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Car Issue Quantum analogy Type

Steering too hard Pulse distortion Control

Brakes delayed Crosstalk in gates Control

Faulty battery TLS in dielectrics Fab

Poor alignment Parasitic coupling Fab/ layout

Leaky fuel injector QP poisoning Fab
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❑ Problem Identification



❑ QEC and Correlated Errors

• QEC necessity (physical vs. logical qubits)

• Architectures: repetition code, surface code etc.

• Errors are assumed to be: independent and local

Exponential suppression of bit or phase errors with 
cyclic error correction by Google Quantum AI. Link: 
https://www.nature.com/articles/s41586-021-03588-y

Suppressing quantum errors by scaling a surface 
code logical qubit by Google Quantum AI. Link: 
https://www.nature.com/articles/s41586-022-05434-1

https://www.nature.com/articles/s41586-021-03588-y
https://www.nature.com/articles/s41586-022-05434-1


❑ Correlated Errors Analogy

Correlated errors Independent errors

BEFORE

Correlated errors Independent errors

AFTER



❑ Correlated Errors

• Correlated error burst through space and time

Correlated Charge Noise and Relaxation Errors in 
Superconducting Qubits by C.D. Wilen et al. Link: 
https://arxiv.org/pdf/2012.06029

https://arxiv.org/pdf/2012.06029


❑ High-energy Impact Events

• High-energy radiation deposits up to 1 MeV, creating high-energy phonons

• High-energy impacts -> error bursts

𝐸𝜇 ~ 3 𝐺𝑒𝑉

𝐸𝛾 ~ 100 𝑘𝑒𝑉
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❑ Alternative Strategies

• Phonon or QP traps reduce both the temporal and spatial extent, but 

QP poisoning is still observed.

Engineering cryogenic setups for 100-qubit scale 
superconducting circuit systems by S. Krinner et al. Link: 
https://epjquantumtechnology.springeropen.com/articles/
10.1140/epjqt/s40507-019-0072-0

• Low-radiation underground facility reduces event rate of 

impacts, but remaining events remain unmitigated.

https://epjquantumtechnology.springeropen.com/articles/10.1140/epjqt/s40507-019-0072-0


❑ Chosen Strategy

• GAP ENGINEERING



❑ Chosen Strategy

• 𝚫𝑨𝒍 is sensitive to thickness

• Gap difference: 𝜹𝚫 = 𝚫𝒕𝒉𝒊𝒏 − 𝚫𝒕𝒉𝒊𝒄𝒌

• 𝑬𝒒 = 𝒉𝒇𝒒

• If 𝑬𝒒 ≫ 𝜹𝚫 -> QPs with 𝑬𝑸𝑷~𝑬𝚫 are 

further away from 𝑬𝒒

• 𝜟𝒃𝒖𝒍𝒌 = 𝟏𝟖𝟎𝝁𝒆𝑽



❑ Recap

• 𝜟𝒃𝒖𝒍𝒌 = 𝟏𝟖𝟎𝝁𝒆𝑽

𝐸𝜇 = ?

𝐸𝛾 = ?
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• 𝜟𝒃𝒖𝒍𝒌 = 𝟏𝟖𝟎𝝁𝒆𝑽

𝐸𝜇 = ?

𝐸𝛾 = ?

𝐸𝜇 ~ 3 𝐺𝑒𝑉

𝐸𝛾 ~ 100 𝑘𝑒𝑉
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❑ Gap Engineered Qubits

• 𝒇𝒎𝒂𝒙 = 𝟕 − 𝟕. 𝟑 𝑮𝑯𝒛

• 𝜟𝑾𝑮𝑬 ~ 𝟓 𝑮𝑯𝒛

• 𝜟𝑾𝑮𝑬 ~ 𝟏𝟐 𝑮𝑯𝒛
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❑ Measuring Correlated Errors



❑ Detecting High-energy Impact Event



❑ Errors in GE Qubits



❑ Conclusion
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THANK YOU FOR LISTENING!


