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Trapped ions are a promising candidate for building a quantum computer - the qubits have long
coherence times, and state-preparation, readout, single- and two-qubit operations have all been
demonstrated with high fidelities, above the threshold for quantum error correction.

However, increasing the number of qubits without increasing errors at the same time is
challenging. A promising approach for scaling up trapped-ion quantum computers is to network
many small ion-trap nodes via photonic links. A key ingredient in this scheme is the combination
of different atomic species: this allows sympathetic cooling of the ion crystal, as well as excitation

of ions of one species to emit entangled photons without corruption of the electronic state of the
memory or logic qubits. Entangling gates between the different species of ion are a central step
in this scheme. We present two-qubit gates between “*Ca* and 88Sr* with fidelity F = 99.5(3)%,
pushing mixed-species gate fidelities closer towards the best single-species gates.

We further show how to use this gate operation to enhance the coherence time of the 38Sr*
qubit. Finally we demonstrate a first characterisation of our mixed-species gate operation using

two-qubit randomised benchmarking.
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