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This lecture concerns the basic physical processes underlying the defect production in irradiated solids. 

A comprehensive picture of the radiation damage needs to consider very different scales: nuclear, atomic and solid-state. Nuclear reactions giving secondary particles were not addressed here, as they are presented in a specific lecture. The slowing down of particles in matter is usually treated at the atomic level by considering a two-body collision between the projectile and atom of the solid. These atomic collisions mainly govern the fate of the projectile. However, the solid state scale has, in some cases, a significant incidence: for instance in the channelling process and in the charge state distribution of ions penetrating solids. Evidently, the damage process itself is governed by the solid characteristics.

The atomic collision is generally described by distinguishing the interaction with the electrons of the atom and the atom itself. This gives rise to the so-called electronic (or inelastic) and nuclear (or elastic) stopping powers. We present the different approaches used for calculating these values and give their relative importance for different radiation situations.

The irradiating projectiles induce primary knock-on particles (electrons or atoms). But for describing the energy deposition in the solid the fate of secondary (and higher) particles is essential. Therefore, the development of atomic or electronic cascades is presented. We show, for typical irradiation facilities, the characteristic of the primary- recoil spectrum and their characteristic integral values and we discuss the basis of the experimental simulation with accelerator beams of the complex radiation fields occurring in real life.

The consequences in term of damage of the two stopping processes are very different: direct transfer of kinetic energy to target atoms for the elastic stopping and transient perturbation of the electronic structure for the inelastic stopping. Consequently, the response of the solid to the inelastic or elastic perturbation is very material dependent. The other crucial parameter is the magnitude of the perturbation. Schematically, this leads to four different situations (elastic or inelastic and low or strong perturbation): i) when the kinetic energy transferred to an individual atom (the primary recoil or PKA) is low, we are within the domain of Frenkel-pair creation or in the regime of linear cascades ii) low electronic stopping powers corresponds to classical radiolysis conditions iii) higher PKA energies could induce non-linear cascades when atoms put in movement collide with atoms that are still moving iv) high electronic stopping could induce track formation. For different materials metallic or not, we present the damage processes in these four different situations, putting emphasis on the effects of the elastic stopping. Possible interactions between electronic and elastic stopping are evoked.

