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      INTRODUCTION AND MOTIVATIONS

     

    The study of the highly nonlinear interaction of 
one-electron atoms with intense infrared laser pulses 
has stimulated the development of numerous 
mathematical methods and numerical algorithms to 
solve the corresponding time-dependent Schrödinger 
equation (TDSE).    

     



.

      INTRODUCTION AND MOTIVATIONS

    Keldysh has introduced the adiabaticity parameter 

                                 γ = ω(2Ip)1/2/E 
    where ω is the laser field frequency, E, the field amplitude, 

and Ip the ionization potential of the atom.

     For γ > 1, ATI and harmonic generation occur via

                      multiphoton transitions while in the strong field 

                      limit. 

     For γ < 1, tunnel  ionization takes place.

     
       For Ti-Sapphire laser E~0.1, ω=0.057,  Ip =0.5 for atomic  hydrogen





INTRODUCTION AND MOTIVATIONS

For γ < 1, the electron can escape from the 
vicinity of the ion core by tunneling through the 
barrier formed by the Coulomb attraction of the 
core and the time-dependent electric field 
generated by the laser. Once the electron is 
released, it is driven back and forth by the 
external field. It can therefore experience 
multiple returns to the nucleus. When the 
electron gets back to the nucleus, it can be 
scattered by the ion core or recombine in the 
ground state of the atom leading to HOHG of the 
driving field. 



INTRODUCTION AND MOTIVATIONS

This picture is the basis of a well-known 
theoretical model, the so-called “strong field 
approximation” (SFA) where it is assumed that the 
dynamics are governed by the coupling of the 
ground state with the continuum and that the 
ejected electron is described by a Volkov state that 
ignores the presence of the Coulomb potential.



     INTRODUCTION AND MOTIVATIONS

     In fact, for γ << 1 and a fortiori for γ ≈ 1, it is 
impossible to make a clear-cut separation 
between the two mechanisms. Both of them, 
multiphoton processes and tunnel ionization 
play a role. This has been confirmed 
experimentally and by numerical simulations. 
High-resolution fully differential experimental 
data on single ionization of rare gases (He, Ne, 
and Ar) by short laser pulses have been 
obtained by Rudenko et al. Their data clearly 
show that deep in the tunneling regime, the 
low-energy ATI peaks exhibit a fine structure 
that is unambiguously attributed to a resonant 
multiphoton process.



MAIN PURPOSE OF OUR WORK : 

    These results raise the fundamental question of the 
actual role of the Coulomb potential in the intensity 
regime where tunnel ionization is supposed to take 
place. In order to address this question, we have 
developed a model calculation which goes far 
beyond the SFA. It is this mathematical model that 
we present in this contribution.



    

    The main idea of the present approach is to substitute in momentum 
space, the  kernel of the nonlocal Coulomb potential by a sum of N 
separable potentials, each of them supporting one bound state of 
atomic hydrogen. This approach which is widely used in nuclear 
physics for short-range potentials, allows one to reduce the 3D TDSE 
to a system of N coupled 1D linear Volterra integral equations of the 
second kind that we solve numerically. The model presents several 
advantages:

 it provides a rigorous solution for the electron wave 
packet;

 by contrast with the SFA, more than one bound state may 
be included in the model;

 the continuum-continuum dipole matrix elements are 
treated exactly; 

 the theory is fully gauge invariant.



BRIEF SUMMARY OF THE THEORY

         SE in the momentum space



SEPARABLE POTENTIALS



The elements of the     - matrix are the first to be calculated
analytically.

     For the hydrogen atom, the matrix of the potential is   a block- 
     diagonal :
 



CONTINUUM SPECTRUM

also to be calculated analytically

also to be calculated analytically



SOLUTION OF THE TDSE IN MOMENTUM SPACE



    We obtain a system of time-dependent linear Volterra 
integral equations which can be written in matrix form as 
follows:



We can introduce the new analytical element



   The main 3D integrals can be calculated analytically. 
We then solve the system of  1D coupled Volterra 
equations on grid, calculate the wave- packet, and then 
calculate various differential probabilities.









Between 2Up<|pz|<10Up, we observe a qualitative agreement with the 
results of our calculations for the pure Coulomb potential.
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