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Time dependent ion laser Hamiltonian 
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Classical time dependent HO 

Ermakov-Lewis invariant 

Ermakov equation 

Lewis, PRL (1967). 
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Translation to quantum 

ˆ ˆ ˆ| | |SD T    

  H. Moya-Cessa and M. Fernández Guasti 

  PHYSICS LETTERS A 311, 1 (2003).  
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 Time dependence now  

as a factor 
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Via the transformation T, one can cast the above Hamiltonian into a 

Rabi Hamiltonian with time dependent parameters.  



Optical realization of light matter 
interaction 
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Because the quantum Rabi model may be 

transformed to the ion-laser interaction, the optical 

realization may be extended to this case:  
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By moving to a frame rotating at   we get rid off the time dependence 
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Eigenstates of the ion-laser interaction and/or the 

Rabi model can be obtained 

H.M.-C., D. Jonathan and P.L. Knight, 

Journal of Modern Optics 50, 265 (2003). 

A family of exact eigenstates for a single trapped ion interacting with a laser field. 
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H. M.-C., A. Vidiella-Barranco, J. A. Roversi, S. M. Dutra, 

Journal of Optics B 2, 21-23 (2000). 

Unitary transformation approach for the trapped ion dynamics. 
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Element “ee”  of the diagonal matrix reads 
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Approximations done: 
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1. Optical rotating wave approximation 

2. Removing time dependence 

3. Vibrational wave approximation 
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Conclusions 
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It was shown that the Rabi model and the ion 

laser interaction Hamiltonians may be related via  

a simmilarity transformation.  

 

This allows much faster regimes than the ones  

reached with the vibrational rotating wave  

approximation, as thta is dictated by the Rabi  

frequency (intensity of the laser).   


