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R-matrix Floquet theory was developed 15 years ago [1,2] to describe the behaviour of real 
atomic systems in intense laser fields. The theory combines standard R-matrix theory to 
describe the atomic structure in detail and the Fourier-Floquet Ansatz to account for interactions 
due to the laser field. The theory can be employed for laser pulses with duration longer than 
5 cycles, and has been applied with great success to a wide range of atoms [3], 

Recent developments in the application of R-matrix Floquet theory have focused on three different 
strands: noble-gas atoms subjected to laser light with near-optical wavelengths, double 
ionization, and multiphoton emission of inner-shell electrons. The interest in the first strand 
follows from the experimental and theoretical interest in the behaviour of He subjected to 
intense 390 nm laser light [4]. We have recently established that the R-matrix Floquet 
approach can be used to determine He ionization rates at this wavelength for intensities up to 
2.5 X 1014 W/cm 2 , even though ionization requires absorption of at least 9 photons. The 
accuracy of the approach is excellent: a comparison with time-dependent calculations shows 
agreement well within 10% [5]. Following this success, we extended the study to other noble-gas 
atoms of experimental interest, Ne and Ar. For these atoms, ionization requires absorption of 
at least 8 and 6 photons, respectively. 

The two other strands follow the experimental interest in the development of VUV and X-ray 
lasers, which will open up new avenues for investigation. Only outer electrons respond to a 
visible-light laser field, whereas all electrons cloud -respond to an X-ray laser field. One 
example of such a multi-electron response is direct double ionisation of He, subjected to a 
laser field with photon energy of 45 eV. This process requires absorption of only two photons, 
one photon fewer than required for sequential double ionisation. This is due to the electron-
electron repulsion reducing the He binding energy. Investigations of He at this photon energy 
thus give new fundamental insight into the nature of electron-electron repulsion. 

The description of the collective response of atomic electrons becomes increasingly more difficult 
with increasing number of atomic electrons. However, R-matrix theory was designed to cope 
with these difficulties. For example, inner-shell processes involving the absorption of a single 
photon have been studied extensively using R-matrix theory (eg. [6]). We demonstrate that this 
capability carries over to R-matrix Floquet theory by investigating the multiphoton emission of 
an inner-shell Is electron from Li" was chosen, since only a relatively small number of Li target 
states are necessary to describe the triply excited states of Li" in the calculations. 
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