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Rescattering of electrons at the laser-cluster interactions
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The goal of this work is to derive the angular distributions of electrons ejected from Xe clusters irradiated by femtosecond super-intense laser pulses.

At the leading edge of a laser pulse, atoms of a neutral cluster are ionized by the laser field (inner ionization). Some of the electrons are ejected from the cluster (outer ionization) by the laser field, and the positively charged ionized cluster is formed. The electrons that escaped from the cluster can be elastically scattered by neighboring ionized clusters.

The electric field strength of the laser pulse can be presented in the form
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The coordinate system is used with the origin in the center of the laser focal spot and where X axis is directed along the vector of electric field
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, Y axis along the vector of magnetic field
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 and Z axis along the propagation of the laser pulse. Here R is the focussing radius and τ is the pulse duration.

The motion of an ejected electron is affected by the electric force of the laser beam, the Lorentz force and the electric field of the ionized cluster. At laser intensities under consideration electrons gain speeds which are not small compared to the light speed. So we have to solve a relativistic equation of the form
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The component of the electric field which drives electrons out of the cluster has maximum at  the point (x0±a, y0, z0), where x0, y0, z0 is the cluster coordinates and a is its radius. The sign is determined according to the rule that the electric field at this point should be directed toward the center of the cluster at the moment of outer ionization. We assume that all the electrons leave the cluster at these two points taking into account the direction of the electric field and that the initial velocity of the electrons is zero. 

It follows that the electrons' tracks lie in the xz plane. The deflection of the electrons can be described by the angle θ between an electron velocity and the xy plane.

The specified equation of motion was solved numerically for all the electrons which are ejected from the cluster for ω = 1.5 eV, R = 5 nm, a = 2, 3 nm and different values of the laser intensity I and the pulse duration τ. The histograms of the electron angular distribution for these cases were plotted.

An electron angular distribution significantly depends on the laser pulse duration. If τ is small ejected electrons are moving in the focal spot till the end of the pulse. Most of electrons have relatively large deflection angles. As the pulse duration rises increasingly more electrons leave the laser beam before the end of the pulse. Such electrons have smaller deflection angles.
The deflection angles of ejected electrons also positively depend on the peak laser intensity I. This dependence leads to smaller deflection angles for electrons which are ejected from peripheral clusters.
The measurements of the angular distributions of electrons allow us to reproduce the imaging dynamics of the outer ionization of a cluster at the leading edge of the relativistic femtosecond laser pulse.
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