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Motivation

Strong field approximation (SFA) is a powerful tool widely used to describe atomic and molecular photoionisation. Usually by SFA amplitudes we mean
the transition amplitudes for both length and velocity gauges (LG and VG), dependent on time and momentum. However, if one compares the results
of the LG and VG calculations for real problems, one may find a severe disagreement. This problem with gauge invariance of the SFA is rather old and
certainly well known. Several approaches have already been used to answer the questions:

what is the reason for this disagreement ? Should we build another theory or there is a way to make our good old SFA gauge invariant ?

Here we present a novel approach that allows one to regroup known SFA amplitudes into a set of several families. We start from the time-dependent
Schrodinger equation without the Coulomb term either in LG, either in VG.

We substitute one of the following ansatz, and get a first order inhomogenous differential equation. Now we can get a full wavepacket !
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This famil This family leads

leads to the to the LG SFA
VGSFA and PPT
SFA PPT Keldysh
Developed by Reiss and Faisal in 1970- Developed by Popov, Perelomov and Ter- Developed by Keldysh in 1964;
1980; ent’ev soon after Keldysh; Corresponds to SFA LG;
S-matrix approach; Approximate  solution of  Lippmann- Pioneering work on strong field ionisation
Velocity gauge. Schwinger like equation; model;
Used for atoms, molecules, dielectrics. Length gauge. Length gauge.
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resolve the problem either semi-analytically, either fully numerically;
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calculate much more observables and physical quantities than the usual SFA.



