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Overview

Review entanglement distillation and
guantum convolutional codes

Shifted Symplectic Product

Introduce convolutional entanglement distillation

Protocol Construction

Conclude with open questions



Entanglement Distillation
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Quantum Convolutional Coding
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Example Stabilizer for a QCC
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Shifted Symplectic Product

Simple way to specify the commutativity constraint
on the generators of a quantum convolutional code.

Given a binary polynomial check matrix

H(D) = [Z(D)|X(D)]

The shifted symplectic product matrix
gives the full commutativity relations

QD) =ZD)X' (D H+X(D)z"' (D™

This matrix should vanish for a
valid quantum convolutional code,
but does not need to if we have extra entanglement



Convolutional Entanglement Distillation
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Convolutional Protocol Construction

How to construct a protocol
when generators do not commute?

-lll (D) | i Z1 (D) X1 (D) |
us (D) _ Z9 (D) X9 (D)
un (D) | 2w (D) | xm (D)

Simply augment the check matrix
and assume extra noiseless entanglement available

u;r = (u; © wy;) (D)+ , W = (u; ©uy) (D)

i Z1 (D) Llil_ uzi - Um,1 X1 (D) |
Z9 (D) 0 11;_ et Um,2 X9 (D)
. . . . mxm
| Znp (D) O - 0wl | xp(D) |
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Performance

Can import arbitrary classical convolutional codes for use as a

convolutional entanglement distillation protocol
and rates and distance translates

Requires 2™ catalyst ebits to get the protocol going
(where C is some constant depending on decoding)

Ebit yield is equal to (n-m)/n

(assuming that generated ebits are not corrupt)
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Example

Classical convolutional code over GF(4) with distance 3:
(- --]0000|1@10|1101|0000] - - - )

Consider the mapping between GF(4) and Paulis:
II|I X Y Z
Fs |0 w 1 @
Convert to quantum generators with the above mapping:
(«--([IIIZXZI\ZZIZ|IIII|---),
(«-- | XYXI|XXIX|IIII|---)

Produce valid guantum convolutional code by augmenting:
(---|[[IIIIIZXZIXI\ZZIZZI\IIIIII|---),

(- |[[IIITT\XYXIIX|\XXIXZZ\IIIIII|---)
Ent. Dist. Protocol has yield 72 and distance 3




Algorithm for CSS-like Protocols

Applies to generators with CSS-like structure

Use a symplectic Gram-Schmidt orthogonalization
to process generators

Does not change code properties

It minimizes the initial number of ebits
required for catalysis
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Conclusion and Open Questions

Constructed a

convolutional entanglement distillation protocol
from arbitrary generators

The ideal yield of such a protocol is (n-m)/n
where m is number of generators and
n is the number of qubits in each frame

Open question: How does such a protocol behave under
realistic conditions such as a depolarizing channel? Is there
a threshold at which performance rapidly deteriorates?

THANK YOU!



