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Abstract

In this paper, the mass attenuation coefficient (w p) of the compound (SiO) has been calculated by using a
theoretical method depends on deferential cross section, for following interactions (photoelectric, Rayleigh and
Compton scattering which taken from tables.

The energy band ranged from (1keV — 1 MeV). The graph mass attenuation coefficient verses the energy shows

that the miximum mass attenuation coefficients appear at the energy value (1 keV).

I- Introduction
The attenuation coefficient is an important parameter
which is widely used in industry agriculture, science,
and technology, etc. The properties characterizing the
penetration and diffusion of X-rays in composite
materials such as (SiO2) are very important. (SiO2)
has chemical properties as shown here: Density 2.65
(g/cm3), Melting point 1830 (°C), Thermal
conductivity 1.3 (Wm-1 K), Resistivity 1012-1016
(Wm), Permittivity 3.8-5.4 (e'), Dielectric field
strength 15.0-25.0 (kvV/mm), Modulus of elasticity 70
(GPa).
The X-ray intensity transmitted through a dense
material is given by:[1]

I=lgexp (-ux) (1)
where | is the transmitted X-ray intensity, |y is the
incident X-ray intensity, |, is the linear attenuation
coefficient (in cm™) and x is the thickness of the
material (in cm). This equation shows that the X-ray
intensity depends on the density of the material (the
linear attenuation coefficient | increases with
density) and the thickness of the material.
The range of energy (1KeV-1MeV) responsible
about three Kkinds of interaction (Rayleigh,
photoelectric, Compton) and we will discuss it here

[2].
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I1-Photoelectric Interactions

The photoelectric effect or photo-ionization, is a
process in which an x-ray photon impinging on an
atom transfers its entire energy to an inner shell (e.g.
K shell) electron of the atom. The electron (hamed
photoelectron) is ejected/excited/ionized from the
atom. The kinetic energy of the ejected photoelectron
is equal to the incident x-ray photon energy minus the
binding energy of the electron. The vacancy resulting
from the ejection is filled by an electron from an
outer orbit (e.g. L shell) with lower binding energy,
leaving a vacancy in this outer orbit, which in turn is
filled by another electron from an orbit even further
away (e.g. M shell) from the nucleus. The surplus
energy liberated when an electron drops from its
outer shell to a shell closer to the nucleus results in
emission of characteristic radiation (e.g. K line). The
energy of the characteristic radiation is equal to the
difference in binding energies between shells. Figure
1 (@ depicts a simplified atomic structure with
ejected electron under x-ray excitation.

The corresponding energy level diagram of an atom
is shown in Figure 1 (b), illustrated the excitation of
K, L, M and N shells and the formation of Ka ,Kp,
La and Ma emissions.[3]
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Figure 1 - (a) Atomic shell structure with ejection of inner shell electron under x-ray radiation. (b) The
energy level diagram of an atom, illustrating the excitation of K, L, M and N shells and the formation of
Ka, KB, La and Ma radiations.
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The binding energy of a K-electron increases with
increasing atomic number. It is only -13.6 eV in the
lightest element hydrogen, but increases to 88 keV in
lead. The probability of photoelectric absorption per
unit mass of a material is approximately proportional
to Z3/E3, where Z is the atomic number of the
material and E is the energy of the incident photon.
Photoelectric absorption therefore increases with
increasing atomic number and decreasing X-ray
photon energy.

The chance of photoelectric interaction falls steeply
and continuously with increasing photon energy, but
at absorption edges (K edge, L edge, etc.) it suddenly
increases due to photoelectric absorption of the
photons.

I11-Coherent scattering

The Rayleigh scattering, is an elastic process where a
photon impinging on an atom is scattered without
loosing its energy. The energy of x-ray photon is
firstly completely absorbed and then re-emitted by
electrons of an atom. The scattered photon has the
same phase as the incident photon (Ain = Aow),
however the direction of re-emission is totally
arbitrary. The probability of this process increases
with decreasing energy of the photons and increasing
atomic number of the scattering atom. [4]
IV-Compton scattering

The incoherent scattering, can be considered as a
collision between x-ray photon and one of the outer
shell electrons of an atom. The outer shell electron is
bound with very little energy to the atom and is easy
to be ionized. The kinetic energy to help electron’s
ejection from the atom is transferred from the
incident photon, leaving the scattered x-ray with less
photon energy ( Eo: < Ej, ) and longer wavelength
(Aout > Ain). The probability of this process falls
gradually with energy of the photons and independent
of atomic number of material.

Because energy and momentum are both conserved in
this collision, the energy and direction of the
scattered x-ray photon depend on the energy
transferred to the electron. When the incident x-ray
energy is high, the relative amount of energy lost to
the electron is small, and the scattering angle is small
relative to the initial direction. When the incident x-
ray energy is small, the scattering is more isotropic
in all directions. At x-ray energies on the order of 1
MeV, the scattering is mostly in the forward
direction. At x-ray energies of near 0.1 MeV, the
scattering is more isotropic.[5]

V-Theoretical calculation

The linear attenuation coefficient reflects the removal
of X-ray photons from a beam by interaction with
electrons of the material probed. The higher the
electron density, the more interaction of X-ray
photons with the sample material occurs. These
interactions can be absorption of the photons
(removal from the beam) or scattering (change of
direction with reduction in energy). Therefore
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appropriate to scale the linear attenuation coefficient
with the sample density. The linear attenuation
coefficient can be rewritten as: [6]

-

where [/ p is the mass attenuation coefficient (cm?/g)
and p is the density (g/cm®). The mass attenuation
coefficient is approximately constant for different
materials in a specified energy range, and therefore
the linear attenuation coefficient is strongly
determined by the density.

The linear attenuation coefficient is also strongly
energy dependent. In general, lower energetic X-ray
photons have a higher interaction probability. Since
an X-ray device produces photons in a wide energy
range, the transmission should actually be considered
for the whole energy range.

For composite materials, the intensity is given by
adding the individual contributions of each chemical
element:

I=lpexp (<X X)) ... 3

which can be rewritten as:

I= 1, exp (—Z(E]p 1X1.... (4)
Yo,

When the composite material is a homogeneous
mixture of several elements, the sample is
characterized by a single thickness. The linear
attenuation coefficient can then be written as:

Mmix = Z(Ejp [T ®)]
P

If the thickness of sample is known,it allows us to
evaluate the density distribution of sample under
study.

The W p provided in NIST database rely heavily on
theoretical values of the total attenuation cross
section per atom, O, which is related to p p
according to
u/p = Otot TuA ... (6)

where u is the atomic mass unit (u = 1.66x10% g) and
A is the atomic mass of the target element. Oy is the
total cross section for an interaction by the photon,
frequently given in units of b/atom (barns/atom),
where b = 10% cm?

The attenuation coefficient, photon interaction cross
section and related quantities are functions of the
photon energy. Explicit indication of this functional
dependence has been omitted to improve readability.
The total cross section can be written as the sum over
contributions from the principal photon interactions
[7:

W/ p = (Ope + Ocoh + Ocomp) / U-A ... (7)

where O is the photoelectric absorption cross
section which taken from Scofield 1973[8], Ocon Was
from Hubbell and Overbo 1979[9] and Ocomp Was
from Hubbell et al.[10].

VI-Results and discussion
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By using equation (7) we can calculate the mass
attenuation coefficients of each element (Si) and (O,)
separated by using the cross sections of each
interaction (Rayleigh, photoelectric ,Compton) which
depends on the incident photon energy. Then we
substituting these wvalues in equation (6) which
represented the total mass attenuation of (Si) and (O,)
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Equation (5) which represented the final formula
calculated the total mass attenuation coefficients by
using ( o =2.65 gm/cm?).

In this research we have used the range energies (1k
eV —1 M eV) and we plotted the results in figure.2

which shows E have a maximum value at 1.8 k eV.

separated. Then we have used the fraction by weight P
of each (Si) and (O,) in the compound (Sio,) which is
53% and 47% for (Si) and (O,) respectively.
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Fig.2 total mass attenuation coefficient(with coherent) verses energy.

Figure (2) shows total mass attenuation coefficient
have a maximum value in the range about 1KeV then
the values will decrease until it have a minimum

values in the range of high energies . we can note a
peak of attenuation in the range of energy about 5
KeV which is caused by the line Ka.
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Fig.3: Total mass attenuation coefficient(without coherent) verses energy

Fig.3: which represents the values of attenuation
(without coherent) shows the same of the above
figure because the coherent attenuations have a very

small values (inelastic interaction) which is contribute
with small values because the photons didn’t lose
energy .
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Figure 4: The different in the values between the total mass attenuation coefficient(without coherent) and
(with coherent) verses energy which shows a the same behavior .
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