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Quantum multiplexing is a method that utilize multiple degrees of
freedom of photons and is known to reduce various resources in
guantum information processing. We have simulated the impact of
guantum multiplexing on error correction capability in optical
communication using surface codes. Furthermore, we compared
assignment and interleaving strategies for encoding qubits into
photons. One of our strategies outperforms the performance when
using random assignment.
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* Erasure channel

Erasure(photon loss) is the dominant source of
errors in optical systems.
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Toric codes on errasure channel

Correction procedure
0. Detect erasure errors

1. Replace the erased qubit with a mixed-state
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2. Apply stabilizer measurement
3. Decoding (calculate syndromes and correct)
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Surface code communication

Applying QM (with m qubits in one photon) to surface

code communication enables the following:

1. Sending m different codewords with the same
number of photons

2. Sending y/mX+/m bigger codewords with the same
number of photons

3. Sending original code words with—;1 photons
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—— d=10, m=2, 100 photons
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In the third case, errors are correlated between qubits 88 toric codes
encoded on the same photon
- Increase the logical error rate!

We use interleaving [3] strategies to address this
issue.
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* Strategy 1and 2
Maximizing/minimizing the distance between qubits in the same photon

10 x 10 toric codes
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—>Maximizing distance inhibits error growth
* Strategy 3: random

Erasure errors in multiplexed communication channels can be regarded as burst errors
of length m. When dealing with burst errors in (classical), a technique called interleaving
is often used. This distribute burst errors throughout the system, sometimes using
random permutations. This can also be used for quantum communication.

* Strategy 4: Random + TH
Randomness + improved distance

For photons:
Initialize threshold
T=2-1

10 x 10 toric codes

o
Pick 1¢t qubit randomly
While # of qubits in the photon <m
Pick a candidate qubit ¢ randomly.
if ¢ has a distanced > T
from the nearest member,
add c to the photon
if there is no candidate,
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Result and conclusion

10 x 10 toric codes
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As the code size is increased, the Random + threshold outperforms other

performance loss due to noise correlation  strategies
becomes smaller and relatively negligible.

Quantum multiplexing reduces the number of photons and introduces the classical
correlation in the errors affecting different qubits. This classical correlation causes an
increase in the logical error rate, which can be mitigated by increasing the code size
and by interleaving strategies.

Future work

¢ Analyzing the impact of correlations and strategies on thresholds

* Comparison with codes that are better at correcting burst errors
(e.g. Quantum Reed-Solomon codes)
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