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What Is an optical lattice?
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Real atom: multiple transitions
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Optical lattice in higher dimensions

l. Bloch, Munich and MPQ Sengstock, Hamburg
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Band structure in optical lattice
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Origin of the band structure: Bragg diffraction
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Basic properties of particles in optical lattices

Eigen-states are delocalized Bloch waves ¢q(x):eiqxf(x)
g IS quasi-momentum
Eigen-energy E(q) is the dispersion

Localized wave packets, Wannier states, are defined as

[ n=2 | B d er/d iax
! ] W(x—xi)_w/ﬂjﬂ/de ¢, (x)dg

_.-uf’"";};\““\m_
i 1 Hamiltonian in the Wannier state basis is
n=0
L I L E _t t2 _t3
-t/d 0 n/d -t E -t t,
Quasi-momentum <w|H|w;,>=|t, -t E -t

t: nearest neighbor tunneling
t,. next nearest neighbor tunneling
... are the Fourier expansion of E(q)




Tunneling matrix element (E_)
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Energy scales in optical lattices

E ~ V1/2

Zero point energy
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Lattice depth V (E_)
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Interaction of atoms in lattices

General wave function ¥/ = Zi é-i W(X — Xi)
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Bose-Hubbard model (Fisher et al., PRB 1989, Greiner et al., Nature 2002)
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Quantum phase transition of bosons in 2D lattices
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AdS-CFT duality
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Evolution of early universe

Observations

Source: NASA/WMAP Science Team



Cesium-133 Bose-Einstein condensate apparatus

Fast evaporative cooling and Bose
condensation (11/07/2007)

Hung, Zhang, Gemelke, and Chin, PRA (2008)



Preparation of a 2D quantum gas
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Atoms in a 2D optical lattice

Microscope objective
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Perform in situ absorption imaging
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A closer look

Resolution: 1.0 um

Pixel size: 0.66 pum
‘Lattice const.: 0.53 pm



Density profiles of atoms in 2D optical lattices
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Extract temperature 7 and chemical potential

Density n (um™)
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Equation of state of a 2D gas n = n/liB — F(ﬁ)
And scale invariance kKT
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Thermodynamics tomography (equilibrium)

Density n(x,y)




Thermodynamics tomography

Density n(x,y)

Chemical potential n(x,y)
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