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The kinetic description of instability development in plasmas, which takes into account non-stationarity of plasma due to medium ionization, perturbation growth and collisional relaxation, continues the research of instability of two-stream type in plasma produced by a short x-ray laser pulse [1, 2]. The present research could be applicable to the interpretation of experiments on such facilities as XFEL DESY (Hamburg) or pilot version FLASH which operates with pulses of VUV radiation. Performing the investigation of plasmas produced by such pulses one can expect the substantial role of quasi-stationary electric field generation due to photoionized two-stream (PITS) instability development [1,2,3]. On time scale of instability development, the accounting of such processes as plasma density growth due to ionization of gas by laser pulse, collisional wave damping, relaxation of particle distribution anisotropy is needed. Our model provides a description of these processes based on solving an integral equation on time for electron density perturbations, which is applied to weak ionized plasma with anisotropic photoelectrons produced by the interaction of laser pulse of finite duration and definite form with gas.

The results obtained in present research verify estimations of characteristic magnitudes of wave numbers, growth rate and threshold electron-neutral collision frequency obtained in [1, 2] by means of quasi-stationary approach. Here we also introduce a description of such effects as instability suppression by plasma non-stationarity due to ionization, resonant plasma wave excitation by laser pulse and shift of time region of instability development for different wave numbers.

Another example showing the importance of electron anisotropy effects in plasmas, created by short laser pulses, is electromagnetic field generation as a result of longitudinal-transversal instability development caused by tunnel ionization of target by short optical laser pulse. Field generation due to corresponding instability development is well-known for the case of pure transversal wave swinging and defines the growth of quasi-stationary magnetic field. However, present research shows the opportunity of also the growth of longitudinal electric field in case of angular propagation of wave to the plasma anisotropy direction. Longitudinal field growth corresponds to electron density perturbations growth, which may result to additional electromagnetic radiation absorption.

References

[1]. I. A. Andriyash, V. Yu. Bychenkov, Plasma Phys. Rep., V. 32 , p. 593, 2006.

[2]. I. A. Andriyash, V. Yu. Bychenkov, Plasma Phys. Rep., V. 33 , N. 12, 2007.

[3]. V. Yu. Bychenkov, D.V. Romanov, W. Rozmus et al, Phys. plasmas, V. 13, p. 013101, 2006

[4]. E.M. Weibel, Phys. Rev. Lett., Vol. 2, p. 83, 1959

[5]. A. F. Alexandrov, L. S. Bogdankevich, and A. A. Rukhadze, Principles of Plasma Electrodynamics, Vysshaya Shkola, Moscow, 1978; Springer-Verlag, Berlin, 1984.

1

