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Quantum Channels
Representations

• Completely Positive Trace-preserving map


• Kraus representation 
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Quantum Channels
Representations

• Completely Positive Trace-preserving map


• Choi representation 
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Quantum Channels
Covariance

<latexit sha1_base64="swpizox5jpl2i7xhgT8E9n7VXIU="></latexit>

�(U⇢U †) = V �(⇢)V †

Unitary Channel
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Landau-Streater Channel
Unital Qubit Channels

• d=2:
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• But that’s not the case for higher dimensions!
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Landau-Streater Channel
In three dimensions
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• SO(3) generators as Kraus operators:

<latexit sha1_base64="vTArQmDSfNLztf6NcB2ZQnxkcoY="></latexit>

Jx = �i

2

4
0 0 0
0 0 1
0 �1 0

3

5 , Jy = �i

2

4
0 0 �1
0 0 0
1 0 0

3

5 , Jz = �i

2

4
0 1 0
�1 0 0
0 0 0

3

5



Landau-Streater Channel
in three dimensions is nothing But Werner-Holevo Channel 

• Covariance:
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Noisy Quantum Channel
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Complementary Channel
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Kraus Operators of Complementary Channel
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Classical Capacity
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Classical Capacity
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Holevo-Schumacher-Westmoreland
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If the channel is irreducibly covariant:
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Because of Concavity it’s sufficient to consider pure states.
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Output entropy is invariant with respect to covariance of quantum channel
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Exploiting Covariance of Channel, we can decrease the 
parameters of optimization further.
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Only two parameters remain.
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Entanglement-Assisted Capacity
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Entanglement-Assisted Capacity Theorem
Bennet-Smolin-Shor-Thapliyal
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Entanglement-Assisted Capacity
The channel

• Channel mutual information is concave


• Channel mutual information is invariant under the channel’s covariance


• For irreducible covariant channel is achieved in maximally mixed state[Holevo]. 
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Classical Capacities



Quantum Capacity
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Upper Bounds

• Partial Transposition Bound


•  -degradability and  -Antidegradabilitiy


✓Flagged Extension Upper bound 


✓Semi-definite programming 

ϵ ϵ



Degradable and Anti-degradable Channels
• Degradable Channel:
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Degradable and Anti-degradable Channels
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Flagged Extension UpperBound

• Flagged Extension Upper Bound
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Flagged Extension UpperBound

<latexit sha1_base64="Levq2DXQappkRoTiwP6hAgF5xTw="></latexit>

⇤x(⇢) = (1� x)⇢+ x⇤1(⇢)

<latexit sha1_base64="wOMMI9RO9kaorDjLMuIRgcHpUkg="></latexit>

Q(⇤x)  (1� x)Q1(⇢) + xQ1(⇤1)
<latexit sha1_base64="k3rMWhBHA2C02ypY94CfvymFJnM="></latexit>

⇤1(⇢) Anti-Degradable

<latexit sha1_base64="ZrGsf6mDav+/H3O1mOYl/PqEnBQ="></latexit>

Q(⇤x)  (1� x)Q1(⇢)

<latexit sha1_base64="EJbUN4aqNk88jaa77lPsDJdj8VY="></latexit>

Q(⇤x)  (1� x) log 3 1st Upper Bound



Semi-definite Programming
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Semi-definite Upper Bound
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Lower Bound and super additivity

• Super Additivity:
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Evaluated numerically by Sampling space of density matrices and a local solver 



Bounded Quantum Capacity



The End 

Thank You for Your Attention



Entanglement-Assisted Capacity
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Entanglement-Assisted Capacity
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Quantum Capacity

<latexit sha1_base64="AhjdAxQYuwv8Hm4VNdYsALaiXBQ="></latexit>

 A1,R

<latexit sha1_base64="2ugE1kh995J2Gj4W+pvTmzBOAxI="></latexit>

EA1!A0n( RA1)

<latexit sha1_base64="1AHyhRKEgp2uO2Aa0+e8qa9wc0k="></latexit>

N⌦n(EA1!A0n( RA1))

Alice Bob
<latexit sha1_base64="BStFkqJIVskCsDmGwyAM9hL4t3c="></latexit>

D(N⌦n(EA1!A0n( RA1)))

<latexit sha1_base64="bhNfxxEATMjif9jNRyx2J7T6hyI="></latexit>

R =
logHA1

n


