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Coherent beam combination of wave-front divided 4 beams by phase controlled stimulated Brillouin 
scattering phase conjugation mirrors toward the realization of a practical laser fusion driver 
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Creating a laser with a high power and high repetition rate is challenging due to thermal problems related to 
the laser medium. Several studies have sought to overcome these problems [1,2] but the suggested solutions 
are inadequate for certain applications, such as a laser fusion driver for practical power generation, because 
of thermal problems with the laser media. A beam combination method can fundamentally solve the thermal 
problems because it uses only small-size amplifiers and coherently combines the beams to create a high-power 
laser. The beam combination laser using stimulated Brillouin scattering phase conjugate mirrors (SBS-PCMs) 
is a promising technique for this purpose [3,4]. 
The SBS-PCM generates a phase conjugate beam which can restore the optical distortions generated by active 
media in beam path. However, because the SBS process is initiated from thermal noise in the SBS medium, the 
relative phases between the separate SBS-PCMs are inherently random. With a "self-phase control" method, 
any number of beams can be reflected from each SBS-PCM with definite relative phases. The self-phase control 
method was demonstrated experimentally [5] and expanded to control the relative phases of the beams. 
We report on the experimental results of combining four beams by using SBS-PCMs with wave-front division. 
After passing through a four-beam aperture, the beams are combined with the aid of the SBS-PCMs. An 
interference pattern is generated between a part of the combined output beam and a part of one of the expanded 
beams, Beam 1. The relative phases are calculated from this interferogram. The output energy was 169 m j ± 6 
m j when the input energy was 32.2 m j ± 0.3 mj. The standard deviations of the phase differences of beams 2, 3, 
and 4 were measured to be A/26.5, A/28.0, and A/26.1, respectively. 
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Electron beams accelerated with two TW class lasers: preplasma effect of target materials 

M. Gerbaux1, F. Gobet1, M. Tarisien1, F. Hannachi1, E.d'Humieres2, A. Debayle3, P. Nicolai2, V. Tikhonchuk2, 
G. Malka2, M.M. Aleonard1 

1 Universite Bordeauxl, GNRS-IN2P3,Centre d'Etudes Nucleates de Bordeaux Gradignan, CENBG,Chemin du 
Solarium, 33175 Gradignan, France. 

2 CELIA, Universite Bordeauxl, 351 Cours de la Liberation, 33405 Talence, France 

It is well known that ultra short pulses of UHI lasers in the TW domain can produce energetic electrons above 
10 MeV. For nuclear physics purposes the range 10-100 MeV is well appropriate to explore (g,xn) reactions. 
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These reactions are of interest, in particular, to study the production of isomers in plasma in relation with 
astrophysical problems [1], Meanwhile a careful study of the produced photons is of interest for the study of 
intense photon "beams" (radiography, ignition in the Inertial Fusion physics). In both cases, the optimization 
of these photon beams as regards the number of photons as well as their angular dispersion is important. 
From previous experiments, with polypropylene targets, it has been shown that both the target thickness and 
the preplasma conditions influenced the distributions of the produced electrons [2,3]. Here we investigate 
the effect of the target atomic number (Z) on the electron production. The experiments have been done with 
two TW class lasers, with fs pulses; targets of CH, Al Cu, Au and Ta have been used. All the targets had the 
same thickness (10pm). The energy distribution of the electrons and their angular distribution have been 
characterized [4], Both lasers had nearly the same energy (1J), the pulse duration was respectively 40 and 80 fs, 
respectively at LOA (Palaiseau) and IOQ (Iena). The main differences of the lasers regarded the contrast (106 

at LOA, 107 at IOQ) and the ASE duration (2 ns or 0.5ns). In presence of a large ASE the number of electrons 
above 10 MeV were ~109, roughly 3 orders of magnitude higher than without ASE. As regards the angular 
dispersion of electrons above lOMeV,measured at LOA, it was increasing progressively between CH targets and 
Au ones, ranging from 12° to 40° between these increasing atomic numbers. 
The explanation of such a flagrant difference in the results of these two apparently similar experimental 
campaigns is related to the size and form of preplasma created by the ASE preceding the main pulse. Namely, in 
the first series of experiments with low Z targets the ASE creates a large scale plasma that expands spherically 
from the laser focal spot. The characteristic density scale length is much larger than the laser focal spot and 
consequently the main pulse interacts essentially with a weakly inhomogeneous low density plasma. These 
conditions are very favorable for the efficient electron acceleration and a formation of a collimated electron 
beam. On the contrary, in the second series of a weaker ASE, or in the experiences with higher Z targets, the size 
of preplasma is comparable or even smaller than the focal spot size. Consequently, the efficiency of acceleration 
is much lower and the beam divergence is much higher due to the density curvature radius comparable to the 
focal spot. Hydrodynamic simulations of the ASE interaction with the targets and the kinetic PIC simulations 
of electron acceleration have confirmed this assertion. 
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The creation of states with high energy density in the laboratory requires a large and fast energy input into 
matter like in dynamic experiments applying intense particle beams or lasers to heat and compress the material 
under investigation. Inevitably, highly nonequilibrium states are produced with the energy being pumped 
mainly into either the ion or the electron subsystem. Apart from the hydrodynamic response, temperature 
equilibration takes the longest of all relaxation processes and, thus, defines the minimum time delay between 
pump and probe pulses needed for equilibrium measurements. 
In the present contribution, general energy balance equations for multicomponent systems are derived on the 
basis of quantum kinetic theory. This approach allows for a consideration of correlations in both the internal 
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