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singlet

Rokhsar Kivelson 1988: Quantum dimer model

Senthil Fisher 2000: QSL and Ising lattice gauge theory

Moessner Sondhi 2001: Stable QSL in the dimer model on triangular lattice

See also: 1987 Kivelson Rokhsar Sethna, 1988 Affleck Marston, 1991 Read Sachdev, 1991 Wen
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TOPOLOGICAL ORDER IN DIMER MODELS

2D bipartite lattices
2D non-bipartite lattices

is it a stable QSL?

  
● infinite correlation length
● no deconfined phase (Polyakov)

✗  
U(1) gauge symmetry:

✔  
Z2 gauge symmetry:

● finite correlation length
● gapped QSL with Z2 topological 

order
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Broholm, Science 2020

Various candidate materials

Dimer RVB state on triangular, kagome lattices have Z2 topological order

Quantum simulators?
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RYDBERG ATOM ARRAYS
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Can other types of topological order emerge in 

constrained models?

Can they be probed with Rydberg atoms?
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Is there a general criterion?
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Region with         vertices Flux =
Z3 Gauss law

But some trimer models have a “larger” local symmetry and no 
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Z3 topological order can emerge
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MAIN RESULT

Tripartite

● tRVB has infinite correlation 
length

● U(1)xU(1) Gauss’ law

Non-tripartite

● tRVB can have finite 
correlation length

● Z3 Gauss’ law

G. Giudice, FMS, H. Pichler, G. Giudici, in preparation

Trimer RVB states
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● Resonating trimer states
○ Definition (square lattice)
○ Tensor network representation
○ Gauge symmetry: Z3 vs U(1)xU(1)
○ Other lattices

● Dilute trimer state
○ Stability
○ Hamiltonian

● Implementation with Rydberg atom
○ Square lattice
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RESONATING TRIMER STATE

Tensor network representation

virtual indices ↔ gauge fields
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only bent only straight 

gapped gapless

correlation length topological EE

Z3 QSL

Cylinder transfer matrix
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GAPLESS CASE

Why is it gapless?

3 sublattices: A, B, C
Electric field 1: B→C Electric field 2: B→A

Flux = NB-NC Flux = NB-NA

U(1)xU(1) gauge symmetry:
no gapped QSL phase
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Honeycomb lattice

  ✗
Gapless tRVB
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RYDBERG IMPLEMENTATION

Not exactly the 
same as trimer 
constraint!

Still Z3 topological 
order?

Yes! But with larger 
correlation length
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CONCLUSIONS AND OUTLOOK
● Trimer states: rich phenomenology (beyond dimer states)

● Emergent Z3 topological order for non-tripartite trimer models

● Emergent U(1)xU(1) gauge symmetry for tripartite trimer models

● On the square lattice, Z3 topological order is stable to dilution

● Rydberg implementation of trimer models on square lattice

● Is there a Z3 QSL phase in the two-plane Rydberg model?

● Other implementations?

● Beyond trimers: polymers?



THANK YOU FOR YOUR 

ATTENTION!

G. GiudiciG. Giudice H. Pichler

Trimer states with Z3 topological order, in preparation
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