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Multipartite entanglement of trapped ions by
graph-based optimized global Raman beams
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Entangling gates are arguably the main ingredient of quantum information processing (QIP). Trapped ion
systems have typically outshone other quantum hardware in preparing Bell states. Two ion entanglement
has been extensively covered [1, 2, 3] and sequences of pairwise gates can be used to generate multipartite
entanglement. Alternatively, global irradiation is faster, which is important as speed is essential for scaleable
QIP and for quantum algorithms [4, 5]. As the ion number increases, more motional modes appear and the
error increases. For example, crosstalk and fluctuations in the tightly focused individual addressing Raman
beams can decrease the fidelity [6].

Modulation techniques are widely used to improve the gate fidelity by reducing residual spin-motion coupling,
dealing with the complexity of clustered motional modes in large ion crystals. Also, optimizers are used to
design pulses which solve theoretical gate constraints, but is limited when considering more ions as it is a NP-
hard problem. To this end, we implement a modulated single global beam to illuminate all of the ions, creating
a global entangling interaction and have single ion addressability provided by a 411nm shelving beam. Then
by using graph-based optimization instead of solving constraints, we can quickly reach solutions for large ion
crystal entanglement with faster gates. We show that our error scales better than pairwise entangling gates
and that the gate duration is favourable.
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