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QMAI  |Contemporary quantum experiments



"What happens if we co-design 
experiments AND simulations?”



QMAI  |Contemporary quantum experiments

Philips, Stephan GJ, et al. "Universal control of a six-qubit 
quantum processor in silicon." Nature 609.7929 (2022): 
919-924.

Unseld, F.K., Meyer, M., Mądzik, M.T., Borsoi, F., de Snoo, S.L., 
Amitonov, S.V., Sammak, A., Scappucci, G., Veldhorst, M. and 
Vandersypen, L.M., 2023. A 2D quantum dot array in planar 28Si/
SiGe. Applied Physics Letters, 123(8).
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Andersen, Borregaard, Kjaergaard, Zinner, in preparation

Quantum Dots
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Automated calibration,  
control and readout 
of quantum systems



QMAI  |Tuning Engineered Quantum Materials

EG. "Solving optimization tasks in condensed matter." Nature Machine Intelligence 2.10 (2020): 557-558.
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R Durrer, B Kratochwil, JV Koski, AJ Landig, C Reichl, W Wegscheider, T Ihn, EG, Phys. Rev. Applied 13, 054019 (2020)

Automatic Tuning: Simple example
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Preparing Specific Charge States
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AI Image Classification

MACHINE LEARNING MODEL

Greplova, E., Valenti, A., Boschung, G., Schäfer, F., Lörch, N., & Huber, S. D. (2020). Unsupervised identification of topological phase transitions using predictive models. New Journal of Physics, 22(4), 045003.
Carrasquilla, Juan, and Roger G. Melko. "Machine learning phases of matter." Nature Physics 13.5 (2017): 431-434.
Van Nieuwenburg, Evert PL, Ye-Hua Liu, and Sebastian D. Huber. "Learning phase transitions by confusion." Nature Physics 13.5 (2017): 435-439.
Wetzel, Sebastian J. "Unsupervised learning of phase transitions: From principal component analysis to variational autoencoders." Physical Review E 96.2 (2017): 022140.
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Tuning Runs on the Device
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QMAI  |QDsim: Simulator of arbitrary geometries

Gualtieri, Valentina, Hernandes, Vinicius, Renshaw, Charles and EG. “QDSim: Quantum Dot Array Simulation package.” arXiv:2404.02712(2024), to appear in SciPost Physics.



QMAI  |QDsim: Simulator of arbitrary geometries

Gualtieri, Valentina, Hernandes, Vinicius, Renshaw, Charles and EG. “QDSim: Quantum Dot Array Simulation package.” arXiv:2404.02712(2024), to appear in SciPost Physics.
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pip install qdsim 



QMAI  |Modern Techniques: Use diffusion and measure less!



“Can we move beyond direct ML image 
recognition?”



QMAI  |Bottleneck: Readout

Unseld, F.K., Meyer, M., Mądzik, M.T., Borsoi, F., de Snoo, S.L., 
Amitonov, S.V., Sammak, A., Scappucci, G., Veldhorst, M. and 
Vandersypen, L.M., 2023. A 2D quantum dot array in planar 28Si/
SiGe. Applied Physics Letters, 123(8).

De Smet, M., Matsumoto, Y., Zwerver, A.M.J., Tryputen, L., 
de Snoo, S.L., Amitonov, S.V., Sammak, A., Samkharadze, 
N., Gül, Ö., Wasserman, R.N. and Rimbach-Russ, M., 
2024. High-fidelity single-spin shuttling in silicon. arXiv 
preprint arXiv:2406.07267.



QMAI  |Pauli Spin Blockade readout
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QMAI  |Optimizing the readout sequence

Voltages and ramp times as optimisation parameters

The Algorithm

Readout visibility  
(measure |0⟩ | initialize |0⟩) - (measure |0⟩ | initialize |0⟩ + 𝜋-pulse)



QMAI  |The algo: CMA-ES
Covariance matrix adaptation evolution strategy

 Global optimisation  
 Gradient free genetic algorithm 
 Covariance matrix stores correlations

By Sentewolf (talk) (Uploads) - Transferred from en.wikipedia to Commons., 
Public Domain, https://commons.wikimedia.org/w/index.php?curid=48100101
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QMAI  |Optimising visibility: Interpretation



QMAI  |Going forward

SCALE

BETTER INDIVIDUAL CONTROL

QDsim released

Polytope finding in 
multidimensional CSDs

PSB readout

optimized readout + gates

Automated operation

Gualtieri, Valentina, Hernandes, Vinicius, Renshaw, Charles and EG. “QDSim: Quantum Dot Array Simulation package.” arXiv: 2404.02712 (2024).
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DEEP FEED-FORWARD NETWORKS

GENERATIVE MODELS

QMAI tuning applications

Bucko, J., Schäfer, F., Herman, F., Garreis, R, 
Tong, C, Kurzmann, A, Ian T., & EG. (2023). 
Automated reconstruction of bound states in 
bilayer graphene quantum dots. Physical Review 
Applied 19, 024015 (2023).

CUSTOM OPTIMIZERS

Valenti, A., Jin, G., Léonard, J., Huber, S. D., & EG. 
(2022). Scalable Hamiltonian learning for large-scale 
out-of-equilibrium quantum dynamics. Physical Review 
A, 105(2), 023302.

Koch, R., van Driel, D., Bordin, A., Lado, J. L., & EG. 
Adversarial Hamiltonian learning of quantum dots in a 
minimal Kitaev chain. Phys. Rev. Applied 20, 044081 (2023)

CONVOLUTIONAL U-NETWORKS

Dubois, A. E. E., D. A. Broadway, A. Stark, M. A. Tschudin, A. J. 
Healey, S. D. Huber, J-P. Tetienne, EG, and P. Maletinsky. "Untrained 
physically informed neural network for image reconstruction of 
magnetic field sources." Physical Review Applied 18, no. 6 (2022): 
064076.
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