Quantum Error Correction
with GKP States in
Superconducting Circuits







Error correction is the only game in town

Current quantum computers
~10-3 errors per qubit per operation

Reduce errors by adding redundancy

Daunting overhead
~10,000 physical qubits / logical

We need better hardware!

Nord Quantique






o T/ =292 4 4pus
o Tjp =238+ 3us

* T =610+ 10us
* Ty =950 & 40us

e Ty =1360 £ 30us - Tx Tz =2200 4= 30us

100 QEC cycles
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displacement noise
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Autonomous QEC

Lachance-Quirion et al., PRL (2024).




Hardware architecture at Nord Quantique
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Small dispersive strong coupling to
coupling regime: readout mode:

High urity (4N6) aluminum qu/zn ~ —10 kHz er/zn ~ —0.4 MHz
Ty =03—12ms Ks/2m ~ —1 Hz

Reagor et al., Phys. Rev. B, (2013).
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o — Modular architecture, with room for improvements Axline et al., Appl. Phys. Lett. (2016).



Storage-auxiliary entangling gate:

Echoed conditional displacement (ECD)

P. Campagne-Ibarcq et al., Nature 584, 368-372 (2020).
A. Eickbusch et al., Nat. Phys. 18, 14641469 (2022).

Storage

auxiliary rotations

* High-fidelity gate
Auxiliary

* ECD duration: ~1 us

* Constructed from displacements and
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Quantum error correction of GKP logical states - Results
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* Logical lifetime compared to with QEC, default protocol
* Logical lifetime compared to without QEC

More errors corrected than generated
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Improving hardware

Auxiliary qubit lifetime is major
limiting factor







Conclusions and future directions

Bosonic codes enable hardware efficiency

Demonstrated autonomous QEC of GKP states

Fabrication improvements will directly improve QEC

Improve QEC performance alongside
scaling to GKP qubits
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