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Hamiltonian Learning for Quantum Error Correction

Eliska Greplova, ETH Zurich
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Can Hamiltonian learning provide new l‘ ‘
ideas for quantum error correction? 9.
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Wave-function vs. Hamiltonian
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Phys. Rev. Lett. 112, 190501 (2014)
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QIP devices - Hamiltonian Engineering

=

[

=5 :

- 5

- 5

»4‘", )
- »

\\\\\\\\\\

AAAAA 4

Wave  arXiv:1803.02047

w LA
CC P

T .
Phys. Rev. X 6, 031016 (2016)
' LT V V3 @ vga?\t:;g::ﬁ) E;> Ec
| B,
= o7 Yo leven) |odd)
IV.q
- V B e E; < Eo
- 1
B ____SCisiand___ T
” - leven) odc‘lh).""_ |Qe)
~ arXiv:1803.02047 ng .
Home Nature 566 (2017) Ares — Alicea



ETH-zurich

Relevant Problem: Quantum Error Correction: Toric Code
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ground state encodes 2 qubits
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Topological ground state
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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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Quantum Info vs CondMat
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Decoder Families of solvable models
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Reliable quantum memory Behaviour and statistics of excitations
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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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Relevant Problem: Quantum Error Correction: Toric Code

Remains solvable!
Degenerate ground state!




ETH-zurich

Relevant Problem: Quantum Error Correction: Toric Code
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We train on scalable analytical states
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Iterative application of the trained model
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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?”
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“We learn noisy topologlcal code
Hamiltonian by measuring LINEAR number
of expectatlon values
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Hamiltonian engineering.”
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Agnes Valenti  Evert van Nieuwenburg Sebastian Huber

Thank you for your attention!



