<]
TUDelft

Delft University of Technology

Document Version
Final published version

Licence
Dutch Copyright Act (Article 25fa)

Citation (APA)

Stramma, A. M., Waas, C., Beukers, H. K. C., Dolné, T., Codreanu, N., Bharos, N., Brevoord, J. M., Turan, T., Habing,
P., & Hanson, R. (2025). Quantum interference between photons from two waveguide-integrated tin-vacancy centers. In
Quantum 2.0 in Proceedings Optica Quantum 2.0 Conference and Exhibition Article QTh2B.2 (Quantum 2.0 in
Proceedings Optica Quantum 2.0 Conference and Exhibition). Optical Society of America (OSA).
https://doi.org/10.1364/QUANTUM.2025.QTh2B.2

Important note
To cite this publication, please use the final published version (if applicable).
Please check the document version above.

Copyright

In case the licence states “Dutch Copyright Act (Article 25fa)”, this publication was made available Green Open
Access via the TU Delft Institutional Repository pursuant to Dutch Copyright Act (Article 25fa, the Taverne
amendment). This provision does not affect copyright ownership.

Unless copyright is transferred by contract or statute, it remains with the copyright holder.

Sharing and reuse

Other than for strictly personal use, it is not permitted to download, forward or distribute the text or part of it, without
the consent of the author(s) and/or copyright holder(s), unless the work is under an open content license such as
Creative Commons.

Takedown policy
Please contact us and provide details if you believe this document breaches copyrights.
We will remove access to the work immediately and investigate your claim.


https://doi.org/10.1364/QUANTUM.2025.QTh2B.2

Optica Quantum 2.0 Conference 2025 © Optica Publishing Group

QTh2B.2

Quantum interference between photons from
two waveguide-integrated tin-vacancy centers

Alexander M. Stramma'”, Christopher Waas!, Hans K. C. Beukers!, Timo Dolné!,
Nina Codreanu!, Niv Bharos!, Julia M. Brevoord!, Tim Turan!, Pepijn Habing' and
Ronald Hanson!

! QuTech and Kavli Institute of Nanoscience, Delft University of Technology, PO Box 5046, 2600 GA Delft, The
Netherlands

*A.M.Stramma@TUDelft.nl

Abstract: Quantum networks are based on shared remote entanglement between local
nodes by exchanging indistinguishable photons. We show Two-Photon Quantum Interfer-
ence between tin-vacancy centers in diamond-waveguides and report on the progress to-
wards remote entanglement generation. © 2025 The Author(s)

1. Summary

1.1. Introduction

Quantum networks require interfaces capable of generating entanglement between a stationary qubit and flying
photons [1], enabling distributed quantum computing and thereby bypassing the scalability bottlenecks of mono-
lithic quantum processors [2]. The three main requirements are an efficient optical interface, high-fidelity control
and long coherence time of the local qubit, as well as local ancilla qubits serving as a quantum memory.
Spin-photon interfaces in solid-state materials are one of the most promising systems, with the nitrogen-vacancy
center (NV) in diamond particularly standing out with the demonstration of a multi-node network including quan-
tum teleportation [3]. However, the intrinsically low emission probability of indistinguishable photons (small
Debye-Waller factor) and spectral instability in structured photonic environments limit its scalability.
Tin-vacancy centers in diamond have emerged as an alternative with advantages like a large Debye-Waller fac-
tor and compatibility with photonic nanostructuring [4]. Operation at liquid helium temperatures and an efficient
microwave ground-state control [5, 6] have recently been shown, as well as first steps toward a nuclear quantum
memory [7]. To probe the full potential for quantum networks, benchmarking the single-photon indistinguisha-
bility by quantum interference measurements is necessary. So far, this has been shown for consecutive photons
from a single emitter [8] as well as for photons from two emitters in bulk samples [9]. Here, we show two-photon
quantum interference measurements from two separate emitters integrated into nano-structured waveguides.

1.2.  Device

Tin-vacancy centers are efficiently coupled out of nanofabricated diamond waveguides via a lensed fiber config-
uration (Fig. 1 (a)) [10], allowing countrates in excess of 200 kcps. Implantation-induced strain enables efficient
microwave driving with Rabi frequencies of more than 2 MHz via wire bonded wires. Emitters with close reso-
nance frequencies in separate waveguides can be found despite local strain variations.

1.3.  Two-Photon Quantum Interference

We use two emitters with the same crystallographic orientation with a frequency difference of 4.17 +0.1 GHz.
The spectral overlap is achieved by tuning the spin-conserving transition frequency via a static magnetic field.
Fast pulses with a temporal width of 1.5 ns are generated via an amplitude electro-optic modulators and enable a
single-photon detection probability of more than 2e—4 counts-per-shot after charge-resonance checking. Fig. 1 (b)
shows the measured coincidence events for a train of single-photons from the two emitters in a Hong-Ou-Mandel
(HOM) measurement. The absence of counts at the central time-bin signifies two-photon quantum interference.
Correcting for noise counts, we extract a photon indistinguishability of n = 0.68 +-0.07.

1.4. Discussion and Outlook

With the measured two-photon quantum interference in a nanostructure, all the individual components of a spin-
photon interface have been demonstrated. The indistinguishability value will need improvement and is subject to
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Fig. 1. (a) Microscope image showing the chiplets containing the waveguides and the vertical MW
wire. (b) Two-Photon Quantum Interference between two remote tin-vacancy centers. Simultaneous
detection events of photons at two single-photon detectors after quantum interference at a central
beam-splitter. Blue lines show the coincidence events at a certain time difference and black the
simulated distribution for fully distinguishable photons. The vanishing counts of the central time-
bin (red) signify the degree of indistinguishability of the photons. The green shaded area indicates
the maximum correlation distance, given by the detection time-window.

further investigation, either by improved fabrication methods, more stringent charge-resonance checks or time-
filtering. Combining the single-photon emission with microwave-based spin control, remote-entanglement gener-
ation should be within reach.
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