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Abstract

In this paper, Born-Bethe approximation had been used to calculate the
generalized oscillator strength (GOS) and cross sections (CS’s) in terms of the diploe
oscillator strength (OS) for electron impact excitation of some atoms of inert gases
such as He, Ne, Ar. Since the cross section depend in its formula on the GOS, it
appears to us that the CS’s of He were more accurate than those of Ne & Ar atoms
when we made a comparison with the experimental data, since the GOS of He was
better in delicacy than Ne & Ar atoms .
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1- Introduction

A tremendous importance is appear in the study of electrons collision with
atomic and ionic targets when we made modelling processes for astrophysics, plasma
and also in many industrial applications [1,2]. In the field of radiation the collision of
electrons with atoms happens with two processes by excitations and de-excitations.
The determination of matter's state can be done by calculating the collision cross
sections in the area of radiation. The structure of gas clouds, galaxies and stars in turn
can be studied using those calculated data of scattering cross sections which is
relevant to the study of spectroscopy [3].

The inelastic scattering of electrons with inert gases represented by the
excitation process has many applications in many fields, for instance the nuclear
fusion controlling and gaseous electronics in plasma [4].

Emissions from level of optical plasma from inert gases can be useful in
diagnosing the parameters of plasma such as distribution function of electrons energy
and the temperature of electrons [5-8]. Lines of spectra emitted from inert gases also
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can be useful to examining the properties of plasma in a technique called trace
emission spectroscopy for rare gases TRG-OES [9-11].

The most important issues in the theoretical and experimental studies of
electron collision with atomic targets like rare gases are the generalized oscillator
strength [12-14] and the integral cross sections [15, 16].

The processes of excitation could be grouped according to the potential of
interaction which is responsible for the transitions and also it can be grouped
according to the multipole moment. The excitation of electron-atom interaction
including the following processes: dipole transitions, quadrupole transitions, magnetic
dipole transitions and exchange scattering. The dipole transitions are concerned with
the allowed transitions, whereas the other processes are concerned with the forbidden
ones.

In this paper we applied Born-Bethe approximation to study excitation of
some inert atoms by electron impact. We use ground and excited wave function of
slater type to represent the orbital atomic levels [17].

2-Theory

The simplest approximation in collisions for poorly reacted electron with
targets like atom is the first Born approximation. The integrated Born cross section is
given by[18]
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T is the incident energy of electron, E,, excitation energy, R Rydeberg Energy and
Kmin» Kmax Minimum and maximum momentum transfer.

To ensure that Bethe approximation have proper behavior at energies we need
Born approximation to be highly reliable. For different modeling studies its
expression is suited well for using it in studying a specific transition for one or two
optional energies [19].

Bethe cross section is the crucial part of Born approximation and it given in term two
parameters A,, and B,, [20].
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Where A,, and B,, Bethe coefficients are dependent only on the properties of
the target and do not depend on the incident energy T or on the type of the incident
particle. Defined by

Ay =f, R/En ..(4)
B, = A, In*T2 ..(5)

Where f,, is the optical oscillator strength and Q, is the cutoff parameter.

3- Results and Discussion
a- Generalized Oscillator Strength

We begin the discussion of our results with generalized oscillator strength of
rare gases, which is one of the most studied processes, both theoretically and
experimentally. The generalized oscillator strength for helium atom is given in Fig. 1,
our predictions were compared with theoretical data of Kim & Inokuti [21]. A
comparison of generalized oscillator strength of neon atom is presented in Fig. 2,with
the results of Chenge et.al [22]. Finally the generalized oscillator strength for Argon
atom is given in Fig.3, a comparison have been made with the results of Zhu et.al[23].

In general the agreement in the three figures were good and we notice that
GOS for He was better in agreement with the compared data than Ne and Ar, which
means that the wave function of the excited orbital was more accurate than the other
two atoms in the transitions under investigation .

b- Cross Section

As we mentioned before that the oscillator strength is the principal factor used
in predicting the cross sections of excitation process for electrons collide in-elastically
with atoms. In Fig. 4 the cross section of the Helium atom is presented where our
predictions has been compared with the experimental data of Westerveld et.al &
Shemansky et.al [24,25] and the theoretical data of Kim [26]. In Fig. 5 our results of
excitation cross section for Neon atom which compared with theoretical results of
Philips et.al [27].finally the excitation cross section of Argon atom is presented in
Fig.8, which compared with the experimental data of Schappe et.al [28] and the
theoretical data of Madison et.al [29].

In general the He atom cross section in Fig.4 showed a very good agreement
with the experimental data and theory as well, this matching put down the good
results of GOS data. Whereas the excitation cross section for Ne & Ar atoms in
Figures 5 & 6 its agreement with data had compared with was reliable, and this is
because of the modest results of its GOS.
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4-Conclusions

In this paper we use Born-Bethe approximation to calculate the excitation
cross sections in term of electron impact energy. We have made a reliable comparison
with other theories and experimental measurement, and we noticed that our method
was very effective at many energy ranges of the cross section and modest at others,
but we need more recent data to ensure that efficiency which is not available at now.

It is clear that we had included the dipole transition process only in this study
among the four processes mentioned previously which in turn maybe effect on the
agreement for the calculated parameters and cross section we had made in comparson
with other researchers data.

Table I: The calculated oscillator strength

Atom Transition Oscillator Strength
Helium 1s°-1s3p 0.07843
Neon 2P°-2P°35(3/2) 0.0119
Argon 3P°-3P°45(3/2) 0.0663
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Fig. 1 Generalized oscillator strength of Helium atom for transition 1s°-1s3p
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Fig. 2 Generalized oscillator strength of Neon atom for transition 2p®-2P*3s(3/2)
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Fig. 3 Generalized oscillator strength of Argon atom for transition 3p®-3P°4s(3/2)
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Fig. 4 Cross Section of Helium atom for transition 1s%-1s3p
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Fig. 5 Cross Section of Neon atom for transition 2p®-2P°3s(3/2)
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Fig. 6 Cross Section of Argon atom for transition 3p°-3P°4s(3/2)
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