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Principle of optical lattices

Standing waves along 1, 2 or 3 axes, with different frequencies.

2 standing
waves:

2D lattice of
tubes

3 standing
waves:
3D lattice

|. Bloch, Nat.
Phys. (2005)
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Band structure
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Band structure
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Band structure
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Band structure

VO = 4'Erec
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Band structure
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Band structure
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Band structure
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Band structure
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Bloch functions

Bloch functions resemble plane waves at low Vg, and series of
peaks at large V.
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Bloch functions

Bloch functions resemble plane waves at low Vg, and series of
peaks at large V.

n=1,q=0
2,
1l — V0=0
first excited — V0=2
172]
band E V0=4
Vo = < — V0=8
0...32Ec -1f ] —— V=16
— V0=32
-2f . . . . ]
-1.5 -1.0 -0.5 0.0 0.5 10 1.5

Position x [a]

Hélene Perrin, LPL — Les Houches 2015 Optical lattices



Momentum comb: sudden release

Sudden release of the optical lattice: the momentum distribution
presents a periodicity 2hk.

Expansion with time
bosons in a 3D lattice
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Observation along two orthogonal
axes = recover the 3D distribution
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Interference between the wells

From Markus Greiner's PhD thesis. W
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Band mapping: adiabatic release

bosons in a 2D lattice

Example: population in 2 bands (Greiner et al. 2001)
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Wannier functions

Wannier functions are located around a given lattice site.
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Mott transition

Observation of the Mott insulator to superfluid transition (2002):
A competition between kinetic energy and interactions
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Mott transition

Mott shells in a lattice + harmonic trap (Greiner/Bloch 2011)
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