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Particles hopping around a plaquette acquire a phase

Static gauge fields

Mancini, M., Pagano, G., Cappellini, G., Livi, L., Rider, M., Catani, J., ... & Fallani, L., Science, 349, 1510-1513 
(2015).
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● Problem:

○ complex many-body 

interactions

○ local (gauge) symmetries
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gauge theories at large scale

We show that this 

has been done:

U(1) GAUGE THEORY in 1+1d

exploiting dynamics induced 

by Rydberg interactions

Martinez, E. A., Muschik, C. A., 
Schindler, P., Nigg, D., Erhard, A., Heyl, 
M., ... & Blatt, R., Nature, 534(7608), 
516-519 (2016).
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The model

○ Rydberg: FSS model ○ U(1) gauge: quantum link 
model

Slow dynamics

○ Density oscillations ○ String inversion

○ No string breaking

○ Particle-antiparticle pairs



RYDBERG ATOM EXPERIMENT

H. Bernien, S. Schwartz, A. Keesling, H. Levine, A. Omran, H. Pichler, S. Choi, A. S. Zibrov, M. Endres, M. 
Greiner, et al., Nature 551, 579 (2017)
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Non-equilibrium dynamics

FSS MODEL

Gauge theories

Phase diagram

● Quantum many-body scars

● Violation of ETH

P. Fendley, K. Sengupta, and S. 
Sachdev, Phys. Rev. B 69, 
075106 (2004)

C. Turner, A. Michailidis, D. Abanin, M. 
Serbyn, and Z. Papic, Nature Physics 
(2018)

V. Khemani, C. R. Laumann, and A. Chandran, arXiv:1807.02108 (2018)

C.-J. Lin and O. I. Motrunich, arXiv:1810.00888(2018)
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QUANTUM LINK FORMULATION

Quantum link S=1/2

Gauss law
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EXPERIMENT: SLOW DYNAMICS

H. Bernien, S. Schwartz, A. Keesling, H. Levine, A. Omran, H. Pichler, S. Choi, A. S. Zibrov, M. Endres, M. 
Greiner, et al., Nature 551, 579 (2017)
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QLM S=1

T. Pichler, M. Dalmonte, E. RIco, P. 
Zoller, and S. Montangero Phys. 
Rev. X 6, 011023 (2016)
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Phase transition

E. Rico, T. Pichler, M. 
Dalmonte, P. Zoller, and S. 
Montangero, Phys. Rev. Lett. 
112, 201601 (2014)
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OTHER “SLOW DYNAMICS”- NO STRING 

BREAKING IN LATTICE SCHWINGER MODEL

String breaking strongly suppressed
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Two pairs: interference pattern

OTHER “SLOW DYNAMICS” - 

PARTICLE-ANTIPARTICLE PAIRS
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4Gauge theory 

interpretation of slow 

dynamics

Generality 

(Schwinger, QLM S=1)

Perspective: 

experiments with 

particle-antiparticle 

pairs
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