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Introduction

e usual view: Chern insulator = integer QHE without a magnetic field.
alternatively: Chern insulator = integer QHE on a commensurate lattice

In particular, the Chern insulator proposed by Haldane is a lattice model
with a magnetic field of one Dirac quanta per hexagon.

— new (fractional) phases can be identified either on the lattice as Chern
insulators or in the continuum as quantum Hall states.

e Topological insulator (2D TI) = IQHE + IQHE, protected by T

e Fractional topological insulator (FT1) = FQHE + FQHE, protected by T

No real innovation, since the topological order (the fractionalization) and
the symmetry protection do not entangle!

o A state which respects T and entangles the “layers” has never been found.
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Fractional insulator: ground state wave function
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The 311-state has topological order which breaks time reversal symmetry T.
It 1s also an SPT (symmetry protected) phase, with T as protecting symmetry!
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Illustration of the 331 state:

quasi-electrons remove zeros

T——m 1 1 my =3

quasi-holes add zeros: n = 1, one extra zero per electron

Finally, the # of zeros in each “layer” i1s 2 per electron, v = v = %

Chiral edge modes are T conjugates of each other, 1.e. protected by T'!
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Effective field theory of the 331 state:
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The T violation 1s only manifest in non-local quantities, like the QP statistics.

Therefore, the edge states are still topologically protected by T.
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General method to find a parent Hamiltonian
L

Ask whether [%0) is the ground state of Hamiltonian with L terms, H = Z a; H;

and determine the coefficients a; . 1=1

Must be an eigenstate, write (H + ag) |1pg) =0 where ag = —Ej

L L L
1=0 1=0 1=0

We get one solution for each zero eigenvalue of M;; = <¢j \W> :

Usually one zero eigenvalue corresponds to a conserved quantities, e.g. total angular
momentum for a quantum Hall state on the sphere. If there is an exact parent
Hamiltonian involving only the terms H; , however, it will correspond to another

It there 1s no exact parent Hamiltonian, there is often one eigenvalue which 1s much
smaller than all the others, maybe by 1000 times. The associated eigenvector then
usually corresponds to a highly optimized, approximate parent Hamiltonian.
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Spinor coordinates and the 311 state on the sphere

T-layer 0
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Landau level pseudopotentials on the sphere

two particle states with relative angular momentum ! = 25— 7 in the LLL:

{Q(a, ) - (Ln +L2)}¢(’]5)0[u v) _.7770( 75)0[ vl

(L + Ly)? w( ,5) ol vl =30 + 1>¢(8&7;5)70[uav]

solution: ¢(a,5) olu, v] = (u1v — ugvy)** ™/ H (au; + Bo; )

i=1,2

Pseudopotentials specify interactions projected onto relative angular momentum states:

(il 5 0] V(Q(ul, v1) - Qug, v2)) [%¢7 4 o)
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Interactions in terms of two-body pseudopotentials

two body interaction in a basis of L, eigenstates:
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for the 311 state with T and | spin layers:
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An approximate parent Hamiltonian for 311 state on the sphere

8t
pseudopotentials =T, =]
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Ny =N, =6
T -sphere: 2s =9
1 -sphere: 2s =11

(Vex|P311) = 0.82 10

dimH ~ 10000 in the S¢, = 0 subspace relative angular momenta
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Relative angular momentum resolved correlators
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Real space basis for the pseudopotentials

0 2(2s—n) 0 2n
Nn(cos§> (sin§> ., n=20,1,...,2s

N, = / df 27 sinf V,,(0)

0

T -sphere: 2s =9

since there are as many basis potentials as there are pseudopotentials Vl‘m’, we can
uniquely convert our pseudopotentials into a the real space potential spanned by these
basis potentials.
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The parent Hamiltonian in real space

intralayer: repulsive

Note that for the edge states to be
protected by T the Hamiltonian must
be T-invariant, i.e. | VAU ot

311 — V311

For a finite system, however,
we break T as 2sy = 25 — 2

interlayer: attractive
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Conclusion

Fractional Insulator protected by topological order

The 311-state has topological order which breaks time reversal symmetry T.
It 1s also an SPT (symmetry protected) phase, with T as protecting symmetry!

It can be stabilized with local potentials common in quantum Hall systems:
repulsive in the layers and attractive between them
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