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Kinetic theory of Thomson scattering of an electromagnetic field by non-equilibrium plasma
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When transverse electromagnetic waves propagate in a plasma, wave scattering, due to interaction with fluctuational oscillations, occurs, that can be accompanied by a change of the frequency and wave vector. The intensity of scattered waves depends on both the intensity of the incident wave and the level of plasma fluctuations. Since the spectrum of fluctuations exhibits sharp maxima at proper plasma frequencies, the spectrum of scattered waves will also exhibit sharp maxima at frequencies differing from the frequency of the given wave by the proper plasma frequencies. The shift, width and shape of spectral lines carry information on such parameters of the plasma as its density, temperature, mean velocity, ion composition etc. A method of remote probing of a medium, termed Thomson, or incoherent, scattering was developed in the sixties of the past century [1], and it is still successfully applied for remote diagnosis both of laboratory plasma, for example, in tokomaks, and of ionosphere plasma.

The kinetic theory of incoherent (Thomson) scattering of a electromagnetic field by a non-equilibrium plasma is derived. We show, that in the non-equilibrium collisional regime the Callen-Welton formula [2] should be revised [3]. Applying the Langevin approach [4-5] we show that not only the imaginary part, but also the derivatives of the real part of the dielectric susceptibility determine the amplitude and the width of the spectral lines of electrostatic field fluctuations, as well as the form factor. As a result of inhomogeneity, these properties become asymmetric with respect to inversion of the sign of the frequency. In the kinetic regime the form factor is more sensitive to space gradients than to the spectral function of the electrostatic field fluctuations. This asymmetry of lines can be used as a new diagnostic tool to measure local gradients in the plasma.
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