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• Characteristic density; universal phase diagrams
• Challenges in cooling (and thermometry)
• Spin-dependent lattices: something we are doing about it 

(that won’t work)
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•Can Hubbard model produce d-wave SC?
•Nature of pseudo-gap phase?
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(Zweirlein)
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A solution?

Species / spin-
dependent lattice
• Two spin states
• Two atomic species 

(40K/87Rb, 133Cs/40K)



780 nm795 nm

Example: 87Rb

Polarization in the atomic basis



Polarization in the atomic basis



Polarization Gradient Lattices

Easiest to understand in 1D
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3D Spin-Dependent Lattices
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Spin-Dependent Lattices
Standard Lattice

Spin-Dependent Lattice

•Requires detuning comparable to fine structure splitting
•Lattice potential depth proportional to gFmF
•Lattice wavevector can not be perpendicular to magnetic 

field along any lattice direction
•Scalar lattice vanishes for “magic” wavelength  (790 nm)

• No scalar lattice for θ=90° (“lin-perp-lin”)



Spin-Dependent Lattice Thermometry
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Lattice Technical Issues

E


Create strong lattice for mF=0 atoms

Solution: work at 790 nm
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3D Spin-Dependent Lattice

θ=90°: lin-perp-lin
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3D Spin-Dependent Lattice

θ=90°: lin-perp-lin
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Hexagonal spin-dependent lattice

Sengstock



Hexagonal spin-dependent lattices



Controlled Heating

Invisible to |1,0>



Ground Band

1st Excited Band

2nd Excited Band

Controlled Heating
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Band decay and thermalization

*thermalization timescale for lattice atoms= 5–7 ms from 6–11 ER

En
er

gy

Quasimomentum

s=6

0,3,5,7,10

0 ms 3 ms 5 ms

7 ms 10 ms



•In the harmonic trap (before loading the lattice), mixtures 
completely thermalize within 50 ms

•In the lattice, we cannot even observe relaxation!

Thermalization after controlled heating



Controlled heating – raw data



Controlled heating: results

/holdtA e τ−∝

Theory: need to consider effective mass, single-particle localized 
states, lattice dispersion (Kapitza resistance?), interaction-induced
localization…
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