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Heavy transition metal compounds have recently attracted much interest in the community.
In them physical properties are strongly influenced by spin-orbit coupling. We formulate and
study a microscopic spin-orbital model for a family of cubic double perovskites with d1 ions
occupying frustrated fcc sublattice.

We perform variational approach and a complimentary analytical analysis that reveal a rich
variety of phases emerging from the interplay of Hund’s coupling and spin-orbit interaction.
The phase diagram contains non-collinear ordered states, with or without net moments, and,
remarkably, a large window of magnetically disordered spin-orbit dimer phase.

We discuss the physical origin of the unusual amorphous valence bond state experimentally
suggested for BasBMoOs (B=Y,Lu), and predict possible ordered patterns in Ba2B0s06
(B=Na,Li) compounds. We provide a theoretical background for all available experimental
observation in these materials.

The proposed physical picture applies to a broader family of heavy transition metal
compounds. Furthermore, our work can help understand magnetism in spin-orbit assisted
Mott insulators, and illustrate how frustration may emerge on the account of orbital physics.
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