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Introduce/review dense coding and teleportation

Introduce quantum secret sharing

Two experiments on dense coding, one using hyperentanglement
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What is quantum?

Entanglement, 
contextuality, 
complementarity
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“Quantumness” allows for quantum encoding and decoding.

Quantum dense coding 

Quantum teleportation

Bennett and Weisner, Phys. Rev. Lett. 1992
Bennett et al. Phys. Rev, Lett., 1993 

Wiesner Bennett

Brassard wikipedia
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Quantum dense coding=“inverse” of quantum teleportation



Plan…

6

Introduce/review dense coding and teleportation

Introduce quantum secret sharing

Two experiments on dense coding, one using hyperentanglement



Experimental dense coding
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Kwiat

With linear optics, one can only 
transmit 1.58 bits, not 2 bits.



Experimental dense coding
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Experimental dense coding
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With hyper-entanglemen (simultaneously entangled in two 
degrees of freedom), one can only transmit 1.630 bits, 
above the 1.585 bits  limit.
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Benefits: Why use qudits/entangled qudits?
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• higher information capacity

• more robust against optimal cloning

• higher QKD error thresholds

What can be done only with qudits?

What can be done only with qudit entanglement?

Erhard et al, Light Sci Appl 7 17146(2018)



What can you do only with high-dimensional entanglement?

N=number of parties
K=number of trusted parties

(4,3) threshold scheme

A (3,2) threshold scheme using 
qubit shares does not exist.

Entangled qutrits are necessary!
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What can you do only with qudits?

Quantum secret sharing with just one 
detector is possible with qudits. 

Is that quantum error correction?
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Introduce/review dense coding and teleportation

Introduce quantum secret sharing

Two experiments on dense coding, one using hyperentanglement

Take home…

• Dense coding is the ”inverse” of teleportation. You can communicate 2 
bits with 1 qubit, given there is pre-shared entanglement.

• Dense coding experiments with photons are currently below the 2-bit 
optimum value. Hyperentanglement can help achieve this limit.

• Quantum secret sharing is somewhat quantum error correction.



Thank you!

18


