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Conventional frameworks of condensed matter physics and statistical
mechanics have had tremendous success in elucidating the laws and diverse phenomena of physical
systems in thermal equilibrium. Meanwhile, the understanding of non-equilibrium open systems with
inflow/dissipation of energy and matter is still in its infancy. While great progress has been made
in the past few years in understanding regions where the coupling to the external environment is
weak and the effects of the external environment can be treated perturbatively, the fundamental
theory, let alone the physical phenomena that occur in strongly coupled nonperturbative regions, has

not yet been developed. In this study, we have developed a fundamental theory describing
non-equilibrium open systems that strongly interact with the external environment and for which
nonperturbative treatment is essentially important, and have clarified the possibility of
controlling material properties using cavity confinement.
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