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            Abstract
The global quantum internet will require long-lived, telecommunications-band photonâ€“matter interfaces manufactured at scale1. Preliminary quantum networks based on photonâ€“matter interfaces that meet a subset of these demands are encouraging efforts to identify new high-performance alternatives2. Silicon is an ideal host for commercial-scale solid-state quantum technologies. It is already an advanced platform within the global integrated photonics and microelectronics industries, as well as host to record-setting long-lived spin qubits3. Despite the overwhelming potential of the silicon quantum platform, the optical detection of individually addressable photonâ€“spin interfaces in silicon has remained elusive. In this work, we integrate individually addressable â€˜T centreâ€™ photonâ€“spin qubits in silicon photonic structures and characterize their spin-dependent telecommunications-band optical transitions. These results unlock immediate opportunities to construct silicon-integrated, telecommunications-band quantum information networks.
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                    Fig. 1: Integrating and optically coupling the T centre.[image: ]


Fig. 2: Single centres in silicon.[image: ]


Fig. 3: Single-spin optical initialization and readout.[image: ]
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Extended data figures and tables

Extended Data Fig. 1 Confocal microscopy of micropucks.
(A) Confocal microscope image of micropucks, incrementing in radius from 250â€‰nm (upper left) to 850â€‰nm (bottom right), by integrating PL signal over Î»â€‰>â€‰1.33. (B) Simulated relative intensity (colour axis) collected by an NAâ€‰=â€‰0.7 microscope objective from a planar emitter at the micropuck centre as a function of wavelength and micropuck radius. (C) Simulated (solid) vs measured (dots) intensity of the T ZPL area (blue) and the integrated sideband intensity (red) in PL as a function of micropuck radius. Simulated data is plotted as relative intensity into the objective (right axis) and measured data is peak value normalized (left axis).


Extended Data Fig. 2 FDTD simulated emission from micropucks.
Collection efficiency (A and B), Purcell factor (C and D) and relative intensity (E and F) for a planar dipole in SOI (left column) and in a micropuck of varying radius (right column).


Extended Data Fig. 3 Single micropuck PL spectra.
The radius of each micropuck is given. Insets show zooms about the T and G centre ZPLs.


Extended Data Fig. 4 Single T centre excited state lifetime.
Fluorescence transient measured after resonant excitation. An exponential fit gives a lifetime of 802(7) ns.


Extended Data Fig. 5 FDTD simulated, spectrally weighted Purcell factor of a T centre in a micropuck.
(A) Single-wavelength Purcell factor for a planar dipole at the centre of a micropuck of varying radius, reproduced from Extended Data Fig. 2(D) for reference. (B) Purcell factor averaged over the T centre spectrum as a function of micropuck radius.


Extended Data Fig. 6 Sideband fluorescence autocorrelation measurements.
(A) Raw correlation histogram without background subtraction, normalized to the detection rate. (B) Background-subtracted correlation histogram with three fitted models.


Extended Data Table 1 Summary of simulated relative intensitiesFull size table


Extended Data Table 2 Summary of measured lossesFull size table
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