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In strongly correlated electron systems, rich variety of quantum phase
transitions has been discovered In the last decade, such as the nematic and smectic orders with
broken rotational symmetry and the current orders with spontaneous spin- or charge-currents. To
understand the origin of these transitions microscopically, the applicant has developed (1) the
density-wave equation theory, which is equivalent to the extreme value condition of the
thermodynamic potential, and (2) the derivation of optimized order parameter based on the functional

renormalization group theory. Based on these theories, we explained the following novel quantum
phase transitions. (a) Microscopic mechanism of "Davidian order™ and superconducting state realized
in kagome metal AV3Sh5. (b) Nematic ordering in twisted bilayer graphene and (c) Smectic order in
iron-based superconductors. (d) Microscopic mechanism of current order in frustrated metals.
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