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Efficient coupling of nanoemitters with optical fields in hybrid nanophotonic devices
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An efficient coupling of single quantum nanoemitters, such as diamond nitrogen-vacancy (NV) centers,
with optical modes in nanophotonic devices is of fundamental importance in quantum information
science. We use optical nanofibers where such an efficient coupling is possible with single NV centers
in nanodiamonds. However, the coupling efficiency of NV fluorescence to the nanofibers has been
limited to several percent. The objective of this project is to achieve a dramatic increase in coupling
efficiency using specially designed nanorod-shaped nanodiamonds. In diamond nanorods, the NV
dipolar emission couples to the nanorod’s fundamental mode. This fundamental mode is nearly phase-
matched to the nanofibers fundamental mode, yielding an efficient NV fluorescence extraction into
optical nanofibers.

In the last half year, I have characterized the nanowire topography and distribution of single
NV centers by utilizing AFM and confocal fluorescence microscopy, respectively. These data allow us
to perform realistic estimation of the NV-nanofiber coupling efficiency in this device. I have therefore
performed a detailed computational analysis that suggests an achievable coupling efficiency of 42 %,
even using 580-nm-diameter nanofibers. The use of such thick nanofibers will provide us with

opportunity to do cryogenic experiments that are indispensable for quantum information applications.
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Fig. 1 (a) Concept of the nanorod-coupled optical nanofiber. (b) AFM topography

of a diamond nanorod.
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Fig. 2: (a) A confocal fluorescence microscope image of the nanorod. (b) A second-

order photon correlation histogram of the fluorescence emitted from the single

NV center indicated by the arrow in Fig. 2(a).
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