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Abstract: <p>In my talk | will introduce the spin liquid phases that occur in kagome antiferromagnets, and discuss their physical origin that are
closely related with the newly discovered symmetry protected topological phase (SPT). | will first present our numerical (DMRG) study on the
kagome XXZ spin model that exhibits two distinct spin liquid phases, namely the chiral spin liquid and the kagome spin liquid (the groundstate of
the nearest neighbor kagome Heisenberg model). Both phases extend from the extreme easy-axis limit, through</p>

<p>SU(2) symmetric point, to the pure easy-plane limit. The two phases are separated by a continuous phase transition. Motivated by these
numerical results, | will then focus on the easy-axis kagome spin system, and reformulate it as a lattice gauge model. Such formulation enables us to
achieve a controlled theoretical description for the spin liquid phases. We then show that the chiral spin liquid is indeed a gauged U(1) SPT phase.
On the other hand, we also propose that the kagome spin liquid is a critical spin liquid phase, which can be considered as a gauged deconfined
critical point between a SPT and a superfluid phase.</p>

Pirsa: 16040106 Page 1/50



Spin liquids on kagome lattice and
Symmetry protected topological phase

Yin-Chen He °0. pks
MPI-PKS, Dresden, Germany ®
@
(Apr 2016, Perimeter Institute) °
DFG §15

irsa: 16040106 Page 2/50



Spin liquids on kagome lattice
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Spin liquid! But which one?
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Spin liquids on kagome lattice
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Symmetry protected topological phase

Interacting system

| D bosonic SPT: Haldane’s spin-1 chain
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Deconfined criticality
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Spin liquid: more than absence of order

* Fractionalization in 2D/3D

electron splr(}on
spin charge r/o’m /
separation o°
chargon

* Emergent gauge field: U(1), Z2......
* Fractional quasiparticles (anyon)

 Parent state of a superconductor
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Examples of spin liquid

Chiral spin liquid, gapped
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Kagome Heisenberg model

Partial list...

What is the ground state!?
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"kagome spin liquid"
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Current status
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How to solve!
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How to solve!

gauge field
spinon o
- Z 5‘,- : S’jf- t Z is ¢ ( 4 iy, (0 + 1AL )Y
. Effective lattice Deconfined
Spin model-Exact? >
\ gauge model spin liquid
\ N
\ -
™ -
R o
acontrolled mean field® o

slavewparticle {

Pirsa: 16040106 Page 14/50



How to solve!

gauge field
spinon o
- Z 5‘,- : S’jf- t Z is ] ( 4 iy, (0) + 1A )Y
. Effective lattice Deconfined
Spin model-Exact? >
\ gauge model spin liquid
\ P
\ -
™ -
R o
acontrolled mean field® o

slavewparticle {

Pirsa: 16040106 Page 15/50



Pirsa: 16040106

Make it more general
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Extended kagome model
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Numerics for the chiral spin liquid

Hall conductance DMRG results
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Fractional statistics from DMRG
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Numerics for the chiral spin liquid
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Extended kagome model
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Easy axis kagome
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Exact lattice gauge mapping

ZS“—(I a—— ZS —bb—l
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Exact lattice gauge mapping

ZS“—(I a—— ZS —bb—l
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similar system: quantum dimer model, pyrochlore lattice
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Exact lattice gauge mapping
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Lattice gauge mapping: XXZ kagome
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Solving the kagome spin liquid phase
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No "free” spin liquid
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Phases in a lattice gauge model

gauge field + matter interacting bosonic matter

gauge field gauging
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Phases in a lattice gauge model

gauge field + matter interacting bosonic matter

gauge field gauging
S Pi NON O.. s et 0 TEUTIS—
Higgs phase Superfluid
Z2 spin liquid Charge-2 superfluid
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Phases in a lattice gauge model

gauge field + matter interacting bosonic matter

gauge field gauging
spinon 0 TEO——
Higgs phase Superfluid
Z2 spin liquid Charge-2 superfluid
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Symmetry protected topological phase!

Classified by cohomology group H 1[G, U(1)]

SPT protected by U(|) charge conservation

5

Bosonic integer quantum Hall
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Symmetry protected topological phase!

Classified by cohomology group H G, U(1)]

SPT protected by U(|) charge conservation

5

Bosonic integer quantum Hall
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gauging { — A0, Ay
< 4

chiral spin liquid See also:
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Outline

|. spin liquids on kagome lattice
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topological phase (SPT)
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Solving the kagome spin liquid phase
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Lattice gauge model
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Lattice gauge model
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Lattice gauge model
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Whole phase diagram
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Whole phase diagram
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Field theory for zero gauge fluctuation
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Field theory for finite gauge fluctuation
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Fate of DCP under gauge fluctuation
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Dirac spin quuid, and more!
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Dirac spin quuid, and more!
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Numerical results on the spin gap
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