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Hybrid systems comprising superconducting and semiconducting materials are promising
architectures for quantum computing. Superconductors induce long-range interactions
between the spin degrees of freedom of semiconducting quantum dots [1,2]. These
interactions are widely anisotropic when the semiconductor material has strong spin-orbit
interactions such as for holes in Ge or Si [3]. We show that this anisotropy is tunable and
enables fast and high-fidelity two-qubit gates between singlet-triplet (ST) spin qubits [4]. Our
design is immune to leakage of the quantum information into non-computational states and
removes always-on interactions between the qubits, thus resolving key open challenges for
these architectures. Our spin qubits do not require additional technologically-demanding
components nor fine-tuning of parameters. They operate at low magnetic fields of a few milli
Tesla and are fully compatible with superconductors. In realistic devices, we estimate
infidelities below 1073,

[1] Spin-dependent Josephson current through double quantum dots and measurement of
entangled electron states, M.-S. Choi, C. Bruder, and D. Loss, PRB 62, 13569 (2000).

[2] Coupled superconducting spin qubits with spin-orbit interaction, M. Spethmann, X.-P.
Zhang, J. Klinovaja, and D. Loss, PRB 106, 115411 (2022).

[3] The germanium quantum information route. G. Scappucci, C. Kloeffel, F. A. Zwanenburg,
D. Loss, M. Myronoy, J.-J. Zhang, S. De Franceschi, G. Katsaros, and M. Veldhorst; Nat Rev

Mater (2020).

[4] High-fidelity two-qubit gates of hybrid superconducting-semiconducting singlet-triplet
qubits, M. Spethmann, S. Bosco, A. Hofmann, J. Klinovaja, and D. Loss, PRB 109, 085303
(2024).



https://journals.aps.org/prb/abstract/10.1103/PhysRevB.62.13569
https://journals.aps.org/prb/abstract/10.1103/PhysRevB.106.115411
https://www.nature.com/articles/s41578-020-00262-z
https://www.nature.com/articles/s41578-020-00262-z
https://doi.org/10.1103/PhysRevB.109.085303
https://doi.org/10.1103/PhysRevB.109.085303

