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Quantum channels

A quantum channel is a model for a noisy communication link between
a quantum sender Alice and a quantum receiver Bob.
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Alice Bob

A quantum channel can transmit different types of information:
quantum, private, classical information
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Classical information transmission
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Private information transmission
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Quantum information transmission

Alice

Bob

Eve 04



Quantum channel capacities

Channel capacities quantify how much information a channel can transmit faithfully. 
Curiously, this question may be very hard to answer for quantum channels!
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Talk outline

1. Quantum channel capacities and (super-)additivity

2. The platypus channel and its capacities

3. Strong superadditivity of the platypus channel

4. Further results and open problems
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Quantum channel capacities
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Some technical definitions
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Coding theorems for quantum channel capacities

[Schumacher & Westmoreland '97, Lloyd '97, Holevo '98, Shor '02, Cai et al. '04, Devetak '05, , 09



Operational interpretation of coding theorems
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Superadditivity of information quantities

[DiVincenzo et al. '98, Smith et al. '08, Hastings '08]

[Smith & Yard '08, Brandão et al. '12]

11



Weakly and strongly additive channels

We distinguish between two types of additivity:
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Additivity and non-additivity

There are many results for additivity or lack thereof. (Ask me for references!)

But the situation is rather different for the capacities Q, P, C:

Classical capacity C

Many classes of strongly additive channels are known (entanglement-breaking,
depolarizing, unital qubit, ...), but no explicit example of superadditivity.

Quantum capacity Q, private capacity P

Only three classes of weakly additive channels are known (degradable, anti-deg.,
PPT), but plenty of explicit examples of superadditivity.

13



Talk outline

1. Quantum channel capacities and (super-)additivity

2. The platypus channel and its capacities

3. Strong superadditivity of the platypus channel

4. Further results and open problems
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Platypus channel: Stitching simple channels

A

B

E

15



Platypus channel: Stitching simple channels

Capacities of each of the channels are known:

[Wang & Duan '18, Siddhu '21]
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Weak additivity of the platypus channel

Capacities of the platypus channel:

The platypus channel does not belong to any of the known additive
channel classes, yet its information quantities are all weakly additive!

*up to the "spin alignment conjecture",
 more later.
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Weak additivity of the platypus channel
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Spin alignment conjecture
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Separation of quantum and private capacity

[Werner & Holevo '01, Wang et al. '18]
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Talk outline
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4. Further results and open problems
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Strong superadditivity of the platypus channel

Platypus channel is weakly additive but not strongly additive for
quantum information transmission:
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Strong superadditivity of the platypus channel
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Strong superadditivity of the platypus channel

A single code ansatz achieves superadditivity for all channels:
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Unconditional superadditivity of quantum capacity
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4. Further results and open problems
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Generalization of platypus to more parameters
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Previous observations of the platypus in nature

Vikesh defined the qutrit platypus channel in 
arXiv:2003.10367 to understand so-called log-singularities 
in the coherent information giving rise to superadditivities. 

Even earlier, X. Wang and R. Duan defined a unitarily 
equivalent channel in arXiv:1608.04508 to study 
zero-error capacities of channels.

In arXiv:1610.06381, they studied the private and classical capacity of that channel, 
and also noticed the separation of Q(.) and P(.).

Our work motivates the channel using the stitching construction, provides rigorous 
analysis of capacities and additivity properties, and generalizes it to higher dimensions. 
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Conclusion & open problems

The platypus channel is a weakly additive channel of a new type that 

generically displays strong non-additivity for a variety of channels.

The quantum and private capacity are strictly separated, and the private and

classical capacity satisfy the strong converse property.

Can we prove the spin alignment conjecture?

Strong (non-)additivity for private and classical information?

Thank you for your attention!
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