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Many-body physics with synthetic quantum systems

Tunable arrays of individual Light-induced interactions in
Rydberg atoms atomic ensembles
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Arrays of interacting Rydberg atoms
Assembled arrays of tweezers
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Assembled arrays of tweezers
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Assembled arrays of tweezers Rydberg atoms
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Arrays of interacting Rydberg atoms

Assembled arrays of tweezers Rydberg atoms
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Interactions between Rydberg atoms and spin models

A ; A B ; A
€ >
Browaeys & Lahaye, Nat.Phys. (2020)

Resonant dipole
plns,n'p) V |n'p,ns)

2-atom energy
5




Interactions between Rydberg atoms and spin models

A ; A B ; A
€ >
Browaeys & Lahaye, Nat.Phys. (2020)

Resonant dipole

E 4 Alns,n'p) V |n'p,ns)
N 60p1/2
N
6081/2 E
C
1013 nm - V o~ Cs
o R3
6 .'f-U,
P3/2 ~ | >
99
421 nm

|581/2,F = 2,M = 2>



Interactions between Rydberg atoms and spin models
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Browaeys & Lahaye, Nat.Phys. (2020)
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Interactions between Rydberg atoms and spin models
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Interactions between Rydberg atoms and spin models
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Interactions between Rydberg atoms and spin models
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Interactions between Rydberg atoms and spin models
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Browaeys & Lahaye, Nat.Phys. (2020)
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Interactions between Rydberg atoms and spin models
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Outline

1. Dipolar XY magnet with resonant dipole interactions

2. Spin squeezing using dipolar interaction
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1. Dipolar XY magnet with resonant dipole interactions
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Ising versus XY model = classical versus quantum...

Ising model
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Ising model XY model
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Ising versus XY model = classical versus quantum...

Ising model XY model
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Ising versus XY model = classical versus quantum...

Ising model XY model
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Ising versus XY model = classical versus quantum...

Ising model XY model
H=Y J;6767 H=Y Jj;(6767 +676Y)
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classical Néel configurations
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Dipolar XY magnets: possibility of Long-Range Order

[ Dipolar interactions = 1/R3]
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Dipolar XY magnets: possibility of Long-Range Order

[ Dipolar interactions = 1/R3]

Polar molecules Magnetic atoms Defects in solid

Cr, Er, Dy o 5‘" A o,
Laburthe, Ferlaino, Pfau,
Ketterle, Modugno...

KRb, NaRb  Bakr, Ye, Ni...
N. Yao

Introduces frustration!! T

AFM: J < 0 V>

Expectations for ground state:

T'= 0 = Long Range order for FM & AFM  Bruno, PRL 2001

T # 0= LRO for FM o707) # 0, i = 5| = o
No LRO for AFM (frustration destabilizes)

Long-range order in 2D - XY magnets never observed...
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Experimental preparation of XY ferro- & anti-ferromagnets

3
a
Start from: Hyxy = —JZ ﬁ(affa;” +0j0d) + hz 0;0;
(J/h ~ 0.8 MHz) i<j Y i "N\ staggered

1. Prepare a classical Neel state along z: checkerboard pattern

apply local light-shifts

1) = [60Py2) * *
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Sgrensen et al., PRA 81, 061603(R) (2010)
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Experimental preparation of XY ferro- & anti-ferromagnets

3
a
Start from: Hxy = —JZ ﬁ(afa;c + afja?) + hz 0;0;
(J/h ~ 0.8 MHz) i<j Y i "N\ staggered

2. Adiabatically decrease § to “melt” into XY AFM / FM

1) = 60y o) |— *

1) = 608 /2) -‘- T

Sgrensen et al., PRA 81, 061603(R) (2010)
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Experimental observations of spin squeezing

Hot / cold atomic vapors
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