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Trapped ions are a promising candidate for building a quantum computer - the qubits have long gate detuning and Rabi frequency are so large that the motional modes are no longer spectrally
coherence times and state-preparation, readout, single- and two-qubit operations have all been resolved - both motional modes contribute to the entanglement sensitively depending on the
demonstrated with high fidelities and above the threshold for qguantum error correction. Initial phase of the driving force. We follow the proposal [3] that uses cw-laser pulses modulated
However all two-qubit entanglement gates demonstrated so far have been performed in the with fast AOMs on the 10ns scale to perform entangling gates independent of the initial phase of
adiabatic regime, where their speed is limited by the trap frequency to gate times typically the optical field.

>1us. Many schemes have been proposed to overcome these limitations, for example [1,2,3] - We demonstrate the generation of entanglement in 480ns, less than a motional period of the
but none have been implemented yet. ion. We also perform entangling gates in 1.6us with state-of-the-art fidelities F=99.75(4)%, over
When performing entangling gates at speeds comparable to the motional period of the ions the an order of magnitude faster than the current highest fidelity gates [4,5].
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