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Overview

In 2002 research activities in Depl. P-V were concentrated upon the continuation of high-temperature plasma
investigations. Some new studies were initialed, particularly in the field of plasma technology. The main topics
were as follows:

1. Selected problems of plasma theory;
2. Investigation of plasma phenomena in pulse discharges of the Plasma-Focus (PF) and Z-Pinch;
3. Development of the selected methods of plasma diagnostics;
4. Research on experimental facilities lor basic studies and industrial applications;
5. Modification of material surfaces by means of pulse plasma-ion streams.
Within theoretical studies we continued the numerical modeling of discharges in a coaxial plasma accelerator

of the IPD type. An analysis of results, as obtained during several small IPD experiments, was also performed.
The second theoretical task was the modeling of ion motion within a pinch column formed during PF-lypc
discharges.

As for experimental studies, some phenomena occurring in high-current discharges of the PF and Z-Pinch
type were investigated. In particular, the correlation of X-rays with pulsed electron- and ion-beams, emitted from
micro-regions (hot spots) formed inside a PF pinch column, was studied. It was shown that the polarization of
important X-ray lines depends considerably on the observation direction, also in the case when a single hot-spot
is observed. It confirmed a thesis that there appear groups of fast electrons moving in the radial direction. It was
also shown that X-ray pulses are strongly con-elated with fast electron beams, which arc emitted mostly in the
upstream direction. Some electron beams were also detected at different angles to the z-axis.

Experimental studies of high-temperature plasma were also carried out within a large PF-IOOO facility
operated at IFPiLM in Warsaw. Some new experiments with wire-type liners were performed within the
collaboration with IFPiLM and CVUT in Prague (Czech Republic). Other experimental investigations were
carried out in the PF-360 facility equipped with nuclear targets made of D2O-ice. The use of a high-speed
framing camera enabled legible VR pictures and X-ray images to be obtained. These demonstrated some details
of filamentary and spiral microstructures. Particular attention was paid to temporal changes in anisotropy of the
fusion neutron emission.

Another experimental aim concerned the development of plasma diagnostics. In the collaboration with Dept.
P-I at IPJ and the Laboratory of Heavy Ions at Warsaw University, the calibration of selected solid-state nuclear
track detectors (PM-355) was performed for energetic sulphur- and argon-ions. Also investigated was the
influence of intense X-rays and electron beams on responses of the PM-355 detectors. Another task was an
analysis of optical spectra recorded within the wavelength range from 200 nm to 1100 nm. Detailed optical
measurements within the RPI-IBIS facility made it possible to investigate a dependence of intensities ol the
selected spectral lines and their FWHM values on the initial gas conditions. Particular attention was also paid to
spcctroscopic studies of early stages of a decay of pulsed plasma streams within the RPI-type devices.

As for technological studies, there was continued research on plasma technology of different materials. In
particular the erosion of some reversible getters was investigated in collaboration with the IPP KIPT in Kharkov
(Ukraine). The use of vacuum arc discharges to the deposition of super-conductor (Nb) layers upon surfaces of
RF accelerator cavities was investigated within the collaboration with the Tor-Vergata University in Rome
(Italy) and DESY in Hamburg (Germany). A new UHV set-up with two planar arc sources was investigated in
Rome, and a new UHV experimental stand was designed and constructed in Swierk. Other studies of plasma-ion
techniques for the material engineering were carried out in collaboration with Dept. P-IX (another chapter of this
report).

The most important achievements of the Dept. P-V in 2002 were as follows: 1. The demonstration that X-ray
lines from a PF-type pinch column differ strongly in polarization, even if they are emitted from a single hot-spot,
and that the X-ray emission is strongly correlated with fast electron beams; 2. The calibration of the selected
solid-slate nuclear track detectors and their wide-spread use in different plasma experiments; 3. The assembling
of a new UHV set-up with two planar arc sources and a magnetic filter (in collaboration with a group in Rome)
as well as the design and assembling of two new UHV systems with a linear arc (one in Rome and another one in
Swierk, in the collaboration with DESY).

The results obtained by Dept. P-V have been described in 59 papers presented at different international
conferences and in 42 papers published or accepted for publication, as well as in I I papers submitted for
publication in different scientific journals.


