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Colliding plasmas: sequence of instabilities
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First stage of interaction — electron-electron instability

Two-stream & Weibel e-e instabilities y > vT
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isotropization (mutualization)
and heating of electrons
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Second stage of interaction — ion-electron instability

Filamentation ion-electron instability

. . : u< v, ,
filamentation of ion streams Te

in a hot electron plasma, electron heating

lon acoustic instability — electrostatic turbulence
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lon filamentation instability

lon Weibel instability has attracted attention recently in relation with the GRB
physics: Medvedev, Loeb, ApJ 1999, Lubarsky, Eichler, ApJ 2006

It is also of interest for ICF — RPA ions
Growth rate isin the ion time scale, wavelength is on the electron spatial scale
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lon filamentation instability as an energy transformer

lon filamentation induces the charge separation
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Instability is driven by phase difference between the electron and ion currents
Saturation is due to the ion trapping — electron heating is important
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Numerical simulations of ion filamentation instability

* Numerical simulations are very challenging, but the
results are contradictory:

¥+ Spitkovsky, ApJ 2008, 2009 — very efficient energy
transfer > 40%

¥+ Dieckmann et al., PPCF 2008 ? —
+ Kato, Takabe, ApJ 2008 — very weak transfer 2%

+ Martins et al, ApJ 2009, Fiuza et al PRL 2012 - efficiency
of energy transfer ~10%

Kato & Takabe, ApJ 2008 Plasma collision with the solid wall
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Relativistic collisionless shock

Spitkovsky, ApJ 2008: collision of two identical relativistic plasmas with y = 15:
efficient energy exchange — electron heating and magnetic field generation, but

the mass ratio is small milme ~16-100
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Energy budget:

ions are losing 40% of their initial energy, T, ~ T,, shock speed ~ c/2

electrons are gaining 35%, ~ Maxwellian energy distribution
magnetic field energy raising to 15% at the shock front ~20 c/w,,
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Simulation of collision of two sub-relativistic plasmas

10*A_| plasma moving B=u,6/c=0.2 g, =20 MeV
downstream for n,= 10" cm?3
T=100eV

size 0.5%60 mm?

R ts ISM
epresents time mpi-1 =1ps A =clo,;=220 um

y l l l l J Simulation of the plasma interaction in the
center of mass reference frame in the ion
filamentation-dominated regime

ERRR 4, >, ~cm T

targetrlasnga ) + electron heating
going r°':‘ ottom + jon slowing down
to top T =10 keV + magnetic field generation

Represents external + energy repartition in the upstream flow
0 jet *+ shock front formation
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lon phase space — time evolution
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shock front formation takes a long time after a significant ion heating
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lon heating and slowing down

lon heating proceeds faster than slowing down — in the time scale of 200 copi'1
they are loosing less than 10% of their energy, while their temperature

on spectrum
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Global properties: filaments and fields

Plasma filamentation in the electron spatial scale c/wpe develops in the ion time
scale 1/wpi
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Electron heating in the filaments

Nonlinear evolution of filaments is associated with strong electron heating — by
factor of 100 in the time scale of 10 — 20 oopi'1

opi t =18.6
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Temporal evolution of electron energy

Probability distribution of the electron energy density
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Continuous electron heating in filaments

Hot electron temperature and their cut-off energy increase lineraly in time
Stochastic heating process
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Evolution of the ion energy density

lon energy evolution is much slower — in the time scale of 200 oapi'1 they are losing
less than 10% of their energy. Filament rotation generates the parallel electric field

that slows down the ions
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Evolution of the magnetic fields

Magnetic fields follow essentially the filament evolution
— their spatial scale and the volume increase with time.
The amplitude agrees with the saturation level.
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Single filament characterization
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Conclusions
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Similarity in the physics of laser plasma interaction and some
phenomena in the GRBs — modeling of the collisionless sub-
relativistic shocks in laser plasma interactions requires very big
volumes, long times and high laser energies

Electron heating is an important stage of the shock formation. This
is a stochastic process that occurs due to the strong charge
separation in filaments

Energy transfer to magnetic fields in limited by the ion trapping in
the filaments

Parallel electric field is generated later in time in the downstream
zone due to the filament rotation

Radiation losses due to the electron synchrotron emission. Next
step: photon — electron kinetics
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