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Multi-species trapped ion quantum computing offers a promising solution to challenges around ground state
cooling, optical crosstalk, and provides a natural separation between operations with contradictory require-
ments, particularly as the number of ions in a device is increased. We show work towards the implementation
of a small logical qubit using Ytterbium (Yb) and Barium (Ba) ions in an X-junction chip trap. Our scheme
uses Yb ions as data and ancilla qubits and Ba ions for cooling, with ions shuttled around between various
locations on the X-junction chip as necessary for gate and measurement operations.

Preparation into the motional ground state of small ion chains can be achieved either through sideband re-
solved microwave pumping, or though Electromagnetic Induced Transparency (EIT) cooling applied to the Ba
ions [1]. The Yb ions are sympathetically cooled by virtue of their shared motional modes, without impacting
stored quantum states in the Yb ions. By encoding qubit states onto hyperfine levels of the ions ground state,
we can employmicrowave- and RF- driven single-qubit andmulti-qubitMolmer-Sorensen (MS) quantum gates
[2][3].

The application of a magnetic field gradient produces the spin motion coupling required by the MS gate,
and results in separation of Zeeman levels for neighbouring ions. This frequency separation ensures low
crosstalk between individually addressed single-qubit and two-qubit operations within the ion chain. Within
this framework we present plans and initial progress toward the implementation of surface code fragments,
compiling and optimising generic quantum circuits together with auxiliary operations for our specific scheme.

To trap Barium, we employ pulsed laser ablation (PLA) loading. A Q-switched Nd:YAG laser is being used to
ablate the surface of a BaCl salt target, producing an atomized plume of neutral barium atoms, which is then
ionized through resonance enhanced multi-photon ionisation (REMPI) for isotope selectivity. Additionally,
we have a Ytterbium ablation target to compare the effectiveness of this method with the thermal ovens that
are currently in use.
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