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Entanglement and teleportation

"An entangled state describes the 
complete knowledge of the whole
without knowing the state of 
any one part."

- Charles H. Bennett
Photo: Abdus Salam ICTP Dirac Medal Award
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Entanglement and teleportation

Entanglement: strong form of non-local correlation between separated systems.

Incredibly useful for quantum information-processing 

                                      when used together with other resources.
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Entanglement and teleportation

Breakthrough result in 1993: Quantum teleportation

Bennett et al. (see image) realized that correlation
in an entangled state and classical communication
can be used to teleport an unknown quantum state.

[Bennett et al. '93] | 4



Standard teleportation protocol

Alice

A1 B1C

qubit to be

teleported

entangled resource state

Bob

Idea of teleportation:
entanglement + classical channel = quantum channel

classical channel
[Bennett et al. '93] | 5



Standard teleportation protocol

Alice

A1 B1C

Bob

Steps:
1) Alice performs Bell measurement on CA1.
2) Alice sends classical outcome i to Bob.
3) Bob applies correction operation Vi to B.

1)
2)

Vi

3)

i

[Bennett et al. '93] | 6



Standard teleportation protocol

Alice

A1 B1C

Bob

Advantages:

1)
2)

Vi

3)

i

Target state is teleported exactly.

Beautifully simple!

Disadvantage:

Protocol cannot implement unitary U

on teleported state if [U,Vi]≠0.

[Bennett et al. '93] | 7



Standard teleportation protocol

Advantages:

Target state is teleported exactly.

Beautifully simple!

Disadvantage:

Port-based teleportation is a variant of standard teleportation:

"Disadvantages":

State is teleported approximately.

Slightly more complicated.

Advantage:

Protocol can implement arbitrary

unitary U on teleported state.

Protocol cannot implement unitary U

on teleported state if [U,Vi]≠0.
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Port-based teleportation

Alice

A3 B3C

Bob

A2 B2

A1 B1

AN BN

[Ishizaka, Hiroshima '08]
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Port-based teleportation

Alice

A3 B3C

Bob

A2 B2

A1 B1

Steps:
1) Measurement
2) Classical communication
3) Correction

1)

AN BN

i

2)

[Ishizaka, Hiroshima '08]

3)
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Port-based teleportation

Unitary covariance:
"Correction" (partial trace)
commutes with any unitary applied
to all of Bob's ports.

A3 B3C

A2 B2

A1 B1

AN BN

Caveat:
Protocol cannot be perfect for
finite resources.

[Nielsen, Chuang '97] | 12



Port-based teleportation

A3 B3C

A2 B2

A1 B1

AN BN

Nevertheless, unitary covariance
enables interesting applications of PBT:

Universal programmable 
quantum processors

🠒

Attacks on position-based
cryptography

🠒

Quantum channel discrimination🠒

[Ishizaka, Hiroshima '08; Beigi, König '11; Buhrman et al. '14; Pirandola et al. '19] | 13



Quantifying performance of PBT

A3 B3C

A2 B2

A1 B1

AN BN

C''
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PBT and state discrimination

[Ishizaka, Hiroshima '08]

A3 B3

A2 B2

A1 B1

AN BN
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Semidefinite programming
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Semidefinite programming

POVM: most general definition of
quantum measurement
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PBT and state discrimination

A3 B3

A2 B2

A1 B1

AN BN
What is a good choice for the 
POVM (measurement)?
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Pretty good measurement

A3 B3

A2 B2

A1 B1

AN BN

[Hausladen, Wootters '94], [Barnum, Knill '02] | 19



Asymptotically faithful port-based teleportation

No-Go theorem: Port-based teleportation cannot be exact with finite resources

because of the unitary covariance property.

[Ishizaka, Hiroshima '08]

[Beigi, König '11]

Main result of arXiv:2008.11194: PGM is in fact the optimal measurement.
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Symmetries in state discrimination problem

A1 A2 A3 AN

B1
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Symmetries in state discrimination problem

A1 A2

B B B B

A3 AN
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Symmetries on tensor product spaces

1 2 3 4

1 23 4

1 23 4
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Irreducible representations

1 2 3 4

1 23 4

1 23 4

Irreducible representation is a space that does not
contain any non-trivial invariant subspaces.
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Schur-Weyl duality

1 2 3 4

1 23 4

1 23 4
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Pieri rule

3 4

24

24

1 2

13

13

0

0

0
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Solving the state discrimination problem

[Studzinski et al. '17] | 28



Optimality of pretty good measurement
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Asymptotics of PBT performance

[Studzinski et al. '17] | 31



Schur-Weyl distribution and spectrum estimation

[Alicki '88], [Keyl, Werner '01] | 32



Fluctuations of the Schur-Weyl distribution

[Alicki '88], [Keyl, Werner '01], [Johansson '01] | 33



Asymptotics of PBT performance
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Asymptotics of PBT performance
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Fully optimized port-based teleportation

[Majenz '17], [Mozrzymas et al. '18], [arXiv:1809.10751]

A1

A2

AN

B1

B2

BN

symmetrize

A1

A2

AN

B1

B2

BN
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Fully optimized port-based teleportation

[Majenz '17], [Mozrzymas et al. '18], [arXiv:1809.10751]

A1

A2

AN

B1

B2

BN

Using the same technique as before (symmetries + SDP duality),

we can derive a formula for entanglement fidelity:
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Conclusion

Port-based teleportation: approximate teleportation scheme with
unitary covariance that enables interesting applications.

Natural symmetries enable characterization of performance using
tools from representation theory.

Asymptotics of PBT can be derived using interesting connection between 
representation theory and random matrix theory.

Can we use these tools to analyze the asymptotic behavior of other
quantum-information theoretic tasks with similar symmetries?

Thank you for your attention!
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