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Abstract: As the demand for global and secure information transfer increases, quantum optical systems 

have been suggested as an excellent solution. Quantum optical systems and networks have demonstrated 

the potential for powerful computing, security based on the fundamental laws of physics, and precision 

measurements. However, long-range transmission of photonic quantum information is impracticable as 

the losses increase exponentially; therefore, there is a need for quantum repeaters. These quantum 

repeaters will implement quantum memory - a device that stores single photons, coupled to an atomic 

system, that can be recovered or processed on demand. Designing such a device has proven to be quite 

difficult. An efficient quantum memory device needs to be robust, broadband, and have long storage 

times. The properties of rare-earth atoms suggest that they are strong candidates for these devices due to 

their long-lived optical and spin lifetimes. 
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