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Frustrated antiferromagnetism leads to exotic quantum phases

• H =
∑

ij JijSi · Sj , trivial phase for

half-integer spin precluded by LSM theorem

• Study effective model starting from bosonic

spinon construction, Si = b†iασ
αβbiβ

Sachdev, “Kagome- and Triangular-Lattice Heisenberg Antiferromagnets”.
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Effective model of triangular lattice antiferromagnetism

O(4) bosonic spinons ziα, α = 1 , 2

coupled to an odd Z2 gauge field sj,j+µ̂

H[zα, s] = −J

2
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(
z∗j,αzj+µ̂,α + c.c

)
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∑
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Berry phase requires sign-problem-free mapping

• zj,α = rj,αe
iθj,α , angular variables

recast into closed current loops

• Non-trivial constraint between

allowed gauge flux Φ and current

loops

• Berry phase reflected in geometric

frustration of gauge flux

r1,2

p⃗1,2

Φ = ±1
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Phase diagram captures spin liquid and ordered phases

• Preliminary data indicates direct

transition between VBS and

magnetic order

• System sizes restricted to multiples

of 12 to admit VBS order

• Independent spinon/gauge cluster

updates insufficient to resolve

transition at large system sizes



6

Future work

• Improved global updates for

studying DQCP - can we find

signatures of QED3?

• Generalization to continuous-time

simulations

• Application of sign-problem-free

mapping to more systems - Bose

Hubbard + Z2 at finite density

Homeier et al., Quantum Simulation of Z2 Lattice Gauge Theories with Dynamical Matter from

Two-Body Interactions in (2+1)D.
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Full sign-problem-free Hamiltonian

Z =

∞∑
hj,α,µ=−∞

∏
jα

ˆ 1

0
rj,α drj,α δ

(∑
α

r2j,α − 1

)
exp (−H[rα , hα])

H[rα , hα] =
∑
⟨j,µ⟩

[
− ln Ipj,α,µ(Jrj,αrj+µ̂,α) +Kdεj,µσj,µ

]
σj,µ = 2

∑
α

hj,α,µ mod 2− 1

e2Kd = tanhK =
eK − e−K

eK + e−K


