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Abstract: The goal of this project is to map out the “quantum channel zoo” by creat-
ing a website hosting a dynamic wiki-style database of the known quantum channels
and their mathematical and information-theoretic properties. The idea is to create a
valuable resource for scientists researching quantum channels.

1. Background

1.1 Density operators and partial trace
A density operator or quantum state is a linear operator ρ ∈ L(H) on a Hilbert space H
that is positive semidefinite and has trace 1.

Let {|i⟩B}
|B|−1
i=0 be an orthonormal basis of HB (where |B| = dimHB). The partial trace

of an operator XAB ∈ L(HA ⊗HB) is defined as

trB(XAB) =

|B|−1∑
i=0

(1A ⊗ ⟨i|B)XAB(1A ⊗ |i⟩B).

1.2 Quantum channels and unitary evolution in open systems
A quantum channel is a model for noise in an open quantum system S with environment
E. It is defined mathematically as a linear, completely positive, trace-preserving map
acting on density operators, and can be understood in physical terms as follows.

We assume that the environment E is initialized in a state |0⟩, and the state ρS⊗|0⟩⟨0|E on
the whole system SE undergoes unitary evolution by USE : L(HS⊗HE) −→ L(HS ′⊗HE):

ρS ⊗ |0⟩⟨0|E 7→ USE(ρS ⊗ |0⟩⟨0|E)U
†
SE.

Then the noisy quantum channel N : L(HS) −→ L(HS ′) is defined by considering the effec-
tive evolution on the system S (resp. S′) alone, discarding the (inaccessible) environment:

N (ρS) = trE

(
USE(ρS ⊗ |0⟩⟨0|E)U

†
SE

)
.

2. Representations of quantum channels

We consider three representations of a channel N : A → B with environment E:
• The Choi operator τAB of N : A → B is defined as τAB = (idA⊗N )(|γ⟩⟨γ|AA′), where
|γ⟩AA′ =

∑|A|−1
i=0 |i⟩A

⊗
|i⟩A′ is an unnormalized maximally entangled state on AA′ de-

fined in terms of an orthonormal basis {|i⟩A}
|A|−1
i=0 of HA. The channel action is given

by
N (ρA) = trA

[
τAB

(
ρTA ⊗ 1B

)]
.

The Choi operator of a quantum channel is a positive semidefinite operator satisfying
τA = trB τAB = 1A

• A Kraus representation of a channel N consists of Kraus operators {Ki}
|E|−1
i=0 with

Ki : HA → HB satisfying
∑|E|−1

i=0 K
†
iKi = 1A such that

N (ρA) =
∑|E|−1

i=0
KiρAK

†
i .

• A channel isometry V : HA → HB ⊗HE satisfying V †V = 1A and

N (ρA) = trE

(
V ρAV

†
)
.

The isometric representation is closely related to the unitary evolution in the open sys-
tem picture described in Sec. 1.2 above.

3. Examples of quantum channels

3.1 Depolarizing Channel
The depolarizing channel is a qubit channel defined as

Dq(ρ) = (1− q)ρ + q tr(ρ)
1

2
= (1− p)ρ +

p

3
XρX +

p

3
Y ρY +

p

3
ZρZ,

where p ∈ [0, 1] and q = 4p/3, and X, Y, Z are the Pauli matrices.

Its Kraus operators are

K0 =
√
1− p1, K1 =

√
p

3
X, K2 =

√
p

3
Y, K3 =

√
p

3
Z.

Its channel isometry V acts as

|0⟩A 7→
√

1− p |0⟩B |0⟩E +

√
p

3
|1⟩B |1⟩E + i

√
p

3
|1⟩B |2⟩E +

√
p

3
|0⟩B |3⟩E

|1⟩A 7→
√
1− p |1⟩B |0⟩E +

√
p

3
|0⟩B |1⟩E − i

√
p

3
|0⟩B |2⟩E −

√
p

3
|1⟩B |3⟩E .

Its Choi state is

τAB =


1− 2

3p 0 0 1− 4
3p

0 2
3p 0 0

0 0 2
3p 0

1− 4
3p 0 0 1− 2

3p

 .

3.2 Erasure Channel
The qubit erasure channel is defined for ϵ ∈ [0, 1] by

Eϵ(ρ) = (1− ϵ)ρ + ϵ |e⟩ ⟨e| ,

where |e⟩ is an erasure flag state orthogonal to the input state ρ.

Its Kraus operators are

K0 =
√
1− ϵ(|0⟩ ⟨0| + |1⟩ ⟨1|), K1 =

√
ϵ |e⟩ ⟨0| , K2 =

√
ϵ |0⟩ ⟨1| .

Its channel isometry V acts as

|0⟩A 7→
√
1− ϵ|0⟩B|0⟩E +

√
ϵ|e⟩B|1⟩E

|1⟩A 7→
√
1− ϵ|1⟩B|0⟩E +

√
ϵ|e⟩B|2⟩E.

Its Choi state is (0’s are replaced by ·’s for readability)

τAB =


1− ϵ · · · 1− ϵ ·
· · · · · ·
· · ϵ · · ·
· · · · · ·

1− ϵ · · · 1− ϵ ·
· · · · · ϵ

 .

4. The Quantum Channel Zoo

4.1 Website
The goal of the website is to create a comprehensive list of quantum channels that clearly
displays commonly cited channel properties, while also allowing for future additions and
corrections. In this sense, the website mirrors a Wikipedia page. It is online at

https://quantumchannelzoo.org/

We have already implemented the following sections for a selection of quantum channels:
• Explicit form of the channel and a general description.
• The channel dimensions (input, output, minimal environment).
• Representations (Choi, Kraus, and Isometric).
• Parents/children of the given channel.
• References.

Currently, the database consists of the following channels: amplitude damping, general-
ized amplitude damping channel, multilevel and resonant multilevel amplitude damping
channel, X-dephasing, Z-dephasing, and generalized dephasing channel, Pauli chan-
nel, dephrasure channel, qubit and higher dimensional erasure channel, qubit and higher
dimensional depolarizing channel, and finally, the qutrit platypus channel along with its
higher dimensional generalizations.

Scan this to visit
quantumchannelzoo.org

4.2 Github repository
The website utilizes a (yet to be made public) GitHub repository where contributors will be
able submit revisions and entries to the website. We use the ZooDB package created by
Philippe Faist to build the website.

The Quantum Channel Zoo takes inspiration from the Error Correction Zoo [3] created
by Philippe Faist and Victor V. Albert, which serves a similar purpose in documenting
quantum and classical error correction codes in one centralized place. Both the Quantum
Channel and Error Correction Zoo’s fit into a larger trend within various scientific commu-
nities of creating these Zoos to consolidate information and make them easily accessible.

5. Future Work

• Finalize and beautify website, go public and invite collaborators
• Add information-theoretic and mathematical properties for channels (e.g., capacity in-
formation, entanglement properties, ...)

• Add more channels such as rocket channel, bosonic channels, ...
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