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Introduction Modeling shocks in astrophysical laboratories

Distribution functions of the electrons.

Asymetric case 10 keV / 100 eV

Colliding plasmas in universe.

PIC simulations of sub-relativistic plasmas

We present here an analysis of a very large PIC simulations of two inter-penetrating plasmas at sub-relativistic velocities. At the initial time moment in the center-of-mass reference frame two homogenous plasmas of the density are facing each other in the simulation plane (x,y). All lengths are measured in terms of electron inertia length, , the time is in inverse electron plasma frequencies, , the energy is measured in units of electron rest energy, ,the electric and magnetic fields is are in relativistic plasma units, , and , respectively.

An experiment for studying the collisionnelss mechanism of fast ion energy in laboratory plasma is proposed. We have performed two dimensional PIC simulations of electron-ion sub-relativistic counter-streaming plasma beams propagating without an external magnetic field. Electron heating is an important stage of shock formation. This is probably due to stochastic processes that occurs due to the strong charge separation. Radiation emission losses is due to electron synchrotron emission [START_REF] Medvedev | Radiation of in Weibel-generted fields: a general case[END_REF]. Simulations of similar physical processes at the GRB scale are ongoing. 

Evolution of filaments

Conclusion

Ions distribution functions

The ion streams are mixing creating and modifing the electric fields in the interaction zone.

The filament merges and are drawn in transverse direction.

The lifetime of a filament is 

  Scheme of laboratory experiment on the collisionless dissipation of fast ion beams [1].

  Very high energy of electrons in the filament. Strong electrostatic field due to the charge separation. Collisionless shocks are frequent events in the universe. They transform energy of star explosion into hot plasma, high energy particules and radiation. It has been shown that the Weibel instability is a very good candidate to explain GRBs [7]. We demonstrate with particule-in-cell simulations that a part of directed kinetic energy of proton beams is converted into energy of electron, ions, electric and magnetic fields [1]. We study the shock structure and energetics of flow and we demonstrate that electron heating is an important catalyst to shock formation via filamentation instability [3], [4]. We use the 2D version of PICLS. For these kind of numerical simulation we use at least :160 cores, 14500 *1600 cells of plasma , 32 of macro-particules per cell. the time step is .Time computation is typically 2 weeks.