Shuttling two-qubit gate and
teleportation with mobile spins
Yuta Matsumoto1†, Maxim De Smet1†, Larysa Tryputen1,2, Sander de Snoo1, Alexandra Meerovici Goryn1, Maximilian Rimbach-Russ1, Amir Sammak1,2, Giordano Scappucci1, Lieven Vandersypen1
1QuTech and Kavli Institute of Nanoscience, Delft University of Technology,
2600 GA Delft, The Netherlands
2QuTech and Netherlands Organisation for Applied Scientific Research (TNO),
2628 CK Delft, The Netherlands
†These authors contributed equally

Efficient quantum error correction in spin qubit systems relies on strong qubit connectivity within the architecture [1]. In semiconductor heterostructures, exchange-based two-qubit interactions are typically limited to nearest-neighbor couplings due to their intrinsic short range. To overcome this limitation, recent advancements have focused on utilizing superconducting resonators [2] and on physically displacing spin qubits. A particularly appealing method for moving spins around is conveyor-style shuttling [3-5], which employs phase-shifted sinusoidal gate voltages to transport single charges in moving quantum dots.
This work presents a high-fidelity controlled-Z (CZ) gate, activated by bringing two electron spins close together by conveyor-shuttling. The spins are confined in a channel defined in a 28Si/SiGe heterostructure that can host a linear array of six quantum dots. By shuttling each electron to the array's midpoint, a saturation of the exchange coupling can be observed. The CZ fidelity, assessed through randomized benchmarking, reaches 99.4%. We next utilize the conveyor-style two-qubit gate to accomplish quantum state teleportation. Specifically, the quantum state of the spin localized in dot 6 is conditionally teleported to the spin located in dot 2. 
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