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We measure and analyze noise-induced energy-fluctuations of spin qubits defined in quantum dots
made of isotopically natural silicon. Combining Ramsey, time-correlation of single-shot measure-
ments, and CPMG experiments, we cover the qubit noise power spectrum over a frequency range
of nine orders of magnitude without any gaps. We find that the low-frequency noise spectrum is
similar across three different devices suggesting that it is dominated by the hyperfine coupling to
nuclei. The effects of charge noise are smaller, but not negligible, and are device dependent as con-
firmed from the noise cross-correlations. We also observe differences to spectra reported in GaAs
[Phys. Rev. Lett. 118, 177702 (2017), Phys. Rev. Lett. 101, 236803 (2008)], which we attribute
to the presence of the valley degree of freedom in silicon. Finally, we observe 75 to increase upon
increasing the external magnetic field, which we speculate is due to the increasing field-gradient of
the micromagnet suppressing nuclear spin diffusion.
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We measure and analyze noise-induced energy-fluctuations of spin qubits defined in quantum dots
made of isotopically natural silicon. Combining Ramsey, time-correlation of single-shot measure-
ments, and CPMG experiments, we cover the qubit noise power speetrum over a frequency range
of nine orders of magnitude without any gaps. We find that the low-frequency noise spectrum is
similar across three different devices suggesting that it is dominated by the hyperfine coupling to
nuclei. The effects of ch » smaller, but not negligible, and are device dependent as con-
firmed from the noise ¢ tions. We also observe diff es to spectra reported in GaAs
[Phys. Rev. Lett. 118, 177702 (2017), Phys. Rev. Lett. 101, 236803 (2008)], which we attribute
to the presence of the valley degree of freedom in silicon. Finally, we observe T3 to increase upon
increasing the external magnetic field, which we speculate is due to the increasing field-gradient of
the micromagnet suppressing nuclear spin diffusion.
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Abstract
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We apply Bayesian statistics to the estimation of correlation functions. We give the probability distributions of auto- and cross-
correlations as functions of the data. Our procedure uses the measured data optimally and informs about the certainty level of the
estimation. Our results apply to general stationary processes and their essence is a nonparametric estimation of spectra. It allows
one to better understand the statistical noise fluctuations, assess the correlations between two variables, and postulate parametric
models of spectra that can be further tested. We also propose a method to numerically generate correlated noise with a given
spectrum.
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A single-qubit Ramsey Sequence
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fast mode, where we acquire reflectometry voltages with
a rate of 1 MHz for a time span of 0.1 s. Second, a slow
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a) Non-zero amplitude -> contribution of charge noise?

b) Device dependence -> different mechanism?

the auto and cross-PSDs are dominated by different
phenomena, and the charge-noise sources are near the
qubits.

Phase is either 0, or pi, otherwise randomised due to
zero amplitude -> no delay in transmitting noise to
different qubits
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Similar low freq noise across seven devices,
Qualitive agreement with diffusion model
Charge noise deviation on the sensor

Crosscorrelation between the qubits within a
chip

f~1 > f~Y* instead of f~?in GaAs

Novelty in the measurement of intermidiate regime: look details the paper
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Bext (mT)|vr (MHz)|vr (MHz)|BY'™ (mT)|Br™ (mT)|AB (mT)
70 4980 5121 107.8 112.8 5.0
230 10521 10739 145.6 153.4 7.8
300 12693 12921 153.1 161.3 8.2
370 14808 15046 158.6 167.1 8.5







