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Quantum Error Correction



Quantum Error Correction (QEC)

QEC code: selecting an appropriate subspace of some larger Hilbert space called code subspace that has 
The same dimension as system

Encoding:

Each code can correct a specific set of errors

2-step error correcting procedure: 1. Error detection

2. Recovery



Quantum Error Correction (QEC)

Example: 1 to 3 qubits encoding

Set of the errors:



Quantum Error Correction (QEC)

Example: 1 to 3 qubits encoding



Quantum Channel

Completely positive and trace preserving

Model Environment :

Kraus Representation:



General theory of QEC

Noise model: quantum channel with Kraus operators correspond with the set of errors

Error correction via Recovery channel:

Example: 1 to 3 qubits encoding



Operator Algebra QEC

In the Heisenberg Picture:

The conservation of the states via the Recovery channel implies:

Operator Algebra QEC!



Petz theorem

Relative Entropy:

Reversibility:

Petz Recovery Channel:



AdS/CFT



Bulk Reconstruction



HKLL procedure

▪ Fields obey the bulk E.O.M

▪ Extrapolate Dictionary



HKLL procedure

:



AdS-Rindler Reconstruction



AdS-Rindler Reconstruction



QEC & Holography



3 Qutrit Code!



3 Qutrit Code!



Logical operator:

Holographic Map as a QEC code!



A theorem in OAQEC 



Causal wedge vs Entanglement wedge

HKLL  procedureCausal Wedge 

Entanglement Wedge 



JLMS statement



Entanglement Wedge Reconstruction



Entanglement Wedge Reconstruction

JLMS statement:

𝑂 acts only on 𝐻𝑎:

EWR!





EWR & Recovery Channel



EWR & Recovery Channel

Petz Recovery Channel

?



EWR & Recovery Channel

Petz Recovery Channel



Petz Map



Petz Map

Petz Map !



Petz Map Reconstruction

[E. Bahiru, N. Vardian] [N. Vardian]



Thank You !
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