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Shor’s 9-Qubit Code

9-Qubit Code

0) — |0) = (]000) + |111))(]000) + |111))(]000) + |111})
1) = [1) = (|000) — [111))(]000) — |111))(|000) — [111))
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Stabilizers

K [) = [1)
Let £ = {E1®®EH|E1 = {X,Y,Z,I}}

Let the quantum code @ be a subspace of C2" .
Then, the stabilizer of Q is S = {M € £|Mv =v,Vv € Q}.

0) — |0) = (|000) + |111))(|000) + |111))(|000) + |111))
1) = |1) = (]000) — [111))(|000) — |111))(|000) — [111))
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Stabilizers

What about ¥* = T®Z&®Z@T®IXI®I®IXDI?

0) — |0) = (]000) + |111))(]|000) + |111))(|000) + |111})
1) — |1) = (|000) — [111))(|000) — [111))(|000) — [111})

P~~~ ~ i~ N
T T \\
~ e~ e~ NN~
—~ e~ e~ N~
—~ e e~ DN~
Bt~ N DN R~~~
P~~~ N~~~
Pt Ny

S
P~~~ =N

UNIVERSITY OF

CALGARY



Stabilizers

Let £ = {El X ... @}JEHLEI S {X,Y,Z,I}}
Let the quantum code @ be a subspace of C2".
Then, the stabilizer of Q is S = {M € £|Mv =v,Vv € Q}.

M;',Mj €S
MiMjU = MI'U =V = ij = MjMiU

Mz zZ I I 1 I I I I
My Z I ZZ 1T I I I I 1
My 1 I I Z Z I I I I
My 1 1 2 1 Z I I I
My 1 1 I I I I Z Z 1
Mg I 1 [ I I I Z I Z
M, X X X X X X I I 1
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Stabilizers

Let £ = {El X ... ®EH|E'1 S {X,Y,Z,I}}
Let the quantum code @ be a subspace of C2".
Then, the stabilizer of Q is S = {M € £|Mv =v,Vv € Q}.

S contains 27 elements

assuming the minimal
representation has n-k

generators M,
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Stabilizers

Let £ = {El X ... ®EH|E'1 S {X,Y,Z,I}}
Let the quantum code @ be a subspace of C2".
Then, the stabilizer of Q is S = {M € £|Mv =v,Vv € Q}.

If an error E anticommutes with some M in S then E is detectable.

e.g.
M,
EF = X®IXIXIXIX®IX®IX®ID®I ME
M3
E = I®I®I®//XIXIX®IX®IDI M4

0) — ]0) = (J000) + |111))(]000) + [111))(]000) + |111)) Mg
1) — |T) = (J000) — [111))(]000) — [111))(]000) —[111)) M7
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Stabilizers

Simpler representation of a quantum code.

Simpler to find the errors the code can detect and correct.

We can build a circuit from the stabilizer.

Reduces a multi-qubit state down to a single qubit state (assuming we are encoding one qubit).
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Circuit
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5-Qubit Code

» Shortest code to correct a single error.

* Non-CSS code.

0) = ) |00000)
MeS
M|\ X Z Z X 1 = 100000) + My [00000) + Mo [00000) + M |00000) + My |00000)
My | I X Z Z X + My M> [00000) + M, Ms]00000) + My M, |00000)
My |\ X I X Z Z + My M5 |00000) + MoM, |00000) + M5 M, |00000)
My | Z X I X Z + My M2 M3 100000} + My MMy [00000) + My Ms M,y |00000) + Mo Mz M, |00000)

+ My Mo M3 M, [00000)

1) = X®° o)
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