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Torii code and topological order
mm mm

Properties of topological order in HD :

4) Quantum phase of matter that is not

Characterized by sym . breaking and
it does not require any sym . protection .

(2) Gives rise to emergent anyonic excitations
.

(3) Topological ground state degeneracy .

141 Topological entanglement entropy

15.1 Tonic code
mm -

Exactly solvable quantum spin model

With Z , topological order
.
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All terms commute ! Diagonalhe terms
simultaneously .

Choose a basis of 52 eigen states s , =±l
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Representation as loop model
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4 Topological degeneracy



15.2 Anyonic excitations
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electric charges : Sa

imitates
.tn#.E
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[ Wee ,A+]=0 , except at end points s.in

Where one edge overlaps
n'His. ) = With )

,
AE  = 2

magnetic vortices : Win = IT 5's
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Analogues contraction n , htpmp
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Ahyonic excitations are the defining property of top .
order !
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-Fvsion
:

a ~ b if a can be transformed to b by local operator

e#t→ He area

212 liquid has four particles : I
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exchange statistics :

÷
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Information about exchange statistics

contained
in U - Matrix
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Fermi on !

mutual statistics :
;D

'

# ft

Sao = (ttittt)
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Mutual statistics yields top . degeneracy
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Four sub operators n ) fourfold degeneracy

1 degeneracy = # anyons )

The Content of U and 5 matrices classifies top .
ordered

Phases ~ not known to be a complete classification !
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Recall : Entanglemententropy

Reduced density matrix :

sA=Tr[ H > all ] |B§
Entanglement entropy :

SES ,
= - IS loss = - Esa log Sa ,

SK ) = Sak )

Schmidt decomposition 147=4127+127,3

Area law in 2D : Snl 1 length of the cut )

Corrections to the area law in topologically ordered States
.

|S=LL- Jap ( Levin and Wen
,

kitaer . Preskitt )

8 = log D

D : total quantum dimension
,

Abelian models : D= Ftd

Conveniently calculated by

-8=5 ATSB tsc - Spc - Sac - Saptsapc |]#



Note that TEE Is the same for Rensi entropies

Sn = In log I Tr 5
"
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Renyi entropies can be obtained from MC

and potentially measured in cold atom

experiments .

Exempt : Torii code

14 > = ERs .I Is ,
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Sj =H as all loops are closed

H##tFE
n ) lowers entropy by I bit

S =
- Eat ,

. log ¥i

= log 2
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= L . log 2 - log 2
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