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In this study, we have tried to clarify the novel characteristics of phase transitions induced by
long-range interactions. I investigated the effective spin—-spin interactions in the elastic spin model
which was proposed as a theoretical model of spin-crossover compounds. Especially, it is argued that
the essential feature of this model is the breaking of additivity, which is a direct evidence of the
effective long-range interactions among spins. According to fundamental theory of statistical
mechanics, the additivity must be satisfied in the genuine equilibrium state. However, it is argued
that the additivity can be violated in metastable states, and I concluded that the breaking of additivity
observed in the elastic spin model is a characteristic phenomenon involved with metastable states. [t
will serve as one of the interesting and promising tools for exploring the novel properties of material
to realize abnormal states in metastable states

Furthermore, we investigated the dynamics of an ensemble of atoms in an optical cavity and found the
new kind of nonequilibrium phase transitions. First I mathematically studied the mean-field theory,
which is a powerful tool to study the nonequilibrium dynamics, and it is rigorously proven that the
mean—-field theory is justified in an ensemble of atoms confined in an optical cavity under the laser
driving and dissipation into a thermal reservoir. Then we applied the mean-field theory to such a system
and investigated the possible nonequilibrium phase transitions. The nonequilibrium phase transitions
found by us are due to the amplification of the quantum interference effect known as the coherent
destruction of tunneling.




