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In recent years, photonics has become one of the key contenders in the race to build large-scale 

quantum computers. The prominence of photonics as a quantum information technology is 

underscored by the fact that it is one of only a handful of technology platforms which has achieved a 

quantum advantage, i.e., a large-scale quantum system which outperforms a classical 

supercomputer at some well-defined computational task [1 2].  

In this talk, I will highlight several aspects of the research that my team is doing in this field. I will 

focus on three aspects.  

First, I will discuss some theoretical aspects of the recent quantum advantage demonstrations in 

photonics. A crucial matter in any quantum advantage demonstration is how noise affects the 

degree of quantum interference. There is an analogy here to Bell tests, with ever more sophisticated 

experiments leading to more sophisticated theoretical objections, and so on. The claims of [1] kicked 

off a lively debate regarding the way photon losses could be used to classically simulate the 

computational task for which a quantum advantage was claimed. I will discuss the prospects of 

simulating these optical systems using the theory that has been developed in the last years [3-5]. 

Second, I will discuss the complex engineering task of building the large-scale, tunable 

interferometers which are necessary to give these proof-of-principle systems a degree of 

programmability. In collaboration with a University of Twente spinout company QuiX Quantum B.V., 

we have recently demonstrated [6] the world’s largest quantum photonic processor, i.e. fully 

tunable multimode optical interferometer, using silicon nitride photonic waveguides.    

Finally, I will focus on the quantum fundamentals work which is made possible by these 

technological advances. Large-scale photonic systems are an interesting novel testbed with which to 

explore the fundamental concepts and problems of quantum mechanics. Specifically, I will show how 

this platform can be used for quantum simulation of quantum thermodynamics [7], and I will show a 

novel entanglement witness for large-scale quantum states [8]. This broad range of new science 

shows the promises and opportunities of this quantum technology platform.  
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