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The purpose of this research is to observe and understand the processes by which gamma rays are attenuated

History
Received: 04/04/2022
Accepted: 06/08/2022

in passing through absorber, and the effects of shielding geometry. Gamma ray linear attenuation coefficient,
mass attenuation coefficient, mean free path, half value layer and buildup factor were evaluated for different
absorbers, by using ®°Co source with energy value 1.332 MeV. The linear attenuation coefficient of the absorber

such as aluminium was (0.1485 cm-1), whereas it was observed (0.4359 cm-1) for iron, and stainless steel was
(0.463 cm-1). The obtained results have been compared to the other absorbers. As a result of that, linear
attenuation coefficient and the mass attenuation coefficient are higher for stainless steel and better radiation
shielding compared with other absorbers. The results of theoretical and experimental for all parameters are a
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Introduction

There are two main types of ionizing radiation. First,
the directly ionizing radiations such as the alpha particle,
beta particles and many other charged particles ionize
atoms of their target material due to columbic
interactions with the electrons of the material, and the
amount of kinetic energies of these particles determines
the amount of this columbic force [1-5]. Second, indirectly
ionizing radiations are neutral particles such as high
energy photons and neutrons which do not directly ionize
atoms but undergo interactions to eject an energetic
electron called the secondary electron. Despite the fact
that a large number of possible interaction mechanisms of
gamma rays with matter are known, three processes are
most important in the attenuation of gamma rays by
matter [6-9]. These processes of interaction are
photoelectric effect, Compton scattering and pair
production. In each of these processes an ionizing particle,
usually an electron, is produced which can subsequently
be detected. Photoelectric interactions are dominate at
low energies (up to several hundred keV) and pair
production at high energies (more than 5 MeV) with
Compton scattering being most important in the mid-
energy range [10-12]. Compton scattering refers to an
inelastic scatter between a photon and a particle (usually
electron). When an incident photon of relative high
energy comes to interact with an atom, the bound
between electron and nuclei is weak, indicating that we
can regard the electron as nearly free and use the
Compton scattering model [13-15].

Nowadays, there are a large number of experimental,
theoretical and simulation studies have been applied on
the absorbed dose and radiation shielding parameters in
different ways [16-24]. Therefore, the linear attenuation

good agreement. Moreover, it is found that the buildup factor increases with thickness of the absorber
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coefficient, the mass attenuation coefficient, Half Value
Layer, Tenth Value Layer and Mean Free Path are a useful
parameters that must be known to design and choose a
shielding material. Furthermore, gamma ray buildup
factor is a useful parameter for calculating radiation
shielding, absorbed dose and protection, have been
usually studied by practical measurements and theoretical
calculation [25-28].

In this research, °Co source used in this work should
be transported in its carrying brick, always handle
remotely and requires appropriate shielding to reduce the
dose rate at all exposed areas to less than 2.5 mSv/hr [6].
The linear attenuation coefficient and gamma ray buildup
factors were determined for three shielding absorbers.
Then, obtained values of the parameters compared with
the theoretical values.

Theoretical Calculation

This section summarize theoretical relations which
have been used for the determination linear attenuation
coefficient u , mass attenuation coefficient yu_m, half
value layer HVL, mean free path MFP and buildup factor
B. Basically, According to Lambert-Beer’s law, gamma rays
are attenuated passing through an absorber [18].
Probability, some of the gamma rays travel through the
thickness without interaction leading to the transmission
of the gamma rays. The intensity of the transmitted beam
at any thickness of the absorber can be described in the
following equation:

[ = lpe™™ (1)
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Where y, cm-1 is the linear attenuation coefficient of
the absorber. 10 is the initial intensity of the gamma ray;, |
is transmitted intensity of the gamma ray and x, cm is
thickness. Rearrange of equation (1) gives the following
equation for linear attenuation coefficient.

= tn(2) g

The linear attenuation coefficient is the sum of the
contributions to attenuation coefficient for each type of
interaction, as [10];

1= Upn + fe + Up (3)

Here ph, C and P denote photoelectric absorption,
Compton scattering and pair production, respectively.

Mass attenuation coefficient can be described as a
ratio of the linear attenuation coefficient to unit density
(p) of the absorber with unit (cm”2/g) [29]. It can be a
useful coefficient due to only the atomic composition of
the attenuator is taken into account and not the individual
density of the absorber. Thus, using equation (4), mass
attenuation coefficient from linear attenuation coefficient
can be calculated as:

[
Hn = 6 @
The half value layer (HVL) with unit cm is also called
the half value thickness. It can be defined as the thickness
of the absorber at which the transmitted intensity is one-
half the incident intensity for the gamma ray [30, 31]. The
HVL depends on the linear attenuation coefficient values
and can be calculated by the following formula:

HVL =22 (5)
u

Absorber

Point source

The linear attenuation coefficient is inversely related
to mean free path (MFP) which is the average distance
between two successive collisions during gamma ray
travels in matter [32], it can be expressed as:

1
MFP = 6)

Buildup factor (B) is a useful parameter that shows the
ratio of the total radiation quantity at a given point to the
number un-collided photons [33]. So, this parameter
depends on energy of the photon, linear attenuation and
thickness of the absorber. The schematic arrangement of
the narrow-beam geometry is shown in figure (1). It shows
the thickness of the absorber which placed between the
source and the detector. In this circumstance, the
detector is able to detect only those photons that suffers
no collision with the absorber. The narrow-beam
geometry can be expressed in the following expression.

Igood _ ,-px (7)
Io
Figure 2 shows broad- beam geometry which
scattered photons in the absorber are able to reach the
detector. The broad-beam geometry can be written in the
following expression.

1 —
bad _ e hx (8)
Io

Hence, based on equations 6 and 7, the buildup factor
can be calculated in the following relation [34].

I
B = bad geometry (9)

Igood geometry

Detector

Figure 1. Attenuation of the gamma ray under conditions of narrow-beam geometry
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Absorber

Point source

Detector

Figure 2. Attenuation of the gamma ray under conditions of broad-beam geometry

Methodology

Figure 3 shows schematic picture for the electric
system which used in this paper. The absorbers used as
shield are iron, concrete and aluminium. Start by building
a well shielded enclosure and inserting the 7 MBq ®Co
source at one end. The radioactive source emits gamma
rays with energies value 1.332 MeV. The energy spectra in
this work obtained from Nal(Tl) scintillation detector were
analyzed by the maestro program. Place absorber
between the source and the detector, and measure
gamma ray attenuation versus absorber thickness.

Buildup factor is measured by two methods. First, for
narrow-beam geometry, the distance between the point
source and the absorber was 14 cm and the distance
between the detector and the point source is 47 cm. At

Pb shielding

Absrober

the beginning, an initial measurement was recorded
without using any absorber. Then, this step was repeated
for different thickness of the absorber and Data
acquisition time was chosen as 120 seconds for each
shielding absorber. As a result of that, only those gamma
rays are allowed to reach the detector which traverse the
absorber without undergoing any collision.

Second, for broad-beam geometry, the distance
between the point source and the detector was increased
in which scattered gamma rays in the thickness absorber
are also able to reach the detector after collisions. So,
using different absorber in both narrow-beam and broad-
beam geometry, we can count number of gamma rays
passed through these absorbers for various absorber
thickness.

SpecAmp

Nal(TT)

PreAmp.

Figure 3. Diagram of the experimental set up

Results and Analysis

Calculation of the gamma ray attenuation coefficient
for aluminium, iron and stainless steel are carried out
using both narrow-beam and broad-beam geometries to
calculate Ln(l/l,). Figures 4 obviously shows the Ln(l/1,) as

MCA

Bias

functions of the absorber thickness for both narrow-beam
and broad-beam geometrical arrangement using %°Co
source
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Figure 4. Comparison Ln (I/lo) as a function of the absorber thickness for both narrow-beam and broad-beam
geometries using (a) aluminium (b) iron (c) stainless steel

Table 1 demonstrates the experimental values of the
gamma ray linear and mass attenuation coefficients for
three types shielding absorber. They were obtained by
measuring the intensities of gamma rays passed through
the various absorbers. It is evident from this table the
linear and mass attenuation coefficient for aluminum has
the lowest value, and for stainless steel it is the highest.
The highest linear and mass attenuation coefficient are

due to its containment of high atomic number and high
density that are more effective for gamma ray
attenuation. On other hand, the lowest values of the
linear and mass attenuation coefficient indicate higher
penetration depth. The experimental g and pm values
were compared the theoretical g and um values [35, 36].
It is clearly demonstrate that the experimental results
agree with the theoretical values

Table 1. Values of the experimental and theoretical linear and mass attenuation coefficient for three types shielding

absorber.
Source Atomic p Experimental Theoretical Experimental Theoretical
number (g/ cm3) i (cm-1) i (cm-1) Ly (em2/g) [y, (em2/g)
Aluminium 13 2.74 0.1485 0.137 0.0542 0.052
Iron 26 7.86 0.4359 0.421 0.0554 0.0535
Stainless steel 28 7.9 0.463 0.462 0.0586 0.0585

Another parameters measured in this work for the
gamma ray interaction with absorbers are half value
layers and mean free path. The experimental and
theoretical gamma ray half value layers and mean free
path of shielding absorbers are shown in Table 2. It is clear
that the stainless steel has the lowest values of both half

value layer and mean free path. While, aluminium has the
highest value of both parameters due to it is has poor
atomic number. It is also showed that the experimental
results and theoretical values for both parameters are a
good agreement.

Table 2. Values of the experimental and thoretical half value layer and mean free path for three types

shielding absorber

Source Experimental Theoretical Experimental Theoretical
HVL (cm) HVL (cm) MFP (cm) MFP (cm)
Aluminium 4.668 5.059 6.734 7.299
Iron 1.59 1.646 2.294 2.475
Stainless steel 1.497 1.5003 2.16 2.1645
Buildup factor is also useful parameter in designing  Nevertheless, the table indicates that broad-beam

any radiation shielding. Buildup factor of shielding
absorbers are measured using narrow-beam and broad-
beam geometry and are given in Table 3. It is observed
that as the thickness shielding absorber increases, the
buildup factor increases. Hence, buildup factor values rely
on the atomic number.

geometry values are bigger than narrow-beam geometry
values due to there are no scattered gamma rays for
narrow-beam geometry. Figure 5 shows comparison
buildup factor as a function of penetration depth.
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Table 3. Values of broad-beam geometry and narrow-beam geometry and buildup factor for three shielding absorber

Source Thickness (cm) Broad-beam geometry Narrow-beam geometry  Buildup factor
0 292.6033 148.7733 1
1 271.67 127.87 1.080236367
Aliminum 2 218.1233 100.89 1.0992582
i 3 194.675 86.34 1146420427
4 166.3867 73.53 1.150534958
5 134.6722 54.226 1.262746466
0 351.18 195.9067 1
1 236.7533 122.53667 1.07782805
Iron 2 149.25 76.34 1.090640696
3 88.31667 43.49667 1.132677283
4 62.11333 30.5 1.136068422
5 39.155 17.41 1.254607767
0 323.09 189.677 1
1 198.89 109.5433 1.06590447
Stainl teel 2 129.75 70.436 1.081443507
Atniess stee 3 75.22 39.928 1.10597912
4 4891 25.433 1.128992943
5 30.65 14.96 1.202790644
1.3
§ 1.2
(2]
&
=
=
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Figure 5. Buildup factor as a function of absorber thickness for aluminium, iron and stainless

steel

Conclusion

In this paper, gamma ray attenuation parameters of
three types shielding absorbers have been investigated
and discussed in terms of gamma ray attenuation
coefficient and buildup factor at 1.332 MeV energy. The
result shows that the linear and mass attenuation
coefficient decrease with increasing atomic number and
density of the absorber. Thus, stainless steel appears to
the best gamma ray absorber among the three absorbers
under consideration due to its higher value for linear and
mass attenuation coefficient. The results of HVL, and MFP
were also determined for three absorbers. Clearly,
aluminium absorber has the highest value of the above

parameters and stainless steel absorber has the lowest
values. The lower HVL and MFP values of any shielding
absorber are better for shielding purposes.

Furthermore, the data shows that broad-beam
geometry values are always greater than narrow-beam
geometry values. It is noticed that the buildup factor for
aluminum has higher value due to it has a lower atomic
number compared to other absorbers. So, it is easy for
gamma ray to scatter and pass through this absorber.
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