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Over the past decade, superconducting nanowire single-photon detector (SNSPD) technology has 

advanced rapidly, driven by continuous improvements in both device performance and experimental 

practicality. [1] State-of-the-art SNSPD systems now deliver exceptional figures of merit—high 

system detection efficiency, low dark count rates, and excellent timing resolution—even at infrared 

wavelengths. At telecom wavelengths such as 1550 nm, where conventional single-photon detectors 

experience a marked degradation in signal-to-noise ratio, SNSPDs consistently outperform the best 

available semiconductor-based alternatives. 

Progress in cryogenic technology has played a key role in this evolution, simplifying system 

integration and broadening the accessibility of SNSPDs across an expanding range of research fields 

and industrial applications. As highlighted in this work, high-impact photon-counting experiments 

have been demonstrated in diverse domains, including quantum information processing, secure 

quantum communication, quantum key distribution (QKD) [2], and atmospheric time-of-flight 

ranging. 

This work provides a comprehensive overview of the key performance metrics that distinguish 

SNSPDs from other detection technologies. We examine their impact on major quantum optics 

experiments, with particular emphasis on their enabling role in quantum key distribution (QKD), 

quantum optics and new devices design and we show our most recent results in these sectors  

highlighting the transformative potential of these detectors in advancing the development of quantum 

technologies.  
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