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• Large-scale quantum computation requires a fast assessment of the main sources of error.
• Realistic errors are not necessarily Markovian (e.g. 1/f noise) or trace-preserving (leakage).
• We provide a learning-based framework that allows to extract the contribution of each physical noise source to the infidelity of a 

series of gates with a small number of experimental measurements and low classical overhead [1].
• Demonstration on superconducting transmon qubits with tunable couplers.

• Use noise models to simulate quantum circuits.
• Compare a set of simulated circuits to experimental results.
• Low classical overhead after training.

• Approximately 2x reduction in measurement time needed 
• Realistic SPAM errors [4].
• Estimates also for complex errors (such as flux tails and 

leakage).
• Typical percentage of explained variance: 70-90%.

• GPR can be used to estimate the errors on many qubits, with 
less experimental shots and low classical overhead.

• Can be used in the presence of non-Markovian errors.
• Prerequisites:

o Accurate error models of the system,
o Estimate of realistic parameter ranges.

• Easily adaptable to other systems and co-design chips [5].

[1] M. Papič, et al., arXiv:2305.08916 (2023)

[2] F. Motzoi, et al., Phys. Rev. Lett. 103, 110501 (2009)

[3] Y. Sung, et al., Phys. Rev. X 11, 021058 (2021) 

[4] Google Quantum AI, Nature 614, 676–681 (2023)

[5] M. G. Algaba and M. Ponce, et. al., Phys. Rev. Research 4, 043089 (2022)

Overview

Error Budget Reconstruction Superconducting Qubit Error Budgets

Conclusions

References

1 IQM, Georg-Brauchle-Ring 23-25, 80992 Munich, Germany
2 Department of Physics and Arnold Sommerfeld Center for Theoretical Physics, Ludwig-Maximilians-Universität München, Theresienstr. 37, 80333 Munich, Germany 

Gaussian Process Regression (GPR)

• Supervised learning 
(interpolation) technique.

• Inherent uncertainty of 
predictions.

• Small number of training 
samples.

Standard workflow: Our proposal:

5. Model 
validation

1. Characterization 
experiments

2.a) Assume physical 
(noise) model

2.b) Extract model 
parameters

3. Perform 
simulations

4. Do more 
experiments
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Error source

Single-qubit gates ( ⁄𝜋 2 and 𝜋 rotations) [2]:

Two-qubit diabatic CZ gate [3]:
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Error source

2.a) Assume physical 
(noise) model

3. Perform 
simulations

4. Compare 
experiment to 

simulation

1. Characterization 
experiments

5. Model 
validation
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N
<latexit sha1_base64="R+f69L1kf/S3jo4ihDqbCflrRR8=">AAAB+HicbVDLSsNAFL3xWeujUZduBovgQkoivpZFF7qsYB/QhDKZTtqhk0mYmQg19EvcuFDErZ/izr9x0mahrQcGDufcyz1zgoQzpR3n21paXlldWy9tlDe3tncq9u5eS8WpJLRJYh7LToAV5UzQpmaa004iKY4CTtvB6Cb3249UKhaLBz1OqB/hgWAhI1gbqWdXvBMvwnpIMM9uJz23Z1edmjMFWiRuQapQoNGzv7x+TNKICk04VqrrOon2Myw1I5xOyl6qaILJCA9o11CBI6r8bBp8go6M0kdhLM0TGk3V3xsZjpQaR4GZzEOqeS8X//O6qQ6v/IyJJNVUkNmhMOVIxyhvAfWZpETzsSGYSGayIjLEEhNtuiqbEtz5Ly+S1mnNvaid359V69dFHSU4gEM4BhcuoQ530IAmEEjhGV7hzXqyXqx362M2umQVO/vwB9bnD0Fnktg=</latexit>

G1
<latexit sha1_base64="JaxR+Z7pILzYwxzz2OYyqSOENv8=">AAAB+HicbVDLSsNAFL2pr1ofjbp0EyyCCylJ8bUsutBlBfuAJoTJdNIOnUzCzESooV/ixoUibv0Ud/6NkzYLbT0wcDjnXu6ZEySMSmXb30ZpZXVtfaO8Wdna3tmtmnv7HRmnApM2jlksegGShFFO2ooqRnqJICgKGOkG45vc7z4SIWnMH9QkIV6EhpyGFCOlJd+suqduhNQII5bdTv2Gb9bsuj2DtUycgtSgQMs3v9xBjNOIcIUZkrLv2InyMiQUxYxMK24qSYLwGA1JX1OOIiK9bBZ8ah1rZWCFsdCPK2um/t7IUCTlJAr0ZB5SLnq5+J/XT1V45WWUJ6kiHM8PhSmzVGzlLVgDKghWbKIJwoLqrBYeIYGw0l1VdAnO4peXSadRdy7q5/dnteZ1UUcZDuEITsCBS2jCHbSgDRhSeIZXeDOejBfj3fiYj5aMYucA/sD4/AFC65LZ</latexit>

G2


