Non-linear optics for quantum applications

Abstract: Non-linear optical processes play a central role in quantum photonics, enabling the
generation, manipulation, and interconnection of non-classical states of light. In particular,
spontaneous parametric down-conversion and four-wave mixing have become standard
approaches for the generation of entangled photon pairs and other quantum resources.
Beyond these conventional two-photon states, current research also explores more complex
non-linear interactions capable of producing multipartite entangled states or exploiting
effective photon-photon interactions at the single-photon level, opening the way toward richer
guantum networks and advanced guantum information protocols.
In parallel, non-linear frequency conversion has emerged as an essential tool for quantum
technologies. Indeed, many quantum systems of interest, such as quantum memories, solid-
state emitters, or molecular transitions, operate at wavelengths that are incompatible with
low-loss optical fiber communication. Quantum frequency conversion provides a coherent and
noise-controlled interface between these spectral domains, bridging, for example, the mid-
infrared or visible ranges with the telecom bands. Such interfaces are crucial for the
development of scalable hybrid quantum networks, where heterogeneous quantum systems
must efficiently exchange quantum information. Together, quantum light generation and
guantum frequency conversion illustrate how non-linear optics constitutes a foundational
toolbox for future quantum communication, sensing, and networking technologies.
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