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Optical Lattice and Motion

• Stationary

• Constant Motion
V=δν λ

• Constant force
– Gravity
– Inertial force from acceleration



Classical and Quantum Effects

Raizen, Salomon, Niu, 
Physics Today, 1996.

• Optical lattice + constant force
= tilted lattice potential

• Classical: trapped or untrapped
• Quantum: tilted Bloch bands

– Bloch Oscillations
– Wannier Stark Ladders
– Zener tunneling



Interacting BEC atoms
Screening of lattice potential by mean field 

interaction
--Choi and Niu, PRL 1999

Enhanced Landau-Zener tunnelling due to 
nonlinear effects

--Wu and Niu, PRA 2000; Liu, Wu, Niu PRL 2003

Dynamical and Landau instabilities of BEC 
Bloch state

--Wu and Niu, PRA 2001



Non-interacting cold atoms

• Pre-BEC, laser cooled atoms
• Low density 

– non-interacting. No distinction between bosons 
and fermions.   Single particle physics.

• Cold 
– Kinetic energy of atoms are comparable to 

photon recoil energy
– Quantum dynamics in optical lattice 



• Bloch bands 

• Crystal momentum 
dq/dt = F / 

• Velocity 
v = dEn/dq

Bloch Oscillations

Bahan et al, PRL 1996



Landau-Zener Tunneling

• Two level system

• Tunneling probability



Tunneling between bands

• Tunneling rate across a gap

– Niu et al, PRL 1996

• Experiment
– Bharucha et al, PRA 1997

Clean up atoms above gap



Wannier-Stark Ladders

• Tilted Bloch bands and ladders
δE=h/τB

– Niu et al PRL 1996

• Experiment
– Wilkinson et al PRL 1996

Splitting =  δE / h 



Bloch Oscillation and Zener
Tunneling of BEC 

• BEC in an stationary optical lattice under 
gravity – Anderson et al, Science 1998



Interaction Effects

• Mott insulator at strong interaction

• Interaction effects already manifest well 
within the weak coupling regime
– Focus of this talk



Screening effects

• GP equation 
• Effective potential
• Experiment:  

– Morsch et al PRL 2001



Nonlinear Landau-Zener tunneling
Wu & Niu, PRA 2000



Loop in the band structure



Experiment on 
Nonlinear LZ tunneling

C >V?



Adiabatic theorem revisited
PRL 2003,2005 with Liu and Wu

• Linear quantum system
– Condition: non-degeneracy of levels
– Probability on each level is conserved
– Dynamic phase + Berry phase
– Superposition principle 

• Nonlinear quantum system
– Eigenstate: stationary point
– General state: periodic, quasiperiodic, or chaotic orbits
– Conservation of `classical action’ or AA phase
– Concept of Berry phase is also generalized
– Adiabatic condition: dynamical stability



Stability of BEC states
• Perturbation in the wave function



Stability phase diagram



Experiment I



Experiment II



Experiment III



Conclusion

• Very interesting quantum phenomena even for 
non-condensed cold atoms:
– Bloch oscillations, LZ tunneling, WS ladders

• BEC and interaction lead to much richer behaviors
– Screening, looping spectrum, dynamical instability, …

• More theoretical and experimental studies are 
needed on transport in strong interaction regime 
and near Mott transition.




