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Quantum Optics on Phonons in Carbon Nanotube
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In this study, we have theoretically examined the quantum natures of the
mechanical motions of carbon nanotubes (CNTs). First, we have constructed a group-theory framework
for the perpendicular phonons, which transform just in the same manner as electrons for the
symmetric operations. The Dirac dispersion relation and the curvature-induced fine structures have
been predicted for the phonons. Then, we have examined a phonon-based cavity QED (Quantum
ElectroDynamics), where a charged qubit embedded in a CNT couples to its localized phonon mode. This

is nothing but the situation realized in a conventional cavity QED, but the Fermion-Boson coupling
is much larger than in the optical counterpart. The strong coupling manifests itself as the
Franck-Condon effect. Finally, the rigid-body rotation have been studied. We have shown that the
guantum states of a CNT confined in a bearing potential can be identified to the classical rotation
modes, the pure rotation, precession, and nutation.
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