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The purpose of my visit was to establish collaboration with Prof. M. Lewenstein in the area of strongly correlated cold atomic systems. During my stay I have carried out theoretical research on magnetic properties of ultra-cold Spin-2 bosons in an optical lattice. Experimental work on obtaining such systems is in progress and our goal was to provide guidance of what can be expected from these systems. The significance of such systems is that they are expected to allow a very wide tuning of magnetic properties, unheard in traditional (solid-state) magnetic materials, thus possibly acting as a test-bed for various models of magnetism. The tuning can be done by changing the scattering lengths with Feshbach resonances, as the magnetic properties of spinor cold atoms in optical lattices depend on the scattering lengths.
The choice of Spin-2 over Spin-1 systems was two-fold. First, Spin-1 systems have been already investigated, whereas there is still little known about Spin-2 atoms in optical lattices. Second, using Spin-2 atoms allows for observation of novel phases compared to its Spin-1 counterparts, as for example the cyclic phase observed in Spin-2 BEC in a magnetic trap. 
During my stay we have focused on cases with one and two particles per lattice site, as these situations are feasible in current experiments with optical lattices and they do not have three-body losses. We have investigated the Bose-Hubbard-like lattice Hamiltonian for Spin-2 particles in the limit of weak tunneling and at zero temperature. We have analyzed the properties of a single-site Hamiltonian in the case with no tunneling, in which case the energies and eigenvectors of the Hamiltonian can be exactly evaluated. Then we have used the second order perturbation theory in tunneling to obtain effective spin-spin lattice Hamiltonian, which determines the magnetic properties of the ground state.
Results in case of one particle per site show that the properties of the effective spin-spin Hamiltonian greatly depend on the scattering lengths and thus can be widely tuned. On the other hand, however, the separation of energy levels is very small, making it difficult to observe the ground state of such system experimentally. Taking experimental values for the scattering lengths we expect Rb-87 at zero temperature and no magnetic field to be antiferromagnetic in this case. For two particles per site the ground state of the single-site Hamiltonian without tunneling depends on the scattering lengths. There are three possibilities, one of which exhibiting no magnetic properties in the investigated limit. The magnetic properties of the effective spin-spin Hamiltonian shows smaller dependence on the scattering lengths, but the level spacing is more pronounced.
In the end of my stay we started investigating the exact ground state of the system with one particle per site and this is still an ongoing research. We also plan to expand our collaboration on the Spin-2 atoms in optical lattices into fermions and beyond the limit of small tunneling in the future. The results obtained during my stay in ICFO with Prof. M. Lewenstein are to be presented in a paper which is currently in preparation.
