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Abstract:
Spinful nuclei currently present a significant source of error for spin qubits in silicon. For quantum dots in Si/SiGe heterostructures, magnetic noise arises from dipole coupling-mediated flip-flopping between 29Si nuclei and from quadrupole coupling-driven dynamics of 73Ge. In this work, we compute the distribution of 73Ge nuclear quadrupole tensors in realistic quantum wells. To do so, we perform DFT-based calculations of electric field gradients in many SiGe alloy realizations, construct and verify an efficient linear response model based on local atomistic strain that is fit to the DFT results, and use molecular dynamics to evaluate the strain-relaxed atomic coordinates of the Si/SiGe heterostructure. Given this distribution of quadrupole couplings and model-derived hyperfine couplings based on realistic quantum dot dimensions, we calculate the consequences of this nuclear quadrupole distribution on magnetic noise and compare with published T2 versus B-field data [Kerckhoff, et al. PRX Quantum 2, 010347 (2021)]. Finally, we will discuss the role that nucleus-phonon coupling may play in governing nuclear dynamics and magnetic noise.
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