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Quantum platforms that use photons as qubits hold great promise for quantum optical applications, 
including computing, communication, optical neural networks, and imaging. A key challenge in these 
applications is the realization of scalable systems that enable strong single-photon interactions. 
Hybrid light-matter states, formed by 2D exciton-polaritons in photonic structures with embedded 
quantum wells or 2D materials, present a promising solution by enabling strong photon-photon 
interactions and ensuring scalability. This advancement paves the way towards development of 
quantum logic gates, photon number detectors and sorters, and deterministic generation of complex 
entangled photonic states, both in discrete and continuous variables. The strong polariton 
nonlinearity also results in many-body phenomena ranging from superfluid-like behaviour of light, 
Bose-Einstein condensation to ultra-low power bright and dark soliton physics.  

In my talk I will review these phenomena in GaAs-based polariton microcavites and waveguides [1-3]. 
I will present recent results on utilising the strong polariton nonlinearity to control the phase of one 
photon by another in a zero-dimensional microresonator [4]: phase shifts up to 150 mRad per single 
photon (polariton) are observed. This result paves the way towards development of scalable quantum 
nonlinear photonic devices and programmable quantum circuits [5]. Finally, I will discuss enhanced 
polariton nonlinearities and perspectives in other semiconductor materials such as monolayers of 
transition metal dechalcogenides [6,7]  and Cu2O [8,9].  
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