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Our desire to develop a deeper understanding of quantum mechanics has generated k 

Originally more a curiosity than science the debate about the foundations and the interpretation 

of quantum mechanics sparked what we now sometimes call the quantum revolution. The 

discovery of entanglement and the computational power of quantum information processing 

have led to a slew of new potential technologies for the future. In return, the tools we have been 

developing for applications now enable us to make ever more precise tests of the foundations 

and potential limitations of quantum theory. 

In our research we develop sources of nonclassical light, single photons and entangled photon 

pairs and then apply them towards quantum communication and in testing the foundations of 

quantum mechanics. Two examples of the sources we recently developed are semiconductor 

waveguides [1] for a future integrated quantum optics platform and semiconductor quantum 

dots delivering single photons and entangled photon pairs [2]. 

As an unconventional application I will present our tests for potential higher-order interferences 

that would go beyond quantum mechanics [3] and interference tests that could reveal the 

necessity for a quaternion-based quantum mechanical description of nature. Even if these tests 

only yield null results, they are able to rule out alternative theories and thus give us tighter 

bounds on where to look for possible extensions and modifications of quantum theory. 
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