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Topological quantum liquids

+ Gapped spectrum

- No broken symmetry ‘ A

- Degenerate ground state on torus - - _IT
I’ "_ ~.\ .

- Fractional statistics of excitations . @ 6’69

- Hilbert space split into topological sectors - T
No local matrix element mixes the sectors




Fractional quantum Hall liquids
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Anyonic statistics

Abelian anyons
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fractional phase

Non-Abelian anyons

matrix
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In general M and N do not commute!



Probing anyonic statistics
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Fibonacci anyons

FQH lLiquid

How can we model interactions between anyons?

What is the collective state
of a set of interacting anyons”?



Fibonacci anyons

Fusion rules for SU(2);3
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The Heisenberg model

Fusion rules for SU(2);3
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Heisenberg Hamiltonian
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The golden chain
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Hilbert space has no natural decomposition as tensor product of single-site states.



The golden chain

We want to construct a local Hamiltonian H = Z H, .
i
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The golden chain

Local Hamiltonian: H; = F; II. F;

—2 —3/2
Hi:_(q;b_g/g ¢¢_1 )

Explicit form:

H; = —Pir1— ¢_27D7'17' _ ¢_17)7'7'7'
—gb_3/2 (|717) (77| + h.c.)

off-diagonal matrix element



Criticality

Finite-size gap Entanglement entropy
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conformal field theory central charge
description c="T/10
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Mapping & exact solution

The operators X; = —¢H; form a representation of the
Temperley-Lieb algebra

(X;)* =M - X, X X1 X; = X, (X, X;] =0
l for |t — j| > 2
“d-1sotopy” parameter
d=¢

quantum 1D Hamiltonian

integrable lattice model description
restricted-solid-on-solid model (RSOS)

classical 2D central charge
tricritical Ising model c=T/10



Energy spectra

rescaled energy E(K)
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Topological symmetry
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Topological stability
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The criticality of the chain 1s protected
by additional topological symmetry.

Local perturbations do not gap the system.

[s this special to SU (2)3?



A larger space of models

m “dimerized” chain
. 9&%&9’60 Majumdar-Ghosh chain




Majumdar-Ghosh chain

Consider a (competing) three anyon-fusion term
m» neither translational nor topological symmetry are broken

SU(2)3 anyons SU(2) spins
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Phase diagram

J3 = sinf

Q 3-state Potts, S3-symmetry

3-state Potts

c=4/5
exact exact
. - Jy =cosb
solution solution

tricritical Ising
c="T/10

tetracritical Ising
Majumdar-Ghosh ¢ =4/5



VAT

Critical endpoints

3-state Potts
c=4/5

tricritical Ising
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S3-symmetric point
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rescaled energy E(K)
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Tetracritical Ising
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Gapped phase (AFM)

3-state Potts
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Majumdar-Ghosh point
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Breaking the topological symmetry

Explicitly break the topological symmetry
by going “off” the circle

3-state Potts i i ;
H =r- Hdiagonal + Hoff—diagonal
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Breaking the topological symmetry

3-state Potts
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Gapped phases = 1st order

Critical phases ™ 2nd order

Explicitly break the topological symmetry
by going “off” the circle

specififc heat C (r)
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AR “Dimerized” chain

JQ — sin 6

3-state Potts, S3-symmetry dimerized
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Summary and Outlook

- Interacting non-Abelian anyons can support
a variety of collective states.

- Interactions modeled by Heisenberg Hamiltonian

generalized to anyonic degrees of freedom. A7
- Exact solutions, CFT descriptions, ... o=
b ’

- Topological symmetry protects critical phases.

Do these observations generalize to SU(2)?
What happens in two dimensions?
What happens for higher genus surfaces?
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