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Spin quuids on kagome lattice

Kagome Heisenberg model

H=J &.& J>0
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What is the ground state?

Every possible candidate has been proposed?!
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Spin liquids on kagome lattice

/)

.'0"."
/)

{ ¥ "X X ¥

0

{X X X ¥ QED3

.0 - 0 » 0 - 0 »

‘v ODirac spin liquidO

(conformal/critical phase)

Kagome spin liquid i
Kagome Heisenberg model
H=J | gi -Sj, J>0
N L= M[i"M(#, ! iay)]!

What Is the ground state?



Symmetry protected topological phas

Interacting system

1D bosonic SPT: HaldaneOs spin-1 chain
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Deconbned criticality
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1. Introduction
2. Numerics of the kagome spin liquid: signatures of Dirac cor
3. Theory of the kagome spin liquid

¥ An unbiased lattice gauge mapping
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Spin liquid: a state without magnetic
order

corner sharing: large quantum [3uctuation



Spin liquid: more than absence of orc

¥ Fractionalization in 2D/3D
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¥ Emergent gauge beld: U(ZREE
¥ Fractional quasiparticles (anyon)

¥ Parent state of a superconductor
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Examples of spin liguid

Gapped spin liquid wittbpological order

Chiral spin liquid
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Examples of spin liguid
Gaplesspin liquid
Critical matter

Dirac spin liquid
Strongly interacting gauge theory: QED3

L= M[i"M#, ! iay)]!




Numerical tools: DMRG

DMRG: unbiased*, large system size for 2D (compared with

DMRGOs success in topological order

Topological degenerate GSE
Modular matrix (anyonic statistics) e.g.
Entanglement spectrum (edge CFT)

Successful examples for DMRG:
Fractional quantum Hall sta

Chiral spin liquic

Z2 spin liquid



Numerics on the kagome spin liquid
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Dirac like spectrum, caution!

DMRG simulates |
a long cylindrical Ly
geometry |
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Dirac spin liquid, more subtle

Dirac spin liquid may be gapped on "any" small cylinder/tor
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Two topological sectors

spinons have PBC spinons have APBC



DMRG

Spin gap under twist
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"Excitation Spectrumfrom DMRG!
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Correlation length versus spin gap
I 1/¢ works perfectly
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—-]11,Xi = 1/A£i

Kagome Heisenberg

Spectrum of triplet excitation

Free fermion

(parton pi-Rux)
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Spectrum of triplet excitation

Kagome HeisenbergFree fermion (parton pi-f3ux)
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How to solve?
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Make It more general

. XXZ anisotropy !
' second neighbor
_ third neighbor |
=J 5.6, J>0 interlayer coupling
ij Impurity
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Extended kagome model
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Easy axis kagome
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Lattice gauge mapping
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similar system: quantum dimer model, pyrochlore lattice



Lattice gauge mapping: XXZ kagom
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Solving the kagome spin liquid phas

gauge bel
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No "free" spin liguid

, U(1) compacigauge 1., bynamical bosonispinon

can beat conbnemer

conbPnement in 2+1D The Z2 spin liquid has been realize



No "free" spin liquid

Pynamical bosonispinons

'U(1) compacigauge belc

spin liquid has been realize
Moessner & Sondhi 2001



Phases In a lattice gauge model

gauge beld + matter interacting bosonic matter
gauge Pel gauging
Higgs phas: Superf3uic
Z2 spin liquid Charge-2 super(3ul
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Symmetry protected topological phas

ClassiPed by cohomology groupt "1 [G, U (1)]

SPT protected by U(1) charge conservation
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chiral spin liquid See also:



Phases In a lattice gauge model

gauge beld + matter interacting bosonic matter
gauge Pel gauging
Higgs phas: Superf3uic
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Solving the kagome spin liquid phas
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Lattice gauge model
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Field theory for zero gauge 3uctuatic
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DeconbPned criticality

superBuio U(l) SPT(Bosonic iInteger QH)

e —

L = _ %) [| H(# | iay, ! |$A°)]'f! 0 VoA, A
o

+ i H(#, ! iad | iSAS)]! 9+ 2_0/81d,,pAS# a
T

(LB 2( 2wt () + A

¥ Emergent Dirac fermions and U(1) gauge Peld
¥ Can be derived using the coupled wire construction

¥ Related with the particle-vortex duality of Dirac fermions



Fleld theory for Pnite gauge [Suctuati
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Summary

Numerical evidence that kagome spin liquid is a Dirac spin |i

2. Spin liguids on kagome lattice are independent of the XXZ
anisotropy.

3. An unbiased theoretical study of spin liquids under a lattice
gauge mapping.

4. Make a concrete connection between topological order, critic
spin liquid, SPT phase, deconbPned criticality.
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Thanks for your attention!
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