
  
 

 

 

This research work is a continuation of the research conducted on the study of rare gases in partnership 
with three laboratories: LAPLACE (Plasma Laboratory and Energy Conversion) in Toulouse, IRSAMC 
(Research Institute on Aggregates, Molecules and Collisions) in Toulouse and IT4Innovations in Ostrava 
in the Czech Republic. The present thesis was conducted under the supervision of Malika Benhenni of 
LAPLACE and René Kalus of IT4Innovations. 

The thesis focuses on the determination of the cross-sections of atomic and diatomic positive Krypton 
and Xenon positive ions as well as their transport coefficients. These basic data are very useful for the 
modeling of plasma discharges based on this type of gas. 

The first chapter is devoted to the presentation of the context of the study as well as the motivations 
that led to investing in this thesis topic. Mr Van de Steen showed the different applications of non-
equilibrium plasma discharges the important scientific and technological issues that push for a better 
control of this type of domain. He highlighted some examples that are gaining increasing technological 
interest in view of promising applications in several areas. 

The second chapter is devoted to the presentation of the different theoretical models used to 
determine the ion / neutral cross-sections and their reaction coefficients as well as the transport 
coefficients such as the mobility and the transverse and longitudinal diffusion coefficients of the ions. 
The first part of the chapter is dedicated to the presentation of the formalisms developed to represent 
the ion / neutral interaction potential and the approximations introduced to solve the Schrödinger 
equation. 

In the second part of Chapter 2, the three methods used to deduce the cross-sections of ion / neutral 
collisions are presented and commented on by discussing the different approximations introduced in 
the resolution of the equations associated with each method. Finally, the Monte-Carlo method is 
developed to determine the evolution of the transport coefficients as a function of reduced electric 
field from the cross-sections of ion / neutral collisions. 

Despite the complex nature of the theoretical formalisms used to determine the ion / neutral cross-
sections, Mr Van de Steen was able to present them clearly and to be didactic. Which proves his good 
mastery of the subject. 

The results from the models developed in terms of cross-sections and the transport coefficients are 
presented and commented on considering various configurations of interaction potentials for Kr+/Kr, 
Xe+/Xe, Kr2

+/Kr and Xe2
+/Xe systems. 

To conclude, this theoretical research work on the calculation of  database for the modeling of plasma 
discharges will undoubtedly contribute to enrich the knowledge and the necessary databases which 
would guarantee the reliability of the physical simulations of plasma discharges especially when we 
know the role. positive ions in plasma processes: deposition of thin layers, etching, transfection of 
discomfort, ionic propellants; to name just these examples. 

This work has been the subject of two articles in magazines and four conferences. 

The manuscript provided is well written and very synthetic. Mr Van de Steen highlighted the relevant 
points of his research. The physical interpretations of his results are convincing overall. 

For all these reasons, I give a very favorable opinion that Mr Van de Steen supports his thesis work in 
front of a jury.       

         Pr Ahmed Rhallabi 

 

 

 


