
1Z

Neural-network-assisted quantum magnetometers

Yue  Ban

ybanxc@gmail.com

Fundación Tecnalia Research & Innovation

29 / 05 / 2023

ICE-8

Quantum Information in Spain

Santiago de Compostela



2Z

Phase estimation, 
Phys. Rev. Appl. 10, 044033 (2018);

Phys. Rev. A 100, 012106 (2019);

Parameter estimation,
npj Quntuam Inf. 5, 82 (2019);

PRX Quantum 2, 020303 (2021);

npj Quantum Inf. 8, 2 (2022).

Sensors calibration
Phys. Rev. Lett. 123, 230502 (2019);

npj Quantum Inf. 7, 169 (2021);

Adv. Photon. 5, 016005 (2023).

Neural networks are valuable in distinct quantum sensing scenarios. 
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Neural networks are valuable in distinct quantum sensing scenarios. 

✓ A Neural Network Assisted 171Yb+ Quantum Magnetometer

Y. Chen, Y. Ban, R. He, et. al., npj Quantum Inf. 8, 152 (2022).

Y. Ban, et. al., Quantum Sci. Technol. 6, 045012 (2021).

✓ Neural networks for Bayesian quantum many-body 

magnetometry

Y. Ban, et. al., arXiv: 2212.12058 (2022).
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A Neural Network Assisted 171Yb+ Quantum Magnetometer

UC3M, Madrid
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Y. Chen, Y. Ban, R. He, et. al., npj Quantum Inf. 8, 152 (2022).

Y. Ban, et. al., Quantum Sci. Technol. 6, 045012 (2021).
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Scenario I: A reduced number of measurements. 
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Scenario II: Continuous data acquisition. 
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Neural networks for Bayesian quantum many-body magnetometry

Neural networks faithfully reproduce the dynamics of quantum many-

body sensors, thus allowing for an efficient Bayesian analysis.
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Bayesian Inference Assisted by Neural Networks
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Simulation of quantum many-body dynamics by neural networks

XXZ spin-1/2 chain

1D external magnetic field

Estimation on 2D, 3D external magnetic fields also work! 
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Simulation of quantum many-body dynamics by neural networks

XXZ spin-1/2 chain

Bayes’ theorem

Heisenberg limitStandard quantum limit
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Conclusion and outlook

✓ the benefits to integrate neural networks to decipher the information 

contained in the sensor responses.

✓ Continuous data acquisition and precision

✓ Reproduction of microscopic modelling of the quantum many-body system 

by neural networks

✓ opening the door to employ experimental quantum many-body systems as 

sensors beyond the classical simulation capabilities.


