Generation of Multimode Squeezing in a Coupled Waveguide Array
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The second quantum revolution aims to take advantage of quantum resources in order to develop novel technologies, such as quantum computers, photonics circuits  and high sensitivity metrology [1-3]. In the field of optics, a remarkable example of a quantum resource is the use of squeezed states, which recently made possible the detection of gravitational waves with enhanced sensitivity [4]. These are states of minimum uncertainty that have the property to squeeze the variance of one of the field quadratures at the expense of the increase of the other one [5]. Their potential applications have greatly increased, especially in the field of quantum metrology, where both single-mode and two mode-squeezed states have been used to enhance measurements sensitivity [4,6]. Generation and manipulation of multimode squeezed states has promising applications in proposals for multiparameter quantum metrology, multi-channel communication and multi-channel quantum imaging [7,8]. However, the generation of such states remains a challenge. Here we present a simple scheme that generates pure two-mode and three-mode squeezed states by injecting single-mode squeezed light into an array of coupled optical waveguides, achieving genuine bipartite and tripartite entanglement. Depending on the waveguides coupling parameters, we show that the generation of pure single-mode squeezing or pure three-modes squeezing at the output of the array is determined just by the input light polarization. We also explore the effect of losses in our system and show that quantum correlations and squeezing are preserved for realistic parameters. Our results show that arrays of optical waveguides are suitable platforms for generating multimode quantum light, which could lead to novel application in quantum metrology [9].
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