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Electron double (or multi-) bunches are important in Laser Wakefield Acceleration (LWFA) as well as in Plasma 
Wakefield Acceleration (PWFA). Simulations can show that they are often generated by trapping and acceleration 
in consecutive wave buckets in case of LWFA, and their production is highly desirable for driver/witness type 
PWFA. While measuring spiked energy spectra can be an indication of the presence of electron multi-bunches, 
this does not reveal anything on the time structure of the multi-bunches. Various methods have been developed 
in order to measure electron bunch durations and distances, for example via electro-optical sampling or coherent 
optical transition radiation [1,2, 3], but these setups are complex and are limited to tens of fs at best. 
Based on 2D PIC-simulations, we analyze the potential of using the energy gain/loss in a driver/witness PWFA 
scenario as an alternative/additional novel method to determine electron bunch distances and profiles which 
might allow resolution down to the fs-scale. Here, the first electron bunch sets up a plasma wave in a test 
plasma, which can lead to energy transfer to the second bunch via the electric wakefields [4, 5, 6]. By sampling 
the density of the test plasma and analyzing the energy spectra after the interaction with a fixed test plasma 
length, detailed information on the electron bunch distance as well as the driver profile can be obtained with 
high accuracy. The theoretical as well as experimental requirements, implications and limitations of the scheme 
are discussed. 
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Experimental results of laser radiation interaction with a foam targets are presented. The spatial, temporal and 
energy characteristics of x-ray plasma radiation have been investigated. The pinhole-camera and Schwarzschild 
objective have been used for the plasma image formation in different spectral ranges. 
The plasma image is registered by the Schwarzschild objective in a narrow spectral range 180 - 200 A. Spectral 
characteristics of x-ray radiation registered by pinhole-camera have been defined by means outer filters. The 
use of the filters with different transmission curves allowed one to determine the localization of x-ray radiation 
with fixed wavelength. Spatial resolution accounts 16 (im in the pinhole-camera diagnostic channel and 2.5 pm 
in the Schwarzschild objective diagnostic channel. 
The plasma images in the intrinsic x-ray radiation show that the emission area in the transverse direction with 
respect to the direction of the propagating heating radiation exceeds the focal spot size. This fact indicates that 
the target heating in the transverse direction is due to internal energy of the created plasma. The average value 
of plasma electron temperature is ~ 0.4-1.4 keV. 
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The structure, chemical composition, properties, and their relationships in solids lay the foundation of 
materials science. Recently, great interest in rare-earth (RE)-doped wide-bandgap semiconductors, which 
combine the electronic properties of semiconductors with the unique luminescence features of RE ions, is 
from the fundamental standpoint of structure-composition-properties of solids. At first, a significant amount 
of work has been reported on the study of infrared emissions from Er3+ doped semiconductors because Er3+ 

exhibits luminescence at 1.54 pm, a wavelength used in optical communications. Since Steckl and Birkhahn 
first reported visible emission associated with Er from GaN:Er films, the RE-doped semiconductors have 
received considerable interest for possible application in lightemitting devices. Molecular-beam epitaxy (MBE) 
and metalorganic chemical vapour deposition (MOCVD) have been used mainly to grow GaN host films. 
The RE dopants were typically incorporated into the host films by in situ doping during the growth or by ion 
implantation after the growth. 
GaN doped with rare-earth elements (RE) hold significant potential for applications in optical devices, since 
they show sharp intense luminescence which is only minimally affected by temperature variations. Among 
the various RE dopants, Eu seems to be the most interesting, since it yields red luminescence 622 nm which 
has not been realized in commercially available light emitting devices (LEDs) that use InGaN active layers. 
We have earlier reported single crystalline growth of Eu-doped GaN and nearly temperature independent red 
luminescence at 622 nm originating from the intra-4/-4/transition of the Eu3+ ion. 
The red luminescence was analyzed and determined to be generated through trap-level-mediated energy 
transfer from the semiconductor host. 
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The ultra-energy electron generation in laser plasma is very important in the field of thermonuclear fusion 
and other applications. The model of stochastic acceleration of relativistic electrons in a specific wave packet 
of electromagnetic field has been proposed by the authors earlier. The space-temporal structure of Nd-laser 
focused beam with stochastic phase disturbance of each spectral component had been then considered as a 
source of random forces [1]. 
The dynamics of relativistic electron distribution function is simulated by numerical computation. Electrons 
are heated by multimode laser radiation. The perturbation of electromagnetic field local phase, which is caused 
by small scale random density variation in a low-density structured target, is taken into account as a source of 
a force acting randomly at electron motion, similar to stochastic phase perturbation in peculiar wave packet. 
It is shown that the electron energy increase is a few orders of magnitude more than oscillatory motion energy in 
a plain wave when electron trajectory stochastic perturbations occur. On the basis of 2D numerical simulation 
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