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Abstract:

In this study an analytical expression proposed for k shell
ionization cross section for two atomic elements C (Z=6) and K (Z=19)
due to electron impact had been investigated. This study is based on the
analysis of calculated k shell ionization cross section.The proposed
analytical expression had been found to fulfill the task of the fitting shape
and behavior of the Sbell k ionization cross section database with an
acceptable agreement in the values of the cross section at low incident
energies.

Introduction:

There are two well known mechanism of the ionization in atomic
collision, impact ionization and ionization via excitation of autoionization
states. lonization due to electron impact is one of the important
challenges facing several fields of physics and numerous technical
applications, such as radiation physics, electron energy loss spectroscopy,
transmission electron spectroscopy, Auger electron spectroscopy, for
material characterization and for electron probe microanalysis.
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Reviews concerning measurement and theoretical calculations of
inner-shell ionization cross sections have been given by Powell (1, 2).
According to these reviews, it appears that both measurements and
calculations have been carried out mostly of the k shells for high incident
electron energies, where as there are few measurements and calculations
for the k shells and energies near ionization threshold.

The cross section of removal of an electron from atomic k shell
(which call simply k shell ionization cross section) due to electron impact
have been investigated by an experimental and theoretical methods.
Experimentally, measurements of k shell ionization cross section for a
number of atomic elements due to electron impact have been performed
by (3, 4, 5). Theoretically, an empirical formula had been proposed to
describe the k shell ionization cross section for a few atomic elements
due to electron impact has been carried out by (6, 7, 8, 9, 10). An
analytical expression for k shell ionization cross section for neutral atoms
by electron impact for a wide range of incident electron incident energies
has been proposed by (11, 12).

In this work, an analytical formalism for k shell ionization cross
section will be suggested for C and K atoms.

Theory:

In order, to obtain an analytical formalism for k shell ionization
cross section for ¢ and k atoms, a curve fitting tool has been applied to
plot the database from the literature with high resolution figure. After
plotting each figure for each element using Sbell formalism (10), then the
first derivative of the data where calculated by mathlab with the help of
the code Runge — Kutta fourth order of the suggested analytical
formalism in this work which is given by the following formula:

Z—Z = exp(=2(E —w,)* / w, + sqrt(E —w,) / w,

Where: w, is the cross section at energy E,
o is the cross section

E , is the average energies

w 1, W and w 3 are fitting parameters.

This formula will be used to interpret the calculated results in the next
section.

Results and discussions:

An analytical formula as indicated in equation (1) is used in this
work to describe the k shell ionization cross section for C (Z = 6) and
K (Z = 36) atoms over a wide range of incident electron energies.

The calculated database of k shell ionization cross section as given
by Sbell for ¢ and k atoms are drawn in the top of figures (1 and 2),
where those obtained by equation (1) suggested to this work for above
mentioned atoms are drawn in the bottom of figures (1 and 2)

respectively.
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As seen from figure (1) that the proposed analytical formula
describes very well the shape and behavior of the calculated k cross
section for ¢ atoms except that the calculated k shell ionization cross
section at energy (10 ke\{%3 %wen by Sbell seems to be higher than that of
given by proposed analytical formula. . .

imilarly, the proposed analytical expression describes well the
shape and behavior of the calculated k shell ionization cross section ag
observed from figure (2). the calculated cross section at the energies 10
and 10" keV seems to be higher than obtained by the proposal analytical
expression. .

In order to match the calculated database and the result obtained by
proposed expression, one can need to adjust very carefully the fitting
parameters that are mentioned in equation (1). )

As matter of fact experimental data usually recorded with large
step between points where on the other hand, theoretical data where
usuatllly with very small step size give a huge number of points on the
gtaph.
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Fig. (1): k shell ionization cross section as a function of incident energy for ¢
atom. The calculated and present data for cross section are drawn in the top
and bottom figures.

>3 0 €



A suitable analytical formula for the K shell ionization cross section of ...

2-4 L] L]

k atom A

g 2
Cross section { cm*)
[—] - - - - (X
=) - ha - - =) o] P
L] L) L] L] L] L] L] L)

0.6

; 10’ 10° 10 10
Electron energy { kel )

2.5 T T T

k atom fitting

—
L}

—
T
- ——
-
e
il T
e
——
-
-

Cross section{ cm? )

T
-~

0.5
\ -~

\ m——

A 1 -"""--"--"- 1
k 10 10° 10° 10
Electron Energy keV

Fig ( 2 ) k shell ionization cross section as a function of incident
energy for k atom. The present and calculated data for cross
section are drawn in the top and bottom figures respectively.
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Conclusion:

The results obtained from the analytical formula suggested to this

work represents a convenient and acceptable approach to get k shell
ionization cross section for two selected C and K atoms.
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