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Whispering-gallery resonators

= Discs of dielectric
= Trap light around the rim
= High Q factor
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Microwave resonator

= Copper rings “focus” magnetic field onto optical mode volume
= Frequency ~ 12.2 GHz

= Tunable by about 150 MHz

= Q~350
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Microwave properties
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= Superconducting qubits operate at ~ 10 GHz and ~ 1K.
= |f we want to network many together in different fridges, we can’t just send
microwave photons (thermal noise)

= Coherently convert microwave photons to optical photons to send through fibre
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Optically-detected magnetic resonance (ODMR)

= Shine light through a medium with a magnetic (microwave) resonance
= Turn microwave field on and off

= Measure changes in absorption at the on/off frequency
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How do we do ODMR with strongly coupled, high Q modes?

= Lock to optical mode

= Turn microwave field on and off (or amplitude modulate)

= Measure oscillations of optical mode frequency on the error signal via a lock-in
amplifier

= Measure the microwave response of only the erbium ions that reside in the optical
mode volume
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Modified ODMR
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Conclusion

= Whispering-gallery resonators offer low linewidths

= Up to 1.2 GHz coupling to an erbium optical line

= New optically-detected magnetic resonance (ODMR) method

= Detects mode frequency change rather than absorption change

= Can help us measure the microwave response of only the ions in the optical field

= Promising to characterise the system to enable upconversion
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