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In this research, we aimed to develop new mathematical methods and establish
exact and/or rigorous results for the ground states and non-equilibrium dynamics of strongly
interacting itinerant fermion systems, as well as open quantum many-body systems. As a result, we
successfully obtained several nontrivial results: (1) flat-band ferromagnetism in the SU(N)
repulsive Hubbard model, (ii) rigorous results concerning the ground states of the SU(N) attractive
Hubbard model, (iii) systematic construction of lattice models with quantum many-body scar states,
(iv) construction of frustration-free Majorana and parafermion models, and (v) exact solutions of
dissipative quantum spin chains using the Majorana representation of spins.
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