a long time since the studies of Fano, 1961. Such studies are very important in terms of understanding the energy and
angular distribution in atoms by internal electron-electron interactions.
It is well known in the literature that the interference of direct and resonance transitions play important role in the
formation of autoinizing resonances of Helium atom in the cross sections by collisions with charged particles, such as
electrons. Resonance profiles are formed in an asymmetric structure above the direct ionization cross sections around the
resonance levels. In this work, differential cross section measurements were carried out to determine the higher scattering
angular distributions of the double-excitation autoionization energy levels of helium atom. The cross sections of the
resonance levels for the scattering angles were experimentally determined at intermediate incoming electron energy range.
The results will be evaluated in terms of resonance profiles during the conference.
Keywords: Electron spectrometry, Autoionization, Angular spectrum of resonance levels, Helium atom
Introduction
Resonances and the autoionization phenomenona present interesting challenges to the quantum theory of the dynamics
of multi electronic systems. Later on, the first experimental work to resolve and identify the autoionization levels with
ions was carried out by Rudd (1964). The following references on autoionization and resonance profiles have an important
role in understanding the interactions between electrons, shapes of the electron clouds and energy/angle dependent cross
sections (Pochat et al. 1982, Lower and Wiegold 1990, Crowe et al. 1996, Brunger et al. 1997, Samardzic et al. 1997,
Jureta 2014).
The autoionization of atoms (excited by electron impact) involves interference between the direct ionization and the
resonance or autoionization amplitude. In the electron collision experiments, when two electrons in the ground state are
excited to these levels, an electron spontaneously ionizes and the incoming and breaking electrons are scattered at all
angles. Measurements of the autoionization region of an atom depend on the electron collision energy and ejected electron
angle. For this reason, it is necessary to make measurements at different electron impact energies and at different ejected
angles to correctly interpret the results.
In this work, differential cross section measurements were carried out to determine the higher scattering angular
distributions of the double-excitation autoionization energy levels of helium atom. The cross sections of the resonance
levels for the scattering angles were experimentally determined at intermediate incoming electron energy range. In this
work, differential cross section measurements were carried out to determine the higher scattering angular distributions of
the double-excitation autoionization energy levels of helium atom. The cross sections of the resonance levels for the
scattering angles were experimentally determined at intermediate incoming electron energy range. Experiments are
carried out in electron spectrometer that is located in the Electron Collision (e-COL) Laboratory in the Physics
Department of Afyon Kocatepe University and it is essentially a combination of an electron gun, two turntable
hemispherical electrostatic energy analyzers and a Faraday cup. An incident electron beam intersects at the right angle of
the gas jet formed at the collision center. A coplanar geometry is used, where all electrons are observed in the collision
plane defined by the incident and scattered momentum vectors respectively. The main purpose of the studies using this
set up is to examine the structure of atomic and molecular systems, to investigate how the electron correlations occur in
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the ionization process, to produce experimental data for solving the multiparticle problem and to test the correctness of
theoretical models.
The electron impact excitation of doubly excited states is usually investigated by the electron energy loss measurements
of scattered electrons or the energy spectra measurements of ejected electrons. These states are degenerate in energy with
continuum states from the direct ionization process, resulting in their non-radioactive decay, autoionization. Since the
final states for both processes are indistinguishable, an interference can occur between the two processes depending on
both the magnitudes and relative phases of the competing direct and resonant amplitudes.
Results
The angular distributions of the auto ionization energy levels of the helium atom were determined by detecting electrons
after the excitation of it by 200 eV energetic electrons. Differential cross section measurements (DCS) were taken at 100o
and 120o scattering angle for 32,5-35 eV resonance energy levels. In the spectra, peaks consisting of the addition of
ionization and direct ionization have been observed.
Depending on the resolution of the analyzers, 1D and 1P levels which are very close to each other for n= 2 can not be
distinguished. In the spectra, resonance profiles with symmetric and asymmetric structures are formed above the direct
ionization cross sections in the vicinity of their resonance levels.
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Fig. 1. Differential cross sections for 200 eV at 100o and 120o ejected electron angles.

The autoionization of atoms (excited by electron impact) involves interference between the direct ionization and the
resonance or autoionization amplitude. The study of electrons ejected through autoionization to the excited states is
expected to provide important information on their properties.The present results is a step forward in the direction of
better understanding the autoionization region in atoms accessed by electron impact.
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H. ÖZDOĞAN1, A. KAPLAN2
1
2

Akdeniz University, Biophysics Dept., Antalya, Turkey

Süleyman Demirel University, Physics Dept., Isparta, Turkey

Abstract
In this study, neutron emission spectra of 56Fe at 26.8 and 45.2 MeV alpha incident energies have been calculated for
various angles. Koning-Delaroche, McFadden-Satchler, Avrigeanu and Demetriou, Grama and Goriely alpha optical
models of TALYS 1.8 nuclear reaction code have been appointed within the calculations. Theoretical results have been
compared with each other and experimental data taken from Experimental Nuclear Reaction Data Center.
Introduction
In the last decades, progress in science and industry has been positively influenced by each other. The scientific and
industrial level reached today depends on the development of energy and material science technologies together. Due to
the rapidly and continuously increasing world population, the use of limited resources more efficiently has become a
necessity. For this reason, conventional energy production methods have been replaced by high technological, scientific
and more advanced technologies, such as fusion, where the combination of the reached utmost knowledge on energy and
material science technologies have been applied jointly. For those and similar high technological research and
development studies, structural material development has a vital importance. The material classification could be done
according to the activation characteristics of material itself as high activation elements, i.e. Co, Al, Ni and Ag, and low
activation elements, i.e. Ti, Si, Cr and Fe. In addition to the activation characteristics of the materials, other properties
like mechanical features, physical and chemical properties, consistency with other materials, irradiation performance and
radiological properties have importance on the selection of right material and further studies of the material itself [1]. As
a result, not surprisingly, the fusion reactor structural material development with better physical and thermo-mechanical
properties also with low activation characteristics has become the main objective of many studies [2-4]. These studies
usually carried out with theoretical calculations due to the possible experimental difficulties and efficiency optimizations.
There exist many studies that shows the importance of theoretical examinations on the material development studies. The
common point of these studies is the usage of computer aided calculation codes to obtain the requested data [5-7]. The
reason of using these codes is essentially due to avoiding the complexity of the mathematical expressions of the models
included. To serve this purpose, there exist many codes that have been approved for the use in the literature to obtain the
requested data such as cross–section, stopping power, penetrating distance, displacement per atom, double differential
cross–section (DDX) and etc. The knowledge of emitted particles with respect to their energies and angular distributions,
which is called as double differential cross–section (DDX), is one the most important parameter for not only commenting
about the nuclear heating and material damage estimation for the possible structural material detection or improvement
studies but also for the benchmarking the nuclear reaction codes to test the models and develop the estimations for having
better results to the use of non-experimental situations. One of the achieved method applied on the model development
studies is the usage and optimization of different parameters that the models have regarding the studied reaction. Among
many of them, one important effect could be pointed as the existence of the alpha optical potentials in the alpha induced
reactions. In this study, the effects of different alpha optical potentials on the calculations of double differential
cross–section parameters have been investigated by employing different models at 26.8 MeV and 45.2 MeV alpha particle
incident energies to one of the most known fusion structural material, which is 56Fe, by using TALYS 1.8 [8] code.
TALYS 1.8 is a well-known and widely used calculation code generated for obtaining the nuclear reaction related
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parameters from one portal and contains different models to investigate various effects and systematics of the reactions.
In this study, alpha optical model effects on neutron emission spectra of 56Fe at 26.8 and 45.2 MeV for various angles
have been investigated. The obtained results for each incident energetic alpha with respect to angular distribution have
been compared with the experimental results that are already accepted by the literature and located to the Experimental
Nuclear Reaction Data Library (EXFOR) [9].
Theoretical Calculations
The central assumption underlying the optical model is that the complicated interaction between an incident particle and
a nucleus can be represented by a complex mean-field potential, which divides the reaction flux into a part covering shape
elastic scattering and a part describing all competing non-elastic channels. Solving the Schrodinger equation numerically
with this complex potential yields a wealth of valuable information [8]. Within the aim of this study, neutron emission
spectra of 56Fe at 26.8 and 45.2 MeV alpha incident energies have been calculated for various angles with Watanabe
folding approach Koning-Delaroche Potential [10], McFadden-Satchler Potential [11], Avrigeanu and Demetriou
Potential [12], Grama and Goriely Potential [13] alpha optical models of TALYS 1.8 computation code.
Results
Within the purpose of this study, neutron emission spectra of 56Fe(α,xn) reaction at 26.8 and 45.2 MeV for 30°, 60°, 90°,
120° and 150° were examined. Calculation results with respect to experimental data were given in Figures 1-5.
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Fig. 1. 56Fe(α,xn) reaction results for 30°
56

Fe(α,xn) reaction results for 30° have been given in Fig. 1. As can be seen from this figure, all model calculations have
been given similar results with each other. Calculations which performed for 45.2 MeV are in good harmony with the
EXFOR data but calculations done for 26.8 MeV have been mismatched experimental data up to 2.5 MeV.
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Fig. 2. 56Fe(α,xn) reaction results for 60°
56

Fe(α,xn) reaction results at 26.8 and 45.2 MeV for 60°have been given in Fig. 2. All calculations are in good harmony
with experimental data.
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Fig. 3. 56Fe(α,xn) reaction results for 90°

Alpha optical model effects on neutron emission spectra of 56Fe(α,xn) at 26.8 and 45.2 MeV for 90° have been shown in
Fig. 3. All optical model results for both energies are consistent with the experimental data. Alpha optical models have
been given close results with each other.
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Fig. 4. 56Fe(α,xn) reaction results for 120°

Outcomes of 56Fe(α,xn) reaction results at 26.8 and 45.2 MeV for 90° have been given in Fig. 4. All alpha optical model
results have a similar geometry with experimental data. Calculations for 45.2 MeV alpha energy are in good harmony
with the experimental data whereas calculations for 45.2 MeV alpha energy have given lower results with respect to
experimental data.
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Fig. 5. 56Fe(α,xn) reaction results for 150°

In Fig. 5 56Fe(α,xn) reaction results at 26.8 and 45.2 MeV for 150° have been shown. All calculations for 45.2 MeV and
26.8 have been mismatched experimental data up to 10 and 8 MeV respectively. After these energies all calculations
performed by different alpha optical model are in good harmony with the experimental results.
In this study alpha optical model effect on neutron emission spectra of
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angels have been investigated. Generally all calculations have been in good harmony with the experimental data but
calculations for small neutron emission energies at 120° and 150° have been mismatched EXFOR data. It is speculated
that direct reaction mechanism dominant for 56Fe(α,xn) reaction at 26.8 and 45.2 MeV.
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Excitation cross-sections of some autoionizing states of Helium at 200 eV
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Abstract
The electron-impact excitation of doubly excited states is usually investigated by the electron energy loss measurements
of scattered electrons or the energy spectra measurements of ejected electrons. These states are degenerate in energy with
continuum states from the direct ionization process, resulting in their non-radioactive decay, autoionization. Since the
final states for both processes are indistinguishable, interference can occur between the two processes depending on both
the magnitudes and relative phases of the competing direct and resonant amplitudes.
The autoionization energy levels were discussed through the cross section measurements at different angles and at
energies. In the spectra, resonance profiles with symmetric and asymmetric structures are formed above the direct
ionization cross sections in the vicinity of their resonance levels.
Keywords: Electron spectrometry, Autoionization, Angular spectrum of resonance levels, Helium atom
Introduction
The study of electrons ejected through autoionization to the excited states is expected to provide important information
on their properties. The autoionization of atoms (excited by electron impact) involves interference between the direct
ionization and the resonance or autoionization amplitude.
If any atom has two electrons excited from its base state, this atom is in the doubly excited energy state and the energy
level is above the first ionization threshold. Since these electrons in the excited state have more energy than the excitation
energy, one of these two electrons gives its energy to the other one causing it to leave the system automatically. The fact
that one of the two electrons leave the system automatically without radiative. This event is called autoionization. The
states that cause autoionization are called resonance states and their energies are called resonance energies.
In this event, the target atom is firstly autoionized or excited to resonance states by electron impact, and autoionizes after
a certain lifetime. The autoionization levels have a lifetime between 10-16 s and 10-13 s. Both the autoionization and the
direct ionization events are result as ionization of the atom.
The levels of autoionization by electron scattering were first investigated by Lassettre (1959). Fano (1961) later
generalized the theory for photons to electron scattering. The doubly excitation energy levels in the helium atom are
above the first ionization threshold and have series resonance levels up to the second ionization threshold (Fig 1).
In electron collision experiments, the resonance levels was investigated by Wellenstein et al. (1973), Fon and Leung
(2001), Liu et al. (2003) and Brotton et al. (1997) with the detection of scattering electrons. Experiments, in which
electrons ejected from the resonance level are detected, are described by Gelebart et al. (1974), Hicks et al. (1974), Hicks
and Comer (1975), Gelebart et al. (1976), Oda et al.), McDonald and Crowe (1992a), McDonald and Crowe (1992b) and
DeHarak et al. (2006).
The energy spectra of electrons that ejected from their resonance levels are critically depend on the energy and the angle
of the incoming electron energy. Optically permissive transitions are observed at small angles and high energies while
optically forbidden transitions are observed at large angles and at low energies. While optically permissive transitions are
observed in photon collision experiments, forbidden transitions are seen in the electron collision experiments. Depending
on the angular momentum of the resonance level and interference effect, some destructive levels make constructive
interference.
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State
(2s2)1S
(2s2p)3P
(2p2)1D
(2s2p)1P

Excitation Energy
57.83 (0.04)
58.31 (0.02)
59.91(0.02)
60.145

Ejected Electron Energy
33.24
33.72
35.42
35.555

Fig. 1. First four energy resonance levels of Helium. All values are in units of eV.

Results
The electron-impact excitation of doubly excited states is usually investigated by the electron energy loss measurements
of scattered electrons or the energy spectra measurements of ejected electrons. These states are degenerate in energy with
continuum states from the direct ionization process, resulting in their non-radioactive decay, autoionization. Since the
final states for both processes are indistinguishable, interference can occur between the two processes depending on both
the magnitudes and relative phases of the competing direct and resonant amplitudes.
Measurements taken by energy are used to examine how the spectra in particular resonance levels change. For this, a
computer controlled system was used. Thus, starting and stopping of the measurements, scanning the energies of the two
analyzers, displaying the counts and recording the other experimental conditions are performed by computer.
(e, 2e) technique is used and the energy of the two analyzers was scanned in the opposite direction to obtain the energy
spectrum. So that the energy conservation is ensured continuously between incoming, scattered and ejected electrons.

TDCS

Using the (e,2e) technique, the ejected and scattered electrons were detected simultaneously. In experiments (e, 2e), planar
asymmetric kinematics was used. The scattered electrons were detected by an energy analyzer placed at -13o and the
ejected electrons were scanned at different energy ranges. Results are seen in Fig. 2. In the case of autoionization, an
increase in the cross sections is observed in the forward scattering region. However, there is an increase in the triple
differential cross section in the scattering region compared to the direct ionization event. Since the resolution of the
system is independent of the electron gun, it is only determined by the energy resolution of the analyzer. The resolution
of the system is very important in order to distinguish the levels close to each other.

Ejected electron energy (eV)
Fig. 2. (e, 2e) spectra is taken in the forward scattering region for resonance levels. For the measurements, scattered electrons were scanned at -130
and the ejected electron angle was 60o.

In the spectra, resonance profiles with symmetric and asymmetric structures are formed above the direct ionization cross
sections in the vicinity of their resonance levels. This study is a test for the detection of resonance levels of the system at
200 eV. In the following studies, it is aimed to examine the resonance levels at the specified projectile electron energy by
(e,2e) experiments with different energies and angles.
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The effects of level density models on some proton induced reactions for 67Cu
production

M. ŞEKERCİ
Süleyman Demirel University, Physics Dept., Isparta, Turkey

Abstract
In this study, the effects of three phenomenological and one microscopic level density models on particularly proton
induced reactions into various targets for 67Cu production have been investigated considering the importance of both
theoretical models and 67Cu radioisotope which has a spread application area, especially in medical physics. All
calculations have been performed with a widely used computation tool, TALYS where the version of the code has been
selected as 1.9. The obtained results have been graphically and statistically compared with the experimental data taken
from the Experimental Nuclear Reaction Data (EXFOR) Library. Also, for each investigated reaction route, which are
70
Zn(p,α)67Cu, 68Zn(p,2p)67Cu, 69Ga(p,3p)67Cu, 71Ga(p,x)67Cu and natZn(p,x)67Cu, the most compatible level density has
been appointed considering both eyeball estimation from graphics and numerical values from statistical analyses.
Introduction
The interest on Cu isotopes has been increased with the reflection of scientific and industrial developments to the medical
studies, even Cu has been known since ancient times. Today, various applications in medical studies utilizes different Cu
isotopes such as 60,61,62,64Cu mostly in molecular imaging and 64,67Cu especially for in vivo targeted radiation therapy
applications [1]. 67Cu radioisotope, which is the longest lived radioisotope of copper with 62 hours of half-life value, was
investigated within this study concerning its wide usage areas such as radioimmunotherapy (radiopharmaceutical
studies), medical imaging (SPECT), in vivo targeted radiation therapy and so on [2]. Due to the importance of 67Cu for
the medical studies, it is also important to know all possible details about its production routes. In this study, some of the
production routes of 67Cu with proton induced reactions have been theoretically investigated with this motivation.
The theoretical studies and their results could be pointed as one of the most influencing factors which also provides an
enormous contribution to the litrature and also to the various experimental studies. Considering their importance, as it is
already done in many different fields, numerous models have been developed in nuclear physics too. By doing this, it is
also aimed to have a chance for better investigation and understanding of various types of reactions, which could also
provide a better foresight to the researchers about the consequences of a specific reaction and also may help to the
theoretical model development studies too. Among those specified numerous models, one particular of them, which is
named as level density model, has been developed to contribute to the efforts on studies for more accurate and better
investigations to the excited states and their influence on reactions [3]. Within the main objective of this study, it is aimed
to investigate the effects of three phenomenological level density models, which are Constant Temperature Fermi Gas
Model (CTFGM) [4], Back Shifted Fermi Gas Model (BSFGM) [5], Generalised Superfluid Model (GSM) [6], and one
microscopic level density model, which is developed from temperature dependent Hartree-Fock-Bogolyubov calculations
and Gogny nucleon force (Gogny force) [7], on the proton induced reactions for 67Cu radioisotope production.
Theoretical Calculations
The fundamental level density model is known as the Fermi Gas Model (FGM) where it is assumed that the protons and
neutrons occupy the lowest energy states and fill the higher ones in excitation situations. This relatively simple
approximation provides benefits for higher energies however collapses at lower energy values. The separation of energies
into two regions has been defined also with an adoption of constant temperature low within CTFGM to overcome the
unsuccessful of FGM. More improvements have been achieved by adding a shift parameter to the excitation energy of
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the fermi gas expression at high energies and by this BSFGM has been generated. The last employed phenomenological
level density model, which is GSM, has been described by a phase transition to the high energy from the low-energy
superfluid behavior. In addition to these three phenomenological level density models, one microscopic level density
model has been employed too. The model results have been represented as Gogny force since the model has been
developed from temperature dependent Hartree-Fock-Bogolyubov calculations and Gogny nucleon force.
Complex and long mathematical operations in the theoretical calculations, impel the researchers to use the power and
abilities of information technologies. As a result, theoretical nuclear reaction models have been implemented into
sophisticated and specialized calculation tools which are based on computer codes. In literature, there exists many
calculation tools for various operations that also able to include numerous theoretical models. In this study, one of the
most commonly preferred and used one has been selected for calculations which is TALYS [8] and the version of the
code is 1.9. It is possible to use CTFGM, BSFGM, GSM and Gogny force models as level density models within TALYS
code. Theoretical calculations have been performed with the code and obtained results have been graphed with the
experimental data which have been taken from EXFOR [9] database for an eyeball comparison where a statistical
comparison have also been performed via relative variance analysis that depends on Eq. 1 [10] to determine the best level
density model for each reaction route.
@

𝐷=

1
º»𝜎k€À½< − 𝜎k½A¾ »/𝜎k½A¾
𝑁

(1)

k¿?

In Eq. 1; the result D tends to be zero for more consistency between the theoretical calculations and experimental data,
which are represented with 𝜎k€À½< and 𝜎k½A¾ , respectively for N numbered data.
Results
Within the purpose of this study, 70Zn(p,α)67Cu, 68Zn(p,2p)67Cu, 69Ga(p,3p)67Cu, 71Ga(p,x)67Cu and natZn(p,x)67Cu
reactions were examined. Figures 1-5 represent comparisons of theoretical calculation results with the experimental data
with the same order of given reaction routes where Table 1 has been given to show the relative variance analysis results.
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Fig. 2. 68Zn(p,2p)67Cu reaction results.
Fig. 1. 70Zn(p,α)67Cu reaction results.

As can be seen from Fig. 1, which represents the theoretical calculation results and experimental data for 70Zn(p,α)67Cu
reaction, the model that produces the most incompatible results with the experimental data was CTFGM. This is also
exposed with the results from Table 1. All other model results have managed to generate a similar shape of experimental
data yet the most consistent among them has been determined as GSM considering the whole energy region.
68

Zn(p,2p)67Cu reaction results have been given in Fig. 2. For this reaction, all model results represents the increase in the
cross–section data with the increase of incident particle energy yet all of them exhibits higher values rather than the
experimental data after almost 28 MeV. After 36 MeV energy region, the trend of all the model results stay in the same
order of Gogny Force, BSFGM, CTFGM and GSM from higher to lower. For the all studied energy region, the most
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consistent model of this reaction could be pointed as CTFGM with the relative variance value of 0.955817028.
0.8
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Fig. 3. 69Ga(p,3p)67Cu reaction results.

One other investigated route for 67Cu production is 69Ga(p,3p)67Cu within this study where the outcomes have been given
in Fig. 3. Despite the less numbered experimental data points, it is possible to say that all models have a similar trend like
the experimental data. Statistical analysis results show that BSFGM is the best level density option for this reaction.
Outcomes of 71Ga(p,x)67Cu reaction have been graphically represented in Fig. 4. For this reaction, CTFGM and BSFGM,
have generated similar geometric shapes with each other yet they could not able to catch the experimental data. Gogny
force model calculations generate the most evident geometric shape while GSM results remain almost constant up to 48
MeV incident particle energy. From the first experimental data point to almost 28 MeV, the Gogny force model
calculation results fit the experimental data in a good agreement. In the all energy region, statistical analysis results point
this model as the most compatible one.
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Fig. 5. natZn(p,x)67Cu reaction results.

Fig. 4. 71Ga(p,x)67Cu reaction results.

The last investigated reaction within this study is the natZn(p,x)67Cu where Fig. 5, has been appointed to represent the
outcomes of it. As can be seen from the Fig. 5, all model calculations have been obtained with a consistent harmony with
each other yet different than the experimental data. On the other hand, they all catch the experimental data after 120 MeV
incident particle energy by cutting off the error bars. Statistical analyses point GSM as the most suitable level density
model for this reaction with respect to the investigated energy range and experimental data.
Table 1. Relative variance analysis results
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Reaction

CTFGM

BSFGM

GSM

Gogny Force

Zn(p,α)67Cu

0.619965142

1.702017021

0.616306237

0.677410762

68

Zn(p.2p)67Cu

0.955817028

1.154459981

0.986460123

1.198786953

69

Ga(p.3p)67Cu

0.41127962

0.338816184

0.380827

0.522463416

0.716258375

0.444616558

0.913761388

0.433130266

0.443618857

0.50598523

0.416611128

0.549412935

70

71

Ga(p.x)67Cu

nat

Zn(p.x)67Cu
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Thermonuclear reaction rates for 50Cr( , n)53Fe

E. YILDIZ
Esertepe Vocational and Technical Anatolian High School, Ankara, Turkey

Abstract
Mostly, thermonuclear reaction rates for heavy nuclei are calculated from theoretical cross sections acquire for using
statistical model codes rely on optical-model parameters used in the definition of the entrance and exit channels. In this
study, we examined the relatively lighter 50Cr( , n)53Fe reaction in which there was not enough experimental study. In
these theoretical calculations, the TALYS1.8 and NON-SMOKER codes were used. Results of our calculations were
checked to the experimental data obtained from EXFOR database.
Introduction
Beyond the experience of existing nuclear power plants, structural materials need to be able to withstand much higher
temperatures, higher neutron doses and extreme corrosive environments. The materials considered active for use in
different reactor components include various ferritic martensitic steels, austenitic stainless steels, nickel-based
superalloys, ceramics, composites, and the like [1].
Chromium alloys as potential structural material in fusion reactors arises from their perfect low activation features and
their potential high service temperature of up to 1000 K [2].
The development and qualification of new structural materials for future nuclear applications like GEN IV fission and
fusion reactors rely on comprehensive irradiation experiments with prototypic irradiation conditions.
Capture cross section of chromium, as an important structural material of reactor, is required in reactor development.
Natural Cr consists of four isotopes, i.e. 50Cr(4.35%), 52Cr(83.79%), 53Cr(9.5%), and 54Cr(2.36%). The abundance of 50Cr
is fairly low [3].
Thermonuclear reaction formula can be expressed in eq. (1) [4].
¤

NA(συ)T = NA[8/πm(kT )3]1/2 ∫„ 𝜎 (E)E exp(−E/kT ) dE

(1)

where NA is Avagadro’s number, m is reduced mass and E is centre-of-mass energy, and T indicates temperature of the
environment fort he reaction.
Results
In this study, 50Cr( , n)53Fe reaction thermonuclear reaction rates were calculated in the incident energy range of 2 to 10
MeV. In these calculations, the TALYS 1.8 [5] codes used. Results of our calculations were checked to the experimental
data obtained from EXFOR [6] and NON-SMOKER [7] database.
Figure 1. Comparison of experimental and evaluated thermonuclear reaction rate of
NON-SMOKER [7] and [8], [9] data are very compatible.

50

Cr( , n)53Fe demonstrate that

Figure 1. Comparison of experimental and evaluated thermonuclear reaction rate of
NON-SMOKER [7] and TALYS 1.8 [5] shows that they are in a like view.

50

Cr( , n)53Fe demonstrate that

It is thought that the reaction rate calculations will contribute to various estimation and extrapolation studies, especially
because it depends on the cross section values. Reaction rate values treated for a reaction allow us to interpret and evaluate
the influence cross-section and astrophysical S-factors and Gamow Window. This information will provide us with data
in extrapolations, especially in the low energy region for the reaction, In addition in the low energy region where
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experimental data is difficult to obtain, it should be stated that experimental studies should be carried out. It should also
be stated that it will contribute within the parameters of the optical model
For 50Cr( , n)53Fe reaction, the insufficiency of experimental and calculated data should also be expressed.The work to
be done for this reaction will increase our chances of bringing more comments.

Fig.1. Comparison of experimental and evaluated thermonuclear reaction rate of

50

Cr( , n)53Fe
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The calculation of nuclear structure properties of 40K

Y. KAVUN1, E. TEL2
1
2

Kahramanmaras Sutcu Imam University, Vocational School of Health Services, Turkey

Osmaniye Korkut Ata University, Faculty of Arts and Sciences, Department of Physics, Turkey

Abstract
Some potassium compounds do not corrode steel significantly and are compatible with many nuclear fuels and allow a
wide selection of structural materials. Also, Potassium (K) in liquid form are often considered as coolants for compact
nuclear reactors intended for space power. In this study, to investigate ground state properties with a new approach
distributions of proton, neutron as a function of radius were studied for 40K with some Skyrme forces (SI, SVI, T3 and
SKM*) by using HAFOMN code. Also, cross section of 40K calculated by using E.Tel semi empirical (n, p) (2003)
formula.
Introduction
Corrosion is a chemical or electrochemical reaction that begins from the surface of the material and forms an effect on
the depth of the material and is the case of a material being altered or worn. Therefore, reducing the concentration of
corrosive elements is highly effective. The presence of corrosive elements in many processes is a coincidence. For
example, the corrosive effect of cooling water with nuclear reactors is reduced by eliminating chloride ions [1].
A nuclear reactor coolant takes heat from the nucleus of the nuclear reactor and transmits it to the coils to convert it into
electrical energy. Here, nested cooling systems are used. For this reason, the coolant that comes in contact with the record
heart may be subject to radioactivity. Sodium-potassium alloy (NaK) can be used as heat transfer coolant in some nuclear
reactors and experimental gas turbine plants. This alloy can also be used in organic synthesis as a catalyst or reducer [2].
In this study, due to all these features, ground state properties with a new approach distributions of proton, neutron as a
function of radius were studied for 40K with some Skyrme forces (SI, SVI, T3 and SKM*) by using HAFOMN code [3].
Also, cross section of 40K calculated by using E.Tel semi empirical (n, p) (2003) formula.
Method
The central assumption of the Hartree-focus approach is that the structure properties of a system can be understood in
terms of the force felt by each nucleon acting independently in an average potential (or average area). This mean field is
generated by the interactions between all the constituent nucleons in the nucleus as described by the nucleon-nucleon
force. There are various phenomenological approaches to describe the location-state properties of nuclei, such as hartree
Fock, which is one of the approaches used in nuclear structure calculations. Neutron, proton and charge radii can be
calculated with the hartree-fock approach using the skyrme parameters [4]. Skyrme defined an active interaction
involving two objects interaction and three objects interaction: this active interaction form as;

!
!
VSkyrme = å V (i, j ) +
i< j

!

å V (i, j, k )

i< j <k

(1)

The first term represents the interaction of two bodies, and the second term represents the interaction of three bodies[4].
Two objects are in the form of short-range interaction below:

!
1
! !
!
! !
! ! !
V (i, j ) = t0 (1 + x0 Px )d (ri - rj ) + t1 (1 + x1Px ){ p12'2d (ri - rj ) + d (ri - rj ) p122 }
2
!' ! ! !
!
! ! ! !
!
+t2 (1 + x2 Px ) p12d (ri - rj ) p12 + it4 p12' × d (ri - rj )(s i + s j ) ´ p12
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In this study, Proton and neutron density values calculated using hafomn code were calculated by replacing the
asymmetric parameters (s) in the semi-empirical (n, p) Tel et al. (2003) cross-section formula (1) [5]:

s Tel (n, p) = 14.56 ( A1/3 + 1) exp [ -26.58s ]
2

17 £ A £ 239

(2)

Results
In this study, by using HAFOMN code, ground state properties with a new approach distributions of proton, neutron as a
function of radius were studied for 40K(n,p)40Ar nuclear reaction with some Skyrme forces (SI, SVI, T3 and SKM*).
Neutron density of 40K as a function of radius can be seen in figure 1. It decreases after 2.5 fm up to 4.5 fm. After this
values, It is nearly constant to nearly 12 fm. Similar to figure 1, proton densities are shown in figure 2. Except those,
cross section of 40K calculated by using E.Tel semi empirical (n, p) (2003) formula. As can be seen in figure 3, The crosssection values are compatible with each other between 3 and 4 fm. According to these results, it was understood that this
method can be applied to neutron rich nuclei and neutron stars.

Fig. 1 Neutron densities calculated by using the HAFOMN code with
Skyrme parameters (SI, SVI, T3 and SKM*) for 40K(n,p)40Ar

Fig. 2 Proton densities calculated by using the HAFOMN code with
Skyrme parameters (SI, SVI, T3 and SKM*) for 40K(n,p)40Ar

Fig. 3 Reaction cross-section calculations of 40K(n,p)40Ar by using Tel et al. (2003) [5] Formula with Skyrme parameters (SI, SVI, T3 and SKM*).
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Radii and density calculations of 100Mo by using Skyrme-Hartree-Fock

Y. KAVUN
Kahramanmaras Sutcu Imam University, Vocational School of Health Services, Turkey

Abstract
Molybdenum (Mo) is a valuable alloy element because its flexibility module and melting point are very high. It increases
the hardening properties of annealed Steels. For this reason, Mo isotopes are widely used in the electrical and electronic
industries. In this study, the radii of proton, neutron and charge and also distributions of proton, neutron and charge
density as a function of radius were investigated for 100Mo by using the Hartree-Fock method with some Skyrme forces
(SI, SIII, SKM and SKM*) via HAFOMN code. The calculated results were compared with the experimental results in
the literature. Also, cross section values calculated by using E.Tel (2003) semi empirical (n,p) formula.
Introduction
Molybdenum is widely used as a corrosion-resistant metal alloy at high temperature, such as super alloys for steel, cast
iron and military and defence industries, semiconductor industry and special machine workshops. Molybdenum
(Molybdenum) increases hardenability, strength, toughness and corrosion resistance. This versatility makes Molybdenum
a fixture in today's industrial technology that can withstand high stress, wide temperature ranges and highly corrosive
environments, requiring substantial expansion or softening [1].
Molybdenum is used as alloying element in metal reinforcement, strength and hardness properties, wear resistant steels,
cast iron and ferrous metals [1]. Molybdenum-containing alloys are widely used in the construction of stainless steel, tube
and tubular tools, super heaters, steel resistances, petroleum products and chemical processes. Molybdenum having a high
melting point (2610 °C) also has high thermal conductivity and the lowest heat expansion between pure metals. Due to
these properties, Molybdenum is usable in nuclear reactor industry [2].
In this study, the root-mean-square (rms), distributions of proton, neutron and charge density as a function of radius were
investigated for 100Mo by using the Hartree-Fock method with some Skyrme forces (SI, S6, TIII ve SKM*) via
HAFOMN code [3,4]. Also, cross section values calculated by using E.Tel (2003) semi empirical (n,p) formula [5]. The
calculated results were compared with the experimental results in the literature.
Method
The most suitable for calculating the base state properties of the kernel nucleon-nucleon interaction is phenomenological
Skyrme interaction. The simple structure of the Skyrme force allows to write the Hamiltonian density expression for a
system defined by the Slater determinant as a function of nuclear and kinetic energy density. This interaction is used in
conjunction with the Hartree-FocK (HF) method, the proton, neutron, density radius, energy to connecting of the these
particles, and so on. The base state properties of the nuclei can be successfully calculated[3,6]. In 1956, Skyrme defined
an active interaction involving two objects interaction and three objects interaction: this active interaction form as;

!
!
VSkyrme = å V (i, j ) +
i< j

!

å V (i, j, k )

i< j <k

(1)

The first term represents the interaction of two bodies, and the second term represents the interaction of three bodies[6].
Two objects are in the form of short-range interaction below:

!
1
! !
!
! !
! ! !
V (i, j ) = t0 (1 + x0 Px )d (ri - rj ) + t1 (1 + x1Px ){ p12'2d (ri - rj ) + d (ri - rj ) p122 }
2
!
! ! !
!
! ! ! !
!
+t2 (1 + x2 Px ) p12' d (ri - rj ) p12 + it4 p12' × d (ri - rj )(s i + s j ) ´ p12
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The interaction of two objects depends on seven parameters (t0, t1, t2 , x0, x1, x2 ve t4 ) [6].
In this study, Proton and neutron density values calculated using hafomn code were calculated by replacing the
asymmetric parameters (s) in the semi-empirical (n, p) Tel et al. (2003) cross-section formula (2) [4]:

s Tel (n, p) = 14.56 ( A1/3 + 1) exp [ -26.58s ]
2

17 £ A £ 239

(2)

Results
In this study, production reaction cross section of 100Mo(n,p)100Nb were calculated using some Skyrme parameters (SI,
SIII, SKM and SKM*) via a new method. Semi-empirical (n, p) cross-section formula (1) used in these calculations.
Neutron and proton density values were placed in the asymmetry parameter (s) calculations that is in Tel et al. (2003)
formula. Radius of 100Mo calculations by using Hartree-Fock method with some Skyrme forces. The radii of proton,
neutron and charge values have been calculated in Table 1. As seen in Table 1, radii calculation of by using SIII parameter
is close to experimental value. Also, distributions of proton, neutron and charge density as a function of radius were
investigated for 100Mo by using the Hartree-Fock method [8] with some Skyrme forces (SI, SIII, SKM and SKM*) via
HAFOMN code. It can be seen in Figure 1, neutron densities calculated by using the HAFOMN code with Skyrme
parameters (SI, SIII, SKM and SKM*) for 100Mo. The neutron densities decreases from about 4 fm up to 6.5 fm. Same
behaviour is can be seen for proton densities in figure 2. However, a different behavior applies for cross-sectional
calculations. It starts to decrease from 4.5 up to 12 fm as can be seen in figure 3. These figures were drawn as a function
of radius distributions of proton, neutron and charge density. Also, cross section values calculated by using E.Tel (2003)
semi empirical (n,p) formula. By this method, more meaningful results can be obtained when analyzing neutron-rich more
heavy nuclei. In this way, it is possible to investigate the type of basic nucleon-nucleon potential for target nuclei.
Table 1 Radius calculations of 100Mo by using Hartree-Fock method with some Skyrme forces

Rn (fm)

Rp (fm)

Rc (fm)

Exp. (fm)

DtotR(fm)

SI

4.3658

4.2550

4.3290

4.4468[7]

0.1178

SII

4.5701

4.3370

4.4094

0.00586

SIII

4.5000

4.3766

4.4484

0.00196

SKM

4.4608

4.3100

4.3829

0.0639

Paramater

Fig. 1 Neutron densities calculated by using the HAFOMN code with

Fig. 2 same as Fig.1 but for Proton densities

Skyrme parameters (SI, SIII, SKM and SKM*) for 100Mo
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Fig. 3 Reaction cross-section calculations of 100Mo(n,p)100Nb by using Tel et al. (2003) [4] Formula with Skyrme
parameters (SI, SIII, SKM and SKM*)
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Introduction
Modern linear accelerator (Linac) devices are high-energy X-rays and electron beams for the treatment of cancer patients.
The result of radiation therapy is related to the accuracy of geometric and dosimetric measurements and the beam data
used in treatment planning. These data are obtained during the initial use of Linac and are considered as standard data for
clinical applications. In this study, it is aimed to see the effect of the geometric errors that can be done on the linear
accelerator before starting the clinical use on the different parameters of different depths and the different parameters of
the different parameters. In addition, the change of the geometric error according to ion chamber difference was
investigated.
Material and Method
In the study, all the percentage deep dose (% DD) and beam profile (IP) measurements were made by using 6MV photon
energy in Elekta brand Synergy Platform model Linear accelerator device. IBA water phantom (IBA-Dosimetry,
Schwarzenbruck, Germany Blue Phantom) was used in the measurements. the IBA CC04 ion chamber with an active
volume of 0.04cc is used for square area dimensions 5, 7, 10, 12, 15, 20, 25, 30 ve 40 cm2 while the BA CC13 model ion
chamber with an active volume of 0.13cc for square area dimensions 2, 3, 4, 5, 7 and 10 cm2. The measurement set-up
was set to 100 cm with the source-to-surface distance (SSD) as shown in Figure 1. In Figure 1, DT is the absorbed dose
at depth T, and DP is the dose absorbed by a fixed reference depth (dmax).

The same curves were created for the arrangement (Y6MV) prepared by geometric error. In addition, the abovementioned measurements were repeated for area sizes 5, 7, 10, 12, 15, 20, 25, 30 and 40 cm2 for the CC13 ion chamber
and the curves were formed. In the light of the data obtained from this graph, some parameters have been reached about
the penetration of the beam. Table 1 shows the variation of D200, D100, D50, dmax and DFO20 / 10 parameters for
D6MV depending on the different field size and ion chamber. Evaluation of the same parameters is given in Table 2 for
Y6MV. In Figures 4 and 5, the graphs of the D50 and D100 values, respectively, depending on the field size are shown
for both embodiments (D6MV and Y6MV).
Results
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The same curves were created for the arrangement (Y6MV) prepared by geometric error. In addition, the above-mentioned
measurements were repeated for area sizes 5, 7, 10, 12, 15, 20, 25, 30 and 40 cm2 for the CC13 ion chamber and the
curves were formed. In the light of the data obtained from this graph, some parameters have been reached about the
penetration of the beam. Table 1 shows the variation of D200, D100, D50, dmax and DFO20 / 10 parameters for D6MV
depending on the different field size and ion chamber.
Table1. D6MV ölçüm düzenlemesi için farklı alan boyutu ve iyon odasına göre %DD parametreleri

Alan boyutu (cm2)
İyon
Odası

%DD
parametreleri
D50

82,1

D100
D200
dmax
DFO20/10

cc04

cc13

2

3

4

5

7

10

82,9

83,9

84,5

85,5

86,3

59,8

61,2

62,3

63,6

65,1

67,2

32,5

33,4

34,1

35,5

37,0

39,2

13,7

15,7

14,7

15,7

15,7

14,7

0,63

0,63

0,63

12

15

20

25

30

40

0,65

0,66

0,68

D50

84,2

85,4

86,1

86,5

86,9

87,2

87,6

88,1

87,9

D100

62,4

65,1

66,7

67,8

68,9

70,0

71,0

72,2

71,9

D200

34,6

37,0

38,7

40,2

41,6

43,3

44,6

46,4

46,7

dmax

16,7

14,7

14,7

15,7

12,7

12,7

12,7

12,7

11,7

DFO20/10

0,64

0,66

0,68

0,69

0,70

0,72

0,74

0,76

0,76

Discussion and Conclusion
The process of operating a Linac for clinical use includes extensive measurements of dosimetric parameters. The
commissioning of Linak is a process in which a complete set of data to be used for patient treatment is obtained. Basic
parameters including percent deep dose (% DD), Beam Profiles (IP) and dose yield measurements in different field sizes
are important dosimetric data required in the commissioning process of a Linak system [11]. The result of radiation
therapy depends on the accuracy of the beam data used in the treatment planning process. Therefore, in order to operate
a Linak system for treatment, deep doses of percentages need to be measured accurately. For the most part, the measured
results are verified by the International Electrotechnical Commission (IEC 60976) protocol [12]. For quality assurance,
the British Journal of Radiology 25 [13] is followed by the American Association of Physicists - Task Force 40 (AAPM
TG 40). For the most part, the measured results are verified by the International Electrotechnical Commission (IEC 60976)
protocol [12]. For quality assurance, the British Journal of Radiology 25 [13] and the American Association of Physicists
- Task Force 40 (AAPM TG 40) are followed.
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Production cross–section calculations of medical radioisotope 67Cu for some
(α,xp) and (α,x) reactions

T. GULUMSER, A. KAPLAN
Suleyman Demirel University, Physics Dept., Isparta, Turkey

Abstract
67

Cu is a beta particle emitter radioisotope used for imaging, research and dosimetry in radioimmunotherapy (RIT). The
half-life of the 67Cu nuclide is 61.83 hours, which is long enough to give the tumor a high dose rate. This radioisotope
mostly produced in the cyclotrons, linear accelerators and high-flux reactors. The cross-section indicates the possibility
of a reaction’s occurrence. In the cases where the experimental data is insufficient or difficult to obtain, incomplete data
can be completed by using nuclear reaction codes. In this study, the production cross-section of 67Cu isotope examined
for 64Ni(α,p)67Cu, 65Cu(α,2p)67Cu, 68Zn(α,x)67Cu and natNi(n,p)67Cu reactions, which is used in medical field via both
phenomenological and microscopic level density models with TALYS 1.9 nuclear reaction code. Cross-section of the
reactions were calculated with four level density models. Three of them are phenomenological; which are Constant
Temperature Fermi Gas Model (CTFGM), Back Shifted Fermi Gas Model (BSFGM), Generalised Super Fluid Model
(GSM) and one of them is microscopic Gogny Force Model. The results were compared with the experimental data taken
from EXFOR library. Experimental results of the 64Ni(α,p)67Cu, 65Cu(α,2p)67Cu, 68Zn(α,x)67Cu and natNi(n,p)67Cu
reactions were compared with the theoretical values by using the software TALYS 1.9. The suitability of the level density
models for the reactions was discussed. To determine the best level density model, calculations were performed with the
relative variance analysis method for each model. Also, the possible energy ranges of 67Cu production have been given.
Introduction
Copper isotopes, one of the first elements discovered in history, are used in many areas of health studies. This radionuclide
is frequently used in molecular imaging, targeted therapy, radioimmunotherapy (RIT) and etc. In this study, 67Cu
radioisotope of copper was investigated in the manner of its production via alpha particle induced reactions. The half-life
of the 67Cu radionuclide is 61.83 hours, average energy is Eβ-=141 keV, emits 91 keV (7%), 93 keV (16%) and 184 keV
(48.7%) gamma ray, which provide an undeniable advantage for diagnostic imaging. The 67Cu isotope can be produced
by many different methods such as 67Zn via high-flux reactors, cyclotron by neutron bombardment and 68Zn by gamma
induced reactions [1,2].
Theoretical Calculations
Nuclear reaction calculations require complete and clearly defined nuclear level densities. In statistical models, level
density models can be used to estimate cross–sections if discontinuous level information is not accessible or missing.
Level density detection is a very old phenomenon that has been widely studied since the early days of nuclear physics
[3]. Therefore; choosing the right level density model in statistical calculations is a very important issue. For this purpose,
open source nuclear reaction code TALYS 1.9 is used which can perform various calculations such as level densities,
optical model, direct reaction, compound reaction, pre-equilibrium models, multiple emission, fission, gamma-ray
transmission coefficient calculations. Also, within the code there are a lot of data such as abundancies, discrete levels,
deformations, masses, radial densities, level density parameters and tabulated level densities in nuclear structure database
[4].
In this study, TALYS 1.9 nuclear reaction code was used for the analysis of some alpha particle induced 64Ni(α,p)67Cu,
65
Cu(α,2p)67Cu, 68Zn(α,x)67Cu and natNi(n,p)67Cu reactions for the 67Cu production. TALYS 1.9 nuclear reaction code
contains different level density models and calculation parameters such as Gilbert-Cameron model, Back-shifted Fermi
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gas model, Superfluid model, Ignatyuk damping of shell effects in the level density parameter, rotational/vibrational
effects, Microscopic level densities based on Hartree-Fock-Bogolyubov model [4].
Results
In this study, the production cross–section of alpha induced 64Ni(α,p)67Cu, 65Cu(α,2p)67Cu, 68Zn(α,x)67Cu and
nat
Ni(n,p)67Cu reactions for the 67Cu production have been analysed with the TALYS 1.9 nuclear reaction code. Three
phenomenological and one microscopic level density models were used from this code which are CTFGM, BSFGM,
GSM and Gogny Force Level Density Model. Experimental data have been taken from EXFOR database [5] for the
comparisons with the theoritical calculation results. Statistical analysis calculations have been done by using the relative
variance analysis method to determine the most appropriate level density model with respect to the experimental data.
Relative variance analyses have been done according to the formula given in Equation (1).
@

𝐷=

1
½A¾
½A¾
º»𝑆k¼‡² − 𝑆k »/𝑆k
𝑁

(1)

k¿?

64

Ni(a,p)67Cu
Skakun, Y., et al., 2004
Levkovski, V. N., 1991
TALYS 1.9 (CTFGM)
TALYS 1.9 (BSFGM)
TALYS 1.9 (GSM)
TALYS 1.9 (Gogny Force)

45
40

65

Cu(a,2p)67Cu
Porile, N. T., et al., 1959
TALYS 1.9 (CTFGM)
TALYS 1.9 (BSFGM)
TALYS 1.9 (GSM)
TALYS 1.9 (Gogny Force)

3,0
2,5

Cross Section (mb)

Cross Section (mb)

35

3,5

30
25
20
15
10

2,0
1,5
1,0
0,5

5

0,0

0

20

4

8

12

16

20

24

28

32

36

40

44

22

24

48

26

28

30

32

34

36

38

40

42

Alpha Energy (MeV)

Alpha Energy (MeV)

Fig. 2. 65Cu(α,2p)67Cu

Fig. 1. 64Ni(α,p)67Cu
68

Zn(a,x)67Cu
Levkovski, V. N., 1991
TALYS 1.9 (CTFGM)
TALYS 1.9 (BSFGM)
TALYS 1.9 (GSM)
TALYS 1.9 (Gogny Force)

8
7

0,4
nat

Ni(a,x)67Cu
Takacs, S.,et al., 1996
TALYS 1.9 (CTFGM)
TALYS 1.9 (BSFGM)
TALYS 1.9 (GSM)
TALYS 1.9 (Gogny Force)

Cross Section (mb)

Cross Section (mb)

6
5
4
3
2

0,3

0,2

0,1

1
16

0
34

35

36

37

38

39

40

41

42

43

44

45

46

47

Alpha Energy (MeV)

20

24

Alpha Energy (MeV)

Fig. 4. natNi(α,x)67Cu

Fig. 3. 68Zn(α,x)67Cu

In Figure 1, the cross–section of the 67Cu radioisotope production from the 64Ni isotope with 64Ni(α,p)67Cu reaction has
been shown. BSFGM and Gogny Force Level Density models are compatible with the experimental data which is also
seen from Table 1. For this reaction, CTFGM and GSM models gave the similar geometries to the experimental data but
not fit very well in the whole energy region of possible production energy range of 67Cu production as given in Table 2.
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Figure 2 shows the cross–section of the 67Cu radioisotope production from the 65Cu isotope via 65Cu(α,2p)67Cu reaction.
BSFGM and Gogny Force Level Density models could be given as the best level density models for this reaction. CTFGM
and GSM models do not fit well with the experimental data.
The cross–section of the 67Cu radioisotope production from the 68Zn isotope with 68Zn(α,x)67Cu reaction has been given
in Figure 3. Gogny Force Level Density model is the best for this reaction. CTFGM, BSFGM and GSM models do not
fit well with the experimental data.
Figure 4. shows the production cross–section of the 67Cu radioisotope from the natNi isotope with natNi(α,x)67Cu reaction.
BSFGM and Gogny force level density models generally seem to be suitable with the experimental data. CTFGM and
GSM models do not fit well with the experimental data.
Table 1. Relative Variance Analysis Results of 67Cu Production.

Reactions
Ni(α,p)67Cu
65
Cu(α,2p)67Cu
68
Zn(α,x)67Cu
nat
Ni(α,x)67Cu
64

CTFGM
0.523641459
0.483935293
0.84720266
0.402824832

BSFGM
0.467246049
0.345726344
0.658843713
0.38845715

GSM
0.624787252
0.427816866
0.946665208
0.563245561

Gogny Force
0.492030668
0.346096419
0.512650589
0.262448242

Table 2. Possible Energy Range of 67Cu Production.

Radioisotope
67
Cu
67
Cu
67
Cu
67
Cu

Production Reaction
64
Ni(α,p)67Cu
65
Cu(α,2p)67Cu
68
Zn(α,x)67Cu
nat
Ni(α,x)67Cu

Possible Energy Range (MeV)
6→46
21→41
35→46
16→23

As a result, cross–section of some alpha induced reactions for 67Cu production were examined with CTFGM, BSFGM,
GSM and Gogny Force level density models by using the TALYS 1.9 nuclear reaction code. The interpretations of the
figures are given above. In addition, the energy ranges in which the experimental data and the theoretical data are
compatible, in other words the possible production energy ranges are given in Table 2. When the results were examined
with relative variance analysis method, BSFGM model for the 64Ni(α,p)67Cu and 65Cu(α,2p)67Cu reactions, Gogny Force
model for the 68Zn(α,x)67Cu and natNi(n,p)67Cu reactions gave the closest results to the experimental data. natNi(α,x)67Cu
reaction could be used for the production of the 67Cu isotope due to the proximity to the experimental data and low
production energy range. Also, Gogny Force and BSFGM level density models can be used for alpha induced reactions.
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Abstract
The levels of tritium radioisotope in various water samples from Bolu province of north-western Turkey was assessed in
this study. Tritium, the only radioactive isotope of hydrogen, has a half-life of about 12.32 years. There is no information
about tritium radioactivity measurement reported in water samples in the Bolu province so far. For this reason, tritium
activity concentrations of 21 different water samples collected from tap, spring and mineral waters in Bolu were
determined by Liquid Scintillation Counter (LSC). The sampling coordinates were also recorded by GPS device
(Magellan Explorist 510). The Minimum Detectable Activity (MDA) value for used method was found as 1.47 Bq/L. The
mean values of the tritium activity concentrations in the tap, spring and mineral waters were calculated to be 2.38 ± 0.78
Bq/L (20.16 TU), 2.26 ± 0.80 Bq/L (19.14 TU) and 3.83 ± 0.76 Bq/L (32.44 TU), respectively. The maximum
concentration value is found as 5.58 Bq/L (47.29 TU) in mineral water. In addition, annual effective dose equivalent for
the water samples were calculated and compared with the values recommended by international organizations.
Introduction
Water constitutes about three quarters of our planet and human body. Due to the importance of water for human life, its
quality must be strictly controlled. For this reason, studies of drinking water for human consumption must be performed
in order to guarantee that they have a low level of radioactivity. One of the radionuclides in water is tritium.
Tritium (3H) is a radioactive isotope of hydrogen. Tritium decays to 3He via beta emission with an average energy of 5.7
keV, and has a half-life of 12.35 years [1,2]. It is found in nature and it can also be produced by human activities. Natural
tritium is continuously generated by the interaction of high energy cosmic rays with oxygen and nitrogen atoms in the
upper atmosphere. It is also produced as anthropogenic at nuclear activities such as nuclear weapons testing, operation of
nuclear reactors etc. [3]. Other possible sources for tritium are consumer products and medical wastes.
Despite the relatively low radiotoxicity of tritium, monitoring of tritium activity concentrations in the environment is
necessary in order to follow its circulation in the hydrosphere and biosphere. For this, the levels of tritium radioisotope
in various water samples from Bolu province of north-western Turkey was assessed in this study. In addition, annual
effective dose equivalent for the water samples were calculated and compared with the values recommended by
international organizations.
Material and Method
The province of Bolu is situated in the north-western part of Turkey between the latitudes of 40° 06’and 41° 01’ N and
the longitudes of 30° 32’ and 32°36’ E (Figure 1). Bolu is a lovely province which is famous in winter and summer
tourism, where the forest, the lake, the thermal springs and the plateaus embrace all together with natural beauties in
general of Turkey. The population of Bolu province is 299,896 people [4].
12 tap water samples, 3 mineral water samples and 6 spring water samples were collected from center and districts of
Bolu. All the samples were collected in 500 mL capacity polypropylene bottles. The sampling coordinates were also
recorded by GPS device (Magellan Explorist 510). Then, the water samples were transported to laboratory for the tritium
measurement.
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Fig. 1. Location of Bolu province in Turkey

Tritium concentrations in the samples were determined using liquid scintillation counter (LSC). LSC is the most
commonly used technique for determining tritium in environmental samples. In the laboratory, the water samples were
filtered to remove undesired particles firstly. Then, the samples were distilled. Distillation was performed by adding 0.05
N KMnO4 and 6 M NaOH to a volume of 250 ml of the water samples. 10 ml of distilled samples was added into the
measuring plastic vials (Zinsser Analytics, 20 ml) and then the rest of vials was filled with a scintillation (Ultima Gold
LLT, Perkin Elmer Inc.) up to total volume of 20 ml. The background sample was prepared by using twice-distilled
groundwater with low tritium concentration. Measurement time was set to 1500 min. The tritium concentrations in water
samples were determined using equation (1).
𝐴 (𝐵𝑞/𝐿) =

(𝑎 − 𝑏). 1000
60. 𝜀. 𝑉

(1)

where a is conting rate of samples (cpm), b is conting rate of background sample (cpm), E is efficiency and V is sample
volume (liter). The Minimum Detectable Activity (MDA) for this method was calculated using the equation (2) [5].

𝑀𝐷𝐴 (𝐵𝑞/𝐿) =

𝑅
𝑅
2.71
3.29 Ç 𝑡 ‰ + 𝑡 ‰ + 𝑡
I

‰

I

60. 𝜀. 𝑉

(2)

where Rb is the count rate of the background (cpm), ts is the counting time of the sample (minute), tb is the counting time
of the background (minute), E is the efficiency and V is the sample volume (liter). Annual effective dose (AED)
associated with radiation exposure through ingestion of the tap and mineral waters sample was estimated to assess the
health risk to the members of the public (infants, children and adults) using the following formula:
AED (nSv/y) = C x CR x CF x 109

(3)

where C is tritium concentration in water (Bq/L), CR is the comsumption rate (L/y) of drinking water for the members of
the public (the consumption rates for infants, children and adults is 250, 350 and 730 L, respectively) [6], CF is dose
coefficient for tritium (1.8 x 10-11 Sv/Bq).
Results
Tritium concentrations of the 21 different water samples collected from center and districts of Bolu are given in Table 1.
MDA for this method was found as 1.47 Bq/L. The tritium activity concentrations of six water samples (28.6%) were
below of the MDA. The mean values of the tritium activity concentrations in the tap, spring and mineral waters were
calculated to be 2.38 ± 0.78 Bq/L (20.16 TU), 2.26 ± 0.80 Bq/L (19.14 TU) and 3.83 ± 0.76 Bq/L (32.44 TU), respectively.
The maximum concentration value is found as 5.58 Bq/L (47.29 TU) in mineral water. The mean tritium concentration
of mineral water samples is higher than the mean tritium concentrations of tap and spring water samples. However, it
should be specified that the tritium concentrations in the water samples examined were significantly lower than the limit
of 100 Bq/L for water intended for human consumption [7,8].
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Table 1. Tritium concentrations in the water samples
Sample Code Sample Type
S1
S2
S3
S4
S5
S6
S7
S8
S9
S10
S11
S12
S13
S14
S15
S16
S17
S18
S19
S20
S21

Tap
Spring
Tap
Spring
Tap
Spring
Tap
Tap
Spring
Spring
Tap
Tap
Tap
Mineral
Tap
Mineral
Mineral
Tap
Spring
Tap
Tap

GPS Coordinates
Latitude
Longitude
40° 44' 08.9"
31° 35' 46.0"
40° 35' 55.2"
31° 00' 27.5"
40° 34' 42.1"
31° 06' 23.1"
40° 11' 38.4"
30° 48' 49.4"
40° 11' 56.8"
30° 48' 58.6"
40° 27' 32.6"
31° 14' 24.8"
40° 27' 59.3"
31° 12' 39.9"
40° 24' 29.9"
31° 34' 21.0"
40° 19' 29.1"
31° 32' 17.9"
40° 19' 28.1"
31° 32' 18.8"
40° 24' 32.9"
31° 50' 55.3"
40° 43' 13.8"
32° 03' 43.5"
40° 47' 58.7"
32° 11' 03.8"
40° 45' 30.9"
32° 00' 32.9"
40° 46' 14.2"
32° 01' 52.8"
40° 40' 28.7"
31° 31' 01.9"
40° 41' 56.2"
31° 27' 43.1"
40° 38' 27.6"
31° 21' 04.2"
40° 41' 04.9"
31° 37' 01.8"
40° 44' 07.7"
31° 35' 51.5"
40° 39' 22.1"
31° 37' 43.3"

Tritium Concentration
Bq/L
TU
2.86 ± 0.78
24.20 ± 6.61
2.98 ± 0.80
25.23 ± 6.75
2.05 ± 0.80
17.40 ± 6.76
<MDA
<MDA
2.09 ± 0.77
17.67 ± 6.51
2.27 ± 0.79
19.25 ± 6.68
2.50 ± 0.81
21.15 ± 6.88
<MDA
<MDA
<MDA
<MDA
1.53 ± 0.82
12.94 ± 6.95
1.73 ± 0.77
14.63 ± 6.50
1.55 ± 0.79
13.10 ± 6.71
<MDA
<MDA
2.07 ± 0.75
17.58 ± 6.37
2.75 ± 0.76
23.27 ± 6.40
<MDA
<MDA
5.58 ± 0.78
47.31 ± 6.58
2.89 ± 0.80
24.52 ± 6.77
<MDA
<MDA
3.34 ± 0.78
28.33 ± 6.59
2.05 ± 0.77
17.34 ± 6.50

Comparison of the mean tritium concentrations found for the water samples with those reported in literature was given
Table 2. As shown in Table 2, the values obtained in this study are similar to the other values except for Italy, Spain,
Adana-Turkey and Mersin-Turkey.
Table 2. Mean tritium concentration in investigated waters and their comparison to data from the literature
Country
Poland, surface water
Italy, tap water
Spain, mineral water
Bulgarian, tap water
Adana-Turkey, tap water
Mersin-Turkey, tap water
Bolu-Turkey, tap water
Bolu-Turkey, mineral water
Bolu-Turkey, spring water

Tritium Concentration
(Bq/L)
3.12
<8.6
0.9
2.38
7.0
6.2
2.38
3.83
2.26

Reference
[9]
[10]
[11]
[12]
[13]
[14]
This study
This study
This study

Table 3. Annual effective dose values estimated for members of the public.
Sample Code
S1
S3
S5
S7
S8
S11
S12
S13
S14
S15
S16
S17
S18
S20
S21

Annual Effective Dose (nSv/y)
Infant
Child
20.63
30.01
14.84
21.58
15.07
21.92
18.04
26.24
<MDA
<MDA
12.47
18.14
11.18
16.25
<MDA
<MDA
14.99
21.81
19.85
28.87
<MDA
<MDA
40.34
58.68
20.91
30.42
24.16
35.14
14.79
21.51

Adult
46.90
33.72
34.25
40.99
<MDA
28.35
25.40
<MDA
34.07
45.10
<MDA
91.69
47.53
54.91
33.61

The estimated annual effective dose values for the water samples are presented in Table 3. The values of annual effective
dose found for infants, children and adults varied from 11.18 to 40.34 nSv/y with an average of 18.94 nSv/y, 16.25 to
58.68 nSv/y with an average of 27.55 nSv/y, and 25.40 to 91,69 nSv/y with an average of 43.04 nSv/y, respectively.

TESNAT 2019

96

Amasya, Turkey

5th International Conference on Theoretical and Experimental Studies in Nuclear Applications and Technology

Conclusion
Tritium concentrations of 21 different water samples collected from tap, spring and mineral waters in Bolu were
determined by Liquid Scintillation Counter. Turkish Standards Institution (TSE) regulates radioactivity levels in waters
in Turkey and maximum permissible level of tritium in water is specified as 100 Bq/L. This study conﬁrmed that water
samples analysed have a low tritium content and these results are much lower than permissible tritium dose limits
determined by TSE. Again, the results from the study show that the annual effective doses estimated for the members of
the public were significantly below the individual dose criterion of 105 nSv/y recommended by international
organizations. Therefore, water samples measured in terms of human health does not constitute any risk.
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The radial investigation of radiation damage in structural material for thorium
and minor actinide doped fluids in hybrid reactor

M. DÜZ
İnönü University, Science and Art Faculty, Physics Dept., Malatya, Turkey

Abstract
Proton, deuterium, tritium, He-3 and He-4 gas production rates are the parameters of radiation damage. In this study, saltheavy metal mixture consisting of 89.9-89% Li20Sn80 + 10% ThC2 + 0.1-1% AmF3, 89.9-89% Li20Sn80 + 10% ThC2 + 0.11% CmF3 and 89.9-89% Li20Sn80 + 10% ThC2 + 0.1-1% NpF4 were used as fluids. In this study, the fluids were used in
the liquid first-wall, blanket and shield zones of the designed hybrid reactor system. Beryllium (Be) zone with the width
of 3 cm was used for the neutron multiplication between the liquid first wall and blanket. 9Cr2WVTa ferritic steel with
the width of 4 cm was used as the structural material.
In this study, the effect on the radiation damage of the selected fluids according to each 1.0 cm thickness in the structural
material were investigated for 30 full power years (FPYs). Three-dimensional analyses were performed using the most
recent MCNPX-2.7.0 Monte Carlo code and ENDF/B-VII.0 evaluated nuclear data libraries.
Introduction
The waste management required as a result of fuel burning to generate energy from traditional nuclear reactors is one of
the most important problems today. For this reason, hybrid reactor system has been developed where fusion and fission
occur at the same time. Hybrid reactor is a system developed to obtain more energy and nuclear fuel, decrease the waste
amounts in storage areas, recover transuranic elements in used fuels through reprocessing, and render fission products
harmless [1-6].
In this study, Li20Sn80 molten salt was used, which has low melting temperatures and low vapor pressure, to acquire
sufficient tritium breeding. Beryllium (Be) is used as a neutron multiplier [7]. In this study, a Be zone with a thickness of
3 cm was used between the liquid first-wall and the blanket. In this study, 9Cr2WVTa ferritic steel was chosen as a
structural material because it has low activation, which can help to extend the lifetime of the reactor system. In this study,
we calculated radiation damage such as proton, deuterium, tritium, He-3 and He-4 gas production via nuclear reactions
according to each 1.0 cm thickness within the structural material for the selected fluids. The main objective of this study
is to investigate the effect of the selected fluids on proton, deuterium, tritium, He-3 and He-4 gas production rates as
radial in the structural material of the designed the hybrid reactor system.
Method
Numerical Calculations
The hybrid reactor system is torus, and the radius of the torus is 552 cm (Table 1). The fast-flowing liquid first-wall is 2
cm thick, and the slow–flowing layer (blanket) is 50 cm thick. A backing solid wall of 4 cm thickness follows the liquid
first wall/blanket zone. A shielding zone of 50 cm thickness (outboard) and 49 cm thickness (inboard) is located behind
the backing solid wall for the outboard and inboard builds, respectively, and is assumed to have a structure-to-breeder
(coolant) volume ratio of 60:40. The vacuum vessel wall is 2 cm thick and made of SS316LN stainless steel. The interior
is 16 cm thick (inboard) and 26 cm thick (outboard) with the SS316LN stainless steel cooled with water by a structureto-water ratio of 80:20. In this study, we calculated radiation damage in the structural material with nuclear data library
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currently the most recent: ENDF/B-VIII.0 T = 300 K with the help of Monte Carlo method the MCNPX-2.7.0 in threedimensional. Analysis was performed for neutron wall loading 10 MW/m2 and fusion power 4000 MW.
Table 1. The radial build of the hybrid reactor system design.

Inboard side

Outboard side

Zone

r (cm)

Zone

r (cm)

SS316LN

276

Plasma

667

Vacuum vessela

278

SOL

695

SS316LN

294

Liquid First Walld

697

GAP

296

Bee

700

Shieldb

301

Blanketd

750

Ferritic Steelc

350

Ferritic Steelc

754

Blanketd

354

Shieldb

804

Bee

404

GAP

838

Liquid First Walld

407

SS316LN

840

SOL

409

Vacuum vessela

866

Plasma

437

SS316LN

868

a

80% SS316LN, 20% H2O

b

60% 9Cr2WVTa, 40% (89.9-89% Li20Sn80 + 10% ThC2 + 0.1-1% AmF3, 89.9-89% Li20Sn80 + 10% ThC2 + 0.1-1% CmF3 and
89.9-89% Li20Sn80 + 10% ThC2 + 0.1-1% NpF4)

c

100% 9Cr2WVTa

d

89.9-89% Li20Sn80 + 10% ThC2 + 0.1-1% AmF3, 89.9-89% Li20Sn80 + 10% ThC2 + 0.1-1% CmF3 and
89.9-89% Li20Sn80 + 10% ThC2 + 0.1-1% NpF4

e

100% Be

Radiation Damage
Structural materials are exposed to high neutron flux, which continuously kicks atoms out of their lattice sites. This leads
to various types of damage in the material, such as hardening, swelling and embrittlement, which directly influence its
function. Radiation damage refers to the localized disruption of the crystal lattice of a solid by high-energy radiation
passing through it. Proton, deuterium, tritium, He-3 and He-4 gas production amounts are the parameters of radiation
damage. Gas production in the metallic lattice, resulting from nuclear reactions, is one of the important damage
mechanisms. While the hydrogen atom and its isotopes can diffuse out of the first wall material with high temperatures,
the helium atoms will cumulate in the first wall of the hybrid reactor. All this damage will affect the strain of the first
wall and restrict the operation lifetime of the reactor. [7-12]. In structural material one desires a minimum production of
radiation damage parameters.
Numerical Results
In this study were investigated the effect of the selected fluids on the radiation damage parameters according to each 1.0
cm thickness in the structural material, such as proton, deuterium, tritium, He-3 and He-4 gas production rates, measured
in atomic parts per million (appm). In this study were used 89.9-89% Li20Sn80 + 10% ThC2 + 0.1-1% AmF3, 89.9-89%
Li20Sn80 + 10% ThC2 + 0.1-1% CmF3 and 89.9-89% Li20Sn80 + 10% ThC2 + 0.1-1% NpF4 as fluid in liquid first wall,
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blanket and shield zones, ENDF/B-VIII.0 as evaluated nuclear data library from 10-11 to 20 MeV and 9Cr2WVTa as
structural material.
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Fig. 1-5 shows the radiation damage parameters (appm/30 FPY), including proton, deuterium, tritium, He-3 and He-4 gas
production rates, according to each 1.0 cm thickness in the structural material for the selected fluids.
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Fig. 5. The He-4 production according to each 1.0 cm thickness in the structural material for the selected fluids.
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As it moved away from the plasma from Figures 1-5, it was found that the values of the radiation damage parameters in
the structural material decreased. In Fig. 1-5 were observed supply from 1% AmF3 of the biggest contribution and from
0.1% CmF3 of the smallest contribution between selected fluids at the radiation damage parameters in the structural
material.
Results and Discussion
In the study was investigated the effect on the radiation damage of the selected fluids 89.9-89% Li20Sn80 + 10% ThC2 +
0.1-1% AmF3, 89.9-89% Li20Sn80 + 10% ThC2 + 0.1-1% CmF3 and 89.9-89% Li20Sn80 + 10% ThC2 + 0.1-1% NpF4
according to each 1.0 cm thickness in the structural material of the designed hybrid system.
The radiation damage parameters were investigated for the selected fluids and ENDF/B-VIII.0 nuclear data library as
radial in the structural material with a decrease in the radial neutron flux distribution due to elastic or inelastic collisions
and other nuclear reactions. In structural material one desires a minimum production of radiation damage parameters.
Therefore, the radiation damage parameters obtained according to the selected fluids and ENDF/B-VIII.0 nuclear data
library in the structural material with 89.9% Li20Sn80 + 10% ThC2 + 0.1% CmF3 for proton, deuterium, tritium, He-3 and
He-4 gas production rates showed the best performance.
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The effects on the heating of thorium and minor actinide doped fluids in hybrid
reactor
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Abstract
In this study, salt-heavy metal mixture consisting of 89.9-89% Li20Sn80 + 10% ThC2 + 0.1-1% AmF3, 89.9-89% Li20Sn80
+ 10% ThC2 + 0.1-1% CmF3 and 89.9-89% Li20Sn80 + 10% ThC2 + 0.1-1% NpF4 were used as fluids. The fluids were
used in the liquid first-wall, blanket and shield zones of the designed hybrid reactor system. A beryllium (Be) zone with
the width of 3 cm was used for the neutron multiplication between the liquid first wall and blanket. 9Cr2WVTa ferritic
steel with the width of 4 cm was used as the structural material.
In this study, the effect on the heating of the selected fluids were investigated according to the mixture components, radial,
energy spectrum in the designed hybrid reactor system. Three-dimensional analyses were performed using the most
recent MCNPX-2.7.0 Monte Carlo code and ENDF/B-VII.0 evaluated nuclear data libraries.
Introduction
The fuels used in hybrid reactor systems are generally deuterium–tritium (D-T) or deuterium–deuterium (D-D) fuels.
When D-T fuel enters the fusion reaction, 14.1 MeV fusion neutrons and 3.5 MeV alpha particles are released. The plasma
is surrounded by a wall made of fertile material, which cannot undergo the fusion reaction with thermal neutrons, but can
undergo conversion with high energy neutrons, such as the 14.1 MeV neutrons produced by the fusion reaction. Thus, the
high energy fusion neutrons convert fertile materials to fissile fuel, fission neutrons, and produce energy. The hybrid
reactor produces 30 times more nuclear fuel per nuclear energy quantity than fast reactors [1-7].
In this study, a hybrid reactor system was designed. The hybrid reactor system can generate secure energy in large
quantities with D-T fuel usage and subcritical study. Furthermore, it enables the production of a self-sufficient fuel for
the reactor through the reaction of the neutrons released by the plasma. In this study, Li20Sn80 molten salt was used, which
has low melting temperatures and low vapor pressure, to acquire sufficient tritium breeding. Beryllium (Be) is used as a
neutron multiplier [7]. In this study, a Be zone with a thickness of 3 cm was used between the liquid first-wall and the
blanket. In this study, 9Cr2WVTa ferritic steel was chosen as a structural material because it has low activation, which
can help to extend the lifetime of the reactor system. The main objective of this study is to investigate the heating
according to the mixture components, radial, energy spectrum in the designed hybrid reactor system for the selected
fluids, library and structural material.
Method
Numerical Calculations
The hybrid reactor system is torus, and the radius of the torus is 552 cm (Figure 1). The fast-flowing liquid first-wall is 2
cm thick, and the slow–flowing layer (blanket) is 50 cm thick. A backing solid wall of 4 cm thickness follows the liquid
first wall/blanket zone. A shielding zone of 50 cm thickness (outboard) and 49 cm thickness (inboard) is located behind
the backing solid wall for the outboard and inboard builds, respectively, and is assumed to have a structure-to-breeder
(coolant) volume ratio of 60:40. The vacuum vessel wall is 2 cm thick and made of SS316LN stainless steel. The interior
is 16 cm thick (inboard) and 26 cm thick (outboard) with the SS316LN stainless steel cooled with water by a structureto-water ratio of 80:20.
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Calculation of all the parameters of the fission and fusion reactors and other areas of nuclear technology depend on the
cross-section data [8-17]. The evaluated nuclear data file ENDF/B was first developed in the USA in 1968. ENDF/BVIII.0 library, which are used for theoretical calculations in MCNPX, include nuclear data from 10-11 to 20 MeV for all
isotopes and up to 150 MeV for certain isotopes. In this study, we calculated nuclear parameters in liquid first wall,
blanket and shield zones for 89.9-89% Li20Sn80 + 10% ThC2 + 0.1-1% AmF3, 89.9-89% Li20Sn80 + 10% ThC2 + 0.1-1%
CmF3 and 89.9-89% Li20Sn80 + 10% ThC2 + 0.1-1% NpF4 molten salt-heavy metal mixture with ENDF/B-VIII.0 T = 300
K nuclear data library currently the most recent and Monte Carlo method the MCNPX-2.7.0 in three-dimensional.
Analysis was performed for neutron wall loading 10 MW/m2 and fusion power 4000 MW.

Fig. 1. The radial build of the liquid first wall/blanket concept with shielding.

The contributions of the neutron flux, fission, and other reactions to the integrated heat deposition rate are very important.
The main contributions to the integrated heat deposition rate are from the neutron flux, the fission reaction of thorium
isotope in ThC2 and the exothermic 6Li(n,α)T reaction of Li20Sn80 molten salt.
Numerical Results
In this study, hybrid reactor system have designed by using 89.9-89% Li20Sn80 + 10% ThC2 + 0.1-1% AmF3, 89.9-89%
Li20Sn80 + 10% ThC2 + 0.1-1% CmF3 and 89.9-89% Li20Sn80 + 10% ThC2 + 0.1-1% NpF4 fluid in liquid first wall, blanket
and shield zones, ENDF/B-VIII.0 evaluated nuclear data library from 10-11 to 20 MeV and 9Cr2WVTa structural material.
Fig. 2-4 shows the heating according to the mixture components, radial, energy spectrum, respectively, in the liquid first
wall, blanket and shield regions per fusion source neutron for the selected fluids.
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Fig. 2 shows the heat deposition rate in the liquid first wall, blanket and shield regions per fusion source neutron for the
selected fluids. The heat deposition rate was increased for the CmF3 fluid by increasing the mixing ratios. The value of
the heat deposition rate was similar for AmF3 and NpF4 fluids.
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Fig. 3 shows the radial heat deposition rate for the mixture components of the selected fluids in the designed system. The
variation of the heat deposition rate in the inboard and outboard of the reactor system decreases nearly exponentially with
distance from the reactor center (plasma) for the mixture components selected fluids.
Fig. 4 shows the heat deposition rate in the liquid first wall, blanket and shield regions according to energy spectrum (020 MeV) for the selected fluids. It was seen that the heat deposition rate decreases between 0-14 MeV, a peak around 15
MeV and decrease later in the designed system.
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Fig. 4. The variation of the heating according to the energy spectrum for the selected fluids.

Results and Discussion
In this study were investigated the heating according to the mixture components, radial, energy spectrum for 89.9-89%
Li20Sn80 + 10% ThC2 + 0.1-1% AmF3, 89.9-89% Li20Sn80 + 10% ThC2 + 0.1-1% CmF3 and 89.9-89% Li20Sn80 + 10% ThC2
+ 0.1-1% NpF4 fluids and ENDF/B-VIII.0 nuclear data library in liquid first wall, blanket and shield zones of the designed
hybrid system.
In the calculation was observed that the heat deposition rate was increased with increasing fluid ratios for the selected
fluids. The radial heat deposition rate decreases nearly exponentially with distance from the plasma for the mixture
components selected fluids in the inboard and outboard of the reactor system. In this study, the average heat deposition
rate were investigated according to the neutron energy spectrum (0-20 MeV) in the system for the mixture components
selected fluids. In the calculation was seen that the average heat deposition rate due to fission, fusion and other nuclear
reactions, and had a peak approximately 14-15 MeV, decreasing thereafter. As a result, in this study, it was found that
89% Li20Sn80 + 10% UC2 + 1% CmF3 was better than other selected fluids for the heat deposition rate.
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Calculation neutron flux of uranium and minor actinide doped fluids in a
hybrid reactor

M. DÜZ, G. ŞEKER
İnönü University, Science and Art Faculty, Physics Dept., Malatya, Turkey

Abstract
In this study, the fluids were used in the liquid first-wall, blanket and shield zones of the designed hybrid reactor system.
In this study, salt-heavy metal mixtures consisting of 89.9-89% Li20Sn80 + 10% UC2 + 0.1-1% AmF3, 89.9-89% Li20Sn80
+ 10% UC2 + 0.1-1% CmF3 and 89.9-89% Li20Sn80 + 10% UC2 + 0.1-1% NpF4 were used as fluids. 9Cr2WVTa Ferritic
steel is structural material.
The neutron flux was calculated according to the mixture components, radial, energy spectrum in the designed hybrid
reactor system for minor actinide additive selected fluids, library and structural material. Three-dimensional analyses
were performed using the most recent MCNPX-2.7.0 Monte Carlo radiation transport code.
Introduction
The fuels used in hybrid reactor systems are generally deuterium–tritium (D-T) or deuterium–deuterium (D-D) fuels.
When D-T fuel enters the fusion reaction, 14.1 MeV fusion neutrons and 3.5 MeV alpha particles are released. The plasma
is surrounded by a wall made of fertile material, which cannot undergo the fusion reaction with thermal neutrons, but can
undergo conversion with high energy neutrons, such as the 14.1 MeV neutrons produced by the fusion reaction. Thus, the
high energy fusion neutrons convert fertile materials to fissile fuel, fission neutrons, and produce energy. The hybrid
reactor produces 30 times more nuclear fuel per nuclear energy quantity than fast reactors [1-6].
In this study, a hybrid reactor system was designed. The hybrid reactor system can generate secure energy in large
quantities with D-T fuel usage and subcritical study. Furthermore, it enables the production of a self-sufficient fuel for
the reactor through the reaction of the neutrons released by the plasma. The main objective of this study is to investigate
the neutron flux according to the mixture components, radial, energy spectrum in the designed hybrid reactor system for
the selected fluids, library and structural material.
Method
Numerical Calculations and Neutron Flux
The radial structure of the hybrid reactor system is shown in Table 1. Calculation of all the parameters of the fission and
fusion reactors, accelerator-driven systems, and other areas of nuclear technology depend on the cross-section data. The
experimental data are limited for neutron-produced reactions in certain energy ranges [7-12]. In this study, we calculated
the neutron flux in liquid first wall, blanket and shield zones of salt-heavy metal mixtures consisting of 89.9-89% Li20Sn80
+ 10% UC2 + 0.1-1% AmF3, 89.9-89% Li20Sn80 + 10% UC2 + 0.1-1% CmF3 and 89.9-89% Li20Sn80 + 10% UC2 + 0.1-1%
NpF4 with the help of Monte Carlo method the MCNPX-2.7.0 in three-dimensional. This study was performed with
neutron wall loadings of 10 MW/m2 and fusion power of 4000 MW.
It is important for neutronic calculations to know the flux distrubution of the neutrons in a nuclear fission reactor, fusion
reactor, and hybrid reactor. The neutron flux is defined as the total path of thermal neutrons in a unit volume around point
r in a second. The neutron flux expresses a scalar value of dimensions m-2s-1. In the nuclear reactors, fast neutrons are
nearly exclusively produced in the fission reactions.
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Table 1. The radial build of the hybrid reactor system design.

Inboard side

Outboard side

Zone

r (cm)

Zone

r (cm)

SS316LN

276

Plasma

667

Vacuum vessela

278

SOL

695

SS316LN

294

Liquid First Walld

697

GAP

296

Bee

700

Shieldb

301

Blanketd

750

Ferritic Steelc

350

Ferritic Steelc

754

Blanketd

354

Shieldb

804

Bee

404

GAP

838

Liquid First Walld

407

SS316LN

840

SOL

409

Vacuum vessela

866

Plasma

437

SS316LN

868

a

80% SS316LN, 20% H2O

b

60% 9Cr2WVTa, 40% (89.9-89% Li20Sn80 + 10% UC2 + 0.1-1% AmF3, 89.9-89% Li20Sn80 + 10% UC2 + 0.1-1% CmF3 and
89.9-89% Li20Sn80 + 10% UC2 + 0.1-1% NpF4)

c

100% 9Cr2WVTa

d

89.9-89% Li20Sn80 + 10% UC2 + 0.1-1% AmF3, 89.9-89% Li20Sn80 + 10% UC2 + 0.1-1% CmF3 and
89.9-89% Li20Sn80 + 10% UC2 + 0.1-1% NpF4

e

100% Be

In the nuclear reactors, the fast neutrons gradually slow due to collisions with the atoms of the moderator and the various
nuclear processes taking place in the reactor [13]. As these formations are the functions of neutron energy, the neutron
flux distribution should also be expressed as a function of neutron energy. The Boltzmann equation is a common way to
calculate neutron flux in a reactor, which is given in below:
? Ê
É Ê€
? Ê
É Ê€

𝜙(𝑟, 𝛺, 𝐸, 𝑡) + 𝛺. 𝛻𝜙(𝑟, 𝛺, 𝐸, 𝑡) + ∑€ (𝑟, 𝐸, 𝑡)𝜙(𝑟, 𝛺, 𝐸, 𝑡) = 𝑞(𝑟, 𝛺, 𝐸, 𝑡)

(1)

𝜙(𝑟, 𝛺, 𝐸, 𝑡)= Change of neutron flux in unit time,

𝛺. 𝛻𝜙(𝑟, 𝛺, 𝐸, 𝑡) = Neutron loss because of convection,
∑€ (𝑟, 𝐸, 𝑡)𝜙(𝑟, 𝛺, 𝐸, 𝑡) = Neutron loss because of nuclear reactions.
Terms in equation (1) for 𝑞(𝑟, 𝛺, 𝐸, 𝑡) can be defined as follow:
Ï

𝑞(𝑟, 𝛺, 𝐸, 𝑡) = ∫„ 𝑑𝐸 / ∫”q 𝑑𝛺∑(𝑟, 𝐸 / ⟶ 𝐸, 𝛺/ ⟶ 𝛺)𝜙(𝑟, 𝛺/ , 𝐸 / , 𝑡) + 𝑆(𝑟, 𝛺, 𝐸, 𝑡)

(2)

Ï

∫„ 𝑑𝐸 / ∫”q 𝑑𝛺∑(𝑟, 𝐸 / ⟶ 𝐸, 𝛺/ ⟶ 𝛺)𝜙(𝑟, 𝛺/ , 𝐸 / , 𝑡)= Contribution of neutrons on neutron flux due to scattering,
𝑆(𝑟, 𝛺, 𝐸, 𝑡)= Contribution of neutron source independent on the neutron flux.
The transport equation is currently handled by the Monte Carlo method. The Monte Carlo method provides an instrument
to solve the equations by simulating the neutron activities. In this study, neutron transport calculations of the neutron flux
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distrubutions were investigated using MCNPX-2.7.0 to solve the Boltzmann transport equation (1), (2) with Monte Carlo
code.
Numerical Results
In this study was used 89.9-89% Li20Sn80 + 10% UC2 + 0.1-1% AmF3, 89.9-89% Li20Sn80 + 10% UC2 + 0.1-1% CmF3 and
89.9-89% Li20Sn80 + 10% UC2 + 0.1-1% NpF4 as fluid, ENDF/B-VIII.0 as evaluated nuclear data library and 9Cr2WVTa
Ferritic steel as structural material.
Fig. 1 shows variation of neutron fluxes according to the mixture components in the liquid first wall, blanket and shield
zones of the reactor system. Fig. 2 shows the radial neutron flux distribution for the mixture components of the selected
fluids in the designed system. The variation of the neutron flux distribution in the inboard and outboard of the reactor
system decreases nearly exponentially with distance from the reactor center (plasma) for the mixture components selected
fluids.
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Fig. 2. The variation of the radial neutron flux distribution in the
inboard and outboard of the reactor system for the mixture

Fig. 1. The variation of the total neutron fluxes in the hybrid
reactor system according to the mixture components.

components selected fluids.

Fig. 3 show the average neutron flux distribution according to neutron energy spectrum (0-20 MeV) in the reactor system
for the mixture components selected fluids. In Fig. 3, it was seen that the average neutron flux distribution decreases
between 0-14 MeV, a peak around 15 MeV and decrease later in the designed system.
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Fig. 3. The variation of the neutron flux distribution according to neutron energy spectrum in the reactor system for the mixture components
selected fluids.
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Results and Discussion
In this study were investigated the effect on the neutron flux distribution of the mixture components selected fluids. The
neutron flux increases due to the fission reaction of uranium isotope, inelastic scattering of 7Li and the exothermic
6
Li(n,α)T reaction of 6Li in the Li20Sn80 molten salt, (n, 2n) reaction of beryllium, elastic and other nuclear reactions of
atoms in the fuel zone. Therefore, in the calculation was observed that the radial neutron flux distribution decreases nearly
exponentially with distance from the plasma for the mixture components selected fluids in the inboard and outboard of
the reactor system. In this study, the average neutron flux distribution were investigated according to the neutron energy
spectrum (0-20 MeV) in the system for the mixture components selected fluids. The neutron spectrum produces high
energy g-rays in the range of 5-10 MeV by (n, g) reactions, 2 MeV fission neutrons and 14.6 MeV fusion neutrons. In the
calculation was seen that the average neutron flux distribution due to fission, fusion and other nuclear reactions, and had
a peak approximately 14-15 MeV, decreasing thereafter. The values between the 0-20 MeV energy gap were
approximately the same values of the neutron flux distribution according to the energy in the system for the mixture
components selected fluids.
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Investigation of neutronic calculations in uranium and minor actinide doped
fluids of a hybrid reactor using Monte Carlo method

M. DÜZ, G. ŞEKER
İnönü University, Science and Art Faculty, Physics Dept., Malatya, Turkey

Abstract
In this study was used as fluid 89.9-89% Li20Sn80 + 10% UC2 + 0.1-1% AmF3, 89.9-89% Li20Sn80 + 10% UC2 + 0.1-1%
CmF3 and 89.9-89% Li20Sn80 + 10% UC2 + 0.1-1% NpF4 molten salt-heavy metal mixture and as structural material
9Cr2WVTa Ferritic steel. The fluids were used in the liquid first wall, blanket and shield zones of a fusion–fission hybrid
reactor system. Beryllium (Be) zone with the width of 3 cm was used for the neutron multiplication between the liquid
first wall and blanket.
In this study was investigated the nuclear parameters such as tritium breeding ratio (TBR), energy multiplication factor
(M), heat deposition rate, fission reaction rate in liquid first wall, blanket and shield zones. Three-dimensional analyses
were performed by using the Monte Carlo code MCNPX-2.7.0 and ENDF/B-VII.0 evaluated nuclear data library.
Introduction
The waste management required as a result of fuel burning to generate energy from traditional nuclear reactors is one of
the most important problems today. For this reason, hybrid reactor system has been developed where fusion and fission
occur at the same time. Hybrid reactor is a system developed to obtain more energy and nuclear fuel, decrease the waste
amounts in storage areas, recover transuranic elements in used fuels through reprocessing, and render fission products
harmless [1-6].
In this study, Li20Sn80 molten salt was used, which has low melting temperatures and low vapor pressure, to acquire
sufficient tritium breeding. Beryllium (Be) is used as a neutron multiplier [7]. In this study, a Be zone with a thickness of
3 cm was used between the liquid first-wall and the blanket. In this study, 9Cr2WVTa ferritic steel was chosen as a
structural material because it has low activation, which can help to extend the lifetime of the reactor system. The main
objective of this study is to investigate tritium breeding ratio (TBR), energy multiplication factor (M), heat deposition
rate, fission reaction rate in the designed hybrid reactor system for the selected fluids, library and structural material.
Method
Numerical Calculations
Hybrid reactor system used in the study is in the shape of a torus. The radial structure of designed the hybrid reactor
system is shown in Fig. 1. Calculation of all the parameters of the fission and fusion reactors and other areas of nuclear
technology depend on the cross-section data [8-10]. In this study, we calculated nuclear parameters in liquid first wall,
blanket and shield zones for 89.9-89% Li20Sn80 + 10% UC2 + 0.1-1% AmF3, 89.9-89% Li20Sn80 + 10% UC2 + 0.1-1%
CmF3 and 89.9-89% Li20Sn80 + 10% UC2 + 0.1-1% NpF4 molten salt-heavy metal mixture with the help of Monte Carlo
method the MCNPX-2.7.0 in three-dimensional. Analysis was performed for neutron wall loading 10 MW/m2 and fusion
power 4000 MW.
Tritium Breeding
The tritium breeding ratio (TBR) is defined as the ratio of the rate of tritium production in the system to the rate of tritium
burning in the plasma. The hybrid reactor has to breed the tritium it requires [11,12]. Tritium is bred through the reaction
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of lithium with neutrons. The 6Li(n,α)T reaction is produced with thermal neutrons, and the 7Li(n,αn/)T reaction with fast
neutrons. In the hybrid reactor system, the working liquid must be a lithium-containing medium to provide adequate
tritium. The required TBR for a fission reactor conceptual design must be 1.1 [11-15]. TBR can be given as follows:
TBR=T6+T7

(1)

T6 = òò F . Σ(n,α)T dE dV, for 6Li

(2)

T7 = òò F . Σ(n,n'α)T dE dV, for 7Li.

(3)

In this study Li20Sn80 molten salt was used, which has low melting temperatures and low vapor pressure, to acquire
sufficient tritium breeding.

Fig. 1. The radial build of the liquid first wall/blanket concept with shielding.

Energy Multiplication Factor, Heat Deposition Rate and Fission Reaction Rate
The energy multiplication factor M is the ratio of nuclear heating and source neutron energy incident on the first wall
[16]. The energy produced must exceed the energy produced by the plasma. To obtain high thermal power, the M value
should be as large as possible. It is desirable that M is greater than 1.2 in a D-T fueled reactor [17]. M can be defined as
follows:
M=[(200x(F . Σf)+4.784xT6-2.467xT7) /14.1] +1
(F . Σf) = òò F . Σf dE dV, total fission rate.

(4)
(5)

The contributions of the neutron flux, fission, and other reactions to the integrated M and heat deposition rate are very
important. The main contributions to the integrated M and heat deposition rate are from the neutron flux, the fission
reaction of uranium isotope in UC2 and the exothermic 6Li(n,α)T reaction of Li20Sn80 molten salt.
Numerical Results
In this study, hybrid reactor system have designed by using 89.9-89% Li20Sn80 + 10% UC2 + 0.1-1% AmF3, 89.9-89%
Li20Sn80 + 10% UC2 + 0.1-1% CmF3 and 89.9-89% Li20Sn80 + 10% UC2 + 0.1-1% NpF4 fluid in liquid first wall, blanket
and shield zones, ENDF/B-VIII.0 evaluated nuclear data library from 10-11 to 20 MeV and 9Cr2WVTa structural material.
Fig. 2 shows the TBR in the liquid first wall, blanket and shield regions per fusion source neutron for the selected fluids.
The TBR value was increased for the CmF3 fluid by increasing the mixing ratios, but decreased with the AmF3 and NpF4
fluids. The selected fluids provided the required value of 1.1 for TBR.
Fig. 3 shows the M in the liquid first wall, blanket and shield regions per fusion source neutron for the selected fluids.
The M value was increased for the selected fluids with increasing fluid ratios. The value of M was similar for AmF3 and
NpF4 fluids. The selected fluids provided the required value of 1.2 for M.
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Fig. 4 shows the heat deposition rate in the liquid first wall, blanket and shield regions per fusion source neutron for the
selected fluids. The heat deposition rate was increased for the selected fluids with increasing fluid ratios. The value of the
heat deposition rate was similar for AmF3 and NpF4 fluids.
Fig. 5 shows the fission reaction rate in the liquid first wall, blanket and shield regions per fusion source neutron for the
selected fluids. The fission reaction rate was increased for the selected fluids with increasing fluid ratios. The value of
the fission reaction rate was similar for AmF3 and NpF4 fluids.
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Fig. 5. The variation of the fission reaction rate for the selected
fluids in the liquid first wall, blanket and shield zones.

Results and Discussion
In the study the effect of the the selected fluids in the designed system on three-dimensional neutronic measurements,
such as TBR, M, heat deposition rate and fission reaction rate, was investigated.
It was found that TBR values calculated for the selected fluids according to the mixture components higher than 1.1 the
limit value. It was found that the greatest contribution to TBR comes from 1% CmF3 fluid.
It was found that M ,heat deposition rates and fission reaction rate values increased for the selected fluids according to
the mixture components. It was found that the greatest contribution to M ,heat deposition rates and fission reaction rate
values comes from 1% CmF3 fluid.
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As a result, in this study, it was found that 89% Li20Sn80 + 10% UC2 + 1% CmF3 was better than other selected fluids for
neutronic calculations.
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Calculation of radiation damage in structural material for uranium and minor
actinide doped fluids using Monte Carlo method

M. DÜZ, H. BARDAKÇI
İnönü University, Science and Art Faculty, Physics Dept., Malatya, Turkey

Abstract
In this study, Beryllium (Be) zone with the width of 3 cm was used for the neutron multiplication between the liquid first
wall and blanket. 9Cr2WVTa Ferritic steel is structural material. 89.9-89% Li20Sn80 + 10% UC2 + 0.1-1% AmF3, 89.989% Li20Sn80 + 10% UC2 + 0.1-1% CmF3 and 89.9-89% Li20Sn80 + 10% UC2 + 0.1-1% NpF4 salt-heavy metal mixtures
are fluids. The fluids were used in the liquid first-wall, blanket and shield zones of the designed hybrid reactor system.
Proton, deuterium, tritium, He-3 and He-4 gas production rates are the parameters of radiation damage. In the designed
hybrid reactor system were comparated the effect on the radiation damage of the selected fluids in the structural material
for 30 full power years (FPYs). Three-dimensional analyses were performed by using the Monte Carlo code MCNPX2.7.0 and ENDF/B-VII.0 evaluated nuclear data library.
Introduction
Generating energy from traditional nuclear reactors, waste management as a result of fuel burning is one of the most
important problems today. Transformation of waste to stable and shortlived isotopes with nuclear reactions is a radical
solution. With this aim, a hybrid reactor system was developed where fusion and fission occur at the same time. The fuel
used in hybrid reactors is generally D–T fuel. When D–T fuel enters into fusion reaction, 14.1 MeV fusion neutrons and
3.5 MeV alpha particles are liberated. In hybrid reactors fissile fuel breeding is just as important as energy production.
The plasma is surrounded by a wall of fertile material. Thus, the high-energy 14.1 MeV fusion neutrons that are emitted
from the plasma react with the fertile materials 238U or 232Th resulting in fissile materials 239Pu or 233U [1-6].
In this study, we calculated radiation damage such as proton, deuterium, tritium, He-3 and He-4 gas production via nuclear
reactions within the structural material for the selected fluids. The main objective of this study is to investigate the effect
of the selected fluids on proton, deuterium, tritium, He-3 and He-4 gas production rates in the structural material of the
designed the hybrid reactor system.
Method
Numerical Calculations
In Table 1 is shown the radial structure of designed the hybrid reactor system. Hybrid reactor system used in the study is
in the shape of a torus. In this study was used Li20Sn80 molten salt, Beryllium (Be) neutron multiplier, 9Cr2WVTa ferritic
steel. In this study, we calculated nuclear parameters in liquid first wall, blanket and shield zones with nuclear data
libraries currently the most recent: ENDF/B-VIII.0 T = 300 K with the help of Monte Carlo method the MCNPX-2.7.0
in three-dimensional. Analysis was performed for neutron wall loading 10 MW/m2 and fusion power 4000 MW.
Radiation Damage
Structural materials are exposed to high neutron flux, which continuously kicks atoms out of their lattice sites. This leads
to various types of damage in the material, such as hardening, swelling and embrittlement, which directly influence its
function. Radiation damage refers to the localized disruption of the crystal lattice of a solid by high-energy radiation
passing through it. Proton, deuterium, tritium, He-3 and He-4 gas production amounts are the parameters of radiation
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damage. Gas production in the metallic lattice, resulting from nuclear reactions, is one of the important damage
mechanisms. While the hydrogen atom and its isotopes can diffuse out of the first wall material with high temperatures,
the helium atoms will cumulate in the first wall of the hybrid reactor. All this damage will affect the strain of the first
wall and restrict the operation lifetime of the reactor. [7-12]. In structural material one desires a minimum production of
radiation damage parameters.
Table 1. The radial build of the hybrid reactor system design.

Inboard side

Outboard side

Zone

r (cm)

Zone

r (cm)

SS316LN

276

Plasma

667

Vacuum vessela

278

SOL

695

SS316LN

294

Liquid First Walld

697

GAP

296

Bee

700

Shieldb

301

Blanketd

750

Ferritic Steelc

350

Ferritic Steelc

754

Blanketd

354

Shieldb

804

Bee

404

GAP

838

Liquid First Walld

407

SS316LN

840

SOL

409

Vacuum vessela

866

Plasma

437

SS316LN

868

a

80% SS316LN, 20% H2O

b

60% 9Cr2WVTa, 40% (89.9-89% Li20Sn80 + 10% UC2 + 0.1-1% AmF3, 89.9-89% Li20Sn80 + 10% UC2 + 0.1-1% CmF3 and
89.9-89% Li20Sn80 + 10% UC2 + 0.1-1% NpF4)

c

100% 9Cr2WVTa

d

89.9-89% Li20Sn80 + 10% UC2 + 0.1-1% AmF3, 89.9-89% Li20Sn80 + 10% UC2 + 0.1-1% CmF3 and
89.9-89% Li20Sn80 + 10% UC2 + 0.1-1% NpF4

e

100% Be

Numerical Results
In this study were investigated the effect of the selected fluids on the radiation damage parameters in the structural
material, such as proton, deuterium, tritium, He-3 and He-4 gas production rates, measured in atomic parts per million
(appm). In this study were used 89.9-89% Li20Sn80 + 10% UC2 + 0.1-1% AmF3, 89.9-89% Li20Sn80 + 10% UC2 + 0.1-1%
CmF3 and 89.9-89% Li20Sn80 + 10% UC2 + 0.1-1% NpF4 as fluid in liquid first wall, blanket and shield zones, ENDF/BVIII.0 as evaluated nuclear data library from 10-11 to 20 MeV and 9Cr2WVTa as structural material.
Fig. 1-5 shows the radiation damage parameters (appm/30 FPY), including proton, deuterium, tritium, He-3 and He-4 gas
production rates in the structural material according to energy for the selected fluids. To reduce the effect of the radiation
damage on the structure materials, neutrons in the liquid second wall (blanket) should be slowed down and absorbed
through nuclear reactions. Li20Sn80 is powerful material in attenuating high energy neutrons due to inelastic scatteringabsorption in lithium and (n,2n) reactions in lead. Lithium, on the other hand, is a good moderator for both high-energy
and low-energy neutrons through inelastic scattering in 7Li and absorption in 6Li. The presence of fissionable material
238
U in UC2 increase the number of neutrons. Therefore, this process will increase radiation damage on the first wall
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material. On the other hand, it softens the neutron spectrum at the same time and, thus, increases neutron absorption so
these adverse effects compensate each other with respect to radiation damage.
3,5

%0,1 AmF3

Deuterium Production (appm/30 FPY)

Proton Production (appm/30 FPY)

120

%0,5 AmF3

100

%1 AmF3
%0,1 CmF3

80

%0,5 CmF3
%1 CmF3

60

%0,1 NpF4
%0,5 NpF4

40

%1 NpF4
20
0

0

5

10

15

%0,1 AmF3

3,0

%0,5 AmF3
2,5

%1 AmF3
%0,1 CmF3

2,0

%0,5 CmF3

1,5

%1 CmF3

1,0

%0,5 NpF4

%0,1 NpF4
%1 NpF4

0,5
0,0

20

0

5

10

15

20

Energy (MeV)

Energy (MeV)

Fig. 1. The change of the proton production according to energy

Fig. 2. The change of the deuterium production according to

for the selected fluids in the structural material.

energy for the selected fluids in the structural material.
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Fig. 4. The change of the He-3 production according to energy

for the selected fluids in the structural material.

for the selected fluids in the structural material.

25

He-4 Production (appm/30 FPY)

%0,1 AmF3
%0,5 AmF3

20

%1 AmF3
%0,1 CmF3

15

%0,5 CmF3
%1 CmF3
%0,1 NpF4

10

%0,5 NpF4
%1 NpF4

5

0

0

5

10

15

20

Energy (MeV)

Fig. 5. The change of the He-4 production according to energy for the selected fluids in the structural material.
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In Fig. 1-5 was observed supply from 1% NpF4 in general of the biggest contribution and from 0.5% NpF4 of the smallest
contribution between selected fluids at the radiation damage in the structural material.
Results and Discussion
In the study was investigated the effect on the radiation damage of the selected fluids in the structural material of the
designed hybrid system.
In structural material one desires a minimum production of radiation damage parameters. Therefore, the radiation damage
parameters obtained according to according to energy for the selected fluids in the structural material with 89.5% Li20Sn80
+ 10% UC2 + 0.5% NpF4 showed the best performance.
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The effect of uranium and minor actinide doped fluids on convert
238U(n,γ)239Pu using Monte Carlo method

M. DÜZ, H. BARDAKÇI
İnönü University, Science and Art Faculty, Physics Dept., Malatya, Turkey

Abstract
In this study, the fluids were composed mixture the molten salt-the heavy metals 89.9-89% Li20Sn80 + 10% UC2 + 0.11% AmF3, 89.9-89% Li20Sn80 + 10% UC2 + 0.1-1% CmF3 and 89.9-89% Li20Sn80 + 10% UC2 + 0.1-1% NpF4 fluids. In
study, the effect of the selected fluids on convert to 238U(n,γ)239Pu was investigated in designed the hybrid reactor system.
Beryllium (Be) is neutron multiplicity by (n,2n) reactions. Thence, Be zone in thick 3 cm was used in order to contribute
on 239Pu between liquid first wall and blanket. 9Cr2WVTa ferritic steel is used as a structural material.
The convert to 238U(n,γ)239Pu was calculated in liquid first wall, blanket and shield zones, which uranium content. Threedimensional nucleonic calculations were performed by using the most recent version MCNPX-2.7.0 Monte Carlo code
and ENDF/B-VII.0 evaluated nuclear data libraries.
Introduction
Hybrid reactor has an enormous potential to provide a clean, cheap and unlimited energy source. Hybrid reactor in which
nucleus fusion and fission events can be operated together is a system developed to obtain more energy and nuclear fuel,
decrease the waste amounts in storage areas, recover transuranic elements in used fuels through reprocessing, and render
fission products harmless. Important advantage of hybrid reactor system is that it has a subcritical reactor system in which
reactor can operate securely.
In hybrid reactor system are used generally D-T or D-D fuels. In hybrid reactors, the energy 14.1 MeV of the fusion
power (D,T) is carried with neutrons that penetrate the first wall and blanket and dissipate energy through exothermic
nuclear reactions. The energy produced in a hybrid reactor should be as high as possible than energy produced by plasma.
In addition to, the fissile fuel breeding capability in hybrid reactor is as important as the energy production capability.
Hybrid reactor produces 30 times more nuclear fuel per nuclear energy amount it unleashes compared with fast reactors.
The fissile material added to the produced energy by the use of fuel material in the hybrid reactor chamber causes
inexpensive energy production because it increases the total revenues from the investment in the fusion reactor. Fissile
isotopes can be produced by the (n,γ) reactions of fertile isotopes. The high-energy 14.1 MeV fusion neutrons that are
emitted from the plasma react with the fertile material resulting in fissile materials as 239Pu, 233U. Breeding reactions of
mother and doughter nuclei can be defined as equation (1) and (2), respectively:
dN1 = -λ1N1dt

(1)

dN2 = λ1N1dt - λ2N2dt

(2)

where, dN = number nuclei decaying, λ = decay constant, N = nuclei, dt = unit time.
In the hybrid reactor is used to energy production in the reactor a very small fraction of the fissile material produced. The
rest of the fissile material is retrieved from the reactor via appropriate methods and used as fuel in fission reactors [1-6].
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Method
Numerical Calculations
The radial build of designed the hybrid reactor system in this study is shown in Fig. 1. Hybrid reactor system used in the
study is in the shape of torus. In this study was used Li20Sn80 molten salt, Beryllium (Be) neutron multiplier, 9Cr2WVTa
ferritic steel [7-10]. In this study, we calculated nuclear parameters in liquid first wall, blanket and shield zones with
nuclear data library currently the most recent: ENDF/B-VIII.0 T = 300 K with the help of Monte Carlo method the
MCNPX-2.7.0 in three-dimensional. Analysis was performed for neutron wall loading 10 MW/m2 and fusion power 4000
MW.

Fig. 1. The radial build of the liquid first wall/blanket concept with shielding.

Numerical Results
In study, the effect of the selected fluids on convert to 238U(n,γ)239Pu was investigated in designed the hybrid reactor
system. The convert to 238U(n,γ)239Pu was calculated in liquid first wall, blanket and shield zones, which uranium content.
In this study were used 89.9-89% Li20Sn80 + 10% UC2 + 0.1-1% AmF3, 89.9-89% Li20Sn80 + 10% UC2 + 0.1-1% CmF3
and 89.9-89% Li20Sn80 + 10% UC2 + 0.1-1% NpF4 as fluid in liquid first wall, blanket and shield zones, ENDF/B-VIII.0
as evaluated nuclear data library from 10-11 to 20 MeV and 9Cr2WVTa as structural material. In this study, neutron
transport calculations that 239Pu fissile fuel production was investigated by using MCNPX-2.7.0 Monte Carlo code for
the selected fluids.
A substantial amount of fissile fuel would be produced by using heavy metal. 238U isotope in UC2 heavy metals used in
the liquid first wall, blanket and shield zones can be converted by the (n,γ) reactions to precious nuclear fuel as 239Pu. Fig.
2 shows 238U(n,γ)239Pu production in the liquid first wall, blanket and shield regions for the selected fluids.
Results and Discussion
In this study was used molten salts 89.9-89% Li20Sn80 + 10% UC2 + 0.1-1% AmF3, 89.9-89% Li20Sn80 + 10% UC2 + 0.11% CmF3 and 89.9-89% Li20Sn80 + 10% UC2 + 0.1-1% NpF4. In this study was investigated the effect on 239Pu by (n,γ)
reaction of the selected fluids in designed the system.
In the calculation, 238U used with (n,γ) reactions in heavy metals contents of the system was converted to 239Pu. It was
observed that 239Pu fissile fuel production increases in the selected fluids due to the fission reaction of uranium isotope
and the exothermic 6Li(n,α)T reaction of Li20Sn80 molten salt. In conclusion, it was found that 89% Li20Sn80 + 10% UC2
+ 1% CmF3 fluid causes a significant increase of 239Pu fissile fuel production in the reactor system.
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Fig. 2. The variation of the fissile fuel breeding 239Pu versus the selected fluids in the liquid first wall, blanket and shield zones.
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Abstract
In this study, electromagnetic properties and nuclear structure of 182W nucleus have been investigated. Electromagnetic
probabilities for ground state band, quadrupole moments and electromagnetic multipolarity mixing ratios have been
calculated by using Interacting Boson Model -1 (IBM-1). The calculated quantities from the other microscobic models
were compared with the each other and with the available experimental data in the literatüre.
Keywords: IBM model, Nuclear structure, 182W , Quadrupole moments,
Indroduction
The interacting boson model (IBM9) was discovered by Arima and Iachello (1975) in 1974 and than IBM was made and
proved many contributions to the field of nuclear physics. Arima and Iachello were awarded the T. W. Bonner Prize in
Nuclear Physics by the American Physical Society in 1993 [1-3].
The IBM is based on the well-known shell model and on geometrical collective models of the atomic nucleus. Despite its
relatively simple structure, it has proved to be a powerful tool. In addition, it is of considerable theoretical interest since
it shows the dynamical symmetries of several nuclei, which are made visible using Lie algebras [4].
In this study, electromagnetic properties and nuclear structure of 182W nucleus have been investigated and calculated by
using IBM. Electromagnetic probabilities for ground state band, quadrupole moments and electromagnetic multipolarity
mixing ratios have been calculated by using Interacting Boson Model -1 (IBM-1).
Interactıng Boson Model Calculations
The interacting boson model (IBM) is suitable for understanding nuclear structure and describing intermediate and heavy
atomic nuclei. Adjusting a small number of parameters, IBM calculates the majority of the low-lying states of
intermediate and heavy atomic nuclei.
A formulation of completely symmetric states of N bosons of which nd have a d-state and N - nd bosons are in the s-state.
Total angular momentum J and its projection M, for the most part additional ordering numbers are required in order to
describe the collective state. One of these numbers is the seniority τ, after which the most usual representation scheme is
named. For the moment, we are leaving out the additional ordering number and write the completely symmetric
configuration symbolically as
| ( sN-nd)(0) 0 (d nd)(J) M, J M 〉

(1)

The s-bosons are coupled to a J = 0-state. In detail, the d-boson part is composed of single d-boson states having the
angular momentum components 2, 1, 0, -1 and -2. These five single boson states d μ appear in linear combinations. The
expression (1) is normalised to one.
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Table 1 . Mixed rate for δ ( E2/ M1 ) of
Initial

d ( E 2 / M 1)

Spin/parite

level

Energy

+
+
(I i ® I f )

(keV)

(keV)

1221

1122

1231

1331

1002

1373

84

1442

1113

1487

113

1553

179

1153

66

1621

133

1660

173

1660

39

1660

107

1768

108

1769

1089

2180

1036

This study
4.09

IBM SU(3)
4.07

16.997

+

®

+
21

17.520

®

+
21
+
41
21
+
41
31
31
41
41
41
51
42
52
+
61
+
81

+
31
+
31
31
+
42
41
42
42
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52
52
52
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+
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+
82

182

Q(0)
(eb)
6,414
5

® 2 1+

23

Physically properties of
B(E2)
(e2b2)
4,09

+

22

1157

1331

Table 2.

W

W izotope

Transition

1257

182

182

®
®
®
®
®
®
®
®
®
®
®
®
®

17.444
10.359
0.242
8.805
1.169
1.852
0.522
1.088
1.415
0.250
0.309
0.597
5.885
4.001

W nuclei
b0

Q(2+)
(eb)
-0.820
Experimental
4.15

b2

0,239
6

Theoritical
3.70

0.249
7

5

(Raman,1989)

6

(Stokstad,1968)

7

(Barret,1981); 8Möller ve Nix,1981)

Table 3. Q0 parameter of
This study
182

W

6.414

182

W nuclei
Experimental1

6.468

9

(Raman,1987)
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Conclusions
Electromagnetic probabilities for ground state band, quadrupole moments and electromagnetic multipolarity mixing
ratios have been calculated by using Interacting Boson Model -1 (IBM-1). The calculated quantities from the other
microscobic models were compared with the each other and with the available experimental data in the literatüre. We
obtained agreement experimental data for calculated by using Interacting Boson Model -1 (IBM-1). In this method
calculation results have been found very close to experimental results and better than other theoretical calculations in
literature. This proves the successful and usefully for the nuclear electromagnetic properties of 182W.
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Abstract
In the present study, the cross sections of (n,p) and (γ,p) nuclear reactions occurring with Sn structural materials for
fusion reactors have been calculated. The interacted with both neutrons and gamma were predicted by using the Tel et al
formulas and available other formulas. The calculated cross-section values from the formulas were compared with the
each other and with the available experimental data from EXFOR.
Keywords: Nuclear fusion, 120Sn, Fusion shielding material, Cross section, Tel et al. formula.
Inroduction
Nowadays, the world energy demand is increasing day by day due to rapid industrialization and urbanization. Non
renewable energy sources such as fossil fuels and its synthetic derivatives are creating increased environmental concerns.
Associated with interest in alternative energy, nuclear fusion can be one of the most attractive sources of energy because
of safety and minimal environmental impact. Fusion energy does not make negatively affect life of humans and does not
produce harmful gases such as SO2, H2S, NO, CO, CO2, HF, HCI in the atmosphere. And also there are not radioactive
nuclear waste problems in the fusion reactors. The development of fusion reactor shielding structural materials for the
safety of fusion power systems is important. The success of fusion power system is dependent on performance of the first
wall, blanket or divertor systems. So, the performance of structural materials for fusion power systems, understanding
nuclear properties systematic and working out of reaction cross sections are very important. Fe (iron), Zirconium (Zr),
Niobium (Nb), Sn (Tin) and Tantalum (Ta) containing alloys are important shielding and structural materials for fusion
reactors. In this study, the cross sections of (n,p) and (γ,p) nuclear reactions occurring with 120Sn nuclei have been
calculated.
Fusion Reactions For Controlled Power Generation
Fusion reactions constitute the fundamental energy source of stars, including the Sun. The evolution of stars can be viewed
as a passage through various stages as thermonuclear reactions. Nuclear fusion, process by which nuclear reactions
between light elements form heavier elements (up to iron).
Hydrogen (H) “burning” initiates the fusion energy source of stars and leads to the formation of helium(He). In fact, the
heavy isotopes of hydrogen—deuterium (D) and tritium (T)—react more efficiently with each other, and, when they do
undergo fusion, they yield more energy per reaction than do two hydrogen nuclei. In cases where the interacting nuclei
belong to elements with low atomic numbers (e.g., hydrogen or its isotopes deuterium and tritium), substantial amounts
of energy are released.. Deuterium and tritium reactionsare the most important fusion reactions for controlled power
generation because the cross sections are high. It should be noted that any plasma containing deuterium automatically
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produces some Tritium and Helium-3 from reactions of Deuterium with other deuterium ions. Other fusion reactions
involving elements with an atomic number above 2 can be used, but only with much greater difficulty. This is because
the Coulomb barrier increases with increasing charge of the nuclei, leading to the requirement that the plasma temperature
exceed 1,000,000,000 K if a significant rate is to be achieved.
Literature Studies for Cross Section Calculations
The nuclear reaction models are frequently needed to provide the estimation of the cross–sections, especially if the
experimental data are not obtained or on which they are hopeless to measure the cross–sections; due to the experimental
difficulty. Such predictions can guide the design of the target/blanket configurations and can reduce engineering over
design costs. There are several empirical and semi-empirical cross-section formula having different parameters in the
literature. The systematic (n,p)formulas proposed by different authors are given in Table 1. Some of their names are
Levkovskii (1964) [1], Tel et al. (2003, 2008,2018) [4,5,6], Kumabe and Fukuda (1987) [2], Konno et al. (1993) [3].The
systematic (γ, p) reactions formula proposed byTel et al are given in Table 2.
Table 1 The (n,p) reaction cross-section (mb) systematics at 14-15 MeV incident energy

Author

Mass region

Levkovskii [1]

40£A£208
17£A£239
ì for even - Z , even - N
ï
í for even - Z , odd - N
ï for odd - Z , even - N
î

Tel et al. [4]

19£A£62

Kumabe &

63£A£89

Fukuda [2]

90£A£160

Formula, σ(n,p) (mb)

= 45.2( A1 / 3 + 1) 2 exp[- 33s]
= 14.56( A1 / 3 + 1) 2 exp[- 26.58s ]

= 16.33( A1 / 3 + 1) 2 exp[- 26.17 s ]
= 9.71( A1 / 3 + 1) 2 exp[- 21.87 s ]
= 7.31( A1 / 3 + 1) 2 exp[- 20.21s ]

= 21.84 exp[- 34 s ]

= 0.79 A 2 exp[- 43.2s ]
= 0.75 A 2 exp[- 45.0s ]

= 31.42( A1 / 3 + 1) 2 exp[- 29.07 s]

Konno et al.[3]

Table 2. Tel et al. Formulae from for (γ, p) reactions at 20±1 MeV

Formula (mb)

Mass region

R2

s (g , p) = 5.40( A2/3 )exp [ -23.228s ]

40≤A≤108

0.666

s (g , p) = 5.64( A2/3 )exp [ -27.326s ]

even-Z, even-N

0.752

Calculations and Results
The cross section was showed with an exponential function depending on asymmetry term (s=N-Z/A), where Z and N
are the proton and neutron numbers of the target nuclei, respectively. Levkovskii defined 𝜎¼ (𝑛) geometrical cross section
of the nucleus as follows;
𝜎¼ (𝑛) = 𝜋𝑟„ C (𝐴
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where the radius of nucleus is taken as𝑟„ = 1.2𝑥10>?· cm. Many of formulas given in Table 1 including interaction
reaction cross sections (𝜎k³€ ). Interaction cross section can be calculated with geometrical cross section as given below,
𝜎k³€ = 𝜋[𝑅¾ÒÓ + 𝑅€‡Ò ]C
where 𝑅¾ÒÓ and 𝑅€‡Ò are the nucleus radii of projectile and target, respectively.
Table 3. The (n,p) cross-sections (mb) at 14-15 MeV and (γ,p) cross-sections at 20±1 MeV for

Author

σ(n,p)

?C„
Ô„𝑆𝑛

(𝑠 = 0.17)

σ(γ,p)

Levkovskii [1]

5,8

Kumabe& Fukuda [2]

5,1

Konno et al.[3]

7,9

Tel et al.[4,5,6]

6,7

1.7

Exp. data: EXFOR [7]

4,8

4,5

Conclusions
We can say that the obtained cross-section values from the all formulas in Table 3 were found to be well in agreement.
with the each other and also with the experimental data from EXFOR.
The nuclear reaction models are frequently needed to provide the estimation of the cross–sections, especially if the
experimental data are not obtained or on which they are hopeless to measure the cross–sections; due to the experimental
difficulty. The obtained cross-section values in this study and such predictions can guide the design of the target/blanket
configurations and can reduce engineering over design costs.
The success of fusion power system is dependent on performance of the first wall, blanket or divertor systems. So, the
performance of structural materials for fusion power systems, understanding nuclear reaction cross sections with Sn (Tin)
are very important. The obtained results and working on Sn (Tin) containing alloys are important for shielding materials
of the fusion reactors.
The development of fusion reactor shielding structural materials for the safety of fusion power systems is very important,
but there is still a long way to go to penetrate commercial fusion reactors to the energy market.
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Abstract
Thin Layer Radio Chromatograhpy (TLRC) is one of the common method used in the quality control of substances
containing a radioactive component. The quality control of radiolabeled molecules in nuclear medicine laboratories is
performed with quantifying the distribution of radioactivity on the chromatogram strip. In this study, it is developed a
cost-effective TLRC system for the quality control of radiopharmaceuticals. Geiger-Muller (GM) detector is preferred
because it is commonly used in radiation measurement systems. The developed laboratory type TLRC system composed
of two mdules: Geiger-Muller counter and control module. The laboratory type TLRC sysem is based on Arduino open
source platform that allows a fast development and programming. After the completion of test measurements, the
performance of the developed TLRC system was compared with a commercial device. We tested Tc-99m and I-131 with
each device and compared peak distance ratio of them.. The result of the experiments showed that the developed TLRC
system works well and sufficient performance to measure the radiochemical purity.
Keywords: Thin Layer Radio Chromatography, Geiger Muller detector, Gamma radiation, Arduino, Arduino shield
Introduction
Thin Layer Radio Chromatograhpy (TLRC) is one of the common method used in the determination of radiochemical
purity or the fraction of different compounds in nuclear medicine. This method is also commonly used by radio labeling
laboraties and radiopharmaceutical producers. TLRC technique consists of three steps; spotting, development, and
visulatization. The preparation of the radioactive sample and developing into a chromatogram paper with the specified
chemical form was performed in two steps. In the last step, the chromatogram paper was scanned by detector system. The
basic analytical method used to describe the position of solute on the developed chromatogram. After aplying the
radioactive sample spotted onto the adsorbent, they will migrate with different velocities. The behaviour of the sample
in chromatogram is characterized by the migration of the distance each component known as Rf as illustrated by Figure
1. It is calculated by dividing the distance from the starting point to the center of the spot (a) by the distance from the
starting point to the solvent front (b). In other words, the Rf (Rf=a/) is the relative migration of a component in relation to
the solvent (Fig. 1).

Fig. 1. Calculation of Rf value.
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The main function of TLRC system is to scan the chromatogram paper by the moving detector which is preset speed.
During rhe scanning, counts were recorded as a function of time, which could be related to position on the chromatogram
paper by the rate at which detector moved. The radioactive sample spot migration and detection of the radiochemical
purity is illustrated in Fig. 2.

Fig. 2. Schematic illustration of the sample spot migration and detection of the radiochemical purity.

TLRC Scanner devices use different kinds of detectors (gas-filled proportoinal, scintillation and GM detector and etc) to
measure the radioactivity emitted by radiopharmaceutics including a speciﬁc radioisotope. In this study, we have designed
and built a lab type of TLRC scanner with a Geiger-Muller detector. The key point of our approach is to reduce the cost
while realizing a suﬃcient level of performance with GM detector. The proposed TLRC scanner system is composed of
GM detector and controller module (Fig. 3). The GM detector module consists of a GM tube, a preamplifier and high
DC voltage source. The GM tube is housed inside lead shielding and collimator mounted on the GM window. The lead
collimator is 4 mm thick and 1 mm slit. The controller module is designed around the Arduino platform and step motor
shield. The main purpose of this module is to count the pulses from GM tube and to drive stepper motor via A4988 stepper
motor shield. The stepper motor programmed with Arduino Integrated Deveopment Environment (IDE) software to move
in fixed speed (0,6 mm/s and 1 mm/s). The radiaoctivities in fixed steps were measured and then obtained result were
evauated by comparing commercial device (BIOSCAN AR-2000).

.
Fig. 3. Block diagram of the laboratory type TLRC Scanner system.

In order to test the performance of the proposed TLRC system, we used 99mTc (7 - 50 µCi) and 131I (0,8 – 8 μCi). Spots
of radioisotope were placed on 10 mm×100 mm pieces of chromatogram paper made from cellulose ﬁbers. We scanned
each sample by using developed and compared the ROI count ratio and position data.
Results
The laboratory type TLRC Scanner system has been tested in different ways to determine the resolution and speed. The
counting efficiency for 99mTc (7 - 50 µCi) and 131I (0,8 – 8 μCi) was determined from experiments. The chromatogram
were scanned several times using scan speeds of 0,6 and 1 mm/s and collimator slits of 0,6 mm and 1,8 mm. We scanned
131
I-1 (Free 131I) by using BIOSCAN AR-2000 and the TLRC Scanner. The results are shown in Fig. 4.
The results indicated that chromatogram data from two system are substantially similar. The comparıson of peak heights
and shape shows the same pattern. Same experiment was performed with of 99mTc-2 (Free 99mTc). The chromatogram

from of 99mTc-2 is shown in Figure 5.
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Fig. 4. Chromatogram data of 131I-1 by using BIOSCAN AR-2000
and TLRC Scanner.

Fig. 5. Chromatogram data of 99mTc-2 by using BIOSCAN AR2000 and TLRC Scanner.

Last experiment in this study was performed with of 99mTc-3 (Free 99mTc). The chromatogram from of 99mTc-3 is shown
in Figure 6.

Fig. 6. Chromatogram data of 99mTc-3 by using BIOSCAN AR-2000 and TLRC Scanner.

In this study, experiments were performed with of 131I-1 (Free 131I), 99mTc-2 (Free 99mTc) and 99mTc-2 (Free 99mTc). We
tested each device and compared peak heights and positions. The result of the experiments showed that the laboratory
type TLRC Scanner system works well and sufficient performance to measure the radiochemical purity.
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Abstract
This study presents a procedure in the aim of optimizing the thickness of the Al2O3 reflection layer relating to a NaI (Tl)
3''x3'' detector, using the GAMOS simulation code. The experimental measurements are realized with calibrated point
sources: 109Cd, 54Mn, 60Co, 137Cs, 64Zn and 22Na. The study was carried out for a source-detector distance equal to 20 cm.
Using the GAMOS code, we study the effect of the reflection layer thickness on the photoelectric efficiency. The method
used to produce an optimal modeling of the NaI detector, is comparing the simulated and experimental values of the peak
energy efficiency, and the form of the spectra for different sources of radiation. The optimal thickness found, and
introduced into the calculations, gives a good agreement between the simulated and experimental photoelectric
efficiencies. The calculated relative deviation for energies between 88.03 keV and 1332 keV is less than 2.5%.
Introduction
Thickness of Al2O3 reflector is one of the most important parameters for optimizing the simulation model, because of its
effect on the photon detection efficiency [1]. The Al2O3 reflector is a powder, and hence its exact thickness is not often
available from the manufacturer. For simplicity, we only study the effect of Al2O3 reflector in the front of NaI(Tl) crystal
on the detector response function.
This work uses the Monte Carlo GAMOS code to simulate the NaI(Tl) scintillation detector and the methodology
presented improves the determination of the response function of this type of detector. A valid procedure to estimate
thickness of the reflexion layer Al2O3 of NaI(Tl) detector was developed using the experimental approach and Monte
Carlo simulation. The experimental measurements are taken from the reference cited in [2], and the geometric parameters
provided by the manufacturer is shown in Figure 1.

Fig.1 Geometrical description of NaI(Tl) detector, as provided by the manufacturer.

GAMOS Simulation:
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The GAMOS code (GEANT4-based Architecture for Medecine-Oriented Simulations) is a calculation technique
dedicated especially to the applications of medical physics, it was developed in the Spanish laboratory CIEMAT in 2006
[3]. Two input files created by the user are then read by GAMOS, one concerns the geometric characteristics, the
specifications of the material and its location, and the other contains information on the characteristics of the photon,
electron or neutron source, the type of response or calculations desired, as well as variance reduction methods that may
be used to reduce the computation time or to reduce the variance of the estimated variable. We note that the spectrum
obtained by GAMOS simulation does not take into account the effects of the broadening of the photoelectric peak, Below,
in FIG.2 an example of Cesium-137 spectrum :

Fig.2 . Cesium-137 Spectum obtained by GAMOS code.

To optimize the detector response and take into account the effects that expand the photoelectric peak in the simulation,
it is necessary to obtain experimentally the energy resolution parameters of the detector and apply the command provided
by GAMOS code which adapts a Gaussian to the spectrum leading to make the appropriate corrections.
Finally, the spectrum of cesium taking into account the effect of the energy resolution is illustrated in FIG. 3

Fig.3.Cesium spectrum obtained by the GAMOS code for a NaI(Tl) crystal considering the effect of energy resolution

Results:
Estimation of effective thickness of the reflection layer :
For point source measurements at a distance of 20 cm from the detector window, the experimental efficiency values were
presented with the simulated ones, which are calculated with a model using the detector dimensions provided by the
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manufacturer. Table 2 shows that the relative differences in simulated efficiencies compared to experimental efficiencies
are often high (> 9%). This difference involves the reliability of the dimensions provided by the manufacturer. Thus we
consider it useful to optimize the geometrical parameters of the NaI detector (Tl) in order to improve the simulation
results.
Table 2 : Simulated and experimental efficiencies for different energies with geometric parameters of the manufacturer's NaI (Tl) detector.
Energy (KeV)

Expérimental efficiency
x10-3

Simulated efficiency
x10-3

relative difference
(DR)%

88.03

5.96

5.38

9.73

511

3,63

3,49

3,96

661,657

2,98

2,86

3,87

834,838

2,49

2,41

3,17

1115,539

1,97

1,85

5,88

1173,228

1,85

1,82

1,52

1274,537

1,75

1,70

2,61

1332,492

1,69

1,65

2,21

Table 3 : the efficiency of the simulated photoelectric peak for each thickness of the reflection layer.
22
37
thickness of 109Cd 88.03
Na
511
Cs 661,657
Al2O3
reflector
Simulated photoelectric efficiency x10-3
(mm)

54

Mn 834,838

65

Zn 1115,539

60

Co 1173,228

22

Na 1274,54

60
Co
1332,492

0,1

6,69

3,94

3,20

2,67

2,03

2,01

1,85

1,81

0,2

6,64

3,92

3,19

2,66

2,03

2,00

1,85

1,81

0,3

6,59

3,92

3,18

2,64

2,02

2,00

1,84

1,80

0,4

6,54

3,90

3,17

2,63

2,01

1,99

1,83

1,79

0,5

6,49

3,89

3,15

2,63

2,00

1,98

1,83

1,79

0,6

6,44

3,87

3,14

2,62

2,00

1,97

1,83

1,79

0,7

6,39

3,85

3,13

2,61

1,99

1,97

1,82

1,78

0,8

6,35

3,83

3,12

2,61

1,99

1,96

1,81

1,78

0,9

6,30

3,81

3,11

2,59

1,98

1,95

1,81

1,77

1

6,25

3,79

3,10

2,59

1,97

1,95

1,81

1,76

1,1

6,20

3,78

3,08

2,58

1,97

1,94

1,80

1,76

1,2

6,16

3,76

3,07

2,57

1,96

1,93

1,80

1,75

1,3

6,11

3,74

3,06

2,56

1,95

1,92

1,79

1,75

1,4

6,07

3,73

3,05

2,55

1,94

1,92

1,79

1,74

1,5

6,02

3,72

3,04

2,54

1,94

1,91

1,79

1,73

1,6

5,97

3,70

3,03

2,53

1,93

1,91

1,78

1,73

1,7

5,93

3,69

3,02

2,52

1,93

1,90

1,77

1,72

1,8

5,88

3,67

3,00

2,50

1,93

1,90

1,77

1,72

1,9

5,84

3,66

2,99

2,49

1,92

1,89

1,77

1,71

2

5,79

3,64

2,98

2,49

1,91

1,88

1,76

1,72

2,1

5,75

3,63

2,97

2,49

1,91

1,87

1,76

1,71

2,2

5,71

3,61

2,96

2,48

1,90

1,87

1,75

1,70

2,3

5,66

3,60

2,95

2,47

1,90

1,87

1,75

1,69

2,4

5,62

3,59

2,94

2,45

1,89

1,86

1,73

1,68
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2,5

5,58

3,56

2,92

2,45

1,89

1,85

1,73

1,68

2,6

5,54

3,54

2,91

2,44

1,88

1,85

1,72

1,67

2,7

5,50

3,53

2,90

2,43

1,87

1,84

1,72

1,67

2,8

5,46

3,51

2,89

2,43

1,87

1,83

1,72

1,67

2,9

5,42

3,50

2,88

2,42

1,86

1,83

1,71

1,66

3

5,37

3,49

2,86

2,41

1,85

1,82

1,70

1,65

To reduce the difference between the simulated and experimental efficiencies, we estimated the Al2O3 reflection layer
thickness according to the method described in a previous study [1].
according to this study, the thickness of the Al2O3 reflection layer in the simulation model was varied from 0.1 to 3.0 mm
in 0.1 mm increment. For each thickness, the photoelectric efficiency was recalculated (Table 3).
The dependence of the efficiency ε corresponding to the energy E (from 88.03 to 1332 keV) for each thickness can be
expressed by the following linear regression equation:

𝑙𝑜𝑔(𝜀) = 𝑎𝑙𝑜𝑔(𝐸) + 𝑏 (1)
where a is the slope coefficient.
The results obtained from the slope coefficients for different thicknesses of the Al2O3 reflection layer are presented in
Table 4. These results show that the slope (a) varies linearly with the thickness of the reflection layer (R2 = 0.981) (FIG.
4). The thikness found of Al2O3 corresponding to the experimental slope is 𝑒×ØCÙ· = 1,36𝑚𝑚
Table 4 : Slope coefficients for different thicknesses of the reflection layer

simulation

TESNAT 2019

thickness of Al2O3 reflector (mm)

Slope Coefficient

R2

0,1

-0,824248344

0,9985318666

0,2

-0,8216313026

0,9985373044

0,3

-0,8240422883

0,998506072

0,4

-0,8226756715

0,9985043963

0,5

-0,8228412394

0,9984564225

0,6

-0,8192500651

0,998506072

0,7

-0,8184571254

0,9985901717

0,8

-0,8170842121

0,998588771

0,9

-0,8135847654

0,9986019778

1,0

-0,8139005575

0,9984366991

1,1

-0,8104560307

0,9985923259

1,2

-0,8105902171

0,99856125

1,3

-0,81205298
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Fig.4. linear variation of the slope coefficient as a function of the thickness of the reflection layer.
Table 5 : shows the results of the simulated efficiency of the photoelectric peak for e = 1.36 mm
Energy (KeV)

Experimental efficiency x10-3

Simulated efficiency x10-3

relative difference (DR)%

88.03

5.96

6.088

2.15

511

3,63

3.737

2.98

661,657

2,98

3.057

2.58

834,838

2,49

2.557

2.69

1115,539

1,97

1.944

1.32

1173,228

1,85

1.915

3.5

1274,537

1,75

1.787

2.11

1332,492

1,69

1.739

2.9

Table 6: Average ratios between the simulated and experimental efficiencies for different thicknesses of the reflection layer:
thickness of Al2O3 reflector (mm)
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0,1

1,1236879195

0,2

1,1146828859

0,3

1,1062936242

0,4

1,0981073826

0,5

1,0905234899

0,6

1,0818322148

0,7

1,0736610738

0,8

1,0657248322

0,9

1,0575536913
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simulation

1,0

1,0497013423

1,1

1,0418825503

1,2

1,0342818792

1,3

1,0264295302

1,4

1,0189463087

1,5

1,0106241611

1,6

1,0030402685

1,7

0,9953724832

1,8

0,9882248322

1,9

0,9811610738

2,0

0,9727550336

2,1

0,9653389262

2,2

0,9586778523

2,3

0,9512114094

2,4

0,9436107383

2,5

0,937385906

2,6

0,9302718121

2,7

0,9232248322

2,8

0,9169161074

2,9

0,9095

3

0,9026208054

It is noted that the differences observed between the simulated and experimental efficiencies, for different energies, have
decreased compared to those obtained by the simulation model using the geometrical parameters provided by the
manufacturer.
In order to improve more the simulation results, we propose another method of optimizing the thickness of the reflection
layer: this method consists of calculating the average ratios between the simulated and experimental efficiencies for all
energies [88.03-1332KeV] and for each Thickness of the Al2O3 reflection layer (0.1 to 3.0 mm, with a step of 0.1 mm)
Table 6. The values of these ratios decreased linearly when the thickness of the reflection layer increases (FIG.5). The
interpolation thickness of Al2O3 reflection layer was estimated to be approximately 1.95 mm. The thickness thus

average efficiency ratio simulated on the
experimental

determined is the optimal thickness.
1.1
1.08
1.06
1.04
1.02
1
0.98
0.96

R² = 0.9996

0.94
0

1

2

3

4

thickness of Al2O3 reflection layer (mm)

Fig.5 Linear variation of
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Validation of the optimized simulation model of the NaI detector (Tl):
Using the optimized model, simulated photoelectric efficiency results are in good agreement with those measured (Table
7, FIG.6). It is noted that the difference between them has significantly decreased compared to those obtained by the
method described above (<2.5%), which reflects the reliability and validity of the method for optimizing the Al2O3
reflector thickness for modeling the NaI (Tl) detector.
In addition, the simulated 109Cd, 54Mn, 60Co, 137Cs, 64Zn and 22Na spectra, generated by the GAMOS code, are in good
agreement with the experimental spectra as a function of response, as shown in FIG.7.
Table 7 results of the simulated efficiency of the photoelectric peak for e = 1.95 mm
Energy (KeV)

Expérimental efficiency
x10-3

Simulated efficiency
x10-3

relative difference
(DR)%

88.03

5.96

5.82

2.34

511

3,63

3,65

0,55

661,657

2,98

2,99

0,33

834,838

2,49

2,49

0,08

1115,539

1,97

1,93

2,00

1173,228

1,85

1,88

1,62

1274,537

1,75

1,77

1.14

1332,492

1,69

1,71

1,18

7
6
5
4

experimental

3

gamos

2
1
0
0

500

1000

1500

Fig.6.Experimental photoelectric efficiency vs simulated as a function of energy.

Conclusion :
This study presents a procedure for estimating the thickness of the reflection layer of a NaI(Tl) 3''x3'' detector using the
GAMOS code. First, We modeled the NaI(Tl) detector using the geometric parameters provided by the manufacturer,
where the reflection layer thickness is equal to 3 mm, and from this modeling, we calculated the photoelectric efficiency,
for different energies varies from 88.03 KeV to 1332KeV. Then, the photoelectric efficiency calculated in the simulation
model, was compared with that measured experimentally. the difference between them is very significant, which
necessitates thickness optimisation of the Al2O3 reflection layer. Finally, the geometric parameters, and especially the
thickness of the Al2O3 reflection layer, were adjusted so that the simulated spectrum response form and photoelectric
efficiency are agree with the experimental data. this thickness has been estimated at about 1.95 mm. The results show that
the relative difference between measured and simulated photoelectric efficiencies using the optimized model has been
significantly reduced. This makes it possible to verify that the procedure is effective for constructing a gamma
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spectrometer simulation model using an NaI (Tl) detector in order to obtain a better simulation of the efficiency.
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Abstract
In the present study, calcium sulfate (CaSO4) doped with different elements (Sr, Al, Be, Mg, In, Dy and Al) were prepared
using precipitation technique. By examining thermoluminescence (TL) behavior after the optical bleaching of a sample
using blue light by varying (1) the duration of stimulation between 50 and 2000 s and (2) the sample temperature during
stimulation between 90 and 350 ˚C followed by 100 Gy beta dose, the optical sensitivity of the material was determined.
The post irradiation (100 Gy) heating up to 300 ˚C for measuring TL response following blue light stimulation was
carried out to investigate the phototransfer thermoluminescence (PPTL) in the material. The influence of increasing
stimulation times on the PTTL signal (in the 100-240 ˚C region) was observed to identify the mechanism of OSL
production. The correlation of the optically stimulated luminescence (OSL) response with the TL glow curve to determine
the existence of common trapping levels was established using step-wise annealing. The correlation of the traps
responsible for specific TL glow peaks with the OSL showed that optically sensitive traps are originating from the TL
peaks at 180 °C and > 300 ˚C (a complex trap environment) as well as from the low temperature peaks. The PTTL peak
with maximum peak temperature at 180 ˚C, was accepted to be associated with the presence of the charge carriers
transferred from deep traps (complex trap groups at >300 ˚C) to shallow traps by blue light for all the applied stimulation
times.
Introduction
Calcium Sulfate (CaSO4) has been extensively studied as a luminescent with variety of dopant. According to many
researchers, TL properties of CaSO4 are suitable in dosimetric application due to a strong TL signal, the linearity of dose
response and a low detection limit [1, 2]. The PTTL signal of CaSO4 mostly studied for Dy dopant was associated with
the emptying of electron traps at 300 °C or deeper traps [3-5]. In these reports, we showed the TL glow curves from
CaSO4 phosphors doped with different dopants. Mg doped CaSO4 which have suitable peak maximum for dosimetric
purposes was studied. The PTTL was studied using UV or infrared stimulation. Many researchers reported that the PTTL
signal of CaSO4:Dy was strong enough only after the high dose exposure. To fill deep traps, they studied at high doses to
obtain the PTTL signals [6]. The CaSO4:Dy samples exposed to various gamma doses were examined to show the change
in PTTL and residual TL (RTL) curve structures and found high dependence to the gamma dose [7]. To the best of our
knowledge, there is no blue light sensitivity study with Mg-doped CaSO4.
In this study, the deep traps as well as the dosimetry traps of CaSO4:Mg were filled with a dose of 100 Gy beta radiation.
Following blue light stimulation with various times and at different sample temperatures, the effects on the TL glow
curves were investigated. Subsequent partial thermal annealing removed the trapped charges from the determined
dosimetry traps. When the CaSO4:Mg sample was stimulated with the blue light, the PTTL response of the sample was
observed to be stimulation time dependent. The step-wise annealing procedure was performed to correlate OSL traps with
TL traps. The thermal stability of the OSL signal was investigated using thermal cleaning procedure preheated to a given
temperature after which the OSL response was measured.
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Results
Structure characterization of the CaSO4:Mg
The XRD pattern of doped CaSO4 phosphors is given in Fig. 1. It shows that the pattern matched well with International
Center for Diffraction Data (ICDD 98-001-6382) in terms of peak positions. It has Orthorhombic structure with lattice
parameters of 𝑎 = 6.952, 𝑏 = 6.199 and 𝑐 = 6.829 𝐴̇.
The phosphor surface was recorded using SEM images at 25,000x and 50,000x magnitudes (see Fig. 1b and c). The
structural arrangement of the surfaces of the he polycrystalline powder samples prepared to take the images have mostly
uniform orthorhombic particle shapes as is seen in Fig. 1b and c.
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Figure 1. (a) X-ray diffraction patterns of CaSO4:Mg sample (Matched well with ICDD:98-001-6382). (b) SEM images of CaSO4:Mg
phosphor synthesized using precipitation method sintered at 900 oC for 4 h at different magnifications (left) 25 000x and (right) 50 000x .

TL Glow curves
The form of the TL response of the samples were examined first after a beta dose of ~ 1 Gy and reading out immediately.
The typical TL curves, the TL signal without any post-irradiation thermal or optical treatment, are given in Fig. 2a. for
doped CaSO4 phosphors. The CaSO4 sample with 0.1 % (molar) Mg dopant was employed for the experimental work on
the PTTL characteristics due to its higher intensity and relatively more simple form of the TL glow curve (see Fig. 2a).
Fig. 2b shows the TL glow curves of the different dopant concentrations of Mg doped CaSO4.
TL glow curve shape changing with Blue Light
The main objective of the experiment was to examine the influence of the optical stimulation duration times of the
samples, on the efficiency of TL production. For better understanding of the effect of the light on the TL glow curve
(optical bleaching), a high radiation exposure rate was performed. A sample was irradiated (β ~ 100 Gy) and while
maintained at RT it was optically stimulated using blue light (470 ± 30 nm) for 50 s. The RTL response was evaluated.
Following annealing of the sample in the oven at 600 ˚C, the sequence was repeated using different stimulation times up
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to 2000 s. As is shown in Fig. 3a, the low temperature peak of the RTL glow curve at 90 ˚C completely depleted after
~800 s stimulation. The TL trap groups at 180 and > 300 ˚C were also sensitive to the blue light stimulation and partially
emptied during optical stimulations up to 2000 s. It can be explained by considering that during stimulation the trapped
charges are evicted and causing depletion of the trapped charge population participating the TL process. Reflection of the
process appears as reduction in TL intensity. OSL production may or may not accompany optical bleaching depending
on whether excited charges recombine radiatively or non-radiatively or transferred to optically insensitive traps. The
Chen’s model for optical bleaching allows for retrapping into the electron trap; furthermore, the model also considers the
optical excitation of electrons from the recombination level to the conduction band during illumination. Fig. 3b shows
the variation of the each peak region area.
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Figure 2. (a) The TL glow curve of the CaSO4 phosphors doped with different ions with 5 °C/s heating
rate after irradiation 1 Gy. (b) the TL glow curves of 0.1 % and 0.5% Mg doped CaSO4 phosphors, following 1 Gy beta dose.
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Figure 3. (a) Bleaching of TL peak due to 470 nm blue light exposure with different stimulation times. (b) Variation of each peak region
according to stimulation time.

PTTL signal appearance in TL glow curve
The sample exposed to 100 Gy beta dose was preheated with TL up to 300 ˚C for depleting the shallow traps. The PTTL
glow curves appeared between 100 and 240 ˚C following blue light stimulations. A typical PTTL signal from CaSO4:Mg
obtained from a 100 Gy irradiated sample at RT is shown in Fig. 4a. Fig. 4b shows the variation of PTTL signal
intensities as a function of blue light stimulation times. While the shapes of the PTTL glow curves and maximum peak
temperatures remained the same but the absolute and relative heights of the peaks increased with the increasing
stimulation times. These changes cannot of course the result of the release of electrons from the traps but must rather
represent a change in the number of traps related to a given peak, the trapping efficiency or the conversion efficiency
from trapped electrons to photons.
TESNAT 2019

141

Amasya, Turkey

5th International Conference on Theoretical and Experimental Studies in Nuclear Applications and Technology
Reusability of PTTL signal
To test the reusability or trustworthy of the PTTL signal from the CaSO4:Mg pellets, PTTL were recorded after 100 Gy
beta irradiation following 300 oC preheating and blue light illumination for 500 s. Residual signals at each readout were
deleted by performing TL readout (up to 600 °C) to prepare samples for the next measurement. The same procedure was
repeated 30 times. Fig. 5 shows the plot of natural logarithms of the PTTL intensities (total integration between 100 and
240 oC) against the measurement cycles. As is seen in Fig. 5, there is a good agreement between the repeated readings of
OSL signals in different cycles. Following the identical exposures under carefully controlled laboratory conditions, the
reproducibility of the successive PTTL readout was estimated to be ~ 1.7% for the total PTTL (between 100 and 240 oC)
area.
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Figure 4. (a) The PTTL signal growth of CaSO4:Mg sample at sample temperature of ∼180 ˚C, irradiated with 100 Gy beta dose, preheated
with TL reading up to 300 ˚C. (b) Normalized PTTL intensities versus to blue light stimulation times
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Figure 5. Reusability of PTTL signal for sequential measurements.

Preheating experiment
The correlation between TL and OSL reveals the possible behavior of electrons and holes in the trapping levels involved
in luminescence emission and additionally, to decide on the most suitable signal for the material to be used in dosimetry.
In this study, the step-wise annealing procedure was performed to correlate OSL traps with TL traps. The thermal stability
of the OSL signal was investigated using step-wise annealing also known as thermal cleaning procedure during which
the samples were beta irradiated, preheated to a given temperature after which the OSL response was measured. In this
procedure, the step-wise annealing process was carried out using a single sample, irradiated with 100 Gy beta dose. The
irradiated sample was heated from room temperature up to a pre-defined temperature Tstop from 50 to 600 °C for 10 s,
with 10 and 20 ˚C steps and allowed to cool back to room temperature after each step. Then the OSL signal was recorded.
The sample was heated up to 600 °C by a TL reading in the reader between each cycle to clean the deep traps. This
process allowed us to determine the temperature range at which the optically sensitive TL traps responsible for the OSL
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signals were emptied [11-13]. Fig. 6 shows the total OSL signal as a function of pre-heat temperature (preheating curve)
compared with the TL curve of the material. From this OSL-Tstop curve it may be suggested that the observed OSL signal
of the material originated from the TL peak at 180 °C and from the complex peak located > 300 ˚C. Shallow traps make
a small contribution to the OSL signal, as is seen in the initial part of the preheating curve.
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Figure 6. The correlation of TL and OSL traps. OSL intensity of CaSO4:Mg as a function of preheat temperature compared with the TL curve
as a function of the readout temperature. The OSL intensity corresponds to the integral of total signal for 500 s blue light stimulation. The TL
heating rate was 5 ˚C/s and the optical filter was Hoya U-340.
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Figure 7. Residual TL (RTL) decay curves for sample temperatures of (a) 90 ˚C (b) 180 ˚C (c) 350 ˚C following blue light stimulation for
various stimulation times.

PTTL observation at reading temperature
In this work, to examine the thermal stability of the traps that provide charge for the RTL signal, RTL glow curves were
recorded after a beta dose of 100 Gy and 50-2000 s illumination with blue light at 90, 180 and 350 ˚C sample temperatures.
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Figs. 7a, b and c show the decrease in RTL decay curves for sample temperatures of room temperature, 90, 180 and 350
˚C, respectively. Significant luminescence reduction took place in the RTL peak at 180 ˚C, for the sample temperature of
90 ˚C, regarding the increase in the stimulation time to 2000 s (see Fig. 7a). This peak showed a considerable drop and
went to zero at the sample temperature of 180 ˚C. The composite peak at the >300 ˚C part of the RTL glow curve appeared
with lessening peak amplitudes (see Fig. 7b). The RTL glow curve displayed a single composite peak behavior with
stimulation time at the sample temperature 350 ˚C (see Fig. 7c). It showed firstly, two maxima at ~ 400 and 450 ˚C and
then with increasing stimulation time, it appeared as one maximum at 470 ˚C. It may be due mostly to the greater amount
of phosphorescence emission at these temperatures when compared with optical emission because the OSL at these
temperature regions, practically, contributes slightly to the phosphorescence emission. These results are similar to those
obtained in the step-annealing curve.
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Abstract
In this study, radon and radium gas activities in the waters of Ömer geothermal region in Afyonkarahisar province were
followed up for approximately ten months. In this process; the maximum radon activity value of the Ömer region source
was 8,957 Bq/L, the minimum activity value was 0,182 Bq/L and the average radon activity was calculated as 2,699 Bq/L.
When the radium activities were examined, the maximum value was 0,549 Bq/L, the minimum value was 0,028 Bq/L,
and the mean radium activity was calculated as 0,231 Bq/L.
Introduction
Thermal waters reach the surface from the depths of the earth. The surface waters contact the underground rocks and soils
by carrying different elements. The chemical content of thermal groundwater is important in terms of the intensity of
radon gas and its derivatives in these waters. It is also closely related to human health. Radon, a radioactive gas, can
induce internal irradiation when inhaled. In this sense, the density of Radon gas is associated with lung cancer in the
world [1].
The major radioactive elements encountered in groundwater are 40K, 87Rb, 235Th, 235U and 238U. 226Ra and 222Rn, the
elements obtained after deterioration of 238U can also be found in groundwater. Radon is naturally colorless, odorless,
tasteless, chemically inert and radioactive gas. It is 7.5 times heavier than air and 100 times heavier than hydrogen; it is
known as the heaviest gas. Atomic number is 88, mass number can change from 210 to 230 and half-life can change from
10-3 seconds to 1620 years.
Not only bathing in radon-containing waters until the middle of the last century is considered to be a useful health-care
application but also bread, toothpaste, chocolate confectionery is known to contain radium or radon [2]. However, from
the mid-1960s onwards, routine radon measurements in uranium mines, and epidemiological studies have shown the risk
of radon-induced lung cancer is very high. The World Health Organization (WHO) in 1988 has accepted the danger of
radon. The International Committee for the Prevention of Radiation stated that radon exposure is the most important
causatavie of the lung cancer [3]. In closed spaces, it was determined that approximately 0.2% of the measured radon gas
originated from surface waters and 20% from groundwater [4]. According to this report; Radon concentration level in hot
water, meaning thermal water, is higher than other waters. For this reason, it is important to determine the Radon
concentration levels in thermal waters and indoor air.
57% of the radiation dose to human lungs from natural sources is caused by respiration of radon and degradation products
[5]. Radionuclides in the 238U, 232Th and 235U natural radioactive series and 40K radionuclides are the main source of
natural radioactivity in water, especially groundwater. When the activity concentrations of these radionuclides are above
the normal value, drinking and dispensing waters distributed from the sources fed from the groundwater can increase the
radiation dose to which people are exposed [6].
Studies conducted in various parts of the world to determine natural radioactivity in water. These results show although
the natural radioactivity depends where the study was conducted it also causes from 222Rn. The other reason of natural
radioactivity in water is 226Ra [7,8]. As it is known, radon, which is located in the uranium radioactive series, is mixed
with the air from the cracks in the soil, rocks and the waters coming from the earth. Therefore, studies to determine the
concentration of radon are mostly carried out in deep well waters and soil gas [9].
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Periodic radon gas density changes are generally used in two important areas: The first one is the assessment of radon
gas activities in terms of limit values determined by international organizations and the evaluation of health care. The
second one is the investigation of the relationship between radon gas changes and seismic activities.
When looking at the radon gas density changes from a health point of view, it is required that the obtained activity values
are below the limit values determined by international organizations. The U.S. Environmental Protection Agency
(USEPA) has the maximum permissible upper limit for the activities of 226Ra in drinking water, 0.555 Bq/L and the
maximum permissible limit for activities of 222Rn is 11 Bq/L [10].
Another study area of radon gas changes is its relation with seismic activities. In a large number of studies, it was reported
that radon gas changes in groundwater and soil gas are predictors of earthquakes, and radon anomalies are useful for
seismic events [11].
In this study, radon and radium activity measurements and time-related changes in the geothermal region of Ömer, one
of the important geothermal regions of Afyonkarahisar province, were tried to be determined. The relationship of these
changes with seismic movements is left to the later studies.
In this study, the radon and radium activity measurements of the water samples taken from the hot springs of Ömer
geothermal region of Afyonkarahisar province were measured. The samples are between the 3rd and 12th months of
2010; were taken within approximately ten months. Samples were collected in 15 day periods. Located in the basin, Ömer
Thermal Springs is located on the 14th km of the Afyonkarahisar-Kütahya highway.
For sampling from sources determined at the study site, 500 ml pet bottles were used. Once a fresh water sample is
obtained, the bottles are completely filled in a way that there is no gap in the upper part, and the cap of the bottles is
tightly closed under water flow to prevent the escape of radon gas. The samples were analyzed in the Nuclear Physics
Laboratory of Afyon Kocatepe University Faculty of Arts and Sciences. The radon and radium concentrations in the water
samples were analyzed by the AB-5R detector produced by Pylon Elektronics. The system consists of two parts. These
are the WG-1001 Gas separation unit and the EU-5R detector.
Radon Calculations in Water: The following formula is used to calculate the radon concentration of the sample.

(1)
In this formula; K: Rn-222 concentration (Bq/L), C: Gross Count Rate (Count/min.), B: Background count rate
(Count/min.), F: Cell count efficiency (normally 0.745), D: gas separation efficiency (0.9 to 300) S: Sampling time (Ts)
to count time (Tc) up to the time radon distortion correction, V: sample volume (190 mL).
Radium Calculations in Water: The following formula was used to calculate the radium concentration of the sample:

(2)
In this formula; K: Ra-226 concentration (Bq/L), C: Gross Count Rate (CPM), B: Background Count Rate F: Cell
Counting Efficiency (0.745) D: Gas Separation Efficiency (For 300 A cells: 0.9), S: Correction coefficient for time
elapsed from the time of counting the radon into the cell, V: Sample Volume (190ml), G: Correction coefficient for the
time elapsed between sample pick-up time and sample counting time.
Results
Radon and radium activities of samples taken from Ömer geothermal region sources between 08.03.2010 and 13.12.2010
are shown in Table 1.
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Table 1: Ömer geothermal region source radon and radium activities change
Sampling Date
08.03.2010
22.03.2010
05.04.2010
19.04.2010
03.05.2010
17.05.2010
31.05.2010
14.06.2010
28.06.2010
12.07.2010
26.07.2010
09.08.2010
23.08.2010
06.09.2010
20.09.2010
04.10.2010
18.10.2010
01.11.2010
15.11.2010
29.11.2010
13.12.2010

Ömer-Radon
Activity (Bq/L)
3,570
4,362
0,076
0,257
7,729
0,228
6,725
1,824
0,189
0,182
7,321
0,323
0,386
0,202
8,957
6,555
4,473
1,789
0,956
0,378
0,196

Ömer-Radium
Activity (Bq/L)
0,425
0,415
0,028
0,046
0,545
0,043
0,422
0,520
0,042
0,031
0,549
0,102
0,105
0,034
0,512
0,413
0,295
0,123
0,095
0,068
0,033

Radon exchange graphs of samples taken from Ömer geothermal region source between 08.03.2010 and 13.12.2010 are
shown in Figure 1 and radium exchange graphs are shown in Figure 2.
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Figure 2: Radium activities in Ömer region
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Figure 1 shows that the maximum radon activity value of Omer region source is 8,957 Bq/L and the minimum activity
value is 0,182 Bq/L. When the radium activities are examined in Figure 2, the maximum value is 0,549 Bq/L and the
minimum value is 0,028 Bq/L. The mean radon activity was 2,699 Bq/L and the mean radium activity was calculated as
0,231 Bq/L. Radon activities have been observed at 10 different dates and radium activities are above average activity
values at 9 different dates.
The calculated radon and radium activities were evaluated for health by USEPA by comparing them with the
recommended limit values for water. The USEPA has set the permissible upper limit values for the 222Rn and 226Ra
activities for water sources as 11 Bq/L (300 pCi/L) for 222Rn, and 0.555 Bq/L (15 pCi/L) for 226Ra. When the measurement
results of the samples taken from thermal sources are examined, it is seen that no source exceeds the determined limit
values. The results were well below the limit values. This may suggest that there is no problem with radon and radium
activity values in the Ömer thermal region.
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Abstract
In this study, radon and radium gas activities in waters in Gecek geothermal region of Afyonkarahisar province were
followed up for ten months. The maximum radon activity of the Gecek geothermal zone source was 3,865 Bq/L and the
minimum activity value was 0,101 Bq/L and the average radon activity was calculated as 1,073 Bq/L. When the radium
activities are considered, the maximum value is 0,432 Bq/L, the minimum value is 0,035 Bq/L and the average radium
activity is calculated as 0,218 Bq/L. The results were compared with the relevant international standards and the situation
of the region was tried to be evaluate.
Introduction
Radon, a radioactive gas, can induce internal irradiation when inhaled. Radon is an important in terms of lung cancer in
the world. [1]. Radon is naturally colorless, odorless, tasteless, chemically inert and radioactive gas. It is 7.5 times heavier
than air and 100 times heavier than hydrogen; so it is the heaviest known gas. Its atomic number is 88 where as mass
number can change from 210 to 230 and its half-life can change from 10-3 seconds to 1620 years. The major radioactive
elements encountered in groundwater are 40K, 87Rb, 235Th, 235U and 238U. 226Ra and 222Rn are also found in the
groundwater which are the result of deterioration of the 238U.
In the mid-1960s, routine radon measurements and epidemiological studies have shown that the risk of radon-induced
lung cancer is high in uranium mines. After all; in 1988, the World Health Organization (WHO) adopted the danger
created by radonThe International Committee on Radiation Protection has explained that lung cancer is the most important
cause of radon exposure after smoking [2]. It was determined that approximately 0.2% of the measured radon gas is
caused by surface waters and 20% by underground water [3]. According to this report; Radon concentration level in hot
water meaning thermal water, is higher than other waters. For this reason, it is important to determine the concentration
levels in thermal waters and indoor air.
Radionuclides in the 238U, 232Th and 235U natural radioactive series and 40K radionuclides are the main source of natural
radioactivity in waters, especially in the groundwater. When the activity concentrations of these radionuclides are above
the normal value, drinking and used water from sources fed from groundwater may increase the radiation dose which
people are exposed [4].
Studies conducted in various parts of the world to determine natural radioactivity in water; natural radioactivity in water,
although it differs according to the location of the study, it was turned out by 222Rn. One of the reasons for natural
radioactivity in water is 226Ra [5,6].
57% of the radiation dose to human lungs from natural sources is caused by respiration of radon and the degradation
products [7]. As it is known; radon, which is located in the uranium radioactive series, mixes with the air from the cracks
in the soil and rocks from the ground and from the waters coming to the surface. Therefore, studies to determine radon
concentration are mostly carried out in water and soil gas [8].
Periodic radon gas changes are generally used in two important areas. The first one is the assessment of radon gas activities
in terms of limit values determined by international organizations and the evaluation of health care; the other area is the
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investigation of the relationship between radon gas changes and seismic activities.
The U.S. Environmental Protection Agency (USEPA) has the maximum permissible upper limit for the activities of 226Ra
in drinking water, 0.555 Bq/L and the maximum permissible limit for activities of 222Rn is 11 Bq/L [9]. From a health
point of view, it is required that the obtained activity values are below the limit values determined by the international
organizations.
Investigation of radon gas quantity changes is also related with the seismic activities. In a large number of studies, radon
gas quantity changes in groundwater and soil gas for prediction of earthquakes, radon anomalies have been reported to
be a useful spectator for seismic events [10]. But this study does not interested in this dimension of the event; instead one
of the important geothermal regions of Afyonkarahisar province-Gecek geothermal region’s, radon and radium activity
measurements and time-dependent changes were tried to be determined.
In this study, radon and radium activity measurements of the water samples taken from the thermal springs in Gecek
geothermal region of Afyonkarahisar province were made. The samples are between the 3rd and 12th months of 2010;
were taken within approximately ten months. Samples were collected in 15 day periods. Gecek Thermal Springs is located
on the 15th km of the Afyonkarahisar-Kütahya highway.
For sampling from sources, 500 ml pet bottles were used. Once a fresh water sample is obtained, the bottles are completely
filled in a way that there is no gap in the upper part, and the cap of the bottles is tightly closed under water flow to prevent
the escape of radon gas. The samples were analyzed in the Nuclear Physics Laboratory of Afyon Kocatepe
University,Faculty of Arts and Sciences. The radon and radium concentrations in the water samples were analyzed by the
AB-5R detector produced by Pylon Electronics. The system consists of two parts: The WG-1001 Gas separation unit and
the EU-5R detector.
Radon Calculations in Water: The following formula is used to calculate the radon concentration of the sample.

(1)
In this formula; K: Rn-222 concentration (Bq/L), C: Gross Count Rate (Count/min.), B: Background count rate
(Count/min.), F: Cell count efficiency (normally 0.745), D: gas separation efficiency (0.9 to 300) S: Sampling time (Ts)
to count time (Tc) up to the time radon distortion correction, V: sample volume (190 mL).
Radium Calculations in Water: The following formula was used to calculate the radium concentration of the sample:

(2)
In this formula; K: Ra-226 concentration (Bq/L), C: Gross Count Rate (CPM), B: Background Count Rate F: Cell
Counting Efficiency (0.745) D: Gas Separation Efficiency (For 300 A cells: 0.9), S: Correction coefficient for time
elapsed from the time of counting the radon into the cell, V: Sample Volume (190ml), G: Correction coefficient for the
time elapsed between sample pick-up time and sample counting time.
Results
Radon and radium activities of samples taken from Gecek geothermal region sources between 08.03.2010 and 13.12.2010
are shown in Table 1.
Table 1: Gecek geothermal region source radon and radium activities change
Sampling Date
08.03.2010
22.03.2010
05.04.2010
19.04.2010
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03.05.2010
17.05.2010
31.05.2010
14.06.2010
28.06.2010
12.07.2010
26.07.2010
09.08.2010
23.08.2010
06.09.2010
20.09.2010
04.10.2010
18.10.2010
01.11.2010
15.11.2010
29.11.2010
13.12.2010

1,244
0,211
2,746
1,222
0,245
0,255
3,865
0,453
0,295
0,455
0,415
1,318
2,025
1,920
0,980
0,674
0,427

0,342
0,040
0,432
0,035
0,049
0,041
0,453
0,118
0,071
0,115
0,105
0,324
0,512
0,392
0,288
0,351
0,205

Radon exchange graphs of samples taken from Gecek geothermal region source between 08.03.2010 and 13.12.2010 are
shown in Figure 1 and radium exchange graphs are shown in Figure 2.
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Figure 1: Radon activities in Gecek region

Figure 2: Radium activities in Ömer region

Figure 1 shows that the maximum radon activity value of Gecek region source is 3,865 Bq/L and the minimum activity
value is 0, 0,101 Bq/L. When the radium activities are examined in Figure 2, the maximum value is 0,432 Bq/L and the
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minimum value is 0,035 Bq/L. The mean radon activity was 1,073 Bq/L and the mean radium activity was calculated as
0,218 Bq/L. It is seen that radon and radium activities exceed the average activity values on 9 different dates.
The calculated radon and radium activities were evaluated for health by USEPA by comparing them with the
recommended limit values for water. The USEPA has set the permissible upper limit values for the 222Rn and 226Ra
activities for water sources as 11 Bq/L (300 pCi/L) for 222Rn, and 0.555 Bq/L (15 pCi/L) for 226Ra. When the measurement
results of the samples taken from thermal sources are examined, it is seen that no source exceeds the determined limit
values. The results were well below the limit values. This may suggest that there is no problem with radon and radium
activity values in the Gecek thermal region.
In recent years, studies have been carried out in many regions of the world, with a large number of similar features to
examine the relationship between changes in radon activities in groundwater and soil gas and seismic activities. In studies
conducted, before many earthquakes, significant increases in radon activity have been observed in groundwater and soil
gas in the region and surrounding area. In the next step of the study, the relationship between radon gas measurements
and seismic movements will be examined.
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Abstract
Magnetic dipole magnets are broadly used in ion beam studies in storage rings as deflection elements and selection of ion
beams in mass spectrometers. The important parameters for modeling a magnetic sector are the radius of curvature and
the strength of the field. In this work, we discuss the characteristic properties of a modeled 3D magnetic sector for ion
beam studies. This system can be used for analyzing mass, energy and focusing of the charged particles. In the results,
more focusing is obtained as the injection position is further off center. There is a similar focusing when the ions are
flying parallel meaning the position of the ions as they enter the field is very important but not the angle they enter at.
Introduction
For energy and mass analysis of charged particles static magnetic fields are widely used from past to the present. Magnetic
fields are still widely used for isotopic analysis of mass, analysis of energetic charged particles and in storage rings. A
magnetic field alone, perpendicular to the direction of a charged particle beam will provide energy dispersion, provided
that the particles are all of the same mass and charge [1]. In addition, magnetic deflecion device is used in mass selector
or mass spectrometers. 90o sectors are stil the most used devices for purifying and electing the ion beams. These type
sector magnets are preffered in spectrometers for very high energetic ion or electron beams using the advantage of non
required large electrical potantials. Since the deflection is in the direction paralel to the magnet pole face, it is possible to
view the entire dispersed spectrum at one time. In contrast, energy dispersion in anelectrostatic device results in a
significant portion of thedispersed particles striking one or the other electrode.
Energy analysis of an isotopically pure beam is easier than mass analysis. It is because the energy and momentum are
independent variables in a mixed beam. In a perpendicular magnetic field, the deflection of ions is proportional to the
particle momentum per unit charge [2]. Particles entering a magnetic field with the same energy per unit charge, in the
field the particles are separated according to their masses. In the usual design, a magnetic field is produced between the
two parallel, sector shaped pole faces of an electromagnet, see in Figure 1.

Figure 1. A dipole magnetic analyzer showing the two faces of the magnet and two groups of particles going through the magnet at different points.

The focusing properties of this field are the same as the spherical electrostatic analyzer, and the locations of the entrance
and exit slits are given. Considering an ion deflected in a storage ring by a magnetic or electric fielce so it has a radius
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of curvative, ρ and the rigidity of the device is (defined as ρ times the field strength and T is the ion kinetic energy:
𝑅 (𝑚𝑎𝑔𝑛𝑒𝑡𝑖𝑐) = 𝐵. 𝜌 =
𝑅 (𝑒𝑙𝑒𝑐𝑡𝑟𝑖𝑐) = 𝐸. 𝜌 =

CÛî f/–

Cî
ï

ï

(1)

So the field strength required increases more slowly for a magnetic field as the ion energy is increased. To first order,
there is no focusing in the plane perpendicular to the plane of deflection. When the curvature of the fringing field is taken
into consideration, however, some focusing in the perpendicular plane results. Incident ion trajectories should be normal
tothe entrance plane to avoid focusing effects [3-5].
In a magnetic defletion mass spectrometer, ions are accelerated to high velocity and pass through a magnetic sector.
Magnetic sector seperates ions according to their mass to charge ratio. However the resoluiton will be limited cause of
the ions leaving the source do not all have exactly the same energy and so that the same velocity. The simplest thing is
keeping the accelerating potantial constant and vary the magnetic field. Ions that have a constant kinetic energy, but
different mass to charge ration are focussed at the detector slit at diffeerent magnetic field strenghts.
Results
In this work, we discuss the characteristic properties of a modeled 3D magnetic sector for ion beam studies. We present
a simple 3D simulaton of a magnetic sector using Simion8.1 charged particle optics simulation program. This program is
the field and particle trajectory simulator industry standart charged particle optics software. The magnetic poles are
cylindirical. The discussion on the focusing properties is done by using Simion magnetic sector models and magnetic
poles are considered as approximately infinite permeability and scaler magnetic potential is described [4].
The aim is simulate particles flying through the sector and see the focusing characteristics and separation of particles with
different masses. The analyzer consists of two faces of magnet and also different groups of particles are going through
the magnet at different points. First of all we fly the ions and record the trajectories from different directions.
The focusing for ions which enter the magnet off the z axis (Figure 2).

Figure 2: Flying particles in the magnetic field in two different views. The red trajectories are deeper into the magnet and therefore focused. Here all
the masses are equal.

In simultion uniform magnetic field between paralel sector poles are generated.Entrance and exit angles on the sector
poles in combination with focusing is provided. When we change the initial ion z position from different valuse and fly
the ions, we observe a big deflection angle but the focusing is affected from this change. We tried to change different
initial positions and observe how the focusing is affected and tried to obtaine an ideal condition for the ion seperation in
the analyzer (Figure 3).
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Figure 3: Different initial ion positions, deflection angle changes considerably.

After obtainin ideal conditions for 90o dipole magnet, combination of magnetic and electrostatic lenses are used to
adjust focusing of two different groups of ions. The optimum characteristics for these lens combination system is
obtained at 35 V for the electroctatic lens potential.

Figure 4: Combination of magnetic and electrostaic lenses and Simion view of flying two different groups of charged ions [4]. Different views of
flying ions and combined system is seen in the figure.

From the results above, more focusing is obtained as the injection position is further off center. Also, there is similar
focusing while ions are flying paralel. This shows that it is the position of the ions as they enter the field which is important
and not their enterence angle.
If we consider the ions as they enter fisrt time the moving out of page, for off center ions there is a component of the field.
This is in the same direction as the main ion deflection.
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Abstract
The experimental and theoretical mass attenuation coefficients for different solid-state forms of Bi1.7Pb0.3Sr2Ca2Cu3O10
superconductor and Bi, Pb, Sr, Ca, Cu metals were previously calculated at the 57.5, 87.3 and 122 keV gamma energies.
The gamma-ray kerma coefficient (k) of these superconductors and metals was determined as theoretical and semiexperimental in the same energies by using the theoretical and experimental results of mass attenuation coefficients. When
the results of the calculated theoretical and semi-experimental kerma coefficients were compared, a good agreement was
found between them. On the other hand, according to calcination processing, since the sintering process improves the
superconducting structure, there is a good agreement between the experimental and theoretical gamma kerma coefficients.
Introduction
Today, superconducting materials are widely used in science, research and technological development, and in medical
diagnosis [1]. The greatest application for superconductivity is the creation of large volume, stable and high intensity
magnetic fields required for MRI (Magnetic Resonance Imaging) and NMR (Nuclear Magnetic Resonance). Another
important application area of superconductors is superconducting electronics [2]. In the future, the use of superconductors
for magnets in nuclear fusion reactors or accelerators is expected. Therefore, these materials may be continuously exposed
to radiation [3].
Kerma is an acronym for kinetic energy released per unit mass. The unit is J kg-1. The SI unit of Kerma value is Gray.
The energy of photons is imparted to matter in a two stage process. In the first stage, the photon radiation transfers energy
to the secondary charged particles (electrons) through various photon interactions (the photoelectric effect, the Compton
effect, pair production, etc.). In the second stage, the charged particle transfers energy to the medium through atomic
excitations and ionizations [4]. Kerma measures ions that are created in a material by some radiation, and absorbed dose
measures those ions that are absorbed back into the material from which they were created. Kerma and absorbed dose are
not necessarily equal because ions that are created may have the ability to escape the material without being absorbed.
In this work, the mass attenuation coefficients of the studied superconductors and their metals were taken from the work
by Cevik and Baltas (2007) [1] and kerma coefficients were determined as theoretically and semi-experimental.
Calculated theoretical and semi- experimental gama kerma coefficients were compared each other.
Materials and methods
Different solid-state forms (calcined and sintered) of Bi1.7Pb0.3Sr2Ca2Cu3O10 superconductor samples are prepared using
a solid state reaction technique. The mass attenuation coefficients of Bi1.7Pb0.3Sr2Ca2Cu3O10 superconductors and their
metals were determined using a multi-channel analyzer with a Si (Li) detector, at 57.5, 87.3 and 122 keV energies by
Cevik and Baltas (2007) [1].
The total mass attenuation coefficient, and partial interaction probabilities can be used to determine kerma coefficient, k,
(in Gy.cm2/photon) as described by El-Khayatt (2017) by using the following equations [5]:

k Ex ( E) = k D å wi [(µ / r )ti , Ex E + f C (µ / r ) iC , Ex E + (µ / r )ki , Ex ( E - 1.022)]
i
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kt ( E) = k D å wi [(µ / r )ti ,t E + f C (µ / r )iC ,t E + (µ / r )ki ,t ( E - 1.022)]

(2)

i

i
( µ / r )ti ( µ / r ) iC
where k (E ) is the photon kerma coefficient at energy E, and
,
and ( µ / r )k are photoelectric,

Compton scattering and pair production mass attenuation coefficients of the ith constituent at photon energy E ,
respectively.

k D k D = 1.602 ´10 -13 Gy.g / MeV
(
) is the energy conversion coefficient from MeV to Gy.g. The
f

subscripts ‘Ex’, and ‘t’ are standing for the experimental, and theoretical values. C is the mean fraction of photon energy
that is transferred to kinetic energy of charged particles produced or released in the absorber during the Compton process
[6].

f C can be estimated from ratio of the energy transfer, s tr , and the Compton, s C , cross-sections [7].

f C = s tr / s C .

(3)

In the present work the authors calculate
1GeV, as described by Attix (2008) [6].

fC

for superconductor samples, in the photon energy extended from 10 keV-

Results and discussion
The theoretical and semi-experimental values of the gamma kerma coefficients for the superconductors and the five
elements are given in Table 1 for energies of 57.5, 87.3 and 122 keV.
Table 1. The semi-experimental (SE) and theoretical (T) gamma kerma coefficients calculated for compounds.
Elements and compounds
20

Ca
29
Cu
38
Sr
82
Pb
83
Bi
Bi1.7Pb0.3Sr2Ca2Cu3O10 (Calcined)
Bi1.7Pb0.3Sr2Ca2Cu3O10 (sintered)

57.5 keV
T
4.781
14.274
30.687
45.961
48.010
27.792
27.792

87.3 keV
SE
5.203
15.193
31.524
45.695
46.142
19.510
29.469

T
2.166
6.312
13.877
22.299
23.352
13.233
13.233

122 keV
SE
1.856
5.292
14.353
18.888
24.505
10.116
12.339

T
1.356
3.443
7.427
61.231
63.418
27.825
27.825

SE
1.340
3.554
8.537
60.756
65.021
23.668
27.497

From this Table 1, it can be seen that the theoretical values for the gamma kerma coefficient are in good agreement with
semi-experimental results. Fig. 1 and Fig. 2 also shows the variation in the gamma kerma coefficients for gamma ray
energy and the atomic number of the five selected elements and the superconductors, respectively.

Fig. 1. Calculated theoretical and semi-empirical gamma kerma

Fig. 2. Calculated theoretical

coefficients for some elements as a function of photon energy.

and semi-empirical gamma kerma

coefficients for superconductors as a function of photon energy.

It can be easily seen from Table 1 that the gamma kerma coefficient values generally increase with increasing number of
atoms for all metals studied at energies 57.5, 87.3 and 122 keV. In addition, the gamma kerma coefficients decrease with
increasing photon energy for all the metals and superconductors. This can be explained on the basis of dominance of
compton scattering processes at intermediate energies. The probility for this interaction is nearly independent of Z.
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Accordingly, the kerma coefficient of all materials have the same change [5,8]. In the low energy region, where
photoelectric effect dominates, the kerma coefficients values rises with increasing atom number. In Fig.2 and Fig 3. at
low energies, where photoelectric effect dominates, the kerma coefficient value is more. So, the electron receives
practically no kinetic energy in the interaction. This means that Compton scattering is nearly elastic for low photon
energies. Also, it strongly depends upon the atomic number and the photon energy (~Z4/E3); and therefore, a significant
variation in kerma coefficients occurs and higher kerma values are recorded for heavy and intermediate atoms and lowenergy gamma-rays In addition, some edges in the kerma plot have been observed in this energy region due to the
photoelectric absorption edges [5]. Consequently, the results showed that all kerma coefficient curves followed the same
trend, regardless the material type. On the other hand, according to calcination processing, since the sintering process
improves the superconducting structure, there is a good agreement between the experimental and theoretical gamma
kerma coefficients. Overall, it is clear that the determination of the gamma kerma coefficients of the superconductors is
very important for application of superconductivity in nuclear fusion reactors or accelerators.
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Determination of photon kerma coefficients for CuO, CaO, SrCO3, PbO and
Bi2O3 compounds
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Abstract
The experimental and theoretical mass attenuation coefficients for CuO, CaO, SrCO3, PbO, Bi2O3 compounds and their
mixture were previously calculated at the 57.5, 87.3 and 122 keV gamma energies. The gamma-ray kerma coefficient (k)
of these compounds and mixture was determined as theoretical and semi-experimental in the same energies by using the
theoretical and experimental results of mass attenuation coefficients. When the results of the calculated theoretical and
semi-experimental kerma coefficients were compared, a good agreement was found between them. Furthermore, the all
calculations of the gamma-ray kerma coefficient for compounds and mixture were plotted graphically against photon
energy. The results showed that all kerma coefficient curves followed the same trend, regardless the material type.
Introduction
The contributions of nuclear power and nuclear technology in different areas of everyday life like the production of
electricity by nuclear power stations, medicine via dental imaging and radiotherapy, food irradiation, sterilization, and
industry have been significantly improved. Although nuclear technology has different applications in our life, it also has
several disadvantages. One of the major disadvantages of the nuclear technology is the contamination caused by the
radiation to the environment and to a massive area of surrounding land. Therefore, it is important to reduce the leakage
of the radiation by using some materials that can attenuate the radiation, which is known as shielding materials [1-5].
Lead (Pb, Z = 82) and its derivatives are the most common radiation protection materials because the mass attenuation
coefficient for gamma radiation has a very high value and provides the best excellent protection against gamma radiation.
However, lead (Pb) is a pollutant with environmental toxicity properties; Therefore, two alternatives to bismuth (Bi) and
barium (Ba) have been researched most extensively and play important roles in the field of radiation shielding. Bismuth
contributes to the stabilization of the superconducting structure and increases chemical resistance [6]. Furthermore, due
to the high number of atoms, bismuth and barium increase the gamma ray protection properties of the material to which
they are added.
Kerma is an acronym for kinetic energy released per unit mass. The unit is J kg-1. The SI unit of Kerma value is Gray.
The energy of photons is imparted to matter in a two stage process. In the first stage, the photon radiation transfers energy
to the secondary charged particles (electrons) through various photon interactions (the photoelectric effect, the Compton
effect, pair production, etc.). In the second stage, the charged particle transfers energy to the medium through atomic
excitations and ionizations [7]. Kerma measures ions that are created in a material by some radiation, and absorbed dose
measures those ions that are absorbed back into the material from which they were created. Kerma and absorbed dose are
not necessarily equal because ions that are created may have the ability to escape the material without being absorbed.
In this work, the mass attenuation coefficients of the studied compounds were taken from the work by Cevik and Baltas
(2007) [8]. and kerma coefficients were determined as theoretically and semi-experimental. Calculated theoretical and
semi- experimental gama kerma coefficients were compared each other.
Materials and methods
The mass attenuation coefficients of CuO, CaO, SrCO3, PbO, Bi2O3 compounds were determined using a multi-channel
analyzer with a Si (Li) detector, at 57.5, 87.3 and 122 keV energies by Cevik and Baltas (2007) [8].
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The total mass attenuation coefficient, and partial interaction probabilities can be used to determine kerma coefficient, k,
(in Gy.cm2/photon) as described by El-Khayatt (2017) by using the following equations [9]:

k Ex ( E) = k D å wi [(µ / r )ti , Ex E + f C (µ / r ) iC , Ex E + (µ / r )ki , Ex ( E - 1.022)]

(1)

i

kt ( E) = kD å wi [(µ / r )ti ,t E + f C (µ / r )iC ,t E + (µ / r )ki ,t ( E - 1.022)]

(2)

i

where k (E ) is the photon kerma coefficient at energy E, and ( µ / r )ti , ( µ / r ) iC and ( µ / r )ki are photoelectric,
Compton scattering and pair production mass attenuation coefficients of the ith constituent at photon energy E,
respectively. kD ( kD = 1.602x10-13 Gy.g / Mev ) is the energy conversion coefficient from MeV to Gy.g. The subscripts
‘Ex’, and ‘t’ are standing for the experimental, and theoretical values.

fC

is the mean fraction of photon energy that is

transferred to kinetic energy of charged particles produced or released in the absorber during the Compton process [10].
f C can be estimated from ratio of the energy transfer,

s tr , and the Compton, s C , cross-sections [11].
(3)

f C = s tr / s C .

In the present work the authors calculate f C for superconductor samples, in the photon energy extended from 10 keV1GeV, as described by Attix (2008) [10].
Results and discussion
The theoretical, and semi-experimental values of the gamma kerma coefficients for the compounds are given in Table 1
for energies of 57.5, 87.3 and 122 keV.
Table 2. The semi-experimental (SE) and theoretical (T) gamma kerma coefficients calculated for compounds and mixture.
Compounds
CaO
CuO
SrCO3
PbO
Bi2O3
Mixture

57.5 keV
T
SE
3.505
3.783
11.465
14.867
18.330
18.153
42.670
44.287
43.097
43.704
34.368
18.715

87.3 keV
T
SE
1.642
1.996
5.109
6.841
8.367
8.851
20.724
19.358
20.980
21.809
16.593
11.762

122 keV
T
SE
1.101
0.829
2.844
2.670
4.595
4.985
56.875
59.864
56.934
58.778
41.330
22.516

From this Table 1, it can be seen that the theoretical values for the gamma kerma coefficient are in good agreement with
semi-experimental results. Fig. 1 also shows the variation in the gamma kerma coefficients for gamma ray energy and
the atomic number of the five selected elements and the superconductors, respectively.

Fig. 1. Calculated theoretical and semi-empirical gamma kerma coefficients for some elements as a function of photon energy.

It can be easily seen from Table 1 that the gamma kerma coefficient values generally increase with increasing number of
atoms for all compounds studied at energies 57.5, 87.3 and 122 keV. In addition, the gamma kerma coefficients decrease
with increasing photon energy for all the compounds. This can be explained on the basis of dominance of compton
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scattering processes at intermediate energies. The probility for this interaction is nearly independent of Z. Accordingly,
the kerma coefficient of all materials have the same change [9, 12]. In the low energy region, where photoelectric effect
dominates, the kerma coefficients values rises with increasing atom number. In Fig.1 at low energies, where photoelectric
effect dominates, the kerma coefficient value is more. So, the electron receives practically no kinetic energy in the
interaction. This means that Compton scattering is nearly elastic for low photon energies. Also, it strongly depends upon
the atomic number and the photon energy (~Z4/E3); and therefore, a significant variation in kerma coefficients occurs and
higher kerma values are recorded for heavy and intermediate atoms and low-energy gamma-rays In addition, some edges
in the kerma plot have been observed in this energy region due to the photoelectric absorption edges (El-Khyatt, 2017).
Consequently, the results showed that all kerma coefficient curves followed the same trend, regardless the material type.
Overall, it is clear that the determination of the gamma kerma coefficients of the compounds is very important for
applications of radiation shielding.
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Abstract
Advancement in nanotechnology is making a big impact in all scientific areas, and nuclear engineering is no exception.
As we find an increasing interest in graphene in nuclear industry, due principally to its exceptional material properties
such as the high thermal conductivity and mechanical resistance to cracks. This improved the general properties of UO2
fuel when incorporated as Nanoplatelets to envelope the fuel matrix. In contrast, the sizes in nanotechnology materials
are very small. This leads to an important increase in vibrational propagation which affects directly the total neutron cross
section of said materials. This is why the interest of this work, to study the thermal, electric and vibrational modes and
their impact in the total neutron cross section of graphene as a base material for these nanoplatelets.
Key Words: Graphene, nuclear reactors, neutron cross section
Introduction
Graphene is a two-dimensional material of sp2-hybridised carbon atoms with a hexagonal crystal structure. It exhibit
unique material properties such us low absorption cross section, mechanical strength and excellent thermal conductivity
since electrons in graphene have a mobility that can exceed 100.000cm2V−1s−1 [1]. This made possible the development
of advanced fuels with improved properties that can efficiently transfer the heat and resist the mechanical ruptures for
safe operating nuclear reactors [2].
It’s worth to cite another important role of graphene membranes in nuclear application as separators of sub-atoms for
producing heavy water that can notably lower the cost of production of this heavy water and greatly reduce the
contamination in nuclear power plants. That’s why, in this work we focus in the study of electric and thermic properties
of graphene using first-principles calculations, DFT (density functional theorem) and LDA (local density approximation)
as implemented in ABINIT program [3], to produce the phonons frequencies that will be used in the generation of the
total neutron cross section.
Methodology
Graphene is a crystal with a hexagonal bravais lattice with a basis of two atoms per unit cell. Strong covalent bonds are
formed between the two neighbors atoms equal to 1.42Ǻ. The primitive unit cell is an equilateral parallelogram with a
lattice constant a= 2.46 Ǻ as it’s shown in fig. 1.
From this structure, the primitive unit vectors of monolayer graphene can be defined as a1=(

ð√· ð
C

, ) and a2=(
C

ð√·
C

ð

, − ).
C

An exact description of atomic properties and structure is of utmost importance for ABINIT code to properly do an
analytical study of this material. The code itself allows the optimization of these structures by minimizing the stress forces
to obtain the most stable arrangement.
The next step in this study is the phonon dispersion investigation, since an understanding of this dispersion is essential to
interpret the behavior of electrons and bonding in graphene.
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Fig. 1. Hexagonal crystal structure of a graphene crystal with ‘a’ its lattice constant.

For a two-dimensional system, the phonon density of states is given by:
×

²ò

ρ(𝜔) = ”q ∑¾ | óïò |

(1)

Where ‘p’ denotes the phonon polarization index at some q points, ‘A’ the area of the unit cell and lω is a length of
constant frequency in the two-dimensional system.
Lastly the double differential thermal scattering cross sections are computed as follow [4]:
Ê– ô(¤)
ÊΩÊ¤ õ

ô‰

(𝐸 → 𝐸 / , Ω) =
𝑆(𝛼, 𝛽)
”q÷î

(2)

Where
𝑆(𝛼, 𝛽) = ∑Ï
³¿? 𝑆𝑛(𝛼, 𝛽)

(3)

is the thermal scattering kernel and,
α=
β=

¤/u¤>C√¤¤/ ù<Iú
×÷î

and

(4)

¤ õ >¤

(5)

÷î

Are the momentum transfer and energy transfer, E the neutron incident energy, E’ the secondary energy, Ω the Scattering
angle and σb the bound scattering cross section and at a given temperature T.
Results
In graphene, the 2s, 2px, and 2py atomic orbitals overlap to form three strong sp2 bonds, in fig. 2, the density of charge is
highly localized around the atoms connecting each one to the three adjacent neighbors. This make graphene the hardest
material compared to the other strong materials including diamond.

Fig. 2. Valence charge density maps, 2D and 3D.
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In addition of being a one-atomic-thick layer, graphene is a zero band gap semiconductor since the valence band and
conduction band meet, Induced again by the nature of bonding in graphene crystals.
In other hand, as stated by Fourier law the thermal conductivity is the capacity of transferring heat by conduction, and by
examining the valence charge density or the high charges condensed zones (the red zones enveloping the atoms positions),
we can predict an excellent thermal conduction transfer which is in accord with the reported thermal conductivity of
suspended graphene, that’s about 3000 to 5000 watts per meter per kelvin, exceeding by it that of diamond and graphite
[5]. This is not only useful to improve the fuel properties, but also can be used as a base material for devices that needs a
great capacity of heat dissipation while operating.
For the part concerning the vibrational behavior of graphene, the calculations in this work of the density of states were
carried using the local density approximation (LDA) within the density functional theory (DFT). A super cell of 10x10x1
unit cells (200 atoms) and also a 10x10x1 k-mesh over the brouillon zone were considered for convergence purposes.

Fig. 3. Phonon density of states of graphene.

The results obtained by these ab initio calculations; fig. 3, shows a great agreement with the calculations done by Saito
and al. [6]. Since almost all the peaks coincide perfectly except for the one at 167 meV, due generally to the two different
methods used by each of them, the approximations consuderd and the number of atoms in tthe super cell. In addition, the
force-constant tensor for calculating the phonons dispersions relations in the nanotubes used by Saito an al. is scaled from
those for two-dimensional graphite while in this work, we directly defined the graphene as a sheet of carbon atoms.
For the next step, we use LEAPR module of NJOY [7] to prepare the scattering law S(α, β), which describes thermal
scattering law in the ENDF-6 format. It also calculates the effective temperature and the Debye Waller integral used to
compute the coherent elastic scattering, tab.1.
Tab. 1. Effective scattering temperatures Teff and Debye-Waller integral γ(0) for graphene and compared to GA graphite at 293K.
Graphene (LDA)

Graphite GA

Teff in K

700,3

713,72

γ(0) in eV-1

28,34

26,9

Compared to the effective temperature and the Debye Waller integral obtained for graphite by General Atomic [8] in the
manual for ENDF Thermal Neutron, the values show a great agreement, since it’s expected for graphene to behave like
graphite as a high cross sections scatter crystal.
Lastly, the total cross section is calculated by the addition of the coherent elastic and incoherent inelastic scattering cross
section, processed by THERMR module, fig. 4.
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Fig. 4. Elastic, inelastic and total neutron cross sections.

The total neutron cross sections exhibit a typical behavior of solid crystals similar to that of graphite or beryllium. We
can conclude that graphene can replace perfectly the graphite since it possesses all the positive characteristics of this one
with much more advantages. But the fabrication costs of graphene will limit the number of roles that it can play instead
of normal graphite which we do not consider in this work.
Conclusion
As demonstrated in this work, Graphene possess the strongest interatomic bonds. Allowing it to be a highly thermal
conductor and mechanically very resistant to rupture, which make it an ideal material to enhance the properties of the
fuel in nuclear reactors, hence improving the safety in nuclear power plants that can be considered second to none. As
an application of the study of the graphene structure we presented the phonon density of states that affect directly the
scattering law S(α, β) and the total neutron cross sections.
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Abstract
The giant dipole resonance (GDR), which is a universal phenomenon in all nuclei, has been theoretically investigated in
235
U nucleus. The theoretical tool in this study is the Quasiparticle Random Phase Approximation (QRPA) including a
deformed Wood-Saxon potential, monopole pairing term, and separable dipole-dipole force. The computed dipole cross
section in 235U is in overall agreement with the available experimental data. Comparison of the obtained E1 spectra for
235
U with that of the core nucleus (234U) indicates that valence nucleon plays the role of a spectator. Therefore, the main
part of the theoretical E1 strength arise from one-quasiparticle⨂phonon configurations.
Introduction
Collective excitations such as the scissors mode, pygmy dipole resonance (PDR) as well as the giant dipole resonance
(GDR) are the universal features of the nuclei [1]. These modes play an important role in determination of the properties
of strong interactions between invidual nucleons in the nucleus. The GDR appering in the electric dipole (E1) spectrum
of nuclei is vibrations of the neutrons against to the protons [2]. The theoratical explanation of the mean energy and the
absorption cross section of the GDR, observed in the nuclear photoabsorption reaction experiments, has provide a valuable
testing groung for the nuclear models [3].
Among the microscopic nuclear theories, the Quasiparticle Random Phase Approximation (QRPA) is one of the most
prefered model, which is known to be succesful in describing observed E1 excitations in the deformed nuclei. However,
it is worth nothing that Translation and Galileo symmetry of the nuclear Hamiltonian in the phenomogical models such
as QRPA are violated because of the Hartree-Fock Bogolyubov (HFB) or mean-field approaches. As a result of these
symmetry violations, spurious states, being unrelated the nuclear motion, occur and mix to the E1 excitations. Thus, for
a correct explanation of the expaerimental data, one has to eliminate the spirous asmixtures by repairing the broken
symmetries of the Hamiltonian [4].
In the present work the characteristics and the structure of the GDR in 235U nucleus have been theoretically investigated.
The theoretical tool in this study is the Translation and Galieo Invariant Quasiparticle Random Phase Approximation
(TGI-QRPA) including a deformed Wood-Saxon potential, monopole pairing term, separable dipole-dipole force, and the
restoration terms as well.
Theory
The TGI-QRPA Hamiltonian for a deformed odd-mass nucleus can be written as follows:
𝐻 = 𝐻Iï¾ + 𝑊(k¾. + ℎ„ + ℎ∆

(1)

where
𝐻Iï¾ = ∑ï,þ 𝜀ï (𝜏)𝐵ïï (𝜏)

(2)

is the single quasiparticle Hamiltonian, consisting of a Woods-Saxon mean field,
𝑊(k¾. =

3
𝑁𝑍 C
𝜒? i o (𝑅ÿ⃗@ − 𝑅ÿ⃗ˆ )C
2𝜋
𝐴
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is the isovector part of the dipole-dipole (λ = 1) interaction, where 𝜒1 are the strength of it, and finally, the terms
u

?

u

?

ℎ„ = − C" ∑´#𝐻Iï¾ , 𝑃´ % #𝐻Iï¾ , 𝑃´ %

and ℎ& = − C' ∑´ #𝑈& , 𝑅´ % #𝑈& , 𝑅´ %

(3)

are separable effective residual interactions restoring the broken Translational and Galilean symmetry of the QRPA
Hamiltonian, respectively [4]. In above expressions, 𝜀ï are the one-quasiparticle energies, 𝐵ïï = ∑ï 𝛼 u 𝛼 where 𝛼 u (𝛼)
are the quasiparticle creation (annihilation) operators, Rµ are the center of mass (c.m.) coordinate vector of the nucleus,
∆

𝑈∆ = − (∑( 𝑎(u 𝑎(u) + ∑( 𝑎() 𝑎( ) are the pairing potential and Pµ are the spherical components (𝜇=0,±1) of linear
C

momentum operator. The 𝛾µ and 𝛽µ strengths of ℎ„ and ℎ& restoration forces are determined from the mean field and
pairing potentials, respectively.
The wave function of the odd-mass deformed nuclei consisting of a sum of single-quasiparticle and quasiparticle phonon
terms has the form
𝛾´ = +𝜓„ - “𝑃´u , #𝐻Iï¾ , 𝑃´u %˜ -𝜓„ . and

𝛽´ = +𝜓„ - “𝑅´u , #𝑈& , 𝑅´u %˜ -𝜓„ .

ì

ü

y Kj (t ) = í N Kj (t )a K+ (t ) + åå G ijµn an+ (t )Qi+µ ý y 0
î

iµ

µ = 0, ±1

þ

n

(4)

(5)
with normalization

y Kj (t ) y Kj (t ) = ( N Kj ) + å å ( Gijµn ) = 1
2

2

iµ n

(6)
N Kj and G ijµn are one quasiparticle and the quasiparticle⊗phonon component in the wave function, respectively.

Employing the variation principle:

ì

é

ùü

d í y Kj (t ) H y Kj (t ) - y K (t ) H y K (t ) - h K ê( N Kj ) + å ( GijKv ) - 1ú ý = 0
î

0

0

ë

2

2

(7)

ûþ

iv

one can obtain the secular equation in the following analytical form which determines the excitation energies ( h K ) in
odd-mass deformed nuclei:
2

æ 2 t
ö
rV q vVV q v Li - e V(q-v) pVtq v M V q v + Dt rV q v LV q v Li ÷
ç k1
N
t
ø =0
P (h K ) º e V - h K - å å è
iµ n
4wiY (wi ) ( wi + e v - h K )

(8)
where
i
åD år M w

g t t qq ' qq ' qq ' qq '
Li =
i
b å å e qq ' pqq ' Lqq ' g qq
'
t qq '

1
i
å rqq 'uqq ' g qq '
Nt qq '
Li = g
i
å å e qq ' pqq ' Lqq ' g qq '
å
t

t qq '

(9)
Then, the formula for the reduced probabilities of E1 transitions from the ground-states to the excited-states in odd-mass
deformed nuclei can be written in the form:
B( E1, I i Ki ® I f K f ) = å I i 1Ki µ I f K f
µ
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ˆ

where 𝑒³½00. = − × and 𝑒³½00. =

@
×

are neutron and proton effective charges, respectively.

The dipole fotoabsorption cross-section for the odd mass deformed nuclei can be expressed in terms of the strength
function [5]:
𝜎¤? (𝐸) =

?µq— ½ –
¶ℏ¼

𝐸𝑆¤f (𝐸)

where 𝑆¤f (𝐸) = 𝑏(𝐸1, 𝜂) =

(11)
?
Cq

∑k

&
f
–

(=z >=)– u2 &3

–

𝐵4𝐸1; 𝐼k 𝐾k → 𝐼0 𝐾0 7 is strength function with a Lorentzian weight [6-7].

Results
In this work, numerical calculations have been performed for odd-mass 235U nucleus. The energy and wave function of
this nucleus have been calculated with the phonon basis constructed using the TGI-QRPA phonons of even-even core.
The single-particle energies and wave functions, for neutron and proton states were calculated by using an axially
symmetric Woods-Saxon code[8]. The mean-field deformation parameter(δ2) has been calculated using the quadrupole
deformation parameter (β2) [9] derived from the experimental quadrupole moment (Q2) [10]. The strength parameter (𝜒? )
for the isovector dipole-dipole interaction has been choosen to be 𝜒? = 300A−5 /3 MeVfm−2 depending on the previous
calculations [4]. Pairing gaps (Δ), chemical potentials (λ) for both netron and protons, β2 and δ2 deformation parameter
used in the calculations along with the ground-state Nilsson configuration of 235U have been given in Table 1.
Tab. 1. Pairing gaps (Δ), chemical potentials (λ) for both netron and protons, β2 and δ2 deformation parameter, and the ground-state Nilsson
configuration of 235U
[Nnz Λ]Σ

Δn [MeV]

Δp [MeV]

λn [MeV]

λp [MeV]

β2

δ2

[743]

0,710

0,885

-6,408

-5.802

0.2718(26)

0,304

For odd mass 235U nucleus the photoabsorbtion cross-section values have been determined using the TGI-QRPA in the
energy range 2-20MeV. Fig.1. a comparision of the TGI-QRPA predictions for photoabsorption cross sections with the
experimental data of Gurevich et al (1976) in the energy range 2-20 MeV[11].
As seen from the Fig.1., although the trend of the TGI-QRPA and experimental data are quite similar, theoretical spectrum
has lower strenght distribution than the experimental one. The experimental spectrum has a double-humped structure
which is clearly identified by TGI-QRPA. TGI-QRPA predictions can also described quite well by Lorentz line shapes.
The locations of the double-peaks are also well described in the theory. The width of the experimental resonance, which
equals to 6.5-7 MeV, is also compareble with the predicted one, i.e., 5 MeV.

Exp. Gurevich et al[11], 1976

500

TGI-QPNM
Lorentz Fitting

s[mb]

400
300
200
100
0
6

7

8

9 10 11 12 13 14 15 16 17 18 19 20 21

E [MeV]

Fig. 1. Comparison of the TGI-QRPA predictions for photoabsorption cross sections with the experimental data in the energy range 2-20 MeV.

Fig.2. shows the distribution of the E1 states calculated within the TGI- QRPA for odd mass 235U isotope where there
have not been yet any experimental data. On the other hand, the calculated E1 strength in 234U is given in Fig. 2. for a
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comparison the odd mass nucleus(235U) and the core nucleus(234U) E1 distributions. This comprasion indicate a strong
fragmentation when going from even- to odd-mass nucleus. The strong fragmentation of E1 strenght in odd-mass nuclei
is due to the coupling properties of the E1 operator. The E1 strength of a Kπ=1- state in even–even core is splited almost
equaly between K=K0+1 and K=K0−1 states in the neighboring odd-mass nucleus. In K=K0−1 case, the E1 operator can
couple to the excited-states with quantum numbers (I0−1, K0−1)(I0, K0−1) and (I0+1, K0−1), and in the case of K=K0+1,
the excitations from ground-state to the states with quantum numbers (I0+1, K0+1) are possible[12].
1.5
BE1

235
92

B(E1) [e2fm2]

U

1.0

0.5

234
92

U

K=0
K=1

B(E1) [e2fm2]

3

2

1

0
2

4

6

8

10 12 14 16 18 20

E (MeV)

Fig. 2. A comparison of B(E1) values for 234U and 235U calculated within the TGI-QRPA .
It is worth noting that in 235U only the 7/2→5/2+ transitions is possible for given deformation because of the selection
rules of the dipole operator. Therefore, the results reflects only the half of the E1 strenght in the core for Kπ=1- branch,
and there is also no correspondence of the K=0 branch of the E1 strenght of core in 235U nucleus.
Consequently, we have analysed the GDR in neutron rich 235U in the framework of the TGI-QRPA. These method allows
us to repair the broken symmetry of the Hamiltonian to isolate the spurious states from the real vibrational levels. Besides,
the mean energy and width of the photoabsorption cross-section have been clearly identified by TGI-QRPA for the 235U
nucleus. Moreover, comparison of the obtained E1 spectra for 235U with that of the core nucleus (234U) indicates that
valence nucleon plays the role of a spectator.
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Abstract
The low-lying electric dipole (E1) strength in deformed 163Dy has been theoretically studied up to 4 MeV using the
Quasiparticle Random Phase Approximation (QRPA). The model Hamiltonian includes the axially symmetric WoodSaxon potential with monopole pairing as well as the residual dipole-dipole interaction. Comparison of the obtained E1
spectra for 163Dy with the available experimental data shows that in addition to the M1 transitions, there is also
considerable E1 strength in the low-lying dipole spectrum of 163Dy. The M1 strength computed in our recent work, has
not fill the full range of observation in this nucleus. By including the E1 spectrum, a fragmentation pattern comparable
with experimental data is obtained. Furthermore, keeping in mind the experimental problems in odd-mass deformed
nuclei, it can be concluded that the experimental radiation width is well reproduced.
Introduction
The dipole excitations in heavy deformed nuclei at low excitation energies, both of electric and magnetic character, are
the fundamental modes of the atomic nucleus since it exists in nuclei with both even- and odd-mass number [1].
The existence of low-lying dipole excitations in odd-mass nuclei was firstly confirmed in a Nuclear Resonance
Fluorescence (NRF) experiment on 163Dy in 1993 [2]. Since then, numerous photon scattering experiments and theoretical
works have provided detailed information on fine and gross features of the dipole strength in odd-mass nuclei. However,
for odd nuclei, the parity assignment in the experiments is impossible even now because of the anisotropic angular
distributions. Therefore, magnetic dipole (M1) transitions cannot be distinguished from the electric dipole (E1) ones in
odd-mass deformed nuclei, and for the sake of comparison the observed dipole strength assumes to have M1 character in
the literature [3]. It is well known that in addition to the M1 transitions there are considerable E1 strength in the lowenergy spectra of the even-even nuclei [4]. A sum rule derived in the context of the weak coupling limit [5] shows that
the E1 strength in an odd-mass nucleus should be equal to the E1 strength in the core, i.e. the neighboring even-even
nucleus [6].
Thus, it is important to distinguish theoretically the E1 transitions from the M1 ones in order to explain exactly the
observed dipole strength in odd-mass nuclei. However, there has been only one theoretical work in which the low-lying
E1 excitations in some rare earth nuclei are studied within a microscopic model. In view of the above remarks,
translational and Galileo invariant Quasiparticle Random Phase Approximation, been formulated recently, is used to
investigate low-lying E1 spectra of 163Dy. The results of the M1 strength computed in our recent work [1] for this nucleus
is also given for compression. The obtained results were compared with two different experimental data [2,7].
Theory
The starting Hamiltonian of the TGI-QRPA is written in the following form:

H = Hsqp + W1 + h0 + hD

(1)

Hsqp = ∑q,τ εq (τ)Bqq (τ) is the single quasiparticle Hamiltonian including a Woods-Saxon mean field. W1 =
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3
χ
2π 1

NZ

2

2 A 3 (RN − RZ )2 is the isovector part of the dipole-dipole (λ=1) interaction where 𝜒1 are the strength of it. Because

of the mean-field potential, the translation and Galilean symmetries of the single quasiparticle Hamiltonian are broken.
When separable effective residual interactions (h0 and hΔ) in the following form are added to Hamiltonian (1)

h0 = -

1
2g µ

åµ éë H

sqp

+
1
, Pµ ùû éë H sqp , Pµ ùû , hD = 2b µ

åµ éëU

the broken symmetry can been restored. Here U D = -

+

D

, Rµ ùû éëU D , Rµ ùû

(2)

D
(å av+ av+! + å av! av ) is the pairing potential, Pµ is the linear
2 v
v

momentum operator of the nucleus, Rµ is coordinate vector of the center of mass (c.m.) of the nucleus and γμ, βμ are the
coupling strength of h0 and hΔ, respectively.
The wave function of the odd-mass deformed nuclei consisting of a sum of single-quasiparticle and quasiparticle phonon
terms has the form [8-12]:

ì

ü

y Kj (t ) = í N Kj (t )a K+ (t ) + åå G ijµn an+ (t )Qi+µ ý y 0
î

iµ

µ = 0, ±1

þ

n

(3)

with normalization

y Kj (t ) y Kj (t ) = ( N Kj ) + å å ( Gijµn ) = 1
2

2

(4)

iµ n

N Kj and G ijµn are one quasiparticle and the quasiparticle⊗phonon component in the wave function, respectively.

Employing the variation principle [8-12]:
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d í y Kj (t ) H y Kj (t ) - y K (t ) H y K (t ) - h K ê( N Kj ) + å ( GijKv ) - 1ú ý = 0
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one can obtain the secular equation in the following analytical form which determines the excitation energies ( h K ) in
odd-mass deformed nuclei:
2
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Then, the formula for the reduced probabilities of E1 transitions from the ground-states to the excited-states in odd-mass
deformed nuclei can be written in the form:
B( E1, I i Ki ® I f K f ) = å I i 1Ki µ I f K f
µ
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(7)

Results
In this study, we were investigated the dipole response of the odd-neutron 163Dy nucleus in the 2-4 MeV energy range.
Single particle energies were obtained from the solution of the deformed Woods-Saxon potential which recommended by
Dudek et al. [13]. The deformation parameter is 2= 0.3391 and it's taken from [14]. Using the deformation parameter
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( 2), we can calculating the mean-field deformation parameter (δ2) [15]; and for this nuclei this value is δ2=0.299. The
neutron and proton pairing gap parameters are Δn=0.913 MeV and Δp=1.034 MeV, respectively. The chemical potential
are found to be λn=-7.421 for neutrons and λp=-7.397 for protons. The strength parameters for the isovector dipole-dipole
interaction is determined as χ1=300 A-5/3 MeV/fm2 for both K=0 and K=1 branches.
In Fig. 1, the theoretical results of the magnetic and electric dipole strength has been compared with the experimental
dipole strength observed by Nord et al in 2003 [16]. The detail of the magnetic dipole results can be found in [1].
20
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15

Nord et al. (2003)
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Fig. 1. The dipole response of the 163Dy nuclei in the 2-4 MeV energy range.

In odd-mass deformed nuclei, the fragmentation mechanism of the E1 strength is very similar to the M1 strength [4]. The
K=1 branch of the E1 operator distributing into four different levels. In this case, the K=1 branch of E1 operator connects
the (K0, I0 = K0) ground state to the states (K0-1, I0-1), (K0-1, I0), (K0-1, I0+1)} and {K0+1, I0+1} and K=0 branch of E1
operator distributing into two different levels which they are (Kf = K0, If = K0, K0+1).
In this study, only the one-phonon states have been discussed. It is worth noting that if one takes into account the two-or
three-phonon states the fragmentation [12] of the E1 strength may be enriched. However, it should be also noted that the
most of the total E1 dipole strength is carried by the one-phonon states. The two-and three-phonon states are provide an
additional fragmentation in the E1 strength which are not expected to change the total E1 strength substantially. Thus, the
experimental and theoretical gross features of the E1 dipole strength have been compared in Table 1.
Table 1: Comparison of theoretical and experimental gross features of the dipole transitions in 2-4 MeV in 163Dy.

åG

åG

red
0

0

[meV ]

[meV MeV -3 ]

3/2991.2
31.827

As can be seen from Table 1, the

Theory (M1)
7/2All
483
1474.2
15.642

åG

0

3/2+
202.1

47.469

[meV ] and

4.1

åG

red
0

Theory (E1)
5/2+
All
167.6
369.7
3.92

8.02

Experiment
All [3]
All [14]
415.81±88.18 915.38±107.64
20.51±4.15

38.2±4.2

[meV MeV -3 ] for both M1 and E1 strength distributions are

approximately 2 times higher than the experimental data. Actually, this is an expected result since the fragmentation of
dipole strength in the deformed odd-mass nuclei is too high and thus the small levels are not been detected even with the
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modern experimental techniques [12]. The experimental results obtained by Nord et al. (2003) is nearly 2 times higher
the results reported by the Bauske et al. (1993) shows clearly the situation.
Table 2: The structure of odd-mass 163Dy in the energy range 2-4 MeV.

E [MeV]

Kp

N Kj V q

G ij

2.284

3/2+

0.0013

-0.999

100%[523] ¯ ÄQ21

2.999

3/2+

0.0033

-0.999

100%[523] ¯ ÄQ51

3.000

5/2+

0.0078

0.999

100%[523] ¯ ÄQ20

3.809

3/2+

0.0003

-0.999

100%[512] ¯ ÄQ51

3.810

5/2+

0.0018

0.999

100%[512] ¯ ÄQ20

3.828

5/2

+

0.0028

0.999

100%[523] ¯ ÄQ30

3.828

3/2+

0.0009

-0.999

100%[523] ¯ ÄQ71

3.861

3/2+

0.0005

-0.999

100%[523] ¯ ÄQ81

3.876

5/2+

0.0017

0.999

100%[523] ¯ ÄQ40

K V qu

Structure

The structure of the E1 states has been also determined, and the results are given in Table 2 for 2-4 MeV energy range.
Clearly, the states of odd-neutron 163Dy nuclei have a predominant single-quasiparticle⊗phonon component in their wave
functions. The contribution of the quasiparticle⊗phonon components is nearly 99% while the contribution of onequasiparticle components is less than 1%. Also, the largest contribution to E1 transitions in the low-lying energy range
comes from the [523]↓⊗Qi and [512]↓⊗Qi configurations.
To summarize, the theoretical results for the electric dipole excitations (E1) in the odd-mass 163Dy at the low energies has
been presented. The results shows a considerable E1 strength in the dipole spectra of this nuclei in addition to M1
excitations, known as the scissors mode. Detailed studies of E1 excitations in other odd-mass deformed nuclei are under
investigation which will offer an opportunity to test the theory further.
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Abstract
In fission and fusion reactor designs, it is important to calculate cross-section for nuclear reactions which is formed by
neutron. Data on fast neutron inelastic processes are of great importance in reactor science, especially in the fields of fast
reactor analysis, radiation damage theory, and shielding. In this study, differential cross sections of the inelastic scattered
neutrons of 14.6 MeV energies from 27Al and 32S target nuclei were calculated by TALYS 1.8 nuclear reaction code.
Experimental differential cross sections were obtained from EXFOR Library and compared with theoretically calculated
differential cross sections.
Introduction
C

𝐻 + ·𝐻 → ”𝐻𝑒 + 𝑛 (𝑄 = 17,6 𝑀𝑒𝑉) reaction is known as the deuterium-tritium (DT) reaction. 17,6 MeV of energy
is shared between He and neutron, a neutron with 14 MeV energy is published. This reaction is often used as a fast neutron
source. It is chosen for use in controlled fusion reactors as a great energy is released in the DT reaction. In nuclear fusion
reactors, it is possible to contribute to nuclear fusion reactor structure research by determining the possibility of reaction
of neutrons formed as a result of reaction by inelastic scattering with various elements used as reactor building material.
In neutron research facilities all around the world radiation shieldings are applied to reduce the background of neutron
and gamma radiation as far as possible in order to perform high quality measurements and to fulfill the radiation protection
requirements[1].
Neutron radiation shielding is a two step process, slowing down of fast neutrons and absorption of thermal ones. As the
cross section for absorption of fast (high energy) neutrons is rather small, in order to get the neutron flux weakening by
composites , it should be optimized so that the atoms of which it is composed: first caused precipitation of energy by
attenuation in the processes of elastic and inelastic scattering, and then absorption of slow (thermal) neutrons. Protection
against neutron radiation is therefore a two-step process [2].
Because neutrons are uncharged, they can travel appreciable distances in matter without undergoing interactions. When
a neutron collides with an atom, it can undergo an elastic or an inelastic reaction. An inelastic reaction, the nucleus
absorbs some energy and is left in an excited state. In an elastic reaction is one in which the total kinetic energy of the
incoming particle is conserved. The neutron can also be captured or absorbed by a nucleus in reactions such as (n,2n),
(n,p), (n,α) or (n,γ) [3,4].
In this study, the calculated excitation functions of ·C𝑆(𝑛, 𝑖𝑛𝑙) ·C𝑆 and CŸ𝐴𝑙(𝑛, 𝑖𝑛𝑙) CŸ𝐴𝑙 reaction nuclear reactions are
compared with the existing experimental cross section data and the TALYS 1.8 data in graphical form in Figs 1-2.
The calculations of the reaction cross section have been made by TALYS 1.8 nuclear code. Neutron input energy in
·C

𝑆(𝑛, 𝑖𝑛𝑙) ·C𝑆 and CŸ𝐴𝑙(𝑛, 𝑖𝑛𝑙) CŸ𝐴𝑙 reactions is 14,6 MeV. The cross sections of ·C𝑆(𝑛, 𝑖𝑛𝑙) ·C𝑆 and CŸ𝐴𝑙(𝑛, 𝑖𝑛𝑙) CŸ𝐴𝑙
calculated by TALYS 1.8 were compared with experimental data of Kozyr (1978) which are available in EXFOR [5]
library. TALYS [6] is a computer code system for the analysis and prediction of nuclear reactions. The basic objective
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behind its construction is the simulation of nuclear reactions that involve neutrons, photons, protons, deuterons, tritons,
3He- and alpha-particles, in the 1 keV - 1 GeV energy range and for target nuclides of mass 12 and heavier.

Fig.1 Comparison of calculations of the excitation functions with the experimental data of CŸAl(n, inl) CŸAl reaction. The experimental data are taken
from EXFOR.

Fig.2 Comparison of calculations of the excitation functions with the experimental data of ·CS(n, inl) ·CS reaction. The experimental data are taken
from EXFOR.

Results
In this study, differential cross sections are calculated by TALYS 1.8 to simulate the inelastic scattering of neutron from
CŸ

𝐴𝑙 and ·C𝑆 target nuclei. The experimental value of 3-8 MeV energy range in the reaction of CŸ𝐴𝑙(𝑛, 𝑖𝑛𝑙) CŸ𝐴𝑙 is in good
agreement with the theoretical values. The values in the 0-3 MeV energy range are not in harmony but the values are
parallel. In this reaction, compound core reactions are more effective at 0-5 MeV energy range, but this effect is gradually
reduced. In the 5 - 8 MeV energy range, pre-equilibrium reactions increase the effect.
Direct reactions after 8 MeV energy level are more effective. The graphs show that theoretically evaluated differential
cross sections are in good agreement with experimental values. In the
experimental values and the theoretical values are not compatible.

·C

𝑆(𝑛, 𝑖𝑛𝑙) ·C𝑆 reaction, it is seen that the
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Abstract
In this study, the excitation functions of 58Ni(d,n+2p) reaction for 57Co radioisotope production were investigated using
different level density models. For this purpose, TALYS 1.8 was used to calculate reaction cross sections using different
level density models and compared with experimental data in EXFOR library.
In statistical models used to estimate cross sections, nuclear level densities are used in excitation energies where separate
level information is absent or missing. From the phenomenological analytical expressions to the table-level densities
derived from microscopic models, several models are used for level density in Talys.
Introduction
The nucleus, the core and center of the atom, is a quantal many-body system governed by the strong interaction. Just as
hadrons are composed of quarks and gluons, the nucleus is composed of the most stable of these hadrons—neutrons and
protons. The question of how the strong force binds these nucleons together in nuclei is fundamental to the very existence
of the universe. A few minutes after the Big Bang, the mutual interactions between nucleons led to the formation of light
nuclei. These, and the subsequent nuclear process synthesizing heavier nuclei during stellar evolution and in violent
events like supernovae, have been crucial in shaping the world we live in.
Because of the lack of experimental data in nuclear reactions with charged particles, it is very important to make consistent
calculations and analysis using theoretical models. Therefore, new experimental data of nuclear cross-sections are
important to perform predictions of theoretical progress, production of neutrons and charged particles, protection
requirements, activation and radiation warming. Nuclear cross-sectional data have an important role in the correction of
nuclear theories. Generally, due to experimental difficulties, data cannot be generated and cross-sectional effects are
needed to predict the excitation reaction to provide the nuclear reaction model. The majority of the studies on the
calculation and estimation of nuclear reaction cross-sections are reaction systematic recovery.
Level Density
All level density models which are used in this study, namely Constant Temperature Model (CTM), Back-Shifted Fermi
Gas Model (BFM) and Generalized Super Liquid Model (GSM), and their expressions were given in TALYS 1.8 manual
in details [4].
Results
In the Talys 1.8 program there are three phenomenological level density models for level intensities and three microscopic
level densities. In this study, the effect of 58Ni(d,n+2p) reaction on constant temperature + fermi gas model (ldmodel 1),
Back-shifted Fermi gas model (ldmodel 2), Generalized surface model (ldmodel 3) is investigated in Figure 1
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Constant Temperature + Fermi Gas model (ldmodel 1): In the level density study conducted with the 58Ni(d,n+2p) reaction
with Talys1.8 program, the compatibility of ldmodel1 with experimental data M.Blann is clearly seen. Except for the 1520 MeV energy range, it was observed that the data were identical with the experimental data.
Back-shifted Fermi gas model (ldmodel 2): In the level density study performed with the 58Ni(d,n+2p) reaction with
Talys1.8 program, a complete fit with the experimental data of ldmodel2 has achieved an unobserved characteristic fit.
Generalized Surface model (ldmodel 3): In the level density study conducted with the 58Ni(d,n+2p) reaction with the
Talys1.8 program, it was observed that the C.K.Cline experimental data was coincident with ldmodel3. Only the fit in the
16-20MeV range could not be seen.

Figure 1. Excitation functions of 57Co radioisotopes production reactions.
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Abstract
In this study, the cross-sections of the 58Ni(n,x)57Co reaction were calculated. . For this purpose, TALYS 1.8 was used to
calculate reaction cross sections using different level density models and compared with experimental data in EXFOR
library.
In statistical models used to estimate cross sections, nuclear level densities are used in excitation energies where separate
level information is absent or missing. From the phenomenological analytical expressions to the table-level densities
derived from microscopic models, several models are used for level intensity in Talys.
Introduction
Becquerel discovered radioactivity of 1896 or the beginning Rutherford's experimental and theoretical studies in nuclear
physics with the hypothesis argue for the existence of the nucleus in 1911, it plays an important role in the development
of 20th century physics. For example; nuclear physics, the result of the experimental results in the laboratory; clarifying
the problem that arises from the interaction of various Quark, understanding of the processes occurring immediately after
Big Bang during initial formation of the universe, as it contributes to solve a variety of problems.
Stimulating nuclear reactions of charged particles using theoretical models due to scarce experimental data make
consistent calculation and analysis are very important. Therefore, new experimental data of nuclear cross sections, neutron
and charged particle production, protection requirements, activating, radiation heating and damage to develop estimates
of theoretical / progress is required. In addition, nuclear cross section data is necessary for the correction of nuclear theory.
Especially experimental data or if the data is not likely to be produced due to experimental difficulties, cross sections
estimate of the excitation reaction / detection are needed to ensure that the nuclear reaction model. The reaction systematic
acquisition is a major part of the studies on the calculation and estimation of the nuclear reaction cross sections.
Level Density
All level density models which are used in this study, namely Constant Temperature Model (CTM), Back-Shifted Fermi
Gas Model (BFM) and Generalized Super Liquid Model (GSM), and their expressions were given in TALYS 1.8 manual
in details [4].
Results
In the Talys 1.8 program there are three phenomenological level density models for level intensities and three microscopic
level densities. In this study, the effect of 58Ni(n,x) 57Co reaction on CTM (ldmodel 1), BFM (ldmodel 2), GSM (ldmodel
3) is investigated. The Talys 1.8 code, was calculated and investigated for compatibility with experimental studies in the
literature.
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CTM (ldmodel 1): In the level density study conducted with 58Ni(n,x)57Co reaction with Talys1.8 program, it is seen that
the experimental data of ldmodel1 is coincident in the 18-20MeV energy range. In the 12-18MeV and 18-22MeV energy
range, it was observed that there was a characteristic fit with experimental data.
BFM (ldmodel 2): In the level density study conducted with 58Ni(n,x)57Co reaction with Talys1.8 program, it is seen that
the experimental model of ldmodel2 is overlapped in the energy range of 21MeV. In the 12-20MeV and 21-22MeV
energy range, it was observed that there was a characteristic fit with experimental data.
GSM (ldmodel 3): In the level density study conducted with the 58Ni(n,x)57Co reaction with the Talys 1.8 program, no fit
with the experimental data was observed in ldmodel3.

Figure 1. 58Ni(n,x) 57Co The results of the calculation of the section ldmodel 12-22 MeV (n,x) of the reactor are compared with experimental data.
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Abstract
In this study, we investigated the effects of level density models for ( ,n) and ( ,2n) reactions on 120,122,124Sn targets.
The ( ,n) and ( ,2n) reaction cross sections were calculated up to 30 MeV photon energy with the TALYS 1.8 nuclear
reaction code. In the calculations, we used the level density models such as Constant Temperature Model (CTM), BackShifted Fermi Gas Model (BSFM) and Generalized Superfluid Model (GSM). The obtained results have been compared
with each other and experimental data in the EXFOR database.
Introduction
Photo-nuclear reaction data are very important for understanding of the structure and dynamics of the atomic nucleus.
Besides, photo-neutron cross sections are also important for some applications as fission and fusion reactor technology,
activation analysis including protection, analysis of radiation transport and shielding, absorbed dose calculations in the
human body throughout photon radiotherapy and material analysis studies for photon-induced nuclear reactions and
transmutation of nuclear waste [1, 2].
In this study, the theoretical photo-neutron cross sections for tin targets have been calculated on different level density
models by using TALYS 1.8 code [3] up to 30 MeV photon energies. The obtained results have been compared with each
other and experimental data in the EXFOR database [4].
Level Density Models
The nuclear level density which is defined as the number of levels per unit energy at certain excitation energy is a
characteristic property of every nucleus. In this work, three phenomenological level density models are considered which
are used in TALYS 1.8 code.
Constant Temperature Model (CTM)
The CTM as introduced by Gilbert and Cameron [5,6] indicates an independence of temperature with respect to excitation
energy. The problem in low and high excitation energy regions is overcome by the use of the CTM model. At low
excitation energies, the constant temperature treatments could be applied in range of 0 MeV to a matching energy, whereas
the Fermi gas expression could be applied above the matching energy.
Back-Shifted Fermi Gas Model (BSFGM)
In the BSFGM [7,8], the matching problem have been overcome by treatment of pairing energy as an adjustable parameter
and the Fermi gas expression could be used for all energy range down to 0 MeV. At low excitation energies, standard
version of the Fermi gas expression cause to numerical divergence.
Generalized Superfluid Model (GSM)
GSM takes into account pairing correlations based on BCS theory [9,10]. These pairing correlations characterized by a
phase transition from a superfluid behavior at low energy to a high energy region described by the Fermi Gas Model. In
this model there are no unsolved problems for the parameterization.
Materials and Methods
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In this study, comparisons have been realized between three level density models and experimental values taken from the
EXFOR in photo-neutron reactions for stable tin targets. The TALYS 1.8 code used in theoretical calculations created at
NRG Petten, Netherlands and CEA Bruye´res-le-Chaˆtel, France to provide a complete and accurate simulation of nuclear
reactions involving neutrons, g rays, protons, deuterons, tritons, 3He, and alphas in the 1 keV–1 GeV energy range,
through an optimal combination of reliable nuclear models. Nuclear structure and model parameters are implemented
through Reference Input Parameter Library (RIPL) [11].
Results and Discussion
Photo-nuclear reaction cross sections of 120,122,124Sn target nuclei were calculated for three level density models using
TALYS 1.8 code up to 30 MeV photon energy. The calculated results and available experimental data are presented in
Figs. 1, 2 and 3. Also Threshold energies of the ( , n) and ( , 2n) reaction and neutron separation energies 120,122,124Sn
nuclei are given Table 1 [12, 13].
Table 1. Threshold energies of the ( , n) and ( , 2n) reaction and neutron separation energies 120,122,124Sn nuclei.

Fig. 1. Comparison of the experimental and calculated ( ,n) and ( ,2n) cross sections for 120Sn target and ground and isomeric state information for
residual nuclei.
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Fig. 2. Comparison of the experimental and calculated ( ,n) and ( ,2n) cross sections for 122Sn target and ground and isomeric state information for
residual nuclei.

Fig. 3. Comparison of the experimental and calculated ( ,n) and ( ,2n) cross sections for 124Sn target and ground and isomeric state
information for residual nuclei.

Conclusions
The excitation functions of ( ,n) and ( ,2n) reactions on 120,122,124Sn have been analyzed over photon energy up to 30
MeV with the TALYS 1.8 nuclear reaction code using three level density models, namely CTM, BSFGM and GSM.
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CTM and GSM are a good agreement with experimental cross section values in
But there is no big difference between level density models in these reactions.

120,122

Sn( ,n) reactions than BSFGM.

The good agreement between the calculated values and experimental data shows that BSFGM level density model is able
to produce reasonably ( ,2n) reaction cross sections in this case even without any adjustment of the parameters.
This model option can be chosen for the level density model cross-section calculations, if the experimental data are not
available or are improbable to be produced due to the experimental difficulty.
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Abstract
We report a theoretical study for the typical cubic elastic constants (C11, C12 and C44) of face centered cubic (fcc)
platinum metal. Sutton-Chen (SC) type embedded atom method (EAM) potential have been employed to our calculations
through geometry optimization. Detailed quantitative comparisons with existing literature indicate that our present results
are about experiments and better than those of some earlier theoretical data for the elastic constants of platinum.
Keywords; EAM, Sutton-Chen, elastic constants, platinum.
Introduction
The platinum-group metals are six noble, precious metallic elements clustered together in the periodic table. These
elements are all transition metals in the d-block [1] .The six platinum-group metals are ruthenium, rhodium, palladium,
osmium, iridium, and platinum. They have similar physical and chemical properties, and tend to occur together in the
same mineral deposits [2]. Platinum is a dense, malleable, ductile, precious, silverish-white transition metal and one of
the least reactive metals. Platinum has six naturally occurring isotopes. Most platinum isotopes decay by some
combination of beta decay and alpha decay. It has remarkable resistance to corrosion, even at high temperatures, and is
therefore considered a noble metal. Platinum is used in catalytic converters, laboratory equipment, electrical contacts and
electrodes, platinum resistance thermometers, dentistry equipment, and jewelry. Platinum group metals are formed as
fission products in nuclear reactors[3]. With escalating prices and increasing global demand, reactor-produced noble
metals are emerging as an alternative source [4].
The last decades have witnessed a significant increase in the speed of computers during atomistic scale calculations of
material properties [5]. These calculations, achieved by both molecular dynamics (MD) and the density functional theory
(DFT) of the properties of metals, play a major role in materials science and aplications [6]. The embedded atom method
(EAM) and its potentials nowadays render as the fundamental keys for atomistic simulations of metallic materials. [7-9]
Further, the Sutton-Chen (SC) potential [10] is used for a special kind of EAM potential based on a second-moment
approximation to especially in the simulation of point defects, surfaces and the bulk properties of fcc metals. [11]
Determining the structural and elastic properties of fcc metals performed with MD and DFT calculations using various software and other approaches. the purpose of this study is to put forward the applicability and
practicality of GULP software through EAM-based geometry optimizations on the fcc Pt with Sutton-Chen-type potential,
and perform a benchmark between the present results and the previously available experimental and theoretical results.
In the present study, we perform all calculations using GULP version 4.0. [12]. Most calculations in GULP code consist
of the optimization of a trial structure to the local energy minimum under given conditions of pressure and temperature.
Moreover, several types of standard minimization techniques are available in GULP.
The elastic constants of solids provide valuable information on their mechanical and dynamical properties. In particular,
they provide information of the stability and stiﬀness of materials. In addition, the calculation of elastic constants is very
useful since the full tensor can only be measured experimentally for a very small percentage of all known solids. The
elastic constants represent the second derivatives of the energy density with respect to strain,
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describing the mechanical hardness of the material with respect to deformation. Since there are six possible strains within
the notation scheme we employ, the elastic constant tensor is a 6×6 symmetric matrix. The 21 potentially independent
matrix elements are usually reduced considerably by symmetry [13]. For example, for a cubic material the only distinct
elastic constants are C 11 , C 12 and C 44 , which can be used to elucidate the structural (dynamical) stability of a given
crystal structure. According to Born structural stability, these contants must satify C11-C12>0, C11+2C12>0 and cubic
stability examplary, C12<B<C11 [14,15].
Table 1. Elastic constants for Pt
Experimental [16]

This Study

DFT [17]

C11 (GPa)

347

314

347

C12 (GPa)

251

258

253

C44 (GPa)

77

74

78

Our calculated values of C 11 , C 12 , C 44 for Pt appear between the ranges of the experimental results and the DFT results,
and slightly approach the experimental data. The results for C 11 and C 12 of Pt are slightly higher than the experimental
and DFT results. For this element, our results are better than the previous DFT values and exhibit a fair agreement with
the experimental data. Furthermore, the calculated values of C 11 , C 12 and C 44 satisfy all the structural stability conditions
(C 11 −C 12 > 0, C 11 > 0, C 44 > 0, C 11 + 2C 12 > 0) and cubic stability condition, i.e. C 12 < B < C 11 , which gives credence
to our calculated values.
We comperated our results and other DFT or experimentals results at table 1 for C11, C22 and C33 elastic constants.
Conclusions
In summary, our GULP geometry optimization calculations based on the embedded atom method provide very reasonable
results when compared with the previous experimental and EAM data.
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Abstract
We have computed the some mechanical properties of the face centered cubic (fcc) platinum metal. Sutton-Chen (SC)
type embedded atom method (EAM) potential have been employed to our calculations after optimizing the crystal
geometry. Bulk, Young and shear moduli values of the considered metal have been calculated. Our present results for the
surveyed parameters are satisfactory and about the former experimental values of platinum.
Keywords; EAM, Sutton-Chen, mechanical properties, platinum.
İntroduction
Platinum is one of the least reactive metals. It has remarkable resistance to corrosion, even at high temperatures.
Consequently, platinum is often found chemically uncombined as native platinum. Because it occurs naturally in the
alluvial sands of various rivers, it was first used by pre-Columbian South American natives to produce artifacts. Platinum
is used in catalytic converters, laboratory equipment, electrical contacts and electrodes, platinum resistance thermometers,
dentistry equipment, and jewelry. Being a heavy metal, it leads to health problems upon exposure to its salts; but due to
its corrosion resistance, metallic platinum has not been linked to adverse health effects [1] Compounds containing
platinum, such as cisplatin, oxaliplatin and carboplatin, are applied in chemotherapy against certain types of cancer and
with escalating prices and increasing global demand, reactor-produced noble metals are emerging as an alternative source
[2].
The last few decades have witnessed a great increase in the speed of computers and the scientiﬁc beneﬁts of this during
atomistic scale calculations of material properties [3]. In addition, these calculations, achieved by both molecular
dynamics (MD) and the density functional theory (DFT) of the properties of metals, play a major role in materials science
and condensed matter science to obtain accurate results about the physical properties of metals being dependent on
accurate interatomic potentials [4]. The embedded atom method (EAM) and its potentials currently serve as the
fundamental keys for atomistic simulations of metallic materials [5-7]. Daw and Baskes introduced EAM for calculating
the ground state properties of realistic metal systems, [8] and afterwards researchers applied EAM extensively with
various types of potentials such as Sutton-Chen potential for diﬀerent physical systems with distinct calculation software
and techniques [9-11].
In the present study, we perform all calculations using GULP version 4.0 [12]. GULP can perform a variety of tasks based
on force ﬁeld methods. The original code facilitates the ﬁtting of interatomic potentials to both the energy surfaces and
empirical data. However, it has now expanded to be a general-purpose code for the modeling of condensed phase
problems. Most calculations in GULP code consist of the optimization of a trial structure to the local energy minimum
under given conditions of pressure and temperature. Moreover, several types of standard minimization techniques are
available in GULP. The most common techniques are to optimize the related structures at constant pressure, in which all
internal and cell variables are included or at constant volume, where the unit cell remains frozen[13]. Thus, we apply a
constant pressure optimization for Pt . After a structure optimization, it is possible to calculate a wide range of properties
in the solid state, which provides a comparison with the experiments.
The bulk modulus B is the only elastic constant of matter that reveals much information about the bonding strength. In
addition, it is a measure of the matter’s resistance to external deformation and occurs in many formulas describing diverse
mechanical–physical characteristics. [14] However, the shear modulus G describes the resistance to shape change caused
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by a shearing force. Young’s modulus E is the resistance to uniaxial tensions. These three moduli (B, G, E) are important
for deﬁning the mechanical properties of materials [15] . Table 1 shows the present and earlier experimental data [16] of
three moduli (B, G, E) for T=0 K.
Table 1. Bulk modulus, Young’s modulus and Shaer modulus for platinum.

Exp. [17]

Others [18]

This study

Bulk Modulus (GPa)

230

282

277

Young’s Modulus (GPa)

173

180

81

Shear Modulus (GPa)

61

65

55

Conclusion
In summary, our GULP geometry optimization calculations based on the embedded atom method provide very reasonable
results when compared with the previous experimental and DFT data for Pt.
References
[1] "Chapter 6.11 Platinum", Air Quality Guidelines (Second ed.), WHO Regional Office for Europe, Copenhagen, Denmark, 2000, archived from the
original on 18 October (2012).
[2] , N. J. Wheate, S. Walker, G. E. Craig,.R.Oun,.Dalton Transactions. 39 (35), 8113–27 (2010).
[3] C. Qing and S. Min-Hua Acta Phys. Sin. 62, 036101 (2013).
[4] A. Budi et al. J. Phys.: Condens. Matter 21, 144206 (2009).
[5] R. B. Wilson and D .M. Riff J. Phys.: Condens. Matter,24, 335401 (2012).
[6] M. A. Tschopp et al. J. Nucl. Mater. 425, 22 (2012).
[7] X. J. Zhang and C. L. Chen J. Low Temp. Phys. 169, 40 (2012).
[8] M. S. Daw and M. I. Baskes Phys. Rev. Lett. 50, 1285 (1983).
[9] M. S. Daw, S. M. Foiles and M. I. Baskes Mater. Sci. Rep. 9 ,251 (1993).
[10] Z. Cui et al. Modell. Simul. Mater. Sci. Eng. 20, 015014 (2012).
[11] D. K. Belashchenko Inorg. Mater. 48, 940 (2012).
[12] J .D. Gale ,J. Chem. Soc. Faraday Trans. 93, 629 (1997).
[13] J. D. Gale and A. L. Rohl, Mol. Simul. 29, 291 (2003).
[14] C. Pantea et al. Acta Mater. 57, 544 (2009).
[15] H. Wang, Y. Zhan and M. Pang, Solid State Commun. 152, 1694 (2012).
[16] T M. Flynn Cryogenic Engineering 2nd edn (USA:CRC Press) (2004).
[17] http://www.webelements.com/platinum/crystal_structure.html
[18] https://sites.google.com/site/eampotentials/Pt

TESNAT 2019

187

Amasya, Turkey

5th International Conference on Theoretical and Experimental Studies in Nuclear Applications and Technology

Elastic constants of fcc palladium
E. GÜLER1, M. GÜLER1, E. ALDIRMAZ2
1

2

Hitit University, Department of Physics, Çorum-TURKEY
Amasya University, Department of Physics, Amasya-TURKEY

Abstract
We performed a geometry optimazition calculations to calculate the typical cubic elastic constants (C11, C12 and C44) of
face centered cubic (fcc) palladium metal. We employed, Sutton-Chen (SC) type embedded atom method (EAM) potential
to our calculations. Presently obtained results for the elastic constants of palladium were compared both with experiments
and former theoretical findings. Presently obtained results are found to be reasonable within existing literature.
Keywords; EAM, Sutton-Chen, elastic constants, palladium.

Introduction
Palladium is a chemical element. palladium is used in catalytic converters, which convert as much as 90% of the harmful
gases in automobile exhaust into less noxious substances. Palladium is also used in
electronics, dentistry, medicine, hydrogen purification, chemical applications, groundwater treatment, and jewelry.
The last decades have witnessed a significant increase in the speed of computers during atomistic scale calculations of
material properties [1]. These calculations, achieved by both molecular dynamics (MD) and the density functional theory
(DFT) of the properties of metals, play a major role in materials science and aplications [2]. The embedded atom method
(EAM) and its potentials nowadays render as the fundamental keys for atomistic simulations of metallic materials [3-5].
Further, the Sutton-Chen (SC) potential [6] is used for a special kind of EAM potential based on a second-moment
approximation to especially in the simulation of point defects, surfaces and the bulk properties of fcc metals [7].
Determining the structural and elastic properties of fcc metals performed with MD and DFT calculations using various
software and other approaches. the purpose of this study is to put forward the applicability and practicality of GULP
software through EAM-based geometry optimizations on the fcc Pd with Sutton-Chen-type potential, and perform a
benchmark between the present results and the previously available experimental and theoretical results. In the present
study, we perform all calculations using GULP version 4.0. [8]. Most calculations in GULP code consist of the
optimization of a trial structure to the local energy minimum under given conditions of pressure and temperature.
Moreover, several types of standard minimization techniques are available in GULP.
The elastic constants of solids provide valuable information on their mechanical and dynamical properties. In particular,
they provide information of the stability and stiﬀness of materials. In addition, the calculation of elastic constants is very
useful since the full tensor can only be measured experimentally for a very small percentage of all known solids. The
elastic constants represent the second derivatives of the energy density with respect to strain,
?

?– @

C<= = > i?A

B ?AC

o

(1)

describing the mechanical hardness of the material with respect to deformation. Since there are six possible strains within
the notation scheme we employ, the elastic constant tensor is a 6×6 symmetric matrix. The 21 potentially independent
matrix elements are usually reduced considerably by symmetry [9]. For example, for a cubic material the only distinct
elastic constants are C 11 , C 12 and C 44 , which can be used to elucidate the structural (dynamical) stability of a given
crystal structure. According to Born structural stability, these contants must satify C11-C12>0, C11+2C12>0 and cubic
stability exemplary, C12<B<C11 [10,11].
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Table 1. Elastic constants for Pd

Experimental [12]

This Study

DFT [13]

C11 (GPa)

234

248

198

C12 (GPa)

176

175

155

C44 (GPa)

71

93

69

Our calculated values of C11 , C 12 , C 44 for Pd appear between the ranges of the experimental results and the DFT results,
and slightly approach the experimental data. The results for C 11 and C 12 of Pd are slightly higher than the experimental
and DFT results. For this element, our results are better than the previous DFT values and exhibit a fair agreement with
the experimental data. Furthermore, the calculated values of C 11 , C 12 and C 44 satisfy all the structural stability conditions
(C 11 −C 12 > 0, C 11 > 0, C 44 > 0, C 11 + 2C 12 > 0) and cubic stability condition, i.e. C 12 < B < C 11 , which gives credence
to our calculated values.
We comperated our results and other DFT or experimentals results at table 1 for C11, C22 and C33 elastic constants.
Conclusions
In summary, our GULP geometry optimization calculations based on the embedded atom method provide very reasonable
results when compared with the previous experimental and EAM data.
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Abstract
Several mechanical properties of the face centered cubic (fcc) palladium metal have been obtained. After optimizing the
crystal geometry, we employed Sutton-Chen (SC) type embedded atom method (EAM) to our calculations. Bulk, Young
and shear moduli parameters of the palladium metal have been obtained. Our results for related parameters are found to
be satisfactory when compared with the previous experimental and theoretical data.
Keywords; EAM, Sutton-Chen, bulk modulus, shear modulus, palladium.
Inroduction
Palladium is also produced in nuclear fission reactors and can be extracted from spent nuclear fuel though this source for
palladium is not used. None of the existing nuclear reprocessing facilities are equipped to extract palladium from the highlevel radioactive waste.[1]
The last few decades have witnessed a great increase in the speed of computers and the scientiﬁc beneﬁts of this during
atomistic scale calculations of material properties [2]. In addition, these calculations, achieved by both molecular
dynamics (MD) and the density functional theory (DFT) of the properties of metals, play a major role in materials science
and condensed matter science to obtain accurate results about the physical properties of metals being dependent on
accurate interatomic potentials [3]. The embedded atom method (EAM) and its potentials currently serve as the
fundamental keys for atomistic simulations of metallic materials [4-6]. Daw and Baskes introduced EAM for calculating
the ground state properties of realistic metal systems, [7] and afterwards researchers applied EAM extensively with
various types of potentials such as Sutton-Chen potential for diﬀerent physical systems with distinct calculation software
and techniques [8-10].
In the present study, we perform all calculations using GULP version 4.0 [11]. GULP can perform a variety of tasks based
on force ﬁeld methods. The original code facilitates the ﬁtting of interatomic potentials to both the energy surfaces and
empirical data. However, it has now expanded to be a general-purpose code for the modeling of condensed phase
problems. Most calculations in GULP code consist of the optimization of a trial structure to the local energy minimum
under given conditions of pressure and temperature. Moreover, several types of standard minimization techniques are
available in GULP. The most common techniques are to optimize the related structures at constant pressure, in which all
internal and cell variables are included or at constant volume, where the unit cell remains frozen[12]. Thus, we apply a
constant pressure optimization for Pd. After a structure optimization, it is possible to calculate a wide range of properties
in the solid state, which provides a comparison with the experiments.
The bulk modulus B is the only elastic constant of matter that reveals much information about the bonding strength. In
addition, it is a measure of the matter’s resistance to external deformation and occurs in many formulas describing diverse
mechanical–physical characteristics [13]. However, the shear modulus G describes the resistance to shape change caused
by a shearing force. Young’s modulus E is the resistance to uniaxial tensions. These three moduli (B, G, E) are important
for deﬁning the mechanical properties of materials [14] . Table 1 shows the present and earlier experimental data [15] of
three moduli (B, G, E) for T=0 K.
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Table 1. Bulk modulus, Young’s modulus and Shaer modulus for palladium.

Bulk Modulus (GPa)
Young’s Modulus (GPa)
Shear Modulus (GPa)
Conclusion

Exp. [16]
187
121
44

Others [17]
163
118
43

This study
200
102
64

In summary, our GULP geometry optimization calculations based on the embedded atom method provide very reasonable
results when compared with the previous experimental and DFT data for Pd.
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Abstract
The ground state properties of the nuclei are generally calculated using two different methods, namely Skyrme-HartreeFock and the Skyrme-Harttree-Fock-Bogolyubov methods. In this study, the densities and the rms radii for both proton
and neutron of Fe isotopes were calculated using Hartree-Fock- Bogolyubov method with different Skyrme set
parameters, especially SLy4, SkM*, and SIII set parameters.
Introduction
Skyrme force is a phenomenological force that describe the ground states of nucleus. Hartree-Fock (HF) method, which
is the approximation method that determines the ground state energy and ground state wave function of a multi-body
quantum system, using together with the Skyrme force [1,2]; proton, neutron, square root of square density of charge
density diameters, proton, neutron. The determination of core density properties such as charge density distributions,
binding energies per particle. The use of Skyrme interaction with the HF method is called the Skyrme-Hartree-Fock (SHF)
method. The SHF method is a compatible field method. However Hartree-Fock-Bogolyubov (HFB) theory [3,4] examines
the correlation between independent particles moving within an average potential and the incomplete shell. Skyrme
interaction allows HF energy to be written as three fundamental density dependent functions.

In that event

proton densities,

and neutrons). Also,

kinetic energy,

spin-orbital densities (wherein

denotes the occupation probability of the states

occupations occur for non-magical nucleus,

for proton and

and

and

that represent protons

for full shell. But partial

for neutron.

HF calculations depending on Woods-Saxon (WS) potential, proton and neutron charge distributions and rms radii,
determined according to parameter sets; SkA [5], GS6 [6], SKM*[7], SGII [8], Sly4 [9], Sly5 [9], SLy6 [9], SLy7 [9],
SLy8 [10], SLy9 [10] and SLy10 [9]. The nucleon charge radii of the 54Fe, 56Fe, 57Fe and 58Fe isotopes were compared
with experimental data [11] and the best set of Skyrme parameters was determined respectively, SGII, SKM*, SLy8 and
SLy10.
Calculation Methods
The HF method with an effective Skyrme force based on nucleon-nucleon interactions drawn from SKM* and SLy4 are
used for ground state features of nuclei [12,13]. In this aim, the HAFOMN [14] and HARTREE-FOCK codes [15] based
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on harmonic oscillator (HO) and WS wave functions, respectively, are widely used. In the earlier studies, the SKM*
parameters have been used in HAFOMN code with HO, and the SLy4 parameters have been used in HARTREE-FOCK
code with WS. Namely, SKM* parameters are considered in HARTREE-FOCK code with WSWF. The distribution
evaluated by using SkA, GS6, SKM*, SGII, SLy4, SLy6, SLy7, SLy8, SLy9 and SLy10 parameters for
ve

,

,

, (with WS), which is suggested in this study, is in good agreement.

Results
The HF method combined with an effective Skyrme interaction is widely used for studying the ground states features of
nuclei. We have obtained the charge density distributions and rms radii per protons and neutrons using a HF calculations
depends on WS, code implementations all parameters according to SkA, GS6, SKM*, SGII, SLy4, SLy5, SLy6, SLy7,
SLy8, SLy9 and SLy10 sets. The sets SHFB code (with WS), and experiment. The calculated charge radii of, using SkA,
GS6, SKM*, SGII, SLy4, SLy6, SLy7, SLy8, SLy9 and SLy10 parameters (with WS),

,

,

ve

nucleus in agreement with experimental data [11].

(a)

(b)

(c)

(d)

Fig. 1. The densities for both proton and neutron of (a)54Fe , (b) 56Fe, (c) 57Fe and (d) 58Fe.

(a)

(b)

Fig. 2. The comparison of the (a) neutron and (b) proton densities for 54Fe , 56Fe, 57Fe and 58Fe.

As can be seen in the graphs, the densities reached zero around 6 fm.
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Abstract
We performed a theoretical study for thetypical cubic elastic constants (C11, C12and C44) of face centered cubic (fcc) lead
metal. During our calculations, Sutton-Chen (SC) type embedded atom method (EAM) potential have been employed to
study through geometry optimization. Presently obtained results for the elastic constants of lead are in agreement both
with experiments and former theoretical findings.
Keywords; EAM, Sutton-Chen, elastic constants, lead.
Introduction
It is a heavy metal that is denserthan most commonmaterials. Lead is soft and malleable, and also has a relatively low
melting point. Lead has the highest atomic number of any stable element. Lead is a relatively unreactive post-transition
metal. Characteristic properties of lead include high density, malleability, ductility, and high resistance to corrosion due
to passivation [1]. Lead metal has several use fulmechanical properties, including high density, low melting point,
ductility, and relativeinertness. Many metals are superiorto lead in some of these aspects but are generally less common
and more difficult to extract from parentores. Lead stoxicity has led to its phasing out for some uses [2]. Lead shigh
density, atomic number, and formability form the basis foruse of lead as a barrier that absorbssound, vibration, and
radiation [3].
The embedded atom method (EAM) and its potentials currently serve as the fundamental keys for atomistic simulations
of metallic materials [4-6]. Dawand Baskesintroduced EAM for calculating the ground state properties of realistic metal
systems, [7] and afterwards researchers applied EAM extensively with various types of potentials for different physical
systems with distinct calculation soft ware and techniques [8-10]. Further, the Sutton-Chen (SC), a special kind of EAM
potential gives very good results, especially in the simulation of point defects, surfaces and the bulk properties of fcc
metals [11]. It is also worth noting that the General Utility Lattice Program (GULP) soft ware provides an efficient
geometry optimization, which is an essential part of the simulation of solids, by allowing the use of EAM during
calculations [12].
In the present study, we performall calculations using GULP version 4.0 [13]. GULP can perform a variety of tasks based
on force ﬁeld methods. The original co defacilita test heﬁtting of interatomic potentials to both the energy surface and
empirical data. However, it has no we xpanded to be a general-purpose codeforthe modeling of condensed phase
problems. Most calculations in GULP codeconsist of the optimization of a trial structure to the local energy minimum
under given conditions of pressure and temperature. Moreover, several types of Standard minimization techniques are
available in GULP. The most common techniques are to optimize the related structures at constant pressure, in which all
internalandcell variables are includedor at constant volume, where the unit cell remainsfrozen [14]. Thus, weapply a
constant pressure optimization for Pb. After a structure optimization, it is possible to calculate a widerange of properties
in the solid state, which provides a comparison with the experiments.
The elastic constants of solids provide valuable in formation on their mechanical and dynamical properties. Inparticular,
they provide information of the stability and stiﬀness of materials. In addition, the calculation of elastic constants is very
useful since the full tensor can only be measured experimentally for a very small percentage of all known solids. The
elastic constants represent these condderivatives of the energy density with respecttostrain,
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(1)
Describing the mechanical hardness of the material with respectto deformation. Since the rearesix possible strains with
in the notation scheme weemploy, the elastic constant tensor is a 6×6 symmetric matrix. The 21 potentially independent
matrix elements are usually reduced considerably by symmetry [15]. For example, for a cubic material the only distinct
elastic constants are C 11, C12 and C 44, which can be used to elucidate the structural (stability of a given crystal structure.
According to Born structural stability, these contants must satify C11-C12>0, C11+2C12>0 and cubic stability examplary,
C12<B<C11 [16,17].
Table 1 Elasticconstantsvalues of lead.
C11 (GPa)
C12 (GPa)
C44 (GPa)

Exp. [18]
49.4
42.1
14.9

EAM [19]
50.1
42.0
15.2

This study
49.41
38.01
15.49

Our calculated values of C 11, C12, C 44 for Pt appear between the ranges of the experimental results and the EAM results,
and slightly approach the experimental data. The results for C 11 and C 12 of Pb are slightly higher than the experimental
and EAM results. Forthis element, ourresultsarebetterthantheprevious EAM values and exhibit a fair agreement with the
experimenta data. Furthermore, the calculated values of C11, C12 and C 44 satisfyall the structural stability conditions (C 11
−C 12> 0, C 11> 0, C 44> 0, C 11 + 2C 12> 0) ana cubic stability condition, i.e. C 12< B < C 11, which gives credence toour
calculated values.
We comperated our results ana other EAM or experimentals results at table 1 for C11, C22 and C33 elastic constants.
Conclusions
In summary, our GULP geometry optimization calculations based on the embedded atom method provide very reasonable
results when compared with the previous experimental and EAM data.
References
[1]
[2]

N.N. Greenwood, A. Earnshaw, Chemistry of theElements (2nd ed.). Butterworth-Heinemann. ISBN 978-0-7506-3365-9(1998).
C. Baird, N. Cann, EnvironmentalChemistry (5th ed.). W. H. FreemanandCompany. ISBN 978-1-4292-7704-4(2012).

[3]

California Department of Fish and Wildlife. "Nonlead Ammunition in California". www.wildlife.ca.gov. Retrieved17 May(2017).

[4]

R B. Wilson and D M. RiffJ. Phys.: Condens. Matter24 335401 (2012).

[5]

M A. Tschopp et al. J. Nucl. Mater. 425 22 (2012).

[6]

X J. Zhangand, C L. ChenJ. LowTemp. Phys. 169 40 (2012).

[7]
[8]

M S. Dawand, M I. BaskesPhys. Rev. Lett. 50 1285 (1983).
M S. Daw, S M. Foilesand, M I. Baskes Mater. Sci. Rep. 9 251 (1993).

[9]

Z. Cui et al. Modell. Simul. Mater. Sci. Eng. 20 015014 (2012).

[10]

D K. Belashchenko, Inorg. Mater. 48 940 (2012).

[11]

X D. Dai, Y. Kong, J H. Liand, B X. Liu J. Phys. Condens. Matter 18 4527 (2006).

[12]

J D. Gale, J. Chem. Soc. Faraday Trans. 93 629 (1997).

[13]
[14]

D K. Belashchenko, Inorg. Mater. 48 940 (2012).
M W. Finnisand, J E. Sinclair, Philos. Mag. A 50 45 (1984).

[15]

J F. Nye, Physical Properties of Crystals (Oxford: Oxford UniversityPress) (1957).

[16]

A. Bouhemadou et al. Comput. Mater. Sci. 45 474 (2009).

[17]

D. Heciri et al. Comput. Mater. Sci. 38 609 (2007).

[18]

B.J. Lee, J.H. Shimand, M.I. Baskes, , Phys. Rev. B 68, 144112 (2003).

[19]

https://sites.google.com/site/eampotentials/Pb

TESNAT 2019

196

Amasya, Turkey

5th International Conference on Theoretical and Experimental Studies in Nuclear Applications and Technology

Computing the mechanical properties of lead
E. ALDIRMAZ1, E. GÜLER2 , M. GÜLER2
1

Amasya University, Department of Physics, Amasya-TURKEY
2

Hitit University, Department of Physics, Çorum-TURKEY

Abstract
We have computed the several mechanical properties of the face centered cubic (fcc) lead metal. After optimizing the
crystal geometry, we employed Sutton-Chen (SC) type embedded atom method (EAM) to our computations. Bulk, Young
and shear moduli parameters of the lead metal have been calculated. Our results for the calculated parameters are
reasonable and about the previous experimental outcomes of lead.
Keywords; EAM, Sutton-Chen, bulk modulus, shear modulus, lead.
Introduction
It is a heavy metal that is denser than most common materials. Lead is soft and malleable, and also has a relatively low
melting point. Lead has the highest atomic number of any stable element. Lead is a relatively unreactive post-transition
metal. Characteristic properties of lead include high density, malleability, ductility, and high resistance to corrosion due
to passivation [1]. Lead metal has several useful mechanical properties, including high density, low melting point,
ductility, and relative inertness. Many metals are superior to lead in some of these aspects but are generally less common
and more difficult to extract from parent ores. Lead's toxicity has led to its phasing out for some uses [2]. Lead's high
density, atomic number, and formability form the basis for use of lead as a barrier that absorbs sound, vibration, and
radiation [3].
The embedded atom method (EAM) and its potentials currently serve as the fundamental keys for atomistic simulations
of metallic materials [4-6]. Daw and Baskes introduced EAM for calculating the ground state properties of realistic metal
systems, [7] and afterwards researchers applied EAM extensively with various types of potentialsfor different physical
systems with distinct calculation software and techniques [8-10]. Further, the Sutton-Chen (SC), a special kind of EAM
potential gives very good results, especially in the simulation of point defects, surfaces and the bulk properties of fcc
metals [11]. It is also worth noting that the General Utility Lattice Program (GULP) software provides an efficient
geometry optimization, which is an essential part of the simulation of solids, by allowing the use of EAM during
calculations [12].
In the present study, we perform all calculations using GULP version 4.0 [13]. GULP can perform a variety of tasks based
on force ﬁeld methods. The original code facilitates the ﬁtting of interatomic potentials to both the energy surfaces and
empirical data. However, it has now expanded to be a general-purpose code for the modeling of condensed phase
problems. Most calculations in GULP code consist of the optimization of a trial structure to the local energy minimum
under given conditions of pressure and temperature. Moreover, several types of standard minimization techniques are
available in GULP. The most common techniques are to optimize the related structures at constant pressure, in which all
internal and cell variables are included or at constant volume, where the unit cell remains frozen [14]. Thus, we apply a
constant pressure optimization for Pb. After a structure optimization, it is possible to calculate a wide range of properties
in the solid state, which provides a comparison with the experiments.
The bulk modulus B is the only elastic constant of matter that reveals much information about the bonding strength. In
addition, it is a measure of the matter’s resistance to external deformation and occurs in many formulas describing diverse
mechanical–physical characteristics [15]. However, the shear modulus G describes the resistance to shape change caused
by a shearing force. Young’s modulus E is the resistance to uniaxial tensions. These three moduli (B, G, E) are important
for deﬁning the mechanical properties of materials [16] . The Poisson’s ratio 𝜈 is the ratio between the transverse strain
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(𝑒t ) and longitudinal strain (𝑒l ) in the elastic loading direction, which delivers detailed knowledge about the bonding
force behavior in solids [17]. Table 1 shows the present and earlier experimental data [18] and eam results [19] of three
moduli (B, G, E) and Poisson ratio for T=0 K.
Table 1. Bulk modulus, Young’s modulus and Shaer modulus for lead.
Bulk Modulus (GPa)
Shear modulus (GPa)
Young’s Modulus (GPa)
Poisson Ratio

Exp.[18]
46
5.6
16
0.44

Eam [19]
45
7.8
25
0.45

This study
41.81
11.57
16.35
0.43

Conclusion
In summary, our GULP geometry optimization calculations based on the embedded atom method provide very reasonable
results when compared with the previous experimental and EAM data for Pb.
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Abstract
The ZnS n-type semiconductor which is a compound between Group II and VI elements of the periodic table, has recently
been of great interest due to its adequate physical and chemical properties such as a wide band gap at room temperature
(3.60 eV), a high exciton binding energy (40 meV), an optical transmittance in the visible region, a high refractive index
and chemical stability. Various metals (Mn, Cu, Al, La, …) can be added to ZnS semiconductor to develop its structural,
optical and electrical characteristics. Among them, Cu is an important metal because of its good conductivity, high
electronegativity, Zn-compatible ionic radius and similar physical properties. Cu doped ZnS thin films can be prepared
by various film production techniques. Sol-gel thin film amplification method has an important place among the methods
based on the traditional solution method. With this method, the chemical rate parameters of the solution, such as, film
thickness, film uniformity and purity adjustable can be controlled easily by the elements in the film. To date, many
materials have been tested to protect against exposure to radiation. The above-mentioned low-cost and easily available
compound can be manufactured for radiation shielding purposes. In this study, mass attenuation coefficients of Cu doped
ZnS materials, which is formed as thin film of mean free path thickness, were calculated by using MCNP5 Monte Carlo
simulation program. The results showed that the thin film produced could be a suitable candidate shielding material for
photon radiation.
Introduction
Radiation is used in many areas such as health, security and energy. This makes radiation protection an important part of
the practice in facilities employing radiation devices or radioactive sources. The aim is to protect people and the
environment from the detrimental effects of ionizing radiation. Protection from an external radiation source is usually
expressed as three basic principles; namely reducing the exposure time, increasing the distance to the source and putting
shielding across the source [1]. Shielding is used in nuclear power plants, industrial and medical fields in the form of lead,
concrete or water depending on the type and energy of the radiation present. There are always efforts for finding the most
suitable shielding materials that protect better and cost less. Whether or not any material is suitable for radiation shielding
can be deduced from the attenuation coefficient which, in the form of linear or mass attenuation coefficient, is a measure
of shielding capability of a material against radiation. Linear attenuation coefficients of elements, compounds, mixtures
and materials are widely used in applications with radiation sources such as space physics, dosimetry, plasma physics,
etc. [2].
The ZnS n-type semiconductor which is a compound between Group II and VI elements of the periodic table, has recently
been of great interest due to its adequate physical and chemical properties such as a wide band gap at room temperature
(3.60 eV), a high exciton binding energy (40 meV), an optical transmittance in the visible region, a high refractive index
and chemical stability[3-4]. Cu is an important metal because of its good conductivity, high electronegativity, Zncompatible ionic radius and similar physical properties [5].
Cu doped ZnS thin films can be prepared by Sol-gel technique. Sol-gel thin film amplification method has an important
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place among the methods based on the traditional solution method. With this method, the chemical rate parameters of the
solution, such as, film thickness, film uniformity and purity adjustable can be controlled easily by the elements in the
film. Zinc acetate, copper acetate and thiourea chemicals were used in different proportions to prepare the film solutions.
The resulting solution was dried by coating at 300 °C on glass pads. The prepared films were annealed at 600 0C for 30
minutes in argon medium. The crystal structures of thin films were analyzed by X-ray diffraction diffractometer, XRD
(Rigaku Ultima III (40 kV, 40 mA and 1.54 Angstron)). Surface morphologies were examined by scanning electron
microscopy, SEM (Zeiss Evo 50, 200 kV). The percentage ratios of atoms in the films were determined by Energy
Distribution spectroscopy (EDS) connected to the SEM device.
As can be seen from Fig. 1, radiation incident on a material of thickness x passes through the material with a decreased
intensity. This behavior is summarized by the Lambert-Beer Law, a radiation particle from a source exhibits an
exponential decrease by the thickness of the target material and the effect of the linear attenuation coefficient:

𝐼 = 𝐼„ 𝑒 >´A

(1)

Here; I„ is defined as the initial intensity from the source, x is the thickness of the target material, µ is the linear attenuation
coefficient of the material, and I is the intensity of the radiation passing through the material.

Fig. 1. Reduction in the intensity of radiation passing through a material.

In this study, Monte Carlo modeling was performed using MCNP5 package and the Lambert-Beer law. The values used
as geometry in modeling are: values of Cu doped ZnS materials are in Table 1, beam path was a cylinder with 0.15 cm
radius, each target thicknesses are mean free paths, collimator for beam path is 16 cm thick and 6 cm radius, collimator
for detector is 22 cm thick and 6 cm radius (Fig. 2). After the geometry was created in the modeling, eighteen different
energy values emerged from the source was studied. These are: 0.100 MeV, 0.150 MeV, 0.200 MeV, 0.300 MeV, 0.400
MeV, 0.500 MeV, 0.600 MeV, 0.800 MeV, 1.0 MeV, 1.250 MeV, 1.500 MeV, 2.000 MeV, 3.000 MeV, 4.000 MeV,
5.000 MeV, 6.000 MeV, 8.000 MeV and 10.000 MeV. The obtained results were compared with the values in XCOM
and literature.
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Fig. 2. Geometry generated by MCNP5 modeling of the linear attenuation coefficient.
Table 1. Chemical composition and densities of thin film samples
Glass Sample
GS1
GS2
GS3
GS4

Density (g/cm3)
4,623
4,696
4,787
4,969

Zn
49
45
40
30

Composition (wt%)
Cu
1
5
10
20

S
50
50
50
50

Results
In this study, the results obtained from the output file of the linear attenuation coefficient of Cu doped ZnS materials
computed with MCNP5 are given in Fig. 3-6. When the values for modeling in this study are examined, the error rate is
less than 5% as seen in the results obtained with MCNP5. This suggests that the modeling is appropriate.
NIST
2

(cm /g)
0.3493
0.1922
0.1459
0.1116
0.0960
0.0862
0.0790
0.0688
0.0616
0.0550
0.0501
0.0437
0.0367
0.0333
0.0313
0.0302
0.0291
0.0288

MCNP5 ERROR
(cm2/g)
(%)
0.3496 0.0859
0.1922 0.0000
0.1459 0.0000
0.1114 0.1792
0.0959 0.1146
0.08604 0.1277
0.07882 0.2026
0.06864 0.1890
0.06146 0.1787
0.05485 0.2001
0.05001 0.2394
0.04355 0.2519
0.03662 0.3266
0.03316 0.3007
0.03119 0.3514
0.03002 0.4642
0.02888 0.7219
0.02842 1.3879

1
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Fig. 3. Comparision of MCNP5 and NIST values of first glass sample.
NIST
2

(cm /g)
0.3477
0.1917
0.1457
0.1115
0.0960
0.0861
0.0790
0.0688
0.0616
0.0549
0.0501
0.0437
0.0367
0.0332
0.0313
0.0301
0.0291
0.0288

MCNP5 ERROR
(cm2/g)
(%)
0.348
0.0863
0.1917 0.0000
0.1457 0.0000
0.1114 0.0897
0.09585 0.1146
0.08601 0.1277
0.07879 0.2027
0.06862 0.1891
0.06144 0.1787
0.05484 0.1820
0.04999 0.2594
0.04354 0.2520
0.03661 0.3267
0.03314 0.3008
0.03117 0.3517
0.03
0.4645
0.02885 0.7568
0.02839 1.3894
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Fig. 4. Comparision of MCNP5 and NIST values of second glass sample.
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NIST
2

(cm /g)
0.34580
0.19110
0.14540
0.11140
0.09590
0.08607
0.07892
0.06872
0.06153
0.05493
0.05011
0.04363
0.03671
0.03322
0.03126
0.03011
0.02904
0.02875

MCNP5 ERROR
(cm2/g)
(%)
0.3461 0.0868
0.1911 0.0000
0.1454 0.0000
0.1113 0.0898
0.0958 0.1043
0.08597 0.1162
0.07876 0.2027
0.0686 0.1746
0.06143 0.1625
0.05482 0.2003
0.04998 0.2594
0.04353 0.2292
0.03659 0.3269
0.03312 0.3010
0.03115 0.3519
0.02997 0.4650
0.02882 0.7576
0.02836 1.3565
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Fig. 5. Comparision of MCNP5 and NIST values of third glass sample.
NIST
2

(cm /g)
0.34190
0.18990
0.14480
0.11120
0.09577
0.08598
0.07885
0.06867
0.06149
0.05489
0.05008
0.04360
0.03668
0.03318
0.03121
0.03006
0.02897
0.02868

MCNP5 ERROR
(cm2/g)
(%)
0.3421 0.0585
0.1898 0.0527
0.1448 0.0000
0.111
0.1799
0.09567 0.1044
0.08588 0.1163
0.07869 0.2029
0.06855 0.1747
0.06139 0.1626
0.05479 0.1822
0.04995 0.2596
0.0435 0.2294
0.03656 0.3272
0.03308 0.3014
0.0311 0.3525
0.02992 0.4657
0.02876 0.7249
0.02829 1.3598
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Fig. 6. Comparision of MCNP5 and NIST values of fourth glass sample.
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Abstract
Photon attenuation parameters of LİNAC shields are known to vary depending on such parameters as type of the barrier
material and the properties of the x-ray beam. The beam absorption potential of radiation shielding materials such as
concrete, steel and lead are closely related to beam energy and effective field size. The radiation transmission
characteristics of some materials based on field measurements or Monte Carlo simulations are provided in reports from
NCRP and IAEA to be used in linear accelerator room designs. However, when determining the shielding performance
of materials on site, it is not always feasible to use wide beams as done in measurements reported by these publications.
In this study, the effective field size dependence of the barrier transmission curve for concrete at 4, 6 and 10 MV energy
x-rays was investigated. A conversion factor was obtained based on the obtained experimental results.
Introduction
Following the discovery of X-rays and radiation, sources of ionizing radiation have found wide uses in medical
applications, especially in diagnosis and treatment of certain diseases. With the positive effects of radiotherapy treatment
on cancer patients, radiation devices producing higher energy beams were needed for the treatment of especially deep
tumors and became possible by new advances in accelerator technologies. After 1960, the new generation of high-energy
linear accelerator devices began to replace the then used betatron devices in the area of radiation therapy. Since the first
years of the use of radiotherapy devices, radiological protection measures were always considered to be an integral part
of practice both for personnel and patient protection. From this period to the present, various national and international
publications and reports have been published and constantly updated to provide the most recent guidance to the users
about design of treatment rooms [1-4]. Today, safety reports such as NCRP 151 and IAEA 47 offer a baseline for the
shielding requirements of medical linear accelerators [4, 5].
In the design for megavoltage linear accelerators, concrete, heavy concrete, steel and lead materials are widely used for
room shielding where reports by NCRP and IAEA provide the necessary guidelines. The TVL values for a specific
shielding material are calculated based on the information specific to a facility, such as architectural map and the
occupancy information of the radiotherapy facility. At the same time, such reports make available the TVL values of
candidate shielding materials which are employed to determine the required barrier thickness.
NCRP Report 51 recommends to measure TVL of a certain shielding material according to the following specifications:
minimum source to barrier distance should be 3 m; effective field area should be set to the maximum field size; 30 cm
distance should be kept after the barrier [2].However, these measurements require room sizes larger than ordinary clinical
rooms. In the study by Kase et al., the TVL values of the primary and secondary radiation in the concrete barrier were
measured by a test cell using a linear electron accelerator instead of medical linac room [6].In that study, the mass of the
concrete barrier was 1100 kg which required the use of a forklift. As this and other studies show, Monte Carlo simulations
are therefore utilized to calculate transmission parameters to circumvent such difficulties in measurements [7,8].
Determining the shielding performance of barrier materials by on-site measurements is thought to provide more accurate
results. The primary and secondary radiation transmission values of each barrier material will vary for each make and
model of the device because of the device-specific parameters. In reports of radiotherapy room designs, TVL values of
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concrete, lead and steel materials were obtained for certain types of devices. In addition, some studies have shown that
transmission properties of concrete materials of even same density will vary due to differences in their composition [6, 8,
9, 10].It is possible that there will be differences in the transmission values of a given material on different devices with
the same energy. It is also possible that materials with complex components such as concrete materials, may have different
transmission values, even at the same density. Therefore, the use of TVL tables defined in related reports will cause
uncertainties in calculations. The shielding calculations to be made with the TVL values to be obtained by transmission
measurements on the actual samples of the material to be used in shielding will give much more accurate results.
In this study, a method has been developed to obtain primary radiation transmission properties in medical linear
accelerators. The dependence of the transmission values of the concrete material on the bundle field size at 4, 6, 10 MV
energies were investigated. Instead of smaller field sizes, maximum field size was achieved and the conversion values
were then converted to the corresponding results using the conversion coefficients.
Method
In this study, photon beams at 4, 6 and 10 MV energies were produced by an Elekta Synergy clinical linear accelerator
device. A farmer type ionization chamber (0.6 cc) was used for absolute dose measurements. The concrete material was
specially produced at 15x15 cm2 area dimensions and in varying thicknesses between 2-15 cm. In measurements, the
gantry was set to 270 degrees and the treatment table was set to 90 degrees, and the measuring system was located on the
instrument table. In the measurement setup, source to barrier distance was set to 100 cm and the source to detector distance
was chosen as 130 cm. The detector was positioned relative to the iso-center after a 30 cm distance from the barrier. In
addition, the detector was placed in a water equivalent phantom 2 cm at 4 MV energy and 3 cm at 6-10 MV energy for
buildup purposes.
In the study, measurements were repeated within 3x3, 5x5 and 8x 8 cm2 field sizes with the widest possible field size
fixed to 10x10 cm2. The transmission measurements of the four different field sizes at each photon energy were obtained
for 100 MU. Barrier transmission coefficients were later obtained by adding the barrier materials with increasing
thicknesses and dividing the results by the measurement results in the absence of the barrier.
Results
The field size dependence of the barrier transmission coefficients for each energy is examined and the graphs are presented
in Figure 1. The transmission curves for 3x3-10x10 cm2 field sizes could be expressed with an exponential expression as
given by Equation 1. The fit parameters for the equation along with the corresponding R2 values were determined for
each energy and field size and are given in Table 1.
B = ae>GH

(1)

TVL and HVL values were calculated for the concrete material at 4, 6 and 10 MV energy at four different field sizes and
these values are given in Table 2.
In this study, the TVL value of concrete was calculated as 22 cm for 4 MV energy and 10x10 cm2 field size while Green
at al. reported 22.86 cm for concrete of 2.2 g/cm3 density. The difference in these values may be attributed to different
densities used by both studies [11].
Karzmark et al. calculated transmission coefficients for concrete at 6 MV photon energy and examined the variation
according to the field sizes [12].The TVL value was obtained as 25.67 cm in 3x3 cm2 field size which is in agreement
with the value obtained in our study.
Rodgers investigated transmission values of concrete by Monte Carlo simulations for 6 MV energy [13].and found TVL
for 10x10 cm2 field size to be 26 cm which is again quite close to 26.5 cm obtained in our study.
The reports mentioned above recommend transmission values be obtained within the widest available field size of the
device and at 3 m distance from the source. In such a case, however, the effective size of the beam on the barrier material
will be about 120x120 cm2 which makes it difficult to carry out measurements. In this study, it was realized that the
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maximum possible field size was 10x10 cm2 and 10x10 cm2 effective area size could be provided over 100 cm distance
from the source. Linear graphs depicting the change of TVL value by effective field size in the range of 3x3-10x10 cm2
were obtained as in Figure 2 in addition to the fit equations that provide TVL as a function of effective field are. It is
possible to derive TVL values of 120x120 cm2 effective field size from these curves and the TVL values to be obtained

(a) 4 MV

(b) 6 MV

(c) 10 MV
Figure 1. The field size dependence of the barrier transmission coefficients.
Table 1. Fit parameters a and b along with R2 for each energy and field size.
Field Size

4 MV
a
b
3x3
0,9409 0,104
5x5
0,9434 0,104
8x8
0,9485 0,102
10x10
0,9531 0,101
Table 2. TVL and HVL values for different field sizes.
Field size (cm2)
3x3
5x5
8x8
10x10

R2
0,9985
0,9986
0,9988
0,999

4MV
21,289
21,395
21,738
22,031

a
0,9591
0,9589
0,9638
0,9667

6 MV
b
0,09
0,089
0,088
0,087

TVL(cm)
6MV
10MV
25,670 29,445
25,833 29,691
26,319 30,220
26,544 30,889

R2
0,9989
0,999
0,9991
0,9993

4MV
5,814
5,848
5,959
6,125

a
0,9759
0,9791
0,9819
0,9846

10 MV
b
0,077
0,076
0,075
0,074

R2
0,9993
0,9994
0,9995
0,9995

HVL(cm)
6MV 10MV
7,294 8,994
7,367 9,142
7,597 9,364
7,664 9,542

Figure 2. Variation of TVL values according to the effective field size
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In this study, a method for experimentally obtaining transmission values of barrier material for primary radiation shielding
calculations of linear accelerator room design is presented. In addition, the field size dependence of the transmission
properties of primary radiation at 4, 6 and 10 MV energies obtained by an Elekta linear accelerator was investigated and
the TVL values calculated for ordinary concrete material were found to be consistent with the literature.
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Abstract
Radiation is used in various areas such as energy production and medical applications. To protect against the biological
damage that exposure to ionizing radiation causes, implementing an absorber as shielding is usually the first option along
with minimizing the time of exposure and maximizing the distance from the source. When using shielding, it is an
advantage to use low-cost materials. Glass based materials are low-cost alternatives in addition to their ease of production.
Also, a better shielding material can be obtained by adding certain additives into glass based materials. In this study,
Monte Carlo computations were performed to obtain mass attenuation coefficients of Bi2O3B2O3 and the results are
compared with XCOM values.
Introduction
Ionizing radiation is the term used for the energy emitted from an atom which can travel in space and penetrate through
materials. It can be obtained either from radioactive sources or radiation devices such as x-ray tubes. It is called ionizing
because it can interact with the atoms of the material it traverses. As a result of the energy deposition in matter, electrons
and charged particles (positive ions) are produced and this is the reason it is called ionizing radiation. This phenomenon
may induce some adverse effects in living species and therefore protection from ionizing radiation is an essential part of
the practice in facilities where ionizing radiation sources are present.
As its name implies, radiation protection aims to protect people and the environment from the detrimental effects of
ionizing radiation. Protection from an external radiation source is usually expressed as three basic principles; namely
reducing the exposure time, increasing the distance to the source and putting shielding across the source [1]. In most
situations, limiting the time of exposure and keeping a large distance from the source can suffice. However, there are
applications that necessitate implementing some form of shielding to keep the exposure below acceptable limits so that
people can work or live around a radiation source without encountering any harmful effects.
The shielding materials to be used depends on the type and energy of the radiation. More durable materials are preferred
because the mechanical strength of the materials exposed to radiation for a long time is reduced [2]. In recent years, the
Monte Carlo (MC) method has found extensive uses in various radiation applications ranging from instrument and
detector design to radiation shielding optimization, as well as analysis of biological effects [3]. B2O3, one of the best old
glasses, is highly preferred due to its boron-oxygen structures. [4]. This study investigates glass materials in different
densities, namely Bi2O3B2O3, that can be used to protect the photon radiation.
As can be seen from Fig. 1, radiation incident on a material of thickness x passes through the material with a decreased
intensity. This behavior is summarized by the Lambert-Beer Law, a radiation particle from a source exhibits an
exponential decrease by the thickness of the target material and the effect of the linear attenuation coefficient:

𝐼 = 𝐼„ 𝑒 >´A

(1)

Here; I„ is defined as the initial intensity from the source, x is the thickness of the target material, µ is the linear attenuation

TESNAT 2019

207

Amasya, Turkey

5th International Conference on Theoretical and Experimental Studies in Nuclear Applications and Technology

coefficient of the material, and I is the intensity of the radiation passing through the material.
x

I0

I

Fig. 1. Reduction in the intensity of radiation passing through a material.

In this study, Monte Carlo modeling was performed using MCNP5 package and the Lambert-Beer law. The values used
as geometry in modeling are: values of Bi2O3B2O3 materials are in Table 1, beam path was a cylinder with 0.15 cm radius,
each target thicknesses are mean free paths, collimator for beam path is 16 cm thick and 6 cm radius, collimator for
detector is 22 cm thick and 6 cm radius (Fig. 2). After the geometry was created in the modeling, eighteen different energy
values emerged from the source was studied. These are: 0.100 MeV, 0.150 MeV, 0.200 MeV, 0.300 MeV, 0.400 MeV,
0.500 MeV, 0.600 MeV, 0.800 MeV, 1.0 MeV, 1.250 MeV, 1.500 MeV, 2.000 MeV, 3.000 MeV, 4.000 MeV, 5.000
MeV, 6.000 MeV, 8.000 MeV and 10.000 MeV. The obtained results were compared with the values in XCOM and
literature.
Source

Beam Path

Sample

Beam Path

Detector

Fig. 2. Geometry generated by MCNP5 modeling of the linear attenuation coefficient.

GS1
GS2
GS3
GS4
GS5
GS6
GS7
GS8

Bi2O3
0,05
0,10
0,15
0,20
0,25
0,30
0,35
0,40

B2O3
Density
Bi
B
O
0,95
4,2166
4,484963
29,50473
66,010304
0,90
4,4826
8,969926
27,95185
63,078221
0,85
4,6978
13,45489
26,39897
60,146139
0,80
4,9103
17,93985
24,84609
57,214056
0,75
5,1964
22,42482
23,29321
54,281974
0,70
5,3554
26,90978
21,74033
51,349891
0,65
5,6882
31,39474
20,18745
48,417809
0,60
5,7911
35,87971
18,63457
45,485726
Table 1. Chemical composition and densities of thin film samples

Total
100
100
100
100
100
100
100
100

Results
In this study, the results obtained from the output file of the linear attenuation coefficient of Bi2O3B2O3 materials
computed with MCNP5 are given in Fig. 3-10. When the values for modeling in this study are examined, the error rate is
less than 5% as seen in the results obtained with MCNP5. This suggests that the modeling is appropriate.
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Fig. 3. Comparision of MCNP5 and XCOM values of first glass sample.
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Fig. 4. Comparision of MCNP5 and XCOM values of second glass sample.
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Fig. 5. Comparision of MCNP5 and XCOM values of third glass sample.
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Fig. 6. Comparision of MCNP5 and XCOM values of fourth glass sample.
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Fig. 7. Comparision of MCNP5 and XCOM values of fifth glass sample.
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Fig. 8. Comparision of MCNP5 and XCOM values of sixth glass sample.
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Fig. 9. Comparision of MCNP5 and XCOM values of seventh glass sample.
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Fig. 10. Comparision of MCNP5 and XCOM values of eighth glass sample.
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To assess the CTDI value at cone beam computed tomography device by
circular and elliptical cylinder phantoms
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Abstract
The objective of this study was to investigate the Computed Tomography Dose Index (CTDI) at cone beam computed
tomography (CBCT) device using different diameter size circular and elliptical cylinder phantoms with short and long
axis. Two cylindrical phantom sets were designed and produced by using Poly Methyl Methacrylate (PMMA) plaques.
The United State Food and Drug Administration (FDA)’s standards were taken into account along the process of phantom
design. The produced small, medium, and large circular and elliptical slices set was fixed to arrange with the 16 and 40
cm cylinder length using the same material. The holes for placing 100 mm CTDI ion chamber were designed and PMMA
rods for hold of cavity produced for two set. The CTDT measurements for different imaging protocols were performed
at kV-CBCT device. Then the weighted CTDI (CTDIw) was calculated for each acquisition. All CTDI measurements
and CTDIw calculations were done for three dimensional imaging protocols at two cylindrical phantom sets. For
investigating the effect of phantom length on CTDI dose, the dose measurements were performed at elliptical large CT
phantom with 16 and 40 cm length and CTDIw values were calculated as 18.88 and 20.78 mGy respectively. Generally,
for all imaging protocols the CTDIw values in elliptic CT phantom were found to be about 40 % higher than circular
cylinder phantoms. It was concluded that the standard 16 cm phantom length was insufficient in indicating CTDI at CBCT
imaging; Firstly, regarding to lack of measuring scattered radiation that encompass the irradiated volume and secondly,
regarding to the circular geometry of phantom that did not represent the elliptical figure of human body. So, the standard
phantom did not represent the patient dose correctly. As a result of study, it was recommended to use the elliptical
phantom with 40 cm length at each CBCT imaging procedure in radiotherapy for determining of patient dose.
Introduction
At last decade, complex radiotherapy techniques such as intensity-modulated radiotherapy (IMRT) and volumetric
modulated arc therapy (VMAT) significantly enhances the ability to produce sharp dose gradients in the boundaries
between tumor and nearby critical structures. So, the imaging methods and their processes along treatment course of
radiotherapy are becoming more important. Image-guided radiation therapy (IGRT) is a newly established glance in
radiotherapy by using frequent imaging along treatment course to improve the precision and accuracy for the delivery of
radiation treatment by better tracking of tumor and tissues. In IGRT volumetric image obtaining from anatomic features
of the patient are acquired directly prior or even during therapy at treatment position [1]. The general aim of IGRT is to
monitor all treatment-relevant time-dependent factors for a complete treatment course and use this information to improve
the patient’s therapy [2-3]. The most popular IGRT systems rely on transmission imaging with high-energy X-ray beams
where an electrical flat-panel imaging device has been integrated into the linear accelerator (Linac), namely MV-cone
beam computed tomography (MV-CBCT). While the latest IGRT concept is the integrating of an additional kilo voltage
X-ray source on the linac’s gantry namely kV-cone beam computed tomography (kV-CBCT) [4,2].
In order to understand the dose calculation in wide beam computed tomography, the dose measurement methods of
conventional fan beam CT are used [5]. The method used to measure the dose in CT is the CT dose index (CTDI) method
[6,7]. The concept of CTDI was introduced by the Food and Drug Administration (FDA) in the United States in the late
1970s [8]. CTDI refers to the total dose accumulated at a point in a single scan slice during a complete examination and
covers the above and below sections from a given section to the measuring point that will contribute to the dose. As a
more practical indicator, the CTDI100 concept was derived in 1995 [9,10,5]. The CTDI100 protocol is required for
measurements using 360-degree gantry rotation in axial mode. A pencil ion chamber of the same length is used for a scan
length of 100 mm [9]. The mathematical representation of the CTDI concept is as follows.
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(1)

Where L is the dose integral length in mm and D(z) is the dose at chamber along the axis of rotation z in mGy.
The radiation dose in CT varies across each scan plane. In the central scanning plane, the radiation dose across the visible
area is calculated by CTDIw [11].
?

C

¾½Òk¾À½Ò‡²
¼½³€½Ò
𝐶𝑇𝐷𝐼I = · 𝐶𝑇𝐷𝐼?„„
+ · 𝐶𝑇𝐷𝐼?„„

(2)
PMO<PQMOðR

LMNHMO
Here, CTDI?„„
refers to the dose read by the ion chamber at the center of the central phantom, while CTDI?„„

is

the mean of the doses read by the ion chamber at least on three different sides of the phantom [9].
This is the conception AAPM TG 111 report proposed improved metrics for CT dosimetry, mainly for helical and wide
beam width scanning [12]. The recommended guideline by international organizations also has been published, recently
[13].
Based on the inadequacy of parameters related to phantom, it doesn’t give the scattered radiation from a typical irradiated
volume and it doesn’t give elliptic shape of the human body, this study has been managed for recommending the realistic
and practical phantom sets. So, the CTDI measurements made with long and elliptic cylindrical phantom can be accepted
as a dose indicator of patient and can also be used for quality control of CBCT.
Material and Method
Two cylindrical phantom sets that each including a serial of different diameter size circular and elliptical slice with 2 cm
thickness were designed and produced. The CTDI phantom sets and dosimetric set-up were demonstrated in figure1. The
United State Food and Drug Administration (FDA)’s standards were taken into account along the process of phantom
design. The small, medium and large circular and elliptical slices were produced by cutting 2 cm thick PMMA plaques.
The same material was used for stabilization of slices in the arranging length of cylinder. The holes for placing 100 mm
CTDI ion chamber were designed and the PMMA rods for filling the chamber cavity were produced for two set. The
center and peripheral CTDI measurements for different imaging protocols were performed at kV-CBCT device which is
part of Elekta Synergy linear accelerator in two phantom set by using ion chamber and electrometer. Then the weighted
CTDI (CTDIw) was calculated for each acquisition. All CTDI measurements and CTDIw calculations were done at both
16 cm and 40 cm length of two cylindrical phantom sets.

Fig. 1. The CTDI phantom sets and dosimetric set-up.

Results
The calculated CTDIw values for long circular and elliptical phantoms at different imaging protocols were shown in
figure 2. The results of CTDIw values for elliptical phantoms with length of 40 and 16 cm at Pelvic M10, F1 imaging
protocol were given in Figure 3.

TESNAT 2019

213

Amasya, Turkey

5th International Conference on Theoretical and Experimental Studies in Nuclear Applications and Technology

Fig. 2. The CTDIw values for long circular and elliptical phantoms at different imaging protocols.

Fig. 3. The CTDIw values for elliptical phantoms with length of 40 and 16 cm at Pelvic M10, F1 imaging protocol.

For investigating the effect of phantom length on CTDI dose, the dose measurements were performed at elliptical large
CT phantom with 16 and 40 cm length and CTDIw values were calculated as 18.88 and 20.78 mGy respectively. CTDI
at standard phantom underestimates dose from wide beam scan regard to CBCT. Generally, for all imaging protocols the
Codi values in elliptic CT phantom were found to be about 40% higher than circular cylinder phantoms. It was concluded
that the standard 16 cm phantom length was insufficient in indicating CIDI at CBCT imaging; Firstly, regarding to lack
of measuring scattered radiation that encompass the irradiated volume and secondly, regarding to the circular geometry
of phantom that did not represent the elliptical figure of human body. So, the standard phantom did not represent the
patient dose correctly. As a result of study, it was recommended to use the elliptical phantom with 40 cm length at each
CBCT imaging procedure in radiotherapy for determining of patient dose.
Notes: This study was supported by Akdeniz University Scientific Research Projects Unit with 2014.02.0121.007 project
number.
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Usak area deep well water study on radon activity

R. UNAL and T. ERDOGAN
Uşak University, SHMYO., Uşak, Turkey

Abstract
The half of natural radiation exposition is caused by radon gas and other decay products. One of the main sources of
radioactive elements is underground water that includes radioactive elements from 238U and 232Th group because of
radioactive materials which it passes through and contacts. Moreover there are studies trying to predict eartquakes by
focusing on the relation between changing radon gas activities and seismic activities. This study aims on determining
radon and radium activities contained in deep well water in Uşak and its surroundings. The water samples taken from 10
different wells by weekly periods between August and September are examined in the Nuclear Physics Laboratory of
Physics Department at Afyon Kocatepe University. According to analysis, maximum and minimum radon activities are
21.56 Bq/L and 0.05 Bq/L, respectively. Regarding radium activity in the deep well water, its maximum and minimum
activities are found as 5.84 Bq/L and 0.02 Bq/L, respectively.
Introduction
Radon produces short half-life radioactive products as a result of radioactive decay. The decomposition products 218Po,
214
Pb, 214Bi and 214Po which emit alpha and beta particles resulting from the decay of radon are chemically active solid
elements. These isotopes are attached to the airborne dust and water droplets to form radioactive aerosols and are inhaled
into the lungs. These particles within the body continues to decay in the respiratory system that leads the radiation dose
in the bronchial epithelium to increase until the decay products become stable.The energy produced during this period
may cause lung tissue damage and cause lung cancer over time.
Table 1. Average radiation dose from natural sources [1].
Source
External exposure
Cosmic rays
Terrestrial gamma rays
Internal exposure
Inhalation (mainly radon)
Ingestion
Total

Worldwide average annual effective dose (mSv)

Typical range (mSv)

0.4
0.5

0.3-1.0
0.3-0.6

1.2
0.3
2.4

0.2-10
0.2-0.8
1-10

Due to the health hazards and continuous exposure of the radio, its values should be determined and kept under control.
The maximum permissible upper limit of Environmental Protection Agency (USEPA) for 226Ra and 222Rn activities in
drinking water is given in Table 2.
Table 2. The United States Environmental Protection Agency (USEPA) 's permissible upper limit for 226ra and 222rn activities in drinking water [2].
USEPA
Radon
Radyum

Upper Limit

(Bq/L)

(pCi/L)
11
0,555

300
15

Radon in the natural radioactive series mixes from the earth's crust to air through cracks in soil and rocks and groundwater
resources. Therefore, studies to determine the radon concentration are mostly made in water and soil gas [3]. In addition,
since people spend most of their lives indoors, there are many studies both in our country and in the world to determine
the radon concentrations in indoor environments in recent years.
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Water is one of the most important needs for people to survive. Water needs of living beings are obtained from surface
water and groundwater resources. Groundwater is more radioactive than surface water because of the radioactive masses
or minerals in which they pass or contact. It has been revealed that groundwater is more radioactive than surface water
[4-6]. Groundwater contains radioactive elements in different concentrations of 238U and 232Th [7]. Radioactive elements
belonging to the series of uranium dissolved in water generally consist of 223Ra, 226Ra and 222Rn, which pose significant
health risks.
This study reports on radon and radium concentration levels at deep borehole water wells in Uşak, which has not been
studied before, to meet drinking and domestic water needs. Some of the water extracted from these deep wells is supplied
to the city network in order to meet the drinking water requirement and some of them meet the domestic water demand
in homes and factories. Radon activity in water samples taken from wells was evaluated in terms of public health.
In a study to determine radon and radium concentrations in well waters, the average radon concentration was found to be
22.68 Bq / L and the average radium concentration was 5.63 Bq / L in 10 sources between Afyonkarahisar and Sultandağı.
In this study, the maximum radon concentration was 28.82 Bq / L, the minimum radon concentration was 0.42 Bq / L,
the maximum radium concentration was 7.16 Bq / L, the minimum radium concentration was found to be 0.07 Bq / L.
Radon and radium concentrations of some sources were found to exceed the values allowed by USEPA [8].
In another study conducted by Saç and Kumru in 2003 to determine the concentrations of 222Rn and 226Ra in the drinking
and usage waters of İzmir province, a surrounding in the districts of Halkapınar, Menemen, Gaziemir, Manisa province
and Sarıkız and Göksu districts of İzmir province where the drinking and usage waters of İzmir province were met was
carried out [9]. Water samples taken from wells were investigated. In the study, the average radon concentration of water
samples taken from the wells was found to be 2 Bq / L and the average radium concentration was 0.2 Bq / L. The maximum
radon concentration was measured as 6 Bq / L in the samples taken from the sources and the maximum radium
concentration was 0.8 Bq / L. The results obtained in the study were compared with the radon and radium concentrations
accepted by EPA for drinking water, radon concentrations obtained were below the value determined by the EPA and the
radium concentrations of some wells were above the limit values determined by the EPA.
Table 3. Sources of Water Samples
Source No
1
2
3
4
5
6
7
8
9
10

Name of Source
Bozkuş, İçme suyu sondaj kuyusu
Çanlı, Kullanım suyu sondaj kuyusu
Şantiye, İçme suyu sondaj kuyusu
Doğala, İçme suyu sondaj kuyusu
Bölme, İçme suyu sondaj kuyusu
Desan Sitesi, İçme suyu sondaj kuyusu
Şeker Fabrikası, Kullanım suyu sondaj kuyusu
Toki, İçme suyu sondaj kuyusu
Ulubey, İçme suyu sondaj kuyusu
Aybey, Aybey su deposu yanındaki çeşme

Figure 1. Location of deepwells used as sampling
points in this study.

Sample Collection
500 ml PET bottles were used for collectin water samples from the indicated sources (Fig. 1). Water was allowed to drain
for a while before sampling from sources. After obtaining the fresh water sample, the bottles were completely filled with
no gaps at the top, and the bottles' cap was tightly closed under the water flow to prevent the escape of radon gas. The
samples taken from the sources were taken to the Nuclear Physics Laboratory of the Physics Department of the Faculty
of Arts and Sciences of Afyon Kocatepe University.
Radon Calculations in Water
The following equation is used to calculate the amount of radon in the sample.
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(S>T)U·Ÿ

A = VUµ.µµUWUXU>

(1)

A: 222Rn activity (Bq/L)

C: Gross Count Rate (Count / minute)

B: Background count rate (Count / minute)

F: Cell count efficiency (normally 0.745)

D: Gas separation efficiency (0.9 for 300 A)

S: Decay correction of radon for the time from sampling
time Ts to counting time Tc

Radium Calculations in Water
The following equation was used to calculate the radium activity of the sample.
(S>T)U·Ÿ

A = VUµ.µµUWUXU>U(?>Y)

(2)

A: 226Ra activity (Bq/L)
S: Coefficient of correction for the time from the confinement of radon to the cell to the counting time
G: Correction coefficient for the time elapsed between sampling time and sample counting time
1.1.2 Average Calculations of Radon and Radium
Samples were taken for each source at specific time intervals. The average values of these samples for each source were
calculated by Eq. 3.
[

B
X = ∑\
<¿? \

(3)

Standard Error
Standard deviation calculations to find the standard error calculation of the calculated average values
–
∑^
B ([B >[)

σ=Ç

(4)

\>?

by using equation 4. After calculating standard deviation, standard error calculation of mean values
S. H =

`

(5)

√\

by equation 5.
Results
Using the values obtained as a result of the measurements of the samples taken from the examined sources, the average
values of the radon and radium activities of the sources during the examination period were calculated using Equation 3
and standard errors were calculated using Equation 5.
The average radon activity values of the sources are shown in Table 4 and the average radium activity values are shown
in Table 5.
Table 4. Average Radon Activities and Standard Errors of Sampled Sources in the Sampling Period
Source
1. Kaynak
2. Kaynak
3. Kaynak
4. Kaynak
5. Kaynak
6. Kaynak
7. Kaynak
8. Kaynak
9. Kaynak
10. Kaynak
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2,84
6,45
4,17
3,24
3,17
3,69
3,42
1,19
2,88
2,71
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When the average radon activities of the sources were examined, it was observed that the average radon activities of all
sources did not exceed the upper limit of 11 Bq / L determined by USEPA. These results are important for public health,
since the water obtained from the sources is mostly supplied to the city network to meet the need for drinking water. The
source with the highest radon activity was determined as No. 2 and the source with the lowest average radon activity was
determined as source # 8.
Tablo 5. Average Radium Activities and Standard Errors of Sampled Sources in the Sampling Period
Source
1. Kaynak
2. Kaynak
3. Kaynak
4. Kaynak
5. Kaynak
6. Kaynak
7. Kaynak
8. Kaynak
9. Kaynak
10. Kaynak

Average Radium Activity (Bq/L)
0,91
2,08
0,79
0,62
0,92
1,41
1,08
0,52
1,44
0,76

Standart Error
0,32
0,45
0,23
0,17
0,29
0,42
0,25
0,11
0,33
0,22

The average radium activity of almost all sources during the sampling period exceeded the upper limit of 0.555 Bq / L
determined by USEPA. Although the value obtained from the drilling well in Toki Houses is below this upper limit, it is
very close to the upper limit value. The largest source of average radium activity is No. 2 and the lowest source of average
radium activity is No. 8.
The average radon activities of the sources ranged from 6.45 Bq / L to 1.19 Bq / L. The source with the highest radon
activity is the source 2 and the source with the lowest radon activity is the source 8. The average radium activities of the
sources vary between 2.08 Bq / L and 0.52 Bq / L. The average source of radium activity was determined as No. 2, and
the lowest source of average radium activity was determined as No. 8.
*This article is a short summary of unpublished thesis of Tuncay Erdoğan.
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Investigation of the efficiency of standard uptake values acquired by hybrid
PET-CT imaging device

A. KÖSEM1, N. TUNÇEL1,2, B. KARAYALÇIN3
Akdeniz University, 1Physics Dept., 2Radiation Oncology Dept., 3Nuclear Medicine Dept. Antalya, Turkey

Abstract
The aim of this study was to investigate the clinical efficacy of the standardized uptake value (SUV) related to the
accumulated radioactive marker fluorodeoxyglucose (FDG) in the related tissue with a hybrid imaging system, Positron
Emission Tomography and Computed Tomography (PET-CT) devices. Randomly selected 10 lung and 6 colon cases
who applied to the PET-CT unit at Akdeniz University Faculty of Medicine Nuclear Medicine Department were included
in this study. The SUV evaluation was performed by getting SUV value from drawing area of interest on PET-CT image
of patient. To determine the effectiveness of the parameters affecting the SUV value, the weight of each patient was
recorded and the rank of the FDG activity injected into the patient was surveyed. The planned activity value of radioactive
substances for each patient was measured by dose calibrator. The amount of contamination on the skin while the
radioactive material injected into the patient was measured and recorded using thermoluminescence dosimeters. Also, the
Geiger Muller detector was used for tracing the time-dose relation for each patient. On the whole of the cases the injection
time, the waiting time until the image acquisition and the imaging time were measured for evaluation of the effects on
the SUV value. The expected activity transferred to the lung cancer patients was determined by subtracting the
contamination activity in the arm based on the thermoluminescence and Geiger Muller dosimeter measurements from
planned activity value. The percentage difference value was calculated as 2.62 and 7.86, respectively. Since this difference
value was low, it was observed that the new SUV calculations were not effective in malignancy and benign separation.
Introduction
In the 1970s, PET scanning was introduced to the medical practice. In 1976, the radiopharmaceutical [18F]FDG a marker
of sugar metabolism with a half-life of 110 min, enabled tracer doses to be administered safely, with low radiation
exposures, to patients. During the 1980s, the using PET to diagnose and evaluate the effect of treatment on diseases in
humans was advanced greatly. Over the last few years, the major advance has been produced by combination of a PET
scanner and a CT scanner in one hybridit imging device. Modern PET/CT scanners allow studies to be carried out in a
relatively shorter time to providing more diagnostic information [1-3]. PET has proven to be useful in a variety of medical
fields, helping to detect certain types of cancer, cardiac disease and neurological disease [3]. The lack of anatomical detail
in the PET images requires that the interpretation is usually made along with anatomical information obtained from CT
or MRI [3]. In oncology, application of PET scanning mostly aquires in the staging phase or in the diagnostic process.
Lung cancer was the first application that used for malignancy diagnosis of solitary pulmonary nodules (SPNs) with high
evidence of diagnostic efficacy [3]. PET/CT has the ability to improve accuracy of PET image interpretation and to affect
clinical decision making, thereby improving patient management [1]. [18F]FDG is the most commonly used
radiopharmaceutical because it is useful marker for many cancers [4]. FDG, as a glucose analogue, undergoes glycolysis
within tumour cells and is converted to FDG-6-phosphate intracellularly. It is slowly metabolized and ‘trapped’ within
the cell, hence its uptake becomes proportional to the glycolytic rate at tissue level [3]. FDG accumulation have been
shown to be useful as an imaging biomarker not only for diagnosis but also for assessing response to therapy [4]. Hence,
based on a semi empirical method the standardized uptake value (SUV) has been recomended to use as a reliable
reproducible measure of relative FDG uptake [5]. The basic expression for SUV is as follows:
Ò

𝑆𝑈𝑉 = ‡õ ⁄I
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where, r is the activity concentration [kBq/ml] measured by the PET scanner within a region of interest (ROI), a′ is the
decay-corrected amount of injected radiolabeled FDG [kBq], and w is the weight of the patient [g], which is used a
surrogate for a distribution volume of tracer [5,6].
SUV is very important in diagnosing and directing the treatment, and this value is greater than 2.5 increases the suspicion
of malignancy [5]. The accuracy of SUV relies on several corrections during the image acquisition and reconstruction
process, but also strongly depends on the accurate amount of injected activity [6]. If part of the injected radioactivity is
subcutaneously infiltrated during the injection process, the total amount of radioactivity delivered to the patient will not
be equal to the assayed amount. As a consequence, the reported SUV measurements will not reflect the true activity
concentration in regions of interest in the image [6]. On the other hand, subcutaneous infiltration in the arm or
contamination at the injection site following tracer administration may be create the image artefacts when performed in
different ways, either manually or using an automated system. [6]. Hence, these can impact SUV.
Material and Method
The SUV evaluation was performed by getting SUV value from drawing area of interest on patient images that was
acquired from the Siemens brand BIOGRAPH TRUEPOINT 16 model PET-CT device. To determine the effectiveness
of the parameters affecting the SUV value, the weight of each patient was recorded and the rank of the FDG activity
injected into the patient was surveyed. The activity value of the radioactive substances was measured on the SIEMENS
INTEGO dose calibrator. The amount of contamination on the skin while the radioactive material injected into the patient
was measured and recorded using thermoluminescence dosimeters. Also, the Geiger Muller detector was used for tracing
the time-dose relation for each patient. On the whole of the cases the injection time, the waiting time until the image
acquisition and the imaging time were measured for evaluation of the effects on the SUV value.
Table 1.The parametres that affecting SUV for lung Ca. patients
Mean and standard deviation values for lung cancer Patients’ data

Results
As a result of the study, the significance of accuracy and sensitivity of the parameters affecting the SUV which is a semiquantitative assessment was discussed. The dosimetric studies within the scope of this study have been carried out in
Akdeniz University Faculty of Medicine Department of Nuclear Medicine. The parameters that considered on the scope
of study was shown in Table 1 and 2 for lung and colon cancer cases respectively.
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Table 2.The parametres that affecting SUV for colon Ca. patients
Mean and standard deviation values for lung cancer Patients’ data

The expected activity transferred to the lung cancer patients was determined by subtracting the contamination activity in
the arm based on the thermoluminescence and Geiger Muller dosimeter measurements from planned activity value. The
percentage difference value of the transferred activity was calculated as 2.62 and 7.86, respectively. Since this difference
value was low, it was observed that the new SUV calculations were not effective in malignancy and benign separation.
Notes: This study was supported by Akdeniz University Scientific Research Projects Unit with FYL-2016-1781 project
number.
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Comparison of gamma analyses by three different dosimetric systems in IMRT

G. İNAN, O.V. GÜL, G. YAVAŞ, Ç. YAVAŞ
Selçuk University, Radiation Oncology Dept., Konya, Turkey

Abstract
We compare gama analyzes of the three dosimetric systems (portal dosimetry, epiqa and 2Darray dedector) in the
verification of dose distrubitions calculated by treatment planningsystem (TPS) for prostate tumors. Three different
identity modulated radiation therapy(IMRT) plans were made for prostate patients at Radiataion Oncology Department
of SelcukUniversity. Following the optimization process, dose distributions of 30 plans done byinverse planning tecnique
is calculated by Anisotropic Analytical Algorithm (AAA), andquality control plans are created. Dose distributions images
are obtained. Obtained results arecompared with literature and overall good agreement was observed.
Introduction
IMRT is the delivery of radiation to the patient via ﬁelds that have non-uniform radiation ﬂuence.[1] The veriﬁcation of
radiotherapy treatment plans is a very important step in identity modulated radiotherapy techniques. The aim of
radiotherapy treatment planning is to provide the best dose distribution to the target volume, while protect to healthy
tissues. The clinical implementation of intensity-modulated radiotherapy (IMRT) requires the ability to verify complex
radiation beams. It is carried out mainly by three devices: Electronic Portal Imaging Devices (EPID), Epiqa and 2D array
dedector system. Portal Dosimetry system is based on the methods described by Van Esch et al. [2]. It is developed for
nontransmission pre-treatment verification of IMRT. Portal Vision aSi-500 imager panel of Varian Clinac was used, with
a pixel dimension and spatial resolution of 1024 × 768 and 0.392 mm per pixel, respectively. EPID is a useful tool in the
QA process with good evaluation abilities, the Portal Vision Exact-Arm.(Medical Systems of Varian) Epiqa is software
which has been developed based on the work of Nicolini et al. [3]. It is used for pre-treatment verification for IMRT.
Epiqa system converts EPID images to an absolute dose map at a depth of maximum dose in water, and then is compared
to dose calculated via TPS. The radiation detector used in this study was the 2D Array Seven29TM (T10024) model
(PTW,Freiburg, Germany). This device, developed from a 256 ion chamber array is a two-dimensional detector array
with 729 vented ionization chambers arrangedin a 27 × 27 matrix. 2 d array used verisoft software.[4] IMRT verification
using the VeriSoft software enables physicists to compare radiation dose distributions in IMRT verification plan with
those calculated by TPS. In order to check the accuracy of the IMRT treatment plans, patient plans were created on CT
images of PTW RW3 solid water equivalent phantom in Eclips TPS. In 10 patients, gantry, collimator and table angles
of all areas were brought to 0 in QA plans and dose flux maps were obtained with PTW 2D-Array 729 measurement
system in PTW RW3 solid water equivalent phantom. For each IMRT QA plan in the treatment planning system The
frontal image of the generated virtual dose flux map immediately above the ion chambers located on the PTW 2D Array
729 was then recorded separately to compare the measurement data.
In this study, 10 patients with definitive prostate cancer were evaluated. The patients were transferred to the image
treatment planning system after a CT scan with a 3 mm cross-sectional range at appropriate set-up conditions (rectum
empty, full of bladder). In the planning system, physicians planned of intensity-modulated radiotherapy planning after
the critical organs and PTV 78 (primary tumor volume) were specified by the doctors. In the IMRT plans, the PTV 78
volume was determined as the central isocenter in the PTV 78 volume. 6 MV photon energy and dose rate 300 MU were
selected. In the IMRT plans, 5 fields with gantry angles 0, 72, 144, 216, 288 were used. In this study, IMRT QA with
EPID, Epiqa and 2D array were used in the gamma index method to compare calculated TPS dose with measured dose,
using 3% 3mm gamma criteria.For each device, measurements were compared with thereference dose distributions
calculated in Eclipse (Varian MedicalSystems) using Anisotropic Analytical Algorithm (AAA 15.1). The agreement
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between the output from eachmeasurement device and the corresponding treatment planningdose map was evaluated by
gamma value using global normalization to maximum dose. [5] The commonly gamma indexcriteria of 3% dose
difference and 3 mm distance to agreement with a 95% pass rate was used.

Fig. 1. 5 Fields treatment plannig

Results
The data of 3% DD and 3mm distance to agreement passing criteria were used of dose distributions for portal dosimetry,
epiqa and 2D array. With 5 field plans the mean and standard deviation (mean ± SD) passing rates (γ%≤1) for EPID,
Epiqa and 2D array for 50 IMRT fields of ten patients were 99.85% ± 0.11, 99.17% ±0.13 and 97.55% ±0.95,
respectively. (table 1) This comparison of gamma indices for portal dosimetry, epiqa and 2D array showed differences.
When we compared the data of 3% DD and 3mm distance to agreement passing criteria, the gamma index being much
lower for 2D array than for the other tools. We found that the EPID has higher values than those of 2D array. However,
there is a minimal difference between portal dosimetry and epiqa. In the study, the validation plans for each patient were
irradiated using aSi-EPGC mounted on the linear accelerator device and 2D array dedector. The doses were compared
using the EPIQA program in the Eclipse treatment planning system. The gamma analysis method was used to compare.
Table 1. Showing data of 3% DD, 3 mm DTA pasing criteria using three different tools for 10 definitive prostate patients with 5 fields
Treatments Fields
Field 1
Field 2
Field 3
Field 4
Field 5
Mean

PD

Epiqa

2D Array

99.65 ±0.44
[99.9 , 97.8]
99.98 ±0.08
[99.9 , 99.7]
99.82 ±0.11
[99.9 , 99.6]
99.86 ±0.14
[99.9 , 96.7]
99.96 ±0.06
[99.9 , 99.8]
99.85±0.11

99.10 ±0.51
[99.6, 98.1]
99.25 ±0.52
[99.7 , 99.0]
99.04 ±0.70
[99.6, 97.5]
99.10 ±0.75
[99.8, 97.4]
99.36 ±0.06
[99.8 , 99.0]
99.17±0.13

96.51 ±1.83
[98.9 , 94.3]
97.65 ±1.98
[99.9 , 94.9]
96.65 ±1.42
[99.2 , 95.1]
98.47 ±1.15
[99.9 , 96.4]
98.51 ±1.15
[99.9 , 96.8]
97.55±0.95

EPID and 2D array have become the standard devices for QA measurements in modern radiotherapy techniques such as
IMRT.[6,7] EPID has potential to be a very useful clinical tool for dose verification. The reviewed publications
demonstrate that each solution adapted distinguished approach to dose verification. All commercial solution provides
reliable and accurate results for IMRT plans for prostate cancer.
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Influences of gate oxide thickness on the ırradiation sensitivity of the NürFET
dosimeters

S. KAYA, R. LOK, A. AKTAG, H. KARACALI, E. YILMAZ
Center for Nuclear Radiation Detectors Research and Applications

Abstract
The initial device characteristics and Co-60 gamma irradiation response of Nuclear Radiation Sensing Field Effect
Transistor (NürFETs) fabricated in NÜRDAM-Turkey have been investigated. Various gate oxide thicknesses were
studied and obtained results were compared with commercial 400 nm implanted gate oxide RadFETs.
Introduction
During the last few decades, studies have been focused on the ionizing radiation influences on electronic devices and
materials [1-5]. It has been shown that irradiation exposure results in defect formations inducing performance
degradations and breakdown strength altering of electronic devices. In the case of metal–oxide–semiconductor (MOS)
devices, the irradiation leads to the creation of traps in the oxide near and at Si/oxide interface. For dosimetric purposes,
special attentions are paid to the radiation-sensitive p-channel metal-oxide-semiconductor transistors known as pMOS
dosimeters or radiation-sensitive FETs (RADFETs). These dosimeters measure total dose from the voltage shift caused
by hole trapping in the oxide and provide immediate, non-destructive read out of dosimetric information, extremely small
size of the sensor element, compatibility with microprocessors and wide dose measurement range with very low power
consumption [6-8]. The sensitivity increasing to the radiation, especially low dose ranges is one of the main objectives
when designing pMOS transistors for radiation dosimetry. To achieve this purpose, we have designed and fabricated new
type pMOS dosimeter called as Nuclear Radiation Sensing Field Effect Transistor (NürFET) in Nuclear Radiation
Detectors Research and Applications Center (NÜRDAM, Bolu, Turkey). Fabricated NürFET sensors have similar
structure and operation mechanism with commercial RadFETs, while it has distinctive fabrication standard, i.e. doping
concentration, gate oxide thickness and annealing procedure.
In the present work, we investigate initial device characteristics of the different NürFET types having 200 nm, 300 nm,
450 nm and 600 nm gate oxide thickness and their the Co-60 gamma-ray irradiation responses to study their usability
for irradiation detection systems. The obtained results also compared with commercial 400 nm implanted gate oxide
RADFETs manufactured by Tyndall National Institute (NMRC, Cork, Ireland).
Results
The Fig. 1 displays the drain current- voltage (Id-Vgs) characteristics of devices obtained from RC configuration.
Variations on the threshold voltage, Vth, which is the voltage corresponding to10 µA, has been observed for different
gate oxide thickness, tox,. The distribution of Vth shows that the Vth enhances with increasing the thickness of the oxide
layer. The changes in the total charge densities and barrier potentials especially gate oxide contributions are reasons of
variations on Vth. The decline of tox improves carrier injection, thus it decrease the Vth of devices [11].
The interface state density (Dit) is the crucial parameter for the device usability in microelectronic technology. Dit can be
extracted in weak inversion from the sub-threshold slope, (S.S) of a p- channel MOSFET using the following Eq. 1:

Dit =

Cdep
Cox eS .S
(
- 1) e 2.3kT
e

(1)

where Cox is oxide, Cdep depletion capacitance, e is elementary electrical charge, k is Boltzmann constant, and T is
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temperature.
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Fig. 1. Id-Vgs characteristics of devices measured from reader circuit

Fig. 2: The gate oxide thickness dependence of calculated Dit values.

(RC) configuration.

The calculated Dit values are given in Fig. 2 for post-metallization annealed devices. It is seen that the Dit only decreased
by 9 % after gate oxide grown 600 nm. Above a certain limits, gate oxide thickness deposited the same parameters does
not affect the Dit values. Therefore, the reason of the decline in Dit may be attributed to the deposition time at high
temperature. To deposit SiO2 at higher thickness requires higher time, thereby the interface of the devices anneal longer
during the deposition process, which increase the interface quality and reduce the Dit. On the other as-deposited 300 nm
NürFETs’ interface state density was calculated to be 1,05x1011 cm-2, which is higher than forming gas environment
annealed devices. It is known that hydrogen passivates the dandling bond at SiO2/Si interface. Thus, the forming gas
environment annealing decrease the Dit values. In spite of the variations on the Dit, obtained results show that Dit is order
of 1010 cm-2. This indicates that the fabricated devices were convenient for microelectronic applications.
The basic concept of a pMOS dosimeter is to convert the threshold voltage shift, ΔVth, induced by radiation, into the
absorbed radiation dose, D. This dependence can be ex pressed in Eq. 2:

DVth = AD n

(2)

where ΔVth = Vth – Vth0, Vth0 is the threshold voltage after irradiation, Vth0 – is the threshold voltage before radiation, A
is the constant and n is the degree of linearity. Ideally, this dependence is linear, i. e., n = 1, where A represents the
sensitivity, S of the pMOS dosimeter given in Eq. 3:

S=

DVth
D

(3)

The gamma-ray irradiation responses of the devices are depicted in Fig. 3. The degrees of linearity of samples were
calculated and results are given in Table 1. The values of fitting correlation factors demonstrate that NürFETs, except 200
nm, have good or even better linear Vth- dose relation than commercial RadFETs.
After the observation of linear Vth-dose relation, the sensitivity of devices corresponding to 1 Gy gamma irradiation dose
was calculated and results are given in Table 1. The changes in the threshold voltage shift during irradiation are
significantly higher in dosimeters with larger oxide thickness, a result to be expected [3, 12]. It is well- known that when
thickness of oxide layer increase, the number of trapped charges enhance in the device structure. Hence sensitivity of
devices increase with tox. Therefore, the sensitivity of 400 nm implanted gate oxide RadFETs was compared with
NürFETs which have 300 nm and 450 nm gate oxide thicknesses. It is observed that annealed 450 nm- thick NürFETs
are 42 %, annealed 300 nm- thick NürFETs are 58 % less sensitive than studied RadFETs. However, surprisingly asdeposited 300 nm-thick NürFETs are 57 % more sensitive than commercial RadFETs.
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Table 1: Basic Parameters of NürFETs and RadFETs
2,5
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As-300 nm
300 nm
450 nm
600 nm
RadFET

DVth (V)

2,0
1,5

Sample

Ideality Factor,
n

Sensitivity, S.
(mV/Gy)

200 nm

0,952

5

As-300 nm

0,996

71
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0,5

450 nm

0,998
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0,0
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Fig. 3: Threshold voltage shift, ΔVth, during irradiation response of
NürFETs and RadFETs.

The number of initial trap density of as- deposited devices are higher than post-metallization annealed devices. Therefore
irradiation generated charges may be more efficiently trapped these defect sites, thereby the sensitivity of as deposited
300 nm NürFETs are more sensitive than RadFETs. In spite of the higher sensitivity of as- deposited 300 nm- thick
NürFETs, the initial Vth values are located higher voltage values to be effectively used in pMOS dosimeter technology.
In order to provide a reliable procedure of measurement, the loss of dosimetric information during spontaneous annealing,
the fading F, were calculated by using following Eq:
F=

Vth (0) - Vth (t ) Vth (0) - Vth (t )
=
Vth (0) - Vth0
DVth (0)

(4)

where Vth(0) and ΔVth(0) are the threshold voltage and its shift immediately after irradiation and Vth (t) is the threshold
voltage after a room temperature annealing time t.
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Fig. 4: Fading characteristics of NürFETs and RADFETs.

The obtained fading characteristics of devices are illustrated in Fig. 4. The NürFETs having 200 nm gate oxide thicknesses
have extremely high fading characteristics, while as- deposited NürFETs having 300 nm gate oxide thicknesses have even
better fading response than RadFETs. The loss of information on the absorbed dose is mostly due to the decrease of
positive oxide trapped charge formed by the capture of holes at E’γ centers [7]. In addition for all pMOS dosimeters,
except 200 nm and 300 nm-thick NürFETs, have almost constant fading characteristics after the first 24 hours, indicating
voltage change tends to saturate at longer annealing times [13].
In conclution, the new pMOS dosimeter, called as NürFET, has been characterized and results compared with commercial
400 nm implanted gate oxide RadFETs. Results demonstrate that the initial trap densities of NürFETs are convenient for
microelectronic technology. Good or even better linear Vth- dose relations have been observed for NürFETs than
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RadFETs. The sensitivity of devices increases with increasing the gate oxide thickness. However it is interesting that as
deposited 300 nm- thick NürFETs have higher sensitivity than other all samples including the commercial RadFET. In
addition, NürFETs except 200 nm gate oxide thickness have all most almost constant fading characteristics after the first
24 hours and as- 300 nm- thick NürFETs have lower fading effect compared to other pMOS dosimeters. In the light of
all obtained results, NürFETs fabricated in NÜRDAM, Bolu, Turkey have promising potential to be used in radiation
measurements.
This work is supported by the Presidency of Turkey, Presidency of Strategy and Budget under Contract Number:
2016K121110, and in part by Bolu Abant Izzet Baysal University under Contract number BAP. 2018.34.01.1395 Bolu.
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Influences of Co-60 gamma ırradiation on structural, optical and electrical
characteristics of the amorphous and crystalline titanium oxide thin films

S. KAYA
Center for Nuclear Radiation Detectors Research and Applications, BAİBU, 14280 BOLU

Abstract
Gamma irradiation influences on structural, optical and electrical characteristics of amorphous and crystalline structure
of Titanium Oxide thin films have been investigated. Crystallographic evolutions under irradiation exposure were
analyzed by X-ray Diffraction (XRD), while irradiation influences on electrochemical characteristics were specified by
Fourier Transform Infrared Spectroscopy (FTIR). The irradiation induced changes on the optical properties of the films
were investigated via reflectance measurements. Current-Voltage (I-V) measurements were performed for analyzing the
irradiationinduced effects on electrical characteristics of the films. Results demonstrate that irradiation exposures
significantly affect the film characteristics and the crystallized phase of the TiO2 is more sensitive to irradiation exposures.
Introduction
Titanium Oxide (TiO2) has been used in various technological applications including the gas sensors, photo sensors and
thin film based electronics [1]. The usage of the TiO2 in these applications is directly related to the surface properties of
the TiO2 layer and interface characteristics between the TiO2 film and substrate. Moreover, the electrochemical, structural
and electrical characteristics of the TiO2 significantly vary with crystalline phase of the material [2]. Hence, the current
studies have focused on the structural, optical and electrical evolutions of the TiO2 based devices under different
fabrication parameters [2-4]. However, there exist very limited studies that are focusing on the device responses under
irradiation environment. It is known that initial device properties may be varied by irradiation exposures owing to
irradiation-induced changes on the core oxide material. Hence, the possible variations on the device characteristics under
irradiation exposures should be specified to fabrication of reliable oxide-based devices. Hence, the irradiation influences
on the structural, optical and electrical characteristics of the amorphous and crystalline phase of TiO2 thin films have been
investigated.
Results

Figs. 1. The XRD measurements of the virgin and irradiated TiO2 thin films annealed at a-) 200 0C and b-) 600 0C

Figs. 1 (a) and (b) show the XRD measurements of the virgin and irradiated TiO2 films annealed at 2000C and 6000C,
respectively. It has been observed that the films annealed at 2000C exhibit amorphous phase, while Anatase crystalline
structure of the TiO2 has been obtained after 6000C. No phase changes have been observed for the all thin films after the
irradiation exposures. The peak angle of the (101) plane of the thin films annealed at 6000C slightly shifts toward lower
angles as seen in Fig. 1 (b). Moreover, the average crystalline size (G) of the films annealed at 6000C was calculated using
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the well-known Scherrer’s formula [5]. The calculated G values are listed in Table 1. The G values decrease after the
irradiation exposures. These modifications on the XRD measurements can be attributed to the irradiation generated stress
and strains on the film structure [6].

Figs. 2. The FTIR measurements of the virgin and irradiated TiO2 thin films annealed at a-) 2000C and b-) 6000C

Figs. 2 (a) and (b) show the FTIR measurements of the virgin and irradiated TiO2 films annealed at 2000C and 6000C,
respectively. The broad band centered at 500-600 cm-1 is assigned to the Ti-O-Ti vibration bonds. The peak intensities of
the 6000C annealed thin films are higher than 2000C annealed films due to the crystallization of TiO2 and effective bond
formation between Ti and O at high temperatures. In addition, interfacial Ti-silicate layer has been also observed for the
films annealed at 6000C. The peak intensity of the Ti-O bonds in the oxygen deficient TiO2 structure increases with
increasing the irradiation exposures. This indicates that irradiation exposures break bonds between the Titanium and
Oxygen [7]. As compared to variations on the peak intensities of the films, it has been observed that the films annealed
at 6000C is more sensitive the irradiation exposures.

Figs. 3: The irradiation induced band gap energies of the TiO2 films annealed at a-) 2000C and b-) 6000C

Figs. 3. (a) and (b) show the irradiation induced band gap energies of the TiO2 films annealed at 2000C and 6000C,
respectively. These band gap energies were calculated from reflectance measurements which are also given in Figs. 3.
The band gap energies of the films shift toward lower values with the irradiation exposures. Irradiation exposures create
large numbers of the defect sites which are the localized energy states in the band gap of the semiconductor. The films
having higher defect densities may trap the mobile charges and this produces defect-caused-allowed states within the
band gap of the TiO2. Hence, these states cause the impurity to the band transition resulting in decreasing the band gap
energy [8]. In addition, it is seen that the variations on the band gap energies of the films annealed at 6000C are higher
than the films annealed at 2000C. High temperature annealing may treats the initial defect densities in the structure, but it
may also increase the stress between the oxide bonds which may be easily broken under the irradiation exposure. Hence,
the relatively high band gap shift of the films annealed at 6000C is due to the crystalline structure of the TiO2.
Figs. 4. (a) and (b) show the I-V curves of the virgin and irradiated TiO2 heterojunction diodes annealed at 2000C and
6000C, respectively. The I-V curves of the diodes annealed at 2000C slightly shift toward negative voltages and the current
transport capability slightly decrease especially after the high dose irradiation exposures.

TESNAT 2019

229

Amasya, Turkey

5th International Conference on Theoretical and Experimental Studies in Nuclear Applications and Technology

Figs. 4: The I-V curves of the virgin and irradiated TiO2 heterojunction diodes annealed at a-) 200 0C and b-) 600 0C.
Table 1: Some calculated parameters of the TiO2 thin films annealed at different temperatures
Rad Dose.
kGy
Virgin
25
50

Grain Size
(nm)
-

2000C annealed film
Eg
(eV)
n
3.453
4.20
3.445
4.39
3.439
4.69

ϕb
(eV)
1.22
1.20
1.17

Grain Size
(nm)
23.2
19.9
20.4

6000C annealed film
Eg
(eV)
n
3.431
6.46
3.419
6.82
3.410
8.13

ϕb
(eV)
0.68
0.67
0.65

However, bidirectional changes on the I-V curves of the diodes annealed at 6000C have been observed. The obtained
curves were analyzed considering to thermionic emission theory [9] and some important diodes parameters (ideality factor
and barrier potential) were calculated and then given in Table 1. It has been observed that the ϕb values decrease, while
the n values increase with increasing the irradiation doses. In addition, relative changes on the ϕb and n characteristics of
the diodes annealed at 6000C is higher than diodes annealed at 2000C. These variations on the ϕb and n demonstrate the
irradiation significantly degrades the current conduction characteristics of diodes [10]. Also, the crystalline structure of
the TiO2 more sensitive the ionizing irradiation environment.
In conclusion, no significant phase changes were observed for both exposed thin film. The films annealed at 2000C
nexhibited still amorphous phase after the irradiation exposures. However, the peak position of the (101) plane of the thin
film annealed at 6000C slightly shifts toward low angles and the peak intensity decreases. The observed variations in
XRD analysis can be attributed to rises on the film stress values. Titanium sub-oxide concentration increases with
increasing the irradiation exposures indicating the irradiation exposures break bonds between Titanium and Oxygen. On
the other hand, the band gap energies of the both films decrease with irradiation exposures due to the irradiation generated
defect sites. These generated defect sites cause the impurity to the band transition which decreases the band gap energy.
The irradiation induced band gap variation of the crystallized thin films was higher than amorphous thin films. On the
other hand, ϕb decreases, while n increases with increasing the irradiation exposures for all films. In addition, changes on
the ϕb and n was significantly high for films annealed at 6000C as compared to films annealed at 2000C. It has been
concluded that irradiation exposures significantly affect the film characteristics and the crystallized phase of the TiO2 is
more sensitive to irradiation exposures.
This work is supported by the Presidency of Turkey, Presidency of Strategy and Budget under Contract Number: 2016K121110, and in part by Bolu
Abant Izzet Baysal University under Contract number BAP. 2018.34.01.1395 Bolu, Turkey.
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1

Osmaniye Korkut Ata University, Physics Dept., Osmaniye, Turkey
2

Akdeniz University, Physics Dept., Antalya, Turkey
3

Gazi University, Physics Dept., Ankara, Turkey

Abstract
In this study, the temperature dependence of the infrared stimulated luminescence curves of the archaeological and
geological sediment samples extracted from the Sea of Marmara is investigated at 300 K, 373 K, 473 K and 573 K.
Therefore, the decay curves depending on IRSL counts attained from the samples are obtained. Moreover, the equation
systems are suggested in order to explain the decay process of the sediments. The correlation coefficients for these
equation systems are achieved with the help of the fitting into the decay curves. After that, it is aimed to explain the
luminescence mechanism by establishing a relationship between correlation coefficients and temperature values.
Keywords: Optically Stimulated Luminescence (OSL), Infrared Stimulated Luminescence (IRSL), Sea of Marmara.

Introduction
The sample is exposed to radiation from the moment it is buried under the soil because of the presence of α, β and γ
radiation emitted by the naturally occurring isotopes of 40K, 232Th and 238U [1]. The radiation dose absorbed by the sample
buried beneath the soil stimulates the atoms, releasing electrons in normal atomic regions. According to the band model,
released electrons are trapped in the forbidden energy range. Moreover, this causes deterioration of the atomic structure,
which should be orderly. Thus, the number of electrons trapped is related to the dose of radiation to which the sample is
exposed, while the dose of radiation exposed is directly proportional to the time the sample remains under the ground [2].
According to the band model, the absorption of radiation energy means the creation of electron-ruptured pairs. Energy
storage characteristic is stemmed from the presence of crystal defects [3]. These crystal defects can capture electrons and
holes formed during the irradiation period. In order to observe photon emission by atoms or molecules whose atomic
structure is degraded, it is firstly needed that atoms and molecules are excited from the lower energy level to the higher
energy level [4]. If the atom is excited from the outside and it can radiate this excitation energy back to the band from
which the electron caught by this crystal defect, a radiation is done by the atom. This radiation is called luminescence.
Since the number of trapped electrons is directly proportional to the radiation dose to which the sample is exposed, the
luminescence intensity is directly proportional to the radiation dose to which the sample is exposed [4]. While the
excitation of the sample is provided by heat in the thermoluminescence (TL), the light is used for the excitation process
of the sample in the optical stimulated luminescence (OSL). Further, the OSL decay curves cannot be explained by simple
definitions and are often not fully exponential when the environment variables, excitation intensity and temperature are
constant. The luminescence counts first drop rapidly and then a long tail follows this drop. The longer the measurement
time is, the longer this tail obtained is [5]. The most important advantage of OSL is the ability to count luminescence
even at temperatures,which thermal damping is occurred. Therefore, the studies using the OSL method are usually
performed at room temperature. However, the researches have been conducted to determine that the luminescence count
rate increases in certain values of temperature in OSL method. However, the temperature dependence of the OSL method
is affected by whether the traps are deep or shallow. Even the characteristics of the curves determined by the OSL
luminescence counting rate become complicated by the presence of shallow traps [6-9]. This indicates that by increasing
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the temperature it may affect the IRSL signal in the samples. The first analyzes of infrared-induced luminescence (IRSL)
studies from feldspar samples are made by Bailiff and Poolton [10]. Bailiff and Poolton suggested that the decay for
microline, sanadine and albite complied with the A/(1+Bt)P law, and that P=1, A and B coefficients are constant.
According to the report, A is the exponential function of temperature. However, Hutt et al. suggested that the decay
complied with the law A/(1+Bt)P and that P=2 [11]. Also, it is determined that P has values between 1 and 2 for
deterioration in the researches done by Bailiff and Barnett on potassium feldspar [12-13].
Experimental Details of the Samples
The samples extracted from the sea are firstly crushed. Then, it is sieved in 60µm, 45µm, 30µm sieves respectively in
order to make luminescence count more comfortable. The screened samples are glued onto aluminum discs with a mass
of approximately 0.1400 g each using nujol oil. The prepared samples are re-weighed so as to eliminate errors due to their
different sizes and four identical samples are formed. The samples heated at 300 K, 373 K, 473 K and 573 K for 5 minutes
are counted for 100 s and the decay curves are plotted. Luminescence counts are taken immediately after each heating
process. The different tablets of the same sample are used for each temperature. As for the experimental system, the
measuring system used in the experiment is Optical Dating System 9010. The basic luminescence reader is connected to
the LED module that emits light in the infrared zone (880±80nm). All data is collected by the 9010 automatic reader and
the system uses the TEMT 484 IR diode, which supplies 30 mW/cm² at 40mA. Luminescence is detected with Thorn
EMI 9235 QA photomultiplier tube.
Results and Discussions
The samples extracted from the Marmara Sea are heated in the oven for 5 minutes, then luminescence signals are taken
for 100 s and IRSL decay curves are obtained. The different tablets of the same region are used for each temperature.
Additionally, the obtained IRSL count-time graphs are fit to the proposed equation Y=A+Blog(t) to help explain the
luminescence mechanism. Fitted curves (Fig. 1-4) and the coefficients obtained from these curves (A, B, R²) are presented
in Table 1. Futher, the curves obtained are consistent with all literature data since they contain a long tail due to a rapid
reduction followed by a slow decrease. However, since any relationship between temperature variations and coefficients
cannot be established, there is no explanation for the luminescence mechanism.

Fig. 3. The decay curve fit to the equation Y=A+Blog(t) at 473 K

Fig. 1. The decay curve fit to the equation Y=A+Blog(t) at 300 K

Fig. 4. The decay curve fit to the equation Y=A+Blog(t) at 573

Fig. 2. The decay curve fit to the equation Y= A+Blog(t) at 373 K

Table 1. The coefficients obtained from the decay curves fit to the equation Y=A+Blog(t) at different temperatures
Temperature(K)
300

A
0.9719

B
-0.1683

R²
0.9831

373
473

1.0102
1.0647

-0.1716
-0.1801

0.9440
0.9536

573

1.0655

-0.1729

0.9839

Determination of P Parameter of the Samples
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IRSL decay curves of the samples at room temperature fit to Y=A/(1+Bt)P equation are given in Figure 5(a-b). Besides,
the coefficients (A, B, R²) for this fit equation are given in Table 2. As it can be seen here, when the IRSL count-time
graphs for each region samples are examined carefully, the correlation coefficients calculated are greater (when P=1) than
the correlation coefficients (when P=2). Therefore, it would be more accurate to say that P is equal to 1 or will take values
close to 1.

Fig. 5. IRSL decay curves of the samples at room temperature fit to the equation Y=A/(1+Bt)P in the statement of (a) P=1, (b) P=2
Table 2. The coefficients obtained from the decay curves by fitting to the equation Y=A/(1+ Bt)P in the statement of (a) P=1, (b) P=2
Sample

P

A

B

R²

Sea of Marmara

1
2

0.9391
0.9020

0.0453
0.0161

0.9839
0.9720

Fig. 6. The decay curves fit to the equation Y=A/(1+Bt)P at different temperatures such as (a) 300 K, (b) 373 K, (c) 473 K and (d) 573 K

Temperature Dependence of P Parameter of the samples extracted from the Sea of Marmara
In order to determine how the P parameter used in Y=A/(1+Bt)P changes with temperature, the time-dependent change
curves of the IRSL signal with the Y=A/(1+Bt)P equation are investigated. In the literature, IRSL decay curves are fit to
Y=A/(1+Bt)C equation as shown in Fig. 6(a-d) to determine how the P parameter indicating the location of electrons
changes with temperature. Moreover, equation coefficients A, B, C are determined. The calculated C coefficient is
considered to be C=P due to the use of the P parameter in the literature. In this way, it is determined how the parameter
P calculated for each temperature value changes with the temperature. P parameter values calculated in this way are given
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in Table 3.
Table 3. The coefficients obtained from the decay curves by fitting to the equation Y=A/(1+Bt)P at different temperatures

Temperature (K)

A

B

P

R²

300
373
473
573

0.9565
1.0157
0.9988
1.0199

0.0539
0.0610
0.0397
0.1108

0.8921
0.8609
1.0198
0.5265

0.9780
0.9920
0.9910
0.9837

Conclusion
In this study, as the tables are examined, we cannot explain the luminescence mechanism since there is no dependence
between the correlation coefficients obtained from the equation Y=A+Blog(t) and the varying temperatures that we used
to fit the IRSL decay-time curves. Furthermore, when looking at the charts carefully, it has been observed that P parameter
changes with temperature or sample change. This is the result we expect. Because the P parameter is a measure of the
location where the electrons are localized, and this localized location is affected by both the temperature change and the
change of the sample. Another conclusion is that P parameter takes values close to 1 or 1, which is one of the results
mentioned in the literatüre. The results of our experiments have shown that it can affect the IRSL signal in a sample used
by raising the heat. This clearly requires that IRSL measurements are made at constant temperature. However, no
conclusion can be drawn for the luminescence mechanism.
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Abstract
In this current work, the temperature dependence of the infrared stimulated luminescence curves of the archaeological
and geological sediment samples taken from the Sea of Marmara is investigated at different temperatures such as 323 K,
423 K and 523 K. Hence, the decay curves of the samples depending on IRSL counts at different temperatures are properly
achieved. Also, the decay mechanism of the specimens can be explained with the help of the suggested equation systems.
The correlation coefficients belonging to these suggested equation systems are attained by means of the fitting the
equations into the decay curves at specific temperature values. Hereafter, it have been clearly said that the luminescence
mechanism can be explained with the correlation between the correlation coefficients and temperatures.
Keywords: IRSL characteristics; Decay mechanism; Sea of Marmara.

Introduction
The luminescence results from thermal or optical excitation of the crystal which has been exposed to ionizing radiation
and stored its energy in defects in its structure. The exposed radiation energy is stored as electrons trapped in lattice
defects. By stimulating the crystal with heat or light, the charges in the traps are released to merge with the luminescence
centers, thereby releasing the luminescence signal [1]. The defects in the crystal lattice structure are caused by the rapid
cooling of the crystal from very high temperatures. There are three fundamental defects in a crystal caused by positive
and negative ions and impurity atoms [2]. The characteristics of these defects are briefly as follows: (I) A negative ion,
which is located elsewhere than it should be, is defined as a negative ion space and acts as an electron trap.; (II) When
the electron moves from where it should be, it leaves a hole behind it. These compounds are called positive charge
carriers.; (III) Special type of defects arising from impurities are also called Luminescence Center. Upon heating of the
crystal, the compressed electrons and holes can be thermally released in the conduction or valence band. Thus, they can
move towards the radiant recombination center. The luminescence signal emitted at the end of this process is called
“thermally induced luminescence” or TL for short [1]. When the crystal is exposed to the appropriate wavelength of
external light, the trapped electrons can move from the trap center to a radiating recombination center. The luminescence
signal emitted at the end of this process is called “Optically Stimulated Luminescence” or OSL for short. If the external
light to which the crystal is exposed is in the infrared region, the luminescence signal emitted at the end of this process is
called “infrared-induced luminescence” or IRSL in short [1]. In short, the luminescence signal occurs when electrons or
positive voids in the traps are released by heating or irradiating the crystal. Likewise, the OSL decay curves cannot be
explained by simple definitions and are often not fully exponential as the environment variables, excitation intensity and
temperature are constant. Further, the luminescence counts first drop sharply, and then a long tail follows this sharp drop.
Also, it is observed that the longer the measurement time is, the longer this tail obtained is [3]. However, the temperature
dependence of the OSL method is affected by whether the traps are deep or shallow. Even the characteristics of the curves
determined by the OSL luminescence counting rate become complicated by the presence of shallow traps [4-7]. This
statement indicates that it may affect the IRSL signal in the samples with the ncremet of the temperature. Apart form that,
the first analyzes of infrared-induced luminescence (IRSL) studies from feldspar samples are performed by Bailiff and
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Poolton [8]. Moreover, Bailiff and Poolton suggested that the decay for microline, sanadine and albite complied with the
A/(1+Bt)P law, and that P=1, A and B coefficients are constant. According to the report, A is the exponential function of
temperature. However, Hutt and et al. suggested that the decay satisfied with the equation A/(1+Bt)P and the statement of
P=2 [9]. Besides, it is determined that P parameter has values between 1 and 2 for deterioration in the researches done by
Bailiff and Barnett on potassium feldspar [10, 11].
Experimental Details of the Samples
The samples extracted from the sea are firstly crushed. Then, it is sieved in 60µm, 45µm, 30µm sieves respectively in
order to make luminescence count more comfortable. The screened samples are glued onto aluminum discs with a mass
of approximately 0.1400 g each using nujol oil. The prepared samples are re-weighed so as to eliminate errors due to their
different sizes and four identical samples are formed. The samples heated at 323 K, 423 K and 523 K for 5 minutes are
counted for 100 s and the decay curves are plotted. Luminescence counts are taken immediately after each heating process.
The different tablets of the same sample are used for each temperature. As for the experimental system, the measuring
system used in the experiment is Optical Dating System 9010. The basic luminescence reader is connected to the LED
module that emits light in the infrared zone (880±80nm). All data is collected by the 9010 automatic reader and the system
uses the TEMT 484 IR diode, which supplies 30 mW/cm² at 40mA. Luminescence is detected with Thorn EMI 9235 QA
photomultiplier tube.
Results and Discussions
The samples extracted from the Marmara Sea for this current work are heated in the oven for 5 minutes, then luminescence
signals are taken during 100 s and IRSL decay curves are attained. The different tablets of the same region are used for
each temperature. Besides, so as to explain the luminescence mechanism, the obtained IRSL count-time graphs are fit to
the equation Y=A+Blog(t). Likewise, the fitted curves (Fig. 1-3) and coefficients obtained from these curves (A, B, R²)
are displayed in Table 1. The curves obtained are consistent with all literature data since they contain a long tail due to a
rapid reduction followed by a slow decrease. On the other hand, there is no explanation for the luminescence mechanism
owing to the fact that any relationship between temperature variations and coefficients cannot be established.

Fig. 1. The decay curve fit to the equation Y=A+Blog(t) at 323 K
Fig. 3. The decay curve fit to the equation Y=A+Blog(t) at 523 K

Fig. 2. The decay curve fit to the equation Y= A+Blog(t) at 423 K
Table 1. The coefficients obtained from the decay curves fit to the equation Y=A+Blog(t) at different temperatures
Temperature(K)

A

B

R²

323
423
523

1.0668
1.0531
0.9594

-0.1881
-0.1882
-0.1593

0.9851
0.9835
0.9643

Determination of P Parameter of the Samples
IRSL decay curves of the samples at room temperature fitting to Y=A/(1+Bt)P equation are presented given in Figure 4(aTESNAT 2019
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b). The coefficients (A, B, R²) attained by means of the fitting equation are referred in Table 2. As can be seen from the
figures, when the IRSL count-time graphs for each region samples are examined carefully, the correlation coefficients
obtained (in the statement of P=1) are greater than the correlation coefficients when P=2. Hence, it would be more accurate
to say that P is equal to 1 or will take values close to 1.

Fig. 4. IRSL decay curves of the samples at room temperature fit to the equation Y=A/(1+Bt)P in the statement of (a) P=1, (b) P=2
Table 2. The coefficients obtained from the decay curves fit to the equation Y=A/(1+Bt)P in the statement of (a) P=1, (b) P=2
Sample

P

A

B

R²

Sea of Marmara

1
2

0.9391
0.9020

0.0453
0.0161

0.9839
0.9720

Fig. 5. The decay curves fit to the equation Y= A/(1+Bt)P at different temperatures such as (a) 323 K, (b) 423 K and (c) 523 K

Temperature Dependence of P Parameter of the samples extracted from the Sea of Marmara
P parameter given in the equation Y=A/(1+Bt)P determines with the help of the time-dependent change curves of the
IRSL signal. As we know, in the literature, IRSL decay curves are fit to Y=A/(1+Bt)C equation (as shown in Fig. 5(a-c)
to determine how the P parameter indicating the location of electrons changes with temperature. Also, the equation
coefficients A, B, C are determined. Further, it is apparent that the calculated C coefficient is equal to P parameter due to
the utilization of the P parameter in the literature. Indeed, it is determined how the P parameter obtained for each
temperature value. What’s more, P parameter values calculated in this way are tabulated in Table 3.
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Table 3. The coefficients attained from the decay curves by means of fitting to the equation Y=A/(1+Bt)P at different temperatures
Temperature(K)

A

B

P

R²

323
423
523

1.0123
1.0091
0.9842

0.0772
0.0765
0.0891

0.7386
0.7725
0.6790

0.9872
0.9896
0.9902

Conclusion
In this work, the luminescence mechanism cannot be explained due to the fact that there is not any relationship between
the correlation coefficients achieved from the equation Y=A+Blog(t) and the different temperature values, that we used
to fit the IRSL decay-time curves. Moreover, if we look at the tables carefully, it can be easily seen that P parameter
changes with temperature or different samples. This statement is the result we expect. Because, we know that the P
parameter is a measure of the location where the electrons are localized, and this localized location is affected by both
the temperature change and the change of the sample. Another result acquired from this study is that P parameter takes
values close to 1 or 1, which is one of the results mentioned in the literatüre. Additionally, the results of this work have
revealed that IRSL signal in a sample ia affected by means of the increment of the temperature. Therefore, this condition
clearly requires that IRSL measurements are performed at constant temperature. As a result, there is not any explanation
for the luminescence mechanism.
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Abstract
In this study, 137Cs activity concentrations were investigated in some first exile tea samples grown in the central district
of Rize province. The analyzes of the samples were performed with the gamma spectrometry system and a HPGe detector.
The minimum, maximum and average 137Cs activity concentrations in tea samples were found as 0.74 Bq.kg-1, 29.72
Bq.kg-1 and 7.30 Bq.kg-1, respectively. For the each tea samples, annual effective dose values from consumption of 1 kg
were calculated. The calculated annual effective dose values for tea samples were found in range between 0.010-0.386
µSv.year-1.
Keywords: Rize, tea, activity, gamma, spectrometry

Introduction
Since ancient centuries, tea is a beverage that has been prepared by infusing fresh leaves with hot water. Tea that can
accompany every meal in the morning, lunch and evening, especially have different cultures of presentation and
refreshment in China, India, England, Russia and Turkey.
Rize, is a province that the most tea production performed in Turkey, and its economy depend on the tea production. The
tea harvest in Rize is usually made in three periods, as first, second and third exiles.
In addition to many useful elements, the tea plant can carry artificial radioactive element such as 137Cs (Cesium-137).
137
Cs is a long lasting radioactive element which can spread to the environment after nuclear tests and accidents.
Foods and beverages containing 137Cs can reach people through digestion and may continue to emit radiation and cause
internal irradiation. The activity concentration limit of 137Cs for foodstuffs was identified by the International Commission
on Radiological Protection (ICRP, 2004) as 1000 Bq/kg [1]. The United Nations Scientific Committee on the Effects of
Atomic Radiation (UNSCEAR, 2000) has estimated that the average radiation dose from natural sources depending on
radionuclide composition of foods and drinking water is in range between 0.2-0.8 mSv [2].
In this study, 137Cs activity concentrations were investigated in some first exile tea samples grown in the central district
of Rize province. For each sample, annual effective dose values that can be derived from 1 kg of annual consumption
were calculated.

Material and Method
In this study, first exile tea samples were collected from 15 different stations in the central district of Rize province, in
2016, May. Samples were dried at 105ºC in the oven for 24 hours, sieved and put into plastic boxes and counted for 50000
s in the gamma spectrometer system with a HPGe detector. The 137Cs activity concentrations in tea samples were obtained
using Equation 1, where Cn is the gamma ray count per second, ε is the detector efficiency of the 137Cs gamma ray, ms is
the mass of the each tea samples, Pγ is the absolute transition probability of the 137Cs gamma decay [3, 4].
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A (Bq/kg) = Cn / ε. ms. Pγ

(1)

The annual effective doses from 137Cs in tea samples were calculated using Equation 2, where Di is the annual effective
dose (µSv/year), A is the 137Cs activity concentration in tea samples (Bq/kg), Df is the dose conversion factor for 137Cs
(1.3×10−8 Sv/Bq); U is the amount of consumed tea samples in one year taking into cosideration for 1 kg (kg.year-1) [5,
6, 7].
Di = A x Df x U

(2)

Results
137

Cs activity concentrations of tea samples collected from 15 different stations in Rize province and the annual effective
dose levels for these samples were shown in Table 1.
Table 1. 137Cs activity concentrations in tea samples and the annual effective dose levels
Station ID
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
minimum
maximum
average

137

Cs (Bq.kg-1)
8.44 ± 0.57
6.88 ± 0.36
4.58 ± 0.30
0.74 ± 0.15
29.72 ± 0.64
5.97 ± 0.29
4.64 ± 0.35
1.91 ± 0.20
11.26 ± 0.43
4.59 ± 0.29
0.89 ± 0.17
18.76 ± 0.52
4.52 ± 0.32
3.11 ± 0.27
3.49 ± 0.29
0.74
29.72
7.30

Di (µSv.year-1)
0.110
0.089
0.060
0.010
0.386
0.078
0.060
0.025
0.146
0.060
0.012
0.244
0.059
0.040
0.045
0.010
0.386
0.095

According to Table 1, the minimum, maximum and average 137Cs activity concentrations of tea samples were obtained
as 0.74 Bq.kg-1, 29.72 Bq.kg-1 and 7.30 Bq.kg-1, respectively. These values are low compared with the 137Cs activity
concentration limit value for food samples specified by the ICRP [1]. The minimum, maximum and average annual
effective dose values of the tea samples in present study were determined as 0.010 µSv.year-1, 0.386 µSv.year-1 and 0.095
µSv.year-1, respectively. These values are lower than the average radiation dose range (0.2-0.8 mSv) from natural sources
due to the radionuclide composition of the foods and drinking water specified by the United Nations Committee on the
Effects of Atomic Radiation (UNSCEAR, 2000) [2].
Conclusions
In this study, activity concentrations of 137Cs in some first exile tea samples grown in the central district of Rize province
were investigated and the annual effective dose values of the samples were calculated. 137Cs activity concentrations for
tea samples were found in range between 0.74-29.72 Bq.kg-1, and the annual effective dose values were determined in
range between 0.010-0.386 µSv.year-1, respectively. These values are comparable levels to the activity concentration of
137
Cs and the annual effective dose values for 137Cs, which were investigated for tea samples in national and international
studies. In this study, the determined average 137Cs activity concentration for tea samples were below from 1000 Bq.kg-1
as specified by the ICRP and the average annual effective dose value was lower than 0.2-0.8 mSv range specified by
UNSCEAR, and therefore it does not pose a risk to the population consuming these tea samples [1,2]. 137Cs activity
concentrations and the annual effective dose values in tea samples can be investigated in other studies in different stations
inside and around of Rize province and compared with the results obtained from this study.
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Abstract
This study presents the neutronic analyses of homogeneous and heterogeneous fuel core calculations in a LBE (LeadBismuth Eutectic) ADS (Accelerator Driven System) and in a fusion-fission hybrid reactor. Both reactor operate under
sub-critical mode and it is assumed that these are fuelled with UO2 (uranium dioxide). Light water coolant and helium
gas coolant are considered for cooling of the fuel cores. In the case of heterogeneous fuel zone, the fuel rods are considered
as a hexagonal arrangement. The inner and outer radii of fuel rods cladded with zircolay are 0.5 cm and 0.55 cm,
respectively. Pitch length that is the distance between centers of fuel rods is assumed as 1.5 cm. According to these sizes,
the volumetric ratios of UO2 fuel, zircolay clad and coolant are calculated as 40.3%, 8.5% and 51.2%, respectively. In the
case of homogeneous fuel core calculations, the fuel zone is homogenised by using these volumetric ratios. In ADS, it is
assumed that the LBE-target is bombarded by protons of a 1000 MeV and number of protons per second is 6.24142·1015.
This corresponds to a proton beam power of 1 MW. In the hybrid, it is assumed that the first wall fusion neutron power
is also 1 MW. This power corresponds to 4.426454·1017 fusion neutrons per second due to the fact that each fusion
neutron energy is 14.1 MeV. MCNPX (Monte Carlo N-Particle extended) is used for the neutronic calculations.
Furthermore, CINDER90 transmutation code is used to carry out time-dependent burnup calculations. The differences of
neutronic results obtained from the homogeneous and heterogeneous fuel core calculations are separately analyzed for
the cases of each fuel core coolant in both sub-critical reactors.
Keywords: Accelerator Driven System, Fusion-Fission Hybrid Reactor, Fuel Homogenisation, Heterogeneous Fuel Zone
Analysis

1. Introduction
For the first time, Accelerator Driven Systems (ADSs) are suggested by Rubbia et al. [1] as an energy amplifier. Fusionfission hybrid reactors driven by fast fusion neutrons are also an energy amplifier. ADS and fusion-fission hybrid reactor
concepts have attractive applications including transmutation of nuclear wastes, energy production from fissile isotopes
and fissile fuel production from fertile fuel isotopes. Both systems operate under sub-critical mode.
Altough the ideas of fissile fuel production and nuclear waste transmutaion besides energy multipication in the subcritical reactors is quite old, in recent years, the investigations on these systems have been continued by many researchers.
Some of these investigations are referred in here. Kadi and Revol present design of an ADS for the destruction of nuclear
waste in their study [2] in detail. Abanades and Perez-Navarro [3] study on a gas-cooled pebble-bed ADS designed for
the transmutation of nuclear wastes. Gokhale and et al. investigate the energy production and the waste transmutation in
liquid lead or a eutectic of lead/bismuth (LBE) ADS [4]. Park and et al. [5] study on preliminary design for the HYPER
system. The design of ADS plant proposed by JAERI is optimized by Saito and et al. [6]. Takizuka and et al. study on
the design of lead–bismuth cooled ADS dedicated to nuclear waste transmutation [7]. Yapıcı and et al. perform a
comprehensive neutronic analysis on a LBE-ADS designed for the transmutation of long-lived fission products [8], and
they study on the determination of neutronic values in infinite target mediums induced by protons with high energy [9].
Cui and et el. design and comprehensively optimize a fusion-fission hybrid reactor cooled with water [10]. Conceptual
design of a fusion-fission hybrid reactor with intrinsic safety is optimized for energy productivity by Hosein and et al.
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[11]. Tariq and et al study on conceptual design of Hyb-WT for waste transmutation as fusion-fission hybrid reactor [12].
Ni and et al perform design and analysis of tritium system in a multi-functional experimental fusion–fission hybrid reactor
[13]. Bakır and et al. analyze the fuel rejuvenation in a fusion-fission hybrid reactor fuelled with the mixture of UO2 and
ThO2 for the CANDU reactor [14]. Yapıcı and et al study on the transmutation of transuranium discharged from the spent
fuel of PWR-UO2 in a modified PROMETHEUS fusion reactor [15]. Yapıcı and Übeyli analyze the neutronic
performance of HYLIFE-II reactor fuelled with carbide fuels [16]. Yapıcı and Özışık investigate by modifying
PROMETHEUS Reactor as a fusion-fission hybrid reactor [17].
2. ADS and HYBRID reactor
The MCNP models of both reactors investigated for neutronic analysis are plotted in Figure 1.
While in ADS, Lead Bismuth Eutectic (LBE)-target is bombarded with protons of a 1000 MeV, the first wall of HYBRID
reactor is exposed to Deuterium-Tritium (D-T) fusion neutrons of a 14.1 MeV.
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Figure 1. Axisymmetric view of vertical cross sections of traditional ADS and HYBRID reactor (Dimensions are in cm).

LBE-Target: Lead (Pb)–Bismuth (Bi) Eutectic that has very low neutron capture is used as target material due the fact
that that it is the most preferred for ADS applications. Furthermore, it has a good heat transfer properties as coolant.
Tritium Breeding Zone: Tritium Breeding Zone: This zone including Li2O produces tritium from lithium isotopes (6Li
and 7Li). The produced tritium is needed for D-T fusion reaction
Fuel Zone: In the some of numerical netronic analysis for nuclear reactors, fuel zone containing heterogeneous arranged
fuel rods and coolant is homogenized to simplify calculations and to decrease computer time. Therefore, in this study, the
cases of heterogeneous fuel zone (HTFZ) and homogeneous fuel zone (HMFZ) are separately considered for bringing out
of differences in their neutronic results. The fuel zones of both reactors contain UO2 fuel rods cladded with zircolay and
arranged as hexagonal. ri and rd (inner and outer radii) are 0.5 cm and 0.55 cm, respectively. P (pitch length) that is the
spacing between centers of fuel rods is 1.5 cm. The neutronic calculations are individually performed for the cases of
light water (H2O) and helium gas (He) coolants. In hybrid reactors, one of the main conditions is that Tritium Breeding
Ratio (TBR) has to greater than 1.1 for self-sustainable D-T fusion reactions in terms of tritium. Although this condition
can be satisfied with natural UO2 fuel in the case of H2O coolant, it can be met with 3.5% enriched UO2 fuel in the case
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of He gas coolant. In the case of HMFZ, VRs (volumetric ratios in percentage) can be calculated for the fuel, clad and
coolant as follows:

VR f =

2 × p × ri2 1
× 100
3 P2

VR cl =

2 × p × (rd2 - ri2 ) 1
× 100
3
P2

(1a)

(1b)

VR c = 100 - VR f - VR cl

(1c)

where f, cl and c subscripts indicate fuel, clad and coolant, respectively.
According to these formulas, VRf, VRcl and VRc are calculated as 40.3%, 8.5% and 51.2%, respectively.
Graphite reflector zone: By means of this zone made of carbon graphite that is an attractive material for nuclear
applications as neutron moderation and reflector material, neutrons escaping FZ are returned to FZ to increase the fission
and fissile fuel production reactions.
Furthermore, the densities of materials used in the ADS and HYBRID reactor are given in Table 1.
Table 1. Densities of Materials used in ADS and HYBRID reactor [g/cm3]
Fuel
UO2
10.54

Clad
Zircolay-4
6.56

H2O
1.0

Coolant
He gas
0.001787

TBZ
Li2O
2.013

Target
LBE
10.4965

RZ
Graphite
2.1

FW
SiC
3.2

3. Numerical results
3.1. Calculation procedure
The numerical neutronic calculations are performed by using the Monte Carlo N-Particle extended (MCNPX 2.7) [18]
code widely preferred for the neutronic simulations of fuel zone.
This code, giving trustable results for the neutronic simulations of fuel zone, use continuous-energy data libraries. In
addition to these libraries, MCNPX 2.7 code use Los Alamos 150 MeV transport library (LA150) [19] developed for the
simulations of ADSs. The time-dependent neutronic calculations are carried out by using the CINDER 90 computer code
[20] evaluating the MCNPX 2.7 outputs. Furthermore, the outputs of these codes are post processed with CBURN [21]
interface computer code. The time-dependent calculations are separately performed for both reactors for 200 days. The
fuel cases where the fuel regions are heterogeneous and homogeneous are also examined separately. These reactors also
are separately investigated for both coolant cases of H2O and He gas.
3.2. Effective neutron multiplication factor
In nuclear reactors, the effective multiplication factor (keff) can be defined as the ratio of the neutrons produced with
fission reactions in one generation to the sum of lost and absorption neutrons in the previous one generation. This factor
indicates that the measure of variation in the fission neutron population from one neutron generation to the next one
generation. The increases of keffs in the ADS and HYBRID reactor during the operation time are plotted in Figures 1a and
1b for all fuel zone cases and all coolant cases. As is apparent from these figures, in both reactors, in the case of He gas
coolant, there is no almost that the differences between the keff profiles in the cases of HTFZ and HMFZ. However, in the
case of H2O coolant, these differences are quite high. Namely, in ADS, the values of keff in the case of HMFZ are lower
about 8.55% than those of HTFZ. This decrease is about 7.11% in the HYBRID reactor. Furthermore, during the operation
time, although the keff profiles rise slightly in the cases of He gas coolant, these profiles rise rapidly in the cases of H2O
coolant. At the end of operation time, in the case of HTFZ in ADS, the value of keff reaches to 0.986 and 0.82 in the cases
of H2O and He gas coolants, respectively. As expected, the values of keff in all cases in the HYBRID reactor are lower
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than those in ADS due to the fact that some of the neutrons produced in the fuel zone are consumed in the tritium breeding
zone for tritium breeding.
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Figure 1. Increase in the effective multiplication factor in ADS and HYBRID reactor during operation time

3.3. Cumulative fissile fuel enrichment
Cumulative fissile fuel enrichment (CFFE) determining fissile fuel quality of a nuclear fuel is calculated as the ratio of
sum of fissile fuel isotope densities in atoms/cm3 to sum of all nuclear fuel densities in atoms/cm3. In contrast to critical
reactors, generally, CFFE increases in sub-critical reactors fueled with nuclear fuel containing fertile fuels (238U, 232Th,
etc.) via fertile-fissile conversion reactions. These increases in CFFE in ADS and HYBRID reactor during the operation
time are demonstrated in Figures 2a and 2b for all fuel zone cases and all coolant cases. From these figures, it is seen that
the case that the fuel zone is homogeneous or heterogeneous does not affect CFFE too much in all investigated reactor
and coolant cases, and that the profiles of CFFE increase slightly in all investigated cases. In ADS, CFFEs increase
slightly from 0.7% to 0.93% and from 3.5% to 3.71% in the cases of H2O and He gas coolants during the operation time,
respectively. In the HYBRID reactor, CFFEs increase from 0.7% to 1.07% and from 3.5% to 3.57% in the cases of H2O
and He gas coolants during the operation time, respectively.
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Figure 2. Increase in the cumulative fissile fuel enrichment in ADS and HYBRID reactor during operation time

3.4. Fuel burnup
Fuel burnup or fuel utilization in a nuclear reactor is expressed mostly as the fission energy obtained per unit fuel mass.
It is named shortly as BURNUP, and its unit is MWd/tHM (megawatt-day per metric ton of heavy metal of uranium).
BURNUP increasing depending on time (t) can be calculated as follows:

BURNUP( t + Dt ) = BURNUP( t ) +

Fission Power
Dt
MTU

(2)

where Δt is the time interval and MTU is the metric ton of heavy metal of uranium.
Figures 3a and 3b show the rise of BURNUPs in all fuel zone cases and in all coolant cases in ADS and HYBRID reactor
during the operation time, respectively. As is apparent from these figures, all profiles of BURNUP rise quasi-linearly
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depending on the operation time. In both reactors, in the case of He gas coolant, the differences between the BURNUP
profiles in the cases of HTFZ and HMFZ are none almost. However, in the case of H2O coolant, these differences
especially in ADS are quite high. While in the case of He gas coolant, the BURNUP values in ADS are higher than those
in HBYRID reactor, in the case of H2O coolant, the BURNUP values in HYBRID reactor are higher than those in ADS.
Furthermore, in both reactors, it is appear that the BURNUP values in the case of H2O coolant are higher than those in
the case of He gas coolant. As the highest values at the end of operation time, it can be read that the BURNUP values
reach to 0.659 and 0.930 GWd/MTU in the case of H2O coolant in ADS and HYBRID reactor, respectively.
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Figure 3. Increase in the fuel burnup in ADS and HYBRID reactor during operation time

3.5. Energy amplification
One of the most important parameters of ADSs is the energy gain (G). G is defined as the ratio of the generated fission
energy to the incident proton energy (Ep=1000 MeV), and it can be calculated as follows.

G=

R f Ef
Ep

(3)

where Rf is the total fission reaction per proton and Ef (200 MeV) is the energy per fission.
The energy multiplication factor (M) is one of the most important data of fusion-fission hybrid reactors. M is described
as the ratio of the sum of energies (incident fusion neutron energy, fission energy and net energy of tritium production
reactions) entering and generated in the blanket of hybrid reactor to the incident fusion neutron energy (En=14.1 MeV).
Its value can be computed as follows:

M=

E n + R f × E f + 6 Li(n, g ) × 4.784 - 7 Li(n, g ) × 2.476
En

(4)

where 6Li(n,γ) and 7Li(n,γ) are the tritium production reactions.
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Figure 4. Increases of energy gain and energy multiplication factor in ADS and in HYBRID reactor, respectively, during operation time
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The profiles of G in ADS and M in HYBRID reactor are plotted in Figures 4a and 4b for all fuel zone and coolant cases,
respectively. At the end of operation time, although the values of G and M in the cases of He gas coolant are low relatively,
the values of G and M in the cases of H2O coolant and HTFZ increase to 12 and 24, respectively. These values bring out
that the ADS and HYBRID reactor have a high productivity in terms of energy multiplication.
4. Conclusions
The main results of this study performed to bring out the differences between the neutronic values in the homogeneous
and heterogeneous fuel core calculations are presented briefly as follows:
•

In both reactors, in the case of He gas coolant, there is no almost that the differences between the all neutronic
profiles in the cases of HTFZ and HMFZ. However, in the case of H2O coolant, these differences except CFFE
are quite high.

•

At the end of operation time, in the case of HTFZ in ADS, the value of keff reaches to 0.986 in the case of H2O
coolants. This value is 0.82 in the case of He gas coolant.

•

In ADS and HYBRID reactor, the values of CFFE increase slightly from 0.7% to 0.93% and from 0.7% to 1.07%
in the case of H2O coolant, respectively. These values increase from 3.5% to 3.71% and from 3.5% to 3.57%
in the case of He gas coolant.

•

In ADS and HYBRID reactor, the energy multiplications increase to 12 and 24, in the cases of H2O coolant and
HTFZ, respectively.

Consequently, it is brought out clearly that the differences between the neutronic values in the homogeneous and
heterogeneous fuel core calculations. These results would lead the way for similar investigations on the sub-critical
reactors.
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Abstract
Due to lack of data concerning range and WER values for helium ion beams in a wide range of energies as well as relevant
dosimetric materials, in this work, for the first time, depth-dose profiles, range and WER values were calculated in liquid
water, PMMA, PS and Al for helium ion energies ranging from 25-150 MeV/u using MCNP code. Among the studied
materials, PS and Al with calculated mean WER values of 1.053 and 2.067 showed the least and most difference to water,
respectively. The calculated WER values are in good agreement with the data reported in the literature by less than 1.8
% difference.
Introduction
Discrepancies in interaction mechanisms address therapeutic differences using either photon or hadron beams in radiation
therapy. In photon radiation therapy, in addition to the tumor, healthy tissues also receive noticeable dose before and after
the target volume. For deep-seated tumors, since photons should travel deeper depths inside the body, this unwanted dose
is higher, which increase the possibility to induce the secondary cancer incidence [1-4]. In 1946, for the first time, Wilson
proposed to use high-energy ions in radiation therapy [5]. He recommended that specific ionization properties of heavy
particles are usable in clinical and biological applications [5-7].
Ion therapy exhibits a wide range of potential applications namely: pediatric tumors like Medulloblastoma,
Rhabdomyosarcoma, Ependymomas, Gliomas, and craniopharyngiomas, and also central nervous system tumors called
Glioblastoma [8].
When a high energy ion beam enters the tissue, along with the path at first, its speed is almost constant and has a minimum
energy loss. At the end of the path, while the charged particle is going to stop, suddenly it loses maximum energy at a
short distance, which is called the Bragg Peak. Due to the presence of the Bragg peak in ion depth-dose profile, there is
a potential capability in conforming the dose to the tissues at a given region and eliminating dose to the tissues before and
after the target region [9].
Currently, the use of proton, helium, carbon, and oxygen ions is expanding, and each of them has its own advantages and
disadvantages. Because of the physical and radiobiological properties of helium ions compared to the most clinically
available ion beams (i. e., proton and carbon), such as beam sharpness and less fragment, currently in the Heidelberg IonBeam Therapy (HIT) Center, alongside with other ions, research on the use of helium ions in treatment is conducted.
Therefore, helium ion beams are increasingly considered as a promising alternative to proton beams for radiation therapy,
in terms of beam sharpness [2, 10].
In order to perform quality assurance tests in treatment planning, water or water equivalent solid phantoms are applied as
the tissue equivalent materials. Water equivalent ratio (WER) or water equivalent thickness (WET) is often used to
characterize the beam penetration range. Since for wide range of energies, WER and WET are not accessible for various
phantoms and dosimetry materials, therefore some researchers have provided experimental or calculation results for WER
and WET values [6, 11-14].
However, WER values for protons even in upper and lower than the therapeutic range is existed, and there is enough
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experimental and analytical data in the therapeutic energy range [6, 11, 15-20], But, to the best of the authors' knowledge,
for helium ions, other than some analytical calculations, there is no experimental data and even simulation calculation
results. For this reason, in this work, WER values were calculated at low and medium energy range (25-150 MeV/u) of
helium ions for various relevant potential materials that are applied in clinical practice through MCNP Monte Carlo
simulation code. In addition, the calculated results were compared to the published data for validating the simulation
calculations.
Water Equivalent Ratio
Particle range depends on particle type, its energy and the type of transportation media. There are differences between
practical and clinical ranges of particles. Practical range is the distance that the particle penetrates in the absorbent material
before losing all its energy and before stopping completely. The clinical range of ions (R) is defined as the depth of
absorbent material that the beam of particles lose 80 % of their maximum energy after the Bragg peak. In other words, R
is defined as the depth distal to the Bragg peak where the dose reduces to 80 % of its maximum value at the Bragg peak
(Rw80%).
In the clinical practice, the water equivalent ratio (WER) is applied to show the difference between the practical range of
the ion beam in water (𝑅w 80%) over the practical range of ion beam in a certain material m (𝑅m 80%) [12]. WER is
defined as below:
𝑊𝐸𝑅 =

a b „%
a à „%

(1)

In the present research, WER is calculated in low and medium energies of helium ion beams in Polymethyl Methacrylate
(PMMA), Polystyrene (PS) and Aluminum (Al) using the Monte Carlo simulation. Materials densities and their chemical
formulas that are used in the calculations are tabulated in Table 1 [21].
Table 1. Chemical formula and density values of the applied materials in this study

Target material
Liquid water
Polymethyl Methacrylate (PMMA)
Polystyrene (PS)
Aluminium

Chemical formula
H2O
(C5H8O2)n
(C8H8)n
Al

Density (g/cm3)
1
1.19
1.06
2.7

Monte Carlo Calculations
MCNP is non-deterministic and accurate code for dosimetric evaluation of charged particles in hadron therapy, therefore,
it is used for different areas of particle therapy such as calculating dose distributions in patients or phantoms as well as
WET and WER values [11, 12].
In this theoretical work, the MCNP code is applied for helium ion transportation and dose distribution calculations, in
order to assess WER values for various materials that are mentioned in Table 1. A cylindrical phantom containing water
with dimensions of 1000 mm in height and 300 mm in diameter was simulated. A pencil helium ion mono-energetic beam
with 1 mm radius is incident perpendicular to the phantom surface. By defining mesh-tallies in the input file, 1000
cylindrical detectors with dimensions of 1 mm in height and 20 mm in diameter were considered along with the beam
path in the phantom for calculating helium deposited energy in each detector. Figure 1 shows the details of the supposed
geometry. WER value assessment for the studied materials (Table 1) was performed in the range of 25 - 150 MeV/u by
the step of 12.5 MeV/u. Depth distal to the Bragg peak, where the dose reduces to 80 % of its maximum value at the
Bragg peak, and clinical range (Rw80%), extracted from depth-dose profiles in each energy. Same steps were done with
other presented materials in Table 1. In the other words, by changing water phantom material to PMMA, PS and Al, dose
distribution in the detectors was calculated and depth dose profile was obtained in each energy, afterwards, clinical ranges
of helium ions with different energies were extracted from beam profiles for each material mentioned in Table 1. By
considering Rm80% for each material and Rw80% for water and using equation (1), WER was calculated. Statistical
relative errors were less than 1 % in all simulation calculations.
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Cylindrical phantom containing material
Cylindrical material slice detectors

1 mm

300 mm

20 mm

Helium ion beam

1000 mm

Fig. 1. Simulated cylindrical phantom containing the studied materials.

Results
Depth-dose profiles of helium ions in the water, PMMA, PS and Al were obtained using MCNP code calculations. Depthdose profiles in the mentioned materials, at intermediate energy of helium ions (100 MeV/u) is given in Figure 2. As can
be seen, the Bragg peak depth are different in each of the studied materials. Table 2 shows the clinical ranges of helium
ions with different energies in the studied materials that were evaluated through MCNP calculations. According to this
table, as expected, by increasing the density of materials, helium ion range decreases and also by increasing particle
energy, the range value increases.

Dose(MeV/g)

WER values extracted from MCNP calculations by evaluating Rw80% and Rm80% from the beam profiles of the
mentioned materials at different energies using equation (1). In Table 2, Calculated WER values are compared to the
reported results published in the literature. As can be observed, calculated WER values are in good agreement with the
reported data [6]. The biggest difference in WER values between results from MCNP calculations and obtained data from
the literature was 1.8 %. For all the studied energy range, the mean values of WER for PMMA, PS and Al were 1.162,
1.053 and 2.067, respectively. Therefore, Al has the biggest WER value among the studied materials and PS exhibits the
least difference compared to water. For a better representation, WER values of studied materials were compared in Figure
3. As can be seen, PS is closer to the water than two other materials.
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Fig. 2. Depth-dose profiles in the studied materials for 100 MeV/u helium ion energy (calculated by MCNP code).

In conclusion, in this work, depth-dose profiles, range, and WER values were calculated in liquid water, PMMA, PS and
Al for helium ion energies ranging 25-150 MeV/u using the MCNP code. For all the studied energy range, the mean
values of WER for PMMA, PS and Al were 1.162, 1.053 and 2.067, respectively. Therefore, PS and Al exhibit the lowest
and the biggest WER values among the three studied materials, respectively. Accordingly, it can be concluded that among
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mentioned materials, PS shows the least difference to water at the studied energy range of helium ion beams. The
calculated WER values were in good agreement (The maximum difference was 1.8 %) with the data obtained from the
literature.
Table 2. Clinical ranges of helium ions with different energies in the studied materials, calculated by the MCNP code
E (MeV/u)
25
37.5
50
62.5
75
87.5
100
112.5
125
137.5
150

Water
0.7295
1.426
2.32
3.426
4.7255
6.2265
7.833
9.721
11.704
13.758
16.0275

Clinical Range (cm)
PMMA
0.6255
1.232
2.03
2.932
4.032
5.38
6.734
8.337
10.034
11.917
13.833

PS
0.66
1.3317
2.2233
3.3202
4.5315
6.0025
7.5283
9.282
11.2107
13.2316
15.422

Al
0.4022
0.7316
1.132
1.722
2.334
3.0316
3.821
4.6445
5.625
6.631
7.646

Table. 3. The calculated WER values (this work) for different helium ion energies in the studied materials compared with the literature [6]
E (MeV/u)

25.0
37.5
50.0
62.5
75.0
87.5
100.0
112.5
125.0
137.5
150.0

PMMA
This work
Ref [6]
1.166
1.157
1.143
1.168
1.172
1.157
1.163
1.166
1.166
1.154
1.158
1.159
1.158

WER
PS
This work
Ref [6]
1.105
1.071
1.043
1.032
1.043
1.037
1.040
1.047
1.044
1.039
1.039
-

Al
This work
1.814
1.949
2.049
1.989
2.025
2.054
2.050
2.093
2.081
2.075
2.096

Ref [6]
2.068
2.082
2.089
2.094
2.098
2.101
2.103

Reference
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Experimental evaluation of dose-response of high density polyethylene/multiwalled carbon nanotube nanocomposite against gamma rays through a resistive
dosimeter
S. MALEKIE, F. ZIAIE
Radiation Application Research School, Nuclear Science & Technology Research Institute, Tehran, Iran

Abstract
Carbon nanotubes (CNTs) are promising materials that play an important role in the future of nano-electronic and
especially ionizing radiation dosimetry in the diagnostic and therapy region. These materials via combination with
polymers make polymer-CNT composites with improved electrical, optical, thermal and mechanical properties. One of
the factors that affect the response of these materials for dosimetry utilizations is the variation of electric current of
composite due to absorption of radiation. In this experimental work, the solution processing method was used in
fabricating the HDPE-MWNT composite. The electric current of 2wt% MWNT/HDPE nanocomposite near the electrical
percolation threshold (EPT) with a thickness of 68 µm under gamma irradiation of 60Co over the absorbed dose from 135
to 542 mGy under the applied bias of 50 V has been investigated. A quasi-linear response curve for radiation dose of
~135-400 mGy was observed. Results showed that this nanocomposite can be used as a real-time dosimeter to measure
the amount of dose or dose-rate in diagnostics and therapy level.
Keywords: HDPE-MWCNT Composite, Electrical Conductivity, Dosimetry, Radiation Dose.
Introduction
The electrically conductive polymer-carbon nanotube composites have great potential in many applications, such as
electromagnetic interference shielding, sensors, batteries, antistatic devices, lightweight energy storages, and dosimeters
[1-13]. Dosimetry and detection of ionizing radiation is one of the important investigation fields in the nuclear industry.
Passive dosimeters, such as photographic films and thermoluminescent materials, are largely used for individual
dosimetry of ionization radiation, but they do not provide a direct reading and need a further treatment after irradiation to
yield any information on the dose level [14]. After discovery of carbon nanotubes (CNTs) by Iijima in 1991[15] , it was
possible to fabricate polymer-CNT composites. Structural and electrical characteristics of CNTs make them a promising
smart sensor material. The smart polymer-CNT composite can be investigated for dosimetric purposes of ionizing
radiations [1]. The CNTs have been widely used due to presenting high electrical conductivity (103-104 S/cm) [16]. The
nano-sized, high surface area and the high aspect ratio (AR) of CNTs offer the great opportunities to enhance the electrical
conductivity of the polymer/nano-composites even at a very low loading of CNTs in the polymer/nano-composites [17].
Since polymer-CNT composite is light and tissue equivalent and also due to easy processing and low costs of polymeric
composites, this kind of material has potential applications in the ionizing radiation dosimeter. MWCNT covers a wide
range of energy levels, from -3 to 3 eV, with all kinds of metallic and semiconducting characteristics [18].
In this work, we are going to measure dose response of HDPE-MWCNT composite under a suitable voltage to design a
real time active dosimeter for monitoring and radiation protection purposes. High Density Polyethylene (HDPE) was
chosen as polymeric matrix, because of its high breakdown voltage about ~200 Kv/mm [19], and also its semi-crystalline
structure and has a radiation tolerance up to 1000 kGy [20]. Polyethylene is thermoplastic polymer with repeating unit

(- CH 2 - CH 2 -); this semi-crystalline material with a melting point of 130C 0 is widely used for various engineering
applications. In this work multi walled carbon nanotube (MWCNT) was chosen as filler because it has particular electrical
properties, their electrical mobility at room temperature are more than 105 cm2 V .s and also capable to carry currents with
a density exceeding 109 A cm2 [21]. The high mobility of carbon nanotubes suggests high sensitivity in applications
where charge detection is required [21]. The incorporation of carbon nanotubes as part of the sensing element could
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potentially lower the bias voltage [22]. One interesting phenomenon associated with the unique physical structure of
CNTs is that their sharp tips can generate a very high electric field at relatively low voltage [22]. This study indicates that
nanotube-based electronic devices, besides miniaturization and integration, may have a great potential for improving
existing radiation dosimetry techniques. These devices also hold great promise for high resolution real-time in vivo dose
measurement in radiation medicine and microdosimetry in biological environments [23]. Some investigations of the effect
of irradiation on electrical properties of carbon allotropes with especially polymeric hosts have been done [14, 18, 2428]. The effects of ionizing radiation on electrical resistance of PMMA-MWCNT composite were investigated [27]. Other
researchers were investigated the interaction of radiation with functionalized carbon nanotubes that have been
incorporated into various host materials, particularly polymeric ones [29]. The effects of length and critical density of
CNTs on the electrical conductivity of a radiation sensor based on percolation theory was studied [30]. Adding small
CNT amount to a polymeric matrix has been found to distinctly and successfully improve conduction properties, x-ray
response speed and the x-ray sensitivity of the polymer films comparable to that of a silicon pin diode [31]. Such organic
thick films might in future provide large surface area detection as an ionizing radiation dosimeter of low maintenance and
cost [31].
He and et al [32], reported that electrical percolation threshold for HDPE-MWCNT composite was about 2wt%, so in this
experimental work, we evaluate dose response of 2wt% MWCNT/HDPE nanocomposite against the gamma rays of
cobalt-60.
Experimental Method
High density polyethylene (HDPE) 3840 with density of 0.94g/cm3 was supplied by Bandar Imam Petrochemical
Company, The multi walled carbon nanotubes (MWCNTs) used in this work was purchased from US Nano Inc., with a
relative purity >98 wt.%. The dimension of the MWCNTs was 5–15 nm in outer diameter, 3-5 nm in inner diameter and
~50 μm in length and used as received; p-Xylene was purchased from Merck and was used as solvent.
Preparation of HDPE-MWCNT composite
As the dispersion of nanotube in polymer matrix is an important factor in preparation of polymer/CNT composite, solution
processing has been used to prepare HDPE-MWCNT composite. According to table 1, a measured amount of MWCNTs
was added to p-Xylene and sonicated by a conventional ultrasonic bath (Elma 60H-Elmasonic) operating at a power of
60 W and frequency of 40 kHz. The temperature of the solution increased gradually during sonication, reaching a value
of ~125 0C. In a separate vessel, 600 mg HDPE was dissolved in p-Xylene at ~125 0C stirring the solution for 30 min.
the hot sonicated MWCNT solution was added to the HDPE solution at ~125 0C and mixed with a hot plate magnet stirrer
for 30 min at this temperature and then hot solution ultrasonicated again for 1 h to achieve well-dispersed MWCNT in
HDPE matrix. Finally to make HDPE-MWCNT composite, the solution was poured into a Petri dish and kept at an oven
80 0C for 2 h. the measured thickness of 2 wt% HDPE-MWCNT composite was 68 µm. For better dispersion of CNTs
in a polymer matrix, viscosity of selected solvent has an important role in fabricating polymer-CNT composite. The
dispersion state of the CNTs within the polymer film can be controlled by modifying the viscosity of the polymer/solvent
solution, on the other hand, high viscosity may take processing difficult but prevents CNT re-agglomeration after casting
[33]. Details of solvent content and sonication time employed to disperse the CNTs in p-Xylene are listed in Table 1.
Table III. Amount of CNT and sonication time applied for dispersion of CNTs in the solvent
CNT wt%
2.00

MWCNT
(mg)
12.2

p-Xylene
(ml)
25

Sonication time
(h)
10

Measurement of Electrical Conductivity
Electrical conductivity of HDPE-MWCNT composite with 2 CNT wt% was measured at room temperature with a twoprobe method using a high impedance electrometer (PTW UNIDOS-E). For this composite five measurements were
performed and then the average value of electrical conductivity was obtained. According to Fig. 1, silver paste was chosen
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for electrodes material and coated on the specimen surface to form electrodes of 5 mm length on the film edges of 25 mm
long specimen, with effective length (L) of 15 mm between the silver electrodes. Specimen width was 6 mm and film
thickness 68 μm. The sample was fabricated by solution processing on phenolic substrate.

Gamma
Irradiator
Picker V9

Polymer-CNT film

Gamma-rays

Low noise cable

Electrometer

FIG. 1. Schematic illustration of HDPE-MWCNT composite
fabricated for radiation detection and dosimetry purposes.

FIG. 2. Schematic representation of the experimental setup for
measure dose response of HDPE-MWCNT composite.

Gamma Irradiation
According to Fig. 2, to measure the collected charges and leakage current, a PTW UNIDOS-E electrometer was
connected to HDPE-MWCNT composite via a low noise tri-axial cable. The tri-axial cable was connected to the
electrodes with silver paste. A Picker V9 60Co machine was used to irradiate the sample with a 1.25-MeV 60Co gammaray beam at a maximum dose rate in air of 106 mGy/min at source-to-surface distance (SSD=80 cm), and a field size of
10×10 cm2. A Dose rate 271 mGy/min was calculated using the inverse square law by placing the sample at 50 cm from
the 60Co source. Leakage current was tested as an indication of real current induced by radiation. At the same dose rate
for HDPE-MWCNT composite, linearity was checked for different doses, ranging from 135 to 542 mGy at a voltage of
50 V, with an integrating time of 30 s.
Results and Discussion
As can be observed from the Fig. 3, SEM image shows the dispersed characteristics of MWCNTs in HDPE matrix. As
can be seen from the Table 2, the conductivity of HDPE-MWCNT composite (σ) was calculated using:

s=

L
AR

(1)

where A is the cross sectional area of the sample and R the measured electrical resistance.
Agglomerates in nano-composites deteriorate their electrical and mechanical properties and decrease their homogeneity;
therefore realization of dispersion is a decisive step in the fabrication of CNT composites, especially for the realization
of reproducible CNT-based structures with predictable properties [34]. it is believed that well-dispersed CNTs can reduce
percolation threshold and improve percolating paths, but a few studies [33], suggest that CNT agglomeration could favor
the formation of a percolating network.
The electrical conductivity of polymers is very low and mainly spanned in the range of 10-16-10-12 S/m [35]. Carbon
nanotubes due to possess unique electrical characteristics, for example high electrical conductivity between 105-106 S/m
[16], via adding to a polymer matrix in a particular weight fraction entitled electrical percolation threshold (EPT) leads
to a suddenly several orders of magnitude increasing of electrical conductivity of polymer-CNT composite [1]. Since the
optimized dose response and sensitivity of the under study dosimeter is highly dependent on CNTs weight fraction, so
electrical percolation theory is appropriate approach to precise control of CNTs amount in the Polymer-CNT composite
[1].
TESNAT 2019

254

Amasya, Turkey

5th International Conference on Theoretical and Experimental Studies in Nuclear Applications and Technology

FIG. 3. Table II. Measurement of the electrical conductivity of HDPE-MWCNT composite
wt%
2

Thickness(µm)
68

Resistance (Ω)
8.05×107

Conductivity (S/m)
4.56×10-4

To predict the electrical conductivity of composites (scom), the two-exponent phenomenological percolation equation
(TEPPE) or general effective medium (GEM) equation was proposed [36]:
(?>d)4`e f/f >`ghe f/f 7
4`e f/f ui`ghe f/f 7

+

d4`B f/j >`ghe f/j 7
4`B f/j ui`ghe f/j7

=0

(2)

Where ϕ is volume fraction of inclusions, A = (1 − ϕL )/ϕL , ϕL is critical volume fraction, s and t are critical exponents,
sm and si are electrical conductivity of the matrix and inclusions (CNTs), respectively. Eq.1 yields the two limits of:
σ< → ∞ ∶ σLno = σo 2

dg

p

3 , ϕ < ϕL

(3)

dg >d

d>d

H

σo → 0 ∶ σLno = σ< 2 ?>d g 3 , ϕ > ϕL

(4)

g

This theory applies for nano, micro and macromedia [36]. The values of s and t are directly depends on EPT value of the
polymer nano-composites [37].
Fig. 4 shows the dependence of normalized electric current (I−I0)/I0 with absorbed dose for HDPE-MWCNT composite
at the same fixed applied voltage of 50 V, which I and I0 are the photocurrent and dark current respectively. At the same
dose rate for HDPE-MWCNT composite, linearity was checked for different doses, ranging from 135 to 542 mGy at a
voltage of 50 V, with an integrating time of 30 s. As can be easily seen from the Fig. 4, for the composite sample containing
2 CNT wt%, the normalized electric current increases with absorbed dose from ~135-400 mGy and then saturated at 542
mGy and a quasi-linear response curve for radiation dose of ~135-400 mGy is observed.
The higher the dose of gamma rays the more electron hole pairs are produced under applied bias voltage, as expected.at
percolation threshold, the reduction of inter-tube distance at relaxed CNT junctions will result in a large overlap of wave
functions, which favor electron tunneling and increase the contact conductance [6]. Grossiord et al., proposed that the
conductive properties of the polymer/nano-composites might depend on the effect of tunneling mechanism [38]. So with
increasing the CNTs in the polymer matrix, we conclude that the tunneling distance is reduced, and then higher conduction
of electrons in the composite is appeared.
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FIG. 5. Changes of normalized electric current (I−I0)/I0 via
absorbed dose, for 2 wt% MWCNT- HDPE nanocomposite.

FIG. 4. SEM image of 2 wt% MWCNT/HDPE nanocomposite.

The dose response of Polymer-CNT composite is related to several parameters such as CNT wt% and applied biases and
also crystallinity of the polymer [1]. Carbon nanotubes served as nucleating agents, thus increasing the crystallinity of
the composite which contributed to the increase in mechanical properties [39]. The ability of the CNTs to nucleate
provided an ideal environment for good interaction at the polymer-nanotube interface [40]. Since G-value (the mean
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number of entities produced, destroyed or changed by an energy imparted of 100 eV [41]) is proportional to crystallinity
degree of the polymer [42], it is expected that irradiation of composite, leads to produce more electron-hole in sensitive
volume. In general, amorphous materials do not have the tendency to produce trapped electrons. More crystallinity in
polymer resulted in more yield of trapped electrons, G-value [42].
Adding CNTs to a polymer matrix close to percolation threshold leads to convert polymer into a semiconductor material
in the electrical conductivity point of view. Exposure of a semiconductor to ionizing radiation may produce a temporary
increase in population of free charge carriers, and the extra flow of current under the influence of an applied electric field
[43]. The photons interact with semiconductor in a variety of ways such as photoelectric effect, Compton scattering, and
pair production to generate charge carriers. The generation of free carriers requires that on excitation the electron and
hole have sufficient energy to overcome their Coulomb attraction; otherwise recombination is inevitable. By applying
suitable bias, it is possible to prohibit of recombination of electron-hole pairs and this leads to gathering charge carriers
and increasing of electric current of the composite. Higher dose rate can enhance electron-hole pair production in polymerCNT composite and creating defect sites along the side walls of the nanotubes [27].
The results of this experimental work for investigating of dose response of HDPE-MWCNT composite in different doses
are relatively consistent with what has been simulated in PE-CNT composite close to percolation threshold [1].
Conclusion
In this experimental work, the HDPE-MWCNT composite close to percolation threshold prepared via solution processing
method. Electric current of the HDPE-MWCNT composite over the absorbed dose near percolation threshold, allows us
to analyzed dosimetry characteristics of this material. One of the most important parameters is the working dose range,
beyond which the device is considered as damaged, so electric current of the HDPE-MWCNT composite was investigated
in different radiation doses. In this experimental work, electric current of HDPE-MWNT composite, close to the
percolation threshold with a thickness of 68 µm, under gamma radiation over the absorbed dose from 135 to 542 mGy
and under the applied bias of 50 V has been investigated. We have observed a quasi-linear response curve for radiation
dose of ~135-400 mGy with the HDPE-MWNT composite. These kind of nano-composites demanded further studies on
producing photocurrent to be used as radiation detectors or low dose ionizing radiation dosimeters.
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Fabrication of low electrical percolation threshold polystyrene/multi-walled
carbon nanotube nanocompsites via a mixed solution method with dosimetry
purposes
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Abstract
Recently, Polymer-Carbon Nanocomposites due to possess extraordinary mechanical, optical, electrical, and thermal
properties have attracted increasing attention as ionizing radiation dosimeters. In this experimental work, the resistivity
of Polystyrene/Multi-Walled Carbon Nanotube (PS/MWCNT) nanocomposites has been investigated for different
concentrations of 0.05, 0.1, 0.28, 1, 2 wt% MWCNT. Dichloromethane (DCM) and toluene were selected as MWCNT
dispersant and PS solvent respectively via the sonication in the ultrasonic at the frequency of 20 kHz. The plot of electrical
conductivity versus MWCNT wt% showed a low percolation threshold of less than 0.1 wt%, which exhibited a good
agreement with other experimental works. Characterization of SEM analysis of the nanocomposites showed a uniform
distribution of MWCNTs in the polymer matrix. Finally, the variation of resistivity in different temperatures for all
nanocomposites at the range of 25-90°C has been measured, in which indicated a positive temperature coefficient (PTC)
effect before glass transition temperature (Tg) of polystyrene and negative temperature coefficient (NTC) effect after that.
This nanocomposite has potential application as a real-time dosimeter in the therapeutic level.
Keywords: Electrical percolation threshold, PS/MWCNT nanocomposite, Mixed solution-processed, Resistivity,
Temperature.
Introduction
Over the past two decades, polymer materials reinforced with nanofillers for example carbon nanotubes (CNTs) have
attracted much attention from both sides the scientific, and the industrial communities as a result of the significant
property enhancement procure from relatively low nanofiller loading [1]. Polymer nanocomposites have great potential
applications in flexible electronics, solar cells, antistatic devices, electromagnetic interference shielding, radiation
shielding, batteries electrode materials, supercapacitors, piezoelectric sensors, radiation sensors, and dosimeters [2-15].
CNTs are ideal reinforcing fillers for a polymer matrix, because of their nanometer size, high aspect ratio and, more
importantly, their excellent mechanical strength, and electrical and thermal conductivity [1]. Generally, the CNTs are
categorized into two groups: SWCNT and MWCNT. MWCNTs would have diameters ranging from 2-100 nm and lengths
of up to tens of microns, and they exhibited electrical conductivity as high as 105–107 S m-1 [16].
The dispersion of carbon nanotubes inside a polymer matrix is challenging issue, because of the agglomeration of CNTs
as a result of van der Waals interactions [16]. Therefore, three processing methods would be used for the fabrication of
the polymer-CNT composites: solution mixing, melt mixing, and in-situ polymerization [16]. Typically, solution mixing
includes three main steps: (i) dispersing the CNTs in a suitable solvent, (ii) mixing with a polymer solution, and (iii
casting a film [16].
CNT-Polymer nanocomposites expose percolation behavior in which the presence of interconnected nanotube network
results to intensive enhance of their electrical conductivity [17]. In percolation systems there is a critical volume fraction,
the lower which the electrical properties are overcome by the isolating component and the higher which the conducting
component dominates [18]. At the point of electrical percolation threshold (EPT), spanning cluster is formed. The
percolation threshold of the CNTs depends on type, size, shape, specific surface area (SSA), and distribution of the filler
particles [19]. It is obvious that when CNTs have high aspect ratio, tubes have a higher possibility to connect with each
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other, therefore, few nanotubes are required to form conductive paths within certain area [20].
A broad confine of value for conductivity and percolation thresholds of CNT composites have been presented in the
literature, depending on the processing method, polymer matrix and nanotube type [21, 22]. Several investigations have
been done to fabricate PS/MWCNT nanocomposite [16, 23].
In this research, we focus on a new method for fabrication of PS/MWCNT nanocomposite to achieve a very low
percolation threshold and better interaction of CNTs with polymeric matrix via a mixed solution-processed
Experimental methods
Materials
PS 1540 with the density 1.05 g cm-3 was supplied from Tabriz Petrochemical Company. MWCNT with purity of >98
wt%, density of 2.1 g cm-3 , outside diameter 5-15 nm, inside diameter 3-5 nm, average length 50 μm, SSA : > 233 m2 g1
, electrical conductivity >104 S m-1 was prepared from US Nano Inc, and finally high purity toluene and DCM as the
solvents were procured from Merck Company.
Nanocomposite preparation: mixed solution-processed
In this experimental work, solution processing has been used to provide PS/MWCNT nanocomposites. The details of
solvent content and measured thickness of made nanocomposites were exhibited in the Table 1. According to this table,
a measured amount of MWCNTs was added to DCM and was sonicated by a conventional ultrasonic (UP200H) operating
at 200 W and 24 kHz for 1h. In a separate vessel, 2.5 g of PS was dissolved in toluene at ~100°C and stirring the solution
for 40 min. The sonicated MWCNT solution was added to the PS solution at ~100°C and was mixed with a hot plate
magnet stirrer for 40 min and then hot solution was sonicated again for 30 min to achieve well-dispersed MWCNT in PS
matrix. As can be seen from the Fig.1, during the adding of MWCNTs solution (DCM) into PS solution (toluene), because
of evaporation of DCM solution at low temperatures near ~40°C, some bubbles and cavities were appeared in the mixed
solution. This phenomenon can prevent from the agglomeration of MWCNTs in the nanocomposites. Finally to make
PS/MWCNT nanocomposites, the mixed solution was poured into silicone mold with the diameter of 5 cm and kept at
room temperature for 24 hours. The concentrations of MWCNT in DCM solvent applied for nanocomposites with less
than 1 wt% were considered as 0.375 mg ml-1, while for the samples of 1 and 2 wt% were regarded as 1 mg ml-1. According
to the Fig. 2, the silver paste was chosen as an electrode material and was coated on the upper surface of the
nanocomposites to form the electrodes. The electrical resistance of the PS/MWCNT nanocomposites was measured with
a two-probe method using a Digital Insulator Tester MIS-3D. This device was connected to the electrodes. For each
nanocomposite, three measurements were performed and the average values of electrical resistances were calculated.
Table 1. The details of solvent content and measured thickness of made nanocomposites.

MWCNT (wt%)
0.05
0.1
0.28
1
2

MWCNT (mg)
1.25
2.5
7
25
51

DCM (ml)
3.3
6.6
18.7
25
51

Film Thickness (mm)
1.15
1.25
1.13
1.65
1.56

Results and discussion
Dispersion of MWCNTs
Fig.3 shows the SEM images of fractured surface of 0.05 wt% MWCNT-PS nanocomposite at two scales of magnification
(1µm and 200 nm). According to this figure, the cross-sectional view of the sample exhibits a uniform distribution of
MWCNTs in PS matrix, in which reveals the good interaction of PS molecular chains with the MWCNTs. As can be seen
easily from the Fig.3, via method of mixed solution-processed, agglomeration is omitted from the nanocomposite.
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PS+Toluene Solvent

Ultrasonic UP200H

Mixed Solution
showing bubbles
and cavities
Silicone Mold

MWCNT+DCM Solvent

Fabrication process of PS-MWCNT composite and
measurement of the resistance in different temperatures

Preparing samples by silver paste

Digital Insulator Tester MIS-3D
Ordinary Oven

Figure 2. Preparation of the nanocomposites for measurement of the

Figure 1. Fabrication of PS/MWCNT nanocomposite

electrical resistances.

via mixed solution-processed.

Figure 3. SEM images of fractured surfaces corresponding to 0.05 wt% MWCNT/PS nanocomposite.

Measurement Electrical conductivity
Fig. 4 depicts the EPT region in the PS/MWCNT nanocomposites by measuring electric resistance (R) and converting it
to electrical conductivity (σ) via [24]:

L
R ×A

(1)

Electrical Conductivity (S m-1)

s=

1.E+01
1.E+00
1.E-01
1.E-02
1.E-03
1.E-04
1.E-05
1.E-06
1.E-07
1.E-08
1.E-09
1.E-10

Percolation region

0

0.25

0.5

0.75

1

1.25

1.5

1.75

2

2.25

MWCNT wt%

Figure 4. Experimental result for measuring the EPT region in the PS/MWCNT nanocomposites.
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Where L and A are the thickness and surface of the samples respectively. Regarding this figure, it can be deduced
that EPT region for this nanocomposite is less than 0.1 wt%. To gain further insight in the different processes for
fabricating PS/MWCNT nanocomposite with low percolation threshold, a significant number of measurements have
been carried out recently using various experimental setups. As can be seen in the Table 2, this low amount of EPT
shows a good agreement with the other experimental published for PS/MWCNT nanocomposite. The value of
electrical conductivity measured for PS/MWCNT in this work is remarkably greater than the other published article
in the Table 2, in which confirms that this fabrication method is a suitable technique for fabrication of polymer-CNT
nanocomposites with very low electrical percolation threshold. In fact, the bursting of bubbles and holes caused by
evaporation of dichloromethane molecules leads to the better dispersion state of the MWCNTs and prevents from the
agglomeration.
Table 2. The amount of Electrical percolation threshold (EPT) published in the experimental literature comparing with current work for PS/MWCNT
nanocomposites.
Processing method
Solution mixing
Solution mixing
Solution mixing
Solution mixing
Solution mixing
Solution mixing
Solution mixing
Latex technology
Solution mixing
Extrusion
Mixing and subsequent compression molding
Transfer polymerization
Twin-screw extruder and injection molding
Bulk polymerization
In-situ polymerization
In-situ bulk polymerization
Vacuum casting and hot pressing
Sonicated, stirred
Solution mixing

Electrical conductivity (S/m)
10-2 (5 wt%)
1 (4.8 wt%)
0.135(3 wt%)
10-3 (4 wt%)
4 ×10-5 (19 wt%)
1.46 ×10-6 (1 wt%)
0.05 (15 wt%)
10-1 (1.9 wt%)
10-3 (13 wt%)
9.9 ×10-2 (0.1 wt%)
10-8 (1 wt%)
1 (20 wt%)
1.48 ×10-1 (0.26 wt%)
3.8 ×10-4 (5 wt%)
10-2 (2 wt%)
6.7 (25 wt%)
2.17 (2 wt%)

Electrical percolation threshold (wt%)
<1
0.042
2.5
4
1.8
1.5
2-3
0.45
0.05
0.5
0.08
4
0.8
<12
0.16
<0.1

Reference
[25]
[26]
[27]
[28]
[29]
[30]
[31]
[32]
[33]
[34]
[35]
[36]
[37]
[38]
[39]
[40]
[41]
[42]
This Work

As a matter of fact, in the quantum mechanics, to explain the abrupt change in the electrical conductivity of the
PS/MWCNT nanocomposites at the EPT region, it can be mentioned that, at a specific temperature the probability of
an electron hopping from one localized state to another depends on two parameters which are the spatial separation
of the sites or tunneling distance (R) and their energy separation (W). In a verily amorphous system, these variables
are random and independent. The hopping probability (P) is dependent on both these quantities [43]:

Wù
é
P ~ expê- 2aR - ú
kT û
ë

(2)

It can be deduced that adding of MWCNTs to the PS matrix, reduces W and R for electrons due to creating traps
between valance band and conductance band of polymer. Thus, the probability of hopping conduction is increased,
subsequently. Thus, adding the MWCNTs to PS matrix resulted in drastic increment in the electrical conductivity of
the nanocomposites at the EPT region. Addition of more MWCNTs over the EPT region, does not change the
electrical conductivity because the electrons taking the easiest conductive path [44], and shows a tendency to
saturation.
Measurement of the resistivity in different temperatures
Fig. 5 plotted the resistivity of the different nanocomposites above the EPT region versus inverse temperature. As
can be easily seen from the Fig. 5, there is a positive temperature coefficient (PTC) effect from the room temperature
until the glass transition temperature (Tg) for all the samples, and after that, the negative temperature coefficient
(NTC) effect is observed. To justify the PTC effect, it can be mentioned that the thermal expansion of the polymer
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matrix is greater than MWCNTs, so the tunneling distance between CNTs is increased, thus the resistivity increases
with the temperature. In the other words, resistivity decreases with the inverse temperature. Several investigations
reported this phenomenon for different types of CNT-composites [45, 46]. It is worth pointing out here that dispersion
state of the CNTs in the polymer matrix can play an important role in the determination of the Tg. Well-dispersed
CNTs in the polymer matrix, can make a good confinement between polymer chains which causes to increase the Tg.
In contrast, for agglomerated CNTs in the polymer matrix, there is a weak interaction between CNTs and polymer
chains, so Tg is decreased.
14.00

4.75

0.28wt%-MWCNT-PS

1 wt% -MWCNT-PS

13.50

Ln ρ (Ω.m)

Ln ρ (Ω.m)

13.75

13.25

4.50

13.00
12.75
2.75

3.00

3.25

Inverse Temperature

4.25
2.75

3.50

3.00

3.25

3.50

Inverse Temperature (K-1)10-3

(K-1)10-3

(a)

(b)

Ln ρ (Ω.m)

2.00

2wt%-MWCNT-PS

1.75

1.50
2.75

3.00

3.25

3.50

Inverse Temperature (K-1)10-3

(c)
Figure 5. Resistivity versus inverse temperature for different concentrations of MWCNT in the PS matrix above the electrical percolation threshold
for: (a) 0.28 wt% , (b) 1 wt% and (c) 2 wt%.

As can be seen from the Fig.5, the PTC effect is predominant at higher temperatures greater than the glass transition
temperature (Tg). To justify the NTC effect, it can be deduced that at high temperatures greater than Tg of the PS
matrix (~90°C), the polymer chains are collapsed to each other and this deformation is the agent of decreasing the
resistivity of the nanocomposite. The mechanism responsible for the change in the resistivity of the MWCNT-PS
nanocomposites could be attributed to the predominance of the quantum tunneling effect.
Conclusion
The electrical conductivity of PS/MWCNT nanocomposites was measured for different concentrations of 0.05, 0.1,
0.28, 1, 2 wt% MWCNT. In the fabrication step, a novel solution processing as the mixed solution based on the
mixing of two solvents of toluene and dichloromethane was considered. Characterization of SEM analysis of the
nanocomposites showed a uniform dispersion of MWCNTs in the polymer matrix. In fact, different between boiling
points of these two solvents causes evaporating of DCM solvent at the compound solution leading to the creation of
cavities and bubbles, this procedure prevents agglomeration of MWCNTs in the nanocomposite resulted in a very
low percolation threshold less than 0.1wt% MWCNT. The results of this experimental work for determination of the
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EPT region in the PS/MWCNT nanocomposites exhibited a good agreement with other experimental works published
in the literature. Finally, the variation of resistivity with inverse temperature for all nanocomposites in the range of
25-90°C has been measured, in which indicated a positive temperature coefficient (PTC) effect before glass transition
temperature (Tg) of the polystyrene and negative temperature coefficient (NTC) effect after that. This research work
motivates the investigation in depth of the fabrication of polymer nanocomposites with ultra-low level percolation
thresholds for measuring the electrical and thermal characteristics of this promising material.
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Effect of added guard electrode on electric field uniformity of a real-time
dosimeter based on polymer-nanotube nanocomposite using finite element
method
A. MOSAYEBI, S. MALEKIE, F. ZIAIE
Radiation Application Research School, Nuclear Science & Technology Research Institute, Tehran, Iran
Abstract
In the previous studies, the authors introduced a real-time dosimeter based on a polymer/ carbon nanotube nanocomposite
for detection and dosimetry of gamma rays. The main idea behind this kind of dosimeter is to change the electric current
of the nanocomposite by gamma irradiation. Since, in this research, reducing the noise is a challenge issue, so uniformity
of the electric field of Polystyrene/Multi-Walled Carbon Nanotube (PS/MWCNT) nanocomposite was studied through
adding guard electrode to the dosimeter using finite element method under the bias voltage of 400 V. Results showed that
adding guards led to 5% increase in the electric field magnitude, also signal noise was reduced because of obtaining the
more uniform electric field.
Keywords: guard ring electrode, electric field, uniformity, finite element method, dosimeter
Introduction
Carbon nanotubes (CNTs) were discovered by Iijima in 1991 [1]. These materials are one of the most exciting quasi-onedimensional solids that exhibit fascinating thermal, electrical, optical, and mechanical properties such as high current
density, considerable mechanical stiffness, and field emission characteristics [2]. The discovery of CNT opened the door
to enhance the properties of polymer composites for structural and multifunctional applications [3]. The nano-sized, high
surface area and the high aspect ratio (AR) of CNT offer tremendous opportunities to enhance the electrical conductivity
of the polymer composites even under slight loading of CNT in the polymer composites [4]. Dosimetry and detection of
ionizing radiation are one of the important investigation fields in the nuclear industry. In the previous studies, the authors
introduced a real-time dosimeter based on a polymer/carbon nanotube nanocomposite for detection and dosimetry
purposes of gamma rays [5-10]. In this theoretical work, since the reduction of the electric noise is a challenging problem
into the charge gathering system utilized in a real-time dosimeter based on PS/MWCNT nanocomposite, so uniformity
of the electric field of this nanocomposite was studied through adding guard ring electrode to the dosimeter using finite
element method (FEM).

(a)

(b)

(c)

Fig.1 Geometry of the dosimeter, a) without guard ring, b) with guard ring, and c) Mesh processing.

TESNAT 2019

264

Amasya, Turkey

5th International Conference on Theoretical and Experimental Studies in Nuclear Applications and Technology

Materials and Methods
FEM is a numerical procedure for obtaining solutions to boundary-value problems of mathematical physics [11]. Since
finding the exact solution for a complex system like a polymer-CNT composite is a challenging problem, so FEM can
capture more details in predicting electrical properties of these systems. In FEM, the system is divided to small elements
that can be connected to each other via the nodes. The electrical potential was calculated through solving the Laplace's
equation numerically by finite element method in defined boundary conditions. The Laplace's equation is [12]:

Ñ2V = 0

(1)

Where V is electrical potential. Then the electric field can be derived from:

!
!
E = -ÑV

(2)

Figure 1 shows the geometry of array dosimeter and mesh processing of the nanocomposite.
Results and discussions
Figure 2 depicted a view of the electric field lines for PS/MWCNT nanocomposite during an applied voltage of 100 V in
two cases: a) without a guard electrode; and b) with a guard electrode.

(a)

(b)

Fig.2 Comparison of uniformity of the electric field in the dosimeter, a) without guard ring, b) with the guard ring.

As can be seen from the Fig.2, the uniformity of electric field in the case with guard ring is better than the other one
related to without guard ring. Also, with the presence of the guard electrode, the uniformity of the electric field is
improved, so that the effect of the edge in the uniformity of the electric field has vanished. In Table I, the magnitude of
the electric field of the PS/MWCNT nanocomposite was exhibited and compared in two cases: without guard ring, and
with the guard ring. As can be seen from the Table I, adding guard ring resulted in 5% increase in the electric field
magnitude; so this nanocomposite as a real-time dosimeter can gather induced electric charges in gamma radiation fields
in a more efficient mode.
Table I. The electric field of the PS/MWCNT nanocomposite, without and with the guard ring.
Electrode System
Without Guard
With Guard

Electric Field (kV/m)
46.371
48.764

Conclusion
In simulation, since reduction of the electric noise in a real-time dosimeter based on PS/MWCNT nanocomposite is a
challenging problem, so uniformity of the electric field of this nanocomposite was studied through adding guard ring
electrode to the dosimeter using finite element method (FEM) under the bias voltage of 400 V. Silver paste was used as
electrode material and guard ring. Results showed that adding the guard ring electrode resulted in a 5% increase in the
electric field magnitude, and because obtaining the more uniform electric field, signal noise was reduced.
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Calculations of mean free path for 90Zr shielding material at 14-15 MeV neutron
incident energies

E. TEL, A.A. GÖK, M. DEPEDELEN
Osmaniye Korkut Ata University, Faculty of Arts and Science, Department of Physics, Osmaniye, TURKEY

Abstract:
Zr and Zircon are the most important chemicals for used in industrial applications, and Zircon is also widely used as
shielding material in nuclear power plants. In this study, (n,p) cross-sections of 90Zr were studies at 14-15 MeV neutron
incident energies by using empirical formulas. Mean free paths for neutron were evaluated in 90Zr element for efficiency
of shielding. The theoretical results have been discussed and compared with available experimental data.
Key Words: 90Zr, mean free path, cross section, Zirkon.
Introduction
In order to reduce the harm that the Nuclear Power Plants give to the environment, too much as protective shielding
materials and concretes are used in Nuclear Power Plants. Zircon is widely used as shielding material in nuclear power
plants. And also Zircon are the most important chemicals for used in industrial applications. The atomic number of
Zirconium, which is the 4th group element of the periodic table, is 40. Zirconium is one of the transition metals of the
periodic table. The zirconium element, which is highly resistant to corrosion, has good thermal conductivity such as other
transition metals of the periodic table. Melt boiling temperatures are high metal with high hardness and high density.
Zirconium is found in rocks within the crust of the earth and is mostly distributed homogeneously. Zirconium and
zirconium chemicals are used in nuclear power plants, paint, paper, fertilizer and chemical, iron and steel industries.
In this work , (n,p) cross-sections of 90Zr were studies at 14-15 MeV neutron incident energies by using new evaluated
empirical formulas. Mean free paths for neutron were calculated for 90Zr target nuclei. The theoretical results have been
discussed and compared with available experimental data.
Calculations of Macroscopic Absorption-cross-sections and . Mean Free Path
The average free path is called the mean x distance that a particle can take before it is absorbed or scattered. The mean
free path is denoted by λ. Moreover, the average free path of a nucleus in a nuclear material is one of the most basic
characteristics of that material.
Average free road,
N0
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(1) From the expression N in the relation:
dN = - n σ N0 exp( -nσx ) dx
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As you can see, the mean free path is the inverse of the macroscopic cross section.

å

=s .N

(3)

Absorption average free path,

x=

1
1
=
ns å

(4)

Where Σ is the macroscopic absorption-cross-section.

N=

r NA
A

(5)

N = Atomic Density, NA =Avagadro Number (0,6022 x 1024) ,

r

= Density (g/cm3) ,

A = Atomic Weight,
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=s ( n , p ) .N
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Average mean free path, for (n,p) reactions,
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Table 1. Systematics of 14-15 MeV energized (n, p) reaction cross section (mb).

Author

-Energy (MeV)

Mass number

£

A

£

Tel et al. I 14 -15

17

Tel et al. II 14-15

Even-Z, Even -N
Even -Z, Odd-N

14-15

Odd -Z, Even -N
40

£

A

£

(n,p) Formulas

239

14-15

Levkovskii 14

s

202

45.2( A1/3 + 1) 2 exp [ -33s ]

Calculations
N=

r N A 6,52g0, 6022 ´1024
=
= 0, 09816 ´1024 molekül
cm
A
40

3

In Table 1 Tel et al. Systematics (n, p) reaction cross section
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s ( n , p ) = 9, 71´ ( A(1/3) + 1) 2 gexp[-21.87 s]

s ( n , p ) = 25, 7429mb = 0, 0257429barn
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s ( n , p ) = 45.2( A1/ 3 + 1) 2 exp [ -33s ]
s ( n , p ) = 34,8367mb = 0, 0348367barn

å
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=
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3
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Results and Discussion
The nuclear reaction theoretical calculations are needed for the estimation of the cross–sections, especially if the
experimental data are not obtained due to the experimental difficulty. The obtained cross-section values in this study can
guide the design of the blanket configurations engineering over design costs. The obtained results and working on Zr
containing alloys are important for shelding materials of the nuclear reactors.
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