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Leon Camenzind, Silicon Quantum Electronics Workshop 2024

Statement : Nuclear spin noise domination already at “slow” regime

Motivation for us
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Support
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Charge sensor

Devices Natural Silicon Si-29
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”Universal” Auto PSD

𝑡 ∝ 𝜏!"#, 𝜏!$% with Δ𝑡 𝑠𝑡𝑒𝑝

Bayesian 
estimation

Energies vs time (record acquisition)

A single-qubit Ramsey Sequence
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Autocorrelation of qubit energies!

”Universal” Auto PSD

2x2Q + 1x3Q
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Experiment: similar behavior of different devices

Statement: Material-based noise

”Universal” Auto PSD

Autocorrelation of qubit energies!
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Experiment: similar behavior of different devices

Statement: Material-based noise

Charge noise? Spin noise?

”Universal” Auto PSD

Autocorrelation of qubit energies!
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1/f2 for GaAs



Auto-PSD(         )
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@ Artemii Efimov

- Auto-PSD(         )“Charge noise” - >
Sensitive point

Non-sensitive point

Charge noise: general
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Maybe not only 

charge noise? 

??

Charge noise for charge sensor



13JC 21/02/2024

Collection of cross-PSDs for all qubit pairs in each device. 
Normalized magnitude (a) and phase (b) of the correlations.

Statement: 

hyperfine interaction: local
charge noise: long range

Charge noise contribution
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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

Charge noise contribution
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But how?

Correlation of qubit energies via 
Bayesian estimation

Time correlation of single-shot 
measurements

CPMG dynamical decoupling
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Magnetic-field induced 
nuclear spin polarisation

Larmor -> !
"#
𝐵 ≪ 𝑘𝑏𝑇

Changes in micromagnet field
=> mIsmatch in Zeeman energy of a 
nuclear spin pair -> Suppressing 
nuclear diffusion

𝐴 + 𝐵𝑐𝑜𝑠 2𝜋𝜈!𝜏 exp −
𝜏
𝑇"∗

"

What if we apply a B-field?

𝛾! = −8.465
𝑀𝐻𝑧
𝑇

(𝐵 = 370𝑚𝑇)

B T2

Int time T2
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Conclusions

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

Hyperfine 
coupling is 
dominated 

𝑓&' → 𝑓&'.) 𝑖𝑛𝑠𝑡𝑒𝑎𝑑 𝑜𝑓 𝑓&* in GaAs Valleys? 

Novelty in the measurement of intermidiate regime: look details the paper 






