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QUANTUM SIMULATIONS
WITH ULTRACOLD ATOMS
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QUANTUM SIMULATIONS
WITH ULTRACOLD ATOMS

]

F-._ ' A e 8 o e e
.

Electrons moving over background of periodic atoms Atoms moving over background of periodic laser light
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LONG-RANGE INTERACTIONS

Protein folding

M www.bnl.gov

‘.- CDW in cuprate

Mise, W. D. et al. Nat. Phys. 4, 696
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LONG-RANGE INTERACTIONS

Lennard-Jones-type potential: minimum at distance ry~d
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QUEST FOR SUPERSOLIDITY

s structure formation possible in a coherent system?

U(1) gauge symmetry U(1) translational symmetry
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QUEST FOR SUPERSOLIDITY

E. Kim and M. H. W. Chan, Nature 427, 225-227 (2004)
D. Y. Kim and M. H. W. Chan, Phys. Rev. Lett. 109, 155301 (2012)
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LONG-RANGE INTERACTING QUANTUM GASES

Heteronuclear molecules

Strong magnetic dipole
moments

Rydberg atoms

Images: J. Ye, T. Pfau, C. Greene
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LIGHT-INDUCED INTERACTIONS

irsa: 18060033 Page 12/47




LIGHT-INDUCED INTERACTIONS

Scale: Strength: Shape:
Wavelength Atom-light coupling Scattering processes
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Atom dynamics: ~kHz

Bose-Einstein condensate Photon dynamics: ~MHz
2 x 10° ¥Rb atoms Lattice constant: ~um
Cooperativity per atom: ~10
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Lo -symmetry
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LIGHT-INDUCED INTERACTIONS

Discrete symmetry + phase coherence => lattice supersolid
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DISCRETE TRANSLATIONAL SYMMETRY BREAKING

/ Leaking cavity photons

=» intracavity photon number
/ n=|a
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DISCRETE TRANSLATIONAL SYMMETRY BREAKING

A

Leaking cavity photons
=» intracavity photon number

T = lar|2

Absorption imaging
after ballistic expansion
=2 momentum distribution
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DISCRETE TRANSLATIONAL SYMMETRY BREAKING

410)
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OUTLINE

Lattice U(1)-supersolid Intertwined

supersolid order
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F = F(oy,00) =ri0o] +ras + g(ad + a3)?

U(1) symmetry for r{ = 7y (A = Ay)
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CONTINUOUS TRANSLATIONAL SYMMETRY BREAKING

o

£ pL rin 1;1&[{... _1
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What happens for
asymmetric coupling?

Ay # Ao
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TWO COMPETING ORDERS
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TWO COMPETING ORDERS
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TWO COMPETING ORDERS
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F = F(ay,a) = riaf + 1203 + g(af + a3)?
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HIGGS AND GOLDSTONE MODES
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OUTLINE

Intertwined
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MULTIPLE ORDERS

electron dopin hole doping

High-temperature superconductors: Multi-ferroics systems:
Spin and charge order Ferromagnetism and ferroelectricity
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COUPLED ORDERS
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Phase exclusion Supersolidity Intertwined order
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Intercavity scattering

Pirsa: 18060033 Page 39/47




INTERTWINED ORDER

Ax = 1THz

o g D i S 2 2
F =ria] +r2a5 + glaj + a35)° — yi2a7a5 + ...
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INTERTWINED ORDER

Apr =T3GHz

One order parameter reduces
the critical point of the other one!
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INTERTWINED ORDER
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OUTLOOK

Chaotic behaviour

F. Piazza, H. Ritsch,
PRL 115, 163601 (2015)
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OUTLOOK

Chaotic behaviour Quantum gas microscopy with cavities

F. Piazza, H. Ritsch,
PRL 115, 163601 (2015)
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Supersolid: J. Léonard et al., Nature 543, 87 (2017)
Higgs + Goldstone: J. Léonard et al., Science 358, 1415 (2017)
Intertwined order: A. Morales et al., Nat. Materials (in press)
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