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Independent and identically distributed (i.i.d.) noise model
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How much quantum information can be stored in a device ?

How to quantify correlations?
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Clearest proof:

Hayden et al., quant-ph/0702005

Lloyd '97, Shor '02, Devetak '05

Quantum capacity theorem:



Superadditivity of coherent information

Recall: We aim to quantify surviving correlations to a reference system.



Idea: Use code blocks consisting of k entangled qubits.

Superadditivity of coherent information



Superadditivity of coherent information



Superadditivity of coherent information



Shor & Smolin '96, DiVincenzo et al. '98, Smith & Smolin '07,...

Superadditivity of coherent information

Advantage:

Possible superadditivity of 

coherent information,



Quantum capacity

Schumacher, Nielsen, Barnum, Knill, Lloyd, Shor, Devetak 1996-2005

Entropic formula:
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Quantum capacity

Entropic formula:

Many problems:

Unboundedness, non-convexity,

multipartite entanglement, ...
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Lower bounds on quantum capacity

This work: Focus on lower bounds

How to efficiently compute coherent information for larger k?



Symmetries in mathematical physics

Symmetry eliminates free parameters: 

no symmetries,

complicated description

rotational symmetry,

described by three parameters

"Do something and nothing happens."
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Schur-Weyl duality
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Invariant states

Well-known example: Repetition code

This code gives superadditive coherent information for Pauli channels

Shor & Smolin '96; Smith & Smolin '07; Bausch & FL '21
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Two-Pauli channel

No-cloning bound:
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Two-Pauli channel

hashing Fern-Whaley '08
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Optimal code: "non-orthogonal repetition code"

with

Smith & Smolin '07; Fern & Whaley '08; Bausch & FL '21



Two-Pauli channel

Optimal code: "non-orthogonal repetition code"

Other Pauli channels (e.g., BB84 channel)

also benefit from non-orthogonal rep codes.

Representation-theoretic analysis in paper!

with



Conclusion

We use a permutation-invariant ansatz for quantum codes and tools from

representation theory to improve achievable communication rates 

for many channels of interest:

- Pauli channels (e.g., two-Pauli, BB84)

- Generalized amplitude damping channel

- Dephrasure channel

- Damping-dephasing channel



Conclusion

We use a permutation-invariant ansatz for quantum codes and tools from

representation theory to improve achievable communication rates 

for many channels of interest:

Future work: Handle more general symmetry group to make code ansatz 

more flexible and tailored to specific noise models.

- Pauli channels (e.g., two-Pauli, BB84)

- Generalized amplitude damping channel

- Dephrasure channel

- Damping-dephasing channel



Paper

Links to paper and code

Thanks for your attention!

Code on GitHub


