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2.2 Anyone excitations and ribbon operators

H 5ftp.T Ftithes
zero fluxgauge inv subspace

Excitations O non gauge inv g
Ast I

non zero flux Bph t

To understand the excitations of ODM we first
try to understand the algebra of Ast Bph for It

A AS A88
note AtBph fordifferent spAS As commute with eachother

BhBh gunph and are isomorphic

Bh Bh

A Bh Bugg
Def Deng Lg BaAg

Dchig DChase Shi ghag DChi 8in

The algebra generated by Dong is called the

InfeldquantumdableDG of G
howto act on two anyoneby one DG elemen

Cba structure 0 DC DE XDG out on anyone

0 AS AS AN art on anyone a

0 Bh I 13h Bha
hiheh

Rep DE is a tensormenoidalcategoy_



a Ob c

t

7h
hi heh Bh

DG a ear R E
1380AS

braiding

Rep De is a braidedtensorcategory

DG is a quasi triangular Hopf algebra

Excitation spare supports a representation of p

Irreps of quantum doubleDG
anyon excitation types I L

describedby braidedfusion cat

Irreps of DG
Fuego C gag geo the conjugacy class

E g EG I gu ng the centralizer ft p charge
claim There is one irreducible rep C X

for each conjugacy class C and each

irrep X of the centralizer group E



kibbmopnatx y o.IM
Great a pair of anyonic excitations at

the ends of the rig operators
finite width framing

Fcat Bp 0

F d As o
for s p at

F gives us fusion braiding of anyone
see Kitner's original paper



2 3 Spacetime Path Integral Picture
U 2D lattice

flat connection

EÉ

Bp operator defined for t triangle flatconnection
for all spacialtrianglesAt operator

space
h of8 ggf 88

2fpacetime

spaceftz Spacey
Lpacetime

s
th

g gu
ng 881

g g g

new link g along t direction

s

88 gu flatconnection for all
s

spacetime triangles

figs from
Mesaros Ran

arXiv 1212,0835



IN I exercise A Aigt

Partition function
discrete Zam Ey Igggijsitssin

flat connection for triangle Cijkhmm

mm gym
where r Ti Ms G T BG EH 8 Iggy

loop c to 14 et II gigflux

1 D 1 EG

1 1 EG

a
C

note loops c Kotor ez
I a a for flat connections



x.TTXy
Example Ch M3 5 5

space s

T 5 0 All flat connections are

gauge equivalent
ti

tr F Ti 5 5 2 a

flat conn Gl

Zam 5 5 ta la I

groundstate degeneracy s
GSD

I Mz T XS T G Zz toric codemodel

J TI T 2 2 2 9 22

flat conn 23 8

ZapmT3 flat conn 1 8 4

GSD T

Retriangulation invariance of Zapu
Pachnermover 263

eg 2D 2 2 move Me A who Af
I 3 move D A th

Af



Any two triangulations of a piecewise linear manifold
can be Tatdbyafinite sequence of

Pachnevmoves.clPath integral HID

ZG us z rain
Fass Rag

Z in us Z Grave
in

flat connection that flat connection

Zam M T G ZaDM N T G

spacetime
mantifold

triangulation

2 wavefunction
2 1 D Ios fam I 953 gig

Aj

I 853 4 853 if Sig gyu gig
t

equalamplitude superposition of gaugeequiv
flat connections

generalization from one fix lattice to arbitrary lattice

Ias E
latticet

NT I
flatconn gg

853 gig
triangulation



a E L I E
ADM

0319
ADM

2.4
Dijkgfittngan.ge theory as

twistedQDM.isIntroduce d coaycle for warfarin retriangulation

IKEA EEE IGAD
function03 G Ul

Pentagon equation as consistency condition

X.se
HINDE

g h k Uzghk l 03Chik e U gh k e Uscg hoke

dis g hike highyet4 4 5
Use 23 G un is a 3 couple



TEA

ICT IG

2 Spacetime Bathing on the lattice

a spare EffedEe ul g h 4 4,70
time Evolution

homotopy between I ÉÉmo ht a tu
spaces at different
time

ZiadmM
Iggy II

85.85k I fororientations

iffy

spogtime

retriangulation of Me

z GER ZEENY
Uzgh Uzghk Uaghk ouchk

duo ssh k I



Z 03 Z Ay 2 s I

2 11
2 spare I u g h K I
3 spacetime Af U g hok

ZTQDM
Iggy Ike

4 gigSjk See
s ke

retriangulation of Ms

Ey z Et
u us 4 34

dust
2 204 2 gift 264 1

Generalietjgaft d simple od to Ud d Ud81 8d

consistencycondition Z 201 1 Z Sd

partition function
ZTQDm Md T G Etan I Ud Od

dd

853

Yfoffat terms
ZTQDM Md Ti G ZTQDM Md T's G



3 Spatime path integral in the continuum
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