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Outline

● Delta-kicked rotors

● Fractional resonances

● Momentum dependence

● Time reversal

● The future?



Delta-kicked rotor

● Force switched on 
periodically

● Classically chaotic 
system

● Quantum 
correlations lead to 
reduced energy 
growth

θ

V=−V 0 cos∑
n

t−nT 



Talbot effect

● Well known optical gratings are reformed 
after Talbot distance 

● For atoms: temporal

● Free evolution between kicks:

●            For

● This is the Quantum Resonance 

U free=exp−i 4rT 

U free=1 T= 
2r
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Moving the lab



Kicked rotor setup
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Talbot effect
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Simulations

● Start with wave packet

● Time evolution

● Integrate k
a
 over momentum distribution BEC
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Varying period
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Varying period (5 kicks)
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Initial momentum
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Time reversal

● System is classically 
chaotic

● Quantum motion
● Should be 

reversible!

● Apply number of 
kicks,  8ω

R
T=4π+ε

● Wait for sign change
● Reverse evolution 

by applying more 
kicks with 
8ω

R
T=4π-ε
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Time reversal

● Central peak should 
reach same height 
after pulse 
sequence

● Central peak more 
narrow after pulse 
sequence



Momentum distribution



Changing ε



Future 1: time reversal

● In the ballistic regime, on resonance

● First apply N kicks with strength φ
d

● Wait T
T
/2

● Wave function reverses sign
● Apply one kick with strength Nφ

d



Future 2 : nonlinearity
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Future 3: δ-kicked harmonic 
oscillator



Concluding

● Quantum chaos can be reversed

● Quantum resonances
● Integer
● Fractional
● Velocity dependence

● Simple system
● More degrees of freedom makes it more 

classical
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