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In the strongly correlated electron systems, the vertex corrections, the
high-order many-body correlation effects, combine the spin, charge, and orbital degrees of freedom.
As a result, it induces various interesting electronic properties. In recent years, many nontrivial
phenomena, which cannot be explained by standard theoretical approaches, had been observed
experimentally, and the development of a new theoretical approach focusing on vertex corrections was

highly desired. In the present research project, we developed and extended the functional
renormalization group method, by which the vertex corrections can be treated in an unbiased way. We
utilized this method to analyze the electronic nematic state in cuprates, the pseudo-gapped state in
transition metal chalcogenides, etc. We unveiled new mechanisms of the coupling between the spin,
charge, and orbital degree of freedom through the vertex corrections.
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