
 

3 qubit phase flip code
phase flip operator Z acts as

a lo t bl i a lo bl

with probability p o

state is unchanged with prob I p

work in qubit basis
1 7 107 113 52 1 7 107 117 52

Z H 1 3

use 10 htt and 114 1

as logical zero and one

perform all operations of error correction

just as for bit flip channel

apply Hadamard gate to switch

between It t and to ID basi

14 I
107 III
107 I
Use projectors Pj H'Pitt for
error defection



The Shor code

How to protect against arbitrary error

shor code

steps
D encode qubit using phase flip code
10 Htt 11 1

2 encode each of the 3 qubits using
3 qubit bit flip code
It t t I

I
10072 FEI 100ft 10007

10 101 1000 1111 10003 1111 10003 1111

252

11 k
10007 1111 10007 1111 1000 1111

2 F

14 I

concatenation
107 1111 circuit

10
10 II

1
10



Shor code is able to protect against
phase flip and bit flip errors

1 suppose a bit flip occurs on first qubit

perform Z Z measurement
produces sign change
so either q a 9 has been flipped
measure Zaz
no sign change
so 9 was flipped
recover from error by flipping

first qubit again

2 Suppose a phase flip occurs on first qubit

effect 1000 1111 1009 1111

on first block
measure sign in first two blocks
and last two blocks

overall sign flip in first case

no sign flip in second
restore by flipping sign in the

first block of 3 qubits



3 Suppose both bit and phase flip
error occurs on first qubit
Z X was applied
perform bit flip and phase flip
error correction successively

4 Protection against arbitrary errors

14 4102 All 143 41 ENSUE

focus on single term in this sum

then E Cio I ei X te is Z t eis X Z

Ei ly is superposition of 4 terms
147 X 142 Z 14 X Z 14

measurement of error syndrome
collapses this superposition into one

of the 4 states

perform error correction as described

above
recover 14



Stabilizer Codes

The code space of a stabilizer QEC code is

defined by a stabilizer groups Si

mutually independent logical operators

Lj
computational basis state determined

by Si EMILY

find logical operators L's subject to

LY LF 1 Sir LILY
Liz Li represents ith logical qubit

example Shor code

X X XX XX III
I I I x xx x xx

Si ZZ I I III II
I ZZ I I I III
I I I ZZ I I II
I I I I ZZ III
I I I I I I ZZ I
I I I I I I IZZ

x X 7 2 9








