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In the 𝑞𝑞 = 0 subspace, wavefunction : 
 
 

(expansion on plane waves                              ) 
 
Schrödinger equation : 

Imaging : momentum distribution 
atoms imaged after time-of-flight 

(TOF) 

We engineer the final state 𝐶𝐶(𝑡𝑡𝑓𝑓) using the control parameter 𝜑𝜑(𝑡𝑡)  

Initial wavefunction = ground state  
quasimomentum 𝑞𝑞 = 0 



Deriving optimal control 
 Choose a target state 𝐶𝐶𝑇𝑇, 
a figure of merit ℱ (fidelity) 
 

 e.g.  
 
 Optimize a discretized ramp 𝜑𝜑𝑛𝑛: 

Experimental sequence : 
 

- precise lattice depth calibration* 
- adiabatic lattice loading 
- optimal phase control 
- time-of-flight, imaging 

*C. Cabrera-Gutiérrez et al., 
Phys. Rev. A 97, 043617 (2018) 

Iterative optimization (gradient ascent) 
For control {𝜑𝜑𝑛𝑛

(𝑘𝑘)}: 
- compute        , and the adjoint         : 

 
 

- build Pontryagin’s Hamiltonian 
 
 

- Apply correction 

Derivation of optimal control 



Experimental results 
 States with equal 

weights/arbitrary 
weights on chosen 
momentum peaks 

 State                                                               with given relative phase        , 
 

Phase measurement from subsequent evolution 

expected Δ𝜙𝜙 
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Experimental results 



Preparation of eingenstates 

At quasimomentum 𝑞𝑞 =  𝑞𝑞�𝑘𝑘𝐿𝐿, the 𝑛𝑛th Bloch function reads 
 
 

 
With            solutions of the stationary Schrödinger equation 
 
 We prepare eigenstates and superpositions thereof  
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Preparation of eigenstates 



Funding : 

 Preparation of states in a phase 
space of interest, e.g. Floquet 
mixed dynamical system 
(within a lattice cell) 

 Full estimation of the prepared state: 
subsequent dynamics provide a ensemble 
of measurements for maximum likelihood 
reconstruction 
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Perspectives 
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