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Abstract:

Atomic and molecular physics and chemistry are fundamentally dependent on the
investigation of charged particle collisions. These collisions are crucial not only for
industrial processes such as plasma technology, fusion energy, and radiation
therapy, but also for understanding other natural phenomena, including ionization
in Earth's atmosphere. This work aims to survey and evaluate various
approximation methods used to analyses and understand collisions, emphasizing
their practical applications across multiple scientific fields. This research
investigated the subsequent methodologies: The Born Approximation is a first-
order perturbation technique frequently utilized in weak potential scattering
scenarios to calculate transition probabilities. It achieves this by considering the
interaction as a negligible perturbation. The close-coupling approximation
addresses complex collision scenarios by solving a system of coupled Schrédinger
equations, accounting for the intense interactions between proximate particles.

Keywords: Collision processes, atoms, molecules, Born approximation, close-
coupling approximation, quantum scattering.
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Introduction

The study of charged particle, atomic, molecular, and ion collisions is fundamental
to the understanding of many technological and natural processes and phenomena.
A number of approximation techniques have been refined throughout the years to
study and comprehend these crashes [1] . In an effort to present a thorough
evaluation of these methods, this study will include a reference list that goes all the
way back to the earliest studies in the subject and will focus on the work of
Important scholars who created these techniques [2] . When studying particle
collisions, one of the first approximation approaches employed was the Born
Approximation. Max Born proposed this approach in 1926[3], for systems with
weak interactions; it determines transition probabilities by considering the
interaction as a little perturbation. Its effectiveness and simplicity have made it
useful in atomic and particle physics. Important studies that have used this
approach include Tsitsi and Griffiths's (1999) and Kulik and Jacobsen's (1993)
research. [4, 5].

To account for strong interactions between closely spaced particles, the Close-
Coupling Approximation solves a system of coupled equations. Studying low-
energy particle collisions, when interactions are substantial and cannot be ignored,
requires this approach. Leading scholars in this area are James and Bolton (1990)
and Williamson and Gallagher (1965) [6].

The Born approximation, the close-coupling approximation, and other analogous
methods are commonly utilised to address inelastic processes in collision events
involving charged particles interacting with atoms or molecules over a wide energy
range [7, 8] .

Our publications[9-11] . in this filed were used the Born and Born-Bethe and other
approximation methods were used to calculate the interaction cross sections and
other issues[12-14] .

In previous research, we concentrated on the interactions of electrons and positrons
with atoms and molecules, specifically calculating the elastic impact cross
sections, annihilation parameters, and ionisation cross sections [15-19] .

The paper further contrasts theoretical outcomes with actual data, illustrating the
efficacy of these approximation methods in forecasting cross-sections for atomic
and molecular targets in excited collision processes. The findings indicate that
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these methods not only improve theoretical comprehension but also have practical
applications in fields such as plasma physics, particle physics, nuclear processes,
and medical physics. This study underscores the essential function of
approximation approaches in enhancing our understanding of particle interactions
and their wider scientific ramifications.

Theory

This discussion will concentrate on two methodologies and demonstrate their
efficacy in computing the inelastic differential cross sections for interactions
between charged particles and atomic or molecular targets.

1. Born approximation
In the Born approximation, the differential cross section for scattering can be
expressed using the following equation:

d
% = (o) IF @
Where :

do . . . .
g 18 the differential cross section

m 1s the mass of the particle.

h is the reduced plank’s constant.

f (q) is the scattering amplitude

e g is the momentum transfer, given by q=k-k', where k and k" are the initial and
final wave vectors of the particle.

The Scattering amplitude f(g) is given by the Fourier transform of the potential
V() :

f(@=f e @V (r)dr

The formulation is applicable to weak potential scattering where the Born
potential scattering where the Born approximation is valid.

2. Close-Coupling approximation

Quantum scattering theory describes the scattering process using the differential
cross section in the close-coupling approximation. As part of this process, a system
of coupled channels' Schrodinger equation must be solved [20].

The basic form is given by:

—= =1f®
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Where the f(60) is the scattering amplitude, which can be expressed in terms of
partial waves and involves the solutions of the coupled —channel equations.

In the close- coupling approach, the scattering amplitude is calculated from
f(6) = E(Zi + 1)e'disiné;P;(cosH)

Here, §; are the phase shifts obtained from solving the coupled equations , and
P;(cos0) are the Legendre polynomials.

The close- coupling method involves solving a set of coupled equations for the
radial part of the wave function, which takes into account all relevant interactions
and couplings between different channels.

Results

Here, we break down how to put the Born approach to work. Theoretical data for
the rotating excitation transition from (0-0), (0-3) and (0-4) were compared with
our DCS results at 5 eV in figure (1). Regarding Machado et al [19]. Brescansin
et.al[21], Jain et.al[22]. and the experimental data of Muller et.al[23].
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Fig.1: Rotational excitation (J —J") DCS for the e- CHy scattering at SeV. The full
curves are the present results. Other theoretical calculations are due to Machado
[19], Brescansin [21], jain [22], And experimental Muller[23].

The application of close-coupling approach is explained in figure (2) [18], where it
show how the DCS acts for both elastic and inelastic interaction for electrons
collides with ionic Mg atom.
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Fig. 2. Differential elastic and inelastic 3s —3p scattering cross

sections for Mg+ at energy of 26.8 eV are from 5CC (HF).[24]
Conclusi

From the above, we conclude that the approximate methods we adopted showed
good behavior for the cross sections of each of the targets with which the electrons
collided, whether atomic or molecular. By comparing the results with the
experimental and theoretical data, we have shown the effectiveness of using these
approximate methods in the case of excited collisions.

In conclusion, the approximate methods discussed are indispensable tools for
understanding and studying collisions between charged particles, atoms, and ions.
By simplifying complex equations and enabling accurate analysis of particle
behavior, these methods significantly enhance our theoretical understanding and
practical applications in various scientific and technological fields. This
comprehensive review underscores the importance of these methods in advancing
our knowledge and highlights their practical applications across different domains
such as plasma physics, particle physics, analytical chemistry, nuclear reactions,
and medical research. We hope this study will serve as a valuable resource for
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researchers and contribute to further advancements in the field of collision
analysis.
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