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New unification through non-commutative harmonic oscillators

A mathematical link for light-matter interaction

Abstract
We have demonstrated that the purely mathematical model “non-commutative harmonic oscillator” is essentially equivalent to the
physical model “two-photon quantum Rabi model”, which describes light-matter interaction. We have also revealed the
relationship between these models and the “one-photon quantum Rabi model”, differing only in the number of photons. The
proof relied on the principle of symmetry in fundamental mathematics. These results bridge mathematical and physical models,
allowing us to apply accumulated research on mathematical models to the theoretical understanding of physical systems governing
light-matter interaction. Through these discoveries, we aim to develop new technologies and theories applicable to the
advancement of quantum computers by connecting quantum physics and mathematics. Furthermore, we seek to solve open
problems and develop novel theories in fundamental mathematics (such as number theory) from the perspective of quantum
physics.
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