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Mott insulator phases of lattice systems composed of fermions with internal states are characterized by frozen charge dynamics. However, the 
spin degrees of freedom remain dynamical, and actually they are governed by a Heisenberg like Hamiltonian with antiferromagnetic coupling. It 
was pointed out that such multicomponent systems in 1 and 2 dimensions and at zero temperature realize states without breaking the spin 
rotation symmetry when the number of components is large enough [1-3]. The low energy fluctuations on top of these so called spin liquid states 
are described by various gauge theories whose character depend on the symmetries of the mean-field solution [4]. Therefore high spin, 
ultracold, fermionic alkaline earth metal atoms loaded into optical lattices can serve as simulators of quantum gauge theories. Since in 
experiments with ultracold atoms it is a hard task to go to sufficiently low temperatures it becomes important to study the effects of finite 
temperature. We carry out the stability analysis of the mean-field solution and calculate the free energy at finite temperature to determine the 
phase diagram relevant for experiments.
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