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The European fusion program on radiation effect modelling has been launched in 2002 to study and correlate the radiation effects under the various spectra used to simulate the D-T fusion neutron spectrum. The main objective is to develop modelling tools to study radiation effects in the reference martensitic steel EUROFER under fusion reactor relevant conditions. Such a modelling is multi-scale in nature. The emphasis has been put on the physics of radiation-induced processes and its experimental validation at every space and time scale. The effort has been devoted to (i) ab-initio determination of the Fe-Cr system cohesion and of the energetics of point defects, He and carbon in -Fe and Fe-Cr model alloys, (ii) multi-scale modelling of kinetics of radiation effects controlled by diffusion (iii) development of inter-atomic potentials for Molecular Dynamics (MD) simulation of displacement cascades and dislocation dynamics. 
The presentation will give a brief review of the various theoretical tools used in multi-scale modelling radiation effects: (i)ab-initio calculation based on the Density Functional Theory, (ii) Molecular Dynamics for fast kinetics, (iii) Monte Carlo methods and Mean Field Theory method such as Rate Theory for diffusion controlled kinetics and (iv) Dislocation Dynamics for the collective behaviour of dislocations.
Recent ab-initio calculations concerning the formation energies of Self Interstitial Atom (SIA) in bcc transition metals showed the essential role of magnetism in -Fe. Formation energies and diffusion pathways of small vacancy and interstitial clusters (n<4) computed in the DFT approximation were used to reproduce via Kinetic Monte Carlo the radiation damage recovery stages in -Fe. Ab-initio energetics of He and point defects in the system Fe-He-C enabled reproducing He-desorption kinetics via Monte Carlo and Rate Theory. DFT calculations of various configurations of the Fe-Cr system in the Fe-rich range allow understanding the role of magnetism in the behaviour of the system. Exchange Monte Carlo method based on Cluster Expansion fitted on these ab-initio results gives new insight into the phase diagram of the Fe-Cr system and allow reproducing the ordering and clustering tendency of Cr atoms below and above ~9% Cr respectively.
Ab initio data can also be used to fit the empirical potentials required for Molecular Dynamics simulations. The newly developed potentials, based on different assumptions but all reproducing the correct energetics of SIAs in -Fe, result in reducing considerably the so far unacceptable scatter of Frenkel pairs production obtained in the Molecular Dynamics (MD) simulation of displacement cascades. Semi-empirical potentials were developed to reproduce the negative mixing enthalpy of the Fe-Cr in the low Cr content domain of interest, Cr point defect interaction and primary damage using MD simulations. 
The program is now focused on (i) developing reference kinetic tools to predict the Fe-Cr system phase transformation kinetics able to take into account explicitly the magnetism and effect of carbon, under thermal ageing and irradiation (ii) predicting, at the atomic scale, the screw dislocation core structure and glide mechanisms (iii) parameterising Discrete Dislocation Dynamics code to describe the collective behaviour of dislocations at the meso-scale, and (iv) carrying out validation experiments using extensively the multi-beam facility JANNUS. JANNUS will allow irradiating with double (dpa, He) or triple (dpa, He, H) beams and characterizing (TEM, AP-FIM, nano-indentation) volumes of the same order as the ones that can be numerically simulated. 
The development of physically based modelling tools to study and reliably predict radiation effects in the Fe-x%Cr-C ferritic model steels is now a realistic medium term objective.
