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High-intensity beams of high-energy protons bombarding a heavy metal target can produce through spallation reactions intense neutrons fluxes. The lecture will first describe the possible applications of these intense neutron fluxes with emphasis on accelerator-driven sub-critical reactors that are envisaged for the transmutation of nuclear waste. The main existing neutron sources and projects of ADS will be briefly presented.  

We will then describe the mechanism and characteristics of the different types of nuclear reactions that occurs in ADS: from high-energy (around 1 GeV) reactions encountered in the target and window to secondary reactions at much lower energies taking place in the structural materials.  The specific implications for radioactivity production and material damage will be discussed. The general features of the simulation tools used to design ADS will be presented.  
In the next part, we will study in details the modelling of spallation reactions. The basic hypotheses used to describe the reaction mechanism will be recalled and the recent developments discussed. In particular, it will be shown that the large amount of high-quality data collected during the last 10 years has permitted to improve significantly our understanding of the reaction mechanism and develop models with a better predictive power. The precision with which each quantity important for applications, as radioactivity, gas production or atom displacements, can now be predicted will be discussed. Remaining deficiencies and limitations will be addressed and perspectives for further improvements and extensions of the models will be presented.

As an example of recent progress made in experimental techniques, a separate lecture will be devoted to the detailed description and results of the experiments done at GSI, Darmstadt, using the reversed kinematics method. These experiments have allowed determining the complete isotopic yields and recoil velocities of the spallation residues in lead and iron, which are major components of respectively the target and the window. The impact of these results on applications will be discussed.

