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Abstract: <p>We present an effective Z2 gauge theory that captures various competing phases in spin-1/2 kagome lattice antiferromagnets. the
topological Z2 spin liquid (SL) phase, and the 12-site and 36- site valence bond solid (VBS) phases. Our effective theory is a generalization of the
recent Z2 gauge theory proposed for SL phases by Wan and Tchernyshyov. In particular, we investigate possible VBS phases that arise from vison
condensations in the SL. In addition to the 12-site and 36-site VBS phases, there exists 6-site VBS that is closely related to the symmetry-breaking
valence bond modulation patterns observed in the recent density matrix renormalization group simulations. We find that our results have remarkable
consistency with a previous study using a different Z2 gauge theory. Motivated by the lattice geometry in the recently reported vanadium
oxyfluoride kagome antiferromagnet, our gauge theory is extended to incorporate lowered symmetry by inequivalent up- and down-triangles. We
investigate effects of this anisotropy on the 12-site, 36-site, and 6-site VBS phases. Particularly, interesting dimer melting effects are found in the
36-site VBS. We discuss the implications of our findings and also compare the results with a different type of Z2 gauge theory used in previous
studies.</p>
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Playground of exotic quantum states
- spin liquid (SL) or valence bond solid (VBS)
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+ Spin liquid

- resonating valence bonds Read & Chakraborty, PRB (1989)
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Valence bond solid

- crystalline order of valence bonds
- spontaneously broken lattice symmetry
- triplons (s=1)
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- Material systems

Arhe ithite Han et al., Nature (2012)

Herbertsmithites U(1) SL or Z SL?
ZnCu3z(OH)sClp Pilon et al., PRL (2013)
Deformed kagome antiferromagnet : y

-site artan et ¢ at. Phys. (2010
RbsCusSnFia 12-site VBS Martan et al., Nat. Phys. (2010)
Vanadium oxyfluoride 5 Aidoudi et al., Nat. Chem. (2011)
(NH/}) (C/HMN)(V!O(FH!) ' Clark et al. PRL ( 01! ))

perturbations to the ideal Heisenberg model

Vanadium oxyfluoride
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Q2: Effects of the lower symmetry (/\ = V/)
on spin liquids and valence bond solids?
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- Focusing on the VBS phases found in our effective
theory, we investigate the lower symmetry effects on the

phases.

- We find interesting dimer melting effects in the 36-site
VBS phase.
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Quantum dimer model

Our Z; gauge theory is exactly equivalent to a
quantum dimer model.
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Quantum dimer model

Our Z; gauge theory is exactly equivalent to a
quantum dimer model.

Hoom = —h Y [D)(D|+ K Y ep|D)(D|
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- Our Z2 gauge theory is exactly equivalent to a
quantum dimer model.

Hoom = =h Y_ |1D)(D|+ K 3 €n|D)(D]

Da? DaS%*
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Z> Gauge theory

* Dimer-arrow mapping
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» Dimer-arrow mapping
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dimer: 2-in-1-out
arrow: o'(==x=I1)
hardcore dimer constraint
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+» Hamiltonian
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(i) // (kD)
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- Phase diagram

Hoom = —h 3 I1D)(DI+ K Y eplD)(DI+A 3 nrli
DaP Da? TeT

|e) -VES

~g 17
ALY COs I/,

AN ATM sin ! cos ¢,

ATATAPA LY

sin @ sin g,

[’_‘-VBS\
-

-+
¢=0 DMRG  0=ai2

Yan,

Pirsa: 15120035
Page 18/28



Quantum dimer model

- Phase diagram
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Order parameter: vison condensation

vison condensation

4
Z> SL

Senthil & Fisher, PRB (2000)

Nikolic & Senthil, PRB (2003)
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Quantum dimer model

Z, gauge theory

l Dual mapping

Dual Ising model

topological vortex

flux excitation
in the gauge field

local Ising spin
on the dual lattice
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» Soft spin model
- hopping Hamiltonian for the visons in the Zz SL
- soft vison modes + PSG analysis Ven. PRE (2002)

range position depeneracy
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Landau theories for VBS orders

* Soft spin model
- hopping Hamiltonian for the visons in the Z2> SL

- soft vison modes + PSG analysis Wen, PRB (2002)
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* Ginzburg-Landau theories
- Ginzburg-Landau functional using the soft modes
and vison PSG

Huh, Punk, Sachdev, PRB (2013)
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Case2: K<0 and A=0
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VBS 2B, 28°, 2B"

different kind of
36-site VBS

zigzag and parallel
dimer structures
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- Case2: K<0 and A=0
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Landau theories for VBS orders

16- VS 2 51
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different kind of
36-site VBS
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dimer structures

dimer modulations
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PRB 92, 205131 (2015)

We presented a simple but generic Z; gauge theory
exactly equivalent to a quantum dimer model

The effective theory captures previously proposed various phases:
Z» SL, 12-site VBS, 36-site VBS Wan & Tchernyshyov, PAB

Our results are remarkably consistent with the resuits of a previous
(conventional) Zz gauge theory approach 37, 235108

the anisotropic triangular geometry.
It would be interesting to investigate which microscopic spin

Hamiltonian is mapped into our effective theory with the triangular
anisotropy. The simplest one will be J;-J> Heisenberg model
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