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Implementing microwave frequency qubits in future quantum networks will require coherent interconversion 

between single optical and microwave photons. Recent progress towards this goal has been made in cavity 

optomechanics, where the position of a mesoscopic object modulates the frequency of both microwave and 

optical cavities [1]. To compliment optomechanics, it may be worth considering alternative collective modes 

that could be coupled to optical and microwave systems in a similar way. The magnetization dynamics in 

ferromagnetic materials represents one such possibility. Here we explore the prospects of using magneto-

optical resonators to achieve microwave-to-optical conversion. 

On the microwave side, magnetization dynamics in yttrium iron garnet can be easily coupled to microwave 

resonators and reach the strong coupling limit. This coupling is resonant, differently from the parametric 

coupling in optomechanics, and it has recently been shown that this coupling allows measurements to be 

made at the single magnon level [2]. 

On the optical side, we have recently demonstrated that transparent magnetic spheres support optical 

whispering gallery modes similar to those in non-magnetic dielectrics. The direction of the ferromagnetic 

moment couples to the optical modes via the Faraday and Voigt effects. In our experiments, the 

ferromagnetic excitations, magnons, play an analogous role to phonons in cavity optomechanics, but in 

addition can easily be tuned by an external magnetic field. This additional possibility should allow for novel 

applications in quantum and classical magneto-optics. An enhancement in magnon Brillouin light scattering is 

demonstrated in these magneto-optical resonators tuned to a triple-resonance point [3]. This occurs when 

both the input and output optical modes are resonant with those of the whispering gallery resonator, with a 

separation given by the ferromagnetic resonance frequency. We briefly compare the parameters measured in 

our magneto-optical resonators to those in optomechanics experiments and comment on future possibilities 

in this system. 
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