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Abstract. Calculations of gamma-ray mass attenuation coefficients of various detector materials (crystals)
were carried out by means of FLUKA Monte Carlo (MC) method at different gamma-ray energies. Nal, PVT,

GSO, GaAs and CdWOs detector materials were chosen in the calculations. Calculated coefficients were also

compared with the National Institute of Standards and Technology (NIST) values. Obtained results through
this method were highly in accordance with those of the NIST values. It was concluded from the study that
FLUKA MC method can be an alternative way to calculate the gamma-ray mass attenuation coefficients of the

detector materials.

1 Introduction

If gamma-rays are allowed to pass through an absorber,
the result should be simple exponential attenuation of the
gamma-rays. Each of the interaction processes removes
the gamma-ray from the beam either by absorption or by
scattering. It can be characterized by a fixed probability
of an occurrence per unit path length in the absorber and
is called linear attenuation coefficient [1], i.e.;

1(x)=Toe™" (1)

with Ip: incident beam intensity or photon numbers, t:
thickness of absorber, p: linear attenuation coefficient,
I(x): the intensity transmitting through t thickness [2].
Linear attenuation coefficient varies with the density
of the absorber, even though the absorber material is the
same. For this reason, use of the linear attenuation
coefficient is limited by the fact that it varies with density
of the absorber. Therefore, the mass attenuation
coefficient is much more widely used and is defined as;
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where p is the density of the absorber [1].
The interaction of radiation with matter can be
simulated by Monte Carlo (MC) method. Some input data
such as details of geometry of radiation source, target and
medium, type of radiation, energy and direction of
radiation flight, etc. are demonstrated in MC method. A
simple diagram of a MC code is shown in Fig. 1 [3].
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Figure 1. A simple diagram of a MC Code [3].

FLUKA is one of the well-known MC codes which is
based on FORTRAN language. These are particle
transport and interactions with matter, covering and
extended range of applications spanning from proton and
electron accelerator shielding to target design, dosimetry,
detector design, etc. [4,5].

ROOT is an object-oriented framework aimed at
solving the data analysis challenges of high-energy
physics. It works by depending on C++. It is additionally
used for advanced data analysis such as MC simulations
in the field of subjects [6].

Sidhu et al. investigated the effect of collimator size
and the absorber thickness on gamma-ray attenuation
measurement by using a Nal(TI) detector [7]. The
gamma-ray attenuation coefficient of various absorber
materials were experimentally determined by Abdel-
Rahman et al. [8]. Singh et al. obtained gamma-ray mass
attenuation coefficients of bismuth borate glasses by
experimental and XCOM methods [9]. The gamma
attenuation coefficients of the materials were investigated
through an experimental method by Ermis and Celiktas
[10].
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The gamma-ray mass attenuation coefficients of Nal,
PVT, GSO, GaAs and CdWO4 were theoretically
determined at 60, 150, 500, 600, 1000 and 1250 keV
energies by means of FLUKA. Obtained attenuation
coefficients were compared to the NIST values. It can be
concluded that the results were highly compatible with
each other.

2 Simulation Configuration

In the calculation procedure, FLUKA (ver. 2011.2¢c)
program which was installed on an Ubuntu (ver. 13.10)
operating system was used to obtain the gamma-ray
attenuation coefficients of sodium iodide (Nal),
polvinyltoluene (PVT), gadolinium silicate (GSO,
GdySiOs), gallium arsenide (GaAs), and cadmium
tungstate (CdWO,) detector materials in this work. 60,
150, 500, 600, 1000 and 1250 keV energy gamma
photons were sent to each detector material, respectively.

In the calculations, the materials were first formed in
lcm thicknesses. Mono-energetic gamma rays of 60, 150,
500, 600, 1000 and 1250 keV were secondly sent to each
detector material surface. The transmitted photon
numbers from the materials were then detected. Built-in
PRECISIO physics list was utilized for FLUKA program.
The program was run ten cycles for each material, and the
mass attenuation coefficient values were calculated by
means of ROOT (ver. 5.34.18) which was used to analyze
the output files of the program.

The attenuation coefficients of the materials via
FLUKA were finally compared to the NIST ones.

3 Results

Calculated and the NIST mass attenuation coefficients of
the used materials for 60, 150, 500, 600, 1,000 and 1,250
keV-energy gamma photons are listed in Table 1.

In Fig. 2, the calculated mass attenuation coefficients
versus the photon energies of each detector material are
shown.

The graphs of calculated mass attenuation coefficients
versus each gamma-ray energy and absorber densities are
given in Fig. 3, respectively.

Table 1. Calculated mass attenuation coefficients according to
different photon energies.
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Figure 2. Gamma-ray mass attenuation coefficients vs. photon
energies for Nal, PVT, GaAs, GSO and CdWOsa.

1,000 keV 1,250 keV

Figure 3. Gamma-ray mass attenuation coefficients vs. photon
energies of 60, 150, 500, 600, 1,000 and 1,250 keV and
absorber densities.

4 Conclusion and Discussion

In this work, gamma-ray mass attenuation coefficients of
PVT, Nal, GaAs, GSO, and CdWOQ, detector materials
were theoretically calculated by means of FLUKA MC
program at six different gamma-ray (photon) energies.

Calculated mass attenuation coefficients of the
absorber materials through the theoretical method were
listed in Table 1. The NIST values for these detector
materials were also indicated in the same table.

NIST values and the gamma-ray mass attenuation
coefficients calculated by FLUKA were highly
compatible with each other for each detector material
(Table 1). But the mass attenuation coefficients could not
be calculated in lower energy region (60 keV) and higher
material density (Table 1) because no gamma-ray
photons could transmit through the materials.

The mass attenuation coefficients of the used detector
materials were also calculated by means of XCOM
program (ver. 3.1) [11]. This program uses the NIST
database. For this reason, obtained mass attenuation
coefficients from this program were the same with those
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of the NIST values. Therefore, XCOM results were not
given in the table.

Consequently, the compatibility of the attenuation
coefficient results from FLUKA program with the NIST
values leads us that FLUKA can be used as an alternative
way to determine gamma-ray mass attenuation
coefficients of the detector materials.
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