
 

4.3 Logical Controlled NOT Gate by braiding
Consider Not gate between primal control

and dual target defect pair qubits

Z 2D

xa I XD

Mezcal

This operation transforms the Xcel

operator to

XCED XCEIXED

Similarly one can induce a

time evolution of the logical
Z operator by braiding

HAD
a 44

Zai ZED zCa



On the other hand 2 2D and
X 2D are invariant under this
operation
To summarize we get

2 2D ZAD
2 a ZC ZC2D
X 2D X 2B
XE XOX 2D

This is a Not gate

Recall

Nat X Xellat x Xcx

Act X XellatX X

Nat x Zella t X Zc

Nat X Aa t X Z Z
L

description limited as we are

dealing with Abelian defect



5 Kitaev's Honeycomb lattice model

5.1 Introducing the honeycomb
lattice model

The spin lattice Hamiltonian

H Jx finest X Jy See T x

Iz Fink 079 K4,58 E
o o o T

effective magnetic
Oz o field with

o
coupling K

O
B

o
o

o 0

In the following we take the

J couplings to be all equal F Ly Jef
non Abelian topological phase

K term breaks time reversal symmetry

Tri Tt Git
5

anti linear unitary operator



The Hamiltonian x has a local
symmetry Consider plaquette operators

Wp 5 57572 548
Wp2 I

eigenvalues are up 11

Moreover Wp Wp O f p p

H Wp o f p

since the Wp are conserved quantities
the Hilbert space 2 of N spins
on a plane 214k sectors Lw

of dimension 2m12

labeled by w up

Majorana fermionization
Goal bring Hamiltonian ex to

quadratic form
Introduce two fermionic modes for
each spin I particle avi and 92 i



decompose into real and imaginary parts

Ci ai tart bi i at avi big tant
bi i anti 92

Operators Ci bi bit bit are

anti commuting and fermionic
satisfy reality condition

bitt bit Cit Ci

Majorana fermions
Dictionary
spin t particle Fermionic Majoranamodes modes
of g ga 8888
on

2 dim space Ydimspace
need to project out 2
un physical degrees of freedom
spin I Fermionic modes

of 8 8
D 8 o

of



meaning
17 1007 H 111

with a 100 as 007 0 111 a tattoo

faithful if we restrict to
subspace of fern states 147

satisfying
Di 1217 14

where
Di 1 2atian 1 292,192 bibb c

Here we can make following
identification

Git ibid c t a x.ge x

Di Oj
O

and it.to 45.2 bib b ci 1

satisfies the algebra of Pauli
matrices only if we restrict to
states that belong to L

Using the representation the Hamiltonian
interactions become

Tigh idig.ciCj and 079.46 ininujkDG.ci



where
Ii ibidby link operators

with a x y Z

antisymmetric Hermitian operators

satisfying
Nij I ji

I j
1 citij dig

Restricting the states of the system

to the physical space L the Hamiltonian

G takes the form
H E E Aip Ci Cj

Aj 2Jijuijt 2K Girijk

Emerging lattice gauge theory

It can be verified that
H Di 0

Physical states
must satisfy

H 14 END Di 147 147

The link operators are local symmetries

H Liz 0

But dig Di o



sectors labeled by eigenvalue
patterns in ui t are not

part of L
On the other hand plaquette

operators satisfy
Wp Itp dig
Up H O and Up Di o

eigenvalues ui j Il can be

thought of classical I gauge field

g 0 0 q

p
g

I t

o 0 0

pattern of vortices wp 11

gauge invariant Wilson loops


