DA RRG AT EEET R 24 R ¢






BRI D
9%%@?
r' 2,5.;{ % B%‘:}}% ‘%‘

¢

PR BE R R % 05 K
314 & AT P

¢

W B E AR
> LK EG




B SR EG T s

NN

F}.
.‘?):\m,
b

L

The Review covers recent progress in laser-matter interaction at intensities above 101 Wem=2.

At these intensities electrons swing in the laser pulse with relativistic energies. The laserelectric
field is already much stronger than the atomic fields, and any material is instantaneously ionized,
creating plasma. The physics of relativistic laser-plasma is highly non-linear and kinetic. The
best numerical tools applicable here are particle-in-cell (PIC) codes, which provide the most
fundamental plasma model as an ensemble of charged particles. The three-dimensional (3D)
PIC code Virtual Laser-Plasma Laboratory runs on a massively parallel computer tracking
trajectories of up to 10 particles simultaneously. This allows one to simulate real laser-plasma
experiments for the first time.

When the relativistically intense laser pulses propagate through plasma, a bunch of new
physical effects appears. The laser pulses are subject to relativistic self-channelling and
filamentation. The gigabar ponderomotive pressure of the laser pulse drives strong currents
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T Ttreme——deciions n the ropagation direction; these currents reach the Alfvén limit
and generate 100 MG qua: These magnetic fields, in turn, lead to
the mutual filament attraction and super-channel formation. The electrons channels
are accelerated up to gigaelectronvolt energies and the ions gain multi-Me . .gies. We
discuss different mechanisms of particle acceleration and compare numerical sigiulations with
experimental data.

One of the very important applications of the relativistically strong laser bftams is the fast
ignition (FI) concept for the inertial fusion energy (IFE). Petawatt-class lasgrs may provide
enough energy to isochorically ignite a pre-compressed target consisting ¢
fuel. The FI approach would ease dramatically the constraints on the im
and improve the energy gain. However, there is a set of problems to solve pefore the FI will
work. The laser pulse cannot reach the dense core of the target directlyf The laser energy
must be converted into fast particles first and then transported through thy overdense plasma
region. The energy spectra of the laser-generated particle beams, their emjitance and transport
problems are discussed here.
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Wavelength Effected Area

200nm - 315nm 4 vy

315nm - 400nm K & 4
400nm - 1,400nm AR 4 M
1,400nm - 3,000nm AR
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