The aims of my visit to the Group of Lasers and Plasma (GoLP) at IST were: to obtain a guided hands-on experience with the laser-plasma interaction simulation code OSIRIS co-developed by the GoLP, and to establish a collaboration with GoLP. During my visit, I successfully completed all the planned tasks. Namely, I have:
· given a seminar to GoLP members, telling about our current research on the peculiarities of surface plasmons in a quantum plasma, which is carried out at our Complex plasmas group in Sydney, Australia;
· learnt about the current research at IST in the field of laser-matter interaction and laser-driven particle acceleration, through discussions with the GoLP members;
· visited the high-power ultrashort laser lab at IST;
· under the guidance of the GoLP members, familiarized myself with the laser-plasma simulation code OSIRIS, in particular:

· conventions used in the code: normalization of physical quantities, geometries, types of boundary conditions implemented for particles and fields, etc.;

· the principal features of the electromagnetic field solver and particle pusher modules of the code;

· the detailed structure of the input deck (the input file specifying the entire simulation setup);

· compilation of the code at different platforms;

· visualization of the code’s output data using the VISXD visualization infrastructure developed at IST, in both 2-d and 3-d simulation setups.
Having done the above, I set up and performed several exemplary 2-d and 3-d simulations of proton acceleration by a laser beam incident on an overdense plasma target with a tailored density profile. These will be used as a basis for a future study of optimization of proton acceleration by interaction of customized laser pulses with preformed plasma targets, planned in our group at the University of Sydney. The idea behind this investigation is that tailoring the target plasma density profile provides an additional, yet previously not investigated, control over the laser-plasma interaction and thus over the resulting proton acceleration, which can potentially be used to improve the accelerated beam quality. Any publications resulting from this study will be in collaboration with the GoLP members, and will acknowledge ESF.
In addition to the above, I have also discussed a possible collaboration with GoLP on the problem of spin precession of an electron beam in a plasma accelerator, which could significantly affect the beam quality. Based on my previous experience in quantum plasma theory, I have suggested a self-consistent approach to treating the coupled evolution of electron density and spin distribution in an electron beam, based on the coupled quantum kinetic equations for the Wigner and the spin distribution functions of electrons. However, this approach, as suggested, is limited to nonrelativistic electron beams only, and needs to be generalized to the case of strongly relativistic electron beams relevant for the plasma accelerators. Furthermore, this approach, when generalized, also needs to be adapted to be directly implementable into the OSIRIS code. To do this, the following two things are needed:

a. An equation for spin precession of a single spin particle (electron) in a non-uniform magnetic field (currently only the equation in a uniform field is known).

b. A relativistic expression for the Stern-Gerlach force on a spin-1/2 particle.

With these things in place, one could add them into OSIRIS to do the corresponding simulations: add the relativistic Stern-Gerlach force into the particle pusher, and add the spin that evolves (precesses) according to the spin precession equation. These issues are to be addressed in the future work. I will acknowledge ESF in all future publications that will result from this activity as well.
In summary, I have successfully completed all the activities planned for my visit to IST, and established a contact with GoLP members that, I believe, will result in a fruitful collaboration in the area of plasma accelerators.
