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Multi-party quantum cryptography protocols enable a range of applications like secret sharing
and secure e-voting [1], yet they are still rarely field-tested. We develop a three-party quantum
secure veto protocol over a deployed fiber network using a hybrid source architecture: an
actively encoded 1554 nm quantum dot (QD) source at node A, a passively encoded heralded
spontaneous parametric down-conversion source at node B, and a passive detector node C.

The protocol reveals whether any party vetoes while hiding the vetoing identity,
achieved through quantum oblivious transfer based on the assumption of one-way functions
[2,3]. This assumption is a distinction of this protocol, since its security does not rely on
public-key cryptography nor on adversarial quantum storage constraints.

We use an InAs QD grown on a thin-film InGaAs metamorphic buffer on a GaAs wafer,
placed in a circular Bragg grating, emitting at a measured fiber-coupled brightness of 5% and
g?(0)=0.015. The QD is excited using longitudinal acoustic phonon-assisted excitation
providing robustness to power and wavelength fluctuations as well as inherently scrambling
photon-number coherence [4], ideal for real-world implementations. The quantum states are
encoded in the polarization of the emitted photons using electro-optic modulation with active
polarization stabilization. We leverage the low multiphoton emission probability of the QD to
bridge the longest link of approximately 10 dB loss.

Benefitting from a hybrid emitter network, we will enable a three-party
quantum-secured veto over metropolitan fiber, relying on one-way function assumptions. This
points to a practical path for deploying privacy-preserving multi-party cryptography.
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