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Non-commutative harmonic oscillators (NCHO), quantum Rabi models (QRM), and
asymmetric quantum Rabi models (AQRM) are treated as quantum interactions in this project. Focusing
on each Hein ODE picture, NCHO can be regarded as covering his QRM due to the confluence of
singularities. The results are as follows: (1) Arithmetic research on special values of NCHO"s
spectral zeta function (automorphic forms, family of elliptic curves, generalizations of Eichler
forms and their cohomology, congruences of Apelli-like numbers). (2) Description of degeneracy of
AQRM, research on hidden symmetry, and proposal of conjectures linking the two. (3) Derivation of
the heat kernel and partition functions of QRM by representation theory of infinite symmetric
groups, function analysis, the oscillator representation of the SL_2 on the finite field F_2, and
graph theory.
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