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Abstract

The interaction in a collision between two

hydrogen atoms is studied using the 4-body

classical trajectory Monte Carlo method. We

present the total cross sections for the

dominant channels, namely for single

ionization of the target, and ionization of the

projectile, resulting from pure ionization and

also from electron transfer (capture or loss)

processes. We present our cross sections in

the projectile energy range between 2.0 keV

and 100 keV and compared with them of

previously obtained experimental and

theoretical results.

.
Introduction

Beam emission spectroscopy (BES) is an active plasma

diagnostic tool used for density measurements in fusion

research. In this technique, a high energy neutral beam of

2.0–100 keV, composed of typically hydrogen atom, light

alkali atoms or their isotopes, is injected into the plasma.

Through collisional processes with plasma particles, the

beam atoms are excited and, subsequently, spontaneous

transitions occur, emitting light, which can be observed.

Fluctuations in light emission contribute significantly to the

study of plasma density fluctuation and related flows. BES

codes, modelling the expected light emission from input

plasma parameters, require cross section data, such as

collisional excitation, de-excitation, charge exchange, and

ionization cross sections. Recent plasma research has

shifted the focus on the impact of neutrals located at the

plasma edge, emphasizing the neutral–neutral collision

cross sections, where we have limited data for most of the

impact energies or sure from a lack of cross sections. For

the case of the collision between two hydrogen atoms, all of

the interactions can be exactly taken into account . Here we

can take advantage of the classical treatment that, in

principle, we do not have any theoretical limit for the

number of particles. We can follow all particle trajectories

during the collision with the restriction of the classical

dynamics.

In the last two decades there was a great revival of

the CTMC calculations applied in atomic collisions

involving four or more particles. This approximation

seems to be useful in treating atomic collisions where

the quantum mechanical ones become very

complicated or unfeasible. One of the advantages of

the CTMC method is that many-body interactions are

exactly taken into account during the collisions on a

classical level. The CTMC method is a non-

perturbative methods, where classical equations of

motions are solved numerically. In the present work

the CTMC simulations were made in the 4-body

approximation. The four particles (target nucleus, target

electron and projectile electron, and projectile nucleus) are

characterized by their masses and charges. For the

description of the interaction among the particles a

Coulomb potential was used.
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In summary, we presented simulation results in

collision between two hydrogen atoms in the ground

states using the classical trajectory Monte Carlo

method. In our calculations we considered ten million

trajectories for each collision system. We have shown

that the classical treatment can able to describe

reasonable well the calculated cross sections. We found

reasonable good agreements with the previous results.
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