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The involved mechanisms during the ion/matter interaction are highly complex phenomena for which many questions remain to be addressed. Energetic particles (such as those involved in nuclear reactions) lose their energy in solids via two main processes that depend on their velocity. At low velocity, the nuclear slowing-down (due to ballistic collisions) is predominant while at high velocity, inelastic interactions (ionizations and excitations) are characteristics of the electronic energy-loss [1]. Depending on the irradiated materials, the interaction generated can lead to effects, either cumulative on the production of radiation damage, or opposite, inducing a more or less marked annealing  of the damage generated by the cascades of atomic displacements [2]. During in-reactor conditions, similar phenomena occur in the uranium dioxide (UO2) fuel pellets, which are  the site of a huge damage production, mainly due to the energy loss of fission products. Energy deposition from energetic ions leads to a simultaneous perturbation of the electronic and atomic subsystems. Electronic energy loss produces electronic excitation and ionisation whereas in the atomic structure, energy transfer induces the formation of collision cascades that can result in the production of point defects and of both dislocation lines and loops. Although ballistic and electronic-induced damages are separately well-established, the coupled effects between the two slowing-down processes are still poorly known.
Away to determine the effects of energy deposition is to use external ion beams delivered by ion accelerators. Simultaneous irradiations by dual beams permit to study these coupled effects between nuclear and electronic energy losses in materials. The JANNuS-Saclay platform (France) possesses three accelerators allowing to perform single, dual or triple ion beam irradiations. Furthermore, the coupling between ion beam irradiations and in situ Raman analysis allow to determine the damage build up generated by the incident ion. The combined effects were investigated by irradiating UO2 samples with single (low or high-energy ions) and dual (low and high-energy ions simultaneously) ion beams thanks to the JANNuS-Saclay facility. The total defect concentration created by nuclear energy loss is modified by the electronic energy deposition by inducing enhanced defects mobility. The crystalline disorder probed by Raman spectroscopy is lower under dual-beam compared to the low-energy ion irradiation generating only ballistic damages [3]. Furthermore, microstructural observations reveal different evolution stages of dislocation network depending on the electronic energy stopping power [3-4]. 
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