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Fig. 1. A 2D ion crystal with about 500 ions at Tsinghua
University.
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Fig. 2. Individual addressing in 2D through a pair of cross-placed AODsi20, Here AOD1 and AOD2, and AOD1’ and AOD2’, are

two pairs of cross-placed AODs, each of which can achieve individual addressing in the horizontal and vertical directions.
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Fig. 3. Dual-type qubit scheme for '™Yb* ion®". Qubits encoded in S; 5 and Fy/, hyperfine levels have distinct resonant frequencies,

thus leading to a crosstalk error below the threshold of fault-tolerant quantum computing. The two qubit types can be coherently

converted into each other by bichromatic narrow-band laser via intermediate Dy, levels.
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Abstract

Ton trap is one of the leading physical platforms to implement quantum computation. Currently, high-
fidelity elementary quantum operations above the fault-tolerant threshold, including state preparation,
measurement and universal gates, have been demonstrated for tens of ionic qubits. One important future
research direction is to further enlarge the qubit number to the scale required for solving practical problems
while maintaining the high performance of individual qubits. This paper introduces the current mainstream
schemes for scalable ion trap quantum computation like quantum charge-coupled device (QCCD) and ion-
photon quantum network, and describes the main limiting factors in current research. Then we further explore
new schemes to scale up the qubit number like two-dimensional ion crystals and dual-type qubit, and discuss
the future research directions.
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