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Abstract: Successful implementation of error correction is imperative for fault-tolerant quantum computing. At present, the toric code, surface code
and related stabilizer codes are state of the art techniquesin error correction.

Standard decoders for these codes usually assume uncorrelated single qubit noise, which can prove problematic in a general setting.

In this work, we use the knowledge of topological phases of modified toric codes to identify the underlying Hamiltonians for certain types of
imperfections. The Hamiltonian learning is employed to adiabatically remove the underlying noise and approach the ideal toric code Hamiltonian.
This approach can be used regardless of correlations. Our method relies on a neural network reconstructing the Hamiltonian given as input a linear
amount of expectation values. The knowledge of the Hamiltonian offers significant improvement of standard decoding techniques

Eliska Greplova, Agnes Valenti, Evert van Nieuwenburg, Sebastian Huber
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Goals of this talk

Quantum error correction is important.

Learning Hamiltonians is important.

Bringing them together can be helpful.
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Wave-function vs. Hamiltonian

Phys. Rev. Lett. 112, 190501 (2014)
Phys. Rev. Lett. 122, 020504 (2019)
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Nat Phys 1, (2005)
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Quantum Error Correction

noise
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Quantum Error Correction

dOR 9
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Relevant Problem: Quantum Error Correction: Toric Code
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1

Topological ground state

One has to flip the whole row of spins to change the state.
On the torus this can be done in two directions - two qubits.
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Projective measurements vs. Hamiltonian engineering
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Projective measurements vs. Hamiltonian engineering

| Begin from an arbitrary state.
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Projective measurements vs. Hamiltonian engineering
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Relevant Problem: Quantum Error Correction: Toric Code

Remains solvable!
Degenerate ground state!
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Relevant Problem: Quantum Error Correction: Toric Code
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Relevant Problem: Quantum Error Correction: Toric Code
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Iterative application of the trained model

Field strength, |b?|
— |
0.00 0.85 1.70
Field strength, |b*|

— |
0.00 0.85 1.70

solvable Hamiltonian

Pirsa: 19070026



Measurements of success

(1) STATE:

"What is the probability that single qubit will flip spin or
phase? Can we guarantee established thresholds?”

(2) HAMILTONIAN:

“How ‘far' are we from the ideal toric code
Hamiltonian?”

Pirsa: 19070026 Page 19/27



Measurements of success

(1) STATE:

"What is the probability that single qubit will flip spin or
phase? Can we guarantee established thresholds?”

/‘)\W\

PROJECT! PROJECT!

"What is the
probability a physical
single spin is flipped

after stabiliser

. A 1} "'0.010/
projection? ~13% , 2
Field strength, |b?| Field strength, |b?|
f———— f————
0.00 0.85 1.70 0.00 0.85 1.70
Field strength, |b*| Field strength, |b*|
| |
0.00 0.85 1.70 0.00 0.85 1.70
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Measurements of success

(2) HAMILTONIAN:

“How ‘far' are we from the ideal toric code
Hamiltonian?”

“Find proper basis H — E C"m, Sm
T

and calculate L2-
distance of the
coefficients.”

AH e ||€3true = érecovered |2

Phys. Rev. Lett. 122, 020504 (2019)
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Measurements of success

(2) HAMILTONIAN:

“How ‘far' are we from the ideal toric code
Hamiltonian?”
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Prob. of Single Qubit Error
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Error Analysis: Scaling with System Size
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