Probing topological spin liquids
in Rydberg atom arrays

Theoretical Condensed Matter Physics Principal Investigators’ Meeting
Office of Basic Energy Sciences, U.S. Department of Energy

October 28, 202 |

, P PHYSICS
Subir Sachdev A (SR -
\s/ iy

INSTITUTE FOR
Talk online: sachdev.physics.harvard.edu sovancep stupy  HARVARD




Probing topological spin liquids
in Rydberg atom arrays

(Distinct from the ten-fold “band topology” classification of
“topological insulators” and “topological superconductors”)

Theoretical Condensed Matter Physics Principal Investigators’ Meeting
Office of Basic Energy Sciences, U.S. Department of Energy

October 28, 202 |

Subir Sachdev

PHYSICS

Talk online: sachdev.physics.harvard.edu HARVARD



NNNNNNNNN

+ Wen Wei o

Ao

Rhine Samajdar

Seth Whitsitt
Mikhail Lukin



ground state

Vie—er ~

0 — 0]

excited state
(large principle
gquantfum number)

Fig: hitps://www.caltech.edu/about/

OpTICOl Tweezer (Tr(]ps OTOm> news/quantum-innovations-achieved-

using-alkaline-earth-atoms

Hiya =3 |5 (o) 0rl + 1rgl)e = AR | + 32 Vieeo (I rle @ 1) ol

¢ - 4 ()




QP Tsin a Rydberg quantum simulator
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Density wave order and quantum phase transitions in one dimension
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DenS|ty wave order and quantum phase transitions on the square lattice
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Rydberg atoms on site-kagome lattice: theory
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R. Samajdar, Wen Wei Ho, H. Pichler; M. D. Lukin, and
S.Sachdev, PNAS 118,e2015785118 (2021)



Rydberg atoms on site-kagome lattice: theory
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Topological spin liquid
R. Samajdar, Wen Wei Ho, H. Pichler, M. D. Lukin, and described by emergent
S.Sachdev, PNAS 118,e2015785118 (2021) 7o gauge theory ?




From the F'SS model to an emergent Z, gauge theory
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From the F'SS model to an emergent Zs gauge theory
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From the F'SS model to an emergent Z, gauge theory
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From the F'SS model to an emergent Z, gauge theory
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The Kjoop terms are generated in a large V' expansion: ‘resonance’ between Rydberg
states stabilizes a phase with deconfined Zs gauge charges i.e. a Zo spin liquid
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From the F'SS model to an emergent Z, gauge theory
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Probing Topological Spin Liquids on a Programmable Quantum Simulator
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