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@ Rydberg atom array

Rydberg atoms on the kagome lattice (links) maps to dimer model on the kagome lattice
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@ Quantum loop model (QLM)
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kinetic term

Constraint: two dimer per site
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“We cannot exclude an intermediate different crystalline phase ...”
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@ Sweeping cluster gquantum Monte Carlo method

Based on stochastic series expansion (SSE) in the path integral / = Tr{e_ﬂH }

Plaquette operators
Hip = =V (Il +2)(=) +V +C

Hyp =1 (1) +=)0). (=1,C=1

Partition function

p*(M —n)!
Z=ZZ YT k <a

(04 SM

M

l_[ Hai,Pi
i=1

o
> Sampling in the restricted Hilbert space

Diagonal update
Non-zero plaquette matrix elements

NpB{a|Hy pla)
— B Pins — M ’
opevator Types: | = - —n
<\\\H.,F|n> <:\H\_[,|:> <\\\HZ,F|:> <:\';\z-[>|‘|> Pd | = M —n + 1
: - el — .
] O N,B(a|H, ple)
< gthers |Hiplothers 7 ' T T/ = = |4V

lothers) plagquettes have 0 or 1 dimer

Z. Yan, Y. Wu, C. Liu, O. F. Syljuasen, J. Lou, and Y. Chen, Phys. Rev. B 99, 165135 (2019).



Off-diagonal (sweeping cluster) update
(1). Choose a flippable plaquette (FP) , create four update lines;

(2). Three conditions:
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Sketches for two possible cluster updates for QDM:

opevitor Jo\|\>es:
2 X 2 square lattice

< gthers |H x,-|>\ others 7 ©

%\)ola(;e, Line +

final stute - =g final state | ''''''
_ L [ ] D . I L | | ® L] iy
stice 3 [~ oO'o0”" o & s R ‘{j«] N B L
il D - = 0,8 .0
stite 2| | e e stice 2| | ] ﬁ ]
‘ T

e O o O .

stice 1 [ | N N stice 1| | R I
. o.0.g . - o 9. o
stice 00 | [ ] ﬁj*] D ______ stice 0 | | | ] [ ] H I A

nifial "T”Yﬁtw GtV\V‘j

wp dateod v‘FeYa'tvr str i(‘j

spibial az‘nwfto\r S‘l?kw\j

wp dateo vFe,m‘tvr str f(‘j




Sketches for a possible cluster updates for QDM:

3 X 3 square lattice

Before update After update



@ Phase diagram of quantum loop model

With sweeping cluster QMC upto [ =20, f « L
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@ Renormalization-group (RG) analysis
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® VP phase

invisible to diagonal measurements
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@ VP-QSL continuous transition

Cubic* fixed point
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With sweeping cluster QMC up to L=24
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@ Rydberg atom array

Rydberg atoms on the kagome lattice (links) maps to dimer model on the kagome lattice
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Emergent glassy behavior in a kagome

Rydberg atom array

Z .Yan, Y.-C. Wang, R. Samajdar, S. Sachdev, Z. Y. Meng, Phys. Rev. Lett. 130, 206501
(2023).



@ Phase diagram
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® Phase transition
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Triangular lattice quantum dimer model

with variable dimer density



@ Rydberg atom array

Rydberg atoms on the kagome lattice (links) maps to dimer model on the kagome lattice
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@ Phase diagram

Soft constraint: one or two dimer(s) per site
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@ Phase diagram
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Phase transitions between QSLs and the PM phase V=09 h=04

Polarization String operator

< string > = (= 1) Np, : #cut dimers

u} T T T T T T T T T T ]

Dimer filling o,

0.20

0.15"%

Dynamical dimer spectra

1.0 p—= =, V =12 1.0 p=0V=05 —14 40 p— 4o, V=05 — 025

Odd QSL PM Even QSL



Phase diagram of quantum loop model on

the square lattice
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