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Introduction

High Occupation Qubit
• single qubit gates
• fRabi tunability
Leon, R. C. C. et al. Nat Commun.
11, 797 (2020)

Hot Qubit
• 1.5 K
Yang, C. H. et al. Nature
580, 350–354 (2020)

Two-Qubit Logic

Veldhorst, M. et al. Nature
526, 410–414 (2015)



3

• Orbitals play a major role in performance and operation of spin qubits
• Wrel ∝ 1/Eorb

4

• fRabi ∝ 1/Eorb
2

• larger size of multielectron wavefunctions can
• enable higher control fidelities
• enhance exchange coupling between qubits

• screening of disorder by increased electron density

Motivation: Higher Orbitals

Leon, R. C. C. et al., Nat Commun. 11, 797 (2020)
Camenzind, L. C. et al., Phys. Rev. Lett. 122, 207701 (2019)
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• Si-MOS QD with Co micromagnet for spin manipulation and SET for charge readout

Device

[1] Leon, R. C. C. et al. Nat Commun 11, 797 (2020)

• multiple electrons: shell-filling [1]

• load a total of 18 electrons, then decouple
DQD from reservoir

• (12,6)-(13,5) transition (effective (1,1) 
occupation)

• B0 = 1 T

 single-qubit operation [1]

 two-qubit operation

Fig: 3D visualization of the device
Fig: Occupation of the dot in 
the (13,5) charge configuration
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Outline

Single-Qubit CZ gate Bell state
tomography Summary
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• nonlinear dependence of qubit resonance frequency (Stark shift)

• color code: efficiency of the adiabatic inversion of the spins

Stark shift

Fig: Resonance frequency as a function of ε and VJ
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Outline

Single-Qubit CZ gate Bell state
tomography Summary
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• require sizeable exchange interaction for fast exchange oscillation
• provided by higher orbitals in contrast to (1,1) charge configuration

• but: single qubit gates require low exchange coupling for high gate fidelity

• here: two methods to control exchange coupling

Two-Qubit Gates

Ramsey type measurement
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CZ Gate

Detuning Control J Control
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• single qubit gates together with CZ gate
• but: Stark shift requires different operation points of high-fidelity single qubit gates

• inhibits dynamical decoupling

Two-Qubit Clifford Space
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Outline

Single-Qubit CZ gate Bell state
tomography Summary



12

Bell-State Tomography

Bell state fidelities
compare favorably

Huang, W. et al., Nature 569, 532–536 (2019) Ψ+ 80 % ± 0.6 %

Ψ- 82 % ± 0.6 %

Φ+ 89 % ± 0.6 %

Φ- 89 % ± 0.6 %

Watson, T. F. et al., Nature 555, 633–637 (2018) Ψ+ 88 % ± 2 %

Ψ- 88 % ± 2 %

Φ+ 85 % ± 2 %

Φ- 89 % ± 2 %
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Outline

Single-Qubit CZ gate Bell state
tomography Summary
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• multielectron qubits
• efficient single-qubit gates
• exchange coupling which can be used for two-qubit gates

• exchange coupling control via plunger gates or interdot tunnel barrier

• Bell state fidelities compare favorably

• but: unability to refocus idling spins

Summary and Outlook
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Parity Readout
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