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The orbital angular momentum (OAM) of light is increasingly becoming an important resource for
certain quantum information protocols. Consequently, the controlled generation of OAM entangled
states and their subsequent detection are integral aspects of quantum information science.

In this work, we implement a novel technique that produces any of the four Bell states in the
OAM degree of freedom. We also use these states to perform an experimental demonstration of
an accessible nonlinear entanglement witness. Such a witness determines entanglement using the
same measurements as required for a linear witness but can detect, in this case, twice as many
states as a single linear witness can. We have demonstrated the use of nonlinear witnesses to verify
entanglement in twice as many states as a single linear witness can, and because our nonlinear witness
is accessible, this enhanced detection range requires no more measurements than are required for
the linear witness.

The laboratory procedures that we have developed are important for the generation and controlled
manipulation of high-dimensional entangled quantum states. These operations have particular rele-
vance in applications such as superdense coding and quantum teleportation. In addition, we envisage
the continued application of nonlinear witnesses to other areas of quantum information science, where
it is advantageous to extract maximal information with the minimum number of measurements.
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FIG. 1: Schematic of the setup. The experiment has two main stages: (a) quantum state preparation and (b)
nonlinear witness measurements. In the quantum state preparation stage, entangled photon pairs are generated by
parametric downconversion. The number of Dove prisms then allows us to prepare either a correlated (one prism) or
anti-correlated state (two prisms), and the angle of the first prism gives control of the phase between the constituent
modes. For the nonlinear witness measurements, projective measurements are made with spatial light modulators
(SLMs) and single-mode fibres (SMFs) used in combination with single-photon detectors and coincidence detection
electronics.
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