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Rare earth ions doped into solids provide outstanding optical and spin coherence properties, 

which renders them as promising candidates for quantum optical applications ranging from 

quantum memories to quantum-nonlinear optics. However, due to the dipole-forbidden nature 

of the coherent transitions, they couple only weakly to optical fields, limiting most experiments 

to macroscopic ensembles. 

Optical microcavities are a powerful tool to enhance light-matter interactions. Fabry-Perot 

cavities built from laser-machined and mirror-coated optical fibers are particularly promising in 

this context, since they offer small mode volumes and large quality factors combined with full 

tunability and direct access to the cavity field [1]. For quantum emitters coupled to the cavity, 

this gives rise to the Purcell effect, which enables enhancement of fluorescence emission and 

extinction signals. This offers a route for efficient single-ion spectroscopy and spin state 

manipulation and readout. 

In a first part, I will illustrate the available methods with tunable microcavities and report on our 

efforts to realize cavity-enhanced single photon sources with quantum emitters in diamond [2]. 

 

Second, I will present an experiment, where we investigate Eu3+:Y2O3 nanocrystals [2] coupled 

to a cavity in a cryogenic environment. We perform cavity-enhanced resonant spectroscopy of 

the 5D0-7F0 transition in individual nanocrystals containing ~104 ions, and observe an 

inhomogeneous linewidth that matches very well the value found in high-quality bulk crystals. 

We report on first few-ion signals and discuss the current state of the project on its route 

towards single-ion detection. 
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