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Abstract: In quantum mechanics, the wavefunction serves as a mathematical expression that
characterises the quantum state of a system. Nonetheless, a debate persists regarding whether
the wavefunction encompasses all necessary features or whether there exists a requirement for
hidden variables, either local or non-local. Photons, particles of light, and electrons, particles of
charge, can possess wavefunctions labelled by various quantum numbers, such as frequency
(energy), polarisation and spin, and spatial and temporal modes. The ability to generate,
manipulate, and detect a quantum wavefunction with specific states is essential in quantum
information processing. For example, it is crucial to accurately create and detect photon states
when performing secret key sharing via quantum key distribution, complex computations, or
electron states when using them to detect objects in a quantum imaging/sensing setup. These
fields of research can be categorised as the study of structured waves.

In my talk, | will provide an overview of how to engineer the quantum states of photons and
electrons and show examples of how structured waves can help us understand fundamental
guestions in science. | will also briefly discuss their applications in quantum key distribution,
guantum simulators, and quantum microscopy.
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