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Anomalous interaction of picosecond laser pulses of terawatt to petawatt power is due to suppression 
of relativistic self-focusing if prepulses are cut-off by a contrast ratio higher thanlO8 .Resulting non-linear 
ponderomotive forces induced at the skin-layer interaction of a short laser pulse with a proper preplasma layer 
produced by the laser prepulse in front of a solid target accelerate two thin (a few pm) quasi-neutral plasma 
blocks, propagating in forward and backward directions, backward moving against the laser light (ablation) 
and forward moving into the target. This compressed block produces an ion current density of abovelOnA/cm2. 
This may support the requirement to produce a fast ignition deuterium tritium fusion at densities not much 
higher than the solid state by a single shot pw-ps laser pulse. With studying skin-layer subrelativistic interaction 
of a short (< 1 ps) laser pulse with an initial Rayleigh density profile in genuine two-fluid hydrodynamic model 
,time and spatial distributions of ion block temperature are presented. 
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In practice, there are many serious obstacles complicating the classical direct drive IFE scheme - even putting in 
doubts its practical feasibility. Among the most serious ones is the insufficient predictability of the injected pellets' 
trajectories resulting from their expected interactions with remnants of previous fusion explosions due to the 
considered 5-10 Hz repetition rate. This is one of the reasons why the indirect drive scheme - despite its higher 
demand on laser energy - seems to be currently considered a more serious IFE candidate. The corresponding 
hohlraum targets are by three orders of magnitude heavier compared to their direct drive counterparts, thus 
allowing for more reliable prediction of their trajectories. 
In this contribution, a recent progress achieved in the stimulated Brillouin scattering (SBS) phase conjugating 
mirror (PCM) based inertial fusion energy (IFE) approach proposed recently as an alternative to the IFE classical 
approach mentioned above, will be reported. By taking care of automatic self-navigation of every individual 
laser beam on injected pellets with no need for any final optics adjustment, this technology is of a particular 
importance to the direct drive scheme [ 1 ]. 
Conceptual design of one typical laser driver will be shown and its features discussed. Three distinct stages of 
this process can be identified: (i) at the right moment (determined by careful tracking), when the injected pellet 
is approaching its best interaction position, low energy seeding laser pulse (glint) is sent to illuminate the pellet; 
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(ii) reflected seeding laser pulse is collected by the focusing optics and amplified on its way to the SBS PCM 
cell; (iii) amplified pulse is reflected by the SBS PCM cell, amplified once again on its return, converted to higher 
harmonic (being now above threshold of this non-liner process), and automatically aimed at the moving pellet 
by the target displacement compensation system for its final high power pellet irradiation. This is a completely 
passive system having its optical components appropriately designed for every individual channel taking 
advantage of their index of refraction dependence on the wavelength. In comparison with the earlier design, 
an upgraded scheme was developed with the low energy illumination laser beam entering the reactor chamber 
through the same entrance window as used by the corresponding high energy irradiation laser beam. The pellet 
survival conditions in the period between its low energy illumination and subsequent high energy irradiation 
were studied and the upper limits on the allowed energies absorbed for both DD and DT fuels were found [2], 
Results of experimental verification of this improved design will be reported. In these experiments for the fist 
time a complete setup including the pellet (realized by the static steel ball) was employed. Issues of the pellets 
with cones and parasitic effects of perpendicular SBS will be also discussed. 
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Modification of the structure and phase properties of the metal and alloy surface layers under superfast cool-
ing velocities are widely used to produce superfine crystalline and amorphous structures with an application 
of the laser pulses of different duration. Rapid development of ultrashort lasers opens up possibilities for new 
applications of material precision treatment as compared to conventional lasers. Nanostructuring of the metal 
surface layers makes use of femtosecond laser pulses with the intensities close to the threshold ones, where one 
observes the metal melting in a small volume without any significant ablation. After the end of the laser pulse 
the melt is rapidly crystallized due to the heat propagation into the specimen depth. Due to superfast colling 
(109 K/s and higher) the size of the produced crystallites may be compared with an interatomic spacing. In this 
case an amorphous layer may be formed, if the cooling velocity exceeds the freezing rate. The formation of a 
superfine crystalline or amorphous surface structures under the action of the laser pulses are called in literature 
"laser glazing". 
In case of a femtosecond laser pulse the material heating and melting processes take place under essentially 
nonlinear and non-equilibrium conditions. However, the kinetics of the melt cooling after the action of a 
supershort laser pulse is defined, finally, by the velocity of heat propagation into the material depth, and for 
the metals this velocity makes about 1013 - 1015 K/s. So, the time of cooling makes the value more than 1012s. 
This means that one can make use of a heat model applied in classical consideration of the crystallization 
kinetics. The crystallization kinetics of metals from the melt under superfast cooling velocities realized in 
the treatment of the materials by ultrashort laser pulses has been studied. An explicit solution to kinetic 
equation for the size distribution function of crystalline phase nuclei at the fast cooling of the melt was ana-
lyzed analytically and numerically. The use has been made of physical preconditions for the crystallization 
process practically realized at superfast cooling; the existence of a sufficiently large number of crystal nuclei 
of supercritical size and a plate-type shape of the nuclei. An average size of crystallites has been defined, as 
well as the volume fraction of crystallized phase. The amorphyzation criterion for the melt cooling velocity 
is determined. 
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