
Quantum Reservoir Processors based on Polariton Beam Interference 

Quantum reservoir processing is a theoretical neural-network inspired architecture designed 

for the recognition of patterns and properties of quantum states [1]. Although effectively 

implemented in superconducting circuit systems [2], the architecture has yet to be 

implemented in the optical domain, where it could serve, for example, to recognize the purity 

and entanglement of incident optical states. One of the key issues is finding a system with a 

sufficient optical nonlinearity for implementing the local nonlinear responses corresponding 

to hidden neuron activation functions. Exciton-polaritons in planar microcavities are well-

known for their nonlinear behaviour, which has been successfully used in classical optical 

reservoir computing. However, it is unknown whether the same nonlinearity will be sufficient 

for operations with quantum states, which typically correspond to small particle numbers. 

It should be noted that the relevant nonlinearity in neural networks corresponds to the 

sensitivity of the nonlinear response function, which is not exactly the same as the physical 

interaction strength in an optical system. In particular, the same nonlinear interaction strength 

can cause a highly sensitive response near the threshold of a phase transition and otherwise 

modest response far from such transitions. In previous work, we have studied, both 

experimentally and theoretically, how the interference of polariton beams results in a 

degenerate optical parametric oscillation [4]: two pumped states scatter in pairs to signal and 

idler modes. Although it was not needed in this earlier demonstration, it is also known that 

the signal states of polariton optical parametric oscillators can be initially seeded resulting in 

high amplification above a threshold [5]. 

Here, we propose to use our degenerate optical parametric oscillator as a quantum reservoir 

network for the recognition of two-mode squeezed or two-mode entangled optical states (Fig 

1). These states would be incident on the microcavity at equal and opposite angles acting as 

the seed for our degenerate optical parametric oscillator. We anticipate that as the stimulated 

scattering rate is proportional to the polariton-polariton interaction strength multiplied by the 

pump intensity, we can use the pump intensity to effectively enhance the relevant nonlinear 

response. 

The project is suited to a joint theoretical-experimental PhD. The theoretical component could 

begin by considering four coupled quantum modes, using the standard Lindblad formalism for 

writing the master equation and propagating the density matrix numerically. Our previous 

work has also revealed that degenerate four-wave mixing in microcavities is accompanied by 

polarization inversion. Accounting for this would double the size of the Hilbert space. The 

modelling of this situation is still tractable using wavefunction Monte Carlo techniques [6]. 

Ultimately, the polarization degree of freedom would offer interesting extensions, such as the 

recognition of polarization entangled states or multimode entangled (cluster) states. The latter 

are an essential resource of one-way quantum computing architectures and their 

characterization is an important task. 



 

Fig 1: Scheme of degenerate optical parametric amplification: Two laser beams inject 

exciton-polaritons at equal and opposite wavevectors. A (potentially entangled) two-

mode optical state injects a low-intensity seed into orthogonal wavevector states. 

Nonlinear parametric scattering depends sensitively on this initial seed, such that the 

resulting properties of the seeded state (e.g., their measured spectrum) would depend 

on characteristics such as initial entanglement. Losses to other states via other 

scattering processes are possible, but could be helpful for maintaining a finite memory 

(an essential requirement for reservoir computing). 
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