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Fractional Chern Insulators
Today’s goal:  

*  Write down prototypical wave-functions for 
fractional chern insulator. 

* Establish the low energy effective field theory from 
topological entanglement entropy.

* Look at some aspects of entanglement (finite size, 
etc.)

Related work to Zhang,  Vishwanath http://arxiv.org/abs/1209.2424
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Interactions....

 TB Ground state of h(k)
 int

integer quantum hall    fractional quantum hall
chern insulator    fractional chern insulator

Want:  Low energy effective field theories. 

hR| inti ⌘ hR| TBi2



Topological Entanglement Entropy
Area Law: S(L) = ↵L� �0 � ncc1 + ...

L/4

corner termtopological 
entanglement 

entropy

non-universal constant

Want to compute topological entanglement entropy.



Variational Monte Carlo

System A System B

System A’ System B’

eS2 =
 (A) (B)

 (A0) (B0)

S2 = Tr[⇢2subsystem]



Area Law: S(L) = ↵L� �0 � ncc1 + ...

Kitaev ABC Construction

��0 = 2SA � 2SAB + SABC

Topological phases:  Degenerate ground 
states which can’t be distinguished locally.

All boxes are local.  Doesn’t matter which ground state 
we live in.

Cancels out linear and corner 
terms  (in thermodynamic limit)

TEE:



Fr
ac

tio
na

l C
he

rn
 In

su
lat

or
s 0.365 +/- 0.02

0.675 +/- 0.019

0.941 +/- 0.027

S
U
(2
) C

ln
h p

2/
(C

+
2)

si
n
(⇡
/(
C

+
2)
)i

ln
p
2 ⇡ 0.347

ln 2 ⇡ 0.693

⇡ 0.989

When C=0, TEE=0
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Let’s focus on one model.

Area Law

Used for ABC construction

C=3

C=1

Why?

ABC construction must be canceling out higher order in L terms.

C=3 C=1



C=1

C=3

factor of 3 for non-universal⇡ ↵

Variance of Berry Curvature

Variance of Berry curvature tracks 
corner term?

Mass



ABC Construction:  Topologically 
insensitive to ground state.

A B
Trivial Bipartition:  Sensitive to 
which ground state but no corner 
terms.

S(L) = ↵L� �0 + ...

L

could be between 0 and TEE.
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Conclusion
* Compute the TEE
 
 
 

* Low energy effective field theory:  SU(2)c

* Look at area law, corner terms, etc.


