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Interplay between spin-orbit interaction and electron correlation --- analysis
based on the first-principles calculations
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In the iron-based superconductors and heavy-electron systems, orbital degrees of
freedom can play an important role on the appearance of curious magnetic/multipole ordering and non-BCS
superconductivity. However, the complicated band structure, which involves rich physical information, has
prevented us from understanding the electronic states so far. Recently, we have succeeded in constructing
a low-energy effective Hamiltonian including the spin-orbit interactions. In the model Hamiltonian, we
have successfully computed orbital-resolved band structure, Fermi surfaces, and magnetic/multipole
susceptibilities. This method is apﬁlicable to various materials, and is very useful for understanding
the physical properties. Based on this first-principles approach, we found crucial clues to several
long-standing mysteries in heavy-electron systems, for instance, the hidden order in URu2Si2 and the
first-discovered unconventional superconductivity in CeCu2Si2 and so on.
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