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8.8: Quantum Teleportation - Another Look

A graphic representation of the teleportation procedure is accompanied by a quantum circuit for its implementation.
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Alice has the photon to be teleported (teleportee) and another photon belonging to an entangled pair that she shares with Bob.

Teleportee photon state:

Entangled Bell state photon pair:
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The shared Bell state and the remaining Bell states shown below are indexed in binary notation. The Appendix contains an explanation of
the indexing scheme.

0

1 1
ﬂm_ﬁ )
0

1

1 0
ﬂlo—ﬁ 0
-1

0

1 1
ﬁu—ﬂ 1
0

In the teleportation circuit, the teleportee is initially on the top wire and the Bell state photons are on the two lower wires. Alice controls the
top two wires, while Bob has the bottom wire. The initial product state is formed by vector tensor multiplication.

¥, = ¥hno

wn:%(\@ 00 3 JEoo %)T

The matrix operators required to run the circuit and carry out the subsequent measurements and transformations are now identified.
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Measurement operator for |0 >:
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Measurement operator for |1 >:
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The foward slashes shown on the top two wires of the circuit represent measurements done by Alice. The matrix operator representing the
quantum circuit prior to Alice's measurements is formed using tensor multiplication.

QC = kronecker(H, kronecker (I, I)) kronecker(CNOT, I)

After the controlled-not and Hadamard gates, but before measurement by Alice, the system is in a superposition state involving the Bell state
indices on the top two registers. The third register contains a state that can be easily transformed into the teleportee once Alice tells Bob
which Bell state she observed.
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which can be written
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If Alice observes (3, Bob does nothing (the identity operation) because he has W on his register. If Alice observes 3;; Bob applies the X
operator, if she finds ;5 he uses the Z operator, and finally if Alice observes ;; Bob applies the X operator followed by the Z operator.
Further mathematical detail is provided by showing explicitly the four equally probable measurement outcomes that Alice observes, and
Bob's subsequent action on his register.
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The teleportation ci nalyzed algebraically.
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This page titled 8.8: Quantum Teleportation - Another Look is shared under a CC BY 4.0 license and was authored, remixed, and/or curated by Frank Rioux
via source content that was edited to the style and standards of the LibreTexts platform.
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