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Quantum Solid and Nonlinear Optics: New
Perspectives on Quantum/Nonlinear Optics

We explore nonlinear and quantum optical processes in the strong-coupling
regime in condensed matter system. Key issue of the idea is to use the
quantum solid, solid hydrogen, as the working medium. By working with
the solid hydrogen, we open a new class of optical physics that unifies two
categories of optical physics independently developed in atomic physics
and in condensed matter physics. We have been carrying out the works in
two categories: One is the strong-coupling nonlinear optics and the other is
the precise spectroscopy of solid hydrogen as the basis of the quantum
nonlinear optics.
On the first category, the following subjects are investigated.
(1) Arbitrary and efficient parametric sideband-generation
(2) Parametric molecular modulation of a femtosecond optical pulse:
Toward the generation of a single subfemtosecond pulse
(3) Slow light propagation in solid hydrogen: Normal mode
propagation in a far-off resonant Raman system
(4) Nonlinear optics in a high-Q microsphere: From a
liquid-hydrogen-droplet nonlinear optics to nonlinear optics in an
evanescent region of a high-Q microsphere
(5) Realization of a resonant three-level system in solid hydrogen:
Nuclear-Spin manipulation of orthohydrogen
On the latter category, the following subjects are investigated.
(1) Development of a Raman loss spectrometer with a resolution of
100 kHz
(2) High-resolution spectroscopy of the vibron Raman transition
(3) Temporal measurement of the vibron dephasing: Effect of
vibron-vibron interaction |
(4) Theory of vibron dephasing: Vibron-phonon interaction
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