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The filamentation of the high power laser beam by taking off-axial contribution is investigated when 
ponderomotive nonlinearity is taken into account. The splitted profile of the laser beam is obtained due to 
uneven focusing of the off-axial rays. It is observed that the weak electron plasma wave (EPW) propagating 
in the z direction is nonlinearly coupled in the modified filamentary regions of the laser beam. The semi-
analytical solution of the nonlinear coupled EPW equation in the presence of laser beam filaments has been 
found and it is observed that the nonlinear coupling between these two waves leads to localization of the EPW. 
Stimulated Raman scattering (SRS) of this EPW is studied and back reflectivity has been calculated. Further, 
the localization of EPW affects the eigen frequency and damping of plasma wave. As a result of this, mismatch 
and modified enhanced Landau damping lead to the disruption of SRS process and a substantial reduction in 
the back reflectivity. For the typical laser beam and plasma parameters with wavelength (A=1064nm), power 
flux (= 1016 W cm 2), and plasma density (n/ncr) = 0.2; the back reflectivity was found to be suppressed by a factor 
of around 20 %. 
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The introduction of brilliant free electron lasers enables new pump-probe experiments to characterize warm 
dense matter states. For instance, a short-pulse optical laser irradiates a target (liquid hydrogen) that is subse-
quently probed with brilliant soft X-ray radiation. The strongly inhomogeneous plasma prepared by the optical 
laser is characterized with particle-in-cell simulations. The interaction of the soft X-ray probe radiation for 
different time delays between pump and probe with the inhomogeneous plasma is also taken into account 
via radiative hydrodynamic simulations. We calculate the respective scattering spectrum based on the Born-
Mermin approximation for the dynamic structure factor considering the full density and temperature depend-
ent Thomson scattering cross section throughout the target. We can identify plasmon modes that are generated 
in different target regions and monitor their temporal evolution. Therefore, such pump-probe experiments are 
promising tools to measure not only the important plasma parameters density and temperature but also to gain 
valuable information about their time-dependent profile through the target. The method described here can 
be applied to various pump-probe scenarios by combining optical lasers, soft X-ray as well as X-ray sources. 
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