XXXIV International Conference on Plasma Physics and CF, February 12 – 16, 2007, Zvenigorod


NUMERICAL Modelling OF RELATIVISTIC PLASMA Bunches PRODUCTIon AND guidance OF THEIR MOVEMENT
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The possibility of production of relativistic plasma, electron and plasma bunches in a simple mirror trap in condition of electron cyclotron resonance (ECR) in a magnetic field smoothly growing in time is shown in works [1, 2]. Nowadays, relativistic plasma bunches are used in various branches of science and applications (X-ray radiation, synchrotron radiation, collective acceleration of ions).

The purpose of this work is a three-dimensional simulation for production of relativistic electron and plasma bunches, adiabatic compression of obtained bunches and the guidance of their movement. The simulation model is based on a “particle in a cell” method [3] taking into account electrostatic and magnetic interactions. The model allowed us to analyze all stages of relativistic electron bunches production and the guidance of their movement: heating of plasma in condition of ECR in a magnetic field smoothly growing in time and transportation of bunches onto the target. Relativistic plasma bunches production, increasing of their density by adiabatic compression and collective ions acceleration were also studied. 

Simulation was performed for the following initial conditions: HF electric field strength E = (0.5 – 3.0) kV/cm (2.45 GHz, TE111), mirror ratio R = 1.1; gas - He, Ar; time of the magnetic field increase at presence of HF field – (5 – 20) µs; adiabatic compression during (50 – 200) µs; initial density of plasma n = 5
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1010 см-3, initial radius of plasma r = 0.5 - 3.0 cm. 

The results of simulation showed that in case of ECR in a magnetic field smoothly growing in time it was possible to obtain different objects, parameters of which depended on initial conditions of the experiment. In case of a small initial radius of plasma (less then 1 см) and comparatively high electrical field strength (2–3 kV/cm), it was possible to produce relativistic electron bunches with total number of accelerated particles up to 3
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1010 and average electron energy W = 0.5 – 3.5 MeV. Transportation of accelerated electron bunches on a heavy metal target during (4 – 50) ns led to generation of X-ray pulse of power (5 – 30) МW with pulse frequency (50-100) Hz.

ECR in a magnetic field smoothly growing in time followed by adiabatic compression in case of a greater radius of initial plasma (r = 2.0 – 3.0 cm) gave it possible to generate dense plasma disk with the average electron energy of W =5 – 8 MeV and the density of n = 5
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1011 cm-3. Simulation performed for collective acceleration of protons in a spatially decreasing magnetic field showed the possibility of reaching the acceleration rate up to 5 MeV in one meter of acceleration length. 

The analysis of the obtained results allowed us to defined conditions for generation of relativistic electron bunches and relativistic plasma bunches with optimal parameters.
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