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SURFACE CODES

A CLASS OF STABILIZER CODES WITH TOPOLOGICAL FEATURES

Mahn-Soo Choi
(Korea University)

WHY SPECIAL?

SURFACE CODES

Rely only local operations and measurements.

9-QUBIT CODE
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A BIT OF HISTORY

+ AYu. Kitaev (Ann. Phy, 2003; quant-ph/9707021)

+ Dennis, Kitaev, Landahn, & Preskill (J. Math. Phys., 2002)

* M. H. Freedman (Found. Comp. Math., 2001)

+ Fowler, Mariantoni, Martinis, & Cleland (Phys. Rev. A, 2012)




OUTLINE
I. Toric Codes
+ Stabilizers
+ Local operators
+ Error syndrome detection and recovery TOR|C CODES
2. Planar Codes
+ Stabilizers
+ Local operators
+ Error syndrome detection and recovery
3. Topological Features
QUBITS ARRANGED ON THE SURFACE OF A TORUS STABILIZERS
A SQUARE LATTICE WITH PERIODIC BOUNDARY CONDITIONS PLAQUETTE & VERTEX OPERATORS
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MULTIPLICATIONS OF STABILIZERS HOwW MANY STABILIZERS?

PLAQUETTE & VERTEX OPERATORS DIMENSION OF THE CODE SPACE?

oo e e o o + There are L2 plaquette operators, but they
? (2) otz must satisfy one constraint.
° [ ® 7000 ¢ o (a) z

o ol o ol o * There are L2 vertex operators, but they o}z
P10t iz ) ze . H Ap _ H Av — ] must satisfy one constraint. z
| R R R R i I p v + Overall, there are 2[2-2 stabilizers. XX XX
0. 50 S0 SN * There are 2L2 qubits (edges).
o X X X X e [ .

ol + The code can encode two logical qubits.

WHERE ARE TWO MORE COMPATIRBLE OPERATORS? WHERE ARE TWO MORE COMPATIBLE OPERATORS?
WHERE ARE TWO LOGICAL Z OPERATORS! WHERE ARE TWO LOGICAL Z OPERATORS!




WHERE ARE TWO MORE COMPATIBLE OPERATORS!?

WHERE ARE TWO LOGICAL X OPERATORS?

WHERE ARE TWO MORE COMPATIBLE OPERATORS!?
WHERE ARE TWO LOGICAL X OPERATORS!
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CHECK!

DO THEY ANTI-COMMUTE!?

ERROR SYNDROME MEASUREMENTS

PLAQUETTE OPERATORS

Pp = Zp,lZp,2Zp,SZp,4
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Fowler, Mariantoni, Martinis, & Cleland (Phys. Rev. A, 2012)
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ERROR SYNDROME MEASUREMENTS

VERTEX OPERATORS

(@)

ERROR SYNDROME MEASUREMENTS

VERTEX OPERATORS

(a)




QUBITS ARRANGED ON A PLANE

ROUGH AND SMOOTH BOUNDARIES

PLANAR CODES I R SR A £ N

STABILIZERS MULTIPLICATIONS OF STABILIZERS

PLAQUETTE & VERTEX OPERATORS PLAQUETTE & VERTEX OPERATORS
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HoOw MANY STABILIZERS?

DIMENSION OF THE CODE SPACE?

+ There are L2 plaquette operators.

+ There are (L+1)(L-1) vertex operators.

« Overall, there are 212-| stabilizers.

+ There are L(L+1)+L(L-1) qubits (edges).

+ The code can encode two logical qubits.

VWHERE IS ONE MORE COMPATIBLE OPERATOR!?
WHERE IS A LOGICAL Z OPERATOR?

WHERE IS ONE MORE COMPATIBLE OPERATOR!?

WHERE IS A LOGICAL X OPERATORS?
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CHECK!

DO THEY ANTI-COMMUTE!?
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ERROR SYNDROME MEASUREMENTS

PLAQUETTE OPERATORS

|X1 $X2®X3$X4)

ERROR SYNDROME MEASUREMENTS

VERTEX OPERATORS

Vo = Xv,le,QXv,ZSXvA
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WHAT IF YOU WANT ENCODE MORE LOGICAL QUBITS?
CAN YOU FIGURE OUT THE DIMENSION OF THE CODE SPACE?

TOPOLOGICAL FEATURES

A GLIMPSE OF TOPOLOGICAL QUANTUM COMPUTATION




WHAT IF YOU WANT ENCODE MORE LOGICAL QUBITS? CORRECTING PHASE-FLIP ERRORS

WE HAVE ALREADY SEEN ONE FEATURE!

+ Suppose that a phase-flip occurs in qubit |.

* This can be detected by measuring two vertex @

operators at the two ends of the edge.

+ However, the syndrome is the same if the phase

flips occur on edges 2, 3,and 4.

* Nevertheless, both case can be fixed by

applying Z either on | oron 2,3, 4.
« Here recall that P=22223Z4 is a stabilizer;

CORRECTING PHASE-FLIP ERRORS CORRECTING BIT-FLIP ERRORS

CHARACTERIZED BY VERTEX DEFECTS CHARACTERIZED BY PLAQUETTE DEFECTS
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TOPOLOGICAL DEFECTS AS “PARTICLES”

MOVING AROUND THE DEFECTS BY APPLYING Z OR X

[} 0 [

Before After

* In the upper example, the path along ? Q .

EXCHANGE OF “PARTICLES"
AYU. KITAEV (ANN. PHY., 2003; QUANT-PH/9707021)

* In the lower example, a vertex defect i * f A
moves and returns to its original vertex o o o .
without enclosing any other defect. I I B D I

It has no effect. .

which the right vertex defect has traveled

encloses a plaquette vertex.

It causes a phase shift of —1.




