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Trapped ions are a promising candidate for quantum information processing. Hybrid quantum networks based on photonic interfaces have been proposed as a modular architecture for trapped ion
processors. In this work, two 888r+ lons In separate traps are entangled via the polarisation degree of freedom of spontaneously emitted 422 nm photons. We are able to generate Bell states with a

fidelity of 94%, at a rate of 182 51 [1]. Using mixed species gate techniques developed by Hughes et al. [2], we aim to incorporate 43Ca+ qgubits, which have excellent coherence properties, to create
a hybrid quantum network.

The Goal

Experimental Apparatus

lon-Photon Entanglement

We aim to generate high fidelity entanglement distributed Our apparatus comprises two identical Paul traps, separated by approximately Using a picosecond laser, we excite ®8Sr* ions to the short-lived P;,, state.

over a quantum network. To generate raw entanglement 2 metres. We have designed rack-mounted laser systems for addressing both Upon decay to one of the ground Zeeman levels, the polarisation and

states, ions In separate traps emit single photons whose %Sr* and “*Ca* ions to greatly reduce the footprint as well as improve frequency of the spontaneously emitted photon will be entangled with the

interference is measured [1]. This fidelity of this experimental stability. spin-state of the ion.

entanglement can be Iimproved using entanglement

distillation [3]. We are using the High Optical Access traps fabricated by Sandia. For each The spontaneously emitted photons are collected perpendicular to the
trap, we have two imaging systems, one for independent readout of strontium quantisation axis using a high numerical aperture lens. The photons are

This optimised distillation scheme improves the remote and calcium ions, and another with a high-numerical aperture to couple 422 nm then coupled into a single-mode fibre to avoid polarisation mixing.

entanglement fidelity using only nearest neighbour photon emission into a fibre.

operations in two trap zones. We require two species In

Using this technique, we have demonstrated the production of ion-photon
each trap but not requiring individual addressing.

Bell pairs with fidelity exceeding 97.9% at a rate 4.0 x 10°s™.
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We have demonstrated a new technique for micromotion compensation
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oo photons, we are able to detect and compensate for stray fields that result in
y the unwanted micromotion. We are able to achieve a sensitivity of 0.1 V/m/

vVHz and minimal uncertainty of 0.0015 V/m.
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Our technique requires only one laser to sufficiently compensate for both in-
and out-of-plane micromotion, minimising experimental complexity and
making it well-suited for integration into mixed-species microfabricated
surface trap systems.

Future Work

With- a view towards demonstrating 4P5); Applications of this quantum network include
entanglement distillation, we are currently 4P, gquantum sensing based on remotely entangled
setting up optics for addressing **Ca* ions in ~~§ Aca harmonic oscillators, a variety of quantum key
each trap. Mixed species techniques developed Asri A ~ 20TH distribution  protocols, and prover-verifier
by Hughes et al. [2] will allow us to combine the JP3); -~ “ architectures utilising the ion-photon interface.

long coherence properties of calcium with the
ion-photon interface provided by strontium, E
creating a powerful hybrid quantum network. 5P,/
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