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Nanostructured optical materials have potential applications in nanoscale sensing, imaging, and 
quantum information processing (QIP). Providing extremely narrow optical and nuclear spin transitions 
[1], rare earth (RE) ion doped crystals are especially promising for optical QIP. However, current 
experiments are performed in bulk crystals, which prevents further advances, like coupling to 
nanocavities or other nanoscale quantum systems, and efficient single rare earth detection. The interest 
of nanostructuration is largely determined by the coherence lifetimes which can be achieved, as 
dephasing in nanoscale materials can be much stronger than in bulk crystals. In particular, previous 
studies on RE doped nanocrystals [2] reported homogeneous linewidths between 5 and 50 MHz, 
whereas typical Rabi frequencies that can be obtained for RE transitions are in the MHz range. These 
transitions were therefore too broad to be used in QIP. 

Here, we report a homogeneous linewidth of 86 kHz (coherence lifetime 3.7 µs) in 60 nm 
nanocrystals of europium doped Y2O3 at 1.3 K (Fig. 1) [3]. To our best knowledge, it is the narrowest 
optical transition reported for any nanocrystal. It was measured on powders using our recent 
observation of photon echoes in highly scattering media [4]. This result shows that RE doped 
nanocrystals could be useful for QIP applications.  
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Fig. 1: Temperature dependence 
of the homogeneous linewidth 
measured by two-pulse photon 
echoes. 
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