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Overview

In 2000 the research activity in the Dept. P-V was concentrated upon studies in the field of high-temperature
plasma physics, nuclear fusion, and plasma technology. The main topics were as follows:
1. Analysis of selected problems of plasma theory,
2. Investigation of phenomena in high-current pulse discharges of the Plasma-Focus (PF) and Z-Pinch type,
3. Development of the selected methods and equipment for plasma diagnostics,
4. Research on technology of experimental facilities for basic studies and applications,
5. Studies of the modification of material surfaces by means of pulse plasma-ion streams.

In a frame of theoretical studies the numerical modeling was continued for discharges in coaxial plasma
accelerators. The second theoretical aim was the description of some elementary atomic processes in the quasi-
classical approach. A paper on the electron scattering on the atoms and molecules was published. In the quasi-
classical model, the electron spin was taken into account and trajectories of 2 electrons in the helium atom were
analyzed.

In the frame of experimental studies, various phenomena were investigated in PF and Z- Pinch systems. The
emission of pulse electron beams and ions as well as polarized X-rays were investigated in the MAFA-PF
facility. New data about polarization of selected X-ray lines were obtained (2 papers at conferences and 2
publications). Ion emission measurements performed in small-scale PF-devices at INFIP and IFAS (Argentina),
and in the Micro-Capillary device at Ecole Politechnique (France), were elaborated (5 papers at conferences and
2 publications). New measurements were also performed in the Capillary Z-Pinch device at IPP in Prague.

With partial support of a US research contract, studies of the optimization of a neutron yield were performed
in the PF-360 facility with special cryogenic targets (made of "heavy ice" layers) or deuterium-gas targets (10
presentations at conferences, 2 reports for EOARD, and 7 papers submitted for publication). In collaboration
with IFPiLM in Warsaw, the P-V Dept. participated in experiments with PF-150 and PF-1000 facilities, which
concerned plasma dynamics and the emission of X-rays and charged particles. For the first time the PF-1000
facility was operated at 1 MJ (9 joint presentations at conferences and 3 publications).

Within a frame of a European Research Grant, the characterization of coatings deposited by means of plasma
techniques was performed in the collaboration with IPP in Prague (1 talk at an international symposium and 2
publications). To develop plasma diagnostics, new calibration measurements were carried out for selected
nuclear track detectors applicable to plasma experiments. The results, obtained in collaboration with Dept. P-I,
were presented at the topical conference and in 2 publications. In cooperation with the Kurchatov Institute in
Moscow, a new X-ray spectrometer was developed and equipped with a spherical crystal ensuring very good
spectral and spatial resolution. In collaboration with KIPT in Kharkov, new optical and corpuscular
measurements were performed within the IBISEK device, and a new method of their interpretation was
developed (2 talks at international conferences and 2 papers submitted for publication).

To optimize pulsed plasma devices for research and technological purposes, the modernization of the PF-360
facility was performed. Studies of the interaction of pulsed plasma streams with surfaces of selected materials
were carried out in collaboration with KIPT in Kharkov. Influence of micro-droplets in arc-discharges, and self-
oscillatory regime in magnetron discharges, were studied in cooperation with HCEI in Tomsk. In collaboration
with an Italian team, research on the deposition of super-conducting (Nb) layers was continued with the use of a
modified cylindrical magnetron. The technological results were summarized in 7 publications and 7 papers
presented at international conferences. Other studies of plasma-ion techniques applicable for the material
engineering were carried out in collaboration with the Dept. P-IX (see another chapter of this issue).
The most important achievements of the Dept. P-V in 2000 were as follows:
• Enhancement of the neutron emission from PF-360 facility by means of the cryogenic targets,
• New results from the PF-1000 facility at 1 MJ energy (obtained in collaboration with the IPPLM in Warsaw),
• Development of X-ray and corpuscular diagnostics in different pulsed plasma devices (in collaboration with

Dept. P-I and several research centers abroad),
• New results in the field of applications of plasma discharges to material technology (in collaboration with

Dept. P-IX, IPP in Prague, KIPT in Charkov, HCEI in Tomsk, and Universita Tor Vergata w Rzymie).
The results listed above have been described in 32 (including 6 accepted) publications in various scientific

journals, and 52 (including 15 invited) papers presented at different international conferences.
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5.1 Verification of Plasma Dynamics Model for IPD Accelerator
by M.Rabiriski, K.Zdunek0

In surface engineering, a pulse plasma is often
used in the synthesis and deposition of various
materials in the form of layers. Within the IPD
(Impulse Plasma Deposition) coaxial accelerator the
plasma is generated in the working gas due to a high-
voltage high-current pulse discharge. During the IPD
surface engineering process the plasma discharge is
used for synthesizing amorphous- and nano-structured
high-melting materials in the form of coatings
deposited upon different substrates. Coatings made of
diamond, titanium nitride, multi-component metallic
alloys, and alumina oxide, have been obtained while
implementing this technique.

The two-dimensional snowplow model has been
proposed as a relatively simple but accurate for the

experimentally with the high-speed CCD framing-
cameras [2].

We observed characteristic features of the
discharge region [3]: the paraboloid current sheath
moving within the inter-electrode region (see Fig. 1),
and dense plasmoids produced as the result of plasma
sweeping in the region of the Rayleight-Taylor
instability at the electrode end (see Fig. 2).

Fig. 1 High-speed images of plasma in visible spectrum
registered for the IPD accelerator, operated at C = 100 |iF, U = 6
kV, p = 60 Pa N2. The images show the inter-electrode region,
cathode on the top, anode on the bottom, a ceramic insulator on
the left, and the accelerator outlet on the right.

simulation of the current sheath, driven by the Lorenz

force throughout the IPD discharge [1]. This self-
consistent model combines the description of the
electric circuit with the plasma resistance and
inductance, as well as the balance of magnetic and
fluid pressures at the contact interface, depending on
the condenser bank parameters and the plasma outflow
along the sheath. There is also a continually growing
demand for the validation of plasma dynamics codes
by comparison with experimental observations.

In the present study, the real shape of the current
sheath, as well as its dynamics, were examined

Fig. 2 High-speed image of plasma observed in the region at the
accelerator outlet. The electrode end was on the left, and the
discharge conditions were the same as in Fig. 1.

This specific deformation of the current sheath in
the z-pinch region seems to be very important for the
phase composition and morphology of the material
deposited upon the substrate.

The preliminary results prove that a qualitative or
even semi-quantitative correlation exists between the
previously worked-out model and recent experimental
observations.

The described experimental studies were supported
by the KBN Research Grant No. 7 T08C 04517.
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