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Optical lattices: clean BH model
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Clean BH model

Weak lattice:
• Superfluid (SF)

Strong lattice:
• Mott-insulator (MI)
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The Disordered BH model
Disordered bosonic materials

ei: site energies
“diagonal disorder”

tij: tunneling energy
“off-diagonal disorder”

Ui: interaction energy
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Disordered BH model: theory

BG

disorder
BG

SF: superfluid MI: Mott-insulator
BG: Bose-glass (gapless, compressible IN)
MG: Mott-glass (gapless, incompressible IN)
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Controllable disorder: speckle

160 μm

high NA 
(f/0.86) lens

Holographic
diffuser

532 nm

D Potentials add to
produce disordered lattice

Aspect, Ertmer, Engels*,Hulet, Inguscio…
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Fine grained disorder:
•Assumed in theory
•Required to realize disorder in t and U



BH parameters

Calculation by Ceperley’s group using known potential

Disordered “material” in which microscopic 
disorder completely determined
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Transport Measurements
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Transport

Impulse

30 mm



Motion



Observable: center-of-mass velocity
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 We measure:
•Damping rate

(resistance)

We change:
•Lattice depth (t/U)
•Temperature
•Disorder strength



Clean system: phase slips
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Resolving an insulator

Apply impulse, measure total center-of-mass velocity
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Disorder-induced SF-IN transition

D=0 ER
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Disorder mediated IN-to-SF?

MI
s=14
U/t=44
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Disorder-induced SF-IN transition

D=0 ER

D=0.75 ER
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Destruction of condensate ➨ insulator

T=0 MF

D=0 ER hot



Conclusions

Nature Physics doi:10.1038/nphys1726 (2010) 

Gurarie, Pollet, et al. doi 10.1103/Phys Rev B 80, 214519 (2009)

• Temperature low 
enough?

• LDA?
• Finite system?
• Equilibrium?



Bounds on entropy

entropy after slow (15 ms) turn off
*separate measurements indicate this is not truly adiabatic!

: entropy before turning on lattice

Clean lattice:
Estimate from 
N0/N using finite 
temperature 
LDA+site-
decoupled MFT



Conclusions

• Measuring compressibility / center of lattice
• Implement isotropic disorder

• Measuring temperature in a lattice (PRA 79, 063605 (2009))

• Spin-dependent lattices (NJP 12, 055013 (2010))
• Non-equilibrium dynamics in 2D and 3D lattices
• Simulating thermopower in Mott-Hubbard materials

• Detailed dirty transport measurements
• Phase slips in finite 3D systems
• …



Spin-Dependent Lattices
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Use m=0 atoms for thermometry, cooling, phonon bath…



Loss of thermal contact

•Not macro-/micro-scopic
phase separation

•Detailed thermalization
measurements using 
selective heating
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