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Examination of Radiation Absorption Properties of Pb(NO3):2
Doped Wallpapers

Yusuf KAVUN"

Kahramanmaras Sutcu Imam University, Vocational School of Health Services, Department of Medical
Imaging Techniques, Kahramanmaras, Turkey
(ORCID: 0000-0001-9635-4388)

Abstract

The harmful effects of radiation on human health have long been recognized. These effects include radiation burns,
radiation diseases, shortening of life span, cancer and hereditary disorders. Therefore, the absorption properties
and applicability of the material used in radiation shielding are very important. Hence, studies are underway on
the development of different types of shielding materials. In this study, radiation absorption properties of lead (I1)
nitrate Pb(NOs), coated wall papers were investigated. The wall papers in different densities (100% precipitated
calcium carbonate (PCC), 2.5 g, 5 g, and 7.5 g amounts of Pb(NQOs3),) and various thicknesses (0.176-0.236 mm)
were prepared and investigated. 4 MeV-energized electrons were applied to the Pb(NOs), coated wall papers and
measurements were taken with the PTW brand electron detector. Also, theoretical calculations have been done by
using WinXCom program. According to the obtained results, these wallpapers' absorption properties increased
depending on thickness. Thus, it has been seen that the Pb(NO3), coated wallpapers can be used with other
materials in radiation shielding.

Keywords: Radiation, shielding, wallpaper, lead (I1) nitrate.

Pb(NO3). Katkih Duvar Kagitlarinin Radyasyon Sogurma
Ozelliklerinin Incelenmesi

Oz

Radyasyonun insan sagligi tizerindeki zararli etkileri uzun zamandir bilinmektedir. Bu etkiler radyasyon yaniklari,
radyasyon hastaliklari, yasam siiresinin kisalmasi, kanser ve kalitsal bozukluklar1 igerir. Bu nedenle, radyasyon
zirthlamada kullanilan malzemenin sogurma ozellikleri ve uygulanabilirligi ¢ok onemlidir. Bu nedenle, farkl
koruyucu malzemelerin gelistirilmesi {izerine c¢aligmalar devam etmektedir. Bu ¢alismada kursun(Il) nitrat
Pb(NOs3); kaplamali duvar kagitlarinin radyasyon sogurma ozellikleri arastirilmigtir. Farklt yogunluklarda (%100
¢okeltilmis kalsiyum karbonat (PCC), 2.5 g, 5 g ve 7.5 g Pb(NOs),) ve ¢esitli kalinliklarda (0.176-0.236 mm) duvar
kagitlar1 hazirlandi ve arastirildi. Pb(NOs), kaplanmis kagitlara 4 MeV-enerjili elektron uygulandi ve PTW marka
elektron detektori ile dl¢iimler alindi. Ayrica, WinXCom programi kullanilarak teorik hesaplamalar yapildi. Elde
edilen sonuglara gore, bu duvar kagitlarmin sogurma ozellikleri kalinliga bagli olarak artmistir. Béylece, Pb(NOs),
kapl duvar kagitlarinin diger malzemelerle birlikte radyasyon zirhlamada kullanilabilecegi goriilmiistiir.

Anahtar kelimeler: Radyasyon, zirhlama, duvar kagidi, kursun (II) nitrat.

1. Introduction

Radiation has been a part of our world since the formation of the universe. In this process, humanity has
always been exposed to natural radiation from Earth and space. However, it is available in situations
where radiation is artificially produced and used. For example, X-rays can be used to diagnose and treat
diseases and can be used in industrial applications. In addition, the radiation released by accidents as a
result of failures in nuclear facilities can damage humanity and nature. In all these cases, the most

*Sorumlu yazar: yusufkavun@gmail.com
Gelig Tarihi: 07.10.2019, Kabul Tarihi: 19.12.2019
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important principles of radiation protection are exposure time, shielding and distance. In this way the
amount of dose exposed can be prevented or reduced by using simple preventive measures. In cases
where radiation is used, exposure time should be limited to as much as necessary, the distance from the
radiation source should be maximized and the source should be protected wherever possible [1]. To
measure personal dose intake in the event of occupational or emergency exposure, personal dosimeters
should be used for external radiation and bioassay techniques should be applied for the internal dose due
to ingestion of radioactive contamination [2].

In radiation shielding, the radioactive particles are blocked by a barrier or barrier material to
provide absorption of radiation. charged particle energies are reduced by methods such as photoelectric,
scattering or double formation according to the attenuation principle of energy by interacting with the
electrons of the material in the barrier. Thus, the particles can be rendered less harmful by, for example,
elastic or inelastic scattering events of neutrons [3].

Figure 1. Example of Pb(NO,); doped wallpaper

To date, many materials have been developed for radiation shielding purposes. The amount of
absorption varies according to the properties of the material to be produced. Pb(NOs3). can be a good
shielding material in terms of properties. Its molar mass 331.2 g/mol and density are 4.53 g/cm?® (20°C).
Pb(NOs); is used in textile dyeing, nylon and polyesters as heat stabilizers and as photo thermographic
paper. Pb(NQOs), is used to improve speed and yield, particularly in the processing of partially oxidized
ores. It is also an oxidant in the paint industry [4].

In this study, Pb(NOs), doped wallpapers were used for radiation shielding (Figure 1). 100%
precipitated calcium carbonate (PCC) and Pb(NOs), materials of different densities and thicknesses were
added to the surfaces of these papers. These wallpapers can be used for the purpose of shielding radiation
in different places. For example, it can be used in radiation treatment centres to prevent exposure of
patients and workers to radiation doses.

2. Material and Method

In this study, Pb(NOs), salts (100% precipitated calcium carbonate (PCC), 2.5g., 59. and 7.5 g.) were
applied to 85 g. wallpaper surface obtained from markets. By using VARIAN brand [5,6] linear
accelerator, 4 MeV energized electrons are applied to wallpaper that are placed between solid phantoms.
PTW [7] brand electron detector was used for dose measurements. Every measurement was repeated 3
times following the same method. The wallpapers samples were placed at a distance of 100 cm from the
gantry and the detector was placed just below the samples as can be seen in Figure 2.
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Gantry

100 em stand

Sample
Table etector]

Figure 2. Experimental setup
The amount of radiation absorption of wallpaper is determined by Beer-Lambert's law [1,3];

l=1.e" (1)

Here, | is sample counts, t (cm) is the thickness of the sample, lo is the sample-free counts and z (cm™)
is the linear absorption coefficient. Equation (1) was used in the calculation of linear absorption
coefficient and results were obtained according to the properties of the absorber material. Description
of the half-layer (HVL) is the thickness of the material which can pass half of the radiation interacting
with the material. Also, description of tenth value layer (TVL) are the thickness of material capable of
passing one-tenth of the radiation interacting with the material [3,8].

In2

HVL = — )
7

Ty - 10 ?3)
y7,

Preparation of the mortar to be applied to the wallpaper's surface is as follows: In order to
develop shielding materials, mixtures containing lead(l1)nitrate Pb(NOs3). salts were prepared separately
by taking calcium carbonate (PCC) precipitated in 5%, 10% and 15% ratios, 15% starch and 85%, 80%,
75% and 70% ratios specified in the table below. Prepared mixtures and their ratios are shown in Table
1.

Table 1. Preparation of Pb(NOs), doped coated mortar at different mixing ratios

Group Pb(NO3)2 (%0) Starch (%) PCC(%)
1 0 15 85
2 5 15 80
3 10 15 75
4 15 15 70

Also, the radiation shielding quantities of Pb(NO3). doped wallpapers systems were investigated
using WinXCom package software [9] in the energy of 14 MeV. The total linear absorption coefficient
() value of wallpapers systems were calculated by using WinXCom software based on the mixture rule
[9]. The calculation results can be seen in Table 2.

3. Results and Discussion

The structure of the shielding material is important in terms of radiation permeability. In controlled and
uncontrolled areas, the shielding design is designed to meet the recommended effective dose limits for
staff and patient. Equivalent radiation dose is 0.02mSv per week, except in public and uncontrolled
areas.

The radiation permeability of some produced materials is shown in Figure 3. Here can be seen
the absorption coefficients obtained by adding some quantities of Pb(NOs), (PCC, 2.5 g., 5g. and 7.5g.)
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to the coating mortar used for coating the wallpaper surface. The wallpaper thickness and attenuation
coefficients obtained by applying the mortar prepared using lead nitrate in different proportions to the
wallpaper surface are given in Table 2. Also, the total absorption coefficients calculated by the
WinXCom program are also given in the Table 2. The ratios in Table 1 are used for the values calculated
with the WinXCom program. Table 2 shows that values calculated with the WinXCom program have
been given higher results. Furthermore, the linear attenuation coefficients have been increased as the
thickness increases. The half-value thickness (HVL) and one-tenth thickness (TVL) values calculated
using these linear attenuation coefficients are given in Table 3. HVL and TVL values decreased as
thickness increased. This indicates that the absorption efficiency of the wallpaper increases according
to the thickness of the material. Figure 4 shows the comparison of HVL and TVL values obtained by

using (2) and (3) equations.

Table 2. Thickness and linear attenuation coefficient values of wallpapers doped with Pb(NO3),

PCC 25¢ 5.09 754
Layer Thick. Thick. Thick. Thick.
(mm) pem’)  (mm)  pem?)  (mm)  p(em?) (mm)  pem™)
3 0.192 0.0047 0.187 0.0048 0.212  0.0099 0.201 0.01203
6 0.196 0.0055 0.211 0.0071 0.221  0.0110 0.207 0.01422
9 0.206 0.0080 0.216 0.0087 0.231 0.0124 0.224 0.01685
WinXCom 0.0255 0.0308 0.0337 0.0355
0.040 - ,
3 Layer
4 G Layer
__0.035- E‘&}.I}&n. —
e | B
£ 0.030
2
£ .
‘5 0.025 4 ]
2
O 0.020
C R
R —
T 0.015
c .
g o
< 0.010
0.005 ~
0.000 t T f
PCC 25¢qr 5gr 7.5gr

Lead (Il) Nitrate

Figure 3. Linear attenuation coefficient values of wallpapers coated with Pb(NOs). obtained
by applying 4 MeV energy electrons
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Figure 4. The comparison of HVL and TVL values of Pb(NOs),
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Table 3. Calculated HVL and TVL values of Pb(NOs3)2

Thickness HVL TVL
PCC Thickness
0.192 147.2 488.9
0.196 124.5 413.8
0.206 86.1 286.0
2.5 g Thickness
0.187 143.4 476.6
0.211 96.8 321.6
0.216 79.2 263.2
5.0 g Thickness
0.212 69.7 231.5
0.221 62.9 209.2
0.231 55.6 185.03
7.5 9 Thickness
0.201 57.6 191.3
0.207 48.7 161.8
0.224 41.1 136.6

4. Conclusion

In this study, the absorption coefficients of Lead (Il) Nitrate (Pb(NOs3);) doped wallpapers were
calculated and its radiation shielding properties were examined. Linear absorption coefficients obtained
using 4 MeV energy electrons have been increased as the thickness of the material covered in the
wallpaper increased. HVL and TVL values decreased due to these linear absorption coefficients. As can
be seen from these results, radiation shielding materials can be derivable by using Pb(NOs).. Lead (1)
nitrate can be used for shielding in controlled or uncontrolled areas where radiation is used by mixing
various percentages in building materials such as wallpapers or cement as examined in this study.
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Examining Nonstandard Higgs Couplings via Photon-Photon
Fusion at FCC

Giilistan AKKAYA SELCIN”

Bitlis Eren University, Faculty of Science, Physics Department, Bitlis
(ORCID: 0000-0003-4720-6631)

Abstract

In this paper, the constraints on the non-standard HZy and Hyy couplings through the exclusive single Higgs
production process pp —pyyp —pHp at a future 100 TeV proton-proton collider have been examined. As the
signal, H—yy and H—Zy decay channels of the Higgs boson have been considered. Taking into account three
different acceptance regions of 0.015<&<0.15, 0.0015< & <0.5, 0< & <1—% and integrated luminosity of L;,, =
3000 fbl, it has been found 95% C.L. sensitivity constraints on these couplings. Similar calculations have been
made at the LHC and discussed the improvement which is provided by a future 100 TeV proton-proton collider
with respect to LHC.

Key words: Higgs couplings, single Higgs production, 100 TeV proton-proton collider.

FCC’de Foton-Foton Fiizyonu Yoluyla Anormal Higgs Baglasimlari’nin
Incelenmesi

Oz

Bu calismada, 100 TeV proton-proton garpistiricisinda, harici tek Higgs iiretimi olan pp —pyyp —pHp siireci
iizerinden anormal HZy ve Hyy baglasimlarmin sinirlari incelenmistir. Sinyal olarak, Higgs bozonunun H—yy ve
H—Zy bozounum kanallar1 ele alimmustir. Ug farkli akseptans bolgesi 0.015<£<0.15; 0.0015< & <0.5; 0< £ <1-

% ve integre edilmis luminosite L;,, = 3000 fb™ degerleri dikkate alinarak, bu baglagimlarm %95 giivenilirlik

diizeyindeki duyarlilik limitleri bulunmustur. Ayni hesaplar LHC i¢in de yapilmis ve gelecekte kurulmasi
planlanan 100 TeV proton-proton ¢arpistiricisinin LHC ye gore sagladigi iyilestirme yorumlanmustir.

Anahtar kelimeler: Higgs baglasimlari, tek Higgs tiretimi, 100 TeV proton-proton ¢arpistiricisi.

1. Introduction

The physics potential of a future 100 TeV proton-proton collider has been discussed recently by the
physics community and the interest in the subject is growing rapidly [1-3]. Such a very high energetic
machine has a great potential to probe the new physics. The predictions of the SM have been confirmed
by previous and present experiments. The last great confirmation of the SM is the discovery of the Higgs
boson [4,5]. The next step is to study the properties of Higgs boson and its couplings to other SM
particles. These studies will confirm the SM and will be useful for new physics beyond SM. The future
100 TeV proton-proton collider provides an ideal venue to measure non-standard couplings of the Higgs
boson. Phenomenological studies on non-standard Higgs couplings in a future 100 TeV collider have
been rapidly growing in the literature [1,3,6-12]. In this article we consider exclusive single Higgs
production process pp —pyyp —pHp in a 100 TeV proton-proton collider. A schematic diagram of this
reaction is given in Figure 1.
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Figure 1. Exclusive single Higgs boson production through photon-photon fusion in a pp collision.

In such a reaction, incoming protons emit two quasi-real photons which have a very low
virtuality and then these photons interact each other to produce a Higgs boson. Initial protons do not
dissociate into partons becouse the virtuality of emitted photons are very low. This production provide
a very clean experimental environment which is free from serious uncertainties coming from parton jets,
because there aren’t any proton remnants. This circumstance makes it easy to detect the signal that we
want to measure. Furthermore, photon-induced processes are electromagnetic in nature, free from
complicated QCD backgrounds. The exclusive production was studied experimentally at the Large
Hadron Collider (LHC) and also at the former hadron collider Fermilab Tevatron [13-24]. It was verified
that complementary to deep inelastic hadron collisions, photon-induced processes via equivalent
photons can be studied in a hadron collider. Therefore, it is interesting to investigate such photon-
induced processes in the future proton collider.

2. The cross section and non-standard HZy and Hyy couplings

The single Higgs can be produced through the interaction of two equivalent photons emitted from the
incoming proton beams. Although the Higgs boson does not couple minimally to two photons, Hyy
vertex gets SM contributions from one-loop level. There may be also new physics contributions which
modify this vertex. Hence, in principle these new physics contributions can be probed by measuring the
production cross section. However, Higgs bosons cannot be detected directly by the detectors. It can be
detected from its decay products. Final-state particles’ invariant mass measurement will confirm the
existence of on-mass-shell Higgs bosons. As the signal,we consider H—yy and H—Zy decay channels
of the Higgs boson. Taking into account the narrow width approximation for the processes yy— H— Zy
and yy— H— yy the cross section can be calculated easily:

2 FWZ

8

o (ry—> Hopy ) == =5 (s —mjy ) (1)
8n? I,1;

o (1> Ho Zy) = =2 5 (s —m) )

where 7", and 77, represent the decay width of H— Zy and H—yy respectively, 73, is the Higgs
boson’s total decay width, and s is the Mandelstam parameter of the initial state photon pair. During
numerical calculations, Higgs boson’s total decay width is taken to be 7;,¢ = 6.1 MeV [25]. The total
cross section of the main process pp —pyyp —pHp— pyy(Zy)p in the proton-proton collision can be
obtained by integrating the cross section for sub-processes over the equivalent photon distribution
functions:

c (pf —Ppryp ~>pHp— pyy(Zy)p) =
[ dxy fxn’Z‘:‘ dx, f,(x1)f,(x2) o (yy >H- yy(Zy)) 3)

Xmin
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Here, fy(xl(z)) is the equivalent photon distribution function, x; () is the fraction that denotes

E,
the ratio between the emitted equivalent photon and incoming proton energies ; x; ;) = YE“Z) . After
p

appropriate change of variables and using the Dirac delta functional in the cross sections Eg.(1) and
Eq.(2), the two-dimensional integral in Eq.(3) is reduced to the following one-dimensional integral:

2 FYYZ(FZV/FYY)

o (pp —>pyyp —pHp—> pry(Zy)p) = ———2 @)
my Ttotal
EpXmax dy my 2
X f 2 s ﬁ/ (Y) ﬁ/ ( )
Max(4Ezlfmax,Ep xmin) 4y 4y

Here, y is the one of the equivalent photon’s energy. The x parameter’s lower and upper bounds

can be found easily from the kinematical constraints; 0< x <1- ? At high energetic collisions the x
14

parameter can be assumed to be equal to the momentum fraction loss &= (|p|-|p'|)/p of the intact
scattered protons. In this formula, p represents the incoming proton’s momentum and p 'represents the
intact scattered proton’s momentum. After emission of the elastic photon, protons deviate lightly from
the beam direction and can’t be detected by the central detectors. The lost energy signature that arises
from this situation called the large rapidity gap. The large rapidity region’s lost energy signature is used
to identify the exclusive processes. Furthermore, very forward detectors can detect the intact scattered
protons. The detection of intact protons in the very forward detectors provides an accurate identification
of an exclusive process. The LHC is designed to equip with very forward detectors [15, 16, 26]. We
assume that a similar very forward detector equipment will be installed on the future proton-proton
collider. The very forward detectors have a limited range. They cannot detect all scattered protons in the

kinematically allowed interval, 0< & <1-% . The upper and lower limits of forward detector’s ranges
14

which called the forward detector acceptances are £ .. and & . respectively. During numerical

calculations, in addition to the whole region 0< & <1-% , we will take into account forward detector
14

acceptances of 0.0015< & <0.5 and 0.015<£<0.15. In this paper we work in a model independent
framework and concern with non-standard Higgs couplings to gauge bosons. Thus we take into account
the total effective lagrangian as follows [27-34]:

fi
Leps = Loy + ZA—’; Op + .. (5)
n

Here, the first term is the SM lagrangian of dimension four and the second term constitutes the
contribution of new physics which deviations in the HV;V, couplings (V; = W,Z,y)from SM
predictions. Also , 0,'s are the operators that consist of Higgs-boson fields or vector-boson, A is the
scale of new physics and f,, denote non-standard couplings Taking into account the 0,, operators to be
P and C even, there are five dimension- six operators that alter the Higgs boson couplings to y and Z.
The exact expressions of these operators can be found in [27, 28, 34]. They are given as:

Ouww= &' Wpv WH ¢

Ow = (Dn¢)" W ( Dvd)
Oes = ¢'B.y B

Os =(Du¢)"B*(Dv)

Osw= ¢' By W' ¢ (6)

where ¢ is the scalar doublet, D, is the covariant derivative, W, =i % (o W—“;) and B,,= i‘%B—“V). Here g
and g’ are the SU(2), and U(1)y gauge couplings. And o are the pauli matrices.
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After electroweak symmetry breaking the effective lagrangian written for the new physics in
Eq. (5) is expressed with the physical fields. Taking into account HZy and Hyy vertices, it can be
expressed as follows:

LSJ\‘]J}:) = GupH A A + gl(qlz)yAuvZ”avH"‘g;IZz)yHAuvZW (7
where V,,, = 9,V,-0,V, with Z field and V=A (photon) . gy, gﬁ,lz)y and gﬁzzz)yare the non-standard

couplings which involve f,, appearing in the effective lagrangian (5) before symmetry breaking as;

anl: _ (gjlnzw) sin 9‘%} ( fBB+ f\z'vw—wa )
gha, = (%) sima, (25)

2cos 6y,

ghz, = (gZ’zW) Zsclzsegw [2sin 62 fgp_2cos 0% fo + (cos 6.2 —sin 6.2) fay | (8)

where s= sin 6,, , ¢c= cos 6,, , 6,, is the Weinberg angle and m,, is the mass of the W boson.

Hyy and HZy vertices disappear at the tree-level in the SM but they appear at one-loop level. At
high energies (v/s > my,) these one-loop contributions can be expressed with the following effective
lagrangian [35, 36]:

SM SM SM
Lgff) = gﬁm )HAWA‘“’ + g,SZY)HAHVZ“V 9)
(SM) _ 2o SMm) _ a ; i
where, g, ° = o—and gy~ = ——— (5.508 — 0.004i). Here, v is the electroweak vacuum

expectation value and a is the fine structure constant. Therefore during the calculations we consider;

! S I ! !
Liep = £5D + L8 = gy HAWA™ + gii7) A ZF0Y H g ) HA, 2 (10)
where

’ SM

r1_ (1)

HZy_gHZy

12 _ (), (M)
-gHZy - gHZy+gHZy (11)

The decay width of H— Zy and H— yy can be expressed in the terms of gy, g;ley) and g;g;

as follows:

oif, m}

Ly =1 (12)
(1 (2 (mz _m2)3

Ty = Gy + 200 2)° Topie- (13)

In Figure 2- Figure 4, taking into account H—Zy decay of the produced Higgs bosons, the cross
section of main process pp —pyyp —pHp— pZyp is plotted as a function of non-standard

couplings gy, g,(,lz)Y and g,(fz)y for the kinematically allowed interval of 0< & <1—T;—: and for 0.015< ¢

<0.15 and 0.0015< & <0.5.

10
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Figure 2. The cross section of pp —pyyp —pHp— pZyp as a function of the non-standard ggz)y coupling at a 100
TeV collider. Other non-standard couplings are assumed to be zero.

1 4u-tie

Qube1-mo /o
0.0015<220.8
00155015

opb

o 0.05 a 005 01
iz (TaV Y

Figure 3. The cross section of pp —pyyp —>pHp— pZyp as a function of the non-standard gﬁ,zz)y coupling ata
100 TeV collider. Other non-standard couplings are assumed to be zero.
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Figure 4. The cross section of pp —pyyp —pHp—> pZyp as a function of the non-standard g4, coupling at a 100
TeV collider. Other non-standard couplings are assumed to be zero.

Similarly, in Figure 5, taking into account H—yy decay and the same acceptances mentioned
above, we plot the cross section of main process pp —pyyp —pHp— pyyp as a function of non-standard
Juyy coupling.

11
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Figure 5. The cross section of pp —pyyp —pHp— pyyp as a function of the non-standard g, coupling at a 100
TeV collider. Other non-standard couplings are assumed to be zero.

In Figure 2- Figure 5, the cross section for the whole region (0< & <1-? ) increases more
p

rapidly as a function of non-standard coupling comparing with the those for forward detector
acceptances. This is reasonable since, the initial yy system’s center-of-mass energy increases as the &
interval increases. In order to obtain a definite result we perform a statistical analysis. We use Poisson
analysis because the SM events’ number is less than 1. Then we obtain 95% C.L. sensitivity constraints
on non-standard coupling parameters. For the number of events we use the formula N = o X Ly,
where o'is the cross section given in Eq.(3) and L;,, is the integrated luminosity. The process, pp —pyyp
—pHp— pyyp receives contributions only Hyy from vertex. Therefore, in this case only non-standard
Juy, coupling is restricted. The corresponding bounds on gy, is given in Figure 6 for future 100 TeV
proton-proton collider with L;,, = 3000 fb~1.

En=100 Tl

L ~3000"

0t 9005 0 0005 001 0015 Q02 004 003 002 001 0 QO 002 003 00¢

Qe (TEV [

Figure 6. In the left panel 95% C.L. sensitivity constraints on the coupling gy, are given for the Vs =

100 TeV and L;,, = 3000 fb~1. In the right panel, for the LHC (v/s = 14 TeV, L;,, = 200fb~1) similar
constraints are given. H—yy decay channel is considered as the signal.

This luminosity value has been proposed for future 100 TeV proton-proton collider and used in
similar studies. For example, see [1]. For a comparison, we do a similar analysis for the LHC (+/s =
14 TeV, Ly = 200fb~1). However, the process pp —pyyp —pHp—> pZyp receives contributions both

from Hyy and HZy vertices. Therefore, in this case we have to analyze three independent
D (2)

couplings gy, Iuzy and 9z, - FOr simplicity, we assume that only two of the couplings are free but the
remaining one is zero. In Figure 7- Figure 9, we present 95% C.L. constraints on g},zz)y = GHyy» g},lz)y -

2 1 .
Iy, and g,ggY - g,(ﬂ)Y respectively.

12
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Figure 7. The 95% C.L. sensitivity constraints on g,(fz)y — Guy, for 100 TeV pp collider (left panel) and LHC
(right panel). H—>Zy decay channel is considered as the signal. The solid line shows the bounds for the whole
interval 0< & <1- ? . The dotted and dashed lines indicate the bounds for 0.015< & <0.15 and 0.0015< & <0.5,
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Figure 8. The 95% C.L. sensitivity constraints on gl(jz)y — Guy, Tor 100 TeV pp collider (left panel) and LHC

(right panel). H—>Zy decay channel is considered as the signal. The solid line shows the bounds for the whole

interval 0< § <1- ? The dotted and dashed lines indicate the bounds for 0.015< & <0.15 and 0.0015< & <0.5
P

respectively.
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Figure 9. The 95% C.L. sensitivity constraints on g,(fz)y - gsz)y for 100 TeV pp collider (left panel) and LHC
(right panel). H—>Zy decay channel is considered as the signal. The solid line shows the bounds for the whole
interval 0< § <1- ? t The dotted and dashed lines indicate the bounds for 0.015< & <0.15 and 0.0015< & <0.5,

P

respectively.

3. Conclusions
We investigate the potential of the exclusive single Higgs boson production process at a future 100 TeV

proton-proton collider to examine non-standard HZy and Hyy couplings. We get the sensitivity
constraints on them and compare with the corresponding constraints of LHC. We observe from Figure

13
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6 that future 100 TeV proton-proton collider with integrated luminosity of L;,; = 3000 fb~* enable us
to improve sensitivities on non-standard Higgs bounds by roughly a factor of 2.5 with respect to LHC.
Also in Figure 7-Figure 9 one can simply see that at a future 100 TeV proton-proton collider the
sensitivity bounds on these couplings are roughly 4.5 times better than LHC limits. Thus, we conclude
that a considerable improvement is achieved at a future 100 TeV proton-proton collider to probe non-
standard Higgs constraints.
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Abstract

The presented work effective section of neutralino birth calculated for proton-proton collision at high energies.
Proton-proton collision is considered in parton model and Feynman diagram was used in calculations. One of
possible process: a process with y photon formation was considered. It is shown that an effective section of process
with unpolarized and polarized protons is different. The ratio of effective sections of process with unpolarized and
polarized protons is 1-114,. The energy spectrum of neutralino born has been studied. The spectrum has an
asymmetric shape and is shallow towards lower energies. The maximum value of the spectrum increases
exponentially as the energy of proton collision increases.

Keywords: Proton-proton collision, Polarization, Quarks, Feynman diagram, Cross section, Phase volume.

Yiiksek Enerjilerde Proton-proton Carpismasi

Oz

Bu calismada yiiksek enerjili proton-proton garpismalarinda nétrino olusumunun etkin kesiti hesap edilmistir.
Proton-proton garpismalari parton modeli ile incelenmis ve hesaplarda Feynman diyagramlari uygulanmistir.
Miimkiin proseslerden birisi olarak y foton olusumu dikkate alimmustir. Kutuplasmis ve kutuplasmamis protonlarla
gerceklesen proseslerin etkin kesitlerinin farkli oldugu gosterilmistir. Bu iki etkin kesitlerin oraninin 1-414, oldugu
belirlenmistir. N6trino olusumunun enerji spektrumu incelenmistir. Spektrumun asimetrik sekile sahip oldugu ve
yiiksek enerjilere dogru daraldigi goriilmiistiir. Proton garpigsma enerjisi yiikseldikce spektrumun maksimum
degerinin eksponansiyel olarak yiikseldigi belirlenmistir.

Anahtar kelimeler: Proton proton ¢arpigsmasi, Kutuplagma, Kuark, Feynman'in diagramu, Etkili bir oran, Faz
hacim.

1. Introduction

At present work proton - proton collisions in quark model is investigated. These investigations give the
possibility will receive information on properties of quarks, on the nature of the gluon field, and etc. At
very high energies, the proton turns out to be filled mainly with gluons, and quarks and antiquarks in it
are noticeably smaller. Protons and antiprotons in such conditions look almost the same, and therefore
there is no special difference what to push protons with protons (as on LHC) or protons with antiprotons
(as on the Tevatron Collider) [1-3].

When two protons collide, it does not necessarily mean that each parton hits something inside
the oncoming proton. Usually everything is simpler one quark from one proton collides with someone
from an oncoming proton, and the rest of the partons just fly by. Occasionally occurs especially hard
process in which the colliding bullets get a strong cross shot. These cartridges are emitted with a large
transverse momentum. Sometimes there is a hard collision, and then in addition to the standard hadrons
background fly narrow streams of high-energy hadrons - hadrons jets [4-7].
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Processing the results of proton-proton collisions on hadrons colliders and comparing them with
theoretical predictions also has its own peculiarities in comparison with other types of colliders. They
relate to the following two aspects [1-4]:

1. In a typical collision of two protons, many (several tens) hadrons are born, many of them flying out
at very small angles and avoiding detection ("flying into the tube™). Catch brand all born particles, and
especially to recover some of them born, rarely.

2. Theoretical calculations are usually carried out at the level of cartridges, and hadrons are detected in
the experiment. The process of transformation of a set of cartridges into a set of hadrons is not yet
amenable to theoretical calculations from first principles. It has to be modeled based on both the theory
and the data of previous experiments. Therefore, the connection between theory and experiment is not
as direct as, for example, in electron-positron collisions.

The collision of spin-polarized protons leads to the formation of pines - neutral particles, the
trajectory of which depends on the properties of gluons in the proton [8-10].

In angular moment the proton exists and the third component is the contribution of orbital
angular moment. The physical meaning of this magnitude is that, like electrons in an atom, gluons and
quarks can rotate within a proton. It is much more difficult to estimate this value experimentally. In
addition, theoretical physicists are ambiguous in their interpretation of this value, which has caused
serious disputes in the scientific environment It is known that the effect of higher-order contributions to
cross section usually increases with increment of colliding energy and would be more significant at very
high energies

In the experiment, scientists encountered proton beams with clearly defined spin directions. In
the first series of collisions, the backs in the tufts were co-directed. One of the tufts was then "turned
over" and monitored for how the nature of the fragments changed from particle collision. In particular,
physicists monitored the rate of birth in the collisions of neutral pioneers. Gluons are actively involved
in this process, so if their contribution to proton spin is significant, beam "preloading” will lead to
significant changes in the properties of the pines - their pulses and paths [11,12].

Spin is one of the most fundamental properties of elementary particles. This dictates symmetry
behavior in space-time transformation. This is additional, so in high-energy experiments it is possible
to use degrees of freedom to study, aspects of the interaction of elementary particles that we will not be
able to study in experiments with non-polarized particle [13].

Experimental search for supersymmetric particles is one of the main tasks of the experimental
program on hadron colliders, especially on the Large Hadron Collider (LHC), after the recent discovery
of the Higgs boson with a mass of about 126 GeV is consistent with the MSSM-predicted range for the
mass of the lightest Higgs scalar ho [14,15].

Among all supersymmetric models, the minimum supersymmetric standard model (MSSM) is
one of the most motivated and well-studied extensions of the standard model. MSSM predicts many
new particles such as Sleeptons, Squares, gluinos, light/heavy neutral scalar (CP-even) higgs bosons,
pseudoscalar (CP-odd) Higgs boson Ao, and a pair of charged Higgs bosons, four neutrally and two
chargino. Moreover, pair production of neutralino/chargino begins to be questioned as a channel of
discovery of supersymmetry [16,17].

At present work we considered unpolarized and polarized proton collision with birth of
neutralino. Calculated effective section of neutralino formation and its energy spectrum.

2. Calculations

We considered reaction of collision of protons in two cases: a) process unpolarized protons, b) process
polarized protons (figure 1), found her effective section, phase volume is analyzed.
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2.1. Process Production of Neutralino at Collision of UnpolarizedProtons (fig.1a)

pin
o

Figure 1. Feynman diagram of process of collision unpolarized protons (a) and polarized protons (b)
with the formation neutralino

We denote p,, P,,0;,0, - pulses of initial and final particles. m,, m, - mass of initial particles
M, .M, - mass of washed-up particles.
PP—> 277, (i, j=12)
a(p)a(p) = 7' (k)7 (k;) G, j=1234)

Mandelstam’s variables are:
s=(p,+p,) =(k +k,f

:( k1)2 = m;o —2pk = 2pk, = (m;U _t)
:( kz)2=m§g—2p1kz:>2lolkz=( ;g_u)

. . . —1 (5 _1)kykv : H
Propagator of this process is: ID = s 9, + % . All calculation has been carried out
+le

—i
in Feynman calibration: £ =1=iD = kgz’” .

In this case transition matrix of process will be:

M =k )~ier” ik {

and Hermit conjugate of M will be:
Y
M* = —le‘e,

iezeq [U(k1)7#0(k2 )IU(pZ )7"u(pl)]g#v

o ot -2

)] [U( P, )7v'U( P, )]g v

[5(k2 )7 u(kl

Then
|M |2 =MM" = ﬁ [U(kl )7ﬂ0(k2 )] [5( P, )}/Vu(pl)]g,uv [5(k2 )7,1'u(k1)]' [U( pl) v'U(pz )]g,u'v'
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We denote: u(kl)LT(kl):(lzlerZ?), u(pl)ﬁ(pl)zé(f)ﬁml), vk, o (k,)= ( — ~o),

v( P, )5 ( P, ) = %(bz - mz) and moreover at high energies E >> mparticles can be considered massless

(m, =0;m, = 0)then obtain:

M| =

4k4 [szn K=, 77, K+ 7 Komay, = z?V”mzionv]-[me p. |

Knowing that: Tr[y vy ]:0 and K, = y K, obtain following expression:

ko X P2k )+ 4(k, o Xkypy)+2ms, m;io(plpz)]=

In the last expression we denote: 2p1k2:(m;g—u), 2p2k1=( ;_o—u), 2k, p, = ( ~0—t),
2k, p, =( = —t), 2(p,p,)=s finally obtain:

|M|2 2949 [( —ume— ( tX ~0—t)+m}?]o mfios] 1)

Differential cross section of coII|S|on is:
0.
d_O' =N, ”g 2 2| |
dQ ¢ 23047%s

i :l\/(s—mﬁo —m.z_o)z —4m?%,m2,
2 X Zj X X

Dpe?
|M|2 = 4q

where

After integration we obtain:

ﬂ“ij 277 ) 2r
—— 1 __IM[* [sinado [de
11520757 |Iﬂ !

In the end we obtain

- M 2
2887s° | | @

2.2. Process Production of Neutralino at Collision of Polarized Protons (fig.1b)
PP 27 . (G, j=12)
(P (P05, > 7k )7(k,) - (i,i=1234)
We use the definition of Mandelstam’s variables, propagator and Feynman calibration as in section

a, and polarization of protons was been taked as [18].
Thus transition matrix of process is:

ol ey W 2 o e Mo )= 2 ol Lo ko5

k?
and correspondingly Hermit conjugate of Mpolis
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M =2 ol bl (p, 5 ok s,

2

|M|po|_Mp0|M;OI ek4q [ ( y” U ][U pz’ )v (pl' )]gyv[ ( )7/,'u(k1)]'[U(pll31)7’V'U(pz,sz)]g,,-v-
we denoter ululk)=(rm ) u(pus,)alpus) =5 =27,

U(kz)a(kz)z(izz _m}z?)’ U(pzfsz)‘j(pz’sz):%(1+/7“275)f)2

2 . ~ N R

|M|po| B 4k4 [7! ( —I’TLO #'(kl + m;?i" )]-[}/”(1—2175)&7/#-(1"'/12}/5)[32]
Athighenergies E >> mparticles can be consideredmassless (m, =0;m, =0) and take into
account Tr [y”y”y”]: 0 and I(Al = y K, obtain following expression:

4,2

‘M‘fm. e4ke4 [( (plkz)2(p2k1)+2(p2k2)Z(plkl))_s/llj‘z(z(plkZ)2(p2k1)+2(p2k2)2(p1k1))+16m~.0m~0 (1_/1/1 )(p1 pz)]

In the last expression we denote: 2p,k, :( ;p —u), 2p,k, :( ;_0 - ) 2k, p, = ( 2 —t),
2k,p, = (m;o —t), 2(p,p,)=$ and at the end we get

2 4 _2
M|® = £ [(m%Q —uXm;io —u)+( ;? —tXm;i0 —t)+ m, miios]-(l—ﬂi/lz) 3)

pol k4
Thus, we obtain following expression for cross section of process collision polarized protons:

do) _y 5,94, M’
dQ ), 2304z%s*" ™

1
=—\/(s—m§0 —m.z_o)z —4m?2,m?,
2 Zi Zj Zi Zj

where

Ai

Tm = Ti5p75 M1

2z
Isinéd@!d¢:4ﬂ1152ﬂ2 — L M[,

pol

A
O-pOI = 2887232 |p0|

(4)
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3. Energy spectrum of born neutralino

! ’? / ( "‘f[fi? )

Fig.2 Energetically diagram of born neutralino.
we denote: C'=cosé = cos(q,” p, ), k =cosp =cos(p,” p, ), r =cosy = cos(p,”q,)

Use momentum and energy conservation laws:

P+ P, =0+, E+E,-E,-E,=0
4y = P+ P, Gy

p1+p2 \Iql+M2 \/p1+p2 Q1 +M2_
E1+E2—\/q?+M§1=\/(E+E—EJ)Z+M§2

— 2 AN _ .
(E1+Ez—\/qf+M§lj =(pl+ pz—q1)2+M§2
2 2 (2 2 I 2 T2 T2 =2 k ' 2
E1 +E2 + 0 +Mq1 +2E1E2_2(E1+E2 0 +Mq1 =P, +P, 10, +2p1p2 _2p1q1C_2p2q1r+Mq2

—2

—2 —2
where: EZ = p, ¢ +m/c’; c=1=E’=p, +m;, EZ=p, c®+mic*;

Thus

2 2 2
c=1=E =p, +m;

aftersimplification we obtain:

— 2
(m? +m2 + MZ-M? )+ 2(E,E, — p,p,k)+2(p,c+p,r)a, = 2(E, + E, g, +M2

Squeeze the last equation and we obtain following quadratic equation in g :

4((plc‘+p2r)2—(E1+ Ez)z)al2+4(plc'+p2r)((mf+m§ +M2 -M2 )+ 2(EE, - plpzk)H+(mf+m§+M§1 —M§2)2+
+4(ELE, — p,p,k) +4(m2 +mZ + M2 —MZ NE,E, - p,p,k)-4(E, +E, M2 =0

ai2+bal+c:0
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where
a= 4((p1c'+ p,r) —(E, + Ez)z)
b = 4(p,c'+ pzr)((ml2 +m2+MZ-MZ )+ 2(E,E, - plpzk))
c=(m?+mZ+M2 —M2 f + 4(EE, — p,pk) +4(mZ +mZ + M2 M2 (E,E, — p,p,k) - 4(E, + E,M? =
= ((m? +mZ2 +MZ —M2 )+ 2(E,E, - p,p,k) —4(E, +E,)’M?2

The discriminante of equation is

D =16¢? (2E,E, +m? +m? + M2 —M2 J p? —16(— HEE, ) MZ +2EE,) +(m? +mZ + M2 -M2 )Z)ZX

x((E1 +E,f +c' pl)

We will look for solutions in which the discriminate is greater from zero and the roots are non-negative

4. Results and Discussion

Cross section of collision (expressions (2) and (4)) unpolarized and polarized protons has been
evaluated. Data for calculation was been take from [19,20].

In the fig.3 the dependence of cross section of proton-proton collision on its energy has been
presented. As see cross section of process is increased with increasing of energy of protons. Increasing
of cross section with increasing energy of colliding protons can be explained as: at high speeds (energy)
of protons probability of collision is increased. As see difference between cross sections unpolarized
and polarized cases is increased at high energies. Cross section of collision weakly depends on the
change in mass of neutralino. However, there is a slight difference for different neutralino at Vs=10Tev.

6 7 8 9 10 11 12 13 14 -1,0 -0,5
S, Tev
Figure 3. The dependence of cross section of Figure 4. The dependence relationship between
collision unpolarized (1) and polarized protons effective sections of collision polarized and
(2) on its energy. unpolarized protons on Aifa.

I

0 0,5 1,0 lll,

In the fig.4 is presented thedependence relationship between effective sections of collision
polarized and unpolarized protons on Ai4.. As can be seen from the graph at 114> = 1 we get 6po/c = 0.
However, this does not mean that the total effective section of the proton-proton collision is zero. The
present work we considered the formation neutralino by v photon (s - channel). In addition to this process
of neutralino can birth by means of Z° and W bosons, the effective cross-section of these processes is
different from zero.
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The value of g; does not depend on the cosine of the scattering angle- 6 and it is constant. The
dependence of g: on the energy of colliding protons is presented in figure 5. The energy value
corresponding to the maximum value of g: can simply be mathematically determined from the
conditions E; + E>= const; and E:E> = constz. Consequently it is equal approximately to £1 = consty /2.

q,

0o 2 : : 3 10 12 14
S, Tev
Figure 5. The dependence energy spectrum of g: at differentenergycollision of protons: Ei< E,< E;

Expressions (1) and (3) differ by a factor (1-4112). As see polarization of protons influenced
to cross section of collision. Depending on the values of 2:and />, the values of the effective cross section
change. The value of the effective cross section not only depends on the polarization degree of individual
beams, but also on the mutual polarization of the colliding proton beams.

nT-n{|

nT+nd

colliding protons can have the following directions along the axis of theircollision: a)p1t p21 , b) p1t
P2}, ©) P1l p2] d) pul p21.

As known, thedegree of polarization is determinedbytheexpression: A = . The spins of the

The direction of the spin affects the effective cross section for proton collisions. Therefore,
the effective cross section can increase and decrease depending on the mutual direction of the colliding
protons.

Indeed, in the absence of polarization of one or both beams of colliding protons AiA,=0
expression (3) coincides with (1). 4142=0 may be in these cases: a) 11=0, 1,=0 or b) 11=0, 1#0 or 4170,
lzZO).

In addition, for the same value of 111, for different values of the products A: and Az, the
effective cross section for the collision of polarized protons is the same. The physical meaning of this is
obvious. Consider the simple case when the first proton beam has a degree of polarization A:;and the
second beam has A.. If the degree of polarization of the beams is naturally changed, the value of the
effective cross section will not change. Consider when the product 114, is equal to some number, for
example, 211, = 0.12. These values can be obtained in 2 cases: a)A1 = 0.3, 2= 0.4,and b) 11 = 0.2, A, =
0.6. In the other case, for 414, = 0.18, a) 411 = 0.2, A2 = 0.9, and b) 41 = 0.3, /2 = 0.6 can be. The physical
meaning of this is unclear and requires further explanation.

We suggested that the rest of the contribution could be made by gluons, whose angular
moment was neglected in early calculations. In order to measure it, it was necessary to set an experiment
in which the properties of "nuclear glue" would play a decisive role.

The QCD effects in the associated production of y*x° in the MSSM within the mMSUGRA
scenario at both the Tevatron and the LHC, including the NLO SUSY QCD corrections and the
NLL threshold resummation effects are considered in [15]. Comparing our results with [15] showed
that they are agree.

All calculations were carried out with the help a package of the Mathematica-10 program,
program calculation of cross section, solution of equation were written in FORTRAN algorithmic
language, and figures are constructed by means of the Origin 9.5 software package.
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5. Conclusions

1. The value of g: does not depend on the cosine of the scattering angle 6. Neutralino born have a

spherically symmetric distribution.

2. The energy spectrum of the born neutralino is Gaussian like. The maximum of the energy spectrum

corresponds to the value E; = SQ/2

3. The effective cross section of the process with the formation of various neutralinos, despite their

different masses, does not differ. Therefore, experiments to study the effective cross section with
the formation of neutralinos will not make it possible to distinguish between different neutralinos.
This requires additional experiments.

4. The effective collision cross section with polarized protons is different than unpolarized protons.

References

[1]  https://nplusl.ru/news/2016/02/18/gluons-protons-angular-moment.

[2] http://www.dslib.net/atom-jadro/issledovanie-spektra-jeffektivnyh-mass-dvuh-protonov-iz-
reakcii-p-np-p.html.

[3] The ALIICE Collaboration K_0s K_0s correlations in pp collisions at Vs = 7 TeV, 2012. arXiv:
hep-ex/1206.2056v1.

[4] The ALIICE Collaboration Production of pions, kaons and protons in pp collisions at Vs = 900
GeV, 2012. arXiv:hep-ph/0610012.

[5] Anferov V.A,, Blinov B.B., KantsyrevD.Yu., Krisch A.D., Sivers D.W., Arbor Ann., Chu M.,
Schwandt P., von Przewosk B., Grishin N. 2000. Spin flipping a stored polarized proton beam
with an rf dipole, Physical Review, special topics - Accelerators and beams, 3: 041001.

[6] Haber H.E., Kane G.L. 1985. The search for supersymmetry probing physics beyond the standard
model. Physics Reports, Review Section of Physics Letters, 117 (2): 75-263.
https://doi.org/10.1016/0370-1573(85)90051-1.

[7] Debovea J., Fuksb Bn., Klasena M. 2008. Gaugino-pair production in polarized and unpolarized
hadron collisions. arXiv: hep-ph/0804.0423v2.

[8] Ahmadov A.l., Demirci M. 2013. Single neutralino production at the LHC. ArXiv: hep-ph/
1307.3777v1.

[9] Demirci M., Ahmadov A.l. 2014. Search for neutralino pair production at the CERN LHC.
Physical Review. (D 89): 075015.

[10] The ATLAS Experiment at the CERN Large Hadron Collider 2008. ATLAS Collaboration,
JINST, 3: S08003.

[11] ATLAS Collaboration, 2013. Report No. ATLAS-CONF-2013-047.

[12] CMS Collaboration, 2013. Report No. CMS-PAS-SUS-13-012.

[13] De Roeck A., Gehrmann T. 1997. Physics with Polarized Protons at HERA, Introduction to the
Proceedings of the Workshop on Physics with Polarized Protons at HERA", DESY.

[14] Baer H., Mustafayev A., Summi H., Tata X. 2007. Mixed higgsino dark matter from a large SU(2)
gaugino mass. Journal High Energy Physics, 1-42.

[15] Li C.S., Li Sh,, Yang L.L. 2008. Thershold Resummatic effects in the associate production of
chargino and neutralino at the Hadron Colliaders. arXiv: hep-ph/0707.3962v4.

[16] Bper W., Ehrer R., Kazakov D.l. 2014. Redictions of SUSU masses in the Minimnal
Supersymmetric Grand Unified Theory. IEKP-AK / 94-05, HEP_PH- 9405342.

[17] Fuks B., Klasen M., Lamprea D.R., Rothering M. 2016. Precision predictions for direct gaugino
and slepton production at the LHC. Nuclear and Particle Physics Proceedings, 273-275.

[18] Okun L.B. 1990. Leptoni | kvarki, M.Nauka, Moscow, 346p.

[19] http://nuclphys.sinp.msu.ru/introduction/particltab.htm.

[20] http://pdg.lbl.gov.

24


https://doi.org/10.1016/0370-1573(85)90051-1
http://nuclphys.sinp.msu.ru/introduction/particltab.htm
http://pdg.lbl.gov/

BEU Fen Bilimleri Dergisi BEU Journal of Science
8 (Ozel Say1), 25-29, 2019 8 (Special Issue), 25-29, 2019

Arastirma Makalesi / Research Article

Bitlis’te Yetisen Bazi Tibbi ve Aromatik Bitkilerin Radyo izotop Aktivite
Konsantrasyonlari

Sultan SAHIN BALY, Fikriye GONULTAS", Onder KILIC*, Murat KURSAT?, Aysegiil
DEMIR YETIS?

LBitlis Eren Universitesi, Fizik Boliimii, Bitlis
2Bitlis Eren Universitesi, Biyoloji Béliimii, Bitlis
'Bitlis Eren Universitesi, Cevre Miihendisligi Boliimii, Bitlis
(ORCID: 0000-0001-7896-0771) (ORCID:0000-0002-8514-7399) (ORCID:0000-00018948-3413)
(ORCID:0000-0002-0861-4213) (ORCID:0000-0003-4745-2445)

Oz

Bu calismada, Bitlis’te yetisen bazi bitkilerde dogal olarak bulunan radyo izotop konsantrasyon seviyeleri
belirlendi. Numuneler, Nal(Tl) gama 151 spektrometresi kullanilarak analiz edildi. Bu bitkilerde, ??°Ra radyo
izotop aktivite konsantrasyon seviyelerinin 12,45 + 2,53 Bq/kg ile 92,08 + 5,34 Bq/kg arasmda, *2Th radyo izotop
konsantrasyon seviyelerinin 23,10 = 4,42 Bg/kg ile 88,00 + 6,68 Bg/kg arasinda, “°K radyo izotop konsantrasyon

seviyelerinin 42,57 + 5,15 Bqg/kg ile 533 + 7,78 Bq/kg arasinda degistigi goriilmiistiir.

Anahtar kelimeler: Tibbi ve Aromatik Bitkiler, Radyo Cekirdek, Bitlis.

The Radioisotope Activity Concentrations of Some Medical and Aromatic
Plants Growing in Bitlis

Abstract

In this study, the levels of radioisotope activity concentration naturally found in some plants growing in Bitlis were
determined. The samples are analyzed using Nal(TI) gamma ray spectrometry. In these plants, it is seen that the
levels of ?°Ra radioisotope activity concentration between 12.45 + 2.53 Bg/kg and 92.08 + 5.34 Bg/kg, the levels
of 2%2Th activity concentration between 23.10 + 4.42 Bg/kg and 88.00 <+ 6.68 Bg/kg, the levels of 4°K radioisotope
activity concentration between 42.57 + 5.15 Bg/kg and 533.48+7.78 Bq/kg are changed.

Keywords: Medicinal and Aromatic Plants, Radioisotope, Bitlis.

1. Giris

Dogal radyo-gekirdekler, diinyamin olusumundan bu yana; diinyanin bilesenleri olmustur ve diinya
ortaminda dogal olarak yayilmigtir. Dogal ortamda, uranyum ve toryum serisine ait radyoizotoplar ve
“K igeren bir¢ok dogal olarak olusan radyo-gekirdek vardir. Bu dogal radyo-cekirdekler toprakta,
tortuda, suda, bitkilerde ve havada bulunur. Cevresel radyoaktivite ve gama radyasyonu nedeniyle; dis
kaynakli radyasyona maruz kalma, temel olarak diinyadaki her bir bolgenin jeolojik kosullarina, toprak
ve sediment olusumlarina baghdir [1, 2].

Herhangi bir bdlgenin jeolojik ve cografi kosullari; radyo-gekirdek konsantrasyonunun
seviyesini etkileyerek, farkli kisa ve uzun Omiirlii radyo-gekirdeklerin diinyanin biyo-matrislerini
kirletmesine neden olur [3, 4].

Canli organizmalar genellikle dogal veya insan yapimi kaynaklardan yayilan arka plan
(background) radyasyona siirekli olarak maruz kalirlar. Radyasyonun etki tiirleri deterministik ve
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stokastik etkilerdir. Canli organizmalara radyasyondan gelen etkiler; genellikle stokastik -etki
kategorisine girer [5].

Geleneksel olarak genellikle sifa bulmak ya da tatlandirmak amaciyla kullanilan sifali bitkiler;
radyoaktif icerikleri acisindan incelenen yenilebilir bitkiler grubuna dahil edilmez, g¢linki
tiketimlerinden dolay1 dogrudan radyoaktif madde alimi ©nemsiz kabul edilmistir. Yiiksek
konsantrasyonlarda dogal radyo-gekirdek igeren bir sifali bitki, uzun siire boyunca yaygin olarak
kullanildiginda saglik sorunlarina neden olabilir [6].

Bu ¢alismada, Bitlis bolgesinde yetisen, genellikle tatlandirict ve sifa bulmak amaciyla sik¢a
tiiketilen baz1 bitki drneklerinin radyoaktivite konsantrasyon seviyeleri tespit edilmistir.

2. Materyal ve Metot
2.1. Bitlis’in Genel Jeolojisi
Bitlis Metamorfik kusagi boyunca cesitli stratigrafik kesitler mevcuttur. Asidik karakterli magma

cikislari, granit, granitik gnayslar, andezitler, dasitler ile bazik karakterli bazaldik lavlar bulunmaktadir
(Sekil 1) [7].

PEENENTER KATALAY OFTYOUTM KATALAR

METANOAR X LAYALAN
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Sekil 1. Bitlis’in jeolojik haritasi
2.2. Aktivite Ol¢iimleri

Tamamen nemden arindirmak amaciyla, bitki 6rnekleri aliiminyum folyalara sarildi ve 80 °C’de etiiv
icerisinde yaklasik 24 saat bekletildi. Ornek kaplari igine konulan bitki ornekleri, yaklasik 30 giin
boyunca radyoaktif dengenin saglanmasi i¢in bekletildi.

Ornekler, ORTEC marka 3x3-in¢ boyutunda kristal Talyum (TI) katkili Nal sintilatorlii, 0,5
MeV de % 2 ve 2 MeV de % 1,3 verime sahip gama detektoriinde 86400 s sayildi. Bitki drneklerinin
analizinde #°Ra aktivitesi i¢in; “**Bi’nin 609,312 keV’lik fotopiki kullanilmistir. ?*Th aktivitesi i¢in;
28Ac’nin 911,205 keV’lik fotopiki kullamlmustir. K aktivitesi icin ise 1461,83 keV’lik fotopik
kullanilmistir. Asagidaki denklem kullanilarak aktivite hesab1 yapilmistir 8, 9].
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(o

A= (1)

EXtXM

Yukaridaki denklemde; A, radyoizotop konsantrasyonu (Bg/kg), C, net pik alani1 (sayim), &,
verim, t, sayim siiresi (86400 s), M, numune kiitlesidir (kg).

3. Bulgular ve Tartisma

Sifal1 bitki 6rneklerinin ?*Ra, *’Th ve “K radyo-cekirdek aktivite konsantrasyonlar1 Tablo 1’de
verilmistir. Sifah bitki 6rneklerinin, ?°Ra radyo-gekirdek aktivite konsantrasyonun; 12,45 + 2,53 Bg/kg
(BO1) ile 92,08 + 5,34 Bg/kg (B03) arasinda, “?Th radyo-cekirdek aktivite konsantrasyonun 23,10 +
4,42 Bg/kg (B11) ile 88,00 + 6,68 Bg/kg (B04) arasinda, “°K’mn ise radyo-cekirdek aktivite
konsantrasyonun; 42,57 + 5,15 Bg/kg (BO7) ile 533,48 + 7,78 Bg/kg (B12) degerleri arasinda degistigi
gorilir.

Tablo 1. Bazi1 tibbi ve aromatik bitki 6rneklerinin 22°Ra, 2%2Th ve “°K radyo-gekirdek aktivite konsantrasyonlar1

Numune Numune Ad: Lokasyon 226Ra (Ba/kg) 232Th (Bg/kg) 40K (Bg/kg)
BO1 Sar1 civanpergemi Tatvan 12,4542,53 48,57+6,76 252,26+5,19
B02 Boz otu Tatvan 41,06+1,81 66,17+3,65 413,00+6,39
B03 [sirgan otu Tatvan 92,08+5,34 63,21+2,81 469,84+7,59
B04 Deve dikeni Tatvan 74,74+3,87 88,00+6,68 451,07+£6,40
B05 Sirker Tatvan 38,99+2,22 74,40+6,89 147,18+4,13
B06 Kekik Tatvan 35,44+1,74 59,77+3,72 308,82+5,85
BO7 Boz otu Tatvan 42,71+£2,05 46,95+3,39 42,57+5,15
B08 Yabani tere Tatvan 32,34+4,36 41,10+£1,91 323,63+5,52
B09 Gelincik Ahlat 51,54+2,25 75,11+£3,99 398,34+5,97
B10 Sar1 civanpergemi Adilcevaz 34,09+1,44 66,74+4,75 432,75+6,63
B11 Pitrak Giiroymak 59,9343,01 23,10+4,42 439,75+6,59
B12 Tas tursusu Giiroymak 23,26+5,37 65,87+3,05 533,48+7,78
B13 Sar1 civanpergemi Ahlat 18,88+1,08 36,81+4,70 253,72+4,65

Sekil 2 incelendiginde; “°K radyo-gekirdek aktivite konsantrasyonlarmin, *°Ra ve #?Th radyo-
cekirdek aktivite konsantrasyonlarindan fazla oldugu gériilmektedir. BO7 numaral bitki 6rneginde, her
ii¢c radyo-¢ekirdek aktivite konsantrasyonunun hemen hemen ayni degere sahip oldugu goriilmektedir.
B03 ve B11 numarah bitki 6rneklerinde, °Ra radyo-¢ekirdegi aktivite konsantrasyonunun *2Th radyo-
cekirdek aktivite konsantrasyonundan fazla oldugu goriilmektedir. Diger bitki orneklerinde, 2?Th
radyo-cekirdek aktivite konsantrasyonlar: *Ra radyo-¢ekirdek aktivite konsantrasyonlarindan daha
fazladir.

Bu caligmada tespit edilen radyo-cekirdek aktivite konsantrasyonlari, literatiirde yapilan benzer
calismalar (Tablo 2) ile karsilastirildiginda; Radyum ve Toryum radyoaktivite konsantrasyon
degerlerinin diger calismalarda tespit edilen degerlerin ¢ok istiinde oldugu goriilmektedir. Potasyum
radyoaktivite konsantrasyon degerlerinin ise, diger ¢calismalarla hemen hemen ayni deger araliklarinda
oldugu goriilmektedir. Bitkilerdeki radyoaktivite konsantrasyon degerleri; dogrudan toprak ve sudaki
radyoaktivite konsantrasyon seviyelerine baglidir. Bununla beraber; bolgenin jeolojik olusumuna,
bitkinin yetistigi ortamin atmosferik faktorlerine, bitkinin biyolojik ve kimyasal 6zelliklerine ve daha
bir¢ok dis etkene de baglidir.
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Sekil 2. Bazi tibbi ve aromatik bitki drneklerinin 22°Ra (*), 22Th (@) ve *°K (e) radyo-cekirdeklerinin aktivite
konsantrasyonlar1

Tablo 2. Literatiirdeki baz1 ¢alisma 6rnekleri [6, 10-13]

Lokasyon Bitki Tiirii 226Ra (Bg/kg) 232Th (Bg/kg) 40K (Bg/kg)
Nijerya Tibbi 25,02 35,09 171,72
Giiney Hindistan T1ibbi 6,34 5,05 1895,25
Brezilya Tibbi 15,85 4,35 -
Nijerya Sebze 8,75 20,13 263,88
Malezya Piring 4,15 3,04 272,23
Bitlis (Bu ¢alisma) T1bbi 42,89 58,14 343,57

4. Sonuc ve Oneriler

Bu ¢alismada, Bitlis’te yetisen 13 tibbi ve aromatik bitki 6rneklerinin ?°Ra, #*2Th ve *°K radyo-¢ekirdek

aktivite konsantrasyonlar1 belirlenmistir.

(i) BO1 (Tatvan), B10 (Adilcevaz) ve B13 (Ahlat) bitki 6rnekleri ayni tiir (Achillea Biebersteinii Afan-
Sar1 civan pergemi) bitkilerdir. Bununla birlikte; B02 (Tatvan-Kiigiiksu Koyii) ve BO7 (Tatvan-Han
Elmali Koyii) bitki ornekleri de kendi aralarinda ayni tiir (Marrubium Parviflorum-Boz otu)
bitkilerdir. Fakat, her iki bitki tiirii Ornekleri; farkli radyo-gekirdek aktivite konsantrasyon
degerlerine sahiptir.

(if) Bitki 6rneklerinin radyoaktivite konsantrasyon degerleri; lokasyona, jeolojik yapiya, bitki tiiriine,
bitkinin kimyasal 6zelliklerine, bitkinin beslendigi suya vb. faktorlere gore degismektedir.

(iii) **°Ra ve #2Th radyo-cekirdek aktivite konsantrasyon degerleri literatiirdeki benzer ¢alismalarda
tespit edilen degerlerden daha yiiksektir.

(iv) “°K radyo-gekirdek aktivite konsantrasyon degerleri, literatiirdeki benzer ¢alismalarda tespit edilen
degerler arasindadir.
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Abstract

The efficiency of the 3”x3” Nal(Tl) detector and gamma attenuation calculations were investigated under the
different collimation parameters. In this purpose, photon beams with 511 and 1332 keV energy were collimated
by using Pb collimator with different diameters. This system was defined by the FLUKA Monte Carlo code; the
detector efficiency and gamma attenuation coefficients were simulated.

Keywords: 3"x3"” Nal(TI) Detector, Collimator simulations, FLUKA.

FLUKA kodu ile 3""x3" Nal(T1) Detektor Sistemine Kolimator EtKisinin
Incelenmesi

Oz

3”x3" Nal(TI) detektoriiniin verimliligi ve gama zayiflatma hesaplamalari farkli kolimasyon parametreleri altinda
incelenmistir. Bu amagla, 511 ve 1332 keV enerjili foton demetleri, farkli ¢aplarda Pb kolimatérii kullanilarak
kolime edildi. Bu sistem FLUKA Monte Carlo kodu ile tanimlandi; detektor verimliligi ve gama zayiflama
katsayilar1 simiile edildi.

Anahtar kelimeler: 3"x3"” Nal(Tl) detektorii, Kolimator simiilasyonlari, FLUKA.

1. Introduction

Investigation of the absorption of gamma rays on material, that is to know the gamma absorption
coefficient of the material, is essential not only for radiation physics studies but also for studies in
medicine, industry, and biology. Gamma attenuation coefficient calculations have been reported in
numerous studies using experimental and theoretical methods [1-7]. The gamma attenuation coefficient
depends on the characteristics of the absorber and the energy of the gamma source. In order to avoid
significant differences between the gamma attenuation coefficients obtained from different methods, the
most appropriate parameters should be determined when making measurements and calculations. One
of the most critical parameters taken into consideration for this is the suitable collimation and transport
of the beam. Since the gamma sources used in the gamma attenuation coefficient measurements have an
isotropic distribution, the beam must be collected correctly and reached to the absorbent material and
the detector. When the transmitted beam is collected correctly, and a narrow beam is obtained, a large
number of scattered photons are prevented from reaching the detector. The studies related to beam
collimation have been presented using various absorber materials and detector systems at different
energies [8-11].

The scintillation detectors, which are based on the principle that the gamma rays entering the
detector are transformed into visible light photons by the so-called scintillator crystal, are often preferred
in radiation investigations because of their high efficiency of measurement and ability to operate at room
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temperature. For this purpose, 3"x3"” Nal(TI) detector was modeled to investigate the effect of beam
collimation in this study. The effect of photon beam collimation on the gamma attenuation coefficient
and the full energy peak efficiency of the 3"x3"” Nal(TI) detector system was theoretically calculated
depending on the collimator diameter and the energy of the photon beam. The beam properties, geometry
system, physical quantities, formulations, and approaches required for calculations were modeled using
FLUKA code.

2. Material and Method

2.1. Theory

In this section, some theoretical formulations are described for the efficiency of the 3”"x3” Nal(TI)
detector and the mass attenuation coefficients determined using this detector. For the quantitative
evaluation of the simulation model, the full energy peak efficiency was calculated by the following

equation [12];

_ Nrgp
Efull—energy peak — N (1)

where Neep and N represent the net count in the full-energy peak corresponding to energy and
the number of photons emitted by the source of energy, respectively.

The mass attenuation coefficient which determines the probability of interaction of the photon
with the material have been calculated for investigated samples by the following equation based on the
Beer-Lambert law;

I = Ioe_#x

()

lo, | and x are the attenuated photon intensity, incident photon intensity and the thickness of the
material (cm), respectively.

2.2. Simulation details

The FLUKA code, written in the Fortran programming language and used in the Linux operating system,
was developed to calculate particle transport and the interaction of particles with matter [13]. The
FLUKA code can simulate electromagnetic and hadronic interactions and particle transport in any target
material for 60 different particles. The code is often used in current studies of nuclear physics such as
detector design, target design, dose, and shielding calculations.

The details of the 3”"x3"” Nal(TI) detector that modeled by FLUKA code are given in Figure 1.
The geometry was modeled with a cylindrical scintillation crystal of 7.62 cm x 7.62 cm with a case of
0.5 mm of aluminum. The space between the case and the crystal was filled with MgO of 0.185 cm
thickness. The SiO; layer after the crystal is 0.3 cm thick. The detector geometry has been taken from
previously reported detector efficiency study [14].

In the simulation, monoenergetic point sources with 511 keV and 1332 keV energy were placed
8 cm away from the detector using BEAM and BEAMPOS cards. The collimator is designed as a lead
metal with a cylindrical geometry of 4 cm thickness. The detector layers and their contents are defined
in the input file by using MATERIAL, COMPOUND, and ASSIGNMA commands, respectively.
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— Si0:

Figure 1. Geometry of 3"x3"” Nal(Tl) detector

The geometry in Figure 2 was modeled and displayed from the geometry editor in the FLAIR
interface to calculate the detector efficiency [15]. Figure 2 (a) and Figure 2 (b) show the geometries of
the largest (10 mm) and smallest (3 mm) diameter collimators used for this study, respectively. Figure
3 is setup for simulation of the gamma absorption coefficient consisting of an isotropic point source, Pb
collimator, absorber material and Nal(TI) detector. In this study, Aluminum (Al) metal has been chosen
as the absorber material. DETECT scoring card was used to investigate the effect of beam collimation.
In the FLUKA code, the DETECT card calculates the amount of deposited energy in the detection bin.
In addition, the USRBIN card was used for photon fluence calculations in the simulation environment
and in the Nal(T1) detector. All simulation results were obtained by running 10 cycles of 10° particles.
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Figure 2. FLUKA geometry with (a) 3 mm and (b) 10 mm diameter collimator for efficiency calculation
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Ik
Figure 3. FLUKA geometry with 5 mm diameter collimator for gamma attenuation coefficient calculation

3. Results and Discussion
3.1. Investigation of collimator effect on detector efficiency

In order to investigate the effect of collimator on efficiency in Nal(TI) detector system, 511 keV and
1332 keV gamma energies and collimators of 3 mm, 5 mm, 7 mm, and 10 mm diameter were used. The
variation of the full energy peak efficiency of the detector as a function of the collimator diameter is
shown in figure 4 for 511 keV and 1332 keV gamma energy. As the diameter of the collimator increases,
the number of photons entering the collimator increases. Therefore, full energy peak efficiency increased
due to equation 1. Detector efficiency decreases when the energy increases in the efficiency curve of the
Nal(TI) detector [16]. However, when the beam collimation is performed, as shown in Figure 4, the
number under the full energy peak at 1332 keV is higher than 511 keV. Only the highest diameter 10
mm diameter collimator yields almost the same efficiency values in two energies.
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Figure 4. Full energy peak efficiencies calculated by FLUKA code as a function of collimator diameter for
511 keV and 1332 keVV gamma energies
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Figure 5. Two- dlmen5|onal drawing of photon fluence (photon/cm?/primary photon) (a) in the simulation
volume and (b) in the Nal(TI) detector for 511 keV photon beam and the collimator with 3 mm diameter
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Figure 6. Two-dimensional drawing of photon fluence (photon/cmzlprlmary photon) (a) in the simulation
volume and (b) in the Nal(TI) detector for 1332 keV photon beam and the collimator with 3 mm diameter

The variation of photon fluence in the simulation volume of 10x10x10 cm® and in the detector
is given in Figure 5 and Figure 6 for 511 keV and 1332 keV photon beam, respectively. The color scale
on the right side of the drawings shows the change of photon fluence. When the fluence values reaching
the detector after passing through the collimator are compared, it is seen that the fluence value of the
511 keV photon beam is less than the 1332 keV photon control fluence value. This shows that the 511
keV photon beam is more likely to be absorbed in the lead collimator. As a result, it is understood that
the 1332 keV energy beam reaching the detector by making elastic and inelastic scattering from the 3
mm diameter collimator in Figures 5 and 6 is more likely to interact with the detector crystal. This
explains the fact that the detector efficiency of the 1332 keV photon beam is higher than the 511 keV
photon beam.

3.2. Effect of beam collimation on gamma attenuation coefficient

The details of the geometry used for the calculation of the linear attenuation coefficient are given in
Figure 3. The linear attenuation coefficient was calculated from the slope of the graph of In (lo/I)
obtained from FLUKA code against different thicknesses of the Al up to 1 cm. Table 1 shows the linear
attenuation coefficients calculated for the Al and the 511 keV and 1332 keV energies. Variation of linear
attenuation coefficient depending on collimator diameters of 3, 5, 7, and 10 mm was investigated. The
reason for comparison with XCOM values is to show that the value range of linear attenuation
coefficient calculated by FLUKA code for different collimator diameters is compatible with XCOM
[17] which, is a database that calculates the mass attenuation coefficient at 1 keV-1 GeV photon energy.

It is seen from the results in Table 1 that the variation due to the collimator diameter is very
small and although not all diameters, the attenuation coefficient is higher in low diameters. In addition,
the results are in agreement with the XCOM values. The purpose of beam collimation is to make the
isotropic distribution of the gamma source into a narrow beam and to minimize the scattering of photons
reaching the detector. However, the change in linear attenuation coefficients is since all photons
producing elastic and inelastic scattering are counted below the full energy peak.

34



ZN. Kuludztiirk, N. Demir / BEU Fen Bilimleri Dergisi 8 (Ozel Say1), 30-36, 2019

Table 1. Linear attenuation coefficients (cm™) calculated from collimators with diameters of 3, 5, 7 and 10 mm

for Al
Absorber Energy Linear attenuation coefficients, p (cm™)
material (keV) 3mm 5 mm 7 mm 10 mm XCOM
Al 511 0.2371 0.2334 0.2749 0.2183 0.2259
1332 0.1283 0.1382 0.1229 0.1394 0.1437

4. Conclusion and Suggestions

The details of the simulation defined by FLUKA code to examine the effect of beam collimation on the
Nal (TI) detector system are given in Figure 1-3. The effect of collimator diameter on the number below
the full energy peak was investigated. It was observed that full energy peak efficiency increased with
the increasing diameter of the collimator. It was determined that full energy peak efficiency in small
collimator diameters was less than 1332 keV at 511 keV. Linear attenuation coefficients for Al metal
and varying collimator diameters were calculated by FLUKA code. Although a narrow beam was
obtained, changes in linear attenuation coefficients were observed due to scattering after interacting with
the absorber material. As a result, it has been shown that geometric design plays an important role in the
studies using Nal(TI) detector system.

The using of collimator minimizes scattering by making the point source with the isotropic
distribution into a pencil beam. However, the radius and length of the collimator used must be carefully
selected as this will affect the number of photons entering the detector. Absorption of the low-energy
radiation source through the collimator may result in unexpected reductions in detector efficiency.
Scattering occurs after the collimated beam and the target material interact. Since these scattered photons
are also detected in the detector system, the use of a secondary collimator can prevent this. In addition
to this study, in future studies such a system can be constructed with different collimator designs and
materials and its effect with the FLUKA code can be investigated.
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Abstract

In this study the total efficiency of the Nal(TI) detector have been calculated by using Geant4 based GATE
simulation program. The simulation was performed using point and disc isotropic gamma-ray sources at various
distance between source and detector in the photon energy range 50-3000 keV. Results were compared with
different analytical and Monte Carlo calculations obtained in the time of the periods 1958-2018. The calculated
and simulated data indicated good agreement with finding more sensitive GATE simulation result in the lower
energy range from 50 keV to 150 keV.

Keywords: Nal(TI), Total Efficiency, Geant4, GATE.

Nal(Tl) Dedektoriiniin GATE Simiilasyon Programiyla Toplam Veriminin
Belirlenmesi

Oz

Bu calismada Geant4 tabanli GATE simulasyon programi kullanilarak Nal(Tl) detektoriiniin toplam verimi
hesaplanmistir. Simulasyon, 50-3000 keV foton enerji araliginda gesitli kaynak-detektor uzakliklarinda izotropik
nokta ve disk gama 1g1n1 kaynagi kullanilarak gergeklestirilmistir. Sonuglar, 1958-2018 periyodu boyunca elde
edilen farkli analitik ve Monte Carlo hesaplamalari sonuglar1 ile karsilastirilmistir. Hesaplanan ve GATE
simulasyonuyla elde edilen sonuglarin birbiriyle uyumlu ¢ikmasinin yaninda, bu ¢alismada 50 keV ile 150 keV
arasindaki diisiik enerjideki gamalar i¢in ¢ok daha hassas sonuglar bulunmustur.

Anahtar kelimeler: Nal(TI), Toplam Verim, Geant4, GATE.

1. Introduction

Scintillation detectors are the main class of radiation detectors used in many areas (eg in high energy
physics, nuclear physics, nuclear medicine, industry, security, geology, astrophysics, agriculture,
radiation measurement of environmental samples, etc.) [1-4]. Hofstadter in 1948 firstly showed that
thallium-activated sodium iodide crystals (Nal(T1)) combining with PMTs (Photomultiplier Tubes) used
as an efficient detector to measure gamma-rays and other ionizing radiations [5]. Therefore, Nal(Tl) is
the first solid-state detector used as a gamma-ray spectrometer in the 50s and after that time it is still the
most common gamma-ray detector system [6]. Nal(Tl) is a highly popular detector due to its good
efficiency, wide operating temperature range, low consumption and low costs, as well as in-suit
radioactivity measurements [7,8]. Today it is the most important part of nuclear medicine (used in
mammography, gamma cameras, and positron emission tomography) as well as astrophysics. The Nal
(T1) detectors are also used in the measurement of the environmental radioactivity in the marine as used
in the Fukushima nuclear accident [9].
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The most important properties of the radiation detector are the detector response function, the
total efficiency (TE), the full energy peak efficiency (FEPE) and the detector resolution. It is necessary
to determine the detector properties to make gamma- ray measurements over a wide energy range. In
the gamma-ray activity measurement, there are two critical properties in detector efficiency; total
efficiency and full energy peak energy efficiency. To measure the absolute activities from the gamma-
ray source over a wide energy range, the total efficiency needs to be known. The total efficiency is
described by four different methods as experimental, empirical, analytical and Monte Carlo approach
[10]. It is necessary to use standard sources to determine the total efficiency in the experimental method.
These standard sources are quite expensive and require time to prepare in the laboratory [11]. It is also
difficult to find standard gamma sources in the desirable energy range. Instead of the determination of
the total detector efficiency by the experimental method, it is easy to fit the measurement values by
analytical function or use the computer program based on the gamma-rays interactions with the detector
[12]. One of the important analytical methods calculates the efficiency via identifying the average chord
length which is called Mean Chord Length (MLC) [13,14]. In addition to experimental and computer-
based calculations, new published analytical studies are directly calculated the detector efficiency for
various detector-source arrangements [10,15-17].

Monte Carlo (MC) simulation method, used in many fields from the medical physics to particle
physics and keeps its popularity. Nowadays it is widely used to calculate the application parameters
such as the activity measurement, the detector efficiency, coincidence summing corrective factor in
gamma-ray spectroscopy. Well-known multi-purpose MC codes are PENELOPE, MCNP, Geant4,
GATE, FLUKA, EGS, etc. [18].

GATE is an advanced open- source software developed by international collaborations and
dedicated to the medical applications and radiotherapy. Recently it plays a key role in terms of designing
new medical devices, acquisition protocols, quality control systems of the medical imaging devices and
image reconstructions. It is also used in the characterization of the detector system which is the most
important part of the positron emission tomography (PET), etc. GATE runs with Geant4 simulation
toolkit which is the validated physics models, complex geometrical volume description and powerful
3D visualization (such as Qt mode) [8, 19-23].

In this study, the total efficiency of the Nal(TI) detector was obtained using the Geant4 based
GATE simulation program. The simulation code was modeled for 3”x3” and 2”’x2” cylindrical Nal(T1)
detector systems and obtained the output as a root file for every gamma-ray energy from 50 keV to 3000
keV. A simulated energy spectrum was used to calculate the total efficiency of the detector and
compared the result with published results by using analytical and MC calculations. Founded the total
efficiency values with GATE simulation were found to agree with the literature.

2. Material and Method

Modeled GATE (Geant4 Application for Tomographic Emission) Simulation

We simulated the photon detection efficiency of the Nal(Tl) detector with Geant4 based GATE
simulation program. The simulation was performed using the different shapes of the sources at various
distances (between source and detector) in the photon energy range 50-3000 keV. The versions of the
GATE and Geant4 were 8.0 and 10.3 respectively. Firstly, a cylindrical Nal(T1) detector was defined as
a three-inch length and three-inch diameter. The point source was positioned at 0.001, 0.5 and 10 cm
distance from the detector surface. The disc source was also determined in the simulation with a radius
of 3.18 cm and located at 3 and 10 cm away from the detector surface. Moreover, 2°x2”” Nal(T1) detector
was also defined in the simulation and calculated the total efficiencies of the detector for 0.001, 5 and
10 cm detector-source distance to compare the result with the current publication. Simulation setup and
disc source visualization in Geant4 is shown in Figure 1.
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Disc Source
(R=3,81cm)

Figure 1. Geant4 visualization of the simulation setup for detecting gamma-rays emitting from disc source.
Blue cylinder volume was defined for Nal(Tl) scintillation material with the size of 3"x3". Yellow points
represent the disc source with radius of R=3.81 cm

In Figure 2, gamma-rays irradiated from the disc source located at 10 cm distance from the
detector. Short red lines represent the travel distance of the electron that occurs after the interaction
between scintillation and gamma-rays. Green long lines classically represent the photons in the Geant4.

Figure 2. Green lines which is coming from the disc source (showing with black circle in the fig.) represent
gamma rays in Geant4 simulation. Red circles in the figure show the interactions between scintillation and
gamma-rays. Red lines indicate the electrons in the Geant4 simulation. In the simulation, detector volume was
also capsuled with thin aluminum layer

Secondly, the physics list was chosen according to the photons energy range, therefore the
physics-list builder name was called emstandard (electromagnetic physics-list) provided by the Geant4.
After defining the system, source, digitization, and readout parameters, lastly, we described the data
output as a root file that give all functionalities to achieve big data processing, numerical analysis and
storage [30]. All occurred data outputs in the simulation were analyzed by ROOT software. The energy
spectrum was obtained from the GATE simulation by recording all the interactions and the deposit
energy of the detector crystal. Total efficiencies were calculated using the following equation:

Np

TotalEfficiency= N (1)
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where Np is the number of the detected photons by the scintillation, and N represents the number of
photons emitted by the source. The net count of the emitted photons was stabilized with one million
gamma-rays for each different case in the simulation. Detected photon number was found from the
energy spectrum and all results were listed in the Table 1 and Table 2.

3. Result and Discussion

The total gamma efficiencies of the Nal(TI) detector for the disk and point sources were evaluated at a
different detector-source distances in the various energy ranges from 50 keV to 3000 keV. The total
photon efficiencies for the disk and point sources obtained from the GATE simulation were compared
with the calculated efficiencies by various analytical Monte Carlo approaches over the time period
(between 1958 and 2018). In Table 1, there is a comparison between simulation with GATE and
analytical calculations for Nal(Tl) detector’s photon efficiency. In that part of the simulation, the disc
source radius was defined as a 3.81 cm and located at two different positions (3 and 10 cm away from
the detector surface). The analytical calculations and simulation results showed in good agreement.
Especially, present work results consistent with the hybrid Monte Carlo method results calculated by
[3]. Figure 3 shows that comparison between this work with different analytical methods and Monte
Carlo techniques in terms of the total photon efficiencies for Nal(Tl) scintillator in the energy range
between 50 keV and 3000 keV. In the Figure 3 (b) there is a slight discrepancy over the 1332 keV
between this work and others (exception of the [3] and [27] works).

Disc source (R=3.81cm) located at d=3 cm Disc Source (R=3.81cm) located at d=10 cm
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Figure 3. Total photon efficiency for a 3"'x3" Nal(TI) scintillator with a 3.18 cm radius disc source positioned at
(a) 3 cm and (b) 10 cm distance between source and the detector surface

In Table 2, Geant4 based GATE simulation result for point source is compared with an analytical
and different types of Monte Carlo calculations in total photon efficiency of the Nal(Tl) detector. The
point source was positioned at three different places with 0.001, 0.5 and 10 cm away from the detector.
The analytical calculation (except Mean Chord Length) and different types of Monte Carlo calculations
consistent with GATE simulation results. Figure 4 also indicates that the comparison between this study
and different analytical methods or Monte Carlo techniques. In the Figure 4 (a), (b) and (c), the
divergence between MCL method results and other values rises from the position of 0.001cm to 10 cm.
It is obvious that present work with obtained GATE simulation in the lower energies is having more
precisely calculation than other studies, because their values are identical until the 200 keV energy. It is
clearly seen in Figure 3 and Figure 4 that the total photon efficiency decreases with increasing the
distance between the detector and the source. It causes most likely changing the solid angle by reducing
the detector source distance, therefore, more photons interact with the scintillation.
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Figure 4. Total efficiency for a 3"x3" Nal(TI) scintillator with a point source positioned at (a) 0.001 cm

(b) 0.5 cm and (c) 10 cm distance between source and the detector surface

Table 1. Total counting efficiency values for a 3" x 3" Nal(TI) detector with disc source (R=3.81 cm) located at

d=3 and 10 cm
%\ Total Efficiency
= . Cessana A. and Nakamura T.| Belluscio | Heath R.L. \Vegors
> Present Work Yalein et al.[3] Terrani M.[24] [25] etal. [26] 28] ot agl.[27]
:Cj 3 10 3 10 3 10 10 10 3 10
50| 0.1462 0.0301 0.1466 0.0301 - - - - - -
60| 0.1462 0.0299 0.1462 0.0299 - - - - - -
80| - 0.0299 - 0.0298 - - - - - -
81 0.1445 - 0.1448 - 0.143 - - - 0.145 -
100 0.1429 0.0294 0.1428 0.0294 - - - - - -
150 0.1348 0.0284 0.1352 0.0282 - - - - - -
200 0.1255 0.0268 0.1257 0.0268 - - - - - -
212) 0.1231 - 0.1236 - 0.123 - - - 0.123 -
300] 0.1084 0.024 0.1090 0.0241 - - - - - -
400] 0.0971 0.0223 0.0979 0.0221 - - - - - -
500] 0.0898 0.0207 0.0908 0.0208 - - - - - -
600] 0.0857 0.0197 0.0855 0.0198 - - - - - -
661 - 0.0191 - 0.0191 - 0.0191 0.0183 0.019 - -
800] 0.0784 0.0183 0.078 0.0182 - - - - - -
1000] 0.0728 0.0172 0.0726 0.0171 - - - - - -
1100]  0.0711 - 0.0711 - 0.0701 - - - 0.0702 -
1332 - 0.0158 - 0.0159 - 0.0164 0.0168 0.0164 - 0.0156
1500]  0.0646 0.0152 0.0639 0.0151 - - - - - -
2000 0.0591 0.0143 0.0591 0.0141 - - - - - -
2620 - 0.0136 - 0.0135 - - 0.0132 - - 0.0133
2750 - 0.0133 - 0.0134 - 0.0141 - 0.0141 - -
3000 0.0546 0.0133 0.0546 0.0131 - - - - -
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=0.001,

Table 2. Total counting efficiency values for a 3" x 3" Nal(TI) detector with point source located at d

0.5and 10 cm
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In figure 5 there is a comparison between recently published efficiency values obtained from a

simple computational Monte Carlo algorithm (developed by Tarmm et. al.) and Geant4 based GATE
simulation results. In this part of the simulation 2x2” cylindrical Nal(T1) detector system was defined
and three different source-detector distance was used (0.001, 5 and 10 cm). It is clearly seen that the
calculated and simulated values of the efficiencies for Nal(T!1) detector indicated good agreement.

Total Efficiency
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Figure 5. Total efficiency for a 2"x2" Nal(TI) scintillation detector with a point source positioned at (a) 0.001

cm (b) 5 cm and 10 cm distance between source and the detector surface

4. Conclusion

In this study, the total efficiency of the cylindrical Nal(TI) (3" x 3") and (2" x 2") detectors have been
calculated for isotropic point and disc gamma-rays source by using Geant4 based GATE simulation
program. To compare our results with other different analytical and Monte Carlo calculation results we
have evaluated the efficiencies in the photon energy range 50-3000 keV and for 0.001 cm, 3 ¢cm, 5 cm
and 10 cm distance between the source and the detector. The results are shown in table 1, table 2 and
figures the agreement is quite good in the whole energy range. However, we can say that Geant4 gives
more sensitive results in the low energetic photon (between 50 and 200 keV).
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Abstract

lonizing radiations (a-, B- and y- rays) emitted from radionuclides in waters can produce detrimental biological
effects for human health. The excess lifetime cancer risk (ELCR) relates to the probability of developing cancer
over a life-time at a given annual exposure dose rate. In this study, the excess lifetime cancer risk was evaluated
for adults living in Nevsehir province based on the contents of gross alpha and gross beta in tap water samples
collected from various districts in Nevsehir. The values of the excess lifetime cancer risk varied 1.7 x 10“ to 1.3 x
10 with an average of 5.5 x 10**. Consequently, the ELCR values via tap water consumption were found below
the acceptable limit of 10 for radiological risk.

Keywords: Tap water, The excess lifetime cancer risk, Nevsehir.

Tiirkiye Nevsehir Ilinde Tiiketilen Musluk Suyunda Dogal Radyoaktivite
Nedeniyle Yasam Boyu Kanser Riskinin Degerlendirilmesi

Oz

Sularda radyoniiklitlerden yayilan iyonlastirici radyasyonlar (a-, B- ve rays-isinlari) insan sagligl icin zararl
biyolojik etkiler yaratabilir. Yasam boyu kanser riski (ELCR), verilen yillik maruz kalinan doz oraninda yasam
boyu kanser gelisme olasiligi ile iligkilidir. Bu ¢alismada, Nevsehir ilinde yasayan yetiskinler i¢in yasam boyu
kanser riski, Nevsehir'in ¢esitli ilgelerinden toplanan musluk suyu 6rneklerinde toplam alfa ve toplam beta
icerigine gore degerlendirilmistir. Yasam boyu kanser riskinin degerleri ortalama 5.5 x 10-4 olmak {izere 1.7x10-
4 ile 1.3x10-3 arasinda degismistir. Sonug olarak, musluk suyu tiiketimi yoluyla ELCR degerleri radyolojik risk
i¢in kabul edilebilir 10-3 smirmin altinda bulunmustur.

Anahtar kelimeler: Musluk suyu, Yasam boyu kanser riski, Nevsehir

1. Introduction

Water is a necessary food for human life. Therefore, every effort that is applicable as safe as possible
has been made by the WHO and the relevant institutions/organizations of each country to obtain drinking
water [1]. Water pollution occurs when undesirable substances enter into water [1]. Diseases due to the
pollution of drinking water cause serious problems in humans. Therefore, interventions to enhance the
drinking water quality procure important health benefits.

The main sources of water pollution can be grouped into three groups as biological (microbial)
pollutants, chemical pollutants, and radiological pollutants [2]. Some of these chemicals are (a)
carcinogenic (b) perhaps carcinogenic, (c) possibly carcinogenic, (d) not classifiable as to its
carcinogenicity and (e) likely not carcinogenic to humans [1]. Some chemical elements such as uranium,
thorium, and potassium naturally occurring in the environment are radioactive [3]. In addition, the world
is constantly bombarded by high-energy particles from both the sun and the outside of the solar system

*Sorumlu yazar: aybaba@kastamonu.edu.tr
Gelis Tarihi: 15.10.2019, Kabul Tarihi: 19.12.2019
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known as cosmic radiation. Artificial radioactive sources consist of (a) radionuclides used for different
purposes in medicine (diagnosis and treatment), agriculture and industrial activities and (b)
radionuclides released directly into the atmosphere after a total of 543 atmospheric nuclear weapons
conducted between 1945-1980 years and the nuclear power plant accidents [4]. In addition, radon (**Rn)
gas, which is a radioactive decay product of radium (**Ra) in drinking water entering into the body
through the respiratory tract, may increase the risk of lung cancer over time [4].

Risk evaluation is a method used to evaluate the likelihood that exposure to radionuclides will
harm people or the environment. The purpose of this study is to evaluate the radiation risks due to the
ingestion of tap water from different sources in Nevsehir province. Therefore, in this study, the annual
effective radiation dose and ELCR caused by the natural radioactivity in tap water samples collected
from Nevsehir province were estimated.

2. Material and Method

The ELCR was estimated based on the annual effective dose rate using the equation [5]:

ELCR = AEDR x AHL x FR , (1)
where AEDR is the effective dose rate, AHL is the mean human life of 78 years for Turkish adult person
and FR is risk factor given to be 0.057 per Sievert (Sv) for stochastic effects produced low background
radiation [6]. In estimation of the ELCR, the values of AEDR were taken from the study performed
Turhan et al. [7]. Also, the values of the AEDR varied from 38 to 288 uSv/y (average: 124 uSv/y) [7].

3. Results and Discussion

The excessive lifetime cancer risk due to alpha and beta emitting radionuclides in twenty-one tap water
samples collected from Nevsehir city center are given in Table 1. It is seen from Table 1 that The CR
values varied from 1.7 x 10 to 1.3 x 10 with an average of 5.5 x 10™*. The highest value of the CR was
estimated for tap water, TWS1 while the lowest value of the CR was estimated for tap water, TWS5.
The ELCR average value is approximately three times lower than the world average of 1.6 x 102 while
all CR values were below the world average value [3].

4. Conclusions
The aim of this study was to provide information for the Nevsehir region. The results obtained show
that the ELCR values are lower than the world's mean value. The present study provides a general

background and can be used as a baseline for future investigations.

Table 1. The excess lifetime cancer risk estimated for the tap water samples

Sample code CR

TWS1 1.3x10°
TWS2 7.1x10*
TWS3 5.2x10*
TWS4 5.6 x 10*
TWS5 1.7x10*
TWS6 3.8x10*
TWS7 2.7x10%
TWS8 5.5x10%
TWS9 4.7x10%
TWS10 4.2x10%
TWS11 4.3x10*
TWS12 4.8x10*
TWS13 2.7x10%
TWS14 5.4x10%
TWS15 7.1x10%
TWS16 5.7x10%
TWS17 7.6x10%
TWS18 6.8 x 10*
TWS19 8.0x 10*
TWS20 5.1x10*
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TWS21 5.0 x 10*
Average 5.5x10%
Standard deviation 2.3x10*
Standard error 5.0x10°
Min 1.7 x10*
Max 1.3x10°
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Oz

Bu calismada, Bitlis’te yetisen bazi bitkilerin radon (?>2Rn) konsantrasyonlarmin istatistiksel olarak analizi yapildi.
Radon konsantrasyonlar1 Radosys radon ol¢iim sistemi ile belirlendi. PR15 numarali 6rnegin (Urtica) en yiiksek
radon konsantrasyonuna (997,67 +28,90 Bq/m3) ve PR13 numarali érnegin (Polygonum cognatum) en diisiik
radon konsantrasyonuna (255,70 + 14,63 Bg/m3) sahip oldugu goriilmistir. Radon konsantrasyon seviyeleri ile
lokasyonlar arasindaki iligki istatiksel olarak incelenmistir. Bu amagla, varyans analizi (ANOVA) yontemi
kullanilmustir.

Anahtar kelimeler: Bitkiler, Radon, istatistik, Bitlis.

The Analyzing Statistically of Radon Concentrations in Some Plants
Growing in Bitlis

Abstract

In this study, the analyzing statistically of radon (???Rn) concentrations of some plant samples growing in Bitlis
were made. The radon concentrations were determined with Radosys radon measurement system. It was seen that
the sample with number PR15 (Urtica) has the highest radon concentration (997.67 + 28.90 Bq /m®) and the sample
with number PR13 (Polygonum cognatum) has the lowest radon concentration (255.70 + 14.63 Bg /m®). It has
been analyzed as statistically relationship between radon concentration levels with locations. With this purpose, it
has been used method of Analysis of Variance (ANOVA).

Keywords: Plants, Radon, Statistic, Bitlis.

1. Giris

Radon, dogal olarak olusan, kokusuz, renksiz, tatsiz, etkisiz olan dogal bir soy gazdir. 28y, B9y, #2Th
gibi dogal olarak olusan radyo-gekirdeklerin bozunumundan siirekli olarak fiiretilir. 2*U'in
bozulmasindan iiretilen ?Rn izotopu, insan yasaminda maruz kaldig1 i¢ radyasyonun ana kaynagidir
(yaklasik % 55). ?°Ra radyum izotopunun bozunma iiriinii olan ve gaz halinde bulunan radyoaktif radon
(??Rn), her tiirlii toprakta ve kayada bulunur. Radyum atomlar1 toprak parcaciklarinda bozunur, elde
edilen radon atomlar1 hava ile doldurulmus gozeneklere girer ve daha sonra atmosfere salinmak icin
difiizyon yolu ile bu bosluktan yayilma ile taginir [1, 2].
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Zemin yiizeyinin birka¢ metre i¢indeki toprak gazindaki radon konsantrasyonlari, gdzenek
alanlarma ve daha sonra atmosfere radon girig hizlarinin belirlenmesinde 6nemlidir ve bu durum ana
kayadaki radyum konsantrasyonuna ve topragin gecirgenligine baglidir [3].

Biitlin canlilar iyonlastirici radyasyona maruz kalir. Karasal radyasyon kaynagi, radyoaktif
zincirlerdeki radyo-gekirdeklerin (*®U, ?°U ve %**Th) bozunumlarindan kaynaklanir [4-8]. Bu ii¢ zincir,
strastyla her biri 3,8235 giin (*Rn), 3,9 s (**Rn) ve 55,6 s (**Rn) yarilanma émriine sahip; her zincir
farkli bir radon izotopu igerir [8].

Radon (**Rn) atmosferde yaygin olarak bulunur ve dogada en bol bulunan dogal radyoaktif
gazdir [9]. Radon ve iirlinleri, insan viicuduna solunduktan sonra, viicutta bozunma sirasinda olusan alfa
parcaciklar1 hasarli dokularin veya hiicrelerin iyonlagsmasina neden olan (6ncelikle akcigerde), DNA
molekiillerinin yapisina zarar verir, hiicreyi etkiler rejenerasyon siireci ve kromozomlarda bozulmalara
neden olur, boylece kanser olugsma tetiklenir [3]. Uluslararas: Kanser Arastirma Ajansi (IARC), radon
ve iiriinlerini Grup | kanserojen faktdrler olarak smiflandirnus ve Diinya Saglik Orgiitii (WHO),
insanlarda 19 kanserojen faktorden biri olarak radonu listelemistir [10, 11].

Bu ¢aligmada, Bitlis bolgesinde yetisen, genellikle tatlandirici ve sifa bulmak amaciyla sikga
tiiketilen bazi bitki 6rneklerinin radon konsantrasyon seviyeleri belirlenmis ve bu degerler ANOVA
yontemi kullanilarak istatistiksel olarak incelenmistir.

2. Materyal ve Metot
2.1. Bitlis’in Genel Jeolojisi

Bitlis, Metamorfit bir yapiya sahiptir. Bitlis Metamorfitleri Epi Metamorfik ortiiniin Petrografisi:
asagidan yukariya dogru metamorfizma derecesi azalan 6 grup ayirtlasmustir. Bunlar; Alt yesil sistler,
Muskovitli Kuvarsitler, Kalksistler, Rekristalize kirectaslari, Ust yesil Sistler, Rekrastilize karstik
kirectaslaridir [12-14].

2.2. Bitki Orneklerinin Analize Hazirlanmasi

Kurutulmus bitki ornekleri, tamamen nemden arindirmak amaciyla aliiminyum folyolara sarildi ve 80
9C’de etiiv igerisinde yaklasik 24 saat bekletildi. Bu 6rnekler, 1 litrelik kavanozlar igerisine konuldu. Bu
kavanozlarin kapaklar1 sikica kapatilarak hava ile temasi 6nlendi ve disardan gelebilecek etkileri (151k
vb.) en aza indirmek i¢in aliiminyum folyo ile kaplanmistir. Bitki 6rnekleri kavanozlarin i¢inde yaklasik
30 giin boyunca radyoaktif dengenin saglanmasi i¢in bekletildi (Sekil 1).

Sekil 1. Bitki 6rneklerinin, radyoaktif dengenin saglanmasi ve pozlanmanin olmasi i¢in bekletilmesi.

2.3. Radon Konsantrasyon Seviyelerinin Belirlenmesi

Radon gazi, ‘Sealed Can Teknigi’ (Sekil 2) ve kati-hal niikleer iz detektorii (CR-39 (allil diglikol
karbonat)) kullanilarak; pasif olarak belirlendi. Yaklasik bir ay (30 giin) bekletilen bitki ornekleri,
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siirekli denge saglandiktan sonra, lcmxlcm kesilmis ve Onceden kodlanmig CR-39 detektorleri
kavanozlara yerlestirilmistir [15].

CR-39 iz Detektori < I | .

Numune Q_t‘/ -

Sekil 2. Kapali kutu teknigi (Sealed Can Technique)

Detektérler, 30 giin sonunda ¢ikarilarak ve Radosys cihazmin (Sekil 3) kazima iinitesinde 90 °C
sicaklikta 4,5 saat siireyle %25°lik NaOH c¢ozeltisi icerisinde kazindiktan sonra, yaklasik 20 dakika
notralizasyon islemine tabi tutuldu.

Sekil 3. RADOSY'S radon dlgiim sistemi

Bu islemden sonra, CR-39 detektdrlerine saf su ile banyo islemi yaptirildi ve yaklasik 12 saat
disarida bekletilerek kurumalar1 saglandi. Kuruyan detektorler sistemin mikroskop iinitesinde, her bir
algilayict lizerinde farkli 9 bolge otomatik olarak secilerek Radon gazindan dolayi alfa parcaciklarinin
birakmis oldugu izler (Sekil 4) sayilmstir [16].
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Sekil 4. CR-39 kati hal iz detektorii ve alfa pargaciklarinm izleri.
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Bitki 6rneklerinin radon konsantrasyonu asagidaki denklem kullanilarak hesaplanmustir;

R(Bg/m?) =

D x KF x 1000

; (1)

Burada; R, (Bg/m®) birimi cinsinden Radon konsantrasyonu, D, iz yogunlugu (izZ/mm?), KF,
CR-39 detektoriiniin kalibrasyon faktorii 44,47 (kBgh/m®)/(iz/saat) ve T algilayicinin Radona maruz
kaldigr siiredir (giin) [14-16].

2.4. istatistiksel Analiz Metodu

Tek yonlit ANOVA, iki veya daha fazla bagimsiz grup arasinda istatistiksel olarak anlamli bir fark olup
olmadigini analiz etmek i¢in kullanilir. Tek yonlit ANOVA, ilgilendigimiz gruplar arasindaki iligkileri
karsilastirir ve ayrica bu iligkilerden herhangi birinin digerlerinden istatistiksel olarak anlamli farklilik
gosterip gostermedigini belirler. Bunun i¢in ilk 6nce sifir hipotezi (Ho) uygulands;

Ho: H1= H2=... = Uk (2)
Burada, p; grup ortalamasi ve k; grup numarasidir [17].

3. Bulgular ve Tartisma

3.1. Radon Konsantrasyon Seviyelerinin Belirlenmesi

Bu calismada Bitlis ili ve ilgelerinden alinan olan 25 adet tibbi ve aromatik bitkinin Radon
konsantrasyonlar1 belirlenmistir ve bu veriler Tablo 1.’de verilmistir. Sifali bitki rneklerinin, 2Rn
radyo-gekirdek aktivite konsantrasyonun; 255,70 + 14,63 Bg/m® (BR13) ile 997,67 + 28,90 Bg/m?
(BR15) arasinda degistigi goriiliir.

Tablo 1. Baz1 tibbi ve aromatik bitki érneklerinin 222Rn radyo-cekirdek aktivite konsantrasyonlar

Numune No 222Rn (Bg/m?®) Numune No 222Rn (Bg/m?)
BRO1 686,97 + 23,98 BR14 372,79 + 17,66
BRO02 541,26 + 21,28 BR15 997,67 + 28,90
BRO3 571,13 +21,86 BR16 578,30 + 22,00
BR04 498,25 + 20,42 BR17 357,26 £ 17,29
BRO5 532,90 + 21,12 BR18 390,71 + 18,08
BR06 554,41 + 21,54 BR19 320,22 + 16,37
BRO7 493,47 + 20,32 BR20 695,39 £24,12
BRO08 286,76 + 15,49 BR21 833,99 + 26,41
BRO09 860,28 + 26,83 BR22 446,87 +£ 19,34
BR10 400,07 + 20,04 BR23 544,85 £ 21,35
BR11 590,25 + 22,22 BR24 330,97 £ 16,61
BR12 293,93 +£21,14 BR25 525,73 +£20,10
BR13 255,70 + 14,63

Tablo 1 ve Sekil 5 incelendiginde; en yiiksek radon konsantrasyon degerine (997,67 + 28,90
Bg/m®) Bitlis Merkez lokasyonundan toplanan BR15 numarali Achillea biebersteinii Afan tiirii bitki
orneginin sahip oldugu, en diisiik radon konsantrasyon degerine (255,70 + 14,63 Bg/m®) ise Bitlis’in
Mutki ilgesinden toplanan Polygonum cognatum tiirii bitki 6rneginin sahip oldugu goriilmektedir.
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Sekil 5. Bazi tibbi ve aromatik bitki érneklerinin 22Rn radyo-¢ekirdeklerinin aktivite konsantrasyonlari

Bu ¢alismada; BR10 (Mutki) ve BR19 (Tatvan) bitki 6rnekleri Salvia sp. tiirti bitki 6rnekleri,
BR11 (Mutki) ve BR15 (Bitlis Merkez) bitki 6rnekleri Achillea biebersteinii Afan tiiriinde bitki
ornekleri, BR14 (Bitlis, Kampos dagi) ve BR24 (Tatvan) bitki drnekleri ise Thymus kotschyanus tiiriinde
bitki 6rnekleridir. Bu bitkilerin her bir tiiriin kendi i¢erisinde de radon konsantrasyon degerlerinin farkli
oldugu goriilmektedir. Bu durum; bitki 6rneklerindeki radon konsantrasyon degerlerinin; bdlgenin
jeolojik olusumuna, bitkinin yetistigi ortamin atmosferik faktorlerine, bitkinin beslendigi toprak ve suda
mevcut olan radon konsantrasyon seviyelerine vb birgok etkene bagl olabilecegini gostermektedir.

3.2. Radon Konsantrasyon Seviyelerinin istatistiksel Olarak Analizi

Bu calismada, ek olarak, bitki orneklerinin radon konsantrasyon degerleri ile bitkilerin toplandigi
bolgenin birbiri ile iliskili olup olmadigi istatistiksel olarak incelendi. Bunun i¢in dncelikle sifir hipotezi
olusturuldu. Sifir hipotezi; ‘bitkinin toplandig1 yer ile radon konsantrasyonlarinin degerleri arasinda fark
yoktur’ seklinde kuruldu. Bu hipotezi test etmek i¢in, dncelikle; normallik testi uygulandi (Tablo 2) ve
bu sonuca bagli olarak Tek Yonlii Varyans Analizi (one way ANOVA) yapildi.

Tablo 2. Radon konsantrasyon degerlerinin normallik testi

Shapiro-Wilk
Lokasyon Istatistik df Sig. (p)
Radon Bitlis 0,919 11 0,313
Tatvan 0,922 8 0,447
Mutki 0,910 4 0,482

Giliroymak

Numune sayisi, 50’den az oldugu i¢in normallik testinde Shapiro-Wilk testi sonuglar1 dikkate
alindi. Buna gore, p degerleri 0,05 degerinden biiyiik oldugu i¢in normal dagilima uymaktadir. Tablo 2
incelendiginde Giliroymak lokasyonuna ait istatistiksel veriler olmadig1 goriilmektedir. Bunun nedeni
ise; Giiroymakta toplanan bitki 6rnegi sayisinin 2 olmasidir. Analiz i¢in kullanilan SPSS programi 2
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deger igin hesaplama yapmamistir. Radon konsantrasyon degerlerinin normal dagilima uymasi
sebebiyle; sifir hipotezini test etmek icin ANOVA yapilabilmektedir.

Tablo 3. Radon konsantrasyon degerlerinin Tek Yonlii Varyans Analizi

Lokasyon N Ortalama  Standart Minimum  Maksimum  Sig. (p)
sapma
Radon Bitlis 11 5,814.10° 202,971 286,760 997,670 0,351

Tatvan 8 5,11110° 180,109 320,220 833,990
Mutki 4 3,85010?7 149,852 255,700 590,250
Giiroymak 2 4,67810° 156,299 357,260 578,300
Toplam 25 5,18410° 188,339 255,700 997,670

Tablo 3’de p degeri 0,351 olarak bulundu. Bu deger 0,05 degerinden biiyiik bir deger oldugu
icin; sifir hipotezi kabul edilmis oldu. Boylece, Tek Yonlii Varyans Analizi (ANOVA)’ya gore;
lokasyonlar ile radon konsantrasyon degerleri arasinda istatistiksel farklarm olmadigi bulundu.

4. Sonuc ve Oneriler

Bu galismada, Bitlis’te yetisen 25 tibbi ve aromatik bitki drneklerinin **?Rn radyo-cekirdek aktivite
konsantrasyonlar1 belirlenmistir. Bu c¢alismada elde edilen sonuglar asagida maddeler halinde
verilmistir.

(i) Farkli lokasyonlarda toplanan bitki Orneklerinin radon konsantrasyon degerlerinin, farkli
seviyelerde oldugu goriilmistiir.

(if) Farkli lokasyonlarda toplanan ayni tiir bitki Orneklerinin radon konsantrasyon degerlerinin;
lokasyona bagli olarak degistigi gortilmiistiir.

(iii) #?Rn radyo-gekirdek aktivite konsantrasyon degerlerinin; bu calismadaki verilere gore, istatistiksel
olarak lokasyona bagli olarak degismedigi gortilmiistiir. Ancak, literatiire gore, radonun geldigi
ailelere bagli olarak; ana radyo-gekirdegin aktivite degerinin lokasyon, jeolojik yap1, atmosferik
etkiler vb. faktorlere gore degistigi goriilmiisttir [18-22].

(iv) Bu c¢alismada, daha fazla radon konsantrasyon degerinin (N= 25’den daha fazla) istatistiksel olarak
analizi yapilsaydi; literatiire uygun daha farkli bir sonug bulunabilirdi.
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Abstract

The dipole response associated with the pygmy dipole resonance (PDR) in *Sm and **Sm has been studied. In
the *Sm nucleus 1- phonons with K=0 and K=1 branches have been calculated using the Translation and Galilean
Invariant Quasiparticle Random Phase Approximation (TGI-QRPA). The structure of the more pronounced
electric dipole (E1) peaks in PDR region in **Sm is composed of predominantly two-quasiproton or two-
quasineutron states. The calculations in >Sm has been performed in the framework of the Translation and Galilean
Invariant Quasiparticle Phonon Nuclear Model (TGI-QPNM) based on the TGI-QRPA 1" phonons calculated for
1%4Sm. When going from **Sm to neighbouring %Sm, the fragmentation of the E1 strength is dramatically
enhanced. The results emphasize the role of the quasiparticle®phonon interactions in enhancing the fragmentation
of the strength in the PDR region in 1%Sm. Even though the strong fragmentation of the E1 strength obtained for
155Sm, in 5-8 MeV energy region the summed E1 strength is comparable to that in *Sm. The results indicate that
one quasiparticle behaves solely as a spectator in *°Sm.

Keywords: TGI-QRPA, TGI-QPNM, PDR, %*Sm,’%*Sm, E1.

Pygmy Dipol Rezonans (PDR) Bélgesinde **Sm ve **Sm’nin E1
Uyarilmalarimin Karsilastirilmasi

Oz

1%Sm ve %Sm izotoplarinm pygmy dipol rezonansla (PDR) iliskisi incelenmistir. 1%*Sm ¢ekirdeginde 1°
fononlarinin K=0 ve K=1 dallar1 Oteleme ve Galileo Degismez Kuaziparcacik Rastgele Faz Yaklasimi (TGI-
QRPA) modeli kapsaminda hesaplanmustir. ***Sm i¢in PDR bélgesinde daha belirgin olan elektrik dipoliin (El) pik
yapilan, agirlikhi olarak iki-kuaziproton veya iki-kuazinétron durumlarmdan meydana gelmektedir. %°Sm
cekirdegi iizerine yapilan hesaplamalar, ***Sm i¢in kullanilan 1 fononlarmin hesaplandigi TGI-QRPA modeli baz
alinarak, Oteleme ve Galileo Degismez Kuasiparcactk Fonon Niikleer Model (TGI-QPNM) cercevesinde
yapilmistir. *Sm'den komsu *°*Sm'ye giderken, E1 kuvvetinin ¢arpict bir bicimde parcalanmaktadir. Sonuglar,
kuaziparcacik®fonon etkilesimlerinin 'Sm' de PDR bélgesi igin kuvvetin parcalanmasindaki roliinii
vurgulamaktadir. **®Sm igin elde edilen E1 giiciiniin giiclii pargalanmasina ragmen, 5-8 MeV enerji bolgesinde
toplanan E1 giicii, **Sm'deki ile benzelrlik gostermektedir. Sonuglar, bir kuasipargacigmm *°Sm'de yalnizca bir
izleyici olarak davrandigmi gostermektedir.

Anahtar kelimeler: TGI-QRPA, TGI-QPNM, PDR, 1%4Sm,*5Sm, E1.

1. Introduction

Collective excitations (magnetic and electric dipole excitations) play an important role in the study of
the nuclear structure. GDR mode defined as the vibration of the proton system against the neutron
system is the first collective mode [1]. In the early 1960s, thermal neutron capture experiments showed
that there were E1 excitations around the neutron threshold energy [2]. These excitations are called PDR
mode because the strength of this mode are smaller than GDR [3]. PDR mode in even-even spherical,
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semi-magic and double magic nuclei were theoretically and experimentally studied. Recently, interest
in PDR mode studies in deformed nuclei has increased. In this context, only theoretical studies for even-
even deformed Sm and Nd nuclei are available in the literature [4]. In odd-mass nuclei only experimental
study was performed for **°La [5]. Therefore, the structure of PDR mode in odd mass nuclei are a open
question.

The aim of the present work is to study the properties of PDR of in ******Sm. The theoratical
tool used in this paper based on selection of the suitable separable effective forces to restore the broken
translational and Galilean invariances of the QPNM and QRPA hamiltonians for the description of the
E1 excitations in odd- and even-mass nuclei, respectively. In our previous study, this method has been
quite successful in explaining of the PDR in N=82 nuclei [6], low lying electric dipole excitations up to
4 MeV [7] and GDR mode in #°U [8].

2. Theory
The model Hamiltonian that produces the E1 states in deformed nuclei can be written as follows:

H=Hg,+hy,+h, +W, (1)

where Hggp is the Hamiltonian for the single-quasiparticle motion, W is the isovector part of the dipole-

dipole (A = 1) interaction, ho and h, are separable effective residual interactions restoring the broken
Translational and Galilean symmetry of the Hamiltonian, respectively.

Hsgp = ng () Byg ()

aq’ @
Weip == Zl(ij (Ru-Rz)" R, ZN%EJ" )
hy :-%%[Hmp, P, I [Hy,. P.] @
hy =—i%[ugift’Rur[U(}ift’R#] (5)

The coupling parameters 7 =(OllP[Hsw:P.JO)  gng £ =0l .[V4.R,10) 46 determined by the mean

field and pairing potentials, respectively, where R = 2 W @00 is proportional to the c.m. coordinate
of the nucleus.

The wave function of the odd mass deformed nuclei consists of a sum of single-quasiparticle
and quasiparticle phonon terms

yi(z)= {N‘ (@)a () +2. 2 .G} e +(T)Q.,,}Ilm)) u=0,+1

(6)

To obtain the 7« excitation energies of electric dipole resonance for odd-mass nuclei, one has
to solve the secular equation following secular equation.

2
[ ’j gv :vL| g()pcngv+Arrch Lj
P(UK)Egg_UK_ZZ =0

i v 40Y (o )(W,+s 77K)

(7)
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Where

y ZA qu-qu-W;q' Z Z 40Yag gqq'
qq’

I-i - i i
IB Zrlc%‘gqq'pqq'qu‘gqq' Zzgqq pqq qu gqq‘

(8)

Here, pég :(q| pﬂ|q'> and r“ﬁ _< |rﬂ|q'> are the single particle matrix elements of the linear

momentum and core mass center position operator, respectively. The Bogolyubov canonical

. u v Vg =UgUg —VVy Uy =UgV, +U,v,
transformation parameters ( “%and 9) are also expressed in % , :

L.,.=uVv.—u.V M_ =uUuU,—V.V
aq a9 Ta7a gnd are e respectlvely l//qq and qoqq terms are two quasiparticle

g qq’ l’//qq wqq qu gqu

amplitudes of the even-even core and given in the and . Finally, the

Yo )term is obtained from the normalization condition of the wave function of the core nucleus.

E .. =& +E&,. g =& —&

ws %4 % gnd e T %4 "9 gre terms are two quasiparticle energies.

—41(1; o gVLI 25 pe M., +2A, 5L L

j -2 _ n'gVv
(Ne) =te22 4in(w.)(a>i+8v—77K)
©)
o 1 2V, L —2¢ IPLM_ 28 0L L
Gif“’ :_Nj N SqV  9q SV 9q
: : 4oy (a)i)(a)i+gv —nK)
(10)

Probabilities of E1 transitions from the ground-states to the excited-states in odd-mass and even-
even deformed nuclei, respectively can be written as follows:

2
E

B(EL 1K, — 1, K,) = X (11K a1, K, )’ |- eﬁZNc’Nc’Cg V. NIy G G L')[eﬁ":"e:ﬁ“j
U ‘ 0 e B iu COY( ) N VA

(11)

p = n —_- — - -
where % = N/A and % =~Z/A are neutron and proton effective charges, respectively.
The QRPA theory for even-even nuceus was in ref [7].
3. Results and Discussions

For calculation of the E1 dipole transitions in the **°*Sm the mean field deformation parameters &, are
calculated according to [9] using deformation parameters B, defined from experimental quadrupole
moments [10]. The single-particle energies were obtained from the Warsaw deformed Woods—Saxon
potential [11]. The pairing-interaction constants taken from Soloviev [12] are based on the single-
particle levels corresponding to the nucleus studied. The calculation for the E1 excitation was performed

using a strength parameter ;, = 350/ A 3Mmevim 2, values of the pairing parameters A and A are given
in Table 1.
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Table 1. Pairing correlation parameters (in MeV) and &, values
[anA]Z An Ap In Ap
[521] 3/2 1.11 1.22 -6.702 -8.569

02
0.234

Nucleus
155Sm

The distribution of B(E1) strength calculated for ***Sm and ***Sm are shown in Fig.1. Theory
predicts three strong E1 transitions at 6.348 MeV, 6.916 MeV and 7.779 MeV energies for K=0 branches
and four strong E1 transitions at 6.645 MeV, 6.919 MeV, 7.167 MeV and 7.6 MeV energies for K=1
branches in ***sm core nucleus. Similar situations are seen in the K=Ky and K=Kot1 branches of the
155Sm nucleus.

The gross features of the E1 strength in 5-8 MeV energy range in ****>°Sm are given in Table 2.
For >*Sm theory predicts nineteen negative-parity K=0 states with *B(E1)=0.387 e*fm? and thirty K=1
states with ZB(E1)=0.193 ¢*fm?. K=0 branch *>*Sm corresponds to K=Ky in odd mass ***Sm, K1 branch
of core **Sm nucleus corresponds to K=Ko-1 and K=Ko+1 states of odd mass ***Sm. In addition,
because of the Clebsh-Gordon coefficients in the B(E1) transition expression, Ki=Kg branch has two
{(Ko-1,10-1),(Ko-1,10)} branches, Ki=Ko-1 branch has three {(Ko-1,l0-1),(Ko-1,10), (Ko-1,l0+1)} branches
and K=Ko+1 branch has one {Ko+1,lp+1} branch. For ***Sm nucleus, thirty six K=K, (3/2*) branch
with £B(E1)=0.376 ¢*fm? nine K=Ko-1 (1/2*) branch with summed XB(E1)=0.017 ¢*fm? and thirty
five K=Ko+1 (5/2%) branch with summed IB(E1)=0.017 e*fm? were calculated. It is seen from Table 2
that K =0 (or K=Ky for odd mass nucleus) branch is the dominant branch in PDR region from the results
of both core ***Sm and odd mass***Sm nuclei.
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=R NE
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Figure 1. Comparison of the B(E1) values calculated for *5*Sm and **Sm nucleus.

Table 2. The comparison of theoretical values of summed E1 strength for %155Sm nuclei in the energy range of

5-8 MeV.
154Sm 1558m
TB(E1) TB(E1)
(e*fm?) (e*fm?)
K=10 0.376 K=3/2* 0.387
K=11 0.046 K=1/2* 0.017
K=5/2* 0.017
K=All 0.422 K=All 0.421
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Excitations energies, B(E1l) transitions, one-quasiparticle and Quasiparticle@Phonon
amplitudes for odd mass ***Sm nucleus have been shown in Table 3. The E1 states in the PDR region
in**Sm nucleus have approximately 99% Quasiparticle®Phonon character. In ***Sm for instance, the
strongest transitions are dominated by the [521] T®Q;.

Table 3. Energies, B(E11)values, amplitudes, and the structure of PDR in odd-mass **>Sm isotope.

E B(ED) K= Nk iuv Sturcture
Mev)  (&im?) )
6.348 0.0078 3/2*  0.0912 -0.9946 % 100 [521] T®Qis
6.896 0.030 3/ 0.0295 -0.9948 %99 [521] T®Qis
6.917 0.153 3/2°  0.104 -0.2919 % 8.5 [521] T®Qis
-0.9414 % 89 [521] T®Qio
0.1223 % 1.5 [521] T®Qq0
6.956 0.025 3/2  0.00943 0.9997 %99 [521] T®Qq0
7.167 0.016 1/2*  0.0278 0.9995 %99 [521] T®Qss
7.215 0.026 32 0.124 -0.9892 % 97.8 [521] T®Qx
7.664 11.7713 1/2*  0.00915 0.9995 %99 [521] T®Qus
7.780 69.5644 3/2*  0.0565 0.9878 %98 [521] T®Qqs
-0.1225 %2 [521] T®Qzs
7.786 21.4048 3/ 0.925 -0.1009 %1 [521] T®Qx
0.7079 %50 [521] T®Qzs
0.6899 % 48 [521] T®Qq0

4. Conclusion

In this study, E1 transitions were theoretically calculated for **!**Sm isotopes in the frame of QRPA
and QPNM, respectively.The calculations show existance of the resonance like structure between 6.2-
8 MeV energy intervals, which can be identified as pygmy dipole resonance. When the total B(E1)
transition values of the core and odd mass have been compared, it has been seen that the total transition
is close to each other in PDR region. However, due to the coupling properties of the E1 operator, E1
spectra of >Sm are much more fragmented than the core’s. The calculations show that the effect of the
one quasiparicle component in the wave function on the structure of the E1 levels in **>Sm is very weak,
and the contribution of the Quasiparticle®@Phonon components are dominant.
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Abstract

The goal of this work is to offer an alternative method to the available literature on determining the energy loss of
CZTS thin films. For this purpose, thin CZTS film structures were first produced by sol-gel method and then the
RBS spectrum was received with RBS detector irradiating this structure with 3.034 MeV proton beams in a
microbeam chamber. The energy calibration was implemented to this spectrum, where the it was fitted with
SIMNRA program. In the RBS spectrum of the thin film generated, a method for the calculation of energy loss
was used for the position and energy width analysis of the corresponding peaks and a polynomial fit was obtained
from the stopping power of the CZTS thin film by making certain approaches. Also, the effective charge approach
that we used in our previous studies for the stopping power was employed with atomic natural orbitals and it was
founded that the results were close to each other at certain error rates. The data obtained from this study will
inspire the future studies on the interaction of radiation with matter.

Keywords: Energy loss, CZTS, RBS.

Ince Cu2ZnSnSs (CZTS) filmin RBS spektrumundan enerji kaybi analizi

Oz

Bu ¢alismanin amaci, CZTS ince filmlerinin enerji kaybini belirlemek i¢in mevcut literatiire alternatif bir yontem
sunmaktir. Bu amagla, ince CZTS film yapilar ilkénce sol-gel yontemiyle iiretildi ve daha sonra bu yapi bir
mikroisin ¢gemberinde 3.034 MeV protonlarla 1smlanarak RBS detektoriiyle RBS spektrumu alindi. SIMNRA
programiyla fit edilen bu spektruma enerji kalibrasyonu uygulandi. Uretilen ince filmlerin RBS spektrumunda,
ilgili piklerin konum ve enerji genisligi analizinden enerji kaybi hesaplamasi i¢in bir yontem kullanildi ve belirli
yaklasimlar yaparak CZTS ince filmin durdurma giiciinden bir polinom fit elde edildi. Ayrica, durdurma giicii i¢in
onceki ¢alismalarda kullandigimiz etkin yiik yaklagimi atomik dogal orbitaller ile kullanildi ve sonuglarin belirli
hata oranlarinda birbirine yakin olduklari bulundu. Bu ¢aligmadan elde edilen veriler maddeyle radyasyonun
etkilesmesi iizerine yapilacak caligmalara ilham verecektir.

Anahtar kelimeler: Enerji kaybi, CZTS, RBS.

1. Introduction

As well as cosmic rays, slow and fast particles penetrate into the interior and the exterior. Significant
representatives of our outer solar system are solar rays consisting of solar wind, proton, electron and
helium ions. These particles interact with the planets' atmosphere. Sunburn is probably the best-known
radiation effect that these particles cause. Analyzes of meteors and moon samples offer evidence of
exposure of materials to high radiation doses and consent modeling of solar wind and intergalactic
radiation. The exposure of spacecraft to local radiation fields upsets the material properties of the
spacecraft, the functioning of computerized instruments, and the health of astronauts. Particularly the
interaction of radiation with spacecraft and solar batteries placed on satellite wings changes the function
and energy efficiency of these materials. Therefore, it is very important to examine the interaction of
charged particles with solar batteries and therefore to determine the energy loss [1].

*Sorumlu yazar: musta@mku.edu.tr
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The development of clean energy resources as an alternative to fossil fuels has become one of the most
important requirements of the 21st Century. Among the renewable energy sources, the best alternative
to meet the energy needs of modern society is solar energy. In order to make photovoltaic devices
widespread, cheap, high efficiency and environmentally friendly solar cells are needed. In particular,
the Cu,ZnSnS4 (CZTS) compound is a good candidate for the absorbent layer in solar cell applications
[2, 3].

Despite being a film with great potential as absorbent material, studies on CZTS solar cells are
still in its infancy. The examination of the interaction of CZTS solar cells with radiation, or rather the
determination of the stopping power for charged particles, has a great proposition in terms of efficiency.
To the best of our knowledge, there is no scientific study of the energy loss of CZTS thin films. In the
light of the information thus far, it is necessary to study the theoretical and experimental stopping power
of CZTS films. The aim of this work is to present an alternative method to available works on
determining the energy loss of CZTS thin films. Therefore, thin CZTS film structures were first
produced by sol-gel method and then the RBS spectrum was obtained by irradiating this structure with
proton beams in microbeam chamber. The RBS spectrum was taken with RBS detector and the energy
calibration was then applied to this spectrum, where the RBS spectrum was fitted with SIMNRA [4]
program. Then, in the RBS spectrum of the CZTS thin film, the individual peaks of each element
constituent the film were generated. These peaks produced were matched to Gaussian type function by
chi2 method. The values obtained by the peak analysis were used instead of the energy loss statements
derived from the linear approach and the stopping power data of these elements were calculated by
iterations. At least squares method was applied to these obtained values and the stopping power of CZTS
thin film was determined by Bragg additivity rule. The results were compared with the theoretical
effective charge approach presented in this study and the available reference data in the literature. This
technique is a fast and simple method that can be used analytically to help improve the accuracy of the
existing methods in the literature used to determine the energy loss of thin films.

2. Material and Method
2.1. Experimental procedure
2.1.1. Production of CZTS thin films

The CZTS films were produced by using sol-gel spin coating method. The CZTS precursor solutions
were arranged by melting copper (II) acetate monohydrate (0.3M, 98+%), zinc (Il) acetate dihydrate
(0.3M, 99.99%), tin (11) cloride (0.3M, 98%) from Sigma Aldrich and thiourea (1.2M, 99.0+% from
Sigma Aldrich) into 2-methoxyethanol (20 ml, 99.8% from Sigma Aldrich). The last solutions were
commingled at 45°C, 850 rpm for 1 h to liquefy the metal compounds entirely. Throughout mixing, 2
ml of diethanolamine (DEA) was put stepwise inside each solution as a stabilizer. The quartz-glass
slides were use as substrates which were ultrasonically wiped out one by one with detergent, nitric acid
(1:4), acetone and ethanol for 10 min. To fabricate the CZTS films, the already made solutions were
spin-coated onto quartz and n-type silicon substrates at 3000 rpm for 30 s in the course of solvent-drying
at 175°C for 10 min on a hot plate. To provide electrical conductivity, molybdenum layer was
sandwiched between quartz-glass substrate and CZTS thin film layer. Lastly, the samples were
subjugated to an annealing procedure for 2 h at 500°C in a quartz tube including 10 g of elemental sulfur.
The thickness of the produced films was determined from the SEM cross section images. The completed
sample is shown in Figure 1 below.

CZTS 1.4 um
Mo 3 pm

1 mm

Figure 1. Fabricated CZTS thin film and its thickness
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2.1.2. Set up and detection procedure

The experimental set up and procedure were carried out at the Jozef Stefan Institute Tandetron
accelerator facility. Test measurements were made for both CZTS samples and NIST 1107 naval brass
sample for energy calibration using protons of 3.034 MeV. Since the NIST 1107 naval brass contains
most of the elements in the produced CZTS film, it was used [5] as reference material. For convenience,
the microbeam chamber was employed with the RBS detector at 135 degrees scattering angle. The solid
angle of the RBS detector is 4.59e-3, the resolution is 18 keV, the diameter of the detector aperture with
circular shape is 4 mm, the sample-detector aperture is 52.3 mm, and the thickness of the aluminum foil
material in front of the detector is 800 nm. RBS signal from the chopper and RBS spectrum was
obtained. The incoming proton beam had a diameter of 30 micrometers but was scanned over an area of
500x500 micrometers. To get the number of input particles, the chopper signal was considered and the
calibration constant was found from the measurements of NIST 1107. Experimental set up is displayed
in Figure 2.

1IGe
RBS
incident _____
r,
g, =0
SDD
Microbeam

Figure 2. Experimental set up
2.1.3. Determination of energy loss

The RBS spectrum shown in Figure 3 was simulated by means of SIMNRA. Previous calibration values
and necessary initial parameters were entered into the program and the spectrum was obtained. The
target material consists of three different layers. Cu, Zn, Sn and S elements containing CZTS thin film
as the first layer, Mo element as the second layer and O and Si elements with the inclusion of the quartz
substrate as the last layer were selected and the conjectural concentration values of these elements were
inserted into this program. The roughness for the layer and the substrate materials and the correction
factors for stopping power of these layers were not considered. Instead, the Chi2 channel evaluation
option was used as the fit parameter for the roughness of each layer, and the fit values were obtained
with a maximum iteration of 50 and an accuracy of 0.01. As reaction kinematics, Rutherford cross-
sections were employed for backscattering of projectiles present in the program's internal file.
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Figure 3. The RBS spectrum of the CZTS thin film

Backscattering technique is one of the methods used to determine the energy loss, the
ingredients with the depth scale and the stopping cross section of the samples can be assigned from the
RBS analysis. However, due to the peak of the Mo layer used to provide conductivity between the
substrate and film, the peaks of elements constituting the CZTS thin film in the RBS spectrum of Figure
3 are not clearly visible. Hence, the RBS spectrum of the film was simulated with SIMNRA and the
peaks of the elements forming the sample were generated.

16 1= T T T T T T T T T

Cu
Zn

1 4 Sn
12_ v S

14 -

Gaussian fit

10 4

Counts

T T
2700 2800 2900
Energy (keV)

Figure 4. The Gaussian fit functions for these values with the fit values of experimental data SIMNRA program
for Cu, Zn, Snand S

As can be seen from Figures 3 and 4, a procedure was used to calculate the stopping power, that
is, the energy loss from the signal height and energy width values of the respective elements in the RBS
spectrum. Thus, energy loss along the paths of the incoming and outgoing protons on target was

considered (Figure 4). To obtain the spectrum peaks of the individual elements, the positions of E,, E,

energy particles and AE widths equal to the full widths at half maximum (FWHM) scattered from the
front and rear surfaces of the CZTS thin film, which are simulated with SIMNRA software and
containing peaks of these elements, were obtained from the peak analysis. The simulated spectrum was
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fitted with the Gaussian function by five times iterations with chi-square method ( XZ). Then,

considering the linear approach, the stopping power of each element was calculated according to the
following expressions:

S (E )= A 1)

S |E
N, Ax{ k|secd;|+ '(_0)‘890(@—90)‘

s, (E;)
5,(E5)= At @

S, (E;)
N AX Sk ——[sec 6| +|sec(6, - 6, )
5(E)
Here, 6, and O, are the angles between the surface normal of the incoming and the scattered ions

respectively. For details can be examined Ref. [6].
Before and after the scattering, followed by the assumption that the path of the projectile is straight and

assuming the initial value of stopping power ratio is 1 (S; (E_O)/SI (E) =S, (E)/So (E_O) =1),
stopping power was expanded to the power series of the energy using the least squares method with
iteration [7]:

S(E)=(aE™* +a,E"* +a,E** +a,E*® +a,E"™) /AX (3)
Where a’s are the coefficients and unit of energy is eV. Finally, the stopping power values of the CZTS
thin film were calculated with the Bragg’s additivity rule [8].

2.1. Theoretical procedure

The stopping power of a material is defined as the average energy loss per unit path length and the total
stopping power (S) is the sum of collision (S, ) and nuclear (S, ) constituents:

S(E):SCOII(E)+Snuc(E) (4)

For protons, the highest addition to the total stopping power is supplied by the collision stopping
power which based on inelastic collisions with target’s electrons. Inversely, the least contribute to the
total stopping power comes from nuclear stopping power which stem from elastic Coulomb collisions
with target’s nucleons and since it is only considerable at very low energies, it was not considered in
this study.

The collision stopping power is specified by allowance the number of velocity-dependent
effective charge and effective mean excitation energies of the target material. Taking into account the
interaction potential between the protons with target in Ref [9], the collision stopping power for protons
is given by

4re* .
ScoII(E)zﬁz InLqm;axj (5)

e min

where e is charge of electron, £ =uv/C is the proton’s velocity in light velocity units, m, is mass of

electron, Z" is the effective charge of target, g, and d,,, are maximum and minimum momentum

transfer to the target from projectile, respectively.

In this present study, the electronic charge densities required for the effective charge and
effective mean excitation energy of the target were calculated using atomic natural orbitals (ANO-RCC)
from Gaussian type orbitals [10].
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3. Results and Discussion

In Figure 3, it is seen that the simulation with SIMNRA is quite compatible with the experimental values.
In the simulation, separate spectra were generated for constituents forming the CZTS thin film and for
the Mo element. As expected, the fit distributions of the elements vary depending on the concentration
in the film and the increased the cross-section with increasing atomic number. However, the peak of the
Mo element appeared in the foreground plane due to its atomic number and thickness, and because the
elements including the CZTS were not clearly visible. Especially, the peaks of the Cu and Zn elements
were overlapped because of their atomic numbers were very close together, but still remained dimmed
alongside the Mo peak. On the contrary, the Sn peak appeared a little more pronounced since the RBS
analysis is very sensitive to heavy elements.

Table 1. Fit function coefficients for stopping power values of elements forming CZTS thin film

£l Coefficients
ements
& & & 8 8
Cu -4.59E+02 2.51E+02 -1.15E+00 -7.22E-01 7.09E-02
Zn -7.06E+02 3.94E+02 -1.21E+01 1.21E+00 -2.7T7TE-02
Sn -1.80E+03 1.05E+03 -6.21E+01 1.04E+01 -5.17E-01
S -8.74E+02 5.89E+02 -3.73E+01 6.17E+00 -2.98E-01
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Figure 5. The stopping power values of (a) Cu (b) Zn (c) Sn (d) S

The coefficients related to the fit functions obtained by using Equation (3) are shown in Table
1 and Figures 5 (a)-(d) indicate the stopping power values of Cu, Zn, Sn and S acquired by these fit
functions in the 45 keV-5 MeV energy range. Although the data are compatible with the energies of 1
MeV and above, there are differences in the low energies as expected. The peak point values in the
stopping power curves of the experimental data seem to be closer to the ICRU [11] and SRIM [12]
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values than the effective charge approach we used in this study. There are significant variances in the
positions of the peaks for CasP [13] data. While the peak values of the curve in Cu, Zn and Sn are
approximately 100 keV, this value is localized at approximately 300 keV for CasP. For S, these values
are about 100 keV for CasP and 55-60 keV for the others. However, lower values than the peak points
of the effective charge approach decrease very quickly compared to other reference data. Figure 6
represents the stopping power data of the CZTS thin film calculated according to the Bragg’s sum rule
with the fit function composed by matching the experimental data. The reference data included here are
also the data of Andersen-Ziegler [14] and Ziegler-Biersack [15] currently available in the SIMNRA
program. The values are generally compatible with each other, but an important point here is that there
is little change between the fit function and the SRIM values in energies greater than 1 MeV. It is also
noteworthy that the fit function and the energy values of the maximum of the effective charge approach
overlap. The compliance rate with fit function was founded as 6.40% for SRIM, 7.49% for Ziegler-
Biersack, 10.28% for Andersen-Ziegler, 16.45% for effective charge and 16.93 for CasP.
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Figure 6. The stopping power of CZTS thin film

In this work, energy loss calculations of CZTS thin films were made by RBS technique.
Accordingly, it is the SRIM data that is most compatible with the fit function. The effective charge
approach handled under the Bethe-Bloch theory is actually valid for energies of 1 MeV and above, since
it includes the first Born approximation. In this approach, no correction term was needed as the target's
atomic numbers and mean excitation energies were taken as effective values. Based on the stopping
power curve at the energies less than 1 MeV, it is very important that this method used gives reasonable
results. The scattering peaks of these elements were obtained by corresponding the entire spectrum with
the SIMNRA program since the scattering peaks of the elements constituting CZTS film were not
visible. Therefore, it is worth noting that the method used is actually quasi-experimental rather than
experimental. Even if the results are calculated by iteration, they have certain margins of error because
they have been obtained directly by simulation instead of experimental. However, the results obtained
may be applied to the conditions affecting the efficiency of the thin films used as solar cells as a result
of exposure to radiation. In order to expand the study, CZTS thin film should be produced directly on
the substrate and the corresponding peaks should be observed directly then the calculations should be
done on this process. Also, the channeling effects were neglected in this study because the angle between
the surface normal of target and the incoming beam was zero degrees. Therefore, to avoid these
channeling effects, the incident beam should make a certain angle with the normal of the surface. In
addition, to review the results with the dielectric theory and to use different orbital wave functions for
the electronic charge density will carry the study to a different dimension.
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4, Conclusion

In this paper, CZTS thin film structures used as solar cell were fabricated by means of sol-gel method
and then RBS spectrum was gained by irradiating these films with protons in microbeam chamber. In
the RBS spectrum of the thin film produced, a method for the calculation of energy loss was used for
the position and energy width analysis of the respective peaks and a polynomial fit was determined for
the stopping power of the CZTS thin film by making specific approaches. In addition, the effective
charge approach that we used in our preceding studies for the stopping power was first discussed with
atomic natural orbitals and it was perceived that the results were close to each other at certain error rates.
The data obtained from this study will inspire the future studies on the interaction of radiation with
matter.
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Abstract

In this study, radiogenic heat productions of marble and glazed tiles samples are calculated based on the elemental
concentrations of uranium (in terms of mg/kg), thorium (in terms of mg/kg) and potassium (in terms of %) in the
samples collected from various provinces in Turkey. The radiogenic heat productions from the marble tile samples
varied from 0.05 to 2.17 puW/m3 with an average of 0.26 pW/m3. The average of the radiogenic heat production
of the marble tile samples is approximately four times lower than the average continental crust of 0.9 pW/m3.

Keywords: Marble, Radiogenic heat production, Building materials.

Tiirkiye’de kaplama yap1 malzemesi olarak kullanmilan mermer ve sirh
karolardan radyojenik 1s1 iiretiminin hesaplanmasi

Oz

Bu calismada, Tiirkiye'nin gesitli illerinden toplanan mermer ve sirli karo drneklerinin radyojenik 1s1 iiretimi,
uranyumun (mg/kg cinsinden), toryumun (mg/kg cinsinden) wve potasyumun (% cinsinden) temel
konsantrasyonlarina gére hesaplanmigtir. Mermer karo 6rneklerinden elde edilen radyojenik 1s1 iiretimi, ortalama
0.26 pW/m3 olam iizere 0.05 ile 2.17 pW/m3 arasinda degismektedir. Mermer karo 6rneklerinin radyojenik 1s1
iiretiminin ortalamasi, 0.9 pW/m3 ortalama kitasal kabuk degerindenyaklasik dort kat daha diisiiktiir.

Anahtar kelimeler: Mermer, Radyojenik 1s1 tiretimi, Yapt malzemeleri.

1. Introduction

The radioactive elements that cause this are divided into two groups as short and long half-life isotopes.
Long half-life radionuclides such as the member of natural radioactive series of uranium *(*®U), thorium
(?*2Th), actinium (*®*U), and radioactive potassium (*°K). The two main radionuclides, 22U (half-life of
4.5 x10° y) and 2U (half-life of 0.7 x10° y), decay into lead, 2®Pb and 2°’Pb, respectively.

In this study, radiogenic heat productions of marble tiles are calculated based on the elemental
concentrations of uranium (in terms of mg/kg), thorium (in terms of mg/kg) and potassium (in terms of
%) in the samples collected from various provinces in Turkey.

2. Material and Method

The elemental concentrations (EC) using the following formula:

EC — W x A, xF

= 1
Ag XN 5, xI1Ag @)
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The elemental concentration of 28U was calculated. The radioactive heat production (H in
uW/m?®) of given rocks or building materials can be calculated by using the equation [2]:

H=px(9.52xC, +2.56 xCy, +3.48xC, )x107° )

where p is the bulk density of the rock or building material (in kg/m®), Cu, Crn and Ck is elemental
concentration of U (in terms of mg/kg), Th (in terms of mg/kg) and K (in terms of %), respectively.

3. Results and Discussion

The values of elemental concentrations of U, Th and K in marble tile samples, and radiogenic heat
productions calculated for marble tile samples are given in Table 1. It is seen from Table 1 that the
elemental concentrations of U, Th and K varied from 0.1 to 4.6 mg/kg with an average of 0.7 mg/kg,
0.2 to 20.4 mg/kg with an average of 1.5 mg/kg and 0.04 to 2.4% with an average of 0.2%, respectively.
The highest concentration of 28U was measured in marble tile sample coded of MRB5 while the lowest
concentration of 28U was measured in marble tile samples coded of MRB17 and MRB25. The highest
concentration of 22Th and “°K was measured in marble tile sample coded of MRB4 while the lowest
concentration of #2Th and “°Kwas measured in marble tile samples coded of MRB13 and MRB12,
respectively. The value of H from marble samples varied from 0.05 to 2.17 pW/m?® with an average of
0.26 pW/m°. The highest value of radiogenic heat production was calculated in marble tile sample coded
of MRB4. Comparison of the average value of the H calculated for the marble samples studied with
those calculated for different rocks types is given in Table 2. From Table 2, the average value of the
marble H is lower than those of rock types.

4. Conclusions

The average of concentration of U, Th and K in marble samples is lower than the average value of earth’s
crust of 2.5, 13 and 25000 mg/kg, respectively [6]. The average of the radiogenic heat production of the
marble tile samples is approximately four times lower than the average continental crust of 0.9 pW/m?®.
The contribution of 28U, #*Th and “°K to total radiogenic heat production is estimated as 60%, 34% and
6%, respectively. The results revealed that radiogenic heat production by the marble samples varies
according to the geological structure of the region.

Table 1. The values of radiogenic heat production of the marble samples

Sample code 238y 232Th K H (uW/m?®)
mg/kg mg/kg (%)
MRB1 0.3 0.8 0.2 0.13
MRB2 0.9 11 0.2 0.30
MRB3 0.6 1.0 0.2 0.21
MRB4 3.3 20.2 2.4 2.17
MRB5 4.6 0.8 0.1 1.08
MRB6 0.3 0.8 0.1 0.11
MRB7 2.4 0.6 0.1 0.58
MRB8 0.2 0.8 0.0 0.09
MRB9 1.9 2.3 0.3 0.59
MRB10 0.2 0.3 0.0 0.06
MRB11 0.2 0.3 0.0 0.06
MRB12 0.2 0.3 0.0 0.06
MRB13 0.5 0.2 0.1 0.13
MRB14 0.6 0.8 0.0 0.18
MRB15 0.3 0.6 0.1 0.11
MRB16 0.1 0.3 0.1 0.05
MRB17 0.1 0.3 0.1 0.05
MRB18 0.2 0.5 0.1 0.08
MRB19 0.4 0.6 0.0 0.14
MRB20 0.2 0.4 0.1 0.07
MRB21 0.1 0.5 0.1 0.06
MRB22 0.2 0.6 0.1 0.09
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MRB23 0.3 0.8 0.1 0.12
MRB24 1.2 3.0 1.2 0.55
MRB25 0.1 0.3 0.1 0.05
MRB26 0.4 25 0.1 0.25
MRB27 0.5 11 0.1 0.19
MRB28 0.2 0.8 0.0 0.10
MRB29 0.2 0.6 0.1 0.08
MRB30 0.3 0.6 0.1 0.10
Average 0.7 15 0.2 0.26
Standard deviation 1.0 3.6 0.5 0.42
Standard error 0.2 0.7 0.1 0.08
Min 0.1 0.2 0.04 0.05
Max 4.6 20.2 2.4 2.17

Table 2. Comparison of the marble H with those calculated for different rocks [7]

Type of Rock H (uW/m?®)
Granite (Egypt) 9.53
Granite (South Africa) 3.51
Quartz diorite (Egypt) 1.76
Quartz diorite (California) 0.40
Acidic rocks 2.38
Acidic rocks 2.84
Lamprophyre (Egypt) 1.74
Swiss Alps 1.12
Basalt (Egypt) 0.11
Basalt (Japan) 0.80
Basalt (Former USSR) 0.39
Metamorphic (Marble-Turkey) 0.26
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Abstract

The spontaneous fission (SF) is a decay mode for heavy and superheavy nuclei (Z>90) and it is an important
confining factor explaning the stability of synthesized superheavy nuclei. Since the fission decay is complex, it is
difficult to explain such a multi-dimensional system in a complete microscopic manner. In this study, SF half-lives
of 284Cn and %*FI superheavy nuclei are investigated using the direct method, the Universal Decay Law (UDL).
The fission decay constant for each possible case is computed by using the UDL and then the SF half-life for 24Cn
and 28FI superheavy nuclei are predicted. The calculated SF half-lives are compared with the results of other semi-
empirical models and the experimental data. Furthermore, the results are compared with ones of the model in
which they proposed this direct method for the SF by using CPPM potentials. Good agreement has been obtained
between the results of present approach and the others. This study shows that UDL would also be used in the half-
lives calculations of Spontaneous Fission of superheavy nuclei in a direct way.

Keywords: Superheavy, Half-lives, Spontaneus Fission.

Siiper-agir ¢ekirdeklerin kendiliginden fisyon yari omiirlerinin farkh
modellerdeki hesaplamalan

Oz

Kendiliginden Fisyon (SF) Z>90 olan agir ve siiper-agir ¢ekirdekler igin bir bozunma modudur ve siiper-agir
cekirdegin sentezinin kararliligini tanimlayan 6nemli bir sinirlandirma faktériidiir. Fisyon bozunmasi karmasik
oldugu icin, bdyle ¢ok boyutlu bir sistemin agiklamasini yapmak zordur. Bu galigmada, 2*Cn ve 284FI siiper-agir
cekirdeklerinin kendiliginden fisyon yari-6miirleri dogrudan bir metot olan evrensel bozunma yasasi (UDL)
kullanilarak arastirildi. Her bir miimkiin bozunma durumu i¢in fisyon bozunma sabitleri UDL ile hesaplandi ve
sonrasinda 2#4Cn ve 2*Fl igin SF yar1-Omiirleri tahmin edildi. Elde edilen SF yari-6miirleri diger yari-ampirilk
formiiller ve deneysel degerleriyle kiyaslandi. Ayrica sonuglar diger dogrudan model olan CPPM potansiyeli
modeli sonuglariyla karsilastirildi. Bu yaklagimlarin sonuglari arasinda iyi bir uyum elde edildi. Bu ¢alisma UDL
metodunun da dogrudan metot olarak kendiliginden fisyon yar1 6miirlerinin hesaplamalarinda kullanilabilecegini
gosterdi.

Anahtar kelimeler: Siiper-agir, Yari-6miirler, Kendiliginden Fisyon.

1. Introduction

More recently, investigation of a decay (AD) of superheavy nuclei has been popular for both the
experimental and theoretically in nuclear area. When superheavy nuclei are produced in an experiment,
they go to the ground state via a decays. Counting these a particles give important information on the
synthesis of nuclei. Therefore, it is very important to make theoretical studies on the o decay of
superheavy nuclei [1-7]. On the other hand, these decays can sometimes be in the form of the
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spontaneous fission (SF) [8]. Although these phenomena are studied through the quantum mechanical
tunneling [9,10], the SF is more complex. Since there are many uncertainties and complexity in the
fission process, it is very difficult to describe it in a complete microscopic manner of such a
multidimensional system. Xu and others have studied the half-lives of the AD and SF for heavy and
super-heavy nuclei with Z >90 protons systematically [11]. In recent years, Santhosh et al. predicted
half-life and decay modes of all 104< Z<136 isotopes of superheavy nuclei and compared results with
the AD half-lives [12].

In Ref. [13], isotopic yields and half-lives of #*Cn and #*FI superheavy nuclei have been
investigated by using CPPM as a direct way. Decay constant for each combination has been computed
and then the total decay constant and fission half-life for *Cn and #**FI superheavy nuclei have been
predicted. Good agreement has been obtained between the results of present study and the experimental
data. Furthermore, some predictions have been made on heavier cluster decays from superheavy nuclei
[14] by using different models. It has been found in Ref. [15] that the UDL formula [16] could predict
the lighter and heavier cluster decay owing to the inclusion of the preformation and fission-like
mechanisms. In this study, using UDL approach [16] that works well for cluster decay as a direct way,
the SF half-lives of 2*Cn and 2**FI superheavy nuclei have been investigated. The SF half-lives have
also been computed with the formulas of Bao [17] and Soylu [18]. The obtained half-lives are compared
with the results of other models and present experimental data.

2. Models
2.1. Universal Decay Law (UDL)

Qi et al. proposed a universal decay law (UDL) for the decays (o and cluster) by helping R-Matrix theory
and the microscopic mechanism [16] as follows

IOglO Tl/Z = azczd 1 ’QA + b\’AZCZd (Aji./g + Aé/B) +C (1)

where A=A:AW(Ac+Aq) and the constants a=0.4314, b=-0.4087, ¢=-25.7725 by fitting above equation
to a and cluster decays experimental data [16].

2.2. The formula of Bao et al.

Bao et al. [17] derived a formula for the SF half-lives considering of the shell and isospin effect, this
formula is given by

z? z° 2
|0910T1/z(yr):c1+cz (1—k|2)A +C, (1—k|2)A +C4Esh+hi (2)

The using parameters in this formula can be found in Ref. [17].

2.3. Formula of Soylu
A new function that was proposed for the SF half-lives [18] is given by

Tep = e2n[aA+bA2/3+cz(z—1)/A1/3+d(N—Z)2/A+eZ4+f] (3)

where Z, N and A are the proton, neutron and mass numbers of the parent nuclei and a, b, ¢, d, e, fare
the adjustable parameters obtained by fitting it to present experimental data and this equation is in terms
of years. The parameters are given by a=-10.0987592959, b=119.319858732, ¢=-0.516609881059, d=-
9.52538327068, e=1.92155604207.10-6, f=-1496.05967574 [18].

73



3. Results

A. Soylu / BEU Fen Bilimleri Dergisi 8 (Ozel Say1), 72-76, 2019

UDL approach was applied to **F1 nucleus and A values for each case were obtained. The results
obtained are given in Table 1 for different cases. Using these A values, SF half-lives were obtained for
84£1. This value,-4.8750, is given in the Table 3. On the other hand, the same process was applied for
4Cn and results were obtained. The obtained A values and half-life value,-3.884, are given in the Tables
2 and 3. By using semiempirical formulas given in Egs.2 and 3, the SF half-lives have been calculated
for related nuclei. These values are presented in Table 3. It should be noted that the MES code [19] in
Python language has been used for the calculations in this study.

Table 1. Spontaneous fission constant for each individual fragmentation of 22“F1superheavy nucleus.

A A, Q A(sh A A Q A (sh)
(MeV) (MeV)
“He  2Cn  10.80 2.71e+01 USpd  IOEr  309.23  2.68e-07
8Be  2°Ds 2144 952-19 ®Ag Ho 31246 2.80e-06
Be Z°Ds 16.00 2.34e-38 12Cd 1Dy 31885 3.56e-02
Be 2Ds 17.11 7.95e37 12Cd Dy 316.38 2.08e-04
liBe 28Ds  10.38 3.99-78 2Cd 2Dy 317.71 3.90e-03
2Be  22Ds  7.82 5.65e-110 2Cd Dy 314.39 3.44e-06
BR  ZIMt 2126 24551 2%Sn  0Gd 32510 2.12e+01
UC  20Hs 4079 3.91e-21 15Sn  1¥Gd  323.38  6.3%-01
5C  2°Hs 3449 157e-35 165  18Gd 32562 7.43e+01
6C  2®Hs 3240 1.96e-42 12Sn  Gd 32321 5.24e-01
TNi  22Rn  231.81 2.63e-12 1%8Sn  16Gd  324.82 1.60e+01
8Zn  Mpg 24459 7.38e-11 1®Sh ISEy 32537 3.08e+00
82Ge 2%Ph 260.28 5.75e-06 PTe %%Sm  328.73 3.16e+02
8Ge P 25517 B854e-11  DlTe 53Sm  326.69 4.86e+00
8Ge Mph 25332 1.49%-12 2Te 52Sm 32887 4.71e+02
865e  1%Hg 27038 1.21e-05 ®Te BISm 32643 3.12e+00
875 7Hg 265.89 7.77e-10 ¥Te 0Sm 32850 2.41e+02
88Se  1%Hg 264.63 5.43e-11 5] ¥9pm 20151 1.13e-35
2Kr 9Pt 27398 15le-10 ¥Xe “Nd 332.76 5.01e+04
%Sr 18805 282.98 1.21e-09 'Xe “Nd 329.45 5.69e+01
2z W2\ 28875 6.14e-11 1¥Xe MNd 32982 1.25e+02
8Mo  Hf 29425 9.84e-12 9Xe Nd 326.00 4.31e-02
2Ry 2ybh 30381 5.79%-08 “Xe YNd 32565 2.12e-02
IBRu  yb 30010 1.82-11 “Ba ®Ce 33026 5.61e+01
Ry  yb 29991 1.30e-11 “Ba  “Ce 33130 4.79e+02
ISRh  9Tm 30443 1.03e-09
pg O8Er 31174  4.95¢-05
Wpg  Er  308.64 6.66e-08
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Table 2. Spontaneous fission constant for each individual fragmentation of 28*Cn superheavy nucleus.
Aq A Q A (S’l) A A Q A (S'l)
(MeV) (MeV)
‘He  *Ds 961  889%-02 Ru MEr 29214 2.28e-10
®Be  2®Hs  19.32 6.54e-23 Ru OEr  292.88 1.32e-09

°Be MPHs 1458  1.26e-42 5Rh 1%Ho 29558 2.92e-09
Be  2Hs 1645 1.21e-37 %pd %Dy  300.94  3.65e-06
UBe  28Hs 1048 8.58e-75 YPd Dy 29890 4.49e-08
12Be  22Hs  8.46 6.99e-99 8pd 18Dy 300.52 1.75¢-06
13 ZBh  20.07 7.22e-54 Ag  5Th 30177  3.79e-07
1“c 705g  38.04 1.79-24 120Cd %4Gd  306.28 1.65e-04
15C 2959 3292  2.83e-37 2'Cd %°Gd  304.94 9.68e-06
2Ni A2pg 22715 3.63e-11 2Cd %2Gd 307.44 2.43e-03
Ni 2lpg  225.09 3.48e-13 #Cd ¥'Gd 30547 3.61e-05
"Ni 2pg 22696 2.97e-11 1%Sn  10Sm  311.02  1.14e-02
Cu 27Bj 231.22 1.47e-12 1%3n  19Sm  310.65 5.59-03
®Zn  2ph  243.82 1.57e-05 1%Sn  1¥Sm  313.81 5.17e+00
®Zn  ph 239.75 2.01e-09 1?Sn 'Sm  312.70  5.14e-01
8zn  2%pp  239.31 8.32e-10 1%Sn  ¥Sm  315.27  1.29e+02
8Ge  M2Hg 25531 2.67e-04 1%Sn  1°Sm 31412  1.02e+00
8Ge  MHg  251.19 3.50e-08 ¥Te 1Nd 31572  4.38e+00
8Ge  20Hg  250.20 4.38e-09 BTe ¥Nd  315.09 1.20e+00
83e 1%pt  262.96 6.52e-06 %2Te 12Nd  317.89  4.6%+02
87Se Wipt  259.40 2.85e-09 13Te BINd 31643 2.26e+01
83 1%pt  259.08 1.61e-09 1*#Te 10Nd 31876  3.22e+03
90Se 4pt 25311 2.21e-15 % 149py 280.12  9.90e-37
2Kr  1%20s  267.20 7.14e-10 %Xe 4Ce  319.38  8.74e+02
Sy 8w 27414 1.45e-10 ¥'Xe WCe  316.95 5.29+00
83y 1w 27148 4.38e-13 1¥Xe 16Ce 31816 7.01le+01
lo2zr  12H4f  280.19 3.18e-11 1¥Xe ¥Ce 31526 1.51e-01
0s7r  WIHf 27777 1.44e-13 40Xe Ce 31597 6.88e-01
108Mo  176Yh  286.80 1.52e-10 #Ba %Ba  316.22 4.84e-01
UnMo  4Yh 284.04 3.46e-13 ¥2Ba “2Ba 31823  3.51e+01
WTe  1%Tm  287.83 3.83e-12
WRy  172gy 294.67 5.80e-08

Table 3. Spontaneous fission half-lives for 2*FI and 2%*Cn superheavy nucleus in different models.
UDL (direct way) Soylu (Eq.3) Bao(Eq.2) CPPM (direct way) [13] Exp.[20,21]
284F) -4.8750 2.4688 0.3304 -3.83 -2.602
284Cn -3.8443 -4.0197 -2.1547 -3.48 1.001

4. Conclusion

In this study, the Spontaneous Fission (SF) half-lives of 2*FI and 4Cn superheavy nuclei are calculated
using the direct method, the Universal Decay Law (UDL). The calculated SF half-lives are compared
with the results of the model using the CPPM, other semi-empirical formulas and the present
experimental data. Good agreement is obtained between the results of present approach and the others.
It has been shown that UDL would also be used in the half-lives calculations of Spontaneous Fission of
superheavy nuclei in a direct way. Present mechanism could be applied to obtain SF half-lives of new
superheavy nuclei.
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Abstract

Available natural radioactivity (“°K, 23U, 2%2Th) measurements on Plio-Quaternary volcanic and pyroclastic rocks,
which are usually used as building raw materials, from the Isparta region of SW Turkey, released that their radium
equivalent activity values are close to the internationally accepted upper limits and a potential radiation risk. In
this study, the relationship between their magma and source characteristics has been investigated to reveal the
reason of the high radiation values in these volcanic materials carrying value by more than three times the
equivalent materials in Turkey. Recent volcanological studies have shown that potassic-ultrapotassic magmas
governed the genesis of the Isparta volcanism. Potassium-rich characters and elevated concentrations of radiogenic
(e.g.,Th and U) and total rare earth elements (3_REE) are their most diagnostic features. These characteristics are
also similar to some mantle-derived carbonatites (e.g., Norwage and Kenya) with high radiation levels. To support
this, recent investigations also revealed that the origin of Isparta potassic volcanism is associated with a common
and enriched mantle source, which were interacted with carbonatite melts. Accordingly, carbonatitic melts left
their geochemical imprints into their mantle sources, and partial melting of this mantle source produced K, REE,
Th, and U-rich volcanic materials with high radiation levels in the region. These results indicate that the
carbonatite-influenced mantle source were played a key role for not only enrichments in distinct elements (e.g.,
Th, U and REE) but also high radioactivity levels in Isparta volcanic and pyroclastic rocks. In this study, attention
is drawn to the fact that a potential risk of high radiation in volcanic and pyroclastic rocks used as building raw
materials can be expected for a given volcanic region, which include potassic magma derived from a carbonatite-
modified mantle source.

Keywords: Isparta, potassic volcanism, carbonatitic affinity, high radiation, building materials

Isparta (GB Tiirkiye) Volkanik Alaninda Yapi1 Malzemesi Olarak
Kullanilan Pliyo-Kuvaterner yash Volkanik ve Piroklastik Kayaclardaki
Yiiksek Radyasyonun Incelenmesi

Oz

Isparta bolgesinde (GB Tiirkiye), genellikle yapt hammaddesi olarak kullanilan, Pliyo-Kuvaterner yash volkanik
ve piroklastik kayaglarda belirlenmis olan mevcut dogal radyoaktivite (*°K, 38U, 2%2Th) &l¢iimleri, radyum esdeger
aktivite degerlerinin, uluslararasi kabul edilebilir tist limitlerine ve potansiyel bir radyasyon riskine yakin degerler
oldugunu a¢iga cikarmistir. Tiirkiye’deki esdeger materyallere gore ii¢ kat fazla degerler tasiyan bu volkanik
materyallerdeki yliksek radyasyon seviyelerine neyin sebep oldugunu ¢oziimlemek i¢in, burada, onlar1 ireten
magmalar ve tiiredikleri kaynak arasindaki iliski arastirilmistir. Son giincel volkanolojik c¢alismalar, Isparta
volkanizmasmin jenezini potasik ve ultrapotasik magmalarin kontrol ettigini gostermistir. Potasyumca zengin
karakterleri ve yiiksek konsantrasyonlardaki radyojenik element (6rn., Th ve U) ve toplam nadir toprak element
(ONTE) igerikleri, onlarin en tanimlayici 6zellikleridir. Bu karakteristikler ayn1 zamanda, yiiksek radyasyon
seviyeli bazi karbonatitlerin (6rn., Norveg ve Kenya karbonatitlerinin) karakteristiklerine benzerdir. Bunu
destekleyecek sekilde, son zamanlardaki aragtirmalar, Isparta potasik volkanizmasinin orjininin, karbonatit

*Sorumlu yazar: hcoban@beu.edu.tr
Gelis Tarihi: 20.10.2019, Kabul Tarihi: 19.12.2019

77


https://orcid.org/0000-0002-9614-6818
mailto:hcoban@beu.edu.tr

H. Coban / BEU Fen Bilimleri Dergisi 8 (Ozel Say1), 77-83, 2019

eriyikleriyle etkilesmis olan yaygin ve zenginlesmis bir manto kaynagiyla iliskili oldugunu agiga ¢ikarmistir.
Bunun bir sonucu olarakta, karbonatitik eriyikler, manto kaynagina jeokimyasal etkilerini birakmig ve bu manto
kaynagmm kismi ergimeside, bdlgede K, NTE, Th ve U’ca zengin, yiiksek radyasyon seviyeli volkanik
materyalleri {iretmistir. Bu sonuglar, karbonatitlerle etkilesmis bir manto kaynagmm, Isparta volkanik ve
piroklastik kayaclarinin sadece belirgin elementlerce (6rn, Th, U, NTE) zenginlesmelerinde degil ayn1 zamanda
yiiksek radyoaktivite seviyelerinde de anahtar bir rol oynadigina isaret etmektedir. Burada ayrica, yap1 malzemesi
olarak kullanilan volkanik ve piroklastik kayaglardaki yiiksek radyasyonun potansiyel bir riski, karbonatitlerle
modifiye olmus bir manto kaynagindan tiiremis potasik magmalarin yiizeylendigi herhangi bir volkanik bolgeden
beklenebilecegine de dikkat ¢ekilmektedir.

Anahtar kelimeler: Isparta, potasik vokanizma, karbonatitik affinite, yiiksek radyasyon, yapt malzemeleri.

1. Introduction

During the last decades, there is an increasing interest on radiological safety of rocks, due to their
common usage as building raw materials, and effects on environmental pollution and human health. The
specific levels of environmental radiation are related to the contents of thorium, uranium and potassium
in the rocks and soils [1]. The most significant natural radionuclides are potassium (*°K), uranium (*3U),
and thorium (**Th) and their decay products. Igneous rocks from which building materials produced,
commonly include these radionuclides, and are one of the sources of direct radiation. Information on
their radionuclides concentrations and dispersions also provide useful information for monitoring
natural radioactivity and environmental pollution [2]. Accordingly, the natural radiation is the main
contributor to the external dose of the population and important to assess the gamma radiation dose from
natural sources [3]. The concentrations of natural radionuclides in building raw materials (e.g., cement,
bricks, concrete) are also measured to establish dose criteria [4-6]. In this regard, plenty of radioactivity
measurements in magmatic rocks and in building raw materials from different localities of Turkey have
been researched and reported by several workers [1-3,7-16]. From the natural radioactivity assessments
in construction materials in Elazig, Turkey [11], highest radiation value obtained in gas concrete (as
405.2 Bg/kg), which is higher than global values (370 Ba/kg). Similarly, mean activity concentrations
in cement in Turkey [15] are lower than international standart values. Amongst the activity
measurements in magmatic products from different localities in Turkey, the most remarkable values,
which are close to the internationally accepted upper limit and enriched three times more than those of
the other Turkish magmatic products, were obtained from the Isparta volcanic field. In this study, to
better understanding of the reason for the high radioactivity levels in Isparta volcanic and pyroclastic
rocks, a specific research have been performed on the relationship between their magma styles and
source characteristics.

2. Volcanic Setting in Isparta Region

During Pliocene to Quaternary period of historical volcanic activity in Isparta region (SW Turkey),
Golciik explosive volcano and concomitant volcanic eruptions produced various types of volcanic (e.g.,
trachyte, trachyandesite, phonolite, leucite ankaratrite, lamprophyre) and pyroclastic products (e.g.,
ignimbrite, tuff, pumice) (Figure 1) [17-19]. Such volcanic products widespreadly exposed at
surrounding areas of Isparta city centre, and overlies the pre-volcanic units (Figure 1). From these
volcanic products, pumice is used to make lightweight building materials such as concrete and concrete
block and for plastering the buildings made of bricks [16], and trachyandesite (locally known as andesite
stone) is used as pavement stone.
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Figure 1. Simplified geological map of the Isparta region. Modified from [24].
3. Results
3.1. Th, U and REE Geochemistry of Isparta Potassic VVolcanism

Potassic nature’s and elevated concentrations of radiogenic elements (e.g.,Th and U) and total rare earth
elements (D REE) are the most diagnostic feature of the Isparta volcanism (Table 1). These
characteristics also show a geochemical similarity to those of some carbonatites (e.g., Norway and
Kenya carbonatites, [20,21]). Isparta volcanites were derived from two magma types; potassic-
shoshonitic magmas and ultrapotassic magmas [17-19]. Average K,O/Na,O ratio of potassic-
shoshonitic magmas, from which trachytes, trachyandesites, phonolites, ankaratrites, pumices, tuffs and
ignimbrites produced, is = 1, and K»O contents almost range between 3 — 6 wt.% (Table 1). In
ultrapotassic magmas, from which lamprophyres produced, average K>O/NazO ratio is greater than 2,
and K;O contents can reach up to 10 wt.% [17,19]. All volcanic and volcanoclastic rocks are
characterized by enrichments in distinct elements, e.g., Y REE (up to 1325 ppm in phonolite; 733 ppm
in trachyandesite; 805 ppm in ankaratrite; 695 ppm in lamprophyre), radiogenic Th (up to 138 ppm in
pumice; 128 ppm in trachyandesite; 103 ppm in phonolite) and U (up to 37 ppm in pumice; 28 ppm in
trachyandesite, 22 ppm in phonolite) (Table 1). Highest concentrations of Th (145 ppm), U (249 ppm)
and > REE (32012 ppm) found in ultramafic xenoliths, which are represent to an enriched mantle source
(Table 1).

3.2. Measured Radioation Levels in Magmatic Products from Turkey and in Some Carbonatites

Available radioactivity measurements of ?*Ra, 22U, 22Th and “°K (Bg/kg) in tuffs, granites and pumice
samples from different regions in Turkey, together with those of Isparta volcanic and pyroclastic rocks,
are given in Table 2. Results show that except for Isparta samples, measured radiation levels of
magmatic rocks in Turkey are low, and below the international accepted limits (370 Bg/kg). In contrast,
Isparta volcanic and pyroclastic rocks contain enhanced concentrations of natural radioactivity, with
respect to the other Turkey magmatic products. For example, in Isparta pumice, *°Ra values reach up
to 256.2 Bg/kg. In Isparta volcanic rocks, U values reach up to 444 Bag/kg, %*Th values reach up to
408 Bg/kg and “K reach up to 1959 Bg/kg (Table 2). As mentioned before, Isparta volcanics also carry
the typical geochemical characteristics of carbonatites, and high radioactivity levels also reported from
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some carbonatite occurrences (e.g., Norway and Kenya carbonatites; [20,21]). In Norway carbonatites
[20], ?Ra values reach up to 300 Bg/kg in rauhaugite, **Th values reach up to 5900 Bg/kg in rodberg,
and “°K reach up to 1500 Bg/kg in fenite. In Kenya carbonatites [21], U values reach up to 909 Bg/kg
and #*2Th values reach up to 4247 Bg/kg and “°K reach up to 1166 Bg/kg.

Table 1. Th, U and REE concentrations in Isparta potassic volcanics and in mantle xenoliths found in
pyroclastics

Th U K:O0 K:0/Na2O YREE References
Rock Type (ppm) (ppm)  (Wt.%) (ppm)
Phonolite 103 222 44 1,0 1325 [19]
I Potassic 70 10,6 6,5 1,1 1274 [18]
S | Volcanic |[trachyte- 128 28,0 6,5 1,0 635 [22]
P Rocks trachyandesite 98 25,0 6,0 1,1 733 [23]
A ankaratrite 38 9,8 4,4 15 713 [24]
R 33 8,8 4,0 1,8 805
T | Ultrapotassic | lamprophyre 35,6 9,5 4,4 2,5 489 [19]
A Rocks 338 672 5.4 2,0 695 [17]
Xenoliths | Ultramafic 145 29,0 3,6 0,6 1366 [23]
mafic, felsic 132 249 7,0 11,8 32012 [25]

Table 2. Radioactivity measurements in magmatic rocks in Isparta and in other locations of Turkey

226Ra 238U 232Th 4OK
Location Rock type (Ba/kg) (Ba/kg) (Ba/kg) (Ba/kg)  References
Central Anatolia Tuff 17,8-97,2 17,4-96,0 229-1036 [13]
(average) (50,4) (58,6) (717,6)
Tuff 2-108 3-129 8,0-89,0 99-1147 [8]
Turkey Granite 0,7-186 0,5-249  166-1923 [12]
(Isparta not (average) (69,4) (83,19) (1234)
included) i
Pumice 12,7-166,7 12,3-161,7 445-1847 [16]
(average) (80,9) (80,5) (1254)
Western Turkey Granite 15,6-139,7 297-880 [14]
(average) (60,5) (632)
Eastern Pumice 15,7 16,11 403 [2]
Mediterranean
Volcanic 204-444  234-408  1608-1959 [1]
Trachyandesite 351 261,4 1460 [10,26]
Isparta Pyroclastic 172-280  192-278  1261-1555 [1]
Tuff 146-197 211-356 159-366  940-1290 [8]
Pumice 235,9-256,2 224,4-237,9  1613-1840 [16]
(average) (244,4) (231,4) (1743) [7]
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Discussion

The origin of Isparta Plio-Quaternary potassic-ultrapotassic volcanism is associated with a lithospheric
mantle source metasomatized by slab derived melts/fluids and asthenospheric melts [19,24,27]. Recent
petrological studies also demonstrated that the asthenospheric carbonatite melts were played a key role
on the mantle lithosphere of Isparta Plio-Quaternary volcanism, and they interacted and modified the
wall-rock peridotites [24,27]. Hence, carbonatite melts left their geochemical imprints into these mantle
metasomes. Partial melting of carbonatite- and slab melts-modified lithospheric mantle produced the
several types of volcanic and pyroclastic products in the region. Thus, high Th, U and REE
concentrations in Isparta volcanic and pyroclastic rocks can be explained by observed carbonatitic
affinity, since carbonatites are the main carrier of REE and some radiogenic elements (e.g., Th and U).
Presence of highest concentrations of Th, U and REE in ultramafic xenoliths found in pyroclastic rocks
support this arguement (see Table 1). Accordingly, measured high radioactivity levels in some
carbonatites (e.g., Norway and Kenya) [20,21], also can provide an evidence for elevated radiation ratios
of Isparta potassic volcanics. These petrological inferrence also suggest that since their usage of building
and industrial raw materials, a potential risk of high radiation in volcanic and pyroclastic rocks can be
expected for a given volcanic region, which include potassic magma derived from a carbonatite-
modified mantle source.

4. Conclusions

Obtained radioactivity measurements in magmatic products in Turkey demonstrated that Isparta
volcanic field carry values by more than three times the magmatic products in other locations. In this
study, a spesific geochemical research on potassic magmas and source characteristics of volcanic and
pyroclastic products in Isparta volcanic field have been realised to clarify the reason for their high
radioactivity levels. Results are given below:

1. High radioactivity (*K, 28U, 2%2Th) levels in Isparta volcanic and pyroclastic rocks are related
to the high elemental concentrations of K, Th and U in these volcanic products.

2. High REE concentrations in Isparta potassic volcanic products derived from a carbonatite-
modified mantle source, together with high Th and U, are typical characteristics of those of
some mantle-derived carbonatites (e.g., Norway and Kenya).

3. Presence of high radiation levels in mantle-derived carbonatites (e.g., Norwage and Kenya)
indicates that high radiation levels in Isparta volcanic products are related to role of carbonatitic
melts in the genesis of Isparta volcanics.

4. Carbonatite melts left their chemical effects in the mantle source, and partial melting of this
carbonatite-modified mantle produced several types of volcanic products with high radiation
levels in the Isparta region.

5. ltisalso concluded that a potential risk of high radiation in volcanic and pyroclastic rocks used
as building raw materials can be expected for a given volcanic region, which include potassic
magma derived from a carbonatite-modified mantle source.
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Sonu¢ ve Oneriler: Sonuglar gereksiz tekrarlardan kagmilarak mutlaka yorumlanmalidir. Sonuglarin
baska arastirmalarla benzerlik ve farkliliklar1 verilmeli, bunlarmn olasi nedenleri tartisiimalidir.

Tesekkiir: Gerek goriildiigii takdirde ya da proje vs. kapsaminda bir ¢alisma ise; ¢caligmada yardimlar
olan kisi(ler), kurum ve kuruluslara yardim ve desteklerinden dolay1 tesekkiir edilmelidir.

Kaynaklar: Kaynaklarm metin i¢inde gosterimi numara sirasina gore olmalidir ([1], [2] v.b.). Makale
icinde verilen her kaynak, makalenin Kaynaklar kisminda mutlaka yer almalidir. Kaynaklar makale
sonunda numara sirasina gore verilmelidir. Kaynaklarin makale sonundaki gosterimi asagidaki
orneklerdeki gibi olmalidir.



Kaynak bir makale ise;

1. Koksal K., Koc F. 2016. Ontical Manipulation of Photo-induced Current in Spherical
Semiconductor Quantum Dots by Optical Vortices, Philosophical Magazine, 96 (25): 2686-2695.

2. Oztiirk O. 2017. A Different Solution Method for the Confluent Hypergeometric Equation, I1gdir
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3. Kursat M., Emre 1.,Yilmaz O., Erecevit P. 2011. Antioxidant and antimicrobial activity in the
seeds of Origanum vulgare L. subsp. gracile (C. Koch) letswaart and Origanum acutidens (Hand.-
Mazz.) letswaart from Turkey, Grasas y aceites, 62 (4): 410-417.

Kaynak bir kitap ise;

1. Chapra C.S., Canale R.P. 2003. Yazilim ve Programlama Uygulamalariyla Miihendisler igin
Sayisal Yontemler, Literatiir Yayinlari, 1004s. Istanbul.

2. Demirsoy A. 1999. Genel ve Tiirkiye Zoocografyast “Hayvan Cografyasi”. Meteksan Yayinlari,
965s.
Ankara.

Kitap boliimii ise;

1. Cullen J. 1975. Artemisia L. in Flora of Turkey and East Aegean Islands, Edited by Davis PH,
Vol.5, Edinburgh: Edinburgh Univ Press, 311-324.

2. Cassidy J., Elder R. 1984. Spillways of high dams, in Developments in Hydraulic Engineering 2,
Edited by Novak P., Aplied Science Publishers Ltd. Essex, UK, 153-173.
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1. Akviiz M., Kirbag S. 2012. Fatty Acid and Vitamin Compsition of Pleurotus ervnaii
var.ferulae Grown on Various Agro-wastes, 21. Ulusal Biyoloji Kongresi, pp1168-1169, 3-7
Eyliil, Izmir.

2. Tabur M.A., Uzun A., Ayvaz Y. 2004. Why is White-headed Duck Wintering in Lake Burdur
(Turkey) decreasing? 1% International Eurasian Ornithology Congress 8-11 April , Abstract Book,
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Sekil ve Tablolar: Fotograf, resim, ¢izim ve grafik gibi gostermeler sekil olarak verilmelidir. Resim,
sekil ve grafikler net ve ofset baski teknigine uygun olmalidir. Sekiller (Renkli ve siyah-beyaz
fotograflar, siyah-beyaz ¢izimler, haritalar) metin igerisinde verilmelidir. Sekiller 16x20 cm den biiyiik
olmamalidir. Resim ve fotograflar en az 600 dpi ¢oziiniirliikte olmalidir. Tiim tablo ve sekiller makale



boyunca sirayla numaralandirilmali (Tablo 1., Sekil 1.), baghk ve agiklamalar igermelidir.

Aciklamalarin sonunda nokta veya virgiil konulmamalidir. Tablo bagliklar1 tablonun iistiinde, sekil
basliklari ise sekil altinda ortali ve 10 punto olmalidir.

Birim Sistemi: Makalelerde kullanilan birim sistemleri SI birim sistemlerine uyumlu olmalidir.

Yayina Kabul Edilen Makalelerin Son Diizeltmelerindeki Dikkat Edilecek Hususlar
Tiim kenar bosluklari (sag, sol, iist ve alt) 2,5 cm ve satir araligi tek olmali,
e Ogzetler 10 punto, ana metin 11 punto olmali,
e Makale basliklar1 (Tiirkce — Ingilizce) 14 punto, kalin yalnizca ilk harfler biiyiik,
e  Metin ana basliklar1 11 punto, kalin yalniz ilk harfler biiyiik,
e Alt basliklar 11 punto, kalin ve sadece ilk harfi bityiik olmalidir.



BEU JOURNAL OF SCIENCE
Manuscript Preparation

Format of First Submission

Manuscripts should be submitted digitally as MS Word. Files should be prepared by using A4 paper
size with 2.5 cm margin from all sides, in 11 font size and Times New Roman font with single space.
Manuscripts should not exceed 20 pages and should be submitted via http://dergipark.gov.tr/bitlisfen
web site. Author informations should not be given in the main file of the article due to blind review.
Author informations should be given by uploading a different file. Up to 2 publications of the same
author can be found in one issue. Submissions must comply with research and publication.
Manuscripts should be written according to following rules and structure.

Main sections of the article are Introduction, Material and Methods, Results and Discussion, and
References. An Acknowledgement section can be included before References.

Similarity Ratio: The similarity rate of submitted articles should not exceed 15%. Each similarity rate
should not exceed 3%.

Manuscript Language: Turkish or English.

Title: It should a concise and clear phrase describing the content of the text. Both Turkish and English
titles should be centered and bold in Times New Roman with 14 font size and First Letters Should Be
Capitalized.

Author Names and Addresses: Full names of all authors are given below the title. Surnames (Family
Names) and first letters of the Given Names should be capitalized with 12 font size as centered.
Author names are separated by coma. Superscript Arabic letters (*, 2, %, ect.) should be used to indicate
addresses. Corresponding author should be indicated with an asterisk (*). Full addresses of the authors
should be written with lower case italic letter and be centered (10 font) immediately after author
names. E-mail address of the corresponding author should be given lower left corner of the first page,

leading with an asterisk (*).

Abstract and Key Words: All manuscript should include Turkish and English abstracts and each
abstract should be written in 10 font size including at least 75 words and at most 250 words.
Keywords consisting of at least 3 words and at most 6 words should be written in 10 points just under
both abstracts.

Main Text: Titles of main sections and subsections should be comprehensible and numbered. All
main section titles should be left aligned, bold, and in 11 font size with capitalized first letters.
Subsection titles should be in 11 font size. The text should be justified. There should be no space
between paragraphs. Paragraphs following a title should not have first-line indent.

Introduction: A brief summary of the subject and the current literature should be given. The aim of
the study should be briefly stated at the end.

Material and Method: It should be given in detail and clearly.

Results and Discussion: The results should be presented in a comprehensible manner which may
include figures and tables. Presented results should be compared with the literature.

Conclusion: The results should be interpreted in avoiding unnecessary repetitions. It should be stated
and discussed with its possible reasons if the results comply with previous studies or not.

Acknowledgement: If appropriate, acknowledgements to sponsor(s) and assisting individual(s) should
be given.

References: References should be cited in text according to order of appetences with Arabic numbers
in square brackets (e.g. [1], [2], ect.). All references cited in the text should be listed in References and
vice versa. Journal names should not be abbreviated in the References. References should be listed
according to numeric order at the end of the article. References should be written according to
following examples.



Article:
1. Koksal K., Koc F. 2016. Onptical Manipulation of Photo-induced Current in Spherical
Semiconductor Quantum Dots by Optical Vortices, Philosophical Magazine, 96 (25): 2686-2695.

2. Oztiirk O. 2017. A Different Solution Method for the Confluent Hypergeometric Equation, Igdir
Universitesi Fen Bilimleri Enstitiisii Dergisi, 7 (2): 215-224.

3. Kursat M., Emre I.,Y1lmaz O., Erecevit P. 2011. Antioxidant and antimicrobial activity in the seeds
of Origanum vulgare L. subsp. gracile (C. Koch) letswaart and Origanum acutidens (Hand.-Mazz.)
letswaart from Turkey, Grasas y aceites, 62 (4): 410-417.

Book:

1. Chapra C.S., Canale R.P. 2003. Yazilim ve Programlama Uygulamalariyla Miihendisler icin
Sayisal Yontemler, Literatiir Yayinlari, 1004s. Istanbul.

2. Demirsoy A. 1999. Genel ve Tiirkiye Zoocografyast “Hayvan Cografyasi”. Meteksan Yaynlari,
965s. Ankara.

Book Chapter:

1. Cullen J. 1975. Artemisia L. in Flora of Turkey and East Aegean Islands, Edited by Davis PH,
Vol.5, Edinburgh: Edinburgh Univ Press, 311-324.

2. Cassidy J., Elder R. 1984. Spillways of high dams, in Developments in Hydraulic Engineering 2,
Edited by Novak P., Aplied Science Publishers Ltd. Essex, UK, 153-173.

Symposium Proceeding:

1. Akviiz M., Kirbag S. 2012. Fatty Acid and Vitamin Compsition of Pleurotus ervnaii
var.ferulae Grown on Various Agro-wastes, 21. Ulusal Biyoloji Kongresi, pp1168-1169, 3-7
Eyliil, Izmir.

2. Tabur M.A., Uzun A., Ayvaz Y. 2004. Why is White-headed Duck Wintering in Lake Burdur
(Turkey) decreasing? 1% International Eurasian Ornithology Congress 8-11 April , Abstract Book,
63s. Antalya.

Web sites:
If the author name and date are known:

1. Senel F. 2006. Kirim-Kongo Kanamali Atesi. http://www.biltek. tubitak.gov. tr/ pdf/ kene. (Access
Date: 21.01.2007).

If the author name and date are unknown:

1. Biyolojik gesitlilik 2005. Tiirkiye'nin Biyolojik Cesitliligi, http://www.bcs.gov.tr/1.4.php
(Access Date: 15.01.2007).

Thesis:

1. Kursat M. 2010. Tirkiye’de Yetisen Artemisia L. (Asteraceae) Taksonlarinin Taksonomik
Revizyonu. Firat Universitesi, Fen Bilimleri Enstitiisti, PhD Thesis, 348s, Elazig.

Ananimous:
1. Anonymous, 1990. Sulak Alanlarin Korunmasi. Dogal Hayati Koruma Dernegi, 93s. Istanbul.

Figures and Tables: Images like photos, pictures, drawings, and graphs should be given as figures.
Figures should be clear and appropriate for press. All figures should be given within the text. Figures
should not exceed the size of 16x20 cm. Pixel based figures should be minimum of 600 dpi. All tables
and figures should be numbered (e.g. Table 1, Figure 1), and should include a title and legend. There
should be no period or comma after the legend. The tiles should be centered and in 10 font size. Tables
and figure titles should be placed above the table and below the figure, respectively.

Units: All units should be given according to SI (International System of Units).


http://www.bcs.gov.tr/1.4.php

Final Check List For Articles Accepted For Publication
e All margins are 2.5 cm.
e Paragraphs are single spaced.
o Article titles (Turkish and English) are bold and in 14 font size with capitalized first letters.
e Main section titles are bold and in 11 font size with capitalized first letters.

e Subsection titles are bold and in 11 font size and only the first letter of the first word is
capitalized.



BEU
FEN BiLIMLERI DERGISI
YAYIN iLKELERI

Bitlis Eren Universitesi Fen Bilimleri Dergisi, miihendislik ve temel bilimler alanlarindaki gelismeleri
ve yenilikleri takip etmek, meslek kuruluglarmin, arastirmacilarin ve bireylerin ulusal ve uluslararasi
gelisgimlerine katkida bulunmak ve bu alanlarda elektronik bir kaynak olusturmak amaciyla
yayimlanmaktadir. Derginin yazim dili Tiirkge veya Ingilizcedir. Fen Bilimleri Dergisi, Bitlis Eren
Universitesi Fen Bilimleri Enstitiisii yaym1 olup, 2012 yilindan bu yana iicretsiz ve acik erisimli olarak
yaym hayatina devam etmektedir. Mihendislik ve temel bilimlerin bilgi tabanma ve teknolojik
gelismelere 151k tutmasi amaciyla bu alanlarda yapilmis deneysel ve teorik ilerlemeleri konu alan
Ozglin arastrma makalelerine, derlemelere ve teknik notlara yer verilmektedir. Dergiye
gonderilen calismalarm benzerlik oranit %15’i gegmemelidir. Yazim kurallarina uymayan makaleler,
hakemlere gonderilmeden once diizeltilmek {izere yazara geri gonderilir. Bu nedenle, derginin yazim
kurallar dikkate alinmalidir. Ayrica, editérlerden yazarlara iletilen diizeltmelere veya taleplere 15 giin
icerisinde cevap verilmedigi takdirde ilgili makaleler reddedilir. Makaleler sekiller ve tablolar dahil
20 sayfayr ge¢memelidir. Dergiye yayin igin gonderilen makaleler en az iki hakem tarafindan
degerlendirilir. ~ Yazarlardan hakem  Onerisi  talep edilmemektedir.  Makalelerin  dergide
yayimlanabilmesi i¢in hakemler tarafindan olumlu goriis bildirilmesi gerekmektedir. Dergi Editor
Kurulu, hakem raporlarim (iki hakemin degerlendirmeleri geldikten sonra) dikkate alarak makalelerin
yayimlanmak tizere kabul edilip edilmemesine karar verir. Fen Bilimleri Dergisi, yilda iki defa
(Haziran, Aralik) yayimlanmaktadir. Dergimiz Tiibitak-Ulakbim Miihendislik ve Temel Bilimler
Veri Tabam Dergi Listesinde taranmaktadir.

Dergide yayimlanacak makalelerin bilimsel etik kurallar: i¢erisinde olmasi gerekmektedir. Makalede
yer alan tiim yazarlar, ¢alismalarinin yayin haklarmi Bitlis Eren Universitesi Fen Bilimleri Dergisi’ne
verdiklerine dair Telif Haklar1 Formu’nu imzalamalidirlar. Bu form iletilmeden yayin kabul edilse de
yayimlanmayacaktir. Biitiin bu bilgiler asagidaki DergiPark sistemi, e-posta adresi veya posta adresi
ile editorliige gonderilmelidir. Dergide yayimlanacak makalelerin igeriginden kaynaklanan her tiirlii
yasal sorumluluklar ve telif haklarma iliskin dogabilecek hukuki sorumluluklar tamamen yazarlara
aittir.

Bitlis Eren Universitesi
Fen Bilimleri Dergisi Editorligii

Bitlis Eren Universitesi
Fen Bilimleri Enstitiisii
13000, Merkez, BitlissTURKIYE

E-posta : fhe@beu.edu.tr
Web  : http://dergipark.gov.tr/bitlisfen



mailto:fbe@beu.edu.tr

Makale No/Article ID: ..................

B.E.U.
FEN BILIMLERI DERGISIi
Telif Hakki Devir Formu / Copyright Form

[Makale Adi/ Article title]

Baglikli makalenin telif hakkindan feragat etmeyi/ettigimizi, makalenin telif hakkmin Bitlis Eren Universitesi
Fen Bilimleri Enstitiisii'ne devredildigini ve Bitlis Eren Universitesi Fen Bilimleri Dergisi Editérliigii makalenin
yayimlanabilmesi konusunda yetkili kilindigini kabul eder ve imza ederiz.

Ayrica, adi gegen makalenin tiim igerigi konusunda tiim sorumluluk yazar/yazarlara ait olup, makalenin igerigi
konusunda dogabilecek sorunlardan Bitlis Eren Universitesi Fen Bilimleri Dergisi Editorliigii sorumlu degildir.

Biitiin yazarlar tarafindan imzalanmasi gerekiyor: (Sorumlu yazar/Corresponding author*)

Yazarin Adi ve Soyadi / Author Names Imzas1 / Signature Tarih / Date

NOT: Eksik imza durumunda sorumluluk imzalayan yazarlara aittir. Form doldurulup imzalandiktan sonra
online veya e-posta yoluyla génderilmelidir:

Web  : http://dergipark.gov.tr/bitlisfen
E-mail : fhe@beu.edu.tr




Article ID: ....................

BEU
JOURNAL OF SCIENCE
Copyright Transfer Form

We, the authors of the manuscript entitled

relinquish our copyrights on the manuscript in favor of BEU Graduate School of Science. Hence, we, the
authors, accept and signs for this copyright transfer which includes but not limited to granting the right to publish
the manuscript to the Editorial Board of BEU Journal of Science.

Nevertheless, we, the authors, retain all responsibilities regarding the manuscript. The Editorial Board of BEU
Journal of Science cannot be held responsible for any conflict due to the content of the manuscript, by any
means.

All authors must sign:

Authors’ Full Names Signature Date

1
2
3.
4

5.

(Add additional lines if needed. Corresponding author should be indicated by “*”.)

In case of absent signature, signing authors will be responsible. Filled and signed forms should be sent online or
by email.

Web  : http://dergipark.gov.tr/bitlisfen
E-mail : fbe@beu.edu.tr




