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Abstract

Quantum information benefits from being encoded in high-dimensional Hilbert spaces - i.e.
g-dits rather than g-bits — both for increased information capacity and greater noise
resilience. Photons play an important role in a quantum network, enabling coherent transport
of entanglement across (compute) nodes. Means for creating photonic g-dits include
exploiting a photon’s degree of freedom in frequency as well as space, both real as well as
inverse (momentum) space. For photons, the momentum space (i.e. spatial eigenmodes) is
particularly attractive since it appears most scalable, especially by exploiting the unbounded
nature of its orbital angular momentum (OAM).

While photons entangled in the OAM degree of freedom were demonstrated ~25 years ago,
this platform continues to face a debilitating problem associated with spatial eigenstates of
light — transport, either in an optical fiber or free space, results in severe perturbative coupling,
which destroys the quantum state.

Here, we discuss the exploitation of an inherent topological stability of OAM states, recently
discovered in optical fiber eigenmodes, to develop a nonlinear photonic platform that could
potentially yield a source with the highest dimensional maximally entangled state. This
approach features the added benefit that the output is from a single fiber aperture that is
compatible with the optical fiber network that is used to interconnect quantum (compute)
nodes.
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