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Motivation
Quantum mechanics

Classical mechanics

?

What happens to 
Coherent control ?

What if there is 
Decoherence ?

…
…

When does the classicality happen?
Criterion for classicality

Ehrenfest regime   -- size of quantum states
Liouville regime     -- probability should equal





Outline

• Basics about optical lattice

• Rescale Hamiltonian, effective Plank constant and etc.

• Control knobs: two phases

– Absolute phase

– Relative phase

• Pulse parameters

• Initial states: three kinds of probability distribution

• Simulation results and conclusions

– Dependence on effective hbar

– Dependence on decoherence



Basics about optical lattice









Rescale Hamiltonian,
effective Plank constant

and etc.



Effective mass = 1

Lattice constant = p/k



Quantum Mechanics

Classical limit



For          , shaking of lattice should be 
much faster than recoil frequency



Classical Mechanics



To control: Momentum of atoms,
or, atoms go right or left



Control knobs: two phases



Absolute phase: between f1 and f2

Relative phase: between w and 2w





Pulse parameters



For            , perturb 
with very deep lattice  



w and 2w have the same amplitude

and the amplitude is 1 for each, 
or 1/(2p) of the lattice constant



Initial states: three kinds of 
probability distribution

classical and quantum are same



Classical  Quantum



Uniform

Regular

Chaotic



Results



Dependence on hbar



General character



The color stands for 
final average momentum

- Regular  1 vs. 2 survives in CM
- Uniform  Chaotic
- fabs initial condition



They are different

Quantum enough ^_^



frel

They are 
idetical?!

fabs

They are 
associated.





Magnitude of control





Same order of magnitude

- Regular goes to classical fast and 
smooth
- Chaotic oscillates and is the 
cause of oscillation in Uniform 

Dashed lines are classical valueUniform

Uniform

- presence of control strongly 
depends on value of 
- the magnitude is about 2 
orders larger than

?





Dependence on decoherence



Decoherence model
• Simple model of spontaneous emission
• Random momentum jumps on the order of recoil momentum
• Probability of a jump occurring is uniformly distributed in time
• Schrodinger equation is solved many times for different 

realization of the random momentum shifts
• All observables are averaged over these different realizations
• Also works for classical motion equations



About 30 jumps?

That’s 100% chance of decoherence per cycle?!! 
Weak?
Or, because 



Black things are oscillation 
due to quantum interference

Decoherence get rid of 
quantum interference
But not detrimental

?????
Coherent control
but not quantum control
?????
Classical coherent control
Quantum coherent control

?? Don’t know:
Initial state
What phases





about 3 jumps in total and about 6 jumps in total?

Initial state is Chaotic

- They are different
- to have quantitative agreement, decoherence
modifies the classical dynamics strongly  -- “an 
agreement which has not yet set in for the result 
of Fig. 4”

?? Meaning the answer is ‘No’ ??
Or ‘Yes’, but you have to modify the dynamics a lot.

………



That’s it!


