
Abstract : 

 

Rare-earth-doped crystals are one of the most promising system to be used as light-matter 

interfaces for the development of quantum networks and technologies. Some of those are 

paramagnetic, which makes them particularly attractive, as their electronic structure allows 

the realization of quantum interfaces between the optical and microwave domains. However, 

their coherence times are often limited by the interactions with nuclear and electron spins 

present in their local chemical environment. It is therefore necessary to find adequate 

solutions to reduce their impact. This is the context of this Ph.D. work. First, it focuses on the 

study of Yb3+ ions in a single crystal of Y2SiO5 (YSO). High resolution optical spectroscopy 

and low temperature electron paramagnetic resonance measurements show the high potential 

of ytterbium for quantum technologies. The isotope  171Yb3+ is particularly interesting 

because it is the only rare earth ion that combines an electronic spin S = 1/2 with a nuclear 

spin I = 1/2, showing a hyperfine structure of great simplicity. An isotopically pure sample 

show exceptional properties at zero magnetic field. 

 

The sensitivity to magnetic disturbances is greatly reduced there, and thus the coherence times 

are strongly increased. Moreover, it is possible to strongly polarize the 171Yb3+ spins by 

optical pumping, allowing to control cross-relaxations between them (flip-flops), having an 

impact on the optical coherence time. This work shows that  171Yb3+:YSO is an ideal 

candidate as a light-matter quantum interface in which efficient and fast optical spin control is 

possible and that could connect quantum electronic systems to long-distance communication 

networks. 

 

In parallel, this work also gives two alternatives to control the cross relaxations between rare 

earth ions in order to reduce decoherence. The ion studied here is erbium, an ion of 

technological interest because of its optical transition at 1.5 um, the telecom window of 

optical fibers. One of these solutions is to modify the chemical composition of the materials in 

order to introduce a controlled disorder that broaden the spin frequency distribution to reduce 

resonant interactions. The second one suggests the use of the optically excited state's spin 

transitions in order to make the active spins non resonant anymore with the spin bath. 


