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10th International Conference and School on Plasma Physics and Controlled
Fusion is sponsored by Ministry of Education and Science of Ukraine, National
Academy of Sciences of Ukraine, Science and Technology Center in Ukraine
(STCU), Bogolyubov Institute for Theoretical Physics and National Science Center
"Kharkov Institute of Physics and Technology".
This Conference-School succeeds the International and Ukrainian National
Conferences and Schools on Plasma Physics, which were organized by National
Science Center "Kharkov Institute of Physics and Technology". The previous
conferences and schools were held in Alushta in 1998, 2000, 2002.
About 240 abstracts by Ukrainian and foreign authors submitted to 10th
International Conference on Plasma Physics and Controlled Fusion have been
considered by Conference Program Committee members. All the abstracts have been
divided into 8 groups according to the topics of Conference Program.
Since the abstracts presented in this volume were prepared in camera-isady
form, and the time for the technical editing was very limited, the Editors and the
Publishing Office do not take responsibility for the content and style of contributions.
Hence, all the questions referring to the context or numerical data should be
addressed to the authors directly.
We hope that the contributed papers and invited talks, to be given at the
Conference, will supply new valuable information about the present status of plasma
physics and controlled fusion research. We also hope' that the Conference will
promote a further development of plasma physics and fusion as well as the scientific
collaboration among different plasma research groups in Ukraine and abroad.
The texts of invited lectures and contributed papers will be published after the
Conference in journal "Problems of Atomic Science and Technology" Series: Plasma
Physics. The papers for publication will be selected on the base of reviewing.
Program and Local Organizing Committees
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DIVERTOR FLOW AND FAST PARTICLE BEHAVIORS
IN SPONTANEOUS CHANGE OF PLASMA CONFINEMENT STATE
IN THE URAGAN-3M TORSATRON
V.V. Chechkin, L.I. Grigor'eva, EL. Sorokovoy, A.S. Slavnyj, Ye.D. Volkov,
Ye L. Sorokovoy, N.I. Nazarov, P.Ya. Burchenko, S.A. Tsybenko, A.V. Lozin, A.Ye. Kulaga,
A.P. Litvinov, Yu.K. Mironov, V.S. Romanov, S. Masuzaki", K. Yamazaki*
Institute of Plasma Physics, National Science Center
'Kharkov Institute of Physics and Technology", Kharkov, Ukraine
'National Institute for Fusion Science, Toki, Japan

In the Uragan-3M torsatron with a natural helical divertor (U-3M; / = 3, m = 9, R<, = 1 m,
a =» 0.1 m, i( a )/2it « 0.3, Bt = 0.7 T), the plasma is produced and heated by RF fields in the
co aoc, frequency range. An essential feature of the diverted plasma flow is a strong up-down
asymmetry of its distribution, where the predominant traction of the flow always outflows on
the ion toroidal drift side [1], This effect was related to the asymmetry of angular distribution
of direct (non-diffusive) fast ion loss. In particular, such an explanation agrees with the ion
energy spectrum in the plasma, where in typical conditions, with the temperature of the major
ion group of T,i < 100 eV, two minor groups of high energy ions, TQ ~ 300 eV and To ~ 1000
eV, are observed [2]. With a sufficiently high RF power injected into the plasma, a
spontaneous increase of electron density and temperature, stored energy and some other
changes in confined plasma parameters occur, these being treated as a transition to the
improved confinement mode [3]. It is shown in the paper presented that this transition is also
accompanied by appreciable changes in the value and the degree of vertical asymmetry of
plasma divertor flow components outflowing into the spacings between the helical coils. In
general, these changes pass over two time phases, "fast" and "slow" ones. At the fast phase,
which lasts for several ms, a decrease of the divertor flow is always observed, thus confirming
an improvement of plasma confinement at this phase. The fast phase is interrupted by a sharp
rise of the divertor flow and by a rise of its up-down asymmetry. At the same time, a decrease
of high energy ion content in the confinement volume and an increase of fast ion flux in the
divertor flow on the ion toroidal drift side occur. The data having been obtained confirm the
existence of improved confinement mode in the U-3M torsatron and allow one to estimate the
quality of suprathermal ion confinement and the contribution of these ions to the formation of
divertor flow vertical asymmetry.
[ 1 ] Chechkin V.V., Grigor'eva L.I., Sorokovoy E.L. et al 2002 Nucl. Fusion 42 192
[2] Chechkin V.V., Grigor'eva L.I., Sorokovoy E.L. et al 2003 Nucl. Fusion 43 1175
[3] Volkov ED., Berezhnyj V.L., Bondarenko V.V. et al 2003 Problems of Atomic Science
and Technology, Series "Plasma Physics " No. 1 p 3
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RECENT PROGRESS ON PARTICLE
CONFINEMENT STUDY AND ION HEATING EXPERIMENTS IN LHD
S.Morita, M.Goto, T.Morisaki, Y.Takeiri, K.Tanaka, S.Masuzaki, J.Miyazawa,
S.Murakami1, S.Muto, T.Mutoh, K.Narihara, H.Nozato2, M.Osakabe, S.Sakakibara,
R.Sakamoto, K.Yamazaki, M Yokoyama, N.Ashikawa, H.Funaba, K.Ida, KJkeda,
S.Inagaki, O.Kaneko, K.Kawahata, S.Kubo, R.Kumazawa, K.Nagaoka, Y.Nagayama,
Y.Nakamura, Y.Narushima, K.Nishimura, S.Ohda'chi, ICOhkubo, N.Ohyabu, Y.Oka,
T.Ozaki, B.J.Peterson, K.Saito, K Sato, T.Seki, T.Shomizuma, M.Shoji, N.Tamura, K.Toi,
T Tokuzawa, K..Tsumori, K.Y.Watanabe, T.Watari, H.Yamada, I.Yamada, Y.Yoshimura,
M.Yoshinuma, A.K.omori, O.Motojima and LHD experimental group
National Institute for Fusion Science, Toki 509-5292, Gifu, Japan
'Department of Nuclear Engineering, Kyoto University, Kyoto 606-8501, Japan
Science and Technology Center for Atoms, Molecules and Ions Control,
Osaka University, Osaka 565-0871, Japan
Experimental efforts have been extensively done in Large Helical Device (LHD) to find the
key for confinement improvement like H-mode and ITB seen in tokamaks. In the H-moderype transition the ergodic layer surrounding the core plasma and the edge rotational
transform become important in LHD. In outwardly shifted configuration (RaX=4.00m) having
an m/n=l/l rational surface at the ergodic layer an H-mode-like transition was obtained with
rapid density rise and appearance of ELM-like H-alpha bursts, when the neutral beam input
power was decreased from 8 to 5MW. A density window of 4-8xl0 l3 cm 3 existed for the Hmode-like transition. The ELM-like H-alpha bursts can be drived by a pressure gradient at the
1/1 position. In the ITB-type discharge, on the other hand, a peaking of densities and toroidal
rotation play an important role in addition to a necessary ion heating power. For the purpose
Ne and Ar discharges were adopted to increase the ion heating power per ion and to perform
the density peaking after Ne and Ar glow discharge cleanings. High ion temperatures up to
lOkeV were obtained from ArXVII Doppler broadening measurement with a large
enhancement of toroidal rotation (~40km/s). It was important for the toroidal rotation
enhancement to reduce the density at the plasma outside where the helical ripple is large. In
the conference recent LHD experimental results are also briefly reviewed in addition to
above-mentioned topics.
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RUNAWAY DISCHARGE GENERATION DUE TO AVALANCHE
PROCESS IN TCABR TOKAMAK
Yu K Kuznetsov, R.M.O. Galvao, V. Bellintani Jr., A.A. Ferreira, A.MM. Fonseca,
1 C. Nascimento, L.F. Ruchko, E.A.O. Saettone, VS. Tsypin, O.C. Usuriaga
institute of Physics, University of Sao Paulo, Sao Paulo CEP 05315-970, Brazil
Runaway avalanche in minor and major disruptions is considered a serious problem for the
ITER tokamak. Therefore, detail investigation of this process is an important fusion-related
activity, which can be carried out in relatively small tokamaks. la this report, we present
recent experimental results and their analysis on the runaway electron generation in TCABR
tokamak We have found two regimes of the runaway dominated discharges (RAD). The
RAD-I regime can be explained by the usual Dreicer mechanism and it was observed in many
experiments on tokamak. The new RAD-II regime with cold recombinative plasma has been
recently discovered on TCABR tokamak. In this regime, the Dreicer mechanism is strongly
suppressed and relativistic runaway beam is generated due to runaway avalanche just at the
start-up at certain initial conditions. The comparison of experimental data with theoretical
prediction for the avalanche process shows reasonable agreement. The evidences for cold
recombinative plasma in this new regime of tokamak operation are discussed.
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ON THE CONTROL OF PLASMA TRANSPORT
Carlos Hidalgo
Laboratorio Nacional de Fusion, Euratom-demat,
28040 Madrid, Spain
The development of methods to modify and control plasma instabilities and transport appears
as a very promising area of research. Several biasing schemes have been used to modify plasma
transport. This area of research has been particularly active in tokamak [1] and stellarator (where
electric fields can affect both anomalous and neoclassical transport) [2] devices and non-fusion
plasmas [3].
Progress in the control of plasma turbulence and transport has allowed the generation of edge
and core transport barriers in magnetically confinement plasmas. Transport barriers are linked to
plasma regions with a unique plasma topology. In the plasma edge, the magnetic topolosv
changes from a configuration with open field lines to a region with nested magnetic surfaces. In
the core plasma region, internal transport barriers are related with the presence of rational
surfaces and magnetic shear [4]. Although sheared flows play a key role in reducing plasma
transport in fusion plasmas, recent experiments in Q-devices have investigated the development
instabilities excited by parallel sheared flow velocity [3].
First and second order critical transition model have been invoked to explain the transition to
enhanced confinement regimes in plasmas. In the framework of deterministic theories of first
order phase transitions large hysteresis is expected in contrast to the expectations of recent
statistical model for the bifurcation [4]. A second order transition'is possible when turbulence
driven flows play a dominant role in the momentum balance [5]. The observation of coherent
sheared turbulence flows in tokamaks [6] and the generation of spontaneous sheared flows
coupled with an increase in the level of turbulence in stellarators [7] points out the important role
of turbulent driven flows. From this perspective the quantification of the energy transfer between
flows and turbulence is a key element [8,9].
[1 ] G. van Oost et al Plasma Phys. Control. Fusion 45 (2003) 621.
[2] C. Hidalgo et al., Plasma Phys. Control. Fusion 45 (2004) 621.
[3] T. Kaneko et al., Phys. Rev. Lett. 90 (2003) 125001.
[4] P. W. Terry, Reviews of Modern Physics, 72 (2000) 109.
[5] S. Itoh et al., Phys. Rev. Lett. 89 (2002) 215001.
[5] P. Diamond et al., Phys. Rev. Lett. 72 (1994) 2565.
[6] M. Jakubowski et al., Phys. Rev. Lett 89 (2002) 265003
[7] M.A. Pedrosa et al., EPS-2004 (submitted)
[8]H. Xiaand M.G. Shats, Phys. of Plasmas 11 (2004) 561.
[9] E. Sanchez et al., PSI-2004 (submitted)
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KURCHATOV INSTITUTE ACTIVITY IN SUPPORT OF ITER
V.P.Smirnov
Nuclear fusion institute, RRC "Kurchatov institute"
In presentation input of Russia in the ITER project will be described. Present plans on the
Russian procurement package part include the major systems of facility. To realize it a wide
activity in the more then 200 enterprises and laboratories are under development. New trends
have been started for remote participation based on GRID approach.
Being a leading fusion laboratories in Russia Kurchatov concentrates on the code
development and diagnostics. Giratrons made in Nijnii Novgorod are under testing in
Kurchatov. Some parts of NBI are designed and checked.Neutronics simulation, plasma-wall
interaction modeling, ITER safety issues are the points of Kurchatov activity also.
Present experimental tokamak physics study are carried out on the old tokamak t-10 with
peculiar cross section. However some results are useful to understand the physics of tokamak
more deeper. Experiments are directed on the study of plasma confinement including barrier
formation, L-H transition, plasma turbulence, halo current interaction with m=l mode. Using
advanced diagnostics allow to study the film and dust formation in chamber. Future plan of
experiments in Kurchatov will discussed also.
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THE FEASIBILITY OF USING D-3He AND D-D FUSION FUELS
P. E. Stott
Association Euratom-CEA,
Centre de Cadarache, 13108 Saint Paul lez Durance, France.
A mixture of deuterium and tritium (D-T) is the favourite candidate fuel for a fusion
reactor — it has the largest cross-section of all the fusion reactions and burns at the lowest
temperature. The D-T cycle has two principal disadvantages: (i) it produces neutrons that
require shielding and will damage and activate the reactor structure, (ii) the need to breed
tritium requires a lithium blanket.
The aneutronic D-3He reaction is usually thought to be the solution to the problems
caused by neutrons and tritium breeding and the D-D reaction is seen as the ultimate,
inexhaustible source of fusion energy. The D-3He reaction is aneutronic but there would still
be some neutrons due to parasitic D-D reactions, although it is usually claimed that neutrons
can be minimised by a careful choice of fuel mixture — in particular a so-called "D-lean" fuel
mix. It is usually assumed that a D-3He reactor, with most of the fusion energy released in
charged particles, could take advantage of some form of "direct conversion" as a means to
convert fusion energy into electricity at much higher efficiency than in a D-T reactor, where
most of the energy comes out as heat via the neutrons and thus has to be converted within the
constraints imposed by thermodynamics. The lack of an adequate terrestrial source of 3He is
an obvious and serious limitation — thus lunar mining of 3He or its manufacture in a D-D
fusion reactor have been proposed. So the D-D reaction has to be considered as a potential
means of manufacturing fuel for a D-3He reactor as well as an inexhaustible fusion ftiel in its
own right.
But do D-D and D-3He really stand up to close scrutiny as alternatives to D-T? hi this
paper we make a carefull study of the plasma conditions that would be required to burn D-3He
and D-D fuels in a fusion reactor taking into account realistic models for losses by
bremsstrahling and synchrotron radiation. We show that the low reactivity of D-3He and D-D
fusion reactions severly restricts the choice of fuel mixtures that can be brought to ignition
and even the optimum fuel mixtures require plasma conditions in terms of temperature,
density, beta and energy confinement time that are much more demanding than D-T. Indeed
the required plasma conditions are far beyond the capability of any known magnetic
confinement system. Even if advanced confinement systems could be developed to burn these
fuels, it makes sense to hold out them as alternatives to D-T only if they offer decisive
advantages in those areas where D-T has its difficulties — in particular by eliminating
neutrons and by avoiding tritium breeding. Unfortunately neutrons are not eliminated by the
fuel mixtures of D-3He and D-D that can be brought to ignition, there are serious technical
challenges with wall power fluxes and the problems of breeding T are replaced by some very
difficult issues with the fuel cycles and reserves.
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PROBLEMS OF IN-VESSEL MIRRORS IN ITER AND THEIR
POSSIBLE SOLUTION
V.S Voitsenya, K.Yu Vukolov'
NSCKIPT, 61108 Kharkov, Ukraine,
'Kurcbatov Institute, 132182, Moscow. RF

For plasma diagnostics in ITER many different methods are planned to be used. About
half of them are based on analysis of electromagnetic radiation in different parts of spectrum.
Because of high level of neutron and gamma radiation, all components of optical schemes
nearest to burning plasma must be metallic mirrors because, in contrast to characteristics of
refractive optical components (lens, prisms), the optical properties of metals are not
significantly affected by both these deeply penetrating radiation. In each optical scheme one
mirror has to be the plasma facing component, and just this mirror (first mirror, FM) will be
subjected to strongest plasma impact.
For FMs in ITER there will be two main reasons resulting in degradation of the optical
properties, (i) The long-term bombardment of FM surface by charge exchange atoms (CXA)
will result in the increasing surface roughness, (ii) Another reason for FM optical properties'
degradation is deposition of material eroded from the components subjected to strongest
plasma impact. According to nowaday conception, beryllium was chosen as a material of
limiters and the wall protection in the main chamber of ITER and carbon-carbon composite in divertor. Therefore, being mass-transferred inside the torus, these materials will probably
be the main component of the deposit growing on the surfaces remote from the confined
plasma, i.e., on the FM surfaces as well. Thus, for the proper FM operation both these
contradictory processes can be important: CXA sputtering and deposition of the foreign
material. For FMs of some laser diagnostics the multishot regime of laser operation will be
additional negative factor contributing to increasing the rate of mirror degradation.
In the present paper effects of main processes leading to shortening time of proper
operation of FMs are analyzed using data obtained in simulation experiments.
If sputtering by CXA prevails over deposition of contaminants, the FM problem can be
solved rather easily owing to the results obtained in modeling experiments. Namely, FMs
have to be fabricated from monocrystalline metals or as a metal film with medium or low
sputtering yield on metal substrate. Appearance of amorphous metals opens one more
possibility to get material for fabrication of long-living FMs.
In the opposite case, when the deposition of contaminants is more important, there is no
clear way on how to avoid mirror degradation. Thus the effects of Be or C film deposition on
optical properties of metal mirrors have to be investigated. Some results obtained recently in
simulation experiments on this subject will be also discussed in the presentation.
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DEVELOPMENT OF ITER RELEVANT ICRF WALL CONDITIONING
TECHNIQUE ON EUROPEAN TOKAMAKS
A. Lyssoivan", R. Koch", M. Vervier3, R. Weynams", H.G. Esserb, V. Philippsb, E. Gauthier',
DA. Hartmannd, J.-M Noterdaeme*, F. Braund, I. Monakho/, A. Waldenf,
TEXTOR Team, TORE SUPRA Team, ASDEX Upgrade Team and JET EFDA Contributors.
"LPP-EPM/KMS, Association EURATOM-BELGIAN STATE, 1000 Brussels, Belgium'
Inslitutfur Plasmaphysik FZJulich, EURATOMAssociation. D-52425 Jiilich, Germany'
'Association EURATOM-CEA, DSM-DRFC, CEA Cadarache, 13108 Si Paul luz Durance, France
d
Max-Planck Inslitut fur Plasmaphysik, EURATOM Association, DSS748 Garching. Germany
' Gent University, EESA Department, B-9000 Gent, Belgium
1
Association EURATOM-UKAEA, Culham Science Centre. Abingdon OX14 3DB. UK
'Partners in the Trilateral Euregio Cluster (TEC)
h

First wall conditioning is considered as an indispensable tool to control particle recycling,
to reduce plasma impurities and tritium inventory in the plasma facing components of future
superconducting fusion reactors like ITER. To apply the conditioning procedure in the fusion
reactor in between shots, only discharges fully compatible with the presence of high magnetic
field can be used. Discharge conditioning with waves in the Ion Cyclotron Range of
Frequencies (ICRF-DC) has a high potential to solve the mentioned problems. Being
developed earlier for routine use in stellarators, the ICRF-DC technique was later successfully
demonstrated on tokamaks.
The paper presents a review of the new conditioning technique developed on two circular
tokamaks (without divertors) TEXTOR and TORE SUPRA and the results of the first tests on
the large-size non-circular tokamaks ASDEX Upgrade and JET. The concept of the ICRF-DC
is based on RF plasma production using present-day ICRF antennas of the poloidal type. The
underlying mechanisms responsible for RF discharge initiation and energy absorption are
studied and analyzed. Several recipes for safe and reliable RF plasma production with the
improved radial/poloidal homogeneity in the large-size machines were proposed and
successfully tested.
The different regimes of ICRF wall conditioning with respect to gas species and pressure,
to RF power, frequency and pulse length are analyzed. Special emphasis is given to analysis
of the high-energy neutrals generated in ICRF plasmas. The importance of such particles for
wall conditioning and the ion cyclotron mechanisms responsible for their generation are
discussed. The ICRF conditioning efficiency was evaluated in terms of the rate of hydrogen
removal from the walls and revealed an advantage as compared to that achieved by Glow-DC
(about 10 times higher, TORE SUPRA) or by ECRF-DC performed with a focused
microwave beam (about 25 times higher, TEXTOR).
Finally, we summarize the main results on ICRF wall conditioning achieved on the
present-day European tokamaks and discuss a perspective on the feasible application of the
new technique in ITER.
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NEOCLASSICAL MAGNETIC ISLANDS IN A TOKAMAK
A.I. Smolyakov
University of Saskatchewan, Saskatoon, Canada
Institute for Nuclear Fusion,
Russian Research Center "Kurchatov Institute", Moscow, Russia
Neoclassical tearing modes (NTM)\ have been observed in all major tokamaks and appear to
be a serious factor negatively affecting performance of high pressure plasmas. These modes
are excited by the bootstrap current associated with perturbations of plasma pressure near the
magnetic island. Experimental data suggest that at a small island width the destabilizing effect
of the bootstrap current is reduced by some other effect so there is threshold width that has to
be exceeded to excite NTM. We review various mechanisms that may lead to the threshold.
The polarization current threshold appears because of the stabilizing action of the ion inertia
(polarization) current. Another mechanism is related to the transverse plasma heat
conductivity that partially removes the pressure flattening inside a magnetic island thus
restoring the bootstrap current inside the island and reducing the destabilizing effect. We also
analyze the consequences of neoclassical plasma viscosity on island dynamics. One of the
neoclassical effects on the magnetic islands is the perturbed bootstrap current which is
ultimately related to the electron neoclassical viscous tensor. The neoclassical viscosity of
ions results in the appearance of the enhanced plasma inertia (polarization) term in the island
evolution equation. We show that there are additional effects due to the combination of the
neoclassical force and plasma pressure variations within the magnetic surface. As it will be
shown below these effects may also provide threshold for the excitation of neoclassical
tearing modes.

U
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STATUS OF MODERN MIRROR STUDIES IN NOVOSIBIRSK
E.P. Kruglvakov. A.A. Ivanov, VS. Koidan
The Budker Institute of Nuclear Physics 630090, Novosibirsk, Russia
Mirrors have a number of advantages in comparison with the closed magnetic systems
like tokamak, stellarator, etc. The most important are the following. The effects of disruptions
are not appeared in mirrors. There are no divertor problems in them. Plasma pressure in a
mirror device can be comparable with magnetic field pressure. As to the multi-mirror system,
in this case, the P value can be even significantly higher than unity (the so called «wall
confinement»). At last, mirrors are convenient for direct conversion of energy of charged
particles leaving out the ends. This circumstance can turn out to be especially important in
future «low neutron» schemes of fusion reactors.
In principle, mirrors are very attractive from the engineering point of view, if the
plasma confined in axisymmetric magnetic systems would be MHD stable. At present, the
problem of MHD stability has already been solved for all axisymmetric traps designed in
Novosibirsk. At least, the value p= 0.4 was obtained in these traps without any indications of
macroscopic instability development.
At present, in the Budker Institute of Nuclear Physics there is in operation the most
complete set of modern mirror machines based on different principles of plasma confinement.
This set includes the multi-mirror system GOL-3 for confinement of dense plasma heated by
relativistic electron beam, the gas dynamic trap (GDT) for confinement of collisional plasma
and anisotropic fast ions, and the ambipolar trap AMBAL-M.
Important results were obtained recently in the GOL-3 experiments. A specific
mechanism of reduction of longitudinal electron thermal conductivity was detected. As a
consequence of this effect the electron temperature increased up to 2 keV. Recently, the
magnetic system of the GOL-3 device was reconstructed into multi-mirror configuration. In
this geometry, a new mechanism of fast ion heating was observed. As a result, the ion
temperature was increased from a few eV up to 2 keV and the confinement time significantly
increased (up to lms). These results were obtained for plasma density of 1021m~3.
The experiments on the GDT device are directed to the solution of the problem of
creation of a 14 MeV high power neutron source. At present, new powerful neutral beam
injectors for this device are under construction. After installing these neutral beams at GDT,
the electron temperature of plasma should increase up to 300 eV. It means that calculated
neutron flux for the case of D-T reaction will be about 0.5 MW/m2. If this value will be
obtained, it will be immediately possible to begin the design of final stage of high power
neutron source.
In the paper, the status of all mirror traps in Novosibirsk is presented and description
of the main experiments is given.
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PROGRESS IN LARGE-SCALE PLASMA-FOCUS EXPERIMENTS
M.J. Sadowskil-2) and M. Scholz2'
' ! The Andrzej Soltan Institute for Nuclear Studies (IPJ), 05-400 Otwock-Swierk, Poland
^Institute of Plasma Physics and Laser Microfusion (IPPLM), 00-908 Warsaw, Poland
msadowski@ipj.gov.pl
This invited talk presents the most important results of theoretical and experimental
studies of Plasma-Focus (PF) discharges, as performed recently within a frame of the
scientific collaboration between IPJ in Swierk and IPPLM in Warsaw, Poland. Different PF
experiments, as carried out within the PF-1000, PF-360 and MAJA-PF facilities investigated
in Poland, were presented at the previous international conferences [1-2]. This talk reports on
progress in studies of the breakdown and axial acceleration (rundown) phases within the PF
facilities mentioned above. The chosen theoretical models and results of numerical
computations are presented. As regards the radial collapse phase, it has been shown that the
MHD modeling is satisfactory until the maximum compression is achieved. The development
of plasma instabilities within the PF pinch discharges requires more sophisticated approaches.
The investigated PF facilities were equipped with numerous diagnostic tools: the
equipment for measurements of voltage- and current-waveforms, high-speed cameras for
recording VR and X-ray images of plasma, X-ray pinhole cameras and crystal spectrometers
for detailed X-ray measurements, ion pinhole cameras and solid-state nuclear track detectors
(SSNTDs) for measurements of accelerated primary ions (mostly deuterons, emitted mostly
along the z-axis), magnetic and Cerenkov-type detectors for studies of fast electrons (emitted
mostly in the upstream direction), as well as activation- and scintillation-detectors for
measurements of fusion-produced neutrons. For the first time optical spectrometer with a high
temporal resolution has been applied to study the evolution of different spectral lines in the
PF-360 and PF-1000 experiments [3]. An influence of CD2 fiber on the compression of the
current sheath (CS) in the PF-1000 facility was also investigated [4],
The emission of X-rays was investigated in details and temporal correlations of the X-rays
and other PF characteristics were analyzed. Differences in the polarization of various X-ray
spectral lines were observed (particularly in the MAJA-PF experiment) and they were
explained as a result of directed e-beams, which are generated within so-called "hot spots".
The e-beams emitted through the axial channel within the inner electrode were measured.
Their energy spectra were determined and their correlation with X-ray pulses were confirmed
[5]. Angular distributions of the emitted fast ions were measured in the PF-360 and PF-1000
experiments, and their energy spectra were determined.
Particular attention was paid to the fusion-produced fast neutrons. The total neutron yields
were measured and compared with the known scaling laws. Angular anisotropy of the fusion
neutrons was investigated and temporal changes of it were analyzed [6]. Measurements of
fusion-originated fast protons have been initiated. The main issues of the contemporary PF
studies have also been considered [7].
[1]
[2]
[3]
[4]
[5]
[6]
[1]

M.J. Sadowskl, Probl. Atom Set. & Techn. 4. Series: Plasma Phys. 7 (2002) 118.
M.J. Sadowski. M. Scholz, Proc. 30th EPS Can/. CFPP. ECA Vol. 27A (2003) P-J.207.
E. Skladnik-Sadowska, et al., Czech. J Phys. 54, Suppl. C (2004) C239.
P Kubcs, et al., Czech. J Phys. 54, Suppl. C (2004) C285.
L. Jakubowski, et al.. Nuclear Fusion 49 (2004) 395.
J Zebrowski, et al., Czech. J Phys. 54, No.6 (2004) 643.
M.J Sadowski. M. Scholz, Proc 13d' Intern Symp. High-Current Electronics. Tomsk 2004 - in print.
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"PIPETTE" MECHANISM OF GALAXY COSMIC RAYS BIRTH
AND THE PROBLEM OF FRACTURES IN THEIR SPECTRUM
B. A Trubnikov
Nuclear Fusion Institute ofRRC "Kurchatov Institute", Moscow, Russia
In the observable energy spectrum of galactic cosmic rays (GCR) one can see two fractures,
reason of which are unknown. Also the GCR-particles acceleration mechanism is unknown,
though at present about 10 hypotheses of their birth exist. In our works it was considered an
original "pipette" hypothesis which supposes, that GCR are accelerated, figuratively speaking,
similarly to accelerated jet, arising at the fast squeeze of a filled water pipette (in GCR the
role of "water" plays a space plasma). The hypotheses gives the formula for GCR-intensity
j = a°P'Y" with index v = 1+73=2.7320 and a°=const, ^=v/c, / = ( l - / 9 2 ) ' " 2 This
formula well corresponds to the observed GCR-spectrum, right up to the first fracture "knee
type at energy E, =5 PeV, as it's shown on Figure.

c£
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Also the attempt is made of the interpretation of E,, as a threshold value. After E > E, the
process is possible of the collective self-duplication nuclons at collision of a primary GCRproton with a nucleus of atom of air.
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SIMULATION OF DISCHARGE PRODUCED PLASMA
HYDRODYNAMICS AND RADIATION TRANSPORT IN EUV
LITHOGRAPHY DEVICES
A. Hassanein
Argonne National Laboratory, 9700 S. CassAve, Bldg. 308, Argonne, IL 60439, USA
Tel: (630) 252-5889, Fax: (630) 252-3250, E-mail: hassanein&anl.sov
A key challenge for Discharge Produced Plasma (DPP) devices is achieving sufficient
brightness to support the throughput requirements of High-Volume Manufacturing (HVM)
lithography exposure tools. One method for improving source brightness is to simulate the
source environment in order to optimize the EUV output. An integrated model for the
description of hydrodynamics and optical processes in a DPP device has been developed and
integrated into the HEIGHTS-EUV computer simulation package. Model development
consisted of three main tasks: plasma evolution and magnetohydrodynamic (MHD) processes;
detailed photon radiation transport, and physics of plasma/electrode interactions. Plasma
flows have multidimensional character in pinch systems. Regions with different propagation
speed of perturbations require accurate numerical solutions of the MHD equations. The Total
Variation Diminishing (TVD) numerical method for the description of magnetic compression
and diffusion in a cylindrical geometry was used in the HEIGHTS package. For the opacity
calculations several models have been developed and implemented. Radiation transport of
both continuum and lines is taken into account with detailed spectral profiles. Preliminary
response of electrode materials to plasma particles and radiation interactions are also studied.
The HEIGHTS package can also study detailed hydrodynamic and radiation processes in DPP
devices as a function of device geometry and electric circuit to optimize brightness
throughput. Preliminary simulation results of Xenon gas hydrodynamics and photon radiation
output for different plasma conditions are presented and discussed.
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EROSION OF ITER DIVERTOR ARMOUR AND CONTAMINATION
OF SOL AFTER TRANSIENT EVENTS BY EROSION PRODUCTS
IS. Landman. S.E. Pestchanyi, B.N. Bazylev
Forschungszentrum Karlsruhe, Institute for Pulsed Power and Microwave Technology,
P. B. 3640, 76021 Karlsruhe, Germany
E-mail of main author: ieor. landman(ai.ihm. fzk de
In the future tokamak ITER the off-normal divertor- and first wall plasma loads are
anticipated to be up to one-two orders of magnitude larger than in the biggest tokamak so far
available, which is due to the high magnetic field and the large size of ITER. The operation in
the H-mode is the regime with multiple ELMs. The heat deposition Q of 30 - 102 MJ/m2 on
the time scale r of 1 - 10 ms for disruptions and Q - 1 - 3 MJ/m2 at r ~ 0.1 - 0.5 ms in the
ELMy H-mode are expected.
The work gives a survey on numerical simulations carried out in Forschungszentrum
Karlsruhe for macroscopic erosion of the involved materials such as graphite, carbon fibre
composites (CFC), tungsten and beryllium as well as the contamination of SOL by erosion
products due to the high heat fluxes. To obtain confidence of the used theoretical approaches,
non-tokarnak experiments in Russia, Ukraine and Germany supported the calculations.
Computer simulations after validation by the experiments provided a good means to
extrapolate the experimental effects obtained to the ITER regimes.
The codes FOREV-2D for calculation of the ELM consequences in the tokamak ITER with
the graphite divertor for the scenarios that start from some initial state of hot DT plasma in
SOL, PEGASUS-3D for the analyses of the damage of carbon-based materials and MEMOS1.5D for surface melting of metallic targets are described in the course of their application to
the problem in question and validation by the experiments on the off-normal impact
simulators MK-200UG and QSPA (Troitsk), QSPA-Kh50 (Kharkov) and JUDITH (Jiilich).
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PLASMA DEPOSITED DIAMOND-LIKE CARBON FILMS FOR
LARGE NEURAL ARRAYS
l.G Brown, E.A. Blakely, K.A. Bjornstad, J E. Galvtn, OR. Monteiro
and S Sangyuenyongpipat
Lawrence Berkeley National Laboratory, Berkeley, California 94720, USA
To understand how large systems of neurons communicate, we need to develop, among other
things, methods for growing patterned networks of large numbers of neurons Success with
this challenge will be important to our understanding of how the brain works, as well as to the
development of novel kinds of computer architecture that may parallel the organization of the
brain. We have found that diamond-like carbon thin films formed by energetic deposition
from a filtered vacuum arc carbon plasma can serve as highly "neuron friendly" substrates for
the growth of large neural arrays. Lithographic masks can be used to form patterns of
diamond-like carbon, and regions of selective neuronal attachment can be formed that
enhance or inhibit neuronal cell attachment and allow subsequent proliferation and/or
differentiation of the neurons to form desired patterned neural arrays. In the work described
here, we used glass microscope slides as substrates on which the diamond-like carbon was
deposited. PC-12 rat neurons were then cultured on the treated substrates coated with Type I
Collagen, and cell growth and differentiation were monitored. Neuron proliferation and the
elaboration of dendrites and axons after the addition of nerve growth factor both showed
excellent contrast, with prolific growth and differentiation on the treated surfaces and very
low growth on the untreated surfaces. Here we describe the vacuum arc plasma deposition
technique employed, briefly describe the properties of the diamond-like carbon films so
formed, and summarize the results we've obtained demonstrating that the approach can be
used to form large patterns of neurons.
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APPLICATION OF HIGH ENERGY PLASMA
FOR SMART THERMAL PROCESSING
Akira Kobayashi
Joining & Welding Res. Inst.,
Osaka University, Il-l Mihogaoka, Ibaraki, Osaka567-0047, Japan
Email: kobavasitaijwri. osaka-u. ac. ip
Nano-science & technology is one of the most important 4 scientific fields regarding the
technological policy in Japan. Material processing is now progressing towards more precise
and controllable smart stage. Regarding thermal processing, an important key should be the
applied heat source. And plasma is fundamentally the most superior heat source, because of
high temperature, high energy density, easy controllable, etc. Therefore more precious plasma
system has been expected for smart thermal processing. The gas tunnel type plasma sysu :
developed by the author has high energy density and also high efficiency. The concept and the
feature of this plasma system are explained and the applications to the various thermal
processing are described in this paper. One typical application is plasma spraying of ceramics
such as AI2O3 and ZrOj. The characteristics of these ceramic coatings were superior to the
conventional ones. The ZrCh composite coating has the possibility of the development of high
functionally graded TBC (thermal barrier coating). Another application of gas tunnel type plasma
is surface modification of metals. For example the TiN films were formed in a very short time
of 5 s. Finally the development of new type of smart plasma system, and application of highenergy plasma to the environmental problems are also discussed.
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NOVEL PROJECT ON PLASMA BASED TREATMENT OF WASTE
G. Van Oost
Department of Applied Physics, Ghent University
Rozier 44, B-9000 Gent
A new research project "Plasma based total treatment of waste" has been started at IPP-CAS
Prague in collaboration with Ghent University and a Belgian industrial partner.
Existing incineration and biological waste elimination processes cannot fulfill the objectives
of sustainable development, i.e. maximum recovery of energy and materials from the waste
streams in an environmentally friendly manner. Moreover, they generate residues which are
concentrates of hazardous material and need to be land filled.
Plasmas offer an alternative and superior solution for the treatment of waste streams. By
having the unique capability of increasing the energy of the process gas two to ten times
higher than conventional combustion equipment, the plasma torch (electric arc discharge)
offers several distinct advantages over traditional methods where the energy content of the
waste is used as heat source. Since the process energy is provided by direct heat transfer from
an electric arc, gases of widely varying chemical composition may be used; use of electrical
energy also reduces the gas flow needs and off-gas requirements, and offers control over the
chemistry
The very high heat conditions in a plasma reactor trigger a dual, simultaneous reaction
process: organic materials are converted into synthetic gas without formation of toxic
products such as dioxins and furans, while inorganic materials are converted into a nonleaching, vitrified, inert slag which has industrial applications.
A plasma-chemical experimental reactor has been commissioned in Prague in summer 2004,
using the novel IPP-CAS hybrid gas-water stabilized torch ( 160 kW). Preliminary results will
be presented.
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UHV ARC DEPOSITION OF SUPERCONDUCTING NIOBIUM FILMS
J. Langner, M.J. Sadowski, K. Czaus, R. Mirowski and J. Witkowski
The Andrzej Soltan Institute for Nuclear Studies (1PJ), 05-400 Otwock-Swierk, Poland
L. Catani, A.Cianchi, R. Russo, F.Tazzioli and S. Tazzari
University Tor Vergata and INFN, Via delta Ricerca Scientijica I, Roma 2, Italy
D. Proch
DESY, 22 603 Hamburg, Germany
N.N. Koval, Y.H.Aknmadeev
HCEJ, Tomsk, Russia
Coating of cooper cavities with thin (lum) niobium layer is a very interesting
alternative to the bulk-Nb technology of superconducting cavities for RF particle accelerators.
In order to study possibilities of the vacuum arc technique under ultra-high vacuum
conditions to form high-quality superconducting thin films for the coating RF cooper cavities,
special efforts have been undertaken within a framework of the collaboration between the
"Tor Vergata" University in Rome, the Andrzej Soitan Institute for Nuclear Studies in Swierk,
DESY in Hamburg, and HCEI in Tomsk. During recent three years a number of UHV
experimental arc-based devices have been designed and constructed. The paper describes the
recent progress in the UHV arc deposition of thin superconducting niobium films. It is shown
that high-quality Nb films can be produced with the UHV arc technique. Results of DC
superconductivity (RRR, Tc, J c ) and preliminary RF measurements are also presented.
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BEAM PLASMA SYSTEMS BASED ON SURFACE WAVE
DISCHARGES FOR SURFACE PROCESSING
N.A. Azarenkov, A.A Bizyukov, D.L. Grekov*, V.P. Olefir
Kharkiv National University, Kharkiv 61108, 31 Kurchatov Ave., Ukraine
*National Science Center "Kharkov Physical and Technical Institute",Kharkiv 61108,
Academicheskaya sir, !., Ukraine
Nowadays, RF and microwave surface wave discharges are widely used in
microelectronics for plasma surface processing, optoelectronics, industry, etc. The attention to
this type of discharge is conditioned by its advantages over conventional HF, microwave and
DC ones. Among them are: selective use of the various modes providing stable operation and
repeatability of parameters in a wide frequency and pressure range; production of the large
volume pure plasma, absence of electrode erosion; more efficient ion production due to the
use of the slow waves and the resonance properties of the bounded waveguide structure; low
pressure operation due to effective energy transfer in particle-wave interaction; capability for
uniform plasma generation over large area of treated surface.
In this work the main parameters of wide aperture beam plasma systems based on surface
wave discharges for the surface processing are theoretically and experimentally studied and
their capability for highly uniform processing of large area surfaces is shown. Particularly, the
spatial structure of electromagnetic field and the mechanism of optimal energy transfer from
surface wave to plasma at low pressure have been studied; processes of generation and
transport of charged particles have been investigated for planar and cylindrical geometry; the
optimal parameters of the waveguide structure and wave launcher in dependence on generator
frequency and external magnetic field have been found.
Obtained theoretical and experimental results have been used for development of wide
aperture plasma reactors, electron and ion sources which can be utilized for deposition and
etching, processing of various materials in micro- and nano- technological processes. The
plasma sources can be supplied with power by 13,56 MHz and 2,45 GHz generators with a
power up to 1 kW. The surface waves with modes 1 - 3 can be exited depending on
configuration of antennas. The developed sources are characterized by high efficiency and
low energy costs of charged particle production; high uniformity and wide range of plasma
density, stability and repeatability of discharge parameters; capability to operate at low
pressure.
The wide aperture beam plasma systems based on surface wave discharges can be used in
large area surface processing (deposition and etching of diamond-like coatings and SiC>2
films) with high uniformity.
This work was supported by Scientific and Technology Center in Ukraine (project
#1112).
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ON THE INFLUENCE OF ANOMALOUS DOPPLER EFFECT
ON DEVELOPMENT OF A BEAM-PLASMA INSTABILITY
M.V. Kuzelev, A.A. Rukhadze
General Physics Institute of RAN, 11'9992. Moscow, Russia
The influence of normalous and anomalous Doppler effects on development of the
Cherenkov beam-plasma instability, which is a basic for plasma relativistic microelectronics,
is discussed.
When the frequency of normalous Doppler effect coincides with the frequency of the
amplified wave in a beam-plasma microwave oscillator, the backward wave becomes locked
and wave generation breaks. At the same time, the normalous Doppler effect does not
influence on the beam-plasma microwave amplifier. As for anomalous Doppler effect, its
influence on development of the Cherenkov instability is much more dramatic. In relative!1'
weak magnetic fields, when the growth rate of anomalous Doppler effect instability is
dominant the beam-plasma microwave sources like oscillator and amplifier can not work. But
if the magnetic field is sufficiently strong the anomalous Doppler effect instability leads to
suppression of beam-plasma Cherenkov instability in the microwave sources, resulted from
increasing the transverse velocity of beam electrons and violation of the Cherenkov resonance
condition.
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ELECTROMAGNETIC FLUCTUATIONS IN DUSTY PLASMAS
A.G.ZAGORODNY
Bogolyubov Institute for Theoretical Physics, Metrolohichna 14-b, Kiev.Ukraine

Kinetic theory of dusty plasmas, formulated in the approximation of dominant influence
of charging collisions is used to describe electromagnetic fluctuations in dusty plasmas (grain
charge fluctuations included). Correlation functions of electron number density are calculated
with regard to self-consistent influence of grain charging by plasma currents. Mean-square
value of grain charge fluctuations are calculated as well. Various approaches to the
description of the latter quantity (kinetic theory of fluctuations in dusty plasma, description of
grain charge distributions on the basis of the appropriate Fokker-Planck equation, selfconsistent calculations of charge of single grain by fluctuation plasma current) are discussed
and the results of comparison are presented for grain charge correlation functions obtained
within such approaches.
The results of the Brownian dynamic simulations of grain charge fluctuations are also
discussed and compared with the theoretical predictions. The exponential decay of the time
correlations predicted by the theory is confirmed. It is shown that in the case of equilibrium
plasma the mean square value of grain charge fluctuations is determined by the coupling
between plasma particle and grain in agreement with the Nyquist formula.
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COMPUTER SIMULATIONS OF DUSTY SHEATHS
Yu. I. Chutov
Taras Shevchenko Kiev University, Kiev, Ukraine
There are several models using at computer simulations of dusty sheaths including the
classic Bohm's model, the model with self-consistent boundary conditions for sheaths, the
evolution model with self-consistent boundary conditions in presheaths, and some other.
However the models need to support the boundary conditions at edges of simulation regions
using iterative procedures that can cause an appearance of non-physical oscillations
influencing parameters of dusty sheaths. Therefore for the computer simulations of dusty
sheaths (including magnetized dusty sheaths) it was developed a relaxation-evolution model
which consists of boundary conditions fixed only at electrodes (walls) adsorbing electrons and
ions from dusty slab plasma. The boundary conditions do not need iterative procedures
causing non-physical oscillations in sheaths.
Using PIC/MCC method (1D3V model) and developed a relaxation-evolution model, a
temporal evolution is simulated of one-dimensional slab plasma with given initial parameters.
It is assumed that the quasi-neutral slab plasma is uniform initially and consists of motionless
dust particles of given radius Rj. Two plane walls collecting electrons and ions from the
plasma bind the slab plasma. The magnetic field B is applied to the plasma under a given
angle to the plane walls. In addition, a neutral gas can be added between the plane walls so
that collisions of electrons and ions including the ionisation and the charge transfer take place
in the plasma.
The slab plasma evolution is caused by the collisions as well as by the collection of
background electrons and ions by the walls and dust particles, which are charged selfconsistently due to the collection. The choice of slab plasma parameters provide a slow
plasma evolution comparing to a sheath relaxation with the scale of the ion plasma frequency
and charging dust particles that allow to get self-consistent dusty sheaths.
Obtained results show that properties of dusty sheaths including magnetized sheaths can
be essentially differed from properties usual sheaths. In particular, spatial distributions of the
dust particle charge are non-trivial due to the non-equilibrium of an electron energy
distribution function caused by a selective collection of electrons and ions by dust particles
and intensive mixing of fast electrons in non-uniform quasi-neutral dusty plasmas.
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NONRELATIVISTIC PLASMA HF-ELECTRONICS
I.N. Onishchenko
National Scientific Center "Kharkov Institute of Physics and Technology "
Academic St. I, Kharkov 61108, Ukraine
The main physical principles of developing plasma and hybrid plasma-filled
microwave devices based on the beam-plasma interaction are stated. The theoretical and
experimental results of the investigations of electromagnetic oscillations excitation in beamplasma system initiated by Ya.B.Fainberg in National Science Center "Kharkov Institute of
Physics and Technology" are presented. The advantages and shortcomings of the plasma filled
devices are considered.
The electrodynamics of the plasma filled slow wave structures of various kinds have
been investigated. In the non-relativistic plasma microwave electronics the following
structures have been considered: magnetized plasma waveguide, helical plasma-filled
structure, chain of inductively coupled resonators with plasma filled transit channel, plasmafilled waveguide consisting of a periodical set of metal rings, plasma-dielectric waveguide,
etc. Dispersion equation, increments of grows/gain factors, starting currents, fields and
microwave power flux distribution topographies have been obtained. The essential
requirements enabling one to enhance the amplification and generation efficiency in the
presence of plasma have been formulated, which follow from the modified dispersion
relations and field topography.
A non-linear theory has been developed that allows to determine the maximum
achieved level of excited oscillations, which is conditioned by the beam trapping in the
excited wave, by the decay processes, and by the plasma non-homogeneity caused by
microwave ponderomotive forces.
On the basis of the developed method of functional map, the self-consistent
nonstationary dynamics of plasma and microwave fields, the amplitude and phase
mechanisms of stochastization of the excited oscillations have been studied. The effect of the
ion sound and low hybrid osculations on the nature of the excited spectra has been
investigated.
The generators were created on this base in S-band with efficiency about 50% and
high output power of 40 kW in continuous mode and of 100 kW in pulsed mode of 4 msec
duration with beam parameters 40 kV and 10A. It has been elaborated and created the power
beam-plasma generator of stochastic oscillations in decimeter range using helix-plasma
systems. The efficiency was 38% and output power reached 70 kW in pulse of 400 usec
duration by using E-beam of 15 kV and 13 A.
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STABLE SPATIAL COHERENT WAVE STRUCTURES IN NORMAL
AND ANOMALOUS DISPERSIVE REGIMES IN PLASMAS
T.A.Davydova, A 1 Yakimenko, and Yu.A.Zaliznyak
Institute for Nuclear Research NASU, Kiev 03680, Ukraine
Two- and three-dimensional localized envelope soliton-like structures are investigated
in normal and anomalous dispersive regimes in plasmas. These structures are described by
modified nonlinear Schroedinger equation, including higher order linear and nonlinear
dispersive effects and different local and nonlocal nonlinearities. It is shown (see [1-4]) that
higher order effects are crucial to explain formation of localized quasi-two dimensional and
three-dimensional spatial wave structures, which have been observed in plasmas both in
normal and anomalous dispersive regimes.
It is proved that intense waves whose power exceeds some threshold can form stable
localized structures in plasmas. Stability of stationary soliton-like structures is investigated
analytically and numerically. Obtained results are applied to interpretation of the experiments
on upper-hybrid and Langmuir solitons generation in electron-beam plasma systems and
whistler wave self-channeling in normal and anomalous dispersive regimes.
1.
2.
3.
4

T A.Davydova, A.I.Fischuk, Ukr J.Phys., 1995,40, p.487.
T.A.Davydova, A.I.Yakimenko, Yu.A.Zaliznyak, Phys.RevE, 2003,67, p.026402.
T.A.Davydova, A I.Yakimenko, Ukr.J.Phys.,2003,,48, p.623.
T A.Davydova, A.I. Yakimenko, Probl.Atom.Science and Technology, 2003,N 4, p. 119.
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PLASMA ROTATION DIAGNOSTICS AT THE FT-2 TOKAMAK
BASED ON THE UPPER HYBRID RESONANCE BACKSCATTERING
ENHANCED DOPPLER EFFECT
A.B. Altukhov, V.V. Bulanin', V.V. Dyachenko, LA. Esipov, M.V. Gorokhov*,
A.D. Gurchenko, E.Z. Gusakov, MA. Irzak, M.Yu. Kantor, D.V. Kouprienko, S.I. Lashkui,
A.V. Petrov , A.N. Saveliev, A.Yu. Stepanov, S.V. ShataUn*, E.O. Vekshina'
loffe Institute, Politekknicheskaya 26, 194021 St. Petersburg, Russia
SPbSPU, Politekhnicheskaya 29, 195251 St.Petersburg, Russia
The Doppler frequency shift of Back Scattering (BS) signal at oblique microwave plasma
probing is often used for diagnosing of poloidal plasma velocity in magnetic fusion devices.
The typical value of frequency shift of BS microwave of several hundred kHz in the^c
"Doppler reflectometry" diagnostics is usually substantially smaller than its broadening,
which complicates interpretation and reduce the accuracy of measurements.
In this paper the observations of giant Doppler frequency shift effect of the highly localized
microwave BS in the Upper Hybrid Resonance (UHR) are reported. The experiment is
performed at small FT-2 tokamak, where a new steerable focusing antenna set, allowing off
equatorial plane plasma X-mode probing from high magnetic field side, was installed. A
separate line less than 1.5 MHz wide and shifted by up to 2 MHz is routinely observed in the
BS spectrum under condition of accessible UHR. The line frequency shift is proportional to
the antennae vertical displacement and dependent on the UHR position, changing sign in the
vicinity of LCFS. The line width is proportional to its shift. The enhancement of the Doppler
frequency shift is explained by the growth of poloidal wave number of the probing wave in
the UHR, typical for toroidal machines.
The new scheme for local diagnostics of plasma poloidal rotation is benchmarked against
Doppler reflectometry, spectroscopy and probe diagnostics data and applied to detailed local
study of plasma poloidal rotation profiles in FT-2 ohmic discharges at different plasma
density and current and during LH heating. It is shown that at current less than 30 kA the
rotation velocity decrease continuously towards the LCFS, where it changes sign, which is not
consistent with the neoclassical theory expectations. At higher current the poloidal plasma
velocity increases towards LCFS, where it possesses discontinuity in agreement with
theoretical expectations. The change of rotation direction is observed in the vicinity of LH
grill at application of RF power.
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NEW TRENDS IN THE PLASMA DIAGNOSTIC USING NEUTRAL
PARTICLE ANALYSIS
(APPARATUS AND EXPERIMENTAL RESULTS)
M.P. Petrov. V.I. Afanasiev. F.V. Chernyshev, A.I. Kislyakov, S.S. Kozlovski*,
M.I Mironov, S.Ya. Petrov
A.F. loffe Physical Technical Institute, St. Petersburg, Russia
* St.Pelersbwg Technical University, St.Petersburg, Russia
Since the end of 1950-s Neutral Particle Diagnostics with the use of Neutral Particle
Analyzers (NPA) is being intensively developed in the loffe Institute (St. Petersburg,
Russia). For this purpose several types of Neutral Particle Analyzers were designed in loffe
Institute in order to measure the energy distributions and the absolute intensity of hydrogen
and helium (and their isotope) atom fluxes, emitted by a high temperature plasma due to
charge exchange process.
The NPA is an energy and mass spectrometer. Its operating principle is based on the
ionization of neutral particles emitted by plasma with the following analysis of resulting
secondary ions in electric and magnetic fields. The ionization occurs due to stripping in a
gas cell or due to passing through a thin foil. The electric and magnetic fields provide massresolved energy spectra of particles. In this report we present the description, parameters
and operation principles of new NPAs, recently developed in the loffe Institute and
delivered to UK (JET), USA (TFTR), Japan(LHD), Germany (W-7AS), Spain (TJ-H) etc.
Those NPA models cover the energy range of atoms from ~ 100 eV [1] up to few hundred of
keV [2] and MeV [3].
We present also the most interesting NPA experimental results, recently obtained on
JET, TFTR, NSTX illustrating the abilities of NPAs to measure the ion transport, ion
distribution functions, hydrogen isotope composition, the density of neutral hydrogen atoms
inside the plasma.
References:
1. F.V. Chernyshev, V.I. Afanasyev, A.V. Dech et al.,
"A Compact Neutral-Particle Analyzer for Plasma Diagnostics"
Instruments and Experimental Techniques, 47, No 2, p. 214, 2004
2. V.I. Afanasiev, A.Gondhalekar, P.Yu. Babenko, etai,
"A Neutral Particle Analyzer/Isotope Separator for Measurement of Hydrogen Isotope
Composition of JET Plasmas." Review of Scientific Instruments,.73, No 4 p 2338, 2003.
3

A.V.Khudoleev, V.I.Afanassiev, A.I.Kislyakov, M.P.Petrov and S.S.Kozlovskij
"Charge-Exchange Neutral Particle Diagnostics for the MeV Energy Range in Modern
Large Tokamaks".
Plasma Physics Reports vol.24, No 2, p. 140-147, 1998
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DYNAMICS OF INTERNAL TRANSPORT BARRIERS FORMATION AND
EVOLUTION IN TOKAMAKS AND STELLARATORS
I

2

3

Neudatchin S. V. , [toh K and Takizuka T.
'Nuclear Fusion Institute, RRC "Kurchatov Institute", Moscow 123182 Kurchatov sq. I, Russia
2
National Institute for Fusion Science, Oroshi-cho 322-6, Toki 509-5292, Japan
3
JAER1, Naka Fusion Research Est., Naka-machi, Naka-gun. Ibaraki-ken 311-0193, Japan

Understanding of the ITB properties and identifying the control method of the ITB are among the
most important issues for the fusion research of toroidal magnetic confinement. Processes of the
transport evolution during reverse shear (RS) and normal shear (NrS) discharges in tokamak
plasmas with ITBs have not been fully understood yet. Abrupt variations of heat flux at the time
of "global" L-H (H-L) transitions (in ms timescale inside 0.3<r/a<l region) have been found
initially in NrS regimes at JET [1] and JT60U [2]. Later, similar non-local bifurcations of
transport have been observed at "global" L-H-L transitions in JT-60U plasmas with RS and ITB
[3], In RS plasmas, the profile of the heat flux jump follows the position of the safety factor q
minimum and penetrates into ITB region (RS zone) deeper (up to r/a=0.3) for the weak ITB that
for the strong one.
Another type of non-local confinement bifurcations inside and around ITB (typically, inside
0.3<r/a<0.7) in a ms timescale (ITB-events) have been found in JT-60U RS [3-5] and high-BP
plasmas [6]. ITB-events have been observed as transitions at multiple transport level [5] (without
ITB => weak ITB => strong ITB and vice versa). There are various kinds of ITB-event triggers
[3-6]. Millisecond timescale correlation between the edge MHD activity observed as the start of
ELMs series and abrupt reduction of heat flux inside 0.3<r/a<0.7 zone has been found in high-pp
plasmas [6]. This result gives a hint of the control to form the ITB immediately and non-Iocally
by inducing the ELM-like MHD activity. Significant role of some low-order-rational q values on
ITB-events and ITB evolution (in low and high power heated plasmas) is discussed in [5].
In T-10, ITB has been recently found by means of heat pulse propagation (HPP created by central
ECRH-on) and cold pulse propagation (CPP by off-axis ECRH-off) analysis in target sawteethfree plasma created by of-axis ECRH [7-8]. Off-axis ECRH forms the region of the improved
transport in low-shear zone with q slightly above 1; q reduces during HPP (CPP). The
combination of large gradients with low transport (O.l-j-0.3 m2/s instead of 1-2 m2/s in T-10 Lmode or LHD plasmas without ITB [8]) means that ITB is present during -20 ms time interval of
CPP (HPP). Moreover, T-10 experiments show the importance of the vicinity to q=l for very
slow CPP (with electron heat diffusivity -0.1 m2/s). Under higher values of q(0) the increase of
CPP speed is observed (up to -0.3 m2/s). In this case, CPP is often interrupted by abrupt
reduction of transport in the central part of the plasma column probably due to the reduction of q
to the "optimal" level during CPP.
ITBs are observed in the central part of LHD plasmas at ECRH in low-density shots [9-10]).
ITBs are associated with transition from ion root (low Er) to electron root (high Er) [10].
[1] Neudatchin S V, Cordey J G and Muir D J 1993 20th EPS Conf. on Contr. Fusion and Plasma Phys.
(Lisboa,) vol. I (Geneva : EPS), p 83 and 1993 JET Rep. JET-P(93)-5S
[2] Neudatchin S V, Takizuka T, Shirai H et al 1996 Japan J Appl. Phys. 35 3595
[3] Neudatchin S V, Takizuka T, Shirai H et al 2002 Plasma Phys. Control. Fusion 42 A3S3
[4] Neudatchin S V, Takizuka T, et al PI. Phys. Contr. Fus. 1999 41 L39 and 2001 43 661
[5] Neudatchin S V, Takizuka T, Hayashi H, et al, 2004 Nucl. Fusion to be published
[6] Neudatchin S V et al 2003 J Plasma Fusion Res. 79 1218 (hhtp//jspf.nifs.ac.jp/RCPDF/)
[7] Neudatchin S V., Kislov A. Ya, Krupin V. A. et al 2003 Nucl. Fusion 43 1405
[8] Neudatehin S V., Inagaki S, Itoh K_, Kislov A. Ya et al to be publ in J. Plasma Fus. Res
[9] Shimozuma T., Kubo S., Ide H., et al., Plasma Phys. Control Fusion 2003, 45, 1183
[10] Ida K et al Phys. Rev. Lett. 2003 91 085003
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EXPERIMENTAL STUDY OF ZONAL FLOW IN THE JIPP T-IIU
TOKAMAK PLASMAS
Y Hamada, A. Nishizawa, T. Ido, T. Watari, M Kojima, Y. Kayasumi, and JIPPT-IIU Group
National Institute for Fusion Science, Toki, 509-52, Japan
1)

Utilizing a 500 keV heavy ion beam probe with multiple sample-volumes, we found that
the large potential oscillations up to 100 Vp-p were observed throughout the cross-section
of JIPPT-IIU tokamak plasmas.

2)

From correlation analysis of potential signals of 4 to 5 sample volumes, we can conclude
that m=0. Since B V $ oc i(m-nq)(b=0, n=0 can be concluded and the detected large
oscillations causes poloidal zonal flow through - 9$ / 5r x Bt drift. These oscillations have
standing wavelike structures radially.

3)

Also by 2 dimensional Fourier analysis of multiple sample volume HIBP, we can get a
whole spectrum (frequency and wavenumber ) of the zonal flows for the first time.
4) The high frequency part of zonal flow corresponds to GAM oscillations, The high
frequency oscillations change from 50 kHz to about 5 kHz, as the sample volume is swept
from core to the boundary.
5) The radial coherent length is rather short, little less than a few centimeters.
6) We concluded from the measurement of frequency distribution across the plasma column
that the GAM oscillations should be composed by two poloidal rotations with equal and
opposite directions.
7) In the core region near the saw-toothing region, the GAM oscillations are very clear and
its Fourier spectrum is sharp in agreement with Hallaschek and others' numerical
simulations
The GAM oscillations are dominant and standing wave-like.
The
amplitude of the low frequency part of zonal flow is small to that of GAM oscillations
8) In the core region, potential oscillations have very long correlation time and the low
frequency part of zonal flow can be also detected as the amplitude modulation of the GAM
oscillations, which may be related to the interpretation that zonal flow is the modulational
instability of drift-wave turbulence.
9)

Near the boundary, the low frequency zonal flows become dominant and the clear GAM
oscillations are difficult to detected.
10) The typical 90-degree phase between density and oscillations are found in the core region
up to half minor radius.
11) The effect of the zonal flows on the plasma diffusion is under study.
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CHARACTERISTICS OF EDGE PLASMA ELECTROSTATIC
TURBULENCE IN SPONTANEOUS CHANGE OF CONFINEMENT
MODE IN THE URAGAN-3M TORSATRON
E.L. Sorokovoy , L.I. Grigor'eva,V.V. Chechkin, A.S. Slavnyj, Ye.D. Volkov,
Ye.L. Sorokovoy, N.I. Nazarov, P.Ya. Burchenko, S.A. Tsybenko, A.V. Lozin,
A.Ye. Kulaga, A P. Litvinov, Yu.K. Mironov, VS. Romanov, S. Masuzaki*, K. Yamazaki*
institute of Plasma Physics, National Science Center
" Kharkov Institute of Physics and Technology ", Kharkov, Ukraine
'National Institute for Fusion Science, Toki, Japan

In the / = 3/m = 9 Uragan-3M torsatron (U-3M; ff, = l m , a « 0 . 1 i i i , i ( i i )/2x * 0.3, B^ '
0.7 T), under conditions of plasma production and heating by RF fields in the <B 3oc, range of
frequencies, a spontaneous transition to the improved confinement mode (hereafter,
"transition") is observed, this being related to an internal transport barrier (1TB) formation in
the layer near the x = 1/4 rational magnetic surface. The existence of ITB was confirmed by
the forms of electron density and temperature profiles as well as by the ExB velocity shear
observation in this layer. It is shown in the paper presented that the transition having been
observed in U-3M is also accompanied by significant changes in characteristics of lowfrequency electrostatic microturbulence of the plasma near the boundary of confinement
region. The measurements of equilibrium floating potential radial profile made by movable
Langmuir probes have revealed an occurrence of the radial electric field shear and
consequently, of the ExB velocity shear at the plasma boundary with transition. The transition
process can be divided into two phases. At the first, short-time phase, a narrowing of the
fluctuation spectrum is observed with an appreciable fall of their power. Simultaneously, the
turbulence-induced radial particle flux decreases, thus evidencing an improvement of plasma
confinement at the periphery too. At the second, longer phase, the shape of the spectrum and
the levels of fluctuations and turbulent flux are partly recovered. At all the tree phases
(including the initial one) both the total turbulent flux and its fraction contained in rear shorttime bursts of large amplitude (intermittency effect) decay with radius and practically do not
outflow beyond the stochastic layer of field lines.

[1] Volkov ED., Berezhnyj V.L., Bondarenko V.V. et al 2003 Problems of Atomic Science
and Technology, Series "Plasma Physics" No. 1 p 3
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HIBP DIAGNOSTIC AND RADIAL ELECTRIC FIELDS IN THE
TJ-H STELLARATOR
L Krupnik (l) , A. Alonso(2>, A Chmyga 0) , N.B Dreval(l), L. Eliseev(3>, C. Hidalgo(2),
S.M. Khrebtov(1), A D . Komarov 0) , A S . Kozachok(1), A.V.Melnikov13', M.A. Pedrosa(2),
J. L. de Pablos(2),V.I. Tereshin (l)
m

"' Institute of Plasma Physics, NSC KIPT, 310108 Kharkov, Ukraine
Laboratorio National de Fusion. EURATOM-CIEMAT, 28040 Madrid, Spain
(3>
Institute of Nuclear Fusion, RRC Kurchatov Institute, Moscow, Russia

Radial electric fields play a key role on plasma turbulence and confinement in
magnetic confined fusion devices. Plasma potential profiles have been obtained in the TJ-II
by the heavy ion beam probe (HIBP) diagnostic. Results show that the potential increases up
to 1 kV near the magnetic axis in ECRH low-density plasmas (n, < 8 x 10" m'3). The secondary
(Cs^) ion current profiles, which directly reflect the plasma density, are hollow. Such hollow
profiles may be a manifestation of an outward particle flux induced by ECRH f 1], In lowdensity ECRH operation radial electric fields are found to be positive in the plasma core.
However, a reduction in these fields is observed with increasing density. In the plasma
boundary region the development of the naturally occurring velocity shear layer requires a
minimum plasma density.
Radial plasma potential profiles show evidence of structures in configurations with
low order rational surfaces. In particular, HIBP measurements have permitted
characterization of the plasma potential profile during e-ITB formation. At the transition,
plasma density profiles are more hollow and the radial electric field increases from about 5
kV/m before to 15 kV/m during the e-ITB [2].
Experiments in TJ-II have shown that it is possible to modify the global
confinement and edge plasma parameters with limiter biasing, illustrating the direct impact
of radial electric fields on TJ-II confinement properties [3, 4]. Radial electric fields are
mainly modified in the proximity of the biased limiter, but the plasma potential in the whole
plasma is affected. Plasma potential measurements show a strong impact of heating method
(ECRH( 200kW and 400 kW); ECRH+NBI(200 kW) on radial electric fields.
This work was supported by grant rNTAS 2001-0593.
[1] M. Ochando et al., Plasma Phys. and Controlled Fusion 45 (2002) 221
[2] T. Estrada et al., Plasma Physics and Controlled Fusion 46 (2004) 277
[3] C. Hidalgo et al., Plasma Physics and Controlled Fusion 46 (2004) 287
[4] A. Melnikov et al., Fusion and Technology(2004) (submitted)
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RECENT EXPERIMENTAL RESULTS FROM T-10 TOKAMAK
K..A.Rasumova, V.Ph.Ahdreev, V.A.Vershkov, S.V.Soldatov, D.A.Shelikhin,
N.A.K.imeva, G.S.Kimev, D.A.Kislov, Yu.D Pavlov, L.N Khimchenko, N.V.Ivanov,
A.M.Kakurin, V.MLeonov, G.E.Notkin, M.M.Sokolov, T-10 Team
Presented by M.M.Dremin
Russian Research Center "Kurchatov Institute "
A short survey of recent experimental studies on tolcamak T-10 will be given. Results of
investigation of the turbulence character and its coupling with electron heat transport during
on-axis and off-axis ECR heating including the regimes with reversed magnetic shear, density
limits under gas puffing and pellet injection, transient processes at ECR power switch-on and
-off, character of radial transport in SOL, effects of the stray fields and halo-currents on tearing mode behavior and its stabilization by ECR heating and current drive, plasma confinement at D2-pellet injection, suprathermal electrons generation during internal disruption and
plasma current quench, plasma-wall interaction and formation and structure of the carbon
films will be presented. Current status of experimental activity, development of common database of Russian fusion installations and future plans will be outlined.
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CONVECTIVE TRANSPORT IN THE SOL OF THE T-10 TOKAMAK
S.A. Grashin. V.P Budaev, G.S. Kirnev, L.N. Khimchenko
Nuclear Fusion Institute\ RRC "Kurchatov Institute", Moscow 123182, Russia
Plasma periphery investigation performed in the T-10 tokamak has shown an essential
widening of the scrape-off layer (SOL). Langmuir probe measurements of SOL plasma
parameters indicate that intermittent events can play a significant role in the cross-field
transport Intermittent behavior of the plasma parameters is associated with formation and
propagation of the elongated plasma structures with high plasma density [1,2]. Formation of
plasma structures is assumed to take place in the vicinity of the last closed flux surface
(LCFS)[3].
Formation of such plasma structures observed in the SOL of the T-10 at a distance 1-2
cm from the LCFS. The plasma structures move in radial and poloidal directions. Radial
velocity of the plasma structures can exceed 1000 m/s, radial size is 0.5-3 cm. The velocity of
the poloidal motion is several time higher and its direction corresponds to the ion
diamagnetic drift direction. With ECRH heating on T-10 "giant" plasma structures occurred
and its formation correlated with degradation of the energy confinement in the core plasma.
The plasma structure formation is found to occur above a threshold level of the average
plasma density depending on plasma current Ip. A value of the threshold level lies in the range
of 0.3-0.4 of Greenwald density. For "giant" structures the threshold level depends also on the
ECRH power.
Measurements of the radial turbulent particle flux I\ by using probe array show that
there is a strong radial dependence of the flux. In far SOL time signal of the T, reveals the
intermittent behavior with high amplitude positive bursts. The radial flux with the bursts
exceeds the 50 % of the total turbulent particle flux r r In the vicinity of the LCFS relative
level of the positive fluctuations decreases substantially. At that amplitude of the negative
bursts in the particle flux signal increases and the total turbulent particle flux is essentially
lower than one in the far SOL.
Investigation of the parallel plasma flows in the SOL with using Mach probe shows
that parallel Mach number M also displays intermittent character. It was measured a strong
correlation between fluctuations of Mach number and ion saturation current measured by
single Langmuir probe. That allow us to assume that plasma turbulence can be considered as
mechanism responsible for generation of the parallel plasma flow [4].
The comparison of the turbulent transport characteristics at the low field side (LFS)
and high field side (HFS) of the T-10 revealed that the level of density fluctuations is twice
lower at the HFS than that at the LFS. Also the correlation characteristics of the turbulence
decreases at the HFS. The total turbulent particle flux fr is several time lower at the HFS. The
values and the directions of the radial and poloidal velocities of the plasma structures at the
LFS and HFS are similar Analysis of experimental data allows us to conclude that
intermittent plasma turbulence most probably originates at the outboard of the tokamak and
then plasma fluctuations pTopagate to the inboard due to the motion along the magnetic field
lines
1.
2.
3.
4.

J.A. Boedoetal, Phys. Plasmas 8 (2001) 4826.
G Y. Antaretal., Phys. Plasmas 10(2003)419.
S.Krasheninnikov, Phys.Lett. A 283 (2001) 368.
C Hidalgo et al, Phys. Rev. Lett. 91 (2003) 065001.
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THE USE OF GA AND LI AS LIMITER MATERIALS IN T-3M
AND T-l 1M TOKAMAKS
S.V.Mimov', V.A.Hvtikhin2
'TRINIT1 Troitsk MOSCOW Reg. 142190 Russia, e-mail: mirnov@triniti.ru
State Enterprise "Red Star", Prana — Center Co. Moscow, Russia
The limiter and divertor plates are most critical tokamak plasma facing components
(PFC) with highest heat load. This load has character of short periodical pulses with melting
and evaporation of PFC during plasma disruptions and Edge Local Mode development. As a
best candidate materials for PFC should be a liquid metals (LM), which admit a permanent
PFC renovation. This advantage of LM is known since from UWMAK-Project (1974), but the
practical use of liquid metals has some potential obstacles in real tokamaks. to particular:
- a liquid metal splashing under MHD-forces in plasma instabilities,
- a probably abnormal liquid metal erosion, as result of: ion sputtering, unipolar arcs
and instabilities of liquid metal -plasma boundary,
- a technological problems of liquid metal injection in strong magnetic fields.
The attempts to overcome this obstacles were undertaken in Russian T-3M and T-l 1M
tokamaks (lp< lOOkA BT»1T) on 1990-2004 Years.
In T-3M droplet stream and film flow Ga limiters were tested. In T-11M were
performed the experiments with Li Capillary Pore Systems (CPS) as rail limiter for
modeling of real Li erosion in typical tokamak boundary condition (Tc = 30 ±10 eV,
Pioad=10 MW/nv\ D, He plasma).
The main results are:
l.The Ga-droplet stream can be usefal as method of LM injection in tokamak. The Gafihn limiter experiment was unsuccessful.
2.The Li-CPS limiter experiment in T-l 1M was successful. It was received the quasi
state (0.2s) clean deuterium plasma with Z e n=l.l±0.1 (Te(0)= 0.4keV) and plasma
boundary cooling by Li-radiation.
3.The Li emission from CPS-limiter increases with limiter temperature, but without
any spontaneous peaks (Li-blooms, unipolar arcs e.a.) up to 700°C.
4.D2 removal from Li limiter can be made on simple heating up to 400°C.
This means, that use of a liquid metal as material of tokamak limiter has no serious
physical obstacles.
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FEEDBACK EFFECTS BETWEEN RESONANCE SURFACES AND
SPACE HARMONICS OF EXTERNAL PERTURBATIONS IN
TOKAMAK
Igor Semenov ( Kurchatov Jnsl.J, Sergey Mirnov (TRINITI),
Eric Fredrickson (PPPL), Vladimir Voznesenskiy (Kurchatov Inst.)
Experiments have shown that the system of coupled resonant surfaces in a tokamak
can amplify the spatial harmonics of external perturbations, which may come from other
singular surfaces, from error fields, or from a feedback system. The behavior of this actively
coupled resonance media can be roughly approximated with a system of coupled Van der Pole
equations or system of coupled Van der Pole generators. The effect of frequency locking (or
spatial harmonics locking in the plasma frame) is typical behavior for these nonlinear
systems. It happens when the amplitude of the modes increases and one mode becomes a
dominant mode. (The Dominant mode determines the modes synchronization throughout the
plasma column). Transition into this condition can occur in a time span of ~ 50 -100 jisec
(for middle size tokamaks as TFTR, T-10, NSTX, DIIID and others).
For a tokamak it means that the stability of a large scale MHD perturbation can change
jumpily, because frequency (phase) lock may create a positive feedback between resonant
surfaces (or between resonant surfaces and the external feedback system). This effect
probably determines the explosive dynamic of the disruptive instability.
In some cases the external perturbation from a feedback system can be the dominant
mode that will trigger a 180 degrees phase change between the mode and the feedback
system i.e. to a fast (50 -100 usec) jump from negative to positive feedback and to instability.
The fast phase jump requires a creation of feedback systems (for large scale MHD modes
stabilization), with respond time as shot as - 10 usec (that is difficult to construct with high
impedance coils).

35

UA0500692
1-9
TOROIDAL CONSIDERATION OF PLASMA RESPONSE TO
PENETRATION OF AN EXTERNAL LOW FREQUENCY HELICAL
PERTURBATION INTO A TOKAMAK EDGE PLASMA
I.M. Pankratov, A.Ya. Omelchenko, V.V. Olshansky
Institute of Plasma Physics,
National Science Center "Kharkov Institute of Physics and Technology "
Akademicheskaya str., I, 61108 Kharkov, Ukraine
Control of plasma edge behaviour is the main purpose of the Dynamic Ergodic
Divertor (DED) project of TEXTOR [I]. The DED helical coils create a specific topology of
magnetic field at the plasma edge, where external rotating helical perturbations with poloidal
number m and toroidal number n are resonant on the magnetic surfaces q{rm) = mjn (q(r) is
the safety factor). The ergodization of the edge magnetic field takes place. For an adequate
comparison with DED experiments the theoretical treatment of this topology with the plasma
response taken into account must be investigated in the toroidal geometry.
Earlier the influence of plasma response to penetration of an external helical
perturbation into a tokamak plasma was considered on the basis of one- and two-fluid MHD
equations in cylindrical approximation, with resonance condition occurring inside the
discharge edge region [2,3]. General solution of MHD equations were found and investigated,
which describe the structure (components of the penetrating field, the radial distribution of the
perturbed current density and the radial profile of the poloidal driven force density) of
occurring resistive modes. The main physics was understood.
In the present paper this problem is investigated in the linear approximation for
toroidal model. The equations for perturbed values are derived in a covariant form with
account of toroidicity-caused couple of each poloidal harmonic m to its neighboring m±\
sidebands. Their preliminary analysis is carried out. The electron and ion pressures, ion
gyroviscosity tensor and radial electric field are included. The incompressible plasma motion
{dtvV=Q) is considered. This situation corresponds to operation of the Dynamic Ergodic
Divertor (DED) in the TEXTOR-DED tokamak [1].
References
[1] M.W. Jakubowski, S.S. Abdullaev, K.H. Finken and the TEXTOR team. Nuci. Fusion 44
(2004) SI.
[2] I.M. Pankratov, A.Ya. Omelchenko, V.V. Olshansky. Problems of Atomic Science and
Technology.Series: Plasma Physics (8), Kharkov, 2002, No.5, p.3.
[3] I.M. Pankratov, A.Ya. Omelchenko, V.V. Olshansky, K.H. Finken. Nucl. Fusion 44
(2004) S37.
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OPTIMIZATIONAL INVESTIGATIONS OF THE VACUUM
MAGNETIC CONFIGURATION OF THE NCSX STELLARATOR FOR
THE PURPOSE OF DEVELOPMENT OF AN ACCEPTABLE BASE FOR
MAGNETIC MEASUREMENTS
E Fredrickson a , A V.Georgiyevskiy , V A Rudakov , M. Zamstorffa
"Princeton Plasma Physics Laboratory, USA
Kharkov Insitute of Physics and Technology, Ukraine
In this report we describe field mapping calculations for a survey of magnetic
configurations of the NCSX stellarator having a wide range of rotational transform, ; and
"good" flux surface volumes. The main goal of this report is to identify which field
configurations will have good properties for determining the accuracy of assembly of the
NCSX device. Several configurations have been found which are sensitive to the
misalignment of field coils, including the Modular Coils (MC) and Poloidal Field Coils
(PFC). Additional, promising configurations have been chosen for the further study. These
results will also be useful in the plasma experiment phase of NCSX for choosing start-up
configurations. Propositions of vacuum field mapping using low energy electron beams and a
movable "luminescent probe" are also discussed.
The configurations are, for the most part, based on the vacuum magnetic configuration
(c08r00) of the NCSX stellarator. We expect that the use of a low-eneTgy electron beam in
combination with a movable luminescent probe (LP) will have the required (high) resolution
necessary for these magnetic measurements. Experiments at the "U-3M" [1] have
demonstrated that with such a luminescent probe it is possible to measure reliably, for
example, magnetic islands with a width of 5 m m > (3 - 5) mm.
One of the main goals of these investigations is the optimization of operating
conditions of the magnetic system to create a resonant ("island") magnetic structure which
will have high sensitivity to all of the main types of coil misalignment for coil displacements.
In other words, it is necessary that there will be measurable changes in the magnetic structure,
6> which exceed (3 - 5) mm.
The report presents the results of the investigation of basic parameters of the NCSX
stellarator vacuum magnetic configuration (including an "island" structure of magnetic
surfaces) as a function of the value of K(p' (over the range 0.5 < K<p < 1.4) and the relative
vertical magnetic field B2Z, (Bz = 0 . 0 % - 10.5%). A vast catalogue of data including the
indicated material was prepared.
The materials presented here allow us to make a preliminary conclusion about the
possibility of revealing the defects in the installation of magnetic system elements by the way
of magnetic measurements and comparison of the observed perturbations of the magnetic
configuration with the calculated ones. This method is most sensitive to deviations in the
installation of the poloidal and modular coils. A displacement of the order of 1 mm can be
found. The method is somewhat less sensitive for the detection of inaccuracies in the
installation of the toroidal field coils (the minimum detectable displacement is 4 mm). It is
related to the fact that the additional toroidal field, in the case under consideration, was of the
order of 10% of the total toroidal field. The contribution of one of 18 coils constitutes an
insignificant part of the additional field.
1. Besedin N., Bykov V.E., Georgievskij A.V. et al. Torsatron Magnetic Configuration with Divertor
In VANT, Ser. Thermonuclear Fusion. - M., ZNII Atominform, 1987. vol.4, p p 7-13.
1
K'p =Bmc/'Bo, where Bmc is the toroidal field of the system of modular coils
' B, is the ratio of a vertical field to toroidal fields in %.
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NONLOCAL ANALYSIS OF DRIFT INSTABILITIES IN MAGNETIC
SYSTEMS WITH SHEARED FLOWS
V.I. Khvesyuk, A.Yu Chirkov
Bauman Moscow State Technical University
2"d Baumanskaya Str., 5, 105005 Moscow, Russia
e-mail: khves@power.bmstu.ru
In this work we consider low frequency drift (LFD) instabilities in non-local
approximation. To calculate parameters of the instabilities we use the equations for the radial
profiles of LFD modes obtained from gyrokinetic theory [1]. Such approach makes it possible
to take into account essential shear effects on instabilities and transport in magnetic systems
with non-uniform plasma parameters.
On the one hand, velocity shear and magnetic shear are the natural features or ^ c
plasma configurations in modem theories of plasma equilibria with flows [2, 3]. On the other
hand, shear effects are very interesting from the viewpoint of the anomalous transport control
and suppression. In the case of essential plasma non-uniformity mentioned equilibria includes
diamagnetic currents and ExB-drift. The one of the examples of such systems is a field
reversed configuration.
For the plasma configurations with flows we consider both magnetic shear and static
electric field shear. Note, that the current velocity shear can be important in some cases. To
analyse LFD instabilities we consider wave equation for the radial profile. The eigenvalues
(frequencies and increments) and eigenmodes are obtained from this equation.
Calculation carried out for the basic case of the slab geometry with magnetic shear and
flow shear are presented. Besides, some estimations are earned out for the plasma in strongly
non-uniform magnetic field and sheared electric field. Estimation of anomalous transport
based on the model [4, 5] are discussed.

Work was supported by grant # 03-02-16631 of Russian Foundation for Basic Research

References
1.
2.
3.
4.
5.

M. Artun, W.M. Tang // Phys. Fluids, 1992, V. B 4, P. 1102.
L.C. Steinhauer// Phys. Plasmas, 1999, V. 6, P. 2734.
L.C. Steinhauer, "Equilibrium Equations for a Flowing Plasma in ID Cylinder," 2003
V.I. Khvesyuk, A.Yu. Chirkov // Fusion Technol., 2001, V. 39, No. IT, P. 398.
V.I. Khvesyuk, A.Yu. Chirkov // Tech. Phys., 2004, V. 49, No. 4, P. 396.
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PLASMA HEATING AND CONFINEMENT IN THE GOL-3 MULTIPLE
MIRROR TRAP
A.V. Burdakov. A V. Arzhannikov, V.T. Astrelin, I.A. Ivanov, M.V. Ivantsivsky,
VS. Koidan, K.I. Mekler, S.V. Polosatkin, V.V. Postupaev,
A.F. Rovenskikh, S.L. Sinitsky, Yu.S. Sulyaev
Budker Institute of Nuclear Physics, Novosibirsk 630090,Russia
Experiments on plasma confinement in a multiple mirror configuration are carried out at
GOL-3 facility in Novosibirsk [1], Plasma is confined in a 12-meter-long solenoid which
consists of 55 cells with //max/A/min=5.2/3.2 T. Collective plasma heating by -120 U (~8 us)
relativistic electron beam results in Tc~2 keV at -10 2 1 m'3 density. High Tc exists for ~10 |is.
To this time T, reaches ~1 keV Then electron temperature rapidly decreases to below 100 eV.
Ion temperature keeps at the high level. Energy confinement time in this configuration is ~1
ms and generation of DD neutrons lasts for -1.5 ms.
Large ion temperature fundamentally differs the regime with multimiiTor configuration
from previously studied plasma heating by the beam in a uniform magnetic field [1]. New
physical mechanism of effective heating of plasma ions, substantially dependent on the
corrugation of the magnetic field, was suggested in [2]. Main features are: a) nonuniform
plasma heating (which depends on the «b/«p ratio, i.e. on the local magnetic field); b)
suppression of heat transport during the beam injection [3] that enables buildup of large
pressure gradients; c) collective acceleration of plasma flows from the high-field part of
corrugation cells to cell's 'bottom'; d) thermalization of opposite ion flows.
A set of special experiments was carried out at GOL-3 facility in order to study this
mechanism of heating of ions. A Thomson scattering system (10 J, 1.06 fun) was used in
order to measure 13-point radial distribution of the plasma density. Shot-to-shot spread of
plasma density is below 10% during several first microseconds of the beam injection. Then
density spread becomes larger, up to dnlna 0 30% and such large spread exists for submillisecond time. There is no neutron flux during the initial (steady) stage of the plasma
heating. Then approximately at the moment of emergence of large density fluctuations
intensive neutron flash appears which is followed by a steady neutron emission for 1-1.5 ms.
Observed plasma behavior confirms in general the suggested mechanism of fast collective
heating of ions in a beam-plasma system in a corrugated magnetic field.
The work was partially supported by RFBR, project 03-02-16271.
I M A . Agafonov, et al., Plasma Phys. Control. Fusion, 38 (I2A), A93 (1996).
2. R. Yu. Akentjev, et al., Proc. 29th EPS Fusion Conf., paper P5_057 (2002).
3. A. V. Arzhannikov, et al., JETP Utters 77 (7), 358 (2003).
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DURING RF HEATING IN URAGAN-3M TORSATRON
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S.A.Tsybenko
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The study of the plasma fluctuations inferred from Ha emission, ECE, reflected mm
waves has been fulfilled for different regimes of RF plasma production/heating in the Uragan3M torsatron. This work was aimed to study of the transition dynamics to the regimes of
improved plasma confinement mode.
Three-wave interaction [1] has been observed in experiments on RF plasma heating in
Uragan-3M (U3-M) torsatron. Two RF antennas of different type were used simultaneously
for plasma production and heating. Frame-type and 3-half turn antennas excited waves in the
vicinity of Alfven resonance (Q.\ ~ Ci2~ 2n-8.6 MHz; I Qi - fi21/2-71 = O.1-HJ.35 MHz; B =
0.7 T) [2]. Plasma was probed by microwaves with different polarization (X-wave with F|=
19*26 GHz and O-wave with F2= 10 GHz); this allowed to study reflection of microwave at
almost whole plasma radius (0.1< r/a < 0.9).
Spectral analysis of reflected microwaves, Ha emission and ECE showed an existence
of low frequency (f= 1*100 kHz) plasma fluctuations and "beat modes" with frequency Q ~
Cli • Q2. "Beat mode" power spectra density was calculated for different probing frequencies
(plasma radiuses) and RF power as well. The suppression of plasma low frequency
fluctuations was observed when the plasma oscillations with Cl\ - Cl2 frequency has appeared.
Microwave probing of "beat" plasma fluctuations is a useful tool for non perturbing
studies of their influence on plasma behavior and possibly RF power absorption profile.
References
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MODELLING OF PLASMA MOTION RESPONSE INDUCED BY AN
EXTERNAL ROTATING HELICAL PERTURBATION IN
THE HYBTOK-II TOKAMAK
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Direct observations of tokamak plasma responses to an externally applied rotating
helical magnetic perturbation have been performed on a small tokamak HYBTOK-II in order
to clarify the process of penetration of this external magnetic perturbation into tokamak
plasmas [1]. The radial profiles of the radial and poloidal magnetic components of the
penetrating external field were measured using a small magnetic probe inserted into the
plasma. A preliminary comparison of the theoretical treatment [2] with these HYBTOK-II
experiments shows a good qualitative agreement.
In the present paper in addition to the analysis of penetrating magnetic field
amplitudes a more detailed theoretical investigation of the plasma motion affected by an
external rotating helical magnetic perturbation is carried out near the main resonance surface
rrtl = 8.5cm, where <?(r,,,) - m/n = 6/1 (q{r))is the safety factor, m is the poloidal and n is the
toroidal mode numbers). The typical for HYBTOK-II parameters: plasma current Ip= 5 kA,
the toroidal magnetic field B,= 0 27 T, the edge electron density n = 1.5xlO"*m~3 and the
electron temperature Tt - 20 e V are used.
Two plasma vortexes with opposite direction of rotation are found per one poloidal
period of the external perturbation (A6-nil).
The amplitude of poloidal velocity in the
plasma vortexes has the order of 2-8 km/s. The radial size of the vortexes is about 1-1.5 cm.
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Unstable low frequency drift waves (LFD instabilities) initiate the anomalous
transport in the plasma confined by the magnetic field. Recently developed model of
collisionless diffusion [1-3] based on the effect of the scattering of the plasma particles by
electrostatic LFD fluctuations allows to calculate diffusivity for the given level of fluctuation
amplitudes. In the case of the action of many modes the chaotic displacements of the parties:
are associated with the chaotic ExB drift due to electrostatic LFD fluctuations. In this work
possible scheme of estimation of the amplitude level for the weak turbulence regime is
discussed.
The main goal of this work is the analysis of the role of the magnetic shear for the
arising and suppression of LFD driven turbulent transport.
To analyse main features of the interactions particles with waves we calculate
particles orbits in tokamak magnetic field. To obtain parameters of LFD instabilities
(frequencies, increments, radial structure) we use gyrokinetic theory [4]. Such approach
allows to consider non-local radial structure of LFD modes taking into account shear effects.
Mixing the dependence of diffusion rate from Refs. [1-3] with the increments and mode
width from non-local calculations we suggest the estimation the diffiisivity for anomalous
transport regime.
As calculation shown, increasing magnetic shear cause the decrease of the radial width
of LFD modes. But the non-uniform electric field or other flow shear effects are required for
complete stabilization.

Work was supported by Russian Foundation for Basic Research (grant no. 03-02-16631).
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The subject of the research in this work was the study of the NCSX stellarator
vacuum magnetic configuration with a variant of the magnetic system named as c08r00. The
goal of the research was to obtain the data for developing the method of measurement and
compensation of magnetic field perturbations occurring as a result of inaccuracies in
manufacturing and mounting the magnetic system elements, as well as, because of the action
of other factors that cannot be taken into account.
The NCSX stellarator is a facility comprising 18 modular coils which together with
18 coils of the additional magnetic field create a toroidal three-period helical system with a
major torus radius Ro=1.4m and a toroidal field of 1.7 Tesla. The vertical correcting magnetic
field is provided by the system of four pairs of coils (PFC). Depending on the values K.<p' and
the vertical correcting field, the angle of rotational transform in the system can change over a
wide range (0.2 - 1) and can take rational values at which the formation of the resonance
structures is possible. Values K<p and the vertical correcting magnetic field were changing so
that to provide the angle of rotational transform corresponding to the formation of resonance
structures with rational ratio of toroidal and poloidal modes: n/m = 3/10, 1/3, 3/7, 1/2, 3/6,
3/5, 2/3 and so on. As a result of calculations in above conditions the formation of chains of
islands structures was determined with a number of islands corresponding to the resonance
type. Besides, under certain circumstances the number of islands can correspond to the main
resonance with participation of lower harmonics and to the higher harmonics (for example, at
the resonance 1/2 the formation of two, six and even twelve islands was observed)
For the resonance value of the angle of transform t=0.5 studied were the resonance
structures being formed under conditions of creation of the vertical correcting field by the
systems composed of different number of PFC pairs.
The investigations of the magnetic configuration under conditions of the resonance
1/2 revealed the phenomenon of changing the phase of the arrangement of the chain from six
islands (m=6) with insignificant changing of the vertical magnetic field. In the field interval
Bz= 10.05% - 10.07% the arrangement of islands in the minor cross-section of the torus
changes approximately by 30° on the angle 6. At the intermediate field value (Bz= 10.06%)
there formed is the resonance structure of 12 islands.
In authors' opinion this effect can form the basis of the development on the highsensitive method for magnetic measurements and subsequent compensation of unaccounted,
in calculations, magnetic configurations of magnetic field transverse components. The latter
appear as a result of "surprises" related with the action of the magnetic permeability of the
facility structural materials different from the unit, and because of the gross deviations in the
course of mounting the magnetic system elements exceeding the allowable limits. As the
magnetic measurements on the torsatron Uragan-3M [1] showed that the like work should and
can be performed at the initial stage of systematic magnetic measurements on the NCSX
stellarator.
1 Besedin N., Bykov V.E., Georgievskij A.V. et al Torsatron Magnetic Configuration with Divertor
U-3. - In: VANT, Ser: Thermonuclear Fusion. - M., ZNII Atominform, 1987, vol.4, p.p.7-13.
' K<p =Bmc/Bo, where Bmc is the toroidaJ field of the system of modular coils
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Magnetic fusion community is close to the first reactor ever made. So, the next step will be
made is to simplify the technology and reducing the cost of electricity. It seems so far from
right now, but many other concepts are still waiting their time and more detail analysis [1],
Fortunately, in magnetic geometries like the field reversed configuration and spheromak,
where a compact toroid is immersed in a linear external magnetic-field geometry, almost all
of the charged particle transport losses will flow out the ends of the device. So, transport from
the plasma edge may be reduced by applying arbitrary system that can change magnetic field
shear (perturbing magnetic field is about 1-3% of main magnetic field) [2], It is very
important for tokamak and may be tested on the compact toroids.
Last results in compact toroids research are presented with emphasizing on the open
systems, which represent the big area including commercial reactor, space propulsion,
medical isotopes, magnetized target fusion rocket and a passively proliferation-proof fusion
power plant [3]. Fusion burn equations for D-T, D-D, and D-3He thermonuclear fusion
reactions are solved. Progress to date has been good with a framework set up to examine
plasma physics aspects of compact toroid cases and shows that improvements in the physics
must still be made.
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This paper addresses achievement of controlled plasma in the Damavand tokamak.
Damavand tokamak has the capability to produce discharges with plasma currents up to 40
kA. The plasma position is controlled by electromagnetic forces generated by passing currents
through control coils placed around the plasma A desired control objective is maintaining the
plasma in the center of vacuum vessel and to stabilize the plasma in the presence of
disturbances in a time domain of the order of few milliseconds. In order to achieve maximum
performance it is essential to optimize the control system. In this paper method of controlled
plasma discharge are described.
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A lot of experimental evidence in fusion devices have been observed that plasma
turbulence is highly intermittent. Intermittent events are well-known to play a crucial role in
transport dynamics. Intermittent transport resulted from rare, large events is accompanied by
coherent structures such as vortices, zonal flows, streamers and blobs, leading to the losses
above ones predicted by classic heat diffusive scaling. Specific structure of plasma near the
edge in fusion device generates large-scale dynamics such as "flights" and ballistic transport
with non-Gaussian statistics. Focusing on a probabilistic approach to plasma turbulence and
transport, rather then anomalous transport coefficients, allows to consider most important
questions in the prediction of transport, including self-similarity scaling and non-locality of
transport in edge plasma turbulence. The turbulence in fusion device should be considered as
a multi-scale phenomenon beyond the Kolmogorov's refined self-similarity (monofractal)
hypothesis. To describe the turbulence, the multifractal formalism is considered. It is based on
the fact that the highly nonuniform probability distribution arises from the nonuniformity of
the system possessing rich scaling properties and self-similarity. In the multifractal
formalism, multiplicative cascading process has «coarse» time scale
from that iterating
towards finer scales.
We report the analysis of edge plasma statistics in T-10 tokamak, linear machine
NAGDIS-II and Large Helical Device (LHD). Probability density function of fluctuation in
ion saturation current and floating potential measured in scrape-off layer of these machines
have been analyzed in terms of the multifractal formalism revisited with wavelets. It was
observed that edge turbulence possesses multifractal statistics with typical coarse time scale
-50-100 us of coherent structures. Self-similarity parameters have been observed to depend
on the edge plasma condition. The fractal properties of fluctuation in LHD have been
analyzed regarding to the magnetic structure and profile of the connection lengths of the
magnetic field lines. It was observed on T-10, multifractality level is decreased in shear
region in the vicinity of Last Closed Flux Surface. Correlation properties have been analysed
ragarding to the multifractality parameter.
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Performance of spherical magnetic electrostatic confinement fusion is analysed. The
main idea is to transform a linear arrangement of the ring cusps to a spherical one [1].
Magnetic field lines in spherical cusps provide a chaotic scattering system that improves the
ion focusing due to synergetic effect of intermittent ion trajectories. Confined ions are
bounced within electrostatic well reflecting from magnetic barriers shaped by convex field
lines. The concept offers a means of enhancing ion reactivity provided by caustic formation
that are resulted from an intersection of ion orbits withm confinement volume. Single ion 'ST:
trajectory tested numerically in idealised version of problem, indicates the formation of dense
region referred as caustic. Parameters of the experimental device are estimated:
Cusp anode radius,
0.3 m
Plasma radius R,
0.25 m
Cusp magnetic induction,
1T
Volume magnetic induction, 0.2 T
Cusp anode gap width,
0.3 cm
Cusp plugging anode voltage, 25 kV
Electron injection energy,
20 keV
Electron injection current, 0.2 A
Pulse duration,
-30 ms
Volume plasma density ~ 10 A18 mA-3
Central plasma density"
10 A19 m A-3
T,e;
__ lkeV
Energy confinement time, ~6msec
Potential advantages of proposed concept similar to well known magnetic electrostatic
plasma confinement: many different fusion reactions (i.e., D-D, D-T, D-3He, p-"B, and p-7Li)
may occur from high-energy collisions between the counter-streaming ions oscillating in the
electrostatic well formed by electrons. This device can produce high-energy neutrons,
protons, alphas, etc. It may be attractive source (10 6 -10 12 particles/s) suitable for scattering
analysis, neutron activation, isotope production, medical therapy.
I. V. Budaev. J. Plasma Fusion Res. SERIES, Vol. 5 (2002) 346
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Transit particles are the particles that transfer from the different states from passing to trapped in
the interaction with the waves - static such as the modulated in the space magnetic filed and
usual electromagnetic waves. They are very interesting subject of study and very important one
for stellarator type devices. At the beginning of the stellarator study transit particles were
considered as the obstacle on the way of the plasma confinement improving and many efforts
were made to decrease the amount of particles with transit orbits and even eliminate the transit
particles due to optimization the magnetic configuration. However, later [1] it was found that
these particles could be used to control radial electric field in plasma in order to improve the
confinement. Injected outside of the last closed magnetic field these electrons being trapped with
the helical magnetic field move across the magnetic surfaces and then transfer into particles
toridally trapped in the center of the magnetic confinement volume and stay there for a long time.
They can affect the radial electric field in plasma. The use of AC electric field can prolong the
time of the staying into the center of confinement volume and increase the fraction of particles
with the transit orbits. This physics mechanism can be used to remove the "cold" alpha particles
and impurity ions from the plasma center to the periphery of plasma and confinement volume
[2,3] Therefore transit orbits without AC electric field and transit orbits with AC electric field
should be studied experimentally.
Particle detrapping / retrapping process without AC electric field applied externally was studied
on the Heltotron D device of the torsatron type [4]. It was shown that the electrons with the
transit orbits of injected outside the last closed magnetic surface can penetrate into the center of
the magnetic field confinement volume as it is predicted in theory [2]. Next step in the study of
the particle detrapping / retrapping process can be carried out with AC electric field.
The experimental study can be carried out on the setup with the toroidal and helical filed coils.
The magnetic field intensity is up to 1 kGs. The helical magnetic field is produced with the /=2
and m =8 helical windings. The small and large radii of the helical coils are 6 cm and 42 cm
correspondingly. Electrons with the energy up to 1 keV are confined in such magnetic
configuration.
The calculations of the drift trajectories in this configuration show the possibility to observe the
transit orbits under the special range of the pitch velocity K, IV and angular variable &ium values.
The effect of AC electric field in this device is being studied numerically now. In future the
experimental results can be applied for the torsatron Uragan-2M because of the similarity of the
pitch angle of the helical windings.
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EFFECT OF MAGNETIC ISLANDS ON THE IMPURITY FLOWS
IN NCSX GEOMETRY
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The penetration into the plasma of the impurity ions from the chamber wall and radiation loss
increase is the serious problem of the modern and future controlled fusion devices. This
phenomenon is observed experimentally and there are some theoretical explanations of this
physics from the MHD and kinetic approach. Some special ways exist to protect the plasma.
The impurity ion flux into the core of plasma can be partly stopped with the magnetic island
chains at the periphery of the magnetic confinement volume [1].
This physics idea to protect plasma from the impurity ions can be examined on the new device
National Compact Stellarator Experiment (NCSX), which is under construction at Princeton
Plasma Physics Laboratory, USA [2,3]. On the base of the MHD approach the impurity ions
flows are studied in the configuration with the parameters of NCSX with the magnetic islands.
The magnetic islands mln=5B and m/n=6/3 can be excited with the trim coils in NCSX. It is
shown that the solving of the flow trajectory equations drxua =o can lead us to the conclusion
that ion flow trajectories are concentrated in the region of the magnetic islands.
The mass flow trajectories as the solution of the equation </rxu, =oare obtained for the
configurations with and without islands. One can see the strong effect of the islands on the mass
flows. On NCSX it is possible to examine this dependence of the impurity fluxes on the
magnetic islands.
We can conclude that magnetic islands can be the transport barriers on the way of the impurity
ions into the plasma core. Right now we think that the similar behavior can be expected for the
main plasma ions also. This problem is under study now.
The change of the island geometry: the excitation of the islands with "wave" numbers m = 5 ,
n =3 and m = 6, n =3, which can be produced with the trim coils, separately and simultaneously
(in different discharges), can help to control the impurity flows in the helical plasmas. Adjacent
resonance can lead to the study of stochastic layer effect on main and impurity ions. NCSX can
be the most appropriate device for such study.
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The first results are presented of low-frequency (<200 kHz) density (ion saturation
current, /,) and potential (floating potential, Vj) fluctuation studies in the edge plasma of a
helical axis heliotron Heliotron J [/ = 1, m = 4, R,, = 1.2 m, a < 0.2 m, B+ < 1.5 T, I(O)/2TI «
0.6]. A deuterium plasma is produced by 2nd harmonic ECH (70 GHz, < 300 kW, 200 ms).
The investigations were carried out with the use of Langmuire probe array, which could be
moved parallel to the major radius. The typical values of relative fluctuation levels near the
last closed magnetic surface were (J,)/l,

- 0 . 2 , (^/)/ 7 "»~ 0.5-0.7. The existence of a

plasma layer near the boundary of confinement region with the radial electric field shear was
shown for two magnetic configurations, "the high bumpiness configuration" (HBC) and "the
standard configuration" (STD). A reversal of the poloidal component of fluctuation phase
velocity and a decorrelation of fluctuations took place in the vicinity of shear layer, this being
manifested in a reduction of cross-coherence between density and potential oscillations. Also,
the fluctuation intensity was considerably reduced in the high frequency region of the
spectrum. The time behavior of fluctuation-induced radial particle flux was analyzed. This
flux was directed predominantly outward, and similar to some other tokamaks and
stellarators, its significant fraction was contained in rear short-time bursts, whose amplitude
could be an order of magnitude higher than the average turbulent flux. In other words, the
intermittency effect is inherent to the edge turbulence in Heliotron J. As a preliminary
analysis has shown, the PDF of density (ion saturation current) fluctuations belongs to the
class of stable Levy distributions. With this, the Levy index decreases with the distance from
the plasma boundary, so that the PDF is nearly Gaussian near the boundary and becomes
essentially non-Gaussian far from it.
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CALCULATIONS OF THE MAGNETIC WELL DETERMINED BY
DIFFERENT PLASMA PRESSURE PROFILES AND AN EXTERNAL
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It has been demonstrated elsewhere that a rise in the plasma pressure gives rise to a
magnetic well, that removes the restriction on the plasma-stability limiting pressure for a
number of most dangerous MHD instabilities [1, 2]. The present paper deals with the
calculations of a relative magnetic-well depth in a torsatron using the formulas of averaging
over magnetic surfaces [3]. The calculations were made for different functions of vacuum
angles of rotational transform in the radius and different plasma pressure profiles with due
regard for an external uniform transverse magnetic field. The distribution of the vacuum angle
of field lines rotation was calculated by the expression t(r) = t(r o )[a+(l-a)r 2 /r o 2 ] : where
a=t(O)/t(ro) is the ratio of the angle of rotational transform on the magnetic axis to its value at
the plasma boundary of radius ro. The authors have considered three laws of plasma pressure
distribution over magnetic surfaces: Pi=P 0 ; P2=Po(W(r)/M>(ro)); P3= Po(l-vv(r)/vi/(ro))2; where
Po is the plasma pressure on the axis of the system, \\>(r) is the averaged function of vacuum
magnetic surfaces Analytical expressions have been derived in the paper to calculate the
relative magnetic well depth determined by different plasma pressure profiles and by the
external transverse magnetic field. The relative depth of the magnetic well was calculated by
the formula SV/U = Boi/<B(r,)) - I [4], where (B(rt)) is the longitudinal magnetic field on the
radius ri averaged over the magnetic surfaces.
The calculations have shown that with a magnetic axis displacement inwards the torus
due to the external transverse magnetic field and a = 0, the arising magnetic configuration will
have a magnetic hill (8U/U > 0). As the plasma pressure rises due to different plasma profiles,
the magnetic axis will be displaced to the center of the magnetic system. With a plasma
pressure rise due to a uniform distribution Pi = Po, the magnetic hill will decrease, and with
the magnetic axis displacement outwards the torus, a magnetic well will appear (6U/U < 0).
At a displacement vjia = 0.4, the well may attain 5U/U = 6.4%. The increase in plasma
pressure due to the plasma pressure profiles P2=Po(l-V(rVv(ro)) and Pi~ Po(l-v(r)Ai/(ro))2 and
ot=O, will also cause magnetic axis displacements, but in the central region of the magnetic
configuration the magnetic axis splitting will occur [5], and two families of independent
magnetic surfaces will arise. In this case, the first magnetic-surface family will have the
magnetic hill (5U/U > 0), and the second family will have the magnetic well (5U/U < 0).
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ANALYTICAL CALCULATIONS OF PLASMA EQUILIBRIUM IN THE
NCSX (USA) STELLARATOR
V.A. Rudakov, V.I. Tyupa
Institute of Plasma Physics, National Science Center
"Kharkov Institute of Physics and Technology", Kharkov, 61108, Ukraine
At present the stellarator systems enable to obtain rather high values of plasma pressure
[1]. However, it is known, that the plasma pressure raising can change the angle of rotational
transform as well as, the value of the mean magnetic well. The increase of rjro shift provokes
the magnetic well appearance that leads to the removal of limitations for a number of the most
hazardous MHD instabilities for the limiting pressure on the plasma stability [2], From this
viewpoint it is important to know the distribution of rotational transform angles and the mean
magnetic well conditioned by different plasma pressure profiles. The authors of the paper
have performed the calculations of the angles of rotational transform and the mean magnetic
well caused by different plasma pressure profiles for the NCSX stellarator. The papers considers three laws of plasma pressure distribution: Pi=P o (flat distribution); P2=PO(1(c(r)/(i/(rj), P 3 =P o (l-y/(r)/(«'(r j )) 2 , where P o is the plasma pressure on the axis of the system; v / ( r ) = \t(r) r dr is the averaged function of vacuum magnetic surfaces. The distribution of the vacuum angle of rotational transform was determined as t(ry=t(ro)[a+(l-a)r2iro2],
where a=t(0)!t(ro) is the relation of the field line rotation on the magnetic axis to its value at
the boundary of the plasma radius r0. For NCSX: r(0)=0.51, «>o)=0.58, a=0.879, R=1.4 m,
ro=0.4 m.
Calculations of the angles of rotational transform and the mean magnetic well conditioned by different plasma pressure profiles were performed by analytical formulae obtained
in works of [3,4],
Calculations have shown that the flat distribution Pi=P 0 changes insignificantly the distribution of vacuum angles of rotational transform, as well as, of the vacuum magnetic well.
The mean vacuum magnetic well in the NCSX stellarator reaches the value of 6U/U=4.2 %.
In the case of the plasma pressure distribution by the law P3=P 0 (l-^(r)/(/(r ( ) )) 2 and
rc/ro=0.3 (P=6 %) it is possible to reach the value of the mean magnetic well SU/U=\ 1 %.
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SPACE-TIME DYNAMICS OF LOW FREQUENCY PLASMA DENSITY
FLUCTUATIONS IN TORSATRON URAGAN-3M
V.L.Berezhniy, A.I Skibenko, O.S.Pavlichenko, E.D.Volkov, V L.Ocheretenko,
I.B.Pinos, S.A.Tsybenko
Institute of Plasma Physics of NSC K1PT, 61108 Kharkov, Ukraine
For investigation of plasma density fluctuations, nt, the 4-channe] reflectometer fl]
was used. All antennae were disposed in the same poloidal plane, and measurements were
provided in two regimes: with average plasma density nt= 1.3-10 !3 cm 3 and /f e =210 1 2 cm' 3 .
One frame antenna was used for PJ-1 production and heating of plasma in the frequency range
co = coci (PRT = 200 kW, f = 8.8 MHz) with magnetic field strength B o = 0.7 T. The relative
level of fluctuations n, was evaluated by their amplitudes [2] found from a power spectral
density of the reflectometer signals. For both regimes the decrease of n, was observed with
increasing frequency of fluctuations in the range 0+60 kHz. The level of a, was higher at the
plasma periphery and was poloidally asymmetrical: at the outer side it was - 2 times higher
than inside, and at the upper half-plane it was - 30 % above the value measured in the lower
half-plane. When carbon impurity was injected into the plasma by laser ablation [1], the
amplitude of higher frequency range fluctuations, f > 20 kHz, dropped but at the same time
the amplitude of lower frequency range fluctuations, f < 20 kHz, raised, especially in the
narrow range 7+12 kHz. With carbon injection the fluctuations become weakly correlated in
radial direction (y < 0.4) and the radial dependence was changed, i.e., «, decreases with minor
radius. The poloidal asymmetry of n, does not change the character measured without carbon
injection.
The low plasma density regime (»,= 210 12 cm" 3 ) is characterized by the fast drop of
T e just after finishing the RF power and by gradual, during ~ 1.5 ms, rise of nt. The reason for
plasma density rise is ionization of gas (H2) from the large vacuum vessel. The stage of n, rise
is followed by an exponential decay of the cold plasma. If the number of injected carbon
atoms is less than 10 , the rise of n, after switching off the RF generator is due to inflow of
gas from the vacuum vessel. However, if the total number of injected carbon atoms exceeds
- 210 16 , the ne rise is predominantly due ionization of these atoms.
After RF pulse termination, the level of «, was doubled from the level at the
quasistationary stage of discharge, and was factor - 1.5 higher than under carbon injection in
the range of frequency range 7+ 12-kHz. The level of «„ in the range of 20+60 kHz decreases
similar to discharges with carbon injection.
The fluctuation amplitudes in the divertor plasma flow (as was measured by the SHF
open resonator [3]) and everywhere in the periphery plasma with ne » 10" cm'3 was found the
same in the frequency range 10+20 kHz. The coherence of fluctuations at these frequencies
was in the range y £ 0.5.
1. V.L.Berezhniy, A.I.Skibenko, I.P.Fomin et al. Problems of atomic science and
technology. Series: Plasma Physics. Issues (8), n.5,2002, p.p. 24-26.
2. E.Z.Gusakov, G.Leclert, I.Boucher et al. Plasma Phys. Control Fusion, v.44 (2002) 15651579.
3. A.I.Skibenko, O.S.Pavlichenko, R.O.Pavlichenko, I.P.Fomin. 23-rd EPS Conf. Controlled
Fusion and Plasma Physics, Kiev, 24-28 June, 1996, contributed papers, part III, p. 1124.
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STUDY OF NEOCLASSICAL TRANSPORT IN THE l/v REGIME
FOR URAGAN-2M
V N.Kalvuzhnvi1. S VRasilov 1 , W.K-ernbihler2, V.V.Nemov1, B.Seiwald2
'institute of Plasma Physics, National Science Centre " Kharkov Institute of Physics and
Technology", Akademicheskaya 1, Kharkov, 61108 Ukraine
'Institutfur Theoretishe Physik, Technische Universitat Graz, Petersgasse 16, A-8010 Graz.
Austria
For the torsatron URAGAN-2M (U-2M) the \/v neoclassical transport regime, in
which the transport coefficients are increased with reduction of particle collision frequency r
is studied numerically. In general, it is taken to characterize this regime by the so-called
effective ripple, £tiI The characteristic features of the specific magnetic field geometry
manifest themselves in particle and heat fluxes through the factor e]1^. For the "standard''
configuration of U-2M (see [1]) in case of the vacuum magnetic field produced by the device
coils effective ripple e# is calculated using field line following code [2] (NEO code). The
results of the computation of e]^ are presented as function of r/a with r being the mean
radius of a magnetic surface and a being the mean radius of the outermost magnetic surface.
Also, an optimizing procedure is carried out using the code [3] for optimizing
stellarators with fixed coil design. From the results of the optimization procedure carried out
with varying the currents in the adjacent toroidal field coils it follows that a maximum in the
stored energy exist for a certain difference of these currents which is close to thai
corresponding to the decreased s^ value.

[1]. O.S.Pavlichenko for the U-2M group, Plasma Phys. and Control. Fusion, 35, B223B230, (1993)
[2]. V.V.Nemov, S.V.Kasilov, W.Kernbichler and M.F.Hein, Phys. Plasmas 6,4622 (1999).
[3]. B.Seiwald, V.V.Nemov, S.V.Kasilov, W.Kembihler, Proc. of 2<?h EPS Conference on
Plasma Phys. andContr. Fusion, Montreux, 17-21 June 2002, ECA, 26B, P-4.099 (2002).
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ELECTRON CYCLOTRON HEATING AT THE WEGA
STELLARATOR
Y. Podoba, K. Horvath, H P . Laqua, M.Otte, J. Lingertat,
D.Zhang F. Wagner
Max-Planck-Insiituifur Plasmaphysik, EURATOMAss.
D-17491 Greifswald. Germany
The plasma in the WEGA stellarator is generated by 2.45 GHz 20+6 kW microwave heating.
Both, the low single pass cyclotron for the electromagnetic waves in ordinary (O-mode) as
well as in extraordinary (X-mode) polarization and the low cut-off density of
ncmof!^-5 1016m"3 makes cyclotron heating with electromagnetic waves at the WEGA
stellarator inefficient. This was confirmed in the first experimental campaign by perpendicular
launch with a TEn antenna in O-mode polarization. Here only edge heating with hollow
density and temperature profiles at densities below the cut-off could be achieved.
For over dense plasma heating a mode conversion into the electrostatic electron Bernstein
waves (EBW) is required. Two schemes had been tested. For the direct X-B conversion an Xwave must be launched perpendicular to the magnetic field into an over dense plasma with a
steep density gradient. In these experiments the strong reflection of the microwave back to the
waveguide power prohibited efficient plasma heating
The O-X-B scheme [1] requires an oblique launch with O-mode polarisation with an optimal
angle to the magnetic field of 45° for the 1st harmonic and 54° the 2 nd harmonic resonance.
Unfortunately, due to space limits the waveguide could not be' titled towards the optimal
launch angles and the oblique wave excitation must be performed by special antenna shaping.
In a first attempt the TEn cylindrical waveguide was cut with an angle of 45°. With this
antenna over dense plasma of more than 10 times the cut-off density could be achieved with
flat or even peaked density and slightly hollow temperature profiles.
For the second step a special antenna shape was chosen. Here the directivity pattern has two
lobes near the optimum direction, and the efficiency of O-X-B conversion is higher than in
the two previous cases. Over dense plasma of more than 50 times the cut-off density obtained
with peaked density and even less hollow temperature profiles. Optimisation was confirmed
by bolometer measurement also.
In this work the latest results of antenna optimisation is presented as well as the future plans
for ECRH investigation on the WEGA installation.
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SEPARATION ON VELOCITIES OF THE PARTICLES, TRAPPED IN
SELF-CONSISTENT MALMBERG-PENNING TRAP
V I.Maslov, IK Tarasov, M.I.Tarasov*, E D.Volkov
A'SC Kharkov Institute of Physics and Technology, Kharkov 61108, Ukraine.
*Karazin Kharkov National University, Kharkov, 61108. Ukraine
In the presented paper the mechanism of the electron cooling, trapped during their drift
in the dynamic trap, is investigated experimentally and theoretically. The particle separation
on velocities occurs both at the stage of trapping and during electron confinement by the
electric and magnetic fields. At the stage of trapping the mechanism of the electron separation
on energy works in dependence of the value of the potential barrier. The energy of the
particles, trapped in the trap, may not exceed 10 eV.
For the particles, trapped the trap and drift during long time in crossed electrical and
magnetic fields, the mechanism of cooling works due to diffusion of fast particles on the wall
of the drift chamber, thus optimization of the electron beam arrangement concerning wall of
the drift chamber is necessary. It is necessary to take into account that the instabilities,
developing in drifting stream of the charged particles, promote increase of the diffusion across
the magnetic field.
It has been shown, that the beam longitudinal movement and also its drift in crossed
radial electric and longitudinal magnetic fields lead to development of instability. As a result
of this instability the part of the electrons bombard the wall. Other part of the electrons as the
result of it is cooled and displaced on radius to the system axis.
It has been shown, that the electron beam interaction, broken as the result of the
diocotron instability development on separate vortices, with electrons of the metalic wall of
final conductivity leads to quasi-stationary electron cooling, trapped by the self-consistent
trap as the hump of the electric potential.
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POSSIBLE VARIANT OF PULSED RF-DISCHARGE CLEANING MODE
OF THE URAGAN-3M TORSATRON
G.P. Glazunov. E.D. Volkov, D.[. Baron, P.I. Konotop, A.V. Lozin, S.A. Tsybenko
Institute of Plasma Physics, NSC KJPT, 61108 Kharkov, Ukraine
The usual regime of pulse RF-discharge cleaning in the Uragan-3 M (U-3M) toisatron [1,
2] includes long time plasma machine operation at high hydrogen pressure of about 10"4 Torr. The
interaction of low temperature hydrogen plasmas with plasma facing materials (PFM, mainly,
stainless steel housing of helical windings of magnetic coils and TiN-coated stainless steel RFantennas) and the intensive molecular hydrogen flow, passed through U-3M vacuum chamber [3],
result in the increase of hydrogen concentration on the surface and in the bulk of the PFM and
walls of vacuum chamber. As the consequence, hydrogen partial pressure in the U-3M vacuum
chamber increases to about 5x10 7 Torr (instead of 2-3xlO"7 Torr ultimate base pressure) and
desorbed hydrogen becomes the main gas in the mass-spectrum of residual gases. It lets to carry
out plasma experiments under sufficiently clean conditions in spite of the unbaked variant of U-3M
vacuum chamber construction. Moreover, the possible activated state of desorbed hydrogen
similar, as it had been shown for metal hydrides [4], could play the positive role on the initial stage
of pulsed plasma discharges. But such mode of operation will not be good under work with
deuterium-tritium mixture, because it leads to trapping and accumulation of an expensive and
unsafe tritium. To revert system in the state with low hydrogen isotope concentration and pressure
one can, using other gases during discharge cleaning, e.g., helium or helium-oxygen mixture [5].
Such researches are of a great interest from the point of view to improve methods of wall
conditioning and minimization of tritium contamination of constructional materials.
In this work the cleaning regime with the use of pulse RF-discharges in hydrogen-nitrogen
mixture was examined over the nitrogen concentration range from 4 at.% to 96 at.% at the same
parameters as for pure hydrogen: 1 pulse per 5-10 seconds, RF input power was about 50 kW,
discharge duration was 70 ms, the stationary magnetic field was varied from 250Gs to 350 Gs. The
comparison measurements of plasma density, voltage-current characteristics of a single Langmuir
probe, current and voltage of RF-antenna, mass-spectra were made at the different nitrogen
concentration and in pure hydrogen. It was shown that plasma density decreases with nitrogen
concentration increase, and the essential rise of the antenna voltage is observed. At the same time
voltage-current characteristics of Langmuir probe are near for pure hydrogen and mixtures. To
provide the required density and low antenna voltage, the magnetic field value has to be increased
from 250 Gs (pure hydrogen) to 350 Gs (H2-96%Nj). The analysis of obtained data has shown that
even about 2xlO3 discharge pulses in H2-N2 mixture causes drastic decrease of partial hydrogen
pressure. But, in contrast, to revert initial high hydrogen partial pressure in the U-3M vacuum
chamber, it is needed more than 2xlO4 pulsed discharges in pure hydrogen. The possible physical
mechanisms of hydrogen removing are discussed and the optimal mixture performances and
pulsed discharge cleaning mode characteristics are suggested.
[1] O.M. Shvets et al. Proc. of the 4* Int. Symposium on the Heating in Toroidal Plasmas, March 2128, 1984, Roma, Italy, 1 (1984)513-528.
[2] E.D.Volkov et al. Proc. of the Int. Conf. on Phenomena in Ionized Gases, July, 11-16, 1999,
Warsaw, Poland, Contributed papers 1 (1999) 205-206,
[3] G.P.Glazunov, et al. VUl Ukrainian Conference and School on Plasma Physics and Controlled
Fusion, Alushta, September 11-16, 2000, Book of Abstracts, NSC KIPT, Kharkov, (2000) 26.
[4] A.V. Basteyev et al. Activation of Hydrogen and Hydric Energy Resources, (1993), Kiev, Naykova
Dumka.
{5] J.N. Brooks et al. J. Nucl. Mater 241-243 (1997) 294-298.
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THE INFLUENCE OF A TRANSVERSE SHIFT OF TORSATRON
MAGNETIC SURFACES ON THEIR PARAMETERS
V G. Kotenko
Institute of Plasma Physics of the NSC KIPT, 61108, Kharkov, Ukraine
The first experimental studies of magnetic field structure in a toroidal helical magnetic system
(stellarator Liven'-l) with the use of a high precision method [1] have given a convincing
evidence for a transverse shift of the magnetic surface existence region (SR). The transverse
shift is a shift occurring perpendicularly to the equatorial plane of the torus or along the axis
of torus rotation The SR transverse shift originates from the magnetic field perturbations
caused by inaccuracy in the manufacture and assembly of separate units of the real magnetic
system.
The possibility to control the SR transverse shift value in the torsatron by means of a specialpurpose controlling coil (SPC) was demonstrated in reference [2] by numerical calculations.
The SPC geometry points to the character of the manufacturing flaw responsible for the SR
transverse shift. Elucidation of the distortions of the initial magnetic system geometry and the
opportunity to correct their influence on the real magnetic field structure are of vital
importance [3]. This is particularly true for expensive plasma devices with an increased gap
between the plasma and the material wall discussed in [4,5].
This paper deals with the influence of the transverse shift of magnetic surfaces on their
parameters in a calculation model of the 1=2 torsation magnetic system. By and large the
resulting tendencies for variations in the magnetic surfaces parameters and in the outermost
boundary of field line stochastic layer are the same, that presumably do not promote better
conditions for plasma confinement on the shifted magnetic surfaces. That is why the SPC
action combined with the well-known action of ordinary annular controlling coil is considered,
first of all, as an instrument for two-dimensional control of the plasma core position in
stellarator-type plasma devices
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PARTICLE TRAJECTORIES IN TOKAMAKS
Trubnikov B.A., Pustovitov V.D.
Russian Research Centre "Kurchalov Institute", Moscow, Russia
Equations of poloidal trajectories of charged particles are derived for "concentric" (k) and
spherical (c) tokamaks of radius a. In variables x = r/a and
y-zla\
dx
dy
W
(1)
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~ \-Q'
For a (k) case, the function W(x,y) = xV± /(R0o)0), where V1 = ^ v 2 - v 2 , is
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and for a (c) case Wc(x,y) = Jclx1 -(1/2)(F C - * V ) 2 , ^ = x
A general equation is derived for poloidal drift trajectories
f. = c o m

(3)

This is valid for any tokamak, for trapped and passing particles.
From (3), for both cases the drift trajectories (Fig. 1) are described by
(4)
The "beaks" of the ultimately long bananas touch at the equator in the points
* , « ; c t [ l + C 2 /(2a 2 )],

at = l-xL,

ac = 2* t (1 - 2x 2 )

(5)

The points X, =< x > are the centers of the elliptic Larmor orbits,

)

t,=,,

a-

< x > C.

b = <x>C.
1 + a,2

(5)

for particles that have no poloidal drift, Fig. 2.

Fig. 1. (k)-banana

Fig. 2. The upper half of the orbit of nondrifting particle
with xL - 0.6 and C. = 0.05 for (c) case The starting
point is y0 = 0 , 90 = -n 12, and *£,'„ = 0.59772
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CROSSFIELD TRANSPORT OF ELECTRONS IN A MULTISLIT
ELECTROMAGNETIC TRAP WITH TRANSITIVE GEOMETRY OF
A MAGNETIC FIELD
O A. Lavrent'ev
Institute of Plasma Physics National Scientific Center Khaikiv
Institute of Physics and Technology, Kharkov, Ukraine
The raultislit electromagnetic traps with transitive symmetry have multipole structure
of a magnetic field formed by linear conductors located along a cylindrical surface with
alternating polarity of a current inclusion. Such system has a number of advantages, main of
which consists in fast recession of a magnetic field on radius to the centre. Practically
magnetic field is concentrated in a thin layer environmental conductors with a current. It
conducts to formation of a deep magnetic well, significant stock of stability and increase of
the relation of useful plasma volume to volume engaged in a magnetic field
In the report the theoretical account of cross electron transfer through a magnetic field
as a result of classical diffusion and electron mobility in a strong electrical field is given .
The method of account used in works [1], [2] was applied.
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A SIMPLE ELECTROSTATIC TRAP FOR INVESTIGATIONS
OF A DENSE THERMONUCLEAR PLASMA REGION
O.A. Lavrent'ev
Institute of Plasma Physics, National Scientific Center "Kharkiv Institute of
Physics and Technology ", 61108, Kharkiv, Ukraine
A focusing of electron flow from the internal surface of spherical cathode has been discovered
within the early experiments with Kruks' tubes. The focusing does not depend on the location
and size of anode. The acceleration of electrons was being carried out in the layer of cathode
potential fall and the positive pillar of gas discharge served as an intermediate electrode
accelerating the electrons.
The possibility of using this phenomenon for creation of simple electrostatic trap with the
purpose of investigation of charged particles flows focusing and receiving the dense
thermonuclear plasma in the focus spot is considered. The trap represents a spherically shaped
metallic chamber pumped out till the high vacuum. Electrodes (one ore a few) are brought into
the chamber through the highvoltage insulators positive potential of 100 kV is given to the
electrodes (constantly or by a short impulse). The chamber is filled by working gas deuterium till
the pressure that provides the arising of smouldering discharge.
The internal surface of the chamber has to be precisely spherically shaped. In that case
electrons injected by the spherical surface have the severe radial directions of velocity. They are
focused in the center of sphere, creating the virtual cathode and potential well for ions. Being
accelerated by the radial electric field of electrons' space charge the ions also have the radial
directions of velocity. The final result (the sizes of focus spot) will be determined only by the
collision scattering of charged particles. It should be noted that the effect of collision scattering
decreases when approaching to the center of sphere. Maximum plasma density and, consequently,
maximum speeds of collision are achieved in the center. Their collisions can change only the
radius of charged particles' motion. With the raise of applied potential plasma density has to
increase in the center, achieving the value of approximately 1019 cm"3 in the focus spot under the
potential of 100 kV.
The ions being accelerated by electric field in the region of the cathode fall of potential leave
the trap through the external boundary of positive pillar. The electrons having lost their initial
energy as a result of collisions leaves the trap through electrodes immersed into plasma of
positive pillar.
Constructive peculiarities of electrostatic trap and appraisals of achieved plasma parameters
in dependence on the trap sizes, applied potential and working gas density are adduced in this
paper. Energy expenditures on supporting the gas discharge and creation of plasma are evaluated.
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ELECTRONS CROSS TRANSFER IN MULTISLIT
ELECTROMAGNETIC TRAP "JUPITER 2M"
O.A.Lavrentev, V A. Maslov, S V. Germanova, M G. Nozdrachov, V. P. Oboznyj,
B. A Shevchuk, N. A Skoryk
Institute of Plasma Physics,
National Scientific Center "Kharkov Institute of Physics and Technology", Kharkov, Ukraine
Plasma in the electromagnetic trap "Jupiter 2M"1 is created by neutral gas ionization with
high-energy electrons injected through axial holes. Electrons are confinement in a trap by an
acute-angled magnetic field and system of locking electrodes in the magnetic slits, and ions negative volumetric charge of electrons. At high enough locking potential in magnetic slits
electrons can leave a trap only as a result of diffusion through a magnetic field, and the ions
through magnetic slits, where height of a potential barrier for them are less at the expense of
potential depression of a volumetric electrons charge.
The basic process determining a plasma confinement in a trap is electrons diffusion
through a magnetic field, and the losses of ions are arranged under electrons losses by selfcoordinated change of potential barriers height in magnetic slits.
Comparison of a measured flow of cross electrons transfer in the central and face parts of
a trap with flows calculation in the assumption of classical diffusion have shown, that at
plasma density 1012 CM'3 experimental flows exceed theoretical in the central part of a trap in
2,5 times, and in a face part in 8 times. The increased electrons losses in face parts of the trap
are caused with located in a face part of toroidal area with the superseded magnetic field.
The change of a magnetic field configuration has allowed to move toroidal area with the
superseded magnetic field from a face part in paraxial area of the central part of a trap. Thus
the relation experimental and calculated flows in the central and face part are approximately
identical. It is shown, that at increase of plasma density from 10 n up to 1012 CM'3 the cross
electrons flow are decreases. The relation of the measured electrons flow to calculated in the
assumption of classical diffusion thus changes from 10-15 at plasma density 10" CM"3 up to 2
at plasma density 1012 CM'3.
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35 YEARS SINCE THE FIRST PLASMA IN THE STELLARATORTORSATRON "SATURN".
MAIN RESULTS FOR ONE DECADE OF OPERATION
S.I.SoIodovchenko, V.S Voitsenya
Institute of Plasma Physics, NSC KJPT, 61108 Kharkov. Ukraine
The 1=3 stellarator-torsatron "Saturn" was assigned for investigations of properties of
magnetic configurations produced by different windings and for experimental examination of
effect of these properties on plasma confinement. The thorough measurements of magnetic
structure in both stellarator and torsatron configurations demonstrated their high equivalence
and high quality. After that by different methods of diagnostics (electric probes, microwaves,
spectroscopy) the investigations were provided of the confinement of injected hydrogen
plasma, RF heating of this plasma, and also the characteristics of ECR plasma produced at
ECR frequency lOGHz were studied depending on parameters of magnetic configuration.
For the first time it was shown in experiments on this device:
1. The dependence of particle confinement time on collision frequency for the injected
plasma was found to follow qualitatively the neoclassical theory however was somehow
below the absolute value predicted by theory;
2. Under excitation in the injected plasma of a slow mode of the fast magneto-sound
wave the strongest ion heating (up to 1 keV) caused by cyclotron absorption of the slow
waves in conditions of low hybrid resonance (co = <o\, ~ coPj) was observed not only for <x> =
2coC[, but also for resonances at higher harmonics of the ion cyclotron frequencies o> = no)c,
with n=3,4,5;
3. fn conditions of low hybrid resonance the electron current driven by Rf was
observed;
4. It was shown that plasma confinement time can be increased by excitation in plasma
the fluctuating electric fields with frequency range overlapping the electron bounce frequency
range, - due to untrapping of some part of particles trapped in local magnetic traps;
5. Stabilizing effects of magnetic shear, magnetic well and ion mass on drift fluctuations
were investigated in toroidal geometry;
6. The fast loss of plasma ions with energy much exceeding the thermal ion velocity
which are drifting across magnetic field (with drift velocity [E9B0]) when moving in phase
with a drift mode was observed;
7. The poloidal distributions of divertor plasma flows were measured both in stellarator
and torsatron regimes of the Saturn device with different characteristics of magnetic
configuration.
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DYNAMICS OF PLASMOIDS CAPTURE BY TRAP GALATEYA-3
•A.l.Morozov, A.I.Bugrova, A.M.Bishaev. **V.I.Vasirev,
"V.M.Strunnikov, M.V.Kozintseva, V fCKharchevnikov, [.A.Tarelkin, S.V.Baranov
Moscow Institute of Radioengineering. Electrinics and Automatics. Moscow, Russia,
e-mail: buzrova&jnirea.ru
RSC «Kurchatov Institutes, Moscow, Russia, e-mail: buerova(atfTtirea. ru
" SUUSSC TRINITI, Troitsk, Russia, e-mail: vvasil@lriniii.ru, strunnik@trtniti.ru

The report contains the results of investigation of the fill ing of the trap Galateya - 3 by
the plasma with parameters: hydrogen ions temperature ~100eV, density ~ 1012 CM"3. The
filling has been carried out with the help of injection complex, consist of the gun, plasma
guide, magnetic coils of the cutting of the slow plasmoid and the coils of the sluice [1]. In
these experiments the plasma guide of the injection complex is ending in 2cm on the outside
from (before) the supposed boundary of plasma in the trap, determined by the Okava's
boundary [2], There have been diamagnetic probe and calorimeter inside the trap, behind the
magnetic crust, on the prolongation of the plasma guide axis. The intensity of light, arising
under interaction of the plasmoid with the calorimeter surface, has been also measured as the
dependence of time The velocity and the duration of the quick plasmoid, generated by the
plasma gun, have been measured with the help of diamagnetic probes, which have been
disposed along the plasma guide. The value of the barrier of the trap magnetic field has been
equal to 32OGs.
The experiments have been shown the next:
• Under switched off the sluice magnetic field (i.e. when the window in the magnetic crust
of the trap for the plasmoid transit is absent) the signals of magnetic probe, light and
calorimeter are near zero. This fact unambiguously points to the fact, that in this case the
quick plasmoid does not pass through magnetic crust of the trap.
• Under switched on the sluice magnetic field the quick palsmoid signals from the
diamagnetic probe and light detector are present. The calorimeter temperature also
increases. The processing of the signals from the magnetic probes and calorimeter
evidences the penetrating into the trap of the plasmoid with parameters: hydrogen ions
energy is ~ 30OM5O eV, density is (2-^4)-1012 cm ~3, the number of the particles in the
plasmoid is not under than 2 1 0 " .
The process of the trap filling has been studied with the help of SHF-interferometer,
magnetic probe and light detector. These experiments have shown the presence of plasma in
the full volume of the trap. The concentration of electrons, measured by SHF-interferometer,
achieves the magnitude 2,5 • 1012 cm' 3 . The velocity of plasma propagation in the trap has the
value- 105m/s.
The work has been carried out in the frames of the agreement with Ministry of the
Atom Energy of Russian Federation (contract N° 1.05.1919.04.547. from the 30-th of January
of2004y).
References
1. A.l.Morozov, A.I.Bugrova, A.M.Bishaev et al. "Optimization of the magnetic field of the
injection complex for bringing the plasmoids into the trap Galateya-3"// Report on the
present conference.
2. A.l.Morozov, A.I Bugrova, A.M.Bishaev, V.A.Nevrovskiy. Electro-Discharge Trap Galateya "Octupole"".// "Letters to Journal of Technical Physics", 1999y., v.25, >fsl7,
p.p 57-61.
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OPTIMIZATION OF THE MAGNETIC FIELD OF THE INJECTION
COMPLEX FOR BRINGING THE PLASMOIDS INTO THE TRAP
GALATEYA-3
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The traps with P~l (named in [1] "magnetic balloons") belong to the perspective
systems on the plasma confinement by the magnetic field Unlike the traditional traps, the
suppression of the convective instabilities, which is the necessary condition of the
effective plasma confinement, is realized in them. Now in MIREA the investigations are
carried out on filling by plasma the trap of the balloon type Galateya-3 [2], in which, in
comparison with the trap "Octupole" [3], the distance between myxines and Okava's
surface is increases up to the necessary values.
The injection complex [4], consisting of plasma gun, plasma guide, sluice, quick
plasma guide and cutting system has been manufactured for filling this trap.
The sluice (consisting of the rectangular coils, disposed in the parallel planes) realizes
the compensation of the lateral to the plasma motion component of the trap magnetic field
at the distance ~40cm
The quick plasma guide (T ~ 30mcs) is the extension of the slow plasma guide (t ~
3ms) and is intended for the "delivery" of the plasmoids into the field of the zero magnetic
field of the trap. It consists of the two coils, completely analogous to the coils of the slow
plasma guide, but operating in the pulse mode.
The magnetic coils of the "cutting" system must let pass the quick plasmoid along the
plasma guide and cut off the slow one. As a construction, this system consists of two
additional coils, analogous to the coils of the slow plasma guide, but switched on with the
opposite current direction during the time of the slow plasmoid propagation (T ~ 60mcs).
It has been shown, that under timed operation of all devices of the injection complex
the plasmoid with the total number of the particles not under than 210 1 6 , particles density
- (2-5-4)-1012 cm "3 and hydrogen ions energy - 300*450 eV penetrates into the field of
zero magnetic field of the trap Galateya-3.
The work has been carried out in the frames of the agreement with Ministry of the
Atom Energy of Russian Federation (contract K° 1.05.1919.04.547. from the 30-th of January
of2004y.).
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PENETRATION OF ELECTROSTATIC FIELD THROUGH FARADAY
SHIELD OF ICRH STRAP ANTENNA
V E.Moiseenko
National Science Center "Kharkov Institute of Physics and Technology"
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E-mail: moiseenkfd.ipp.kharkov.ua
To protect antenna from the direct contact to plasma and to prevent the excitation of slow
wave by the electrostatic field of antenna the Faraday shield is used. It consists of a number of
discrete metallic elements surrounding the antenna. For the reason of discreteness of the
shield a portion of electrostatic field can penetrate outside the volume surrounded by the
shield. In the report this effect is analyzed for the case of strap antenna and the Faraday shield
consisting of bended strip elements. The calculations are made for the middle part of antenna
faced to plasma.
First the single-layer shield is analyzed. The calculations show that, for this type of shield,
the acceptable shielding of the electrostatic fields could be achieved when the shield
transparency (the ratio of gap between shield elements to the distance between them (period
of the shield)) is very low. As it is known low shield transparency reduces coupling between
antenna and plasma. Thus this type of shield, being transparent for magnetic field, is
practically inefficient for electrostatic field shielding.
Another type of shield, two-layer shield, which consists of the elements placed at different
distances from the antenna strap, is also analyzed. If the shield elements do not overlay, as
well as in the case of single-layer shield, the electrostatic field shielding is inefficient, fa the
case of overlaying the shielding improves radically. Basing on the calculation results a
version of two-layer shield is proposed for practical use.
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ION CYCLOTRON PARAMETRIC TURBULENCE AND
GENERATION OF EDGE SUPRATHERMAL IONS DURING ION
CYCLOTRON PLASMA HEATING
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sources and sustainable technologies", 6! 108 Kharkv, Ukraine
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National Science Center "Kharkiv Institute of Physics and technology",Institute of Plasma
physics, ", 61108 Kharkiv, Ukraine
V.I.Tkachenko
National Science Center "Kharkiv Institute of Physics and technology", Scientific and
production complex "Renewable energy sources and sustainable technologies", 61108
Kharkiv, Ukraine
E.Scime,
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The effect of parametric ion cyclotron turbulence on the heating of cold and suprathermal
ions in the edge of a tokamak plasma during injection of high rf power in the ion cyclotron
resonance frequency range is studied. This turbulence is supposed to be developed due to the
excitation of the ion cyclotron kinetic paramertic instability and ion cyclotron non-resonant
quasimode decay instability. The sources of these instabilities are the relative oscillatory
motion of the plasma species in the strong pumping wave of the finite wavelength. Ion
cyclotron waves become unstable due to the interactions of the resonant electrons with beats
formed by ion cyclotron waves and harmonics of the pumping wave. The mechanisms and
levels of the saturation are determined. The turbulent heating rates for cold edge ions and
suprathermal edge ions are calculated analytically for ion cyclotron turbulence driven by rf
heating at the plasma edge. It is found that interaction of cold edge ions with parametric ion
cyclotron turbulence leads to significant stochastic heating of the cold tons due to theirs
random walks in the fields of the ion cyclotron turbulence. At the same time it is
demonstrated that even maximal turbulent heating rate for suprathermal ions is insufficient to
explain the observed their rapid energy gain in the edge of tokamaks during ion cyclotron
plasma heating. Therefore, the excitation of ion cyclotron turbulence by rf heating systems in
the plasma edge is unlikely to be responsible for the experimentally observed in the Alcator
C-Mod and Doublet III-D large population of suprathermal ions in the edge of plasma.
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CREATION, ACCUMULATION AND CONFINEMENT
UNCOMPENSATED PLASMAS IN STELLARATOR MAGNETIC
CONFIGURATIONS
ED. Volkov, A.A Petrushenya, I.K.Tarasov, A.A.Shishkin,
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IPP NSC KIPT, Akademicheskaya Sir. 1, Kharkov, 61108, Ukraine
The given project, conducted in Institute of plasma physics NSC KIPT, is dedicated
the effect of a radial electric field framed by uncompensated plasma in a stellarator on
deduction research, dynamics and carrier of charged particles, and also approbation of
different methods of creation of uncompensated plasma in stellarator magnetic configurations.
It is known, that the radial electric fields play the important role in improvement of
retaining properties of toroidal magnetic traps of a screw type [1], especially in lowcollison
mode in frame of neoclassical theory [2], The last experimental operations [3] also display,
that the handle of a radial electric field allows effectively influence the profile of streams of
edge plasma and impurities, and also to initiate modes with the improved plasma confinement
in stellarators. As the radial electric fields arise in plasma only in conditions uncompensated
of a space charge of ions and electrons, it is possible effectively to influence both the value,
and on the radial profile of an electric field in plasma of such traps by changing a degree of
her neutrality. However, creation of uncompensated plasma in the selfcontained magnetic
configurations of a stellarator is an enough difficult task.
There are some possible ways of creation of uncompensated plasma in selfcontained
magnetic traps. First of all, uncompensated plasma can be formed by external injection of high
energy electrons or ions through divertor area [4]. Moreover, the takeoff of charged particles
or one sign from plasma with the help of bounding or drawing out electrodes can reduce to
uncompensation of plasma, giving on them an electric displacement concerning plasma [5],
And at last for creation of uncompensated plasma the auxiliary source of charged particles
locally disposed can be utilised in the field of layout of a plasma column [6]. As each way of
creation of uncompensated plasma has the advantages and disadvantages, in guessed
experiments on small model installation - two-way stellarator (1 =2, R = 0.42 m, a = 0.04 m)
will be tested all mentioned above techniques with the purpose of search an optimal method
of generation uncompensated plasma applicable on big to stellarator installations URAGAN-2M and URAGAN-3M.
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BEHAVIOUR OF METAL TARGETS UNDER ACTION
OF INTENSE PLASMA STREAMS
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During tokamak plasma disruptions and during Edge Localized Modes (ELMs) in ITER, the
divertor components will be exposed to an intense flow of hot plasma. High heat flux will
cause erosion of plasma facing components thereby reducing their lifetime. Plasma-induced
erosion will lead to production of material dust, which being radioactive and chemically
reactive presents a serious problem for ITER safety. The understanding of divertor armour
behaviour under action of intense plasma stream is critically important to lifetime and safety
analysis of tokamak-reactor.
The divertor heat loads expected in ITER are not achievable in the existing tokamak
machines. Therefore, candidate divertor materials are tested in laboratory experiments using
powerful plasma devices such as plasma guns, which are capable to simulate, at least in part,
the loading conditions of interest. In the present work, metal targets have been tested at pulsed
plasma gun MK.-200 and quasistationary plasma gun QSPA .
At MK.-200, the targets were irradiated by magnetized hydrogen plasma streams with energy
density Q = 0.2 - 15 MJ/m2 and pulse duration t = 40 - 50 us. Stream diameter is d = 6 cm
and the magnetic field up to B = 2T. At QSPA, the targets were tested at B = 0 by plasma
streams with Q = 10 MJ/m2, d = 4 cm, t = 500 |is. At both facilities, the targets were exposed
to perpendicular plasma impact. Aluminum, copper, titanium and tungsten were investigated.
Primary attention was focused on tungsten, which is foreseen now as armour material for
ITER divertor.
The experimental program included the following items:
- on-line measurement of target surface temperature by means of time-resolved infrared
pyrometry and quantification of minimal heat flux causing material melting and
boiling;
- analysis of melt layer characteristics (thickness, modified crystal structure, internal
cracks and bubbles);
- measurement of melt layer movement on the target surface as a function of plasma
stream properties;
- investigation of droplets ejection from the target surface;
- analysis of the main processes occurring in the exposed metal targets (melting,
boiling, evaporation, droplet ejection, motion of the melt layer, hydrodynamic
instabilities in the liquid metal, surface and volumetric cracking) and their contribution
to the net erosion at varying plasma heat loads.
The obtained experimental results are presented in the paper. The results of numerical
modelling are discussed briefly also.
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EXPERIMENTAL SIMULATION OF 1TERTRANSIE1NT HEAT LOADS
AT QSPA Kh-50
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The effects of disruptions and edge localized modes (ELMs) on tTER divertor components are
critical issues for the tokamak performance. For the disruptions, the heat loads to ITER divertor
components are anticipated to be of an order CW^ (10-100) MJ/m2 at the load duration t = 1-10 ms
Such energy range is far above of that in available tokamaks. Therefore, at present for experimental
study of plasma-target interaction under the high heat loads the powerful plasma accelerators are
applied. In turn, the obtained experimental results are used for validation of predictive models [1].
For the ELMs. extrapolation of the erosion effects obtained at the present-day tokamaks to the
transient peak loads of ITER also remains uncertain. ITER ELM loads are estimated as QELNT1 (1-3)
MJ/m' at t = 0 1-1 ms and the repetition frequency of an order of I Hz (~ 400 ELMs during each
ITER pulse). They may lead to unacceptable lifetime of divertor components Special investigations
on material behavior at the ELM relevant loads are thus very important [2,3]. To estimate the range
of tolerable loads the effects of ELMs on the lifetime of plasma facing components should be
experimentally simulated for large numbers of impacts with varying energy density.
The paper presents experimental investigations of energy characteristics of the plasma streams
generated with quasi-steady-state plasma accelerator QSPA Kh-50 and main features of plasma
interaction with surfaces in dependence on plasma heat loads. At this calonmetry (both at plasma
stream and at the target surface), piezo-detectors as well as spectroscopy measurements were
applied to determine the plasma parameters in different regimes of operation. Long pulse
magnetized plasma streams with heat loads varied in wide range from 0.5 to 30 MJ/m2,pulse length
of 0.25 ms (which is quite suitable for ITER ELMs) were used for irradiation of tungsten targets [2].
The main erosion mechanisms of tungsten under repetitive plasma heat loads of- 1 MJ/m (which
is relevant to ITER ELMs) and 25 MJ/m2 (ITER disruptions) are studied Surface analysis of the
targets exposed to QSPA plasma streams, with measurements of the melting onset load and of
erosion patterns in the course of increasing of number of plasma pulses is presented.
The ELM relevant heat loads have resulted in formation of two kinds of crack networks, with
typical sizes of 10-20 |irn and - 1 mm, at the surface. Due to low melt velocities, the melt motion
does not dominate the profile of the melt spot at least for several hundreds of ELM-like exposures.
Influence of target preheating on cracking dynamics is discussed. Experiments on plasma exposures
of tungsten target preheated to 600 C° indicates that fine intergranular cracks are probably caused by
thermal stresses during fast resolidification of the melt, whereas large cracks are result of Ductile-toBrittle transition.
The disruption simulation experiments demonstrated that the melt motion driven by plasma
pressure gradient dominates in tungsten macroscopic erosion, resulting in formation of the craters
with rather large edge ridges of resolidified material. Splashing of the metal droplets of sizes up to
102 um occurs, and the droplets remain at the surface. Contribution of evaporation process to
material erosion as well as influence of target inclination on melt surface profile is discussed.
[1] I S Landman. These Proceedings
[2] IE Garkusha et al. 16th Int. Conf. on Plasma-Surface Interactions, May 2004, USA, O-22
[3] V.M. Safronovet al These Proceedings

69

UA0500727
INVESTIGATION OF THE EFFECTS OF SPUTTERING AND DEPOSITION
ON OPTICAL PROPERTIES OK MIRRORS FOR PLASMA DIAGNOSTICS IN
A FUSION REACTOR
A.I Belyaeva", M Baldenb, A.F.Bardamid', V.N.Bondarenko, V.G.Konovalov, A.Malaquaisd, D.I.Naidenkova,
i V Ryzhkov, A.N.Shapoval, A.F.Shtan', A-A Galuza", S. (Solodovchenko, V S. Voitsenya, K !. Yakimov"
NSCK/PT, 61108 Kharkov, Ukraine;
"National Technical University "KhPI", Kharkov, Ukraine;
Max-Plank-Institute fur Plasmapytysik, Munchen, Germany,
'Taras Shevchenko National University, Kiev, Ukraine;
J
IAEA Office A2309, A1400 Vienna, Austria

b

In the past years the scattering (reflection) of electromagnetic waves from a randomly rough surface has
been the subject of extensive studies. This problem was treated particularly in connection with optical
methods that are used in current fusion plasma diagnostics, which must be based on reflective optics
requiring the use of mirrors. In 1TER the burning plasma will produce a high Dux of energetic atoms
(>10l9atom/cm2s) leading to high erosion rates releasing the first wall and the diverter target mat.-'-i-Js
(Be, C, W), which can be then deposited on diagnostic mirrors. The optical properties of the plasma
facing mirrors can degrade also due to roughening the surface subjected to atom sputtering. Thus, the
question arises what is the direct correlation between the mirror surface modification (because of
contaminant deposition and erosion) and the optical properties, like the polarization state of reflected
light.
The objective of the present study is to investigate the effect of sputtering and deposition on optical
properties of the in-vessel mirrors of plasma diagnostics in a fusion reactor. The change in the
polarization of a reflected light induced by 1) C deposition on Mo mirror and 2) surface sputtering of a
stainless steel (SS) mirror was studied depending on deposited (damaged) layer thickness
Optical microscopy, interferometry, scanning electron microscopy and eUipsometry complemented
each other in our study. The correlation between the surface morphology and the orientation of single
grains was studied by means of electron back-scaaering diffraction.
EUipsometry is a non-destructive optical method for determining film thickness and surface roughness
on optical properties. The ellipsometric parameters Delta and Psi are two components of a complex
number describing the polarization change. Reduction of the measured Delta and Psi with computerized
optical modeling leads to a detection of the complex refractive indices and the film thickness. We can use
the experimental values of Delta and Psi to have information about polarization state of reflected light for
the film substrate, where film means C-deposition on Mo-substrate or the damaged layer on the SSsubstrate. Ellipsometry was found to be sensitive enough to the surface modification
It is shown that bombardment of SS mirrors with hydrogen ions leads to changes in the surface
microtopography. The damaged surface layer on ion bombarded SS mirror can be reliably modeled with
homogeneous layer less dense than (he virgin material for energy up to E=1.5keV. The optical constants
HL and kL of this layer vary with ion energy, but without noticeable variation of reflectance at normal
incidence R. The main variation of optical parameters nt and ki for SS damaged layer on the FT ion
energy occurs at EO.65 keV. When E>0.65 keV the alterations are insignificant. This fact means that no
significant variations in surface structure across the sample takes place for 0.65 and 1.5 keV ion
bombardment. This is in correspondence with small difference in the sputtering yield values for hydrogen
ions with energy 0 65 and 1.5 keV in comparison to sputtering yield difference for 0.3 and 0.65 keV [1].
Grains with nearly (111) surface orientation do not show any significant in-grain micro relief, although
they have nearly the highest sputtering yield, Y. For any other orientation close to low indexed surfaces,
e.g., (311), no correlation was found between Y and roughness.
It was found that C-deposition on Mo-mirror will induce the strong effect on changes of light
polarization and this effect was quantitatively measured as a function of C layer thickness.
[1] A.F.Bardamid, A.LBelyaeva .V.N.Bondarenko, J.W.Davis et al. - Physica Scnpta 103 (2003) 109.
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Because of use of carbon-based wall protection in fusion devices, many surfaces of inner
components, remote from plasma, become to be coated with a carbon film. Among
components subjected to C film deposition are elements of plasma diagnostics, e g., in-vessel
mirrors and windows of laser and optical methods [1.2] From time to time these elements
have to be cleaned from the contaminating films. One possible method is to use a cleaning
discharge with plasma produced of a rather low temperature (Te<5 eV) [3]. The mechanism of
removing carbon by such plasma is the chemical erosion of C film due to creation of volatile
hydrocarbon molecules which can be desorbed from the surface and pumped out from the
vacuum vessel At that the efficiency of hydrocarbon molecules production is quite small, -23 %. The rate of C film cleaning could be significantly increased by providing discharge in
oxygen (with efficiency up to 30% [4]), but this gas is forbidden to use in fusion devices. The
possible way to enhance the efficiency of C film cleaning is to use the plasma produced by
discharge in mixture of hydrogen with a heavy noble gases, as was suggested in [5]. This
approach does not contradict to the general conception of the fusion reactor where the
addition of a noble gas (heavier than helium) is considered as a real possibility to control the
periphery plasma parameters [6].
In the present paper we analyze the published data on all important reactions in cold lowtemperature plasma produced in mixture of hydrogen with noble gases: Ne, Ar, Xe, Kr. The main
peculiarity of such plasma is the appearance of ions of hydrides, namely NeH*, ArH+, XeH*,
KrH+, which practically do not exist as neutrals. It follows from analysis that just these ions are
the main factor leading to increase of the rate of C film removing from contaminated surfaces
compare to pure hydrogen plasma. With similar plasma characteristics (electron density and
temperature), the concentration of hydride ions depends on the kind of a noble gas, and the higher
concentration of such ions - the higher has to be efficiency of C film removal. The comparison
data on cross sections of different reactions demonstrates clearly that between all noble gases, the
highest concentrations of hydride ions would be in the Ar-H2 mixture plasma. To present day
there are no any experimental data on application of Ar-H2 plasma for conditioning vacuum
chambers or cleaning objects from C film (in [5] this mixture was not studied), and the main goal
of this presentation is to ground the prospect of such experiment.
Besides, the preliminary comparable results will be presented on efficiency of cleaning of
metallic mirrors from the carbon film using low temperature ECR plasma produced in deuterium
and in deuterium-argon mixture.
1 H.Yoshida et al. - Rev Sci. Instmm. 68 (1997) 256.
2. KYu. Vukolov et al. Exposure of SS mirrors in T-10 tokamak. - To appear in Plasma Devices and
Operations.
3 VVoitsenya, V.Bandourko, AE.Costley etal. Rev. Sci. Instnim. 71(2001) 475.
4. B.Landkammer, A. von Keuddl, W Jacob. - J. Nucl Mater. 264 (1999) 48.
5. Lianghua Yao, Shonqi Sun el al. - J. Nucl. Mater. 176&177 (1990) 645
6 G.R.McKee, M.Murakami. I.A.Boedo et al Physics of Plasmas, 7 (2000) 1870-1878.
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Beryllium was decided (for example, [1]) to be the main plasma facing material in ITER
Eroded under plasma impact beryllium will be transported in the vacuum chamber and
deposited on remote surfaces. Therefore, there is a probability that surfaces of the first mirrors
(FM) used for plasma diagnostics will become coated with time by Be film. At ~20nm in
thickness, the Be film will transform the reflectance of mirror of any metal into reflectance
similar to that of a bulk Be mirror. Thus, for the safely ITER operation it is desirable to
investigate the behavior of the in-vessel Be mirrors. Such investigation can be carried out in
modelling experiments with Be mirrors treated in conditions close to conditions typical for
ITER where surface of FM mirrors will be bombarded by atoms of hydrogen isotopes with a
wide energy distribution in the residual background containing trace of oxygen in the form of
water or carbon oxide molecules.
In the paper we present data of modelling experiments on studying optical properties of
Be mirrors bombarded by different energy ions of deuterium plasma produced by cw ECR
(electron cyclotron resonance) discharge in deuterium. Be samples were fixed to the water
cooled copper holder biased to voltage in the range 20-1350 V with the ion current density
"-lmA/cm . The experiment with every Be mirror was carried out step by step, i.e., after each
exposure to ions the mass loss and reflectance at normal incidence, K(X) in the wavelength
range of light X =220-650 nm were measured ex situ.
It was found that the effect of ion bombardment on R(X) is a strong function of ion
energy. For ion energies exceeding lOOeV the drop of R(X) was observed after fluence
-10 ion/cm2. The relative drop value, AR/Ro, increased with increasing ion energy and
decreasing X, e.g., AR(65O)/Ro<O.3 but AR(220)/Ro<0.7. This effect did not correlate with any
measurable mass loss of Be samples, indicating that it is due to modification of the mirror
surface. At lower ion energies (20-70 eV) the opposite effect was observed, i.e., a gradual
improvement of R(X). The long enough exposure to low energy ions resulted in practically full
restoration of R(X) to initial level after the drop caused by high energy ions bombardment. For
a fixed exposure time to ions with energies exceeding 100 eV the time of full restoration
increased with increasing ion energy. Some restoration of R(X) was observed also after >1 hour
vacuum annealing of mirrors at T =300"C.
The effects observed are in a qualitative agreement with hypothesis that they are
stipulated by transformation of BeO film on the surface of Be mirror into a Be(OD)2 film. The
obtained results and the role of observed effects for in-vessel components of a fusion reactor
are planned to discuss in detail in the presentation.
1. G.Federici, C.H.Skinner, J.N.Brooks et al. Nucl. Fusion, 41, #12R (2001) 1968-2137
•Corresponding author: Vladimir Konovalov, NSC KIPT, 61108 Kharkov, Ukraine.
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At present the search is continued for materials of in-vessel mirrors The first mirrors
(FM) of many methods of plasma diagnostics are placed close to plasma and subjected to flux
of D and T atoms with mean energy ~300eV what results in degradation of reflectance (R), In
modelling experiments it was showen (e.g., [1]) that the main factors giving rise to R
degradation under bombardment by ions of D plasma were: for bulk stainless steel mirror development of a mosaic structure, for single crystal W and Mo mirrors - the multiplication of
crystallographic defects produced during fabrication. The R values for minors of these
materials (0.45-0.65 in visible) are below than for Rh mirrors (R-0.80) but because of high
Rh cost and large FM size, the FMs have to be fabricated as Rh film on metal substrate. The
goal of this paper is to study the behavior of Rh film mirrors under bombardment by ions of D
plasma (for details see [2]).
The Rh films of 2-4 um thick were deposited by method developed in ISSP with the
variable parameters: the substrate (Cu, cupronickel) and underlayer (Au, Ni) material, the Rh
film thickness, the electrolyte composition and depositing conditions. The ion bombardment
effects were studied by measuring R at normal incidence in the wavelength range 220-650 nm
and by analyzing the surface topography by SEM.
The initial surface of Rh films was smooth for various depositing conditions. After
exposure to ions the relief developed. Three types of surface relief were found: 1) with
weakly developed topography, 2) fine-grained relief modulated by more developed relief, 3)
the relief reflecting the dendritic film structure.
The R dependences on thickness of layer eroded by ion sputtering (h) can also be sorted
by 3 groups according to R(h) decrease. Every group corresponds to the definite relief: for the
weakly developed relief, R(h) decreased by not more than 5% up to complete Rh film erosion
(group 1) but for Rh film with dendritic structure (group 3) the R(h) dropped strongly already
after 0.5 um thick layer eroded.
The reasons of difference between groups will be discussed taking account the film
deposition conditions influencing on the film structure. In turn, the film structure influences
on the rate of mirror degradation due to ion impact The difference in R(h) for the films of
various groups can be connected with characteristic dimensions of structure inhomogeneities.
The group (1) has nanoscopic structural inhomogeneities whose dimensions are much less
than the light wavelength, so their influence on R is minimal whereas the group (2) dimension
inhomogeneities are comparable or bigger than the light wavelength.
References
[1 JV.Voitsenya, A.E.Costley, V.Bandourko, et al. Rev. Sci. Instr. 72 (2001) 475.
[2]A.F.Bardamid, V Gritsyna, V.Konovalov, etal. Surf. Coaling Technol. 103-104(1998)365.
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The contamination of diagnostic metallic mirrors located at the remote distance from the
plasma confinement volume inside fusion devices (stellarators, tokamaks) is a serious problem at
the present time experiments. Much more serious this problem can become in reactor-scale fusion
devices (e.g., ITER). Such mirrors have to operate as stationary elements of optical tracts, bringing
the plasma radiation in and out from the vacuum vessel. Some mirrors are installed inside the
diagnostic ports in such a way that sputtering has no effect, and the mirrors can become coated with
contaminating films. The deposition in the form of mixture of carbon with definite percentage of
hydrogen isotopes, oxygen, and other constituents causes degradation of mirror reflectance. In the
present paper we analyze the effects of carbon films on optical properties of metallic mirrors. In
total, behavior of four mirrors was modeUed: two stainless steel (SS) mirrors were coated by the
carbon-based film as a result of exposure inside Large Helical Device (LHD) [1], one SS mirror and
two Mo mirrors were coated by carbon film during an arc discharge in vacuum between two
graphite electrodes [231
After removing from vacuum vessel, the mirrors were gradually cleaned for many short
(several min) exposures to the flux of low energy ions of deuterium plasma which was produced by
discharge in conditions of electron cyclotron resonance (ECR). During every single exposure the
thickness of ion-eroded carbon film was several run. After exposure the reflectance of mirrors was
ex situ measured for normal incidence of light in the range 253-650 nm, R ^ i ) , and also the optical
indices and C film thickness were measured by eUipsometry at X=632.8nm. The full erosion of C
film was controlled by saturation of Rm(X) as function of ion fluence (or time of exposure), and the
saturated values of optical properties of SS and Mo mirrors were taken as reference magnitudes for
the clean metal surfaces.
It was found by computer modelling of the cleaning procedure that the characteristics of C film
on mirror samples exposed inside LHD are not homogeneous across the film thickness probably
because of variation of plasma parameters during the long-time exposure of samples (within the
whole 3rd experimental campaign) when different operating and conditioning regimes were realized
To model similar experiment in laboratory conditions, C film was deposited on SS and Mo
mirrors in an arc discharge with two graphite electrodes. For both samples one sector of mirror was
coated with thicker film and another - with thinner film. The third one remained virgin. With iteration
algorithm the appropriate values of refraction index for both films were found. The analysis of
correlation coefficient between RnA) and the fit allowed to make the choice of the most correlating
data from 25 types of C film collected in the database. The results on the optical indices of C film
confirmed the distinction with diamond-like films and similarity with an arc-evaporated films.
1. V.S. Voitsenya, A.Sagara, AJ.Belyaeva, V.N.Bondarenko et al. Effect of exposure inside the LHD vessel on optical
properties of stainless steel mirrors. - To be published as the NIFS Report, June 2004.
2.V.N. Bondarenko, A.F. Bardamid, V.G. Konovalov, V.S. Voitsenya et al. Effect of thin contaminating coating
on reflectance of metallic mirror placed inside tbe vacuum chamber of a fusion device. Problems of Atomic
Science and Technology, ser. Plasma Physics (5), No 3, 2000, p.64.
3. Bondarenko V. N. The optical characteristics of the deposit on the SS mirrors having been exposed inside the
LHD vacuum chamber. - Proceedings of the 15-th International symposium "Thin films in optics and electronics
engineering ", Ukraine, Kharkov, April 21-26, 2003, p. 238-241
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It is clear to date that fabrication of diagnostic mirrors disposed near the first wall of a
fusion reactor (i.e., first mirrors) from polycrystalline metals cannot be an optimal decision.
This is because under impact of charge exchange atoms (CXA) the step topography is
developing on the mirror surface [1] caused by difference of sputtering coefficients of grains
with different face orientation relatively the surface. The appearing the step structure results
in a rather fast degradation of mirror reflectance (R). When analyzing results obtained with
mirrors of different polycrystalline metals, the authors came to the conclusion that the first
mirror problem can be solved by the use of either monocrystalline metals or materials as fine
structure as possible. The advantages and disadvantages of mirrors fabricated from single
crystal molybdenum and tungsten were discussed in [2]. At the same time, it is known that the
films of refractory metals, in particular, Mo films, with nano-size sub-structure can be
produced with certain conditions. The aim of this paper - to show that film Mo mirrors may
be used as the first mirrors, at least for some plasma diagnostics in ITER.
Mo films of 1-2 urn in thickness were deposited on optically polished Mo single crystal
substrates by method of magnetron sputtering. The parameters of deposition (substrate
temperature, pressure of the working gas, Ar) were chosen on basis of data in [3] for zone #2,
where films have to consist of crystalline columns stretching through the whole thickness of
the film and the surface has to be rather smooth. For the test of Mo/Mo film mirror samples
the equipment described in [1] was used. The flux of deuterium plasma ions was energydistributed; mirror reflectance was measured in the wavelength range 253-650 nm; the surface
morphology was investigated by means of scanning electron microscope.
As a result of this work the Mo coatings with a substructure very similar to the required
one was produced: with the cross-cut size of column crystallites ~100 nm. However, soon
after ion bombardment beginning, when layer -0.1 pm was eroded by ion sputtering, the
blistering process started what resulted in the fast reflectance degradation. The blisters were
found to appear at the interface Mo film - Mo substrate, probably due to lower density of film
compare to the monocrystalline substrate and an insufficient adhesion of the film to the
substrate. After improvement the technology of film deposition the adhesion of Mo coatings
with much better adhesion were obtained. Such mirror was found to have much stronger
resistance to long-term bombardment with ions of deuterium plasma: it has successively stood
the test when the thickness of eroded layer reached 1 \im and ion fluence -1.410 2 0 ion/cm2
significantly exceeded the CXA fluence estimated fo.- the first mirrors of the H<» monitors
which will observe the plasma through the small size entrance pupils. The intensive blistering
was observed only at those parts of the mirror surface (along the periphery perimeter) that
directly contacted with package box. A small chaotic relief developed due to ion
bombardment resulted in some decrease of reflectance in comparison to the mirror fabricated
from monocrystalline Mo( 110).
1 AF Bardamid, V T.Gritsyna, VG Konovalov et al. - Surface and Coating Technology, 103-104 (1998) 365.
2 A.F .Bardamid, K.Yu.Vukolov,VG Konovalov, etal. The test of Mo and W mirrors. - PD&O in press.
3. J.A.Thornton. Influence of apparatus geometry and deposition conditions on the structure and topography of
sputtered coatings. J. Vac Sci. TechnoL v. 11, N 4, p.666-670.
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Optical methods of plasma diagnostics are regularly used on large plasma devices. In
reactor-grade fusion devices (e.g., ITER) the optical systems have to include such important
in-vessel component as the first mirror (FM). The main demand that is made to FM is the high
resistance to damaging factors or, in other words, the first mirror has to have high ability to
maintain the initial level of reflectance in a harsh ITER environment. Such damaging factors
in ITER are: gammas, neutrons, x-rays, and charge exchange atoms (CXA). As was shown
previously in NSC KIPT, for metallic mirrors the most critical factor is bombardment by
CXA what results in development of the roughen surface and deterioration of the mirror
optical properties including the ability to transmit an image. The latter is important for the
control of the state of inner components of vacuum vessel.
To present day the FM program of in NSC KIPT was based on modeling experiments
with investigation of consequences of long-term bombardment by deuterium plasma ions with
wide energy distribution on mirror samples fabricated of poly- and single crystals, as well as
of metal film on metal substrate mirrors. To control the quality of the image transmission by
tested mirror, the resolving power was measured by means of the collimating system OSK-2.
Such measurements are not vivid and have a rather subjective character. In this connection,
the special optical stand was designed and built up with the scanning device and a
photomultiplier. On the stand there is a possibility to measure the profiles of the strongly
enlarged image of the optical incandescent lamp glower by the scheme that includes the
mirror under the test. Such an approach allows to file the dynamics of quality of the resolving
power and the contrast of image transmitted by the mirror under the test in dependence on
successive exposures to ion bombardment. The set of measured hardware functions
corresponding to each step of sputtering can be used in future experiments as a feedback for
correction, e.g., of the plasma luminosity.
To demonstrate the prospects of the given approach, the first comparative measurements
were provided of the dynamics of an image transmission quality for two copper mirrors: with
fine- and coarse-grained structures. It was found that after similar ion fluence the fine-grained
mirror degraded faster and became to have much higher portion of a diffusive component of
reflected light than the coarse-grained mirror.
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Currently much attention is paid to development of bulk amorphous alloys (AA) which are the
new family of advanced materials that was recently appeared. Principles of designing of AA have
been formulated and materials possessing a wide spectrum of physical properties are developed
Many properties of these materials are much different from properties of bulk polycrystalline
metals (e.g., [1]) and are very attractive for technological application. Likely that amorphous
alloys and nanocrystal materials will become a base for high technologies in this century.
However, up to now the properties of AAs are investigated insufficiently and scientific and
technologic applications are in progress. Among important for applications AA properties which are
not studied yet are: hydrogen retention, evolution of the near-surface structure and composition
under ion bombardment, the ion sputtering yield, the optical characteristics and their modification
under ion bombardment. Meanwhile, due to macroscopic homogeneity, high strength, and good
plasticity, AAs can be considered as candidate materiasl for some of in-vessel components of a
fusion reactor, e.g., the fist mirrors for spectroscopy and laser methods of plasma diagnostics.
Recently in 1PP NSC the experiments started to make clear whether these materials are
prospect as a material of plasma facing in-vessel mirrors for diagnosing plasma in a fusion
rector or not. In the paper we intend to present some preliminary results on modification of
the surface and optical properties of mirror samples fabricated of multicomponent amorphous
alloy, Zr(41,6)Ti(13,8)Cu(12,5)Ni(10)Be(22,5), after bombardment by deuterium ions with
different fluence and energy. It was found that long-term exposure to ions with wide energy
distribution (0.1-1.35 keV) does not result in a noticeable degradation of mirror. The small
decrease of reflectance was connected with volumetric inhomogeneity of material, i.e., with
existence of regions where composition of material was different fTom the composition of the
main body of sample, namely, they were enriched by lighter elements. Under ion
bombardment, these parts of surface having been sputtered faster than other part of the mirror,
turned into shallow holes with rather plane bottom. At the same time, the much bigger part of
the surface continued to be as smooth as it was initially. This fact looks like to support the
hypothesis [2] that mirrors of amorphous material can maintain their optical properties when
subjected to long-term sputtering, and therefore can have the long service time in working
fusion reactor
The efficient absorption of deuterium ions independent on their energy was registered. As
a result, for ions with energy below or near sputtering threshold the weight of mirror samples
increased significantly. It was estimated that the portion of uptaken deuterium ions exceeds
35%.
1 A.Inoue Stabilization of metallic supercooled liquid and bulk amorphous alloys. - Acta Materially,
48(2000)279-306.
2 V S.Voitsenya, A F.Bardamid, M F.Becker, et al Some problems of the material choice for the first
mirrors of plasma diagnostics in a fusion reactor. - Review of Scientific Instruments, 70, No !, Pt. II
(1999)790-793.
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For two plasma diagnostics planned for ITER the use of retro-reflectors (RR) is envisaged:
poloidal and toroidal polarimetry. The multi-channel poloidal polarimetry system is supposed
to operate at a wavelength of 118 um [1] and for the multi-channel toroidal polarimetry
system a dual-frequency CCVlaser interferometer /polarimeter is suggested [2], operating at
wavelengths of 10.6 and 9.27 um.
In spite of the quite long wavelengths applied in both diagnostics, the long-term sputtering by charge
exchange atoms (CXA) or the deposition of a carbon-based contaminant layer can affect the properties
of the RR. Therefore, the role of both these processes on the operation of the RR's has to be analyzed.
The retro-reflectors of the poloidal polarimetry system will be indented by about 25 cm in the
blanket construction at the high field side and, hence, it is expected that the CXA flux will be only
a few times below the flux to the first wall. In addition the mirror surfaces will be bombarded by
CXA not along the normal to the surface, but on average under an angle, which increases the
sputtering yield. Finally, the laser beam undergoes a triple reflection in the RR. This places a
stringent limitation on the sputtering yield of the RR material, to keep the roughness development
of the mirror surface within tolerable limits. The results of simulation experiments indicate that
molybedenum would be one of the most suitable materials for RR's in ITER.
The retro-reflectors of the toroidal polarimetry system will be placed at the end of quite deep
ducts in the blanket construction at the low field side. Because of this, and also because the ducts are
not oriented radially, the CXA flux will be strongly weakened. So, despite its shorter wavelength
range compared to poloidal polarimetry, the effect of CXA sputtering on the RR reflectance can be
also neglected if molybdenum is also used as material of the RRs for this system.
It is not excluded that for both polarimetry schemes a carbon-based contaminating film will
grow on some of the retro-reflectors. Today the effect of such film deposition was measured only
for single reflection on reflectance in the nearest UV and visible wavelength ranges and on the
change of polarization angle at 632.8nm. The effect of a film on the RR properties is difficult to
predict, but because the accuracy of the measurements of the Faraday rotation angle in ITER has
to be better than 0.1° [2], special investigations are necessary to study the effect of C-film deposit
on the RR properties, in particular on the change of polarization angle.
In the paper we plan to discuss in detail the effect of long-term bombardment of RR's by
ions from a deuterium plasma, as well as the effect of C-film deposition on the reflectance of
RRs fabricated from polycrystalline materials in both wavelength ranges.
1. A.J.H.Donne, M.F. Graswinckel et al. A poloidal polarimeter system for current density
measurements in ITER, Submitted for publication in Rev. Sci. Instrum 75 (2004)
2. Y.Kawano, Sh.Chiba, A.Inoue. Infrared polarimetry for electron density measurement in tokamak
plasmas. - Rev. Sci. Instrum. 72 (2001) 1068.
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At present the search is continued for materials of in-vessel mirrors. The first mirrors
(FM) of many methods of plasma diagnostics are placed close to plasma and subjected to flux
of D and T atoms with mean energy ~300eV what results in degradation of reflectance (R). In
modelling experiments it was shown (e.g., [1]) that the main factors giving rise to R
degradation under bombardment by ions of D plasma were: for bulk stainless steel mirror development of a mosaic structure, for single crystal W and Mo mirrors - the multiplication of
crystallographic defects produced during fabrication. The R values for mirrors of these
materials (0.45-0.65 in visible) are below than for Rh mirrors (R-0.80) but because of high
Rh cost and large FM size, the FMs have to be fabricated as Rh film on metal substrate. The
goal of this paper is to study the behavior of Rh film mirrors under bombardment by ions of D
plasma (for details see [2]).
The Rh films of 2-4 um thick were deposited by method developed in ISSP with the
variable parameters: the substrate (Cu, cupronickel) and underlayer (Au, Ni) material, the Rh
film thickness, the electrolyte composition and depositing conditions. The ion bombardment
effects were studied by measuring R at normal incidence in the wavelength range 220-650 nm
and by analyzing the surface topography by SEM.
The initial surface of Rh films was smooth for various depositing conditions. After
exposure to ions the relief developed. Three types of surface relief were found: 1) with
weakly developed topography, 2) fine-giained relief modulated by more developed relief, 3)
the relief reflecting the dendrite film structure.
The R dependences on thickness of layer eroded by ion sputtering (h) can also be sorted by
3 groups according to R(h) decrease. Every group corresponds to the definite relief: for the
weakly developed relief, R(h) decreased by not more than 5% up to complete Rh film erosion
(group 1) but for Rh film with dendrite structure (group 3) the R(h) dropped strongly already
after 0.5 um thick layer eroded.
The reasons of difference between groups will be discussed taking account the film deposition
conditions influencing on the film structure. In turn, the film structure influences on the rate
of mirror degradation due to ion impact. The difference in R(h) for the films of various groups
can be connected with characteristic dimensions of structure inhomogeneities. The group (I)
has nanoscopic structural inhomogeneities whose dimensions are much less than the light
wavelength, so their influence on R is minimal whereas the group (2) dimension
inhomogeneities are comparable or bigger than the light wavelength.
References
[1]V Voitsenya, A.E.Costley, V Bandourko, et al, Rev. Sci. Instr. 72(2001)475.
[2]A.F.Bardamid, V.Gritsyna, V Konovalov, et al. Surf. Coating Technol 103-104(1998)365.
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The conceptual project of thermonuclear reactor "Elemag" is developed. In a basis of the
project the multislit electromagnetic trap with axisymmetric geometry of a magnetic field is
fixed. It is most simple and most investigated thermonuclear system. Magnetic field in this
system is create by coaxial coils with alternating polarity of a current inclusion. Magnetic
slits between coils and axial holes are closed by electrostatic plug - electrodes with high
negative potential, imposed on them. Injected in a trap electrons collect and are confinement
between magnetic surfaces of acute-angled magnetic field, and in ring magnetic slits and axial
holes - external electrical field. The ions collect and are confinement in a potential well of a
volumetric electrons charge.
In electromagnetic traps the most dangerous plasma instability are suppressed, are received
close to classical factors of particles and energy transfer. The decrease of real losses from
plasma on two - three order of size considerably facilitates achievement of thermonuclear
plasma parameters.
Overall dimensions of reactor: a diameter of the vacuum chamber D = 10 m, length L = 70
m. A magnetic field in ring slits BA=70 kGs, in axial holes BAo=lOO kGs, on a boundary
magnetic surface, separating plasma from a vacuum magnetic field, Bo=15 kGs (P = ]).
Electrostatic potential locking magnetic slits <J>A=700 kV.
Plasma parameters: density n^i = 8*10" M"3, electrons temperature T c = 34 keV, ions
temperature T< = 38 keV, plasma volume Vp = 1140 M3.
Complete thermonuclear capacity reactor Wf = 4 GWt, neutron loading on the first wall
Pn=2,3 MWt/m2 (»1014 n/cm2 s). A complete flow of neutrons No = l,42*10 21 , charge of
thermonuclear fuel (equal-component of deuterium and tritium gas mixture) m<i1=l,2*10'2 g/s.
In a substantiation of the project the complex researches including theoretical
accounts, numerical modeling and experiments on a multislit electromagnetic trap "Jupiter
2M" are executed. The basic result of these researches is confirmation of classical character of
plasma confinement in an electromagnetic trap. The computer experiment confirms an exit of
thermonuclear reactor "Elemag" on a stationary mode, achievement of settlement parameters
of plasma.
In the report the description of reactor magnetic system, magnetic fields accounts,
ponderomotive forces, electrotechnical accounts of magnetic field coils are given.
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LOCALIZED ELECTROSTATIC WAVES IN TWO-DIMENSIONALLY
NON-UNIFORM MAGNETIZED PLASMA
V.E Moiseenko
National Science Center "Kharkov Institute of Physics and Technology"
61108 Kharkiv, Ukraine
E-mail: moiseenkial.ipp. klwrkov. ua
In the report, two-dimensional theory of localized electrostatic short-wavelength modes in
magnetized plasma is developed The particular feature of such modes is that their wavefields
are concentrated in the vicinity of specific (guiding) surface in plasma. Such modes can be
excited by antenna and used for heating and diagnostic purposes in fusion devices. They can
form eigenmodes that could be made unstable by fusion alpha-particles or by fast ions
produced by neutral beam injection.
First simple case of radially non-uniform plasma cylinder with FourieT transform in axial
and azimuthal directions is considered. The properties of localized electrostatic waves are
investigated.
In the case of two-dimensionally non-uniform plasma, that covers tokamaks and
axisymmetrical mirrors, the equations for guiding surface are evaluated. They are the system
of first order differential equations. After solving them, the electromagnetic field structure
could be calculated This procedure is specific for every type of the wave. In the report it is
developed for quasi-electrostatic slow wave in strongly magnetized plasma.
As an example, the localized modes formed by quasi-electrostatic slow wave in radially
non-uniform cylindrical plasma are studied with the developed formalism. The equations for
guiding surface are solved analytically. Then the structure of electromagnetic field is
calculated. It is compared with the result of direct simulation of the boundary problem for this
wave that is made using finite difference method. The difference between two calculations is
small and corresponds to the estimate of the error of analytical model.

hi

UA0500739

THE TEMPORAL EVOLUTION OF THE FORCED LOW FREQUENCY
PERTURBATIONS OF A PLASMA WITH SHEAR FLOW
Azarenkov N.A., Mikhailenko V.V., Mikhailenko V.S.
V.N.Karazin Kharkov National University, 61108, Kharkov-}08, Ukraine
The temporal evolution of forced (noneigen) drift waves, Alfven waves and Rayleigh Taylor modes, excited under the action of the semi-infinite homogeneous plasma shear flow is
considered. These problems appeared to be too complicated for the resolving with the usually
used modal approach. However the transformation to the coordinates convected with shear
flow principally facilitate the solution of the initial value and boundary problem without the
use of the spectral transform in time. The solutions obtained define the temporal and spatial
evolution of the forced waves considered for any desired time and plane of space
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FRACTIONAL KINETIC EQUATIONS FOR MAGNETIZED PLASMAS
A.V. Chechkin, V.Yu. Gonchar
Institute for Theoretical Physics,
National Science Center
"Kharkov Institute of Physics and Technology ",
Akademicheskaya st I, Kharkov 61108, UKRAINE,
e-mail: achechkin@kipt.lcharkov.ua
In the present talk we give a short introductory review of fractional kinetic approach to the
description of plasma fluctuations and anomalous transport. The probabilistic foundation of
fractional kinetics is based on the remarkable properties of the non-Gaussian Levy stable
probability laws. First, we give the experimental evidences of the existence of the Le'vy
fluctuations in different thermonuclear devices, in particular, the stellarators URAGAN-;*<
Heliotron J, L-2M and ADITYA tokamak being the examples Second, we demonstrate the
intimate relation between the Levy stable laws and space - and time fractional kinetic
equations. We propose fractional Fokker-Planck equation for the kinetic description of
relaxation and superdiffusion processes in constant magnetic and random electric fields It is
assumed that the random electric field acting on a test charged particle possesses nonGaussian Levy stable statistics and thus, electric field fluctuations exhibit large bursts, or
outliers. The fractional kinetic equation is solved, the properties of the solution are studied,
and analytical results are compared with those of numerical simulation based on the solution
of the Langevin equations with a noise source having Levy stable probability density. It is
found, in particular, that the stationary states are essentially non-Maxwellian ones and, at the
diffusion stage of relaxation, the characteristic displacement of a particle grows
superdiffusively with time and is inversely proportional to the magnetic field. We also
propose distributed order fractional diffusion equation for the description of the so-called
"truncated Levy flights" observed in the edge plasma of the ADITYA tokamak. Finally, we
discuss the fractional approach to plasma turbulence, very recently proposed by Carreras and
his co-workers.
A.V. Chechkin, V.Yu. Gonchar, M. Szydlowsky, Fractional Kinetics for Relaxation and
Superdiffusion in Magnetic Field. Physics of Plasmas, vol.9, No.l, p.78-88 (2002).
V.Yu. Gonchar, A.V. Chechkin, E.L. Sorokovoi, V.V. Chechkin, L.I. Grigor'eva, and E D .
Volkov. Stable Levy Distributions of the Density and Potential Fluctuations in the Edge
Plasma of the U - 3M Torsatron. Plasma Physics Reports, vol.29, No.5, p.380-390 (2003)
(translated from Fizika Plaznty).
Jha R., Kaw P.K., Kulkarni DR., Parikh J.C., and ADITYA Team. Evidence of Levy stable
process in tokamak edge turbulence. Physics of Plasmas, vol.10, No.3, p.699-704 (2003).
I.M. Sokolov, A.V. Chechkin, J. KJafter. Fractional Diffusion Equation for a Power-LawTruncated Levy Processes. PhysicaA, vol.336, No.3-4, p.245-251 (2004).
D. del-Castillo-Negrete, B.A. Carreras, and V.E. Lynch, accepted to Phys. Rev. Lett.
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CONDITION OF DAMPING OF ANOMALOUS RADIAL TRANSPORT,
DETERMINED BY ORDERED CONVECTIVE ELECTRON
DYNAMICS
S.V.Barchuk V.I.Lapshin, V.I.Maslov, E.D.Volkov
NSC Kharkov Institute of Physics and Technology, Kharkov 61108, Ukraine
e-mail: vmaslov@kipt.kharkov.ua
Anomalous plasma particle transport due to low-frequency perturbations in the crossfield edge region of the toroidal devices is investigated now intensively (see, for example,
[1]).
In turbulence of small amplitudes the electron trajectories are stochastic. At
achievement of the large amplitudes when frequency, Q, of the electron oscullations in the
convective cell of the perturbation exceeds the growth rate of its excitation, ii(t)>y, the cell
changes in its vicinity the electron density gradient Vn,, which strengthens the next cells.
Thus on the cell bounderies the jumps of n,.(r) arise. On these jumps the growth rates of the
next cell excitation are much more than the growth rate, determined by not perturbed Vne.
Thus, ordering of cells arises similar investigated in [2]. It provides faster electron transport.
In other words, the selfconsistent excitation of the low-frequency convective cells in the
nonequilibrium plasma, drifting in crossed electric and magnetic fields in stelarator, by a
radial gradient of density is unstable concerning occurrence of correlations. Thus convectivediffusion radial electron transport and partly ordered lattice of convective cells in space (r, z)
arise. The perturbations of lattice-electron bunches reflect resonant electrons. The
perturbations of lattice-electron holes trap resonant electrons. The convective-diffusion
equation, describing these convective-diffusion radial dynamics of the electrons has been
derived.
It has been shown, that in the plasma, drifting in crossed electric and magnetic fields in
stelarator, two kinds of perturbations, strongly distinguished on properties, are excited: not
moving and quickly moving convective cells. The spatial structures of these not moving and
quickly moving convective cells have been constructed. It has been shown, that the radial
dimensions of these convective cells depend on their amplitudes and essentially depend on a
radial gradient of density.
It has been shown, that the observed fingers of density in peripheral area may be
explained by the formation of these convective cells.
The dispersion equation, describing the excitation of the perturbations in collisional
plasma of stelarator, drifting in the crossed electric and magnetic fields, has been derived. It
has been shown, that there is the universal parameter, controling the excitation of these
perturbations. It has been obtained, that at the certain values of the system, determined by this
parameter, the excitation of these perturbations is suppressed. Certainly, in this case the
anomalous radial transport is suppressed.
References
1

T.S. Pedersen, P.K. Michelsen, J.J. Rasmussen. Plasma Phys. Control. Fusion. 38 (1996)
2143.
2. AS. Bakai, Yu.S. Sigov. DAN USSR. 237 (1977) 1326.
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QUASI STEADY - STATE DISTRIBUTIONS FOR COLLISIONAL
PLASMAS IN THE PRESENCE OF ENERGY AND PARTICLE SOURCES
I. F, Potapenko
Keidysh Institute for Applied Mathematics, RAS, 125047, Moscow, Russian Federation
V.I. KarasKharkov Institute of Physics and Technology, UAS, 6II08 Kharkov, Ukraine

The formation of a non-equilibrium steady-state distribution function of particles with the
power law interaction potentials U = a/rf,
where 1 < fi<, 4 is studied. Consideration is based
on the one dimensional non-linear kinetic equation of a Landau - Fokker - Planck type in the
presence of particle (energy) sources. The analytical consideration of the non equilibrium
distribution function formation in the case of non-linear equation and nonstationary,
nonlocalized, mismatched on intensity sources and sinks is very problematic, thus numerical
treatment must be used. The original completely conservative difference schemes having a very
high accuracy and allowing to provide the numerical calculation during hundreds collisional
times without error accumulation, except for machine errors, are used. The rigorous asymptotic
estimation and the applicability conditions for the asymptotic steady-state solution is given. Non
equilibrium quasi steady-state local distributions exist inside the momentum interval between the
energy (particle) source and the bulk (or sink) of the particle distribution and has the form of
gradually decreasing functions. From our consideration it follows that, even the relative
smallness of sources may imply a drastic deviation of the steady-state distribution function from
the equilibrium distribution. The density of the current carriers governs the conduction
characteristics of the medium, so that, in semiconductor plasma with a non-equilibrium electron
distribution, this density is very high, in contrast to the case of the equilibrium function with the
exponential distribution decreasing. That is why, under intense fluxes both of electromagnetic
radiation and fast particles, the emission and conduction properties of semiconductor plasma can
become anomalous. Numerical simulation is in good agreement with the analytical results and
with the results obtained in experiments on irradiation of a thin GaAs film by a fast ion beam.
The emission current dependence on the retarding potential observed in the experiment is a
superposition of the currents existing in different time stages. The electron energetic spectrum
differs from one that formed under the stationary source action. The comparison of the
simulation and experimental results shows that the taking into account of the non-stationary
source character may be the determining factor. Obtained results can be useful in connection
with the development of high-power particle and energy sources and for the prediction of the
semiconductor behaviour with an intrinsic or extrinsic conductivity under the action of particle
fluxes or electromagnetic radiation.
References
I.V.I. Karas'.S. S. Moiseev, and V. E. Novikov.//JETP Lett 21,525(1975).
2. S.I. Kononenko, V.M. Balebanov, V.P. Zhurenko, O.V. Kalantar yan, V.I.Karas', V.T. Kolesnik, VI.
Muratov, V.E. Novikov, IF. Potapenko, R.Z. Sagdeev.// Plasma Phys. Rep., 30, 687 (2004).
3. I.F. Potapenko, A. V. Bobylev, C. A. de Azevedo, and A. S. de Assis. // Phys. Rev. E 56, 7159 (1997).
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THE CHAOS CONTROL IN PARAMETRIC DECAY INSTABILITY OF
STIMULATED BACKSCATTERING BY A PUMP FREQUENCY
MODULATION
V l.Arkhipenko, E Z. Gusakov', L.V Simonchik, B O Yakovlev1
Institute of Molecular and Atomic Physics NASB, Minsk, Belarus
' loffe Institute RAS, St.Petersburg, Russia
Over the past decade, the problem of chaos controlling in plasmas attracted significant
attention due to the importance of this topic for many plasma physics processes. This general
interest was additionally motivated by the possibility of transport phenomena reduction, associated
with plasma turbulent phenomena Well known that almost all systems reach turbulence state via
chaos, therefore, investigation of chaos control may contribute to understanding of the turbulence in
plasma processes There are many methods of controlling chaos which convert chaotic behavior to
periodic behavior applying small perturbations to the system. In this paper we demonstrate
experimentally the possibility of three interacting wave system transition from chaotic to regular
behavior under influence of pump frequency modulation.
Experiments were carried out at the linear plasma device with magnetic field of 0.35 T,
in which inhomogeneous plasma (n,,=ne(z,r)) was produced by ECR discharge m argon at
pressure 1 Pa. Pump wave at frequency fo = 2.5-2.7 GHz - electron plasma wave - was
excited in this plasma using a waveguide system. In vicinity of resonant point, where
ne(z,0)=nc (i.e., 27tfo=o)p=(2mie2/m<,)l/2,) electric field of the electron plasma wave is
maximal and parametric decay instability of stimulated backscattering l—> V+s are excited at
the pump wave power exceeding 20 mW. These instabilities were studied previously in
experiments with monochromatic pump wave [1].
In the experiments parametric process was checked by enhanced scattering technique
[2]. For this purpose the probing wave with frequencyyj, = 2.35 GHz <f0 and small power (<
5 mW) was launched into plasma by the same -waveguide system. In vicinity of own
resonance point the probing wave is effectively scattered on excited in plasma ion-sound
wave and scattered wave amplitude is proportional to ion-sound one. The scalar time series
needed for controlling chaos process was constructed using a probing wave signal after
homodyne detection. This homodyne signal is a beating of two waves: incident probing wave
passed through plasma without the changes and probing wave scattered in plasma at the
stimulated backscattering instability excitation. The Poincare cross section plotted using a
temporary sequence of homodyne signal in case of monochromatic pump was similar to that
produced by a noise-like signal.
At the onset of the pump wave harmonic frequency modulation of (modulation
frequency -0.25 MHz, deviation ±50 MHz), at which the stimulation of parametric instability
was observed in [3], the Poincare cross sections became look like as for a quasi-periodical
process. Numerical estimations of strange attractor dimension constructed by expanding the
scalar time series into a vector time series resulted in finite values in the last case, whereas
without pump frequency modulation it was infinite.
The work was supported by RFBR-BRFBR collaborative grant (02-02-81033 Bel
2002_a, F02P-092) and grant INTAS-01-0233.
1 ArkhipenkoV I., Budnikov V.N., Gusakov E.Z et. a l , Sov. I. Plasma Physics, 13,693(1987).
2 ArkhipenkoV.I., Budnikov V.N., Gusakov E.Z et. al.. Plasma Phys Control. Fusion, 40, 215
(1998).
3. Arkhipenko V I., Gusakov E Z., Pisarev V A. et. al., Physics of Plasmas, 11, 71 (2004).
85

UA0500744
COLLIS1ONAL AND COLLISIONLESS ABSORPTION
IN CLUSTER PLASMA
1. Kostyukov
Institute of Applied Physics, Russian Academy of Science, 46 Uljanov St., 603950 Nizhny
Novgorod, Russia. kost@appl. sci-nnov. ru
Clusters target have many advantages over solid and gaseous target. In between these two
extreme, clusters offer the advantage of a volume penetration of the laser at a rather high density
and gives rise to a strong coupling of laser energy to the particles, much stronger than is seen with
isolated atoms or molecules [1]. At the initial stage of interaction when the cluster density is high
and the electron temperature is low the heating is caused by inverse bremsstrahlung. To calculate
the cluster heating the collisional absorption of laser energy in cluster is considered in nanoplasma
model [2,3]. The motivation of the work is to study collisional and resonant collisionless heating
in expanding cluster and analyze the transition from collisional to collisionless regime.
First we consider the laser energy absorption in cluster plasma in linear regime. Transition
between collisional regime of heating during intense laser-cluster interaction and collisionless one
is
studied. The associate energy transfer to the electron through the plasmon resonant oscillation has
been described as an enhanced collisional absorption. We set up and solve the problem of
resonant collisionless and collisional heating of an expanding cluster. Moreover we identify a new
efficient autoresonant mechanism with a chirped laser pulse when the crossing between the
plasmon frequency and the laser frequency is degenerate and the time derivative of these two
frequencies are equal at the crossing time. The theory of this degenerate case is developed and its
potential for autoresonant heating assessed. Secondly we consider the nonlinear regime of
collisionaless absorption. Dynamics of the cluster electrons in the laser field can be described as a
nonlinear oscillator. For sufficiently large perturbation this system exhibits a stochastic instability
leading to chaotic motion. Once the electron motion becomes chaotic, the electrons diffuse in
energy until reach the continuum. Electron diffusion leads to the electron heating and then to the
outer cluster ionization when electrons reach the continuum. A classical analysis of this system is
presented. Analytical estimates for the threshold of the stochastic heating and rates of the
ionization and heating are determined. Finally we consider the nonlinear inverse bremsstrahlung
absorption in ultrahigh intensity laser field. The collective effects are taken into account. The
absorption rate in cluster plasma is calculated with consideration for electron interaction with the
entire subsystem of clustered ions. The electromagnetic power absorbed in plasma is calculated
for the linearly and circularly polarized laser radiation. It is shown that plasma "clustering" can
give rise to the much more effective absorption of electromagnetic energy as a result of collisions.
The collective effects (the action of the overall field of clustered ions on an electron) dominate
over the elementary processes (electron scattering by individual ions) in the course of inverse
bremsstrahlung. UHI-IBA in the other types of "nanostructured" plasmas is discussed
This work was support in part by the Russian Fund for Fundamental Research (Grant No 04-0216684) and by Russian Ministry of Industry, Science and Technology (Grant No MK3249.2004.2).
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COUPLING STATES IN MOVING QUASI-NEUTRAL MEDIUM
A.V Agafonov
Lebedev Physical Institute ofRAS, Leninsky prosp 53, Moscow, 119991 Russia
The possibility of existence of spherically symmetrical quasi-neutral collective coupling
states (CCS) in collision-less plasma is discussed. Correlation phenomena in quasi-neutral
systems with hot electron component moving with average velocity close to ion one may occur in
greatest degree and guide to the advantage of CCS forming. CCS consists of large numbers of
electrons and ions, and represent regions with the potential differing from average (zero) plasma
potential. The concept of CCS can be considered as non-linear BOK-waves. This definition is just
applied in great degree for equilibrium configurations with non-linear electrostatic field. The
simplest spherically symmetrical configuration has been considered without spin and polarisation
in the frame of kinetic description for monochromatic on energy electron and ion components and
distribution functions on full momentum in forms of simple power functions of different powers
for electrons and ions. Asymptotic analytical and full numerical solutions were found for CCS
with captured and passing particles turning into final density neutral plasma created_chaotically
moving electrons and ions in rest.
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ABOUT COLLISIONLESS DAMPING OF SW AT LOW PRESSURES
Azarenkov N.A., Gushchiri VI.V.. Gushchin V.V.
Physics and Technology Department, V.N.Karazin Kharkov national university, Ukraine,
Kharkov, 61077, Kurchatov str.31

Recent plasma technology tends to decrease the gas pressures down to millitor range. For these low
pressures it is easier to maintain uniform plasmas with well controlled parameters. Due to large value of
the electron mean free path (X) the electron current is determined not by the local rf electric field
(Ohm's law), but rather is a function of the whole profile of the rf electric field on distances of order X
(anomalous skin effect). Moreover, the electron energy distribution function (EEDF) is typically non
Maxwellian in these discharges [ 1 ].
In the given report are investigated collisionless mechanisms of the surface waves attenuation in the
plasma layer, similar anomalous skin effect [2]. Cases of various ways of waves excitation have been
investigated Both, the wave of H polarization, and surface E wave are considered. The equation for
EEDF was solved for various kinds of boundary conditions.
At research of H wave the relations for a plasma impedance and field penetration depth into plasma
have been received. Results [3] have been generalized on a case of a running wave. Relations
renormalized, but the contribution from anomalous skin effect to an impedance remains.
Studying the E wave we also have found expressions for a plasma impedance and the diffusion
coefficient in the energy space. They also have the contribution from the account of collisionless
phenomena The power diffusion coefficient generalizes received in [4] on a case anomalous skin effect
and under certain conditions passes in earlier known results.
Change of the waves energy part absorbed by plasma, can lead to change of characteristics of the
discharge sustained by a wave.
References:
1 Godyak V. A., Pjejak R.B., Alexandrovich B.M. Plasma Sources Sci Tcchnol.,2002,v. 1 l,p..
2. Kaganovich I.D., Polomarov O.V. Phys.Rev.E, 2003,v.68,026411.
3. Shaing K.C , Aydemir A.Y. Phys of Plasmas, I997,v.4,p.3l63.
4 Aliev Yu.M. et al. Phys.Rev.E.1995,v.5 l,p.6O91.
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NONLOCAL APPROACH MODIFICATION FOR DISCHARGE
SUSTAINED BY SURFACE WAVE DESCRIPTION
Azarenkov N.A., Gushchin Vl.V., Gushchin V.V.
Physics and Technology Department, V.N.Karazin Kharkov national university, Ukraine,
Kharkov, 61077, Kwchatov str.31
One of the ways to describe low-pressure discharge utilized the so-called «nonlocal »
approach [1-3]. This assumption allows significant simplifications of the Boltzmann equation,
which effectively reduced from a six-dimensional (3D3V) problem in phase to ID problem
for / 0 (f)as a function of only e = mV /^-et/>(r)()\eie

V- electron velocity, $- space charge

field potential).
The nonlocal approach with account of quasylinear diffusion has been successfully
applied to self consistent kinetic modeling of surface wave (SW) discharge [4].
If gas pressure is lowered even father (less then 10 mtorr), the electron mean free path
becomes comparable or even larger than the discharge dimension and numerous collisionless
phenomena dominate the discharge characteristics. Therefore wide utilizations of low pressure discharges calls for «upgrading» of nonlocal approach by taking into account collisionless phenomena.
In the present abstract the nonlocal approach is generalized for the low-pressure discharges sustained by, to incorporate the collisionless heating.
The main goal of the report is to derive a general set of equations (formulary) for the
nonlocal approach with a rigorous, self consistent treatment of collisionless phenomena in inhomogeneous plasmas.
However if to choose distribution of the potential of the spatial charge field similar to
observable on experiment [5] it is possible not solving to define the self-consistent problem
the discharge parameters. Having taken the method, suggested in [6], we determine discharge
characteristics distributions , such as density, diffusion coefficient, frequency of elementary
processes, quantity of inelastic processes. Analyzing results we investigated influence of collisionless mechanisms of energy absorption on the discharge characteristics sustained by a
surface waves.
References:
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4. Aliev Yu.M. et al. Phys.Rev E,1995,v.51,p.6091.
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GAS DISCHARGES ON AZIMUTALLY NONSYMMETRIC WAVES
AND RESONANT ABSORPTION
N.A. Azarenkov, A V. Gapon
Kharkov National University, 31 Kurchatov Ave, 61108, Kharkov, Ukraine,
email: azarenkov (Sipht. univer kharkov. ua
Calculation of properties of the HF gas discharges in long dielectric tubes is performed
during many years and corresponding methods are well developed and are adequate to
experimental data [1-5] In most cases in these models plasma density is supposed to be
homogeneous in radial direction for electromagnetic field calculation simplifying. If
necessary1, resonant absorption is introduced "manually" [5] in accordance with [6]. The fact,
that only wavelengths significantly more larger then tube diameter are used for such
discharges sustaining make this approach valid, because of good coinciding of the dispersion
laws of the homogeneous and smoothly varied with radius density profiles in long-wave
interval. In this work the assumption of the flat plasma density profile is not used, and energy
input in plasma is calculated immediately from the electromagnetic wave problem solution. It
is assumed, that plasma profile is formed under ambipolar diffusion regime. If the profile
contains plasma resonant point, dispersion properties of the azimuthally nonsymmetric
surface waves significantly differs from one obtained in the flat profile dispersion theory even
in the range of long waves. In particular, low limit for plasma density for the dipole wave in
the phase diagram is absent in formal sense, but explicitly exists because of resonant
absorption. Last grows with plasma density decreasing and finally make impossible the
surface wave propagation. Nevertheless, if we fix damping coefficient value (for example, at
inverse wavelength), then corresponding density value will behave like one obtained from flat
profile theory. This feature validate explanation of dipole wave sustained discharge existence
condition presented in [3], where flat radial profile was used, in the case of diffusion profile.
Results obtained by our model well coincide with this condition. Surface waves with higher
multipolarity are also considered.
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RF FIELD PATTERN IN THE PLASMA CYLINDER OF FINITE
LENGTH FOR VARIOUS ANTENNAS
D.L.Grekov. D.V Sklyarov
Institute of Plasma Physics, NSC KhIPT, Kharkov, Ukraine
The paper deals with numerical calculations of electromagnetic fields, which are
launched in the plasma cylinder of Finite length surrounded by metal walls. The RF antenna is
located at the end face of the cylinder and placed between two dielectric plates. Such
configuration is typical for plasma sources used in the technological purposes [1,2].
Three types of antennas were considered in the calculations. They are the following:
open ring, the combination of azimuth and radial currents and the spiral of Archimedes. The
working frequency i s / = 13 5MHz and the working range of pressures of neutral gas is
p = 7 10"4 -5]0'2Torr.
The homogeneous plasma dielectric permeability tensor in
hydrodynamic approximation was used in calculations. Maxwell equations were written for
three zones (two zones of dielectrics and one zone of plasma) in a cylindrical coordinate
system and were level on boundaries. There are two independent solutions: TE mode, having
Ex = 0, and TM mode, having Hz = 0. The amplitudes of the modes are defined by the
boundary conditions on the antenna. The combination of two methods was used to solve the
differential equations: a finite-differences method (along coordinates r and z ) and Fourier's
method (along coordinate q>) The no uniform grid of splitting was adopted using the finitedifferences method. It permits to get more precise solutions in the RF field strong
inhomogeneity while using of a fewer number of points. Also, a finite-differences method
allows us to solve the equations in case of arbitrary distribution of particles density in a
source's volume. It enables us to receive self-consistent solution later. Fourier's
decomposition has allowed to reduce number of the finite-difference equations and to increase
speed of calculation considerably.
The calculations have shown that at the initial stage of low density plasma (plasma's
density n < 108 SM'1 ) the series of transverse-magnetic eigenmodes take place. Then at higher
plasma density the forced transverse-electrical oscillations play dominant role. The antenna as
a spiral of Archimedes is most effective. It gives a scoring in energy of an electric field of
TAf-type about 2 times, and for TE-type - about 16 times in comparison with antennas of
other types. The macro characteristics (capacity, inductance and resistance) were calculated
for antennas. Also, the dependence of integrated over source volume energy of RF electric
field on device parameters is obtained, that allows to estimate the influence of geometrical
parameters change on the source operation.
[1] Azarenkov N.A., Bizyukov A.A. et al. Proc. of hit. Conf. on Vacuum Techn., Sudak,
2001, 168.
[2] Ho-Jun Lee, II-Dong Yang, Ki-Woong Whang, Plasma Sources Sci. Techn., 1996, v.5,
383.
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EXPENDED SYSTEM OF DISTRIBUTION FUNCTION MOMENTS
EQUATIONS FOR RAREFIELD PLASMA DESCRIPTION
Sergiy Yu. Nesterenko
National Aerospace University "Kharkiv Aviation Institute"
17, Chkalovastr, Kharkiv, 61070, thrust@d4.khai.edu
The set of moments equations (ME) in an approximation of local thermodynamic
equilibrium (LTE) contains as unknown variables concentration n , mass flow velocity V ,
motion flow density tensor F E ^ = m n V k V m + P k m , where P ^ = 5 k m P + 7tkm - the
components of the pressure tensor, P = n k T - - J ] P n n - pressure; as well as an energy
-^ n

z

flow density q = — nV + - P J V + X'k^km^m + 1 • T h e components of viscous tension
tensor rc^ and conductive energy flow g in linear LTE approximation are written in the
supposition about their small change on free path lengths \ and times T . Such
approximation is unacceptable for the description of plasma with A, and X not small in
comparison with scales of the task.
The expanded ME set is offered here, which contains together with substance equation
and motion equation also six equations for independent pressure tensor components and an
equation of conductive energy flow:

q_ s 5k „ . _ ST 5g 5Pk ,
-—gxB+—Vi.P.
= -£ +
g
m
2m fa a x m 8 t 2rriK
where T), K - viscosity and heat conduction coefficients; — — ,

changes of variables

in collisions because of difference of temperatures and mass flow velocities of different gas
components and in inelastic collisions; B - a magnetic induction.
This expanded ME set differs by the greater generality, does not require the supposition
about the proximity of distribution to equilibrium one, contains a ME set in LTE
approximation as particular case, but contains also effects, which in essence are not
representable in LTE approximation, for example - a role of a magnetic field in disturbance of
the barotropy.
The ponderousness of expanded ME set (13 scalar unknown variable as against 5 in
LTE approximation) does not represent the key complexity at its solution, considering the
capabilities of modern computer facilities and methods, and may be essentially reduced in
view of properties of a symmetry in each specific task.
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EXACT RELATIVISTIC PLASMA DISPERSION FUNCTIONS
S.S. Pavlov1, F. Castejon2
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Plasma waves have a wide range of applications. Essential to each of the applications
is knowledge of the dielectric properties of the plasma. Analytical treatment of those
properties leads to expressions for the dielectric tensor in terms of plasma dispersion
functions (PDFs).
2

As the non-relativistic PDF, lV(2) = exp(-z1)[l + (2i/-Jjr)Jexp(f2)dt],

introduced

0

into the theory of plasma and tabulated in complex region in the works [1,2], respectively, (or
PDF, Z(z) - i4nW(z), introduced in the work [3]), so and the weakly relativistic PDFs,
introduced in the work [4], are approximate ones, since have been derived through some
approximations in the parameter 1/fi (fi - (clVn)\VTa
= ^JT/m0 ,m 0 is the rest mass of
electron).
The primary purpose of the present work is introducing the exact relativistic PDFs,
which makes more exact the non-relativistic PDF and the weakly relativistic PDFs and
generalize them on the case of arbitrary plasma temperature. It is achieved on the ground of a
deep connection between the theory of plasma waves and the theory of Cauchy type integrals.
This connection follows from the fact that any of PDFs, mentioned above, is the
boundary function of some Cauchy type integral with the density integrated along the real
axis. In the set of analytical functions such integrals form a subset for which the Dirichlet
principle is realized in the most economical form: for definition of a function from the subset
is necessary and enough to define its anti-Hermitian (or Hermitian) part at the boundary
(contour of integration). At the contour anti-Hermitian and Hermitian parts are mutual singlesignificantly connected through the Hilbert transform.
Two ways evaluating the exact relativistic PDFs are given. Their integral forms,
derivatives, asymptotic series, recursion relations are discussed, as are their analytical
properties and connections with standard transcendental functions.
References.
1. GordeevG.V., 1953, JETPh, 24, 445 (in Russian).
2. Faddeeva V.N. and Terentjev N.M., 1954, "Tabulation of the function W(z) =
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EVALUATION AND COMPACT FORM OF TRUBNIKOV'S PLASMA
DIELECTRIC TENSOR
Pavlov S.S.',CastejonF2
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The study of F.C waves even in respectively low temperature laboratory plasma
requires taking into account relativistic effects, especially for the quasi-perpendicular wave
propagation. Two original equivalent integral forms of the exact relativistic dielectric tensor
for Maxwellian plasma were given by Trubnikov [1] but were rather complicated and not very
transparent, and proved difficult to evaluate numerically.
For low temperature plasma, in which relativistic effects are relatively weak, gradually
was developed the theory of weakly relativistic approximation, which widely used now in
applications. Review of vast number of works in that direction is presented in the book of
Brambilla [2].
For plasma with more high temperature the theory is developed in less detail. One
approach was suggested by Tamor [3], which simplified the problem studding only antiHermitian parts of dielectric tensor. This way, using recursive properties of anti-Hermitian
parts, allows him numerically to estimate those parts for plasma with temperature below 30
KeV. But for more high temperatures this way failed due numerical instability of the
recursion
Later, at the same way Bortnatici and Ruffina gave exact analytical expressions for
anti-Hermitian parts of dielectric tensor for harmonics with numbers n > 0 and estimate
Hermitian parts [4]. However, those estimations for Hermitian parts were approximate. That
didn't allow them to derive the whole dielectric tensor in the exact closed form.
Recently, new way evaluating relativistic tensor was suggested by Swanson [5], It
allows writing the exact relativistic tensor elements for the case of perpendicular wave
propagation in terms of five single singular integrals over hyper-geometric functions, which
are relatively easy, evaluated numerically. However, on this way for oblique propagation
double singular integrals are necessary to calculate, that requires some approximations.
The primary purpose of the present work is giving the way to evaluate numerically the
relativistic dielectric tensor of Trubnikov for arbitrary angle wave propagation and plasma
temperature. On this way dielectric tensor is presented in the manner of the non-relativistic
approximation, i.e. as expansion in the Larmor radius in terms of specially introduced exact
PDFs to reduce evaluation of tensor to evaluation of these PDFs.
The second purpose is transformation of the relativistic tensor of Trubnikov to more
simple and transparent form.
References
1. Trubnikov B.A., 1959, Plasma Physics and the problem of Controlled Thermonuclear
Reactions, (ed. MA. Leontovich), vol.3, Pergamon.
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University Pres, Oxford).
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THE CURRENT CHARGED SPHERE, CYLINDER AND PLANE
IMMERSED IN A WEAKLY IONIZED GAS
A..E. Sorokin
Institute of Applied Physics, RAS, 603950, Nizhny Novgorod. Russia.
The system of the bipolar ion environment and charged body (Sphere. Cylinder or
Plane, hereafter - SCP) is considered. Ions of both singes are assumed to be homogeneously generated by the volume ionization source with a fixed rate, /. The interaction
of charged SCP and ions has been investigated. The electric current tc SCP has been
found in the limit of the weak diffusion and equal ion mobilities, B{. The current follows
by the Ohm law and depends on parameter el = iirB,e/\, where A is the recombination
constant. Under the weak diffusion the current is determined by the flow of one sort of
ions, which sign is opposite to the sign of charged SCP. The concentration of capturing
ions near by SCP edge has been found:
l-2ei,

(I)

where n0 = \Jl/\ is the equilibrium ion concentration in the bulk. The current can
be expressed as J = 4iren,Biq is the current for the sphere, jc = 2irensBiC1 is the linear
current density for the cylinder, j = A-Ken3BtE is the current density for the plane. In the
Langevin limit of high pressure (see e.g. [1,2]) we have £ ; = 0.5 and n, = 2naexp{—0.5) as
1.213no. At the low pressure e\ ~^> 1 and n3 = n^^j2/e\. Also the case of multiple SCP's
has been investigated. The equilibrium concentrations for positive and negative ion,ni±,
differ from the n 0 and depends on SCP's placement and number. In the general case we
have

L t ^ f o - 0.5) + l| 1 ~ 2" .

(2)

It is the principal point that SCP shielding in our case differs from the Debye one.
First, the space charge has a clear edge, especially with £1 3> 1. Second, it is not all
charge of SPC shielded, e.g. when £] = 50, then na =s 0.2n0 and Ex — 0.1£0, so the
only 10% of the charge is shielded by the ionic space charge, Eo is the electric field on
the plane surface, £„, is the electric field far from the plane. The shielding scale is about
the ionic recombination scale, under weak diffusion.
Also the system of diffuse kinetic equations has been numerically analyzed for the
plane and sphere. The conditions of validity of the weak diffusion approach and formulae
(1),(2) has been found.
1. B.M. Smirnov, The problem of ball lightning (in Russian), Moscow, "Nauka", 1988.
2. G.L. Natanson, To the theory of the volume recombination of ions (in Russian),
JTP, v.29, Nil, pp.1373-1380, 1959.
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This report is devoted to the analysis of the mechanisms of surface-wave-energy
absorbtion. The electromagnetic surface wave (SW) is considered to be propagating along the
planar dielectric surface, which is in contact with collisional non-isothermal plasma. The
discussion is based on a consideration of emissive processes from the dielectric surface [1,2]
and on an analysis of secondary electron motion in the wave-fields.
The presence of surface wave of a small amplitude, propagating along the plasmadielectric interface slightly affects the secondary electron emission from dielectric surface,
whereas the secondary electron flux can lead to the significant wave attenuation. It is
connected with the fact that the wave-fields decrease exponentially deep into the plasma. It
leads to acceleration of the secondary electrons in the wave-fields due to the action of
ponderomotive force, which pushes them out to the region of weaker fields.
The conditions of the existence of secondary-emission-induced absorbtion of the wave
are analyzed. It is shown that SEE-induced absorbtion of SWs in planar inhomogeneous
plasma waveguides is especially essential for low-frequency SWs with co«a>p(iup is the
plasma electron frequency), where they are electromagnetic ones, and it is negligible for
quasistatic waves, when E?*-ed (cp and ed are the plasma and dielectric permittivity,
respectively).
The comparison of this mechanism of wave-energy attenuation with the collisional
and resonant [3,4] ones shows, the SEE influence is predominant under a low gas-pressure for
the waves, the resonant absorbtion of which is absent.
The role of secondary-emission-induced absorbtion of the wave in maintenance of
wave-produced gas discharges [5], as one of its possible applications, is discussed as well.
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PARAMETRIC EXCITATION OF SURFACE WAVES IN PLASMAMETAL STRUCTURES WITH PERPENDICULAR MAGNETIC FIELD
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This report deals with the parametric excitation of potential surface waves (SWs)
propagating in a planar plasma-metal waveguide structure with a magnetic field perpendicular
to the plasma-metal boundary. An external, spatially uniform, alternating electric field at the
second harmonic of the excited wave is used as the source of parametric excitation. It is
considered two cases, when the pump field is an eigen perturbation of the system, and it is a
non-eigen one.
In both cases the excitation process due to the onset of decay instability is shown to
have threshold behavior. We have determined the threshold pump field amplitude above
which the parametric instability develops, giving rise to two oppositely propagating SWs with
the same frequencies and the same linear growth rates.
We have analyzed the effect of two nonlinear processes - the self-interaction of each
of the excited SWs and the interaction between them - on the development of instability.
These processes violate the temporal synchronization conditions and lead to the saturation of
instability. The effect of the pump field amplitude, plasma parameters, and external magnetic
field strength on the dynamics of the amplitudes and phases of the excited SWs has been
analyzed numerically. We have shown that, in the dense plasma under consideration, the main
saturation mechanism is the nonlinear self-interaction of SWs, in which case, the SW
amplitudes in the saturation stage are the same and are independent of their initial values.
Hence, the parametric instability results in the excitation of a standing S W.
The analysis carried out has shown that, at a fixed amplitude of the pump field, the
strengthening of the external magnetic field, as well as reduction in the plasma density, leads
to an increase in the threshold pump field amplitude and to a decrease in both the linear
growth rate and the saturation amplitude of the excited SWs An increase in the plasma
electron temperature also leads to an increase in the threshold pump field amplitude and a
decrease in the linear growth rate. Thus, the parametric excitation of the SWs under study is
found to be most efficient for waveguide structures with a sufficiently dense plasma in weak
magnetic fields.
Also these waves have been found to be effectively excited by electric field of the
Langmuir wave (the case of eigen pump field). Hence, SWs under consideration are important
for such structures and can be undesirable, for example, under plasma processing of metal
surfaces.
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SURFACE WAVE CONTROL IN PLASMA-METAL STRUCTURES
WITH PERPENDICULAR MAGNETIC FIELD
Yu.A. Akimov. V.P. Olefir, N.A. Azarenkov
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This report is devoted to the nonlinear interaction of high-frequency potential surface
waves (SWs) at a dense magnetized plasma-metal interface with a low-frequency plasma
density modulation. An external steady magnetic field is assumed to be directed
perpendicularly to the interface.
In [1], devoted to the parametric excitation of the SWs, it has been found that waves
under study can be effectively excited with a spatially uniform, alternating electric field at the
second harmonic of the excited waves. This fact motivates the interest in these waves,
because in such configuration the Langmuir wave can be a source of their parametric
excitation. Thus, the SWs are important for such structures and can be undesirable under
plasma processing of metal surfaces, because the presence of SWs leads to an increasing heat
flux to the metal surface and to a lowering of the treatment efficiency as well as to a decrease
of the plasma density near the metal due to the action of the ponderomotive force. In order to
control the SWs, their nonlinear attenuation [2] due to the nonlinear dynamics of the plasma
particles can be used
In this report, we pay attention to the control of the high-frequency SW at the presence
of a steady magnetic field normal to the plasma-metal interface by means of a low-frequency
plasma density modulation. The influence of external magnetic field strength and plasma
parameters on temporal dynamics of the waves is studied and it is shown that the SWs of a
small amplitude are stable with respect to the low-frequency plasma density modulation from
the range a>\ « <o2p,,a)2cl and unstable for a>l » a>l (a>2 is the frequency of plasma density
modulation, <L>^,(Wc,are the ion plasma and cyclotron frequency, accordingly).
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ELECTROMAGNETIC DIPOLAR WAVE IN MAGNETIZED NONUNIFORM PLASMA COLUMN
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This report is devoted to the theoretical study of phase characteristics, attenuation
coefficient and spatial structure of electromagnetic dipolar high frequency wave. Such
electromagnetic dipolar wave is perspective for application in gas discharge maintaining [1],
The wave considered propagates along waveguide system that consists of non-uniform plasma
column with radius Rp, enclosed by dielectric tube of outer radius Rj and placed within a
cylindrical metallic waveguide wall with radius Rm (Rp

< Rj < Rm). External steady

magnetic field is directed along the axis of the waveguide system. Plasma is considered in
hydrodynamic approximation as cold and slightly absorbing medium. It is characterized by
the effective electron collision frequency that is constant in discharge volume and is less than
wave generator frequency. The electron density radial profile was chosen in Bessel-like form:
n(r)= «(O)L/O(/V), were n is non-uniformity parameter. This parameter can vary from fj = 0
(radially uniform profile) to ,« = 2.405 (perfect ambipolar diffusion profile). It was
considered the case when plasma density and wave properties vary slightly along the plasma
column. In particular, this is typical for the discharges under diffusion regime of charged
particles losses, sustained by the traveling wave [2].
It is necessary mention that the considered wave possesses all six components of
electromagnetic field. Because of that, original numerical method was used for the study of
wave phase properties, attenuation coefficient and spatial wave field structure for arbitrary
values of non-uniformity parameter fj, external magnetic field, effective collisional
frequency and parameters of waveguide system. In the considered approach it is possible to
find the regions where wave can maintain stable discharge in diffusion controlled regime [2].
Also it is possible to obtain the axial gradient of electron density as an intricate function of
attenuation coefficient [3].
It was shown that wave considered properties essentially depend on the non-uniform
parameter fi value. The region on the phase diagram where the wave can maintain stable
discharge in diffusion controlled regime basically depends on the azimuth wave number.
Axial structure of plasma density of the discharge maintained by the dipolar wave was studied
under different discharge parameters.
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PLASMON EFFECTS INDUCED BY FAST LIGHT IONS IN METALS
SI Kononenko, O V. Kalantaryan, V.I. Muratov, V.P. Zhurenko
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Influence of plasmon excitation on secondary light and electron emissions from metals
during fast light ion bombardment was studied The protons and a-particles with some MeV
energy were used. The forward and backward secondary electron yields and electron energy
distributions were measured for Cu, Ni and Al.
From measurements of electron yields the forward-backward difference of ion energy
losses was found. It is presumably associated with the fraction of energy that is carried away
from the substance by convoy electrons and S electrons. The electron energy distribution from
metal film was analyzed. It was shown that plasma oscillations excited by an ion had a
substantial influence on the production of free electrons and its emission.
The Ag thick foil UV ionoluminescence under bombardment of proton with 0.8-2.4 MeV
energy was studied The incident angle was varied from 20° to 70°. The light spectrum
consisted of one wide band with maximum near 326 nm. We considered that the following
mechanisms of radiation could make main contribution to light yield: transition radiation for
small proton angles, plasmon mechanism for medium angles, plasmon mechanism and
surface plasmon radiation decay for large output angles.
Both secondary electron emission and ionoluminescence data showed that plasmon
generation played important part in transfer of ion energy to substance and generation of
secondary particles as electrons and photons.
The work was financially supported by STCU project No. 1862.
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LINEAR HYDROMAGNETIC WAVES IN DUST-ION PLASMA WITH
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Linear wave propagation in a collisionless magnetized plasma consisting of positively
charged ions and micron sized negatively charged dust particulates, has been theoretically
studied. A dispersion relation, using the normal mode analysis method, has been derived and
then analyzed in detail to search for various wave-modes and instabilities etc. Dust charge
variation has been taken into account for which sink term has been incorporated in the ioncontinuity equation. Effect of this dust charge fluctuation caused by the plasma currents
falling onto surface of the dust grains has also been investigated.
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TWO-DIMENSIONAL SIMULATION OF DUST CLOUDS IN A
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Yu I. Chutov,A Yu. Kravchenko, M.M.Yurchuk, S.M. Lysyuk
Faculty of Radio Physics, Taras Shevchenko Kiev University, Kiev, Ukraine
Dusty plasmas have recently attracted strong interests in experimental and theoretical
investigations. The charged dust particles introduce a great variety of new phenomena in
plasmas, such as self-organization and self-structuring. There is formation dust clouds and
voids with sharp stable boundaries. These phenomena are observed in many capacitively
coupled rf devices [1], dc glow discharged devices [2] and recently have been discovered in
microgravity experiments [3]. The system forms dust clouds and voids with sharp stable
boundaries. There are several attempts at finding theoretical explanation of this effect, but it
is still not understood.
Here, we investigate the temporal behaviour of
computer simulation.

dust clouds in a plasma using a

We consider two-dimensional cloud of dust particles immersed into uniform initially
plasma. In our model dust grains acquire a charge and influence the potential of the electric
field <p, which is described by Poisson equation. The electrons are assumed to be in thermal
equilibrium; therefore the density ife satisfies the Boltzmann relation. The ions and dust
particles are described by the fluid equations
We simulated the temporal evolution of two-dimensional dust cloud. It is investigated
the influence of plasma density on the moving of dust particles. Results show that the
dynamic of dust particles strongly depends on ion concentration. The dust cloud is expanded
into plasma at sufficiently little ion concentration, but the increase of the ion concentration
brings to compression of the dust cloud and appearance of sharp boundaries. It is investigated
a double layer at the boundary of dust cloud at different neutral gas pressure, radius and
concentration of dust particles. It is shown that spatial distributions of the plasma parameters
have the oscillation structure.
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THE STUDY OF EXCITATION AND PROPAGATION OF FAST
WAVES IN MAGNITOACTIVE PLASMA WITH THE ACCOUNT
OF MULTIDIMENSIONAL INHOMOGENEITY
Longinov A.V.
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The numerical method of solution of differential equations with partial derivatives
describing multidimensional problems of mathematical physics is developed The numerical
code is based on the use of projection (spectral) method, in which the explored
multidimensional space is broken into the system of separate domains including also some
fictitious domains, and on the use, some modified operator instead original differential
operator.
The subsequent solution of such system is reduced to the solution of the Cauchy
problem with some peculiarities associated with the use of given method under the conditions
of multidimensional problem.
The main advantage of this method is substantial reducing of computer time for
solution of such type problems in comparison with similarly spectral methods, a relative
simplicity of the solution of problems with complicated shape of boundary surfaces
(volumes), universality - opportunity of the use for resolving a different type and etc.
In particular, the factor of speeding up of problems solving, in comparison with a
spectral method, can be estimated according to the next approximate formula K = n1D (here
n is the number of sub-domains obtained as a result of breaking up into sub domains along the
single coordinate, D is the dimensionality of the problem), is valid for not very large values
of the parameter n. From here, it follows that the especially strong increasing of speeding up
factor occurs with growth of dimensionality of problem.
As an example of the use of present method the results of numerical calculation of
problem of excitation and propagation of fast magnetosonic waves in the region of the ion
cyclotron resonance with the use of ion minority of another sort in approximation of 2-D
inhomogeneity of plasma with configurations of plasma column in the small cross-section
typical for tokamaks and stellarators are presented.
Main attention in this calculation is devoted to the study of the regimes, in which there
appears effect found in this study and leading to the peripheral profile of absorbed high
frequency power. This extremely unfavorable effect is conditioned by intensive excitation of
quasi-surface waves, existence of which can become a dominative factor in forming of
absorption profile.
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DYNAMICS OF NONQUASINEUTRAL CURRENT FILAMENTS
ON DIFFERENT SPACE - TIME SCALES
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The experimental and numerical investigations of the laser plasmas and the plasmas with
the beams in last decade show, in all scenarios of the plasmas evolution, the appearance the
current filaments, which was forecasted in [1], These filaments can be generated by means of
the Weibel mechanism at the times on the order of a>^ (co^ - the electron plasma frequency)
[2]. Then these electron current filaments with the longitudinal B 2 or azimuthal Be magnetic
field can evolve at the times on the order of ca^' (« p , - the ion plasma frequency), which
results in the ion acceleration by the radial electric field Er. In the papers [3] within the
framework of the two-fluid magnetic hydrodynamics the equilibrium and dynamics of the
electron current filaments were investigated at the magnetic Debye size scale rs ~ | B |/(47rene).
It was shown that the mechanism of the ion acceleration consists in strong violation of the
electrical neutrality at the space scale re, which leads to the generation of the strong electric
field E,. All difference between the two types of filaments consists in that for the longitudinal
magnetic field Bz the ions fly apart from the filament axis and for the azimuthal magnetic
field Be the ions are accelerated in direction to the filament axis. By the ion acceleration for
the filament with the azimuthal magnetic field the ion energy ranges up to the several MeV.
In the investigation conducted in papers [3] the characteristic space scale is on the order of 1
fxm and the characteristic time scale on the order of 1 ps. However when the physical
mechanisms considered in [3] are valid, so the analogous filaments with the different spacetime scales can also exist. In the present report, the possibility of the existence of the similar
filaments on a cosmic scale is investigated. Given three constants, which determine relations
between the magnitudes of the magnetic and electric fields and densities for the filaments of
the distinct parameters, one can obtain also the relations for both the space and the time
scales. As an illustration, the parameters of the current filaments in the ionosphere of the
Earth and in the interstellar space are considered. The estimates according to [4] show that in
the Earth ionosphere the characteristic radius of the filament is on the order of 102 - 103 m and
the characteristic time of the evolution is equal to IO'5 s. The analogous estimates for the
interstellar space result in the filament radius 10s - 106 km and the characteristic dynamics
time scale 1 s. In these cases the electrons achieve the relativistic energy and the ions - the
energies on the order of several MeV.
This report was supported in part within the frame of the initiative project system of RRC
"Kurchatov institute"
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ELECTRON BEAM INJECTED INTO IONOSPHERE ALONG THE
GEOMAGNETIC FIELD
I O.Anisimov', O.I.Kelnyk', Yang Yong'"2, Zhao Zheng yu2
Taras Shevchenko National University ofKyiv, Radio Physics Faculty,
64 Volodymyrs'kaSl, 01033, Kyiv, Ukraine, oles@univ.kiev.ua;
2
Wuhan University, School of Electrical and Information Science,
Luojia Hill, Wuhan 430072,China, luojiayang@vip.sina.com
Excitation of electromagnetic waves by the modulated electron beams injected into anisotropic
plasma was observed many times both in space and laboratory experiments (see, e.g., [1]). One of
the possible mechanisms of this phenomenon (for the simplest case when the beam is injected
along the geomagnetic field) is transition radiation on the metal-plasma border. This radiation was
calculated in [2] for the laboratory experiments [1] where the transversal length of the transition
radiation formation zone [3] was small relatively to the characteristic length of injector. The
opposite case that is typical for ionosphere experiments is treated in this report It corresponds to
the radiation caused by the longitudinal resricn'on of the beam [4].
Cold electron plasma in the homogeneous constant magnetic field is treated Cylindrical
modulated electron beam with radius a injected from the plane z=0 moves along the magnetic
field. Alternative current density caused by the beam decreases exponentially along z-axis with
characteristic length L.
It is suitable to present the vector-potential components and current density in the form of
Fourrier integral over z and Hankel integral over r. So one can obtain the components of
vector-potential spectrum from algebraic equations. Denominators of these expressions
contain the dispersion function of the electromagnetic waves in the anisotropic plasma.
Consequently the singular points of the integrands correspond to the Cherenkov resonance
(synchronism) conditions between the current waves caused by the beam and eigenmodes of
anisotropic plasma. Integrals can be calculated using resides method for integration over the
longitudinal and stationary phase method for integration over the transversal wave vector
component (in the far radiation zone). Then the expression for radial component of the
Pointing vector (in the spherical coordinates R, 0, ((•) can be obtained
Pv«b. units
The radiation pattern for the parameters
corresponding to the whistlers' excitation
(a>=2 106 s',

a>H=7 106 s',

aip=6 107 s'1,

vo=c/W) is shown on Fig.l. The character of
the angular dependence of the energy flow is
similar to the results obtained in [2]
^_

e.md.
••» Figl.
This work was partially sponsored by the China Scholarship Council (CSC).
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PS 6 PULSATIONS IN THE EARTH MAGNETOSPHERE
A.V. Agapitov
Taras Shevchnnko Kyiv State t 'niversity, e-mail/ aagapit(wtukr. net, cigapitfcv.univ. kiev. ua

The Ps 6 geomagnetic pulsations in the Earth magnetosphere tail display themselves as
localized in time wave pockets. Therefore, it is expedient to apply wavelet analysis to these
phenomena research. Wavelet-spectra of magnetometric and plasma measurements made by
Interball-1 (tail) satellite demonstrates presence of magnetosonic component: oscillations of
plasma pressure and magnetic field pressure are in phase opposition. Wave frequency is less
then frequency of ULF events in the inner magnetosphere (so called «field line resonance*).
ULF high amplitude pulsations in outer magnetosphere have direct relation to substorm
evolution. Wave amplitude depends on geomagnetic activity and magnetosphere region
confirmed it. This structures also observed by Earth based magnetometer systems.
CANOPUS magnetometers system data was used. Due to multipoint observations it is
possible to obtain spatial and temporary event parameters. Transversal to magnetic field size
of wave pocket is about 1-3 RE. It moves transverse to magnetic field with speed about 2-6
km/s. Vectorial spectral analyses of different signal components on short time intervals was
applied to obtain wave polarisation dynamic.
In some cases vortical formations were watched simultaneously with wave activity.
The dynamic vectorial spectrum research technique was applied for their registration
Hodographs of plasma velocity vector and magnetic field disturbance were used to confirm it.
Formation of vortical structures is possible due to vectorial nonlinearity in magnetosphere
system. Numerical research of initial disturbances dynamics in physical conditions of system
has confirmed this.

A
ON MULTIPARTICLE KINETIC MODELS OF THE SOLAR WIND
Natalia R. Minkova
Tomsk State University, FTF, Lenin Ave., 36, Tomsk, 634010, Russia
e-mail: nminkovaigtftr'tsu.ru

5
Th e kinetic models of the solar wind are developed on the base of the one- and two! O particle distribution functions (e.g. [1], [2]). The multiparticle approach is considered in the
i ^present paper in application to the solar wind as a steady and spherically symmetrical flow of
-^quasi-neutral plasma. The plasma state at the exobase (in the low solar corona) is assumed to be
equilibrium (Maxwell distribution). The analytical dependences for the statistic moments (number
density and bulk speed of the flow) are derived on the base of the multiparticle distribution
fiinctions. They coincide for the case of fully ionized hydrogen plasma with the dependences
obtained in the frame of the two-particle kinetic model [3] and with the observed data [4].
The fluctuation distribution function developed on the base of the considered approach is
used to analyze the influence of the typical scale of the statistical problem on the calculated
moments and specters.
References
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PLASMA AND RADIATION IN MAGNETOSPHERES OF
COLLAPSING STARS
Kj-yvdyk Volodymyr
Taras Shevchenko Kyiv national university
The particles acceleration and a non-thermal radiation in the magnetospheres of collapsing
stars with initial dipole magnetic fields and a certain initial energy distribution of charged
particles in a magnetosphere are considered When the star magnetosphere compressing under
the collapse, their magnetic field considerably increases. The field structure and particles
dynamics in the magnetosphere can influence by three factors: particles pressure, collisions
between they and star rotation. The analysis show that this factors may be neglected for the
magnetosphere of the collapsing star. The conclusion follows from this result that the plasmas
is frozen in magnetic field and collision-free. And so to investigate of particle dynamics in
magnetosphere the method of adiabatic invariants may by used. The electric field in
magnetosphere will accelerate the charged particles which generate radiation when moving in
the magnetic field The analysis of particle dynamics and its emission in the stellar
magnetosphere under collapse show that the collapsing stars can by powerful sources of the
charged particles and the non-thermal radiation produced by the interaction of charged
particles with the magnetic field The radiation flux grows with decreasing stellar radius and
frequency and can be observed in the form of radiation burst with duration equal to the stellar
collapse time. The radiation flux depend on the distance to the star, its magnetic field, and the
particles spectrum in the magnetosphere The radiation flux is calculated for various
collapsing stars with initial dipole magnetic fields and an initial power-series, relativistic
Maxwell, and Boltzmann particles energy distribution in the magnetosphere This radiation
can be observed by means of modern astronomical instruments.
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KINETIC MODEL OF THE SOLAR WIND IN THE
GIVEN MAGNETIC FIELD
Yegor M. Vasenin, Natalia R. Minkova
Tomsk Slate University, FTF, Lenin Ave., 36, Tomsk, 634050, Russia
e-mail: nminkovaioiftf.tsu.ru

The kinetic model of solar wind as a steady and spherically symmetrical flow of quasineutral plasma ejected by the rotating Sun is presented. For an estimation of influence of
Sun's magnetic field we assume that it is given and approximated by Parker's field. The
kinetic equations for velocity distribution functions of electrons and protons are solved
analytically in approximation of fully ionized hydrogen plasma with Maxwellian distribution
function at the exobase in the solar corona. The obtained solution depends on ratio of inertial,
gravitational, electrical and magnetic fields. The dependencies of numerical density, particle
flux rate of solar wind, and plasma polarization potential are calculated as functions of
heliocentric distance. The obtained theoretical results are compared to the Ulysses
observational data and previous kinetic models.
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GENERATION OF KINETIC ALFVEN WAVES IN PREFLARE
PLASMA OF MAGNETIC LOOPS
A.N.Kryshtal, S V.Gerasimenko
Department of Cos Plasma Physics, Main Astronomical observatory of the National Academy
of Sciences of Ukraine, 03680 Zabolotnogo str.27, Kiev 127, Ukraine
Low-frequency wave instabilities in a plasma of the arch structures (i.e. "magnetic
loops") in solar active regions have been investigated before a flare. The existence of any
beams of energetic particles was not assumed for preflare plasma of a loop. In the framework
of mechanism of "direct initiation" of instability by slowly increasing quasi-static large-scale
electric field in a loop the dispersion relation for the low-frequency waves in plasma has been
studied for the perturbations, which propagate almost perpendicularly to the magnetic field of
a loop. The case has been considered, when amplitude of a weak "subdreicer" electric fielr'
sharply increases before a flare, the electron-ion collisions dominate in plasma, the electron
temperature does not exceed considerably the ion one and the thickness of the surface layer of
a loop plays the role of a mean characteristic scale of inhomogeneity of both plasma
temperature and density. If the values of main plasma characterictics (i.e. density,
temperature, magnetic field amplitude) allow to neglect the influence of the "shear" of
magnetic field lines on the instability rise and development, then two types of the waves can
be generated in preflare plasma: the kinetic Alfven waves ans some new type of the waves
from the range of the slowly magneto-acoustic ones. Namely instability of the kinetic Alfven
waves has clearly expressed threshold with respect to the reduced amplitude of slowly
increasing "subdreicer" electric field, which correcponds to the definite stage of preflare
process development. This fact seems to be important for the short-time predictions of a flare
in the arth structure.
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TOPIC 5 - PLASMA DYNAMICS AND PLASMA-WALL
INTERACTION
KINETICS OF HYDROGEN PERMEATION THROUGH
W-Pd BIMETALLIC SYSTEMS
G.P. Glazunov. A A. Andreev, D. I. Baron, ED. Volkov, R.A. Causey1', A. Hassanein2),
KM. Kitayevskiy, LA. Konotopskiy, V.I Lapshin, I.M. Neklyudov, A.P. Patokin
National Science Center "Kharkov Institute of Physics and Technology", 61108 Kharkov,
Ukraine
' Sandia National Laboratories, Livermore, CA 94550, USA
2>
Argonne National Laboratory, 60439 Argonne, Illinois, USA
Knowledge of hydrogen isotope permeation kinetics for plasma facing materials is
important moment under operation of thermonuclear fusion devices, in particular, from the
point of view to control recycling and inventory processes, to decrease hydrogen isotope
concentration (especially tritium concentration) in constructional materials, and for tritium
separation from deuterium-tritium mixture. So, numerous investigations of hydrogen isotopes
behavior in different materials, in particular, in bimetallic (two-layer) systems, are carried out
at present. The creation of new two-layer materials and examinations of their properties are
the part of such researches. It also is the interesting and perspective direction due to possible
applications in the atomic and hydrogen energies.
For tungsten, which is one of the most perspective materials for making of some
plasma facing components in a future fusion reactor, the available data on hydrogen isotope
behavior are very limited. In this study the kinetics was investigated of hydrogen permeation
through W-films of different thickness deposited on palladium tubes by vacuum-arc and
chemical vapor deposition methods. Hydrogen flow to W-film was activated (atomized and
ionized [1]) by its supply through Pd-substrate. Under these conditions it was observed over
the temperature range from 300°C to 700°C and over the pressure range from 1 Torr to 760
Torr, that hydrogen permeation rate through tungsten films is in two orders of magnitude
lower than that for bare palladium membranes. The activation energy of hydrogen penetration
through W-Pd bimetallic system is essentially lower (it is about 3 kcal/mole) than the
presented in [2] the data for bulk tungsten (33 kcal/mole) and even for palladium (3.7
kcal/mole [3, 4]). Some physical mechanisms, explaining such anomalies permeation
behavior in this bimetallic system, are suggested on the assumption of the analysis of the
measured isotherms and isobars of hydrogen permeability, energy diagram for hydrogen in
W-Pd system, and theory of diffusion in the systems with a large number of closed, connected
pores.
[1] G.P. Glazunov. ;. Tech. Phys. Letters 9 No 24 (1983) 1498-1501.
[2] R. Frauenfelder. J. Vac. Sci. Technol. 6 No 3 (1969) 388-397.
[3] W.G. Perkins. J. Vac. Sci. Techno!. 10 No 4 (1973) 543-556.
[4] G.P. Glazunov. Int. J. Hydrogen Energy 22 No 2/3 (1997) 263-268.
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STUDY OF ENERGY FLUX ON THE TARGET SURFACE
IN THE MODES OF PULSED PLASMA TREATMENT OF MATERIALS
V.N. Litunovsky
D. V.Efremov Scientific Research Institute of Electrophysical Apparatus
196641, St. Petersburg, Russia
The treatment of the structural materials by the high heat pulsed plasma streams is worthwhile direction of plasma technology [1]. One of the most important effect of such treatment
- the amorphisation of the metal surface layer - can be achieved at the high degree of both
melting and cooling (~107 K/s) processes. The use of the heat conduction to the bulk of
material for the achievement of needed cooling rate imposes the appointed requirements to the
heat power on the target surface. The well-founded choice of the modes of such plasma
irradiation have to be based on the knowledge of energy flux on the target surface with
consideration of the effects of the plasma shielding layer (SL), which is generated from
ionised erosion products above the target surface and protects effectively (up to 95%) material
against incident power.
The significant experience in the study of high heat plasma-material interaction in
disruption simulation experiments has allowed to solve this problem. The modes of operation
with pulse duration tp=0.09 ms, irradiation power Pilr=20-100 GW/m2 and longitudinal
magnetic field B=0-3 T were used on the V1KA facility [2] to study energy flux reached the
surface of targets (Al, SS, W, graphite). The visible radiation (400-700 nm) energy flux on the
target surface and absorbed energy were studied for this aim.
The measured values of the specific energy of visible radiation from SL on the target
surface can be characterized by the level QR O 50 kJ/m2 for irradiation power P ^ -20
GW/m2 and the absence of the magnetic field and increases up to QR -300 kJ/m2 at max.
irradiation power and B=3 T.
The total energy flux on the targets surface was identified with the measured values of the
specific energy absorbed by the samples during irradiation. The linear growth of the absorbed
energy with the rise of irradiation power was observed. The level of absorbed energy
Q»b«~100 kJ/m2 sufficient for the melting of the surface layer of most structural metals can be
achieved at irradiation power flux P ^ ~30 GW/m2. The values of absorbed energy depends
feebly on the material and magnetic field values.
It is shown that visible radiation power flux from high density (IV-IO 2 4 m"3) low
temperature (T c ~l-3 eV) SL determines in a considerable extent the energy flux reached the
target surface.
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PLASMA STRUCTURE AND DYNAMICS IN CURRENT SHEETS
FORMED IN 3D MAGNETIC CONFIGURATIONS WITH THE X-LINE
A.G. Frank'*, S.Yu. Bogdanov', S.G. Bugrov', G V. Dreiden2, V.S. Markov1.
G V. Ostrovskaya2
'A.M. Prokhorov General Physics Inst. of the Russ. Acad Sciences, Moscow, Russia;
A F. loffe Physical-Technical Inst of the Russ. Acad. Sciences, St.-Petersburg, Russia,
E-mail: annfrankGbfoLem. ru

Three-dimensional (3D) magnetic configurations containing singular lines of the X-type
are of a great concern in the magnetic reconnection problem. A vicinity of such line is
precisely the legion where it is possible formation of a current sheet, which builds up the
necessary conditions for the magnetic reconnection phenomena. 3D magnetic configurations
with the singular lines of the X-type often occur in nature (active solar regions,
magnetospheres of the Earth and planets) as well as in closed magnetic confinement systems
Recent experimental results obtained with the CS-3D device in the General Physics
Institute, Moscow, Russia, have demonstrated that current sheets can be really formed in
various 3D magnetic fields after excitation of plasma current along the X-line It has been
shown both with the interference-holographic method and with magnetic measurements that
effective plasma compression and formation of extended plasma sheets can take place in the
presence of a strong magnetic field component along the X-line. An increase of Bi| brings
about a decrease of plasma density and an increase of the sheet thickness (its minimal
dimension), by this means displaying transition to a behavior of uncompressible plasma.
We have revealed formation of the sheets taking the unusual shape, namely tilted and
asymmetric sheets, in plasmas with the heavy ions and in the presence of the Bj component.
From analysis of typical plasma parameters we can conclude that the sheet evolution and
plasma dynamics should be treated in a frame of the two-fluid approach. Specifically it is
necessary to take into account the Hall currents in the plane perpendicular to the X-line, and
the dynamic effects resulting from interaction of the Hall currents and the 3D magnetic field.
The work is supported by the Russian Foundation for Basic Research, grant 03-0217282, and by the International Science & Technology Center, project 2098.
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HARD X-RAYS BURSTS AND DD MICROFUSION NEUTRONS FROM
COMPLEX PLASMAS OF VACUUM DISCHARGE
Yu. K. Kurilenkov1, Yu.B.Konev ' and M.Skowronek2
'institute for High Temperatures of Russian Academy of Sciences, 13/19 Izhorskaya Str.,
125412 Moscow, Russia, e-mail: vkurfas.onlme.ru:
7
Laboratoire des Plasmas Denses. Universite P.& M. Curie, F-75252 Paris Cedex 05,
France, e-mail: msk(S).ccr. iussieu. fr
We study the features of random interelectrode dusty-like media in low energy nanosecond
vacuum discharges. These complex plasma ensembles of high power density (cold micrograins with
possible small fraction of hot microplasmas) are generated in vacuum discharge by an intense
energy deposition into the solid density and low volume erosion-like "target" collected in
interelectrode space (clusters, grains, microparticles of different size from anode material l Hsrj xray emission efficiency, generation of energetic ions (~1 MeV) and neutrons, trapping and release
of fast ions and/or x-rays, laser-like behavior and self-organization effects are the subjects of our
study [1]. The neutrons from collisional DD microfusion, as well as modeling of some interstellar
nuclear burning (like oxygen "burning") due to microexplosive nucleosynthesis are discussed. The
value of neutron yield from DD fusion in interelectrode space is variable and amounts to ~ 105107/4ir per shot under - 1 J of total energy deposited to create all discharge processes [1]. hi a
result of trapping of created fast deuterium ions inside of interelectrode complex plasma ensembles,
the neutron yields may be two order of magnitude higher than at experi-ments on fusion driven by
Coulomb explosion of laser irradiated deuterium clusters [2].
Partial x-ray trapping by ensembles as well as random ("stochastic") laser behaviour of
media of plasmas "dust" are considered. Last scheme with non-resonant feedback by energy have been
suggested much earlier by Letokhov [3], and assumes partial "random walk" of photons inside of xray "ball" due to multiple scattering and reflecting in disordered media of cold and hot "grains" of
any sizes. When the volume gain overcomes the surface losses, hard x-ray burst may take place.
Another specifics of particular complex ensembles like pulsating regimes of x-rays and neutron
yields, radiation pressure effects, manifestation of well defined self-organisation, accompanied by
absence of hard x-rays release, are discussed also.
We acknowledge partial support of collaborative work by NATO Science Program, Grant
PST.NR.CLG.980685 .
1. YuK. Kurilenkov, M. Skowronek et al. Journal de Physique IV 10 (2000) Pr5-4tf
Proceedings of XXX European Conf on Plasma Phys, ContrPusion, StPetersburg, July 200:
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2. T. Dirmire et al, Nature (London) 398,489 (1999); J.Zweiback et al, Phys. Rev.Lett. 84 (2000
2634)).
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PRELIMINARY TEMPORAL CHARACTERISTICS OF SPECTRAL
LINES EMISSION FROM PF-1000 DISCHARGES BY MEANS OF
MECHELLE®900 SPECTROMETER
E. Skladnik-Sadowska. M.J. Sadowski, K. Malinovski
The Andnej Soltan Institute for Nuclear Studies (IPJ), 05-400 Otwock-Swierk, Poland,
esk!adnik(a).ipi. eov. pi
A.V. Tsarenko, V.I. Tereshin
Institute of Plasma Physics and Technology, NSC KIPT, 310108 Kharkov, Ukraine
M. Scholz, M. Paduch, and K. Tomaszewski
Institute of Plasma Physics and Laser Microfusion (IPPLM), 00-908 Warsaw, Poland
The paper presents selected results of the preliminary spectroscopic measurements of
pulsed plasma streams, which were generated within the PF-1000 experimental facility
operated with the pure deuterium filling.
In order to perform detailed spectroscopic observations of the produced deuterium
plasma streams, the use was made of a MECHELLE-900 spectrometer. It made possible
measurements within the wavelength range from 200 run to 1100 nm, at different exposition
times ranging from 100 ns up to 50 ms. Particular attention was paid to the emission of spectral
lines of the Balmer series from the working gas ions (i.e. D a , Dp and DT) as well as those from
the copper species, because the electrodes were made of this material. In the paper there is
presented a temporal behavior of FWHM values and spectral lines intensities during the
investigated discharges.
On the basis of a quantitative analysis of the selected spectral lines it is possible to
determine values of the electron concentration (r^) within the investigated plasma regions,
which are of primary importance for studies of PF phenomena and estimates of fusionproduced neutron yields.
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NEUTRON EMISSION CHARACTERISTICS OF PINCHED
DENSE MAGNETIZED PLASMAS
Hellmut Schmidt
International Centre for Dense Magnetized Plasmas, Warsaw
E-mail: mail(ahellmutschmidt.de
One outstanding property of pinch plasmas ( z-pinch, plasma focus, capillary discharge ) is
the generation of intensive very high energy electron and ion beams caused by high amplitude
electromagnetic fields High temperature dense magnetized plasmas are produced in high
current electrical discharges of various geometries by fast magnetic and shock compression.
If the discharge is operated in deuterium gas, fusion reactions take place. It has been found
from neutron emission characteristics that most of the fusion reactions are originated from
beam target and not from thermonuclear processes. Ion trajectories within and outside the
plasma can be described by a general gyrating particle model (GPM). Results of space-, timeand energy-resolved measurements of fusion neutrons (2.45 MeV) and protons ( 3 MeV)
obtained from a 500 kJ plasma focus will be presented. Interpretation of the results using the
GPM will be discussed.
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THEORY AND NUMERICAL MODELING OF PROCESSES IN COAXIAL
PLASMA ACCELERATORS WITH LONGITUDINAL MAGNETIC FIELD
AN. Kozlov
Keldysh Institute for Applied Mathematics, RAS, Moscow
Many factors, above all the current crisis [1] due to the Hall effect, impede the
achievement of high velocities in plasma accelerators. In order to overcome the negative
consequence it is appropriate to go to the quasi-steady plasma accelerator proposed in [2]
The experiments generally confirmed the underlying ideas. The investigations show a real
opportunity to get flows of relatively dense plasma n > 10 CM with V = 106 + 10 CM/C.
It allows to use the plasma accelerators in space as the electric jets and in various applications
including thermonuclear installations as well. The mathematical models of tie plasma
dynamics [3-5] play an important role accelerator design. For dense plasma the processes are
investigated, theoretically and numerically, within the framework of the MHD equations.
The presence of a longitudinal magnetic field [Hlfl«H:«Hr)
opens up new
possibilities for controlling the dynamic processes in the accelerator channel
In [5] the effect of a longitudinal magnetic field on two-dimensional axisymmetric twocomponent plasma flows is determined analytically within the framework of the smooth
channel approximation for ideal magnetohydrodynamic equations. The longitudinal field
complicates the flow. For example, it leads to plasma rotation about the axis of the system. In
this case, an analysis of the most impotent properties of plasma flows showed that the Hall
effect and the anode flow zone can be significantly reduced owing to the longitudinal field.
The numerical model of two-dimensional axial-symmetrical flow in the presence of a
longitudinal magnetic field is elaborated taking into account the Hall effect (Ve * V{),
electrical conductivity tensor and transport coefficients in magnetic field depending on a>exe.
In the case of axial flow symmetry it is possible to introduce the vector potential A so that
d i v H = 0 The toroidal vector potential A^ defines the poloidal components Hz and Hr.
As a result, we have 7 equations for p, T, Vz, Vr, y^, Hp,
A^.
The boundary conditions at the entrance to the channel correspond to the subsonic plasma
inflow with V^ - 0. Models are based on ion current transport (Ven = 0). In this case the
electrodes are equipotential surfaces ET = 0 The channel geometry makes it possible to
realize transonic flow. At the outlet the boundary conditions correspond to a supersonic flow.
The simulations are based on the adaptation of flux-corrected transport method for
hyperbolic part of equations. The finite conductivity is taken into account in the parabolic
equations for ^ a n d H^ fields by means of the implicit numerical scheme.
Computer experiments describing the plasma flows in the presence of a longitudinal field
demonstrated the similarity of the results obtained on the basis of analytic model.
The work is supported by RBRF (grants NN 03-01-00063, 02-07-90027)
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INFLUENCE OF ELECTROSTATIC PLASMA LENS ON THE
EMITTANCE OF A HIGH CURRENT HEAVY ION BEAM
Yu. Chekh, A. Goncharov, I Protsenko
Institute of Physics NASJJ. 46, pr. Nauky, Kyiv, Ukraine
We describe the first results of experimental measurements of the influence of an
electrostatic plasma lens on emittance of a high current heavy metal ion beam. For ion beam
formation we use a two-chamber MEVVA ion source with a grid anode and a three-electrode,
multi-aperture, accel-decel ion extraction system. The source operates in a repetitively-pulsed
mode and produces moderate energy, low-divergence, broad, heavy metal ion beams with
primary parameters as follows: beam duration x = 100 us, beam extraction voltage U^x < 20
kV, total current Ib < 500 mA, initial beam diameter 0 = 5.5 cm, ion species Cu. The
parameters of the lenses are as follows: input aperture D = 7.4 cm, length L = 14 cm, numU
of electrostatic electrodes N = 13 Magnetic field of the lens is formed by permanent magnets,
its axial and radial gradients is minimized at the center of the lens, the magnetic induction at
that area B = 12.6 mT. The highest pulsed potential applied to the central lens electrode is
+5,5 kV. The pressure in a vacuum chamber is less than 2 * 10"5 Torr providing creation of a
plasma medium within the lens volume by the ion beam itself and by the secondary electron
emission from the lens electrodes. The main focusing properties of this lens has been reported
at [1-2]. In these preliminary works we have found experimental conditions for which optical
properties of the lens are improved drastically. Inherent plasma lens noises disappear and, at
the same time, a good compression of the beam at the focus is observed.
Under similar conditions, the measurements of the emittance of the ion beam passing
through the lens are carried out. To do this, the selection screen ("pepper-pot plate") is used to
split a continuous cylindrical beam on the set of beamlets having small cross sections. Then
these beamlets are registered photometrically and treated.
As a result of these investigations, it is shown that under specific conditions the phase
density of a beam passing through the lens is conserved, the lens being turned on and off. At
that the normalized emittance corresponding to the total current of 250 mA is about 1.6
Tt-mm-mrad.
This open up an attractive possibility to use such a type of lenses for applications in
linear accelerators of heavy ion beams.
References:
[1] Yu. Chekh, A. Goncharov, I. Protsenko. International
Conference on Physics of Low Temperature Plasma Proc.
11.16.129-p, Kyiv (2003).
[2] Yu. Chekh, A. Goncharov, I.Protsenko. Review of Scientific
Instruments, 75 (5) (2004).
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MEASUREMENTS OF PULSED ELECTRON BEAMS EMITTED
FROM PLASMA-FOCUS DEVICES
L Jakubowski and M.J. Sadowski
The Andrzej Soltan Institute for Nuclear Studies, 05-400 Otwock-Swierk n. Warsaw, Poland
lakubowskiuiiipj. zov. pi
Experimental facilities of the Plasma-Focus (PF) type produce a current sheath (CS) layer,
which is accelerated within the tubular inter-electrode gap and compressed at the z-axis near
the electrode outlet The radial compression of this CS layer forms a dense magnetized
plasma pinch column (called also the plasma-focus). This plasma column is not homogenous.
Numerous observations show that (inside the plasma region emitting soft X-rays) there are
formed micro-regions (hot-spots) of relatively dense (> 1020 cm'3) plasma achieving
considerably higher electron temperatures (> 1 keV). The whole PF pinch column, and
particularly hot-spots are sources of intense X-ray emission as well as pulsed electron- and
ion-beams. If the PF discharge is performed within a deuterium gas there are also emitted
intense pulses of fusion-produced neutrons. Investigation of the characteristic X-ray and
corpuscular pulses makes possible to determine plasma dynamics and its basic parameters. In
particular, measurements of pulsed electron beams deliver information about the appearance
of high-temperatuie dense plasma micro-regions as well as about instabilities of current
filaments and local electromagnetic fields (accompanying the formation and motion of the
pinch column). The emission of directed electron beams is a reason of differences in the
polarization of some X-ray spectral lines emitted from the investigated plasma. Therefore,
simultaneously with the registration of the selected X-ray spectrum lines, we studied their
correlation with pulsed electron beams emitted perpendicularly to the discharge axis [1] as
well as in the upstream direction, towards the anode (see Fig. 1).
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Fig 1. Correlation of time-resolved signals corresponding to the highly ionized argon lines
with electrons pulses emitted at the angle of 90° to the z-axis (A), as well as with other
characteristics of the investigated discharge (B)
It has been found that the emission of highly ionized argon lines is well correlated with the
appearance of successive hot-spots and the emission of electron beams from them. The use
was made of different diagnostic techniques, e.g. Cerenkov-type detectors with special crystal
radiators (enabling tune-resolved studies) and miniature magnetic spectrometers (enabling
time-integrated and time-resolved measurements).
[1] L. Jakubowski, M.J. Sadowski, E.O. Baronova: Temporal Characteristics of Electron
Beams from Plasma-Focus and their Correlation with Highly-Ionized Ar-Lines, Czech. J.
Phys. 54, Suppl. C (2004) 291.
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STRUCTURE OF STEADY-STATE DEBYE LAYERS IN A LOWDENSITY PLASMA NEAR A DIELECTRIC SURFACE
A. I Morozov* and V. V. Savelyev**
* Russian Research Centre Kwchatov Institute, pi. Kurchatova 1, Moscow, 123182 Russia
** Keldysh Institute of Applied h4athematics, RAS, Miusskayapl. 4, Moscow, 125047 Russia
There is an extensive literature (both general-theoretic and special-purpose)
concerning the structure of Debye layers (DLs), which always emerge in plasma near
dielectric surfaces. In these studies, the temperature is generally assumed to be sufficiently
low in order for secondary electron emission (SEE) to be of minor importance and the
problem can be reduced to an analysis of the balance between the fluxes of charged particle
onto the dielectric wall.
Therefore the development of adequate theoretical models of the Debye layer
applicable to a wide temperature range is a very important problem, first of all, because such
models will allow one to determine the near-wall electron conductivity and heat fluxes onto
the wall in various plasma devices. To do this requires knowledge of the distribution function
of the secondary electrons.
Exact steady-state analytic solutions describing kinetic processes in a low-density
plasma layer near a dielectric surface are found in a time-independent one-dimensional model
with allowance for SEE. In order to deduce the equation for the surface charge density on the
dielectric wall and to set the boundary condition for electron distribution function at the wall,
it is necessary to assume a certain model of SEE at the wall. We suppose that, when an
electron collides against the wall, one of the three possible events occurs: (i) the incident
electron disappears and the wall acquires a negative charge, (ii) one secondary electron is
knocked out from the wall, and (iii) two secondary electrons are knocked out from the wall.
It is shown that, at low electron temperatures, both the electric potential and electron
density monotonically decrease toward the dielectric surface (Debye layer). As the electron
temperature increases, an anti-Debye layer first forms, in which the potential and electron
density monotonically increases toward the wall, and regimes with a nonmonotonic potential
profile then arise.
An alternative way of finding steady-state solutions is to solve the time-dependent
problem numerically by a relaxation method, starting from rather arbitrary initial data. The
computations performed within the parameter range of interest show that the solution always
relaxes to a steady-state one. The perturbations of boundary conditions do not affect the timeaveraged (on a time scale much fonger than the plasma period) profiles of the main plasma
parameters. This is evidence in favor of the stability of the steady-state solutions obtained.
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HYDROGEN DYNAMICS UNDER PULSED PLASMA STREAMS
INTERACTION WITH REVERSIBLE HYDROGEN GETTERS
V.N Bonsko', O.V. Byrka2, I.E. Garkusha2, A.K. Marchenko2, V.I. Tereshin2,
A V Tsarenko2, J. Baranowski3. E. Skladnik-Sadowska3, M.J. Sadowski3
1
Kharkov National University, Svobody sq. 4, 61077 Kharkov, Ukraine
institute of Plasma Physia of the NSC KIPT, Akademicheskaya Str.,1, 61108 Kharkov, Ukraine
1
The Andnej Soltan Institute for Nuclear Studies, Swierk, Poland

Hydrogen getters can be used in fusion devices for the creation of a controlled flow of
hydrogen isotopes from ihe material surfaces to be exposed to hot plasma.
The paper presents results of investigations of hydrogen dynamics under the interaction
of pulsed plasma streams with metal-hydrides on the base of ZrssV^Fes alloys in conditions
of high-heat load. Tablets of the ZrssV^Fej [1] getter (of 20 mm in diameter and 8 mm in
thickness) were manufactured by pressing with an additional binding-dopant (copper
powder), and they were saturated with pure hydrogen. The total quantity of hydrogen
accumulated in the sample material was 2 ndm3 (under the atmosphere pressure).
The experiments were carried out within the IBIS facility. That rod-type plasma injector
(RPI) was described elsewhere [2]. As working gases either nitrogen or hydrogen were used
Energy density in plasma stream was varied in the range of 10-20 J/cm2, mean energy of ions
achieved 10 kV, pulse duration - 1 us.
The plasma stream energy density and that delivered to the metal-hydride and copper
samples surfaces were measured with a miniature copper-calorimeter. The plasma irradiation
induced desorption of accumulated hydrogen, due to the high-speed heating and the formation
of gas shield layer in front of the tablet surface. That layer been ionized by incoming plasma
decreased considerably the value of an energy density, which was delivered to the sample
surface [3].
Hydrogen spectra in plasma shield were studied with MECHELE®900 optical
spectrometer. Plasma density close to the sample surface obtained from Stark broadening of
hydrogen lines achieved 5x10" cm"3. Lines of getter components were also analyzed.
Duration of plasma shield existence obtained from optical measurements essentially exceeded
both time of plasma stream exposure and duration of plasma shield for metal targets
irradiation. Hydrogen spectral lines are observed during 12-15 us. Comparative analysis of
shielding layer parameters for nitrogen and hydrogen plasma irradiation has been performed.
Changes in temporal behavior of Ha and Hp lines and electron temperature in plasma shield in
dependence on number of exposures are discussed.
Thermal desorption curves of samples before and after the plasma irradiation were
obtained. Dependence of desorption peaks on initial level of saturation by hydrogen was
found Hydrogen sorption of non-saturated getter under hydrogen plasma stream irradiation
was investigated also. The contributions of two competitive processes, e.g. the hydrogen
doping by plasma stream during the interaction with the target and desorption of hydrogen,
have been discussed.
1

V Borisko, V. Bobkov, V. Chebotarev et al., in book. A Hassanein (ed) Hydrogen and Helium
Recycling at Plasma Facing Materials, Kluwer Academic Publishers 205-212 (2002).
2 J Piekoszewski, J. Langner, elal., Nucl. Instrum. Meth. B53 148(1991)
3. VN Borisko, IE Garkusha, V.V Chebotarev et al., Journ of Nucl. Mat, 313-316C (2003)
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EXPERIMENTAL STUDIES OF THE INTERACTION OF ION- AND
PLASMA-STREAMS WITH CARBON-BASED TARGETS PLACED
NEAR A CATHODE OF PLASMA-FOCUS FACILITY
V A. Gribkov1'3'. A.V. Dubrovsky2', R. Miklaszewski3*, M. Paduch3), K.. Tomaszewski31,
M. Scholz3', V.N. Pimenov", Yu E. Ugaste4), M.J. Sadowski 3 ", E Skladnik-Sadowska51,
K. Malinowski5', A.V. Tsarenko6'
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The A.A. Baykov Institute of Metallurgy and Material Sciences, 119991 Moscow, Russia;
NSC Institute Theoretical and Experimental Physics, 1172IS Moscow, Russia;
3)
Institute of Plasma Physics and Laser Microfusion flPPLM). 00-908 Warsaw, Poland;
4)
Tallin Pedagogical University, 10120 Tallin, Estonia;
5)
The Andrzej Soltan Institute for Nuclear Studies (1PJ), 05-400 Otwock-Swierk, Poland;
' Institute of Plasma Physics, KJPT, 310108 Kharkov, Ukraine;
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The paper presents measuring techniques and results of experiments performed within the
PF-1OQ0 Plasma-Focus facility [1-2] in order to investigate the interaction of high-energy
deuteron beams (of E D >100 keV) and deuterium plasma streams (of vsu > 107 cm/s) with
carbon-based materials, designed for the first wall of a future thermonuclear reactor of the
1CF or MCF type. Particular attention was paid to the verification of diagnostic techniques
which might be used for time- and space-resolved studies of the interaction of ion- and
plasma-streams with the targets placed near the cathode outlet within the experimental device.
Energy stored within the PF-1000 facility was varied from 6t)0 kJ to 800 kJ The peak
discharge current amounted to 2.3 MA. The working gas was pure deuterium under the initial
pressure changed from 400 to 600 Pa. A distance between the anode and the investigated
samples (targets), which were placed near the cathode outlet, was equal to about 15 cm. The
plasma power density upon the target surface reached 1010 W/cm2 and the interaction period
was varied form 0.1 to 1.0 (is.
The first measuring technique was based on recording of the plasma VR through a slit
placed perpendicular to the discharge axis, at a distance of 3 cm from the anode end. That
method enabled the "quality" of successive discharges to be determined as regards the plasma
stream velocity, its symmetry and the compression of a PF pinch column at the z-axis. It made
possible to discern "good shots" (i.e. fast, symmetrical and high-compression discharges)
from "weak shots" (i.e. slow, unsymmetrical and low-compression ones).
The second technique used a 4-frame high-speed camera for the observation of the VR
from a PF pinch column as well as that from plasma produced between the pinch region and
the investigated target. That technique enabled to determine a velocity of the plasma streams
along the discharge axis (formed in the front of the target due to shock waves), to observe the
structure of the fast ion beams emitted from the PF-facility, as well as to estimate a velocity of
the expansion of a secondary plasma produced by fast ions and that from the irradiated target.
The third measuring technique used a 4-frame camera recording soft X-rays. It appeared
to be useful particularly for the determination of the spatial- and temporal-localization of
three investigated plasma types.
The fourth diagnostic technique was the optical spectroscopy. It enabled a density and
temperature of plasma produced from the irradiated targets to be estimated.
[1] M. Scholz, R Miklaszewski, V.A. Gribkov, F. Mezzetti, Nukleonika45 (2000)23.
[2] M.J. Sadowski, M. Scholz, Proc. 30th EPS Conf. CFPP, ECA Vol. 27A (2003) P-1.207.
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STUDYING OF INITIAL STAGE OF WIRE EXPLOSION
S.I. Tkachenko*, S.A.Pikuz, T.A.Shelkovenko, A V.Agafonov, S.Yu Guskov,
G V Ivanenkov, A.RMingaleev, V.M.Romanova, A.E.Ter-Oganesyan
P.N. Lebedev Physical Institute, 53 Leninskiiprospect, 119991 Moscow, Russia;
*Jnstitule for High Energy Densities, RAS, Ii/19 Izhorskaya, 125212 Moscow, Russia
Wire array experiments where wire basic mass conserved the initial location instead of
a cylindrical shell posed the problem of a so-called "cold start" of discharge. The problem
consists in the necessity to consider at once the four thermodynamic states of the object, and
is especially important for general understanding of discharge process. Energy deposition into
the wire during initial stage of the discharge in vacuum is usually limited by breakdown
between electrodes along the wire surface. A wire explosion in a gaseous and condensed
media prevents early breakdown and extends possibilities of study of phase transitions of the
wire material. In the present work we studied the influence of the external media on the
explosion of micron-size wires by a nanosecond discharge. The aluminum, copper, nickel and
tungsten wires of the diameter d=10-50 (im were exploded in vacuum, water and oil by the
current pulse with the growth rate of 1010 - 1 0 " A s . The current pulse with the risetime of
200 ns and the amplitude up to lOkA was produced by a generator based on a low-inductance
capacitor, the discharge voltage being 20 kV. Electrical parameters of the discharge were
measured, and wire resistivity and energy deposition versus time were determined. In
numerical modeling we used a wide-range semi-empirical equation of state with account of
phase transitions and metastable states. In accordance with the nucleation mechanism we
estimate the explosion time and the theoretical limits of the energy deposited into the wires at
the resistance stage of heating.
We discuss the experimental results on obtaining the wire explosion images in gaseous
and liquid media with the help of hard X-ray radiation of an X-pincn in the BIN facility diode
(270 kA, 150 ns; P.N.Lebedev Institute). Exploded wires were placed outside the BIN
vacuum chamber and images were registered on the film without magnification. Spatial
resolution was limited by film grain structure, and reached 20-30 nm. Spectral range of the
imaging radiation (15-30 keV) was determined by vacuum chamber window material, film
sensitivity and thickness of the media where wire was exploded. Temporal resolution was
about 10-20 ns and depended on X pinch wire material and thickness.
The work is partially supported by the ISTC Project 2151 and RFBR 04-02-17292
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CHARGED PLASMA INTERACTION WITH A SURFACE
IN CROSSED FIELDS
A.V.Agafonov1, V.M.Fedorov2, V.P.Tarakanov2
'Lebedev Physical Institute of RAS, Leninsky prosp. 53, Moscow, 119991 Russia
Institute for High Energy Densities of RAS, Izorskaya 13/19, Kfoscow, 125412 Russia

2

Problems of non-linear dynamics and non-stationary behaviour of charged plasma interacting with secondary emission surfaces in crossed ExB-fields are discussed from the point of
view of the investigation of new approaches for microwave electronic devices. Selforganisation of flows and formation of regular space structures due to the feedback at the
emitting surface is shown. The results of computer simulations of electron clouds formation
due to non-linear azimuthal instability inside coaxial systems embedded inside in external
magnetic field under the condition of strong non-uniform secondary self-sustaining emission
are described. The existence of quasistationary, rotating state of charged flow has been shown
under conditions of conservation of full power and full momentum of the system. It is emphasised the dominant influence of a feedback due to non-uniform secondary emission on
dynamics of plasma flow modulation and on arising of a leakage current across external magnetic field.
Work supported by RFBR under grant 03-02-17301.
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FEMTOSECOND LASER PLASMA: REVIEW OF INVESTIGATIONS
AND CALCULATION MODEL
N.Bougrov, S.Kholod, N.Zakharov
Central Institute of Physics and Technology,
Sergiev Posad, Moscow Region, Russia
Review of experimental and theoretical investigation of physical processes in femtosecond laser plasma is presented. Such effects, as X-ray and electric-magnetic wave emission,
high energy electron and ion beams are described. It is shown that ultrashort laser pulse with
duration comparable to period of wave oscillation (less than a few femtoseconds) is absorbing
by inner electrons in contrast to absorption of more lasting laser pulses by outer electrons. The
problem of mathematical modeling of these processes and corresponding computer code development is observed.
Technological applications, such as production of high power X-ray and particles
plasmas sources, laser precision shaping and machining of different materials are discussed.
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HYDROGEN SATURATION INFLUENCE ON EROSION BEHAVIOR
OF THIN TUNGSTEN FILMS UNDER STEADY STATE NITROGEN
PLASMA IMPACT
G.P Glazunov, A.A. Andreev, D.I. Baron, ED. Volkov, A.Hassanein ,
KM. Kiiaevskiy, A L Konotopskiy, V.I. Lapshin, l.M. Neklyudov, A.P. Patokin
National Science Center "Kharkov Institute of Physics and Technology", 6] 108 Kharkov,
Ukraine
^
National Laboratory, 60439 Argonne, IL, USA
Tungsten is one of the most erosion resistible materials, which has good chance to be
used in ITER [ 1 ] and, perhaps, in a future fusion reactor, especially, in divertor region. Taking
into account redeposition processes, tungsten films can be formed on surfaces of plasma
facing components (PFC). Also W-coatings could be specially produced for surface
reconstruction of ruptured parts of PFC [2]. Such films can change properties of PFC
materials, such as, erosion behavior, hydrogen isotopes behavior etc. On the other hand,
hydrogen isotope saturation of W-films could change their properties, e.g., erosion rate.
In this work the erosion behavior of W-Pd bimetallic (two-layer) system was studied
for both hydrogen saturated and non-saturated states in steady state nitrogen plasma of a
mirror Penning discharge, which was ignited at magnetic field of 0.05T, and at a nitrogen
pressure of 2 10'3Torr. The ion energy values were 0.8keV - 1.6keV, irradiation doses were
10 l8 -10 M ions/cm2. Tungsten films (0.1-10u thickness) were produced by vacuum-arc
method, by method of chemical vapor deposition and by sputtering in magnetron-type
discharge Substrates for W-film deposition were palladium foils of 0.1-lmm thickness. It had
been shown that erosion coefficient of W-films weakly depends on ion energy and its value is
in a good agreement with literature data on W sputtering by monoenergetic ions N+. It had
been found (in the contrast to bare Pd in [3]), that hydrogen saturation of W-Pd system up to
concentration H/Pd=0.65 leads to decrease of the erosion coefficient of W-films in 2-5 times,
in compare with non-saturated state, similar to lithium sputtering yield behavior after
deuterium saturation, which was observed in the work [4). Possible mechanism is discussed to
explain such erosion behavior of W-films.
Shelling erosion (hydrogen induced macro-blistering and macro-flaking) of tungsten
films on Pd was observed after repeated long time hydrogen saturation of W-Pd system at
room temperature Hydrogen diffusion from Pd-substrate and its segregation in those parts of
film-substrate interface, which have increased defect concentration, is considered as the
possible reason of such damages. For all kinds of W-Pd system strong shape changes were
observed, as non-elastic residual form deformation from flat to convex, after long time
exposure of samples in hydrogen atmosphere. The possible physical reasons of such damages
are discussed.
[1] T Tanabeet al., J. Nucl. Mater. 241-243(1997) 1164-1169
[2] M. Taniguchi et al., J Nucl. Mater. 307-311 (2002) 719-712
[3] G. P. Glazunov et al., J. Physica Scripta T103 (2003) 89-92.
[4] J. P. Alain. D N Ruzic. Nuclear Fusion 42 (2002) 202.
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THE ELECTRIC ARC PLASMA TEMPERATURE: THE ROLE OF THE
SECONDARY STRUCTURE OF THE COMPOSITION ELECTRODE'S
WORKING LAYER
I.L.Babich', A.N Veklich', L.A.Kryachko2, R.V Minakova2, V.Ye.Osidach1
1

Taras Shevchenko Kyiv National University, 64, Volodymyrs'ka Str., Kyiv 01033, Ukraine, email: van@univ.kiev.ua
2
lnsHtute of Materials Technology Problems NAS ofUkraine, lab.29, 3, Krizhanivs'kyStr.,
Kyiv 03142, Ukraine, e-mail: 29min@ipms.kiev.ua

The composition materials on the copper base Cu-BN, Cu-Cr^Os-B, Cu-W (Mo) as
electrode materials are used in the technology of the dimensional electro-erosion treatment of
the mechanically intractable substances (hard alloys, alloys on the titanium base, tool stee-;
etc.) It was found the efficiency of the electro-erosion treatment essentially increases if we
use the boron-containing compound as the addition to the Cu-W (Mo) composition.
Composition materials Ag-CdO with 5-20 % (mass) of oxide contents more often of other
systems Ag-MeO (Sn, Zr, Cu) are used for electrical contacts of low-voltage switchgear.
These contacts are characterized by small wearing and high stability against welding together.
In this paper the radial profiles of the plasma temperature of the electric arc between
electrodes from composition materials on the base of cooper (Cu, Cu-Mo, Cu-Mo-LaB6) and
silver (Ag-Ni, Ag-CdO) are studied by optical spectroscopy techniques.
The arc was ignited between the end surfaces of the non-cooled electrodes. The
discharge gap lak was of 2, 4, 6 or 8 mm. The diameter of the rod electrodes was of 6 mm. To
avoid the metal droplet appearing a pulsing mode was used: the current pulse up to 30 A was
put on the "duty" weak-current (3.5 A) discharge. The pulse duration ranged up to 30 ms. A
quasi-steady mode was investigated. A 3000-pixel CCD linear image sensor (B/W) Sony
ILX526A accomplished fast scanning of spatial distributions of radiation intensity. It allows
the recording of radial distributions of unsteady-state arc radiation intensity in arbitrary spatial
sections simultaneously. The ISA interface slot of IBM PC in a control and data exchange is
used. The hardware and software was especially designed for plasma investigations.
a. Plasma of the electric arc between composition electrodes on the copper base
Cu-Mo-LaB6
The radial profiles of temperature in plasma are determined in the average cross section
of the discharge gap 1^ = 2, 4, 6 and 8 mm in air at arc currents 3.5 and 30 A.
As recently was found some secondary structure on a surface of composition electrodes
can be realized during the discharge operation. From the obtained radial temperature profiles
the key role of the condition of the surface electrode follows. Really the presence of the
secondary structure must decrease the erosion of the electrode material. As a result the
amount of lightly ionized metal vapor in a discharge gap must be decreased. Therefore at the
same arc currents the temperature in plasma column must be higher in case of secondary
structure on a surface of electrodes.
b. Plasma of the electric arc between composition electrodes on the silver base
We also measured the radial profiles of temperature in plasma of the arc between Ag,
Ag-CdO and Ag-Ni electrodes. The secondary structure on a surface of electrodes from
composition materials on silver base is realized during the arc discharge operation too. The
influence of such secondary structure on the arc plasma temperature was found.
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INVESTIGATION OF REFLECTING DISCHARGE WITH THE
SECTIONED METAL-HYDRIDE HOLLOW CATHODE
V.N. Borisko, D.V. Zinov'ev, Ye.V KJochko, IN Sereda, A F. Tseluyko
Kharkov National University, Kurchatov av. 31, 61108, Kharkov, Ukraine
E-mail: bohsko@htuni. kharkov. ua
In this paper the results of experimental investigations of the reflecting discharge in
hydrogen environment using sectioned metal-hydride hollow cathode are presented. The
sectioned hollow cathode was made from five disk electrodes 5 mm thick and diameter 20 mm
with a hollow diameter 6 mm in the center. The electrodes of the hoUow cathode were made
from getter alloy Zr$oV5o saturated by hydrogen and pressed with copper binder. The initial
hydrogen saturation was 230 cnf/g of the alloy at standard condition. These electrodes were
set on the same axis and electrically separated from each other with ceramic insertion 1 mm
thick. In the comparative experiments hollow cathode from copper with the same dimension
and construction was used. Working gas (hydrogen) supply was realized both from balloon,
and metal-hydride hollow cathode at the expense of desorption of hydrogen caused by ion
bombardment. Such application of reversible sorbent of hydrogen as a material of the cathode
allowed avoiding working gas feeding directly into the hollow of the cathode.
The current-voltage characteristics of the discharges using metal-hydride and copper
cathodes were explored. It was shown that hollow cathode effect is observed at lower voltage
drop on the discharge in case of using reversible sorbents of hydrogen as constructive element
of the cathode.
The conditions of plasma penetrating into hollow of the cathode were determined
experimentally. It was shown that in case of metal-hydride cathode plasma penetrates deeper
in the hollow in comparison to copper cathode under the same parameters of the discharge.
Such an effect is caused by desorption of hydrogen from metal-hydride.
The investigations of excitement of hollow cathode mode under different potential
supply on cathode sections and depending it on initial saturation degree of metal-hydride
element were carried out as well.
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THE HYDROGEN PLASMA INJECTOR WITH THE METALHYDRIDE HOLLOW CATHODE
A.F. Tseluyko, V.N. Borisko, D V. Zinov'ev, IN. Sereda, A.A. Drobishevskaya
Kharkov National University, Kurchatov av. 31, 61108, Kharkov, Ukraine
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The intensive pulse source of synthesized electron-ion beams based on the Penning
discharge using the metal-hydride hollow cathode is offered. Using the metal-hydride alloy
Zr5oV5oHx as the electrode material for pulse forming of the working gas pressure in the
source is the feature of the device. The necessary working pressure is formed in a moment of
the voltage pulse due to desorption of hydrogen from the metal-hydride hollow cathode under
the action of ion bombardment.
The operation of the plasma injector is provided by supply of the positive potential
1... 4 k V to the anode of the Penning cell and supply of the negative potential 0,5... 1,0 kV to
the hollow cathode relative to the potential of cathodes. The ion current density in the source
is 50... 100 mAlcm2 at the average energy of ion and electron beams 0,5. . 1 ke V. The studying
of the energy distribution function of electron and ion beams was carried out with the help of
the Uz-Rojansky energy-analyzer.
The criterion of choosing of the metal-hydride alloy, as the hollow cathode material was
the possibility of its operation both in desorption and sorption mode of hydrogen in the
vacuum conditions. The additional requirements were: the low equilibrium pressure of
hydrogen at the room temperature (because during the intervals between pulses in the plasma
injector the pressure should be maintained not above 10"2 Pa), not high temperature of the
hydrogen desorption. The decomposition of the hydride phases of chosen alloy provides the
desorption of the hydrogen isotopes in the range of working temperatures 400...900 K. The
experiments have shown that the proposed source of the charged particles operate stable at the
low starting pressure p = 10~3 Pa.
The features of excitation of the metal-hydride hollow cathode were pointed out. The
injector parameters and the dependences on hydrogen saturation degree of metal-hydride were
presented.
The possibility of using the pulse injector with the metal-hydride hollow cathode for
creating of the primary plasma with the necessary gradients of concentration and hydrogen
pressure in the discharge tube of the plasma diode is examined.
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THE DUAL BEAM EXPERIMENT FOR INVESTIGATION OF IONSURFACE INTERACTIONS
I. Bizyukovab, K. Krieger", N. Azarenkovb
° Max-Planck-lnst itul fur Plasmaphysik, EURATOMAssociation, Boltzmannstrafie 2.
D-S5748 Garching, Germany:
b
Kharkiv National University, Faculty of Physics and Technologies, 31 Kurchatov Ave.,
Kharkiv 61108. Ukraine

The simultaneous bombardment of the W surface by hydrogen isotopes and impurities, for
example carbon, leads to synergistic effects with significantly different plasma-wall
interaction properties compared to the ones of pure hydrogen or pure carbon bombardment.
This process also leads to formation of mixed surface layers whose properties usually differ
from the original wall material.
To study various synergistic effects the dual beam experiment has been designed. This
setup consists of the vacuum chamber, a Duoplasmatron ion beam system for simulation of
deuterium flux, a Sputter ion beam system for simulation of impurity flux and a MeV ion
beam line for performing of ion beam analysis (IBA). The vacuum chamber contains the
samples fixed on a movable holder, a Faraday cup for precise measurement of the beam
current, beam rubes. The vacuum chamber is connected with Tandem accelerator by an ion
beam line that provides various types of IBA like proton induced x-ray emission (P1XE),
Rutherford backscattering spectroscopy (RBS), nuclear reaction analysis (NRA).
Ion sources are capable to irradiate targets with a fluxes up to 1 0 l 9 m ' V . The
Duoplasmatron ion source can produce argon and hydrogen isotope ion beams with energy
from 0,5 to 10 keV with an energy spread of 25 eV. To separate different species the 60degree bending magnet is used. The Sputter ion source is a heavy ion source that can generate
negative ions from a wide variety of materials. The relevant species for study of plasma-wall
interactions in fusion devices among them are: H"\ 9BeH~, O", 12C", 28Si", 48TiH3", MVH~,
5
'V<r, 56Fe-, 56FeH", 56FeC", 58Nf, m T a r T , TaCT, 186W~, 1MWC" and other. A 30-degree
mass analysis magnet is used for separation of the various ion species of the negative ion
beam and capable to separate mass 184 from mass 200.
In initial experiments W thin films produced by magnetron sputtering technique were
irradiated with D ion beam. The sputtering yield and retained deuterium concentration were
measured.
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TEST OF PURE HYDROGEN INFLOW SYSTEM DURING CLEANING
AND WORK REGIMES OF THE URAGAN-3M TORSATRON
G.P. Glazunov. E D . Volkov, D.I. Baron, N.P. Ponomarenko
Institute of Plasma Physics of NSC K1PT, 6! 108 Kharkov, Ukraine
Earlier the simple construction of the diffusion membrane module system for pure
hydrogen inflow in the Uragan-3M (U-3M) torsatron had been suggested and simulation
experiments with experimental module were carried out [I]. The results obtained in that work
had shown the principal possibility of such system creation with the required characteristics
for the U-3M torsatron. Then the real construction have been designed, constructed and
mounted in the U-3M device. The system includes a block of diffusion membranes, which
comprises of seven diffusion modules, each of other has independent heating sysfem.
hydrogen input line and pumping line to provide the functioning of diffusion modules, AS
diffusion membranes were used the 3ujn TiN-film coated palladium tubes. There was the
possibility to control membrane heating and pressure in the U-3M vacuum chamber from the
diagnostic room.
The tests of the system work were carried out during pulsed discharge cleaning and
work regimes of the U-3M torsatron at the usual parameters [2]. Ii had been shown that the
inflow system provides steady flows of hydrogen over the pressure range from 5xlO'7 Torr to
10"* Torr. Under RF-discharge cleaning regime (hydrogen pressure is 10"4 Torr) five or six
diffusion modules were required to provide the necessary flow about 10 Torr.l/s. Under
plasma experiment condition (required hydrogen pressure is 10~3 Torr) only one or two
modules were used, providing hydrogen flow about 1 Torr.l/s. The maximum power
consumption at the time of the work of six diffusion modules was not more than 400 Watt.
As the TiN-coated diffusion membranes were used, the comparison characteristics of
hydrogen permeability (isobars and isotherms, activation energies) of such membranes and
bare Pd-membranes were examined. It had been shown that at the medium high temperatures
(300-500°C) these performances are nearest ones.
The special cyclic procedures of membrane heating and pumping to provide the long
life time of membranes, and required reliability and stable flow are described.
(1] G.P.Glazunov et al Problems of Atomic Science and Technology. Series: Plasma Physics
(6) No 6 (2000) 50-51.
[2] E.D.Volkov et al. Proc. of Int. Conf. on Phenomena in Ionized Gases, July, 11-16, 1999,
Warsaw, Poland, Contributed papers 1 (1999) 205-206.
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COMPARABLE ANALYSIS OF SHIELDING LAYER PARAMETERS
FOR DIFFERENT TARGET MATERIALS UNDER THE PLASMA
STREAM EXPOSURE
A.V. Tsarenko, S.A Trubchaninov, A.K. Marchenko,
V.V. Staltsov, V.I. Tereshin, V.V. Chebotarev
Institute of Plasma Physics of the National Science Center "Kharkov Institute of Physics and
Technology",6! 108Kharkov, AkademicheskayaStr.,1, Ukraine
Numerous experiments on the plasma-wall interaction problem have been performed
with the powerful quasi-stationary plasma accelerator (QSPA) K-50 device during last decades
[1-3]. Special attention was focused on the dense plasma layer, so-called shielding layer, -which
is formed near a target surface under the influence of a high-power plasma stream. Plasma
parameters of a shielding layer - the electron density and temperature, impurity composition and
densities of evaporated target material - determine its emissivity and other thermal properties,
and therefore the screening effect. The electron density measurements with spatial and temporal
resolution were carried out using interferometer (field of view - 200 mm) [1,2] or high-speed
camera (VFU-1) conjugated with spectrograph. The temperature measurements were realized by
the spectral techniques also [2]. These investigations were carried out with different target
materials (carbon, tungsten, steel etc.) under the different plasma stream parameters. In spite of
the enormous content of the experimental data, a whole series of problems were remained
undecided. That is, in particular, the relationship between target material and basic plasma
parameters of a shielding layer Another problem consists in the density of evaporated
(sputtered) material and its spatial distribution. There was only one experiment on the
determination of the evaporated material concentration - the case with aluminum target [3].
This work is summing up on the systematical spectroscopic investigations of shielding
layer parameters for different target materials at the same experimental conditions: plasma
stream parameters, geometry of a plasma-target interaction. Comparable analysis was performed
in wide range of the atomic weight values, at the same sample sizes (012 cm) - of an order of
plasma stream diameter. Plane surface of die target was perpendicular to the plasma stream (and
magnetic field lines). The following target materials were in use: tungsten, copper, titanium,
aluminum and fluoroplastic, overlaying in that way the atomic weight range from 12 (C) up to
184 (W). The plasma parameters (peak values) obtained at the longitudinal magnetic field
B=0.54 T were as follows: Ne~1017 cm"3 (measured from Hp linear Stark-effect), Te~2.7 eV,
plasma pressure ~16 Bar. Working gas was hydrogen with a small diagnostic dope of nitrogen.
The electron density was obtained using quadratic Stark broadening of ion spectral lines (Nil,
NIII as a rule). The electron temperature distributions were found from the ratio intensities of
Nil, NIII and NIV spectral lines. In order to minimize relative uncertainties of measurements we
used the same spectral lines for all targets.
The spatial distributions (time-averaged) of the evaporated material densities and
corresponding quantitative evaluations were obtaining from the spectral lines intensities.
1. V.V Chebotarev et al., J. Nucl. Mat. 233-237 (1996) 736.
2. V. V Chebotarev et al., Problems of Atomic Science and Technology. Series "Plasma
Physics".Kharkov -2000, 6(6), p. 175-178.
3. A. K Lobko et al., Problems of Atomic Science and Technology. Series "Plasma
Physics".Kharkov -2002, 5(8), p. 151-153.
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DUST ION-ACOUSTIC SHOCKS AND DISSIPATJVE PROCESSES IN A
Q MACHINE DEVICE
S.I. Popel", T V Losseva", A.P. Golub3, R.L. Mer(inob, S.N. Andreev c
'Institute ofQeospheres Dynamics, Russian Academy of Sciences, Leninskypr. 38-1, Moscow 119334, Russia:
Department of Physics and Astronomy, The University of Iowa, Iowa City IA 52242. USA;
'Prokhorov Institute of General Physics, Russian Academy of Sciences, Vavilova sir. 38, Moscow, 119991,
Russia

Dust ion-acoustic shocks in a Q machine device are considered The results of experimental
studies of these shocks are presented. For the description of the dust ion-acoustic shocks the so-called
hydrodynamic ionization source model is used The model is appropriate for the description of the
laboratory experiments in a Q machine device and contains the most important basic mechanisms
responsible for the formation of the dust ion-acoustic shocks The consideration on the basis of this
model allows us to describe all the main features of the experiments on these shocks. A comparative
analysis of various dissipative processes occurring on ion-acoustic time scales during the excitation
and propagation of nonlinear dust ion-acoustic perturbations in a complex (dusty) plasma is
performed in terms of a purely kinetic approach and a hydrodynaniic approach. It is found that the
most important dissipative processes are the charging of dust grains, the absorption of ions by grains,
the transfer of the ion momentum to the grains, and the Landau damping. For small dust densities the
Landau damping plays the crucial role, while an increase in the dust density results in a decrease in
the significance of the Landau damping.
This
work
was supported by the
(projects nos. 03-02- 16664-a, 03-05-64813-a).
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CORONA DISCHARGE WAVES IN THUNDERCLOUDS AND
FORMATION OF THE IONIC CHANNELS
Tatiana V. Losseva, Andrey S. Fomenko, Ivan V. Nemtchinov
Institute o/Geospheres Dynamics, Russian Academy of Sciences, Leninskypr. 38-1, Moscow,
119334, Russia
Measurements of electric field strength in the thunderclouds persistently give values by an
>rder of magnitude lower than the breakdown threshold of the pure air. Models of lightning
propagation through the thundercloud usually start with existing highly conductive channel in the
cloud of rather large length and rather thin, at the end of which the field is already enhanced due to
charge redistribution along the channel and thus the channel may increase its length due to streamers
and leader formation. It is not clear how such long highly conductive channel may be formed
It is well known that the droplets, ice particles, hailstones or snowflakes may enhance the
electric field and produce corona discharge. We assume that in a small part of the thundercloud an
exceptionally high concentration of large hailstones or (and) water drops is formed and the onsetstrength of the corona discharge becomes smaller than the background electric field. Polarization of
this "hot spot" (high conductivity and high ionttalion rates) produces charges at opposite sides of this
volume. The increased electric field initiates corona discharge in other parts of the cloud with
"normal" sizes hailstones and water droplets. The high conductivity channel increases its length. The
corona discharge front moves as a wave with the velocity of the order of ion drift velocity increases.
A simple analytical model of such a wave is developed. 3D numerical simulations are
fulfilled
128

UA0500793
5-25
INTERACTION OF LASER PLASMA WITH Al SURFACE AND
FORMING INTENSE FLOWS OF MULTIPLY CHARGED IONS
M.R.Bedilov, R M.Bedilov, A.R.Matnazarov, I.Yu.Davletov, andSabitovM.M.
Research Institute of Applied Physics, Tashkent, Uzbekistan, e-mail: beditov@yandex.ru
It is known that at interaction of powerful laser radiation with a solid the plasma with
multiply charged ions is formed. The high increase of recombination losses for ions with the
highest charge multiplicities (Z > 2) in a single-component laser-plasma was found, which
resulted in a considerable decrease of their intensity. Researchers did not succeed in reducing
the increase of losses through the recombination processes for multiply charged ions and,
consequently, in increasing the intensity of their flows either by changing the laser power
density or by selecting targets of single-element composition.
In this paper, the results of study of Al-wall influence on formation of the charge and
energy spectra of multiply charged Al laser-plasma ions are given, with the purpose to
increase the intensity of multiply charged ions relatively to the single-charged ions. The
experiments were carried out on experimental installation described in [1]. The Al-wall was
placed parallel to a target surface - of laser plasma source. Distance between targets was
altered within / = 0-15 mm, at the expense of displacement of Al-wall.
The mass-charge and energy spectra of multiply charged laser plasma ions were
experimentally obtained both at free expansion, and with Al-wall. From the experimental data
obtained we can conclude that in the presence of Al-wall on trajectories of Al plasma escape
the spectrums of multiply charged ions change as compared with the case of the free
expansion of plasma in vacuum. It has been found that at optimum value / = 12 mm there
were observed an increase of the maximum ion energy and charge state, and also of the
number of multiply charged laser plasma ions. The detected maximum charge state of
multiply charged ions at free expansion of plasma was equal Z ^ = 7, and it increased up to
ZDHK = 9 in the presence of Al-wall (/ =12 mm) with the same q of laser radiation. We note
that at free expansion of plasma in vacuum for obtaining ions with similar charge state, it
would be needed to increase q in 2.5-fold. At free expansion of plasma the maximum energy
of multiply charged ions was Em** < 3 keV, and in the presence of Al-wall the broadening of
an energy spectra of multiply charged ions occurred, and the maximum energy of ions
increased up to E w = 5 keV.
In the presence of Al-wall the structure of energy spectra of multiply charged laser
plasma ions was smoother than in the case of freely expansion plasma. Also we observed the
increase of the number of detected multiply charged laser plasma ions. It was found that
formation of charge state and energy spectra depend not only on the distance between two
targets, but also on the elemental composition of a secondary target. Experimental data,
especially an increase of intensity of multiply charged ions, are explained by features of
structure of the front of a shock wave arising under interaction of plasma with a secondary
target.
[1] Bedilov, M.R. and Khaitbaev, K., Prib. Tekh. Eksp., 1996, no 6, p. 139.
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ON PLASMA COUPLING AND TURBULENCE EFFECTS AT DENSE
PLASMA STOPPING
Yu. K. Kurilenkov', A A.Valuev1, G. Maynard2 and M.D.Barriga-Carrasco2
1

Institute for High Temperatures of Russian Academy of Sciences, 15/19 Izhorskaya Str..
125412 Moscow, Russia, vkur(w.online. ru:
Laboraloire de Physique des Gaz et des Plasmas, UMR-8578, Bat. 210, Universite Paris XI,
F-91405 Orsay, France

2

The problem of stopping power (SP) for projectile ions is addressed and analyzed in
terms of dielectric function and dynamic collision frequency for moderately dense and
strongly coupled plasma (SCP). We concern the role of few aspects for calculation of
stopping power for correlated ensembles of particles and oscillators, in particular: a)
consequent definition and calculation of SCP dynamic collision frequency, vfk.co); byeffects of poorly defined (group) collective modes domain, r0 < k"1 <a, appearing for nonDebye plasmas (r0 « v Te / o)pe , a =(3/4 nrii ) " 3 , k ~ wave number) ; c) transition from
positive to negative dispersion da / ck < 0 (specifically low group velocity of modes) at
strong coupling ( f > 1) ; d) excitation of collective modes up lo suprathermal level ( £,»
^tham ) at dense plasmas as a target (g = <E2>/8nnT, E - the strength of plasma oscillations
fields)).
Quasilinear stopping of dense suprathermal (nonlinear) plasma targets under different
level of induced plasma turbulence is calculated. The force of suprathermal plasma
oscillations on the beam ions is mostly in the nature of increased frictional drag. The results
obtained show the possibility of essential increasing of low velocity anomalous ("turbulent")
stopping in comparison with losses at equilibrium dense plasma targets (partially, in analogy
with the anomalously low dense plasma conductivity and anomalous optical properties). The
critical target plasma parameters, energy loss functions at different approximations,
synergism (or combination) of different factors to influence the stopping are discussed. Some
of the experimental conditions to create specific turbulent targets (laser produced plasmas,
dense pinched plasmas, isochoric heating of solid density foils by proton beams, etc.) as well
as related molecular dynamics simulations data are analyzed.
We acknowledge partial support of collaborative work by NATO Science Program,
Grant PST.NR.CLG.980685.
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CORONA DISCHARGE OPTIMISATION FOR MULTIPOINT PLANE
CONFIGURATION
J Roller, J. Pichal, V. Kfiha, L. Aubrecht
Czech Technical University. Faculty of Electrical Engineering, Department of Physics
Technickd 2, 166 27 Praha 6, Czech Republic.e-mail koller@fel.cvut.cz
Results of experimental investigation of corona light emission for different point-to-plane
electrode configurations are presented in this contribution Studied corona discharge was burning
in the air at atmospheric pressure. Electric field distribution for the same electrode configuration
had been calculated too. Paper compares measured and calculated data with respect to possible
optimisation of the electrode's configuration the photo-multiplier in discrete points. Electric field
intensity distributions were calculated by the integral equations method.
Results indicate that single point corona radiation may be correlated with emission of the point
light source shaped as the truncated cone with smaller base placed in the vicinity of the point
electrode's spike. Emitted light intensity distribution for combinations of two and three
electrodes predicate that their light emission in dependence on the individual electrodes spacing
resembles to that of more point sources combination. With decreasing inter-electrode spacing
electric fields relevant to individual electrodes seem to interact. For three electrodes'
configuration this interaction may result in suppression of the middle electrode's electric field,
and hence its light emission, too.
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MEASUREMENTS OF VISIBLE RADIATION POWER FLUX ON THE
TARGET SURFACE IRRADIATED BY POWERFUL PULSED
PLASMA STREAM
V.N. Litunovsky, B.V. Ljublin
D. V.Efremov Scientific Research Institute of Electrophysical Apparatus,
J 96641, St. Petersburg, Russia
The study of plasma-material interaction at high level of irradiation power is actual
problem due to variety of physical phenomenon during this process.
The knowledge of the energy flux on the target surface is necessary condition for prediction
of material response and science-founded choice of irradiation conditions for technological
application, such as material surface modification with powerful pulsed plasma streams.
The method of direct measurements of visible radiation power flux on the target
(tungsten, graphite) surface irradiated by high power (Pin=l-100 GW/m2) pulsed (tp=0.36
ms) plasma flows in experiments on the V1KA facility is described.
The method is based on the use of thin (~1 mm) quartz fiber for coUimau'on and transportation
of visible radiation (400 - 700 nm) to analysing or detection setup. The fiber was inserted into hole
in the target The optical tract was calibrated by means of certificated tungsten lamp.
Some data of the measurements are given too and it is shown that radiation flux
determines in a considerable extent the power flux reached the target surface in the
conditions of strong (-90%) shielding effect due to generation of
high density low
temperature erosion plasma layer above the target surface.
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COMPACT TOROID FORMATION IN THE INDUCTIVE STORE
A.Mozgovoy
P.N. Lebedev Physical Institute
A fusion scheme of a reactor with an axis-encircling current in the plasma is called usually a
compact toroid or FRC (Field Reversed Configuration).
In general, a compact toroid may have very large magnetic energy, coupled with the current in
the plasma (up to 10 Id/liter). Its remarkable property is that such a current layer will be
compressed along the axis! Such a pinch should lead to increased power density and heating
of plasma.
There have been the well-known experiments: — Theta-pinch, large orbit electron and ion
rings and many others. Existing methods of forming such compact toroids give very low
efficiency of energy transformation from the primary store to the plasma. A method of forming
compact toroids in a system with inductive energy store is proposed (Fig 1)

•2

3

F
Fig. 1.
Fig. 2.
Fig. 1. 1-plasma, 2- solenoid (inductive store), 3-exploding wire, 4-currem monitor, 5-switch,
C-capacity banks, U-voltage divider, R- magnetic probe, F - forces in plasma layer,
B-solenoid magnetic line, H- toroidal magnetic lines, I - current in central wires.
Fig. 2. 1 - current in the solenoid (20 kA at maximum, 20 microseconds at maximum),
2 - voltage on the exploding wire (80 kV at max.),
3 - magnetic field in the center of the solenoid.
In experiments performed in FLAN and TRINITI, there were used dielectric chambers of 20 and 30
a n diameter and metallic chambers of diameters up to 1 m. The stored energy in internal or external
solenoids (10—25 turns) was up to 10 kJ. Before reaching the maximum current, a plasma was formed
around the solenoid by breakdown of residual gas (1-10 mtorr) from a separate source, after which the
current was broken in the solenoid (we used exploding wires). Thereby, the current necessary for
maintaining the magnetic flux is created in the plasma The magnitude of this current can be KN times
greater dian the current in the primary store winding, where N is the number of turns in the solenoid and
K. the coupling coefficient between the primary winding and the plasma current turn.
In all experiments, we measured the current in the solenoid, the voltage on the exploding wire, the
magnetic field in the center of solenoid and externally (typical oscillograms are shown in Fig 2.).
One can see that at the instant when the current in the solenoid drops to zero, the magnetic
field continues to exist. The frozen magnetic flux reached 80% and strongly depended on the
conductivity of the created plasma and the value of the toroidal H-magnetic field, which is
produced by current in several central wires (toroidal magnetic field) from another power source.
The stored energy is still not enough to observe longitudinal toroid compression. The lifetime
of the compact toroid reached 80 microseconds, which is in good agreement with results obtained
in experiments earlier.
It would be desirable to conduct a full-scale experiment with several hundred kJ energy content.
Plasma focus devices are more reliable.
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COMPLEX MATHEMATICAL MODEL AND CALCULATION
METHOD FOR HIGH EMISSION GAS DISCHARGE HOLLOW
CATHODES
Sergey Yu. Nesterenko, Anatoliy I.Oranskiy
National Aerospace University " Kharkiv Aviation Institute",
17, Chkalovastr, Kharkiv, 61070, thrust@d4.khai.edu
The building of mathematical models of base degradation parameters change is one of
the most important tasks, which are solved while the developing of fast test methods. The
creation of quantitative mathematical models of hollow cathodes, which permit to realize the
optimal work routines and to forecast their life-time, is complex and actual task.
The complete and precise mathematical model is necessary for the development of lifetime design methods, which describe the temporal evolution of main work routines, which are
responsible for reliability and life-time.
The complex mathematical model of high emission gas discharge hollow cathodes is
developed firstly in KhAI, which includes the space-kinetic diffusion model of processes,
which considers the plasma components dynamics inside the hollow, electron spectrum
features, activator dynamics, Langmuir layer descriptions, energy transfer between the surface
and the volume, processes in external discharge column; the model of film thermal emitters
work; erosion model, which is built on the heat stimulated cathode sputtering theory.
According to the spectrum of considering processes the complex model includes the
following sub-models: the processes inside hollow main volume; the processes near the
orifice; Langmuir cathode layer; electrons energy distribution; heat stimulated cathode
sputtering; film thermal emitter work and activator dynamics; cathode surface temperature
distribution; external column. The complex models unites the continuum methods (in the
tasks of electric field and plasma components space behavior) and kinetics approach (in the
task of electron energy distribution).
Other main part of complex model is erosion sub-model based on HSCS theory. Surface
atoms flow in this theory is considered as a result of both ion bombardment and surface atoms
thermal oscillations with sputter coefficient, which is the function of ion energy and surface
temperature.
The calculation results for voltage and orifice radius evolution are shown in Fig. 1 and
Fig. 2.
•| : : r .rU:g.yr

Fig. 2. - Orifice radius evolution forecast

Fig. 1. - Voltage evolution forecast
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CONDITION OF AN ELECTRON ISODRIFT MOVEMENT AND IDEA
ABOUT "THERMALISED POTENTIAL " IN THE DISCHARGE
CHAMBER OF THE ACCELERATOR WITH THE ELECTRON
CLOSED DRIFT AND OF THE STATIONARY PLASMA THRUSTER
S A. Oghienko
Zhukovski National airspace university Kharkov Aviation Institute ",
Chkalovst. 17, Kharkov 61070, Ukraine, e-mail: thrust@d4.khai.edu
The accelerators with closed drift of electrons (ACD) which scheme has been offered
in 60"1 by A.I Morozov for ion injection in thermonuclear researches has received the further
development. Now they are widely used as the stationary plasma thrusters of space vehicles,
and also for ion-plasma technology. At this, some assumptions are typically used 1-!
distribution of the electric field potential is described with the help so-called "the equations of
thermalised potential" (ETP); 2) character of electron movement in accelerating interval of
the discharge chamber (DC) is isodrift [1,2].
At the same time estimations of frequencies of electron collisions in DC show that,
within the area with heterogeneity of the magnetic field, electron does not test rejecting
influences on the part of plasma particles which are necessary for performance of ETP.
Besides the analysis of the differential equations of electron movement in the crossed
inhomogeneous electric and magnetic fields, taking into account coulomb dispersion,
specifies an opportunity of infringement of the isodrift electron movement condition.
With the purpose of increase of an ion beam focusing efficiency of ACD, as the first
stage of researches, the problem about electron movement in DC with inhomogeneous
stationary electric and magnetic fields is solved. Experimental data about characteristic
distribution of particle concentration and fields in DC are used. Expenses of electron energy
for excitation and for plasma-making gas atom ionization are taken into account. As against
known techniques, it is taken into account characteristic angular distributions of electron
scattering at elastic and no-elastic interaction with atoms and also electron Coulomb
dispersion. The problem of electron movement in plasma is solved on the basis of the MonteCarlo method.
The basic results of calculations (at usually used voltage of =300 V) are distributions
lengthways DC (averaged on width DC) of: V e B E = l...510 5 m/s - velocity of electron
movement from the DC entrance to the anode direction; electron energy. Prominent features
of electron energy distribution in the ACD correspond to experimental data.
Comparison of value VCBE with the average velocity VcDR= 2...410 6 m/s of electron
drift in azimuthal direction specifies infringement of condition isodrift electron movement
VCBE <<:VeDR, and also on necessity to take into account heterogeneity of fields and electron
Coulomb dispersion. As the further direction of researches the problem about electron
movement in the area between electron emitter and DC input, and also studying of ion
concentration distribution in DC are planned.
1. Plasma accelerators / Under red. L.A.Artsimovich. - Moscow: Mechanical
engineering, 1973. - P. 75-91.
2. Bugrova A.I., Kim V.P. A modern condition of physical researches in accelerators
with the closed drift electron and an extended zone of acceleration // Plasma accelerators and
ion injector. - Moscow: Science, 1984. - P. 97-100,111.
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COMPACT ACTIVATION DETECTORS FOR MEASURING
NEUTRON EMISSION ON PLASMA FOCUS INSTALLATIONS WITH
ENERGY RANGING FROM 4 TO 1000 KJ
O. N. Kxokhin, V.Ya. Nikulin, E. N. Peregudova, and I. V Volobuev
P. N. Lebedev Physical Institute, Russian Academy of Sciences,
119991 Moscow, Leninskiipr. 53, Russia, volobuev(a).inait I.lebedev.ru
The neutron measurements are usually conducted on the every Plasma Focus (PF) installation On the base of the results received by the neutron measurements on such installations the
dependence of the neutron yield on the energy stored in capacitors (scaling low) was obtained. However, since the methods used in those experiments for the neutron measurements
and the absolute calibration of detectors were different, some degree of uncertainty can take
place.
Two systems for the measuring of the absolute neutron yield and its spatial anisotropy
were developed in the Lebedev Physical Institute and destined for study of the properties of
neutron emission of pulse plasma installations such as Plasma Focus, z-pinches and others.
Our aim was to create a compact simple systems for the measuring of absolute neutron yield
(10 6 -10 l : neutrons/pulse) and its spatial anisotropy.
The first system consists from minimal number of recording devices and compact interchangeable activation detectors with different dimensions of moderator containers. The electronic unit is built on the TTL standard; the AAA-accumulators are used in power supply of
the electronic system. The second system can utilize the same small activation detectors. The
small optically isolated electronics package has 4 digit data output to LCD display and is
screwed to sensor of detector (halogenous Geiger-Muller sensor). In the power supply of the
system the 9V accumulator is used. These systems are of little sensitivity to background of
low-velocity neutrons and were calibrated as mobile instruments (in other words, the calibration parameters have to be unchanged when we place the neutron registration systems in different positions on different installations).
The work was supported by the grant of the President of Russian Federation "Scientific schools", the project # NSh-59.2003.2 and by the grant of RFBR, project # 03-02-16578.
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PREPINCH IN PLASMA FOCUS
S.P. Eliseev, A.E. Gurey, V Ya. Nikulin, S.N Polukhin. and A.A. Tikhomirov
Lebedev Physical Institute, Russian Academy of Sciences
The formation of a luminous column on the axis of Plasma Focus device was observed
during -100-200 ns before the collapse of the main current-plasma sheath. Characteristic
dimensions of this column (prepinch) were ~lmm in diameter and —lcm in length. The stored
energy of plasma focus device was 2-4 kJ; working gas was neon, deuterium or their mixture.
The temporal and space evolution of this new phenomenon was studied by time resolved
MCP converter in the visual region and also by soft X-ray semiconductor detector SPPD1104. The nearest analog of such plasma column is the prepinch in "Angara" installation [1].
The nature of this formation is not clear yet, but the working hypothesis related with
filamentary structure of plasma current sheath will be discussed in the paper.
The work was supported by the Grant of Federal Target Program «Integrazia» (project
Jfe B0049).
1. V. V. Aleksandrov, A. G. Alekseev, V. N. Amosov et al, Plasma Physics Reports, Vol
29, No. 12,2003, p.1034.
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SHOCK EXCITATION OF TERAHERTZ AND X RAYS RADIATION
BY RAPID IONIZATION OF THIN FILM
V.B. Gildenburg and N.V. Vvedenskii
Institute of Applied Physics, Russian Academy of Sciences, Nizhny Novgorod, Russia,
e-mail: wed@appl.sci-nnov.ru
We study in this paper the phenomenon of shock excitation of terahertz and x rays
radiation by the p-polarized microwave or laser pulse incident on the rapidly ionized gaseous
or solid layer. The model considered is based on the following assumptions: (i) the ionization
leads to the formation of homogeneous plasma layer with Langmuir frequency greater than
the incident wave frequency, (ii) the time of ionization (unlike the cases considered in [1-3])
is much smaller than the period of plasma oscillations, (iii) the layer thickness is much
smaller than the space scale of the incident wave in plasma.
It has been found that besides the known phenomenon of the symmetric surface waves
excitation [4], the rapid ionization leads to effective generation of low-frequency
antisymmetric surface waves and symmetric leaky waves with great up-shifted (Langmuir)
frequency.
The phenomenon examined may have important applications for development of Xray, UV, and THz lasers.
This work was supported by Russian Foundation for Basic Research (Grant Nos. 0202-17271 and 04-02-16684) and Russian Science Support Foundation.
[1] V.B. Gildenburg and N.V. Vvedenskii, Phys. Plasmas, v. 8, p. 1953 (2001).
[2] N.V. Vvedenskii and V.B. Gildenburg, JETP Lett., v. 76, p. 380 (2002).
[3] M.I. Bakunov, A.M. Bystrov, and V.B. Gildenburg, Phys. Plasmas, v. 9, p. 2803 (2002).
[4] M.I. Bakunov and A.V. Maslov, Phys. Rev. Lett., v. 79, p. 4585 (1997).
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INVESTIGATION OF HELIUM PLASMA STREAM PARAMETERS
IN EXPERIMENTS ON SURFACE MODIFICATION
A M. Bandura, O.V. Byrka, V.V. Chebotarev, I.E. Garkusha, M.S. Ladygina,
A.K. Marchenko, V.L. Tereshin, S.A. Trubchaninov, A.V. Tsarenko
Institute of Plasma Physics of the National Science Center "Kharkov Institute of Physics and
Technology" 1 .Akademicheskaya St., 61108 Kharkov, Ukraine
Processing of different constructional materials with pulsed plasma streams is one of
prospective methods of surface modification. Metallographic analysis of different materials
processed witli helium, oxygen and nitrogen plasma streams as well as results of XRD,
microhardness and wear resistance tests for the sample surfaces after modification with
nitrogen and helium plasma are presented in [1]. Comparative results with helium and nitrogen
plasmas showed that two mechanisms, both thermal hardening and formation of YN phase
enriched with nitrogen (when operating with nitrogen plasma), are approximately equally
responsible for improvement of wear resistance of processed surfaces. As to the microhardness,
it was increased mainly due to high speed quenching and maximal values were obtained with
use of helium plasma.
This paper is focused on investigation of helium plasma streams generated by pulsed
plasma accelerator (PPA) "Prosvet" [1]. The main objection of this study is adjustment of
plasma treatment regimes for different materials that allows achieving optimal thickness of
modified layer with simultaneously minimal value of surface roughness. The experiments were
carried out with varying the discharge voltage in the range of 18- 25 kV, causing an increase in
the peak values of discharge current from 400 to 500 kA. The time duration of the plasma
stream generation was 3-6u,s.
Diagnostics of pulsed helium plasma streams and their interaction with materials included
optical techniques, calorimeters, different probes and piezodetectors. With use of optical
spectroscopy, detailed information about the basic plasma parameters — electron density,
electron and ion temperatures, plasma stream duration and velocity, was obtained. Integrated
spectra of plasma radiation were analyzed. The majority of helium and impurity elements
spectral lines were investigated on a subject of Stark broadening. Their full intensities and
intensities of continuum were estimated. The value of plasma electron density was evaluated
by using linear and quadratic Stark effects [2], Plasma electron temperature was calculated by
two methods: relation of Hell/Hel spectral lines intensities and relation of intensities of Hell
and continuum [3]. The velocity of plasma flow was determined by time-of-flight method.
Electron temperature in free plasma stream is measured as 8-10 eV. Under the plasma
stream interaction with the target surface, thin plasma layer with Te increased up to 30-40 eV
is formed close to the target surface. Shielding characteristics of this layer are analyzed for
different target materials. Plasma pressure and energy density values measured with
piezodetectors and calorimeters are in good agreement with plasma parameters obtained by
optical techniques.
The obtained results are used in technological applications of pulsed plasma processing.
[1] I.E. Garkusha, A.N. Bandura, A.M. Bovda et al.//Proc. of the 1st International Congress
on Radiation Physics, High Current Electronics and Modification of Materials. 5th Conference
on Modification of Materials with Particle Beams and Plasma Flows. Tomsk, Russia, pp. 299302, (2000).
[2] T.L. Pittman, C Fleurier, Phys. Rev. A 33, (1986), 1291
[3] Johnson L.C., Hinnov E. Electron temperatures from Hel intensity measurements //
Phys. of Fluids - 1969- V. 19, tfs 9.- P. 1947-1949.
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TOPIC 6 - PLASMA ELECTRONICS
PECULIARITIES OF PARTICLES AND FIELD DYNAMICS AT CRITICAL
INTENSITY OF ELECTROMAGNETIC WAVES (PART I)

V.A. Buts
National Scientific Center « Kharkov Institute of Physics and Technology, 61108, Kharkov,
Ukraine,E-mail: vbutsCdlkipt. kharkov. ua
The some results of the most important features of dynamics of particles and waves at critical
values of electromagnetic waves amplitudes are formulated in report. Under critical we shall
understand such of field's intensity, at which there is a qualitative change in character of the
charged particles movement in electromagnetic fields or in character weak nonlinear
interaction of waves. The quantitative measure of field intensity is served the parameter of a
wave force (parameter of nonlinearity) £ = e£l mcco, where E - amplitude of an electrical field
of a wave, a- frequency of a wave. It is necessary to note, that the critical fields not
necessarily mean the large fields.
First of all, the features of the charged particles movement in fields of the large
intensity, when parameter of nonlinearity is about and is more than unit, are considered. The
most important features of dynamics of particles in such fields are following:
1. In fields of such intensity the charged particles (electrons) get speed close to speed
of light for times about the one period of a high-frequency wave. The effective exchange of
energy between particles and waves thus also can occur for times comparable to the period of
a field. The long time synchronous interaction of particles wits, fields are not necessary in
these conditions. The resonance's, which are so significant in electrodynamics of interaction
of particles and waves, loss their exclusiveness.
2. The field of the electromagnetic cross-wave drags the charged particles. At that, the
main motion of the particles is in longitudinal direction. Note that the particles make, in
general, the cross motion in the field of the "small" intensity.
3. The period which "see" the dragging particles significantly increased. This
increasing is due the two factors. First- conventional effect Doppler second - is due the
nonlinear dynamics. If e > 1 , the second exceed the first.
4. There can be suggested different schemes as accelerate charged particles as generate
short-wave radiation. At that is shown that the force of radiation friction can promote to
passing the energy from electromagnetic fields to the charged particles. If there are the fields
with large intensity the new schemes of the FEL can be suggested. In these schemes the
quality of beams practically don't play role.
5. The particles that are in field of the homogeneous electromagnetic wave have
obtained different average transversal impulse depending from its location relatively to the
phase of the wave. As result, the accelerated bunch falls to pieces. It prevent to use this
scheme for accelerate charged particles.
6. The significant feature of particle moving in the field of the intense electromagnetic
impulse is that fact that the dynamic of particles not depends from initial location of the
particles. If the electromagnetic impulse has circular polarization then the form of the
longitudinal impulse repeated the form of envelope of this impulse. Such peculiarities can be
used for effective acceleration of the charged particles.
7. The transversal nonlinear plasma waves, for large area of parameter, are unstable.
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Ukraine,E-mail. vbuls(3),lapt. kiiarkox. ua
The dynamic of the particles undergo to a qualitatively change in condition of local
instability arising. The local instability at wave-particle interaction mostly takes place at
overlapping of nonlinear resonances. In most practically interested cases the overlapping
nonlinear resonances occur at enough large intensity electromagnetic waves. But, as it were
shown in our researches, practically in all cases there can be artificially create the conditions
at which local instability appear at small intensity of field. Such fields, at which the stochastic
instability developed, we shall call as critical field too. Point to most significant results that
were received in this direction:
1. There were received analytical conditions to onset of the stochastic instability for all
resonances.
2. Were shown that the methods of statistical physics can be used when the conditions
of stochastic instability fulfilled.
3. The high efficiency of stochastic heating of plasma had been shown by theoretically
and experimentally. The temperature of plasma was not more than lOOeV at condition when
the local instability is not developed. In condition when the local instability developed the
average energy of plasma particles was approximately 1.5 MeV. The efficiency was 50%. The
heating time was several hundred of periods of high frequency field.
To day, the process of weak nonlinear interaction of the waves had been studied well.
But this interaction is restricted by regular dynamic of such interaction. The chaotic dynamic
is studied significantly less. There were formulated common criteria for onset stochastic
instability at three-wave interaction. This criterion is point to a boundary of the existing
theory application. In particular, it said, that modify decay of various nature are always
stochastically unstable. All numerical results fully confirm analytical results. The stochastic
instability of the wave can lead to stabilization of the level of the excited fields at plasmabeam interaction. The model of stabilization of the oscillation level in plasma is suggested. It
seems that this model can explain some experimental results.
The qualitative changing of the dynamic of the interaction of particles and fields can
be and if the velocity of particle will be close to velocity of virtual wave. The virtual waves
appear at propagation waves in periodic inhomogeneous mediums. At that the phase velocity
of these waves can be very small. In our theoretical and experimental investigations was
shown that as soon as the velocity of nonrelativistic charge particles are close to the phase
velocity of the virtual wave the radiation spectrum of them qualitatively change. Tis spectrum
became like the spectrum of relativistic particles - the maximum of this spectrum is at a high
number harmonics. There were created classical and quantum theories of radiation of one
particle. The nonlinear selfconsistent theory radiation by large ensemble of such particles was
created too. Experimentally was shown opportunity to excite UV radiation at acting on the
semiconductor crystal intense ten-centimeter radiation.
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USING OF PERFECTLY MATCHED LAYER (PML) IN COMPUTER
SIMULATION OF THE HIGH-POWER RELATIVISTIC PLASMA
MICROWAVE AMPLIFIER
I.L.Bogdankevich. A.A.Rukhadze,, V.P.Tarakanov'
Prokhorov 's General Physics Institute RAS, Moscow, Russia, bira(a),fpl.gpi.ru;
High-energy density research investigation Center RAS, Moscow, Russia,
karat(3),tarak. msk. su
Realignment from the amplifier regime to the generation one is a serious task both to the
computer simulation and to the experimental study of the plasma relativistic microwave
amplifier. The reason is that the big value of the gain coefficient, even though there is a small
positive reciprocal connection, transfers the system to the generation regime. The microwave
absorber is loaded into the system to suppress this effect. Experimental device and study of
the microwave amplifier was described in the paper [1]. In this paper was used twodimensional axisymmetric version of the KARAT particle-in-cell electromagnetic code [4,5].
In this paper was applied a media as an absorber, where were realized absorbing boundary
conditions according to Berenger's Perfect Matched Layer [6]. Optimal microwave radiation
gain regime has been found on a prescribed frequency by varying absorber media parameters
and output mirror reflection coefficient. A 30 dB gain has been achieved within the broad
range of mentioned parameters.
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EVOLUTION OF THE MODULATED ELECTRON BEAM IN THE
INHOMOGENEOUS PLASMA WITH LINEAR DENSITY PROFILE
I.O.Anisimov, O.I.Kelnyk, S.V.Soroka
Taras Shevchenko National University ofKyiv, Radio Physics Faculty, 64 Volodymyrs 'kaSl.,
01033, Kyiv, Ukraine, soroka@univ.kiev.ua
Study of the waves' linear transformation in the inhomogeneous beam-plasma systems
were usually performed for harmonic waves' approximation [1-4]. But beam-plasma instability always takes place for beams moving through inhomogeneous plasma Such instability
modulates the beam by velocity and density. In the nonlinear stage of the beam-plasma instability electron overtaking takes place. It results to the heavy anharmonicity of the beam current variable component [5].
In this work investigation of the evolution of 100% density modulated electron beam
moving in the inhomogeneous plasma is carried out via numerical simulation. The conditions
of quasi-harmonicity of the beam current in the local plasma resonance region (LPRR) at the
modulation frequency are also obtained.
Plasma density profile was linear, LPRR was located in the center of simulation region,
and beam density was much smaller than plasma density. Beam was initially modulated by
density.
In case of the beam moving to the dense (supercritical) plasma, initial electron bunches
start to disperse before the LPRR. The velocity modulation appears and results to the steepening of the beam density rear front. Noticeable variation of the amplitude of the beam electron
density doesn't occur.
[n the opposite case, electron bunches move to LPRR in the subcritical plasma. In results to their shrinking that causes the steepening of bunches' forefronts. Even after the fly
through LPRR amplitude of beam electrons density is essentially increased.
The analytical approach for the characteristic length of the beam current harmonicity
was obtained: l-vo/coi,. That approach corresponds qualitatively to the simulation results.
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EXCITATION OF EIGEN AZIMUTHAL WAVES BY ANNULAR
CHARGED PARTICLE BEAM
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Investigations of an interaction between charged-particle beams and hybrid waveguide
structures are important for radio engineering and plasma electronics. Among the issues that
have been studied till now in considerable detail are the conditions for development of beamdriven instabilities and the nonlinear interaction of charged-particle beams with plasmas in an
infinitely strong external magnetic field and in a magnetic field of finite strength. The effect of
the spectra of the generated electromagnetic waves on the characteristic features of the beamplasma interaction has also been analyzed sufficiently enough, but without allowance for the
effect of plasma boundaries The finite plasma dimensions not only change the excitation
dynamics of bulk waves but also provide conditions favorable for surface waves propagation
and excitation due to their interaction with charged particle beams. It is the distinctive feature
of the interaction of charged particle beams with plasma filled waveguide structures of finite
dimensions that motivated the choice of the subject for our study. Specifically we investigated
the excitation of an extraordinarily polarized electromagnetic wave, that is the eigen mode of a
cylindrical metal waveguide partially filled with a cold magnetized plasma, due to interaction
with annular electron beam moving along azimuthal direction above plasma column interface.
This mode propagating in the azimuthal direction strictly transverse to a constant external axial
magnetic field is called as azimuthal wave (AW).
Two-dimensional self-consistent set of differential equations for interaction between AW
and cold low-density charged-particle beam moving above the plasma surface is constructed in
the single-mode approximation and is solved numerically. Two regimes of AW instability are
under the consideration: resonant beam-driven instability and resonant dissipative instability. It
is shown that only the AW propagating along unique azimuthal direction can be excited by the
charged particle flow. It is proved that the larger the dissipation, the slower the instability
growth rate and the larger the wave amplitude in the saturation stage of the instability. An
increase in the transverse dimensions of a charged-particle beam results in a slower growth rate
of the dissipative instability, but in that case the charged particle beam transfers a larger
fraction of its kinetic energy into the wave. Application of external constant radial electric field
across axial magnetic one allows one to enlarge the instability growth rates and the modes'
amplitude at the stage of the instability saturation.
Thus in this work, we develop a nonlinear theory of the interaction of charged-particle
beams with the eigen electromagnetic modes of a short-scale-length plasma electronics device
capable of generating continuously tunable radiation over a broad frequency band. It would be
pointed out the following two advantages of the proposed model of a hybrid waveguide
structure excited by an annular charged-particle beam. First, AW's frequency can be
continuously tuned in the range: \coe\<w<^d^

+03^/4 -\<oe\l2 (a>e and Cle are electron

cyclotron and Langmuir frequencies, respectively) by varying the plasma density. Second, the
axial dimensions of the structure are small because annular electron beam interacts with the
wave propagating in the azimuthal direction.
The work is supported tn part by Science and Technology Center in Ukraine, Project #2313.
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PIC SIMULATION OF LOW-FREQUENCY MODULATION OF
SUPERCRITICAL ELECTRON BEAM
AT PLASMA ASSISTANCE
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Results of numerical electromagnetic 2.5-D code elaboration (3- dimensional on
velocity and 2- dimensional on coordinate) for investigations of virtual cathode at the presence
of plasma are presented. The theoretical analysis of the electron-ion formation dynamics is
based on particle in cell method (PIC). As against of investigations carried out by authors
earlier [1,2] the transversal motion of particles of electron and ion streams in an external
magnetic field under the influence of transversal components of the electromagnetic field is
taken into account. The description of algorithm of numerical simulation of virtual cathode
behavior in the cylindrical drift chamber is given. Implementation of algorithm is carried out as
a complex of programs in language C++. Numerical calculations are carried out for the
modernized experimental installation "Agate" with intense relativistic electron beam. The
results are presented in a graphical view. In particular qualitatively the pattern of virtual
cathode formation and its further dynamics coincides with results of the simulation at strong
magnetic field approximation carried out earlier by other authors, and by us. Taking into
account 3-dimensionality of electrons motion leads to periodic spatial modulation of electron
beam in electromagnetic wave excited by virtual cathode oscillations. This modulation is
eventually increasing and leads to breaking of laminar electron beam motion. The given
process is repeated periodically in time. In result the output electron beam current is modulated
with lower frequency. For parameters of the experimental installation "Agate" [3] (the radius
of drift chamber is 2.5cm, middle beam radius is 1 6cm, beam thickness is 0.2cm , input beam
current is lb = 4.6 kA, energy of beam electrons is 280 keV, system length is 1.5cm, magnetic
induction is 0.871) the frequency is about » 700 MHz.
Injection of hydrogen ions (hydrogen plasma) into the waveguide, at the conditions of
super criticality for electron beam current, leads to gradual shift of virtual cathode position
deep into drift chamber. This process is continuing until virtual cathode goes out from the
simulated system. During all this time hydrogen ions are accelerated at the virtual cathode front
and their maximum energy exceeds the initial energy of electron beam approximately 2.5
times. Later virtual cathode is again renewing in the system. Thus, process of virtual cathode
origination and its movement along the drift chamber is periodically repeated. Simultaneously
with this process there is the periodic modulation of an electron beam by the mechanism
analogous to the case without ions (plasma). Both mechanisms lead to essential temporal
modulation of output electron beam current. The modulation frequency at injection of
hydrogen ions is about 300 MHz.
1. Markov P. I, Onishchenko I. N., Sotnikov G. V. Numerical simulation of processes in a
supercritical electron beam at the presence of plasma Problems of Atomic Science and
Technology. Series: Plasma Physics. 2003. No 1(9). P. 111-114
2. Markov P.I., Onishchenko IN., Sotnikov G.V. Virtual Anode as a Source of LowFrequency Oscillations of a High-Current Electron Beam. Technical Physics Letters. 2003.
Vol. 29, No. 12. P.967-970.
3. Balakirev V A. , Gorban' A. M., Magda I. I. et.al. Collective Ion Acceleration by a
Modulated High-Current REB. 1997. Plasma Physics Report. V.23, No 4. P.323-327.
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ENHANCEMENT OF ION BEAM CHARGE STATES
BY ELECTRON VORTICES IN A PLASMA OPTICAL DEVICE
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The plasma lens is a low cost and effective tool for focusing high current, moderate
energy, broad beams of heavy ions, such as can be formed, for example, by vacuum arc ion
sources. This kind of ion source can generate multi-charged metal ions with charge state
distribution extending up to 5+ or 6+ and with mean charge state up to 3+. For some
applications in basic research and applied technology yet higher charge state ions are needed,
and several approaches to providing enhanced ion charge states have been explored. Thus,
for example, hybrid devices employing a vacuum arc plasma with an intense electron beam,
or alternatively a vacuum arc plasma with ECR heating, have been investigated. We propose
a new approach to providing enhanced ion charge states, in which large amplitude electron
vortexes inherent to the plasma lens configuration of inhomogeneous E x B fields are
employed. The ionization time in such a configuration can be comparable to the transit time
of beam ions through the device. Here we briefly summarize recent experimental and
theoretical developments with emphasis on the analytical description of a suitably modified
plasma lens configuration with advanced electron vortex structure for enhancing the ion
charge states of a passing ion beam.
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ABOUT POSSIBILITY OF CREATION PLASMA AMPLIFIER WITH
DIRECT RADIATION OF ELECTROMAGNETIC WAVES
I.O.Anisimov, S.M.Levitsky, S.M.Myshko
' Taras Shevchenko National University ofKyiv. Radio Physics Faculty, 64 Volodymyrs 'ka St.,
01033, Kyiv. Ukraine, msn@univ.kiev ua
Plasma amplifiers and HF generators is an interesting class of plasma electronics instruments [ 1 3]. However, their practice usage is limited by big wastes (up to 30-40 dB) on an outlet connection
channel [4].
Offered instrument consists of electronic gun, which creates beam of accelerated electrons. This
beam is been modulated by input signal through device, which in general represents piece of spiral.
Whole system has been put in longitudinal constant magnetic field B. The beam ionizes the gas in its
way and creates due to plasma-beam discharge the column of plasma retained by magnetic field.
The input signal suffers amplification during interaction of beam with created by one's plasma
Peculiarity of proposed model in comparison with the devices described in [5-6] is such a choice
of construction and mode of electronic gun that the emergent beam is some defocused. Then the
main part of electrons in beam will be move along the axis of system and provide the basic amplificatioa However, some part of peripheral electrons will fly in magnetic field on the non-zero pitch
angle and move along the periphery of plasma column over spiral trajectories.
These peripheral electrons will be periodically shifted in radial direction sometimes sinking into
plasma, sometimes going out As amplitude of high-frequency signal increases, the peripheral electrons
will be modulated by speed and density on initial part of the path. They will create modulated flow that
periodically crosses the blurred border of plasma column retained by magnetic field. As a result, the
peripheral electrons will generate the transitional radiation both in the moments of entering in plasma
and in the moments of going out from it. The same electronic bunch will radiate many times up to the
moment of getting to the collector. Calculations of the transitional radiation of the sidelong-modulated
electron flow, which falls normally on the plasma boundary holding by the magnetic field paralleled
for that boundary for different orientation of wave vector of electron flow's modulation, have been
done in [7,8].
It is possible to write down the longitudinal wave number of the waveguide mode as
a>[\-(wo/a>)2]"2 Ic where a>0 - cutoff frequency. The spirally modulated electronic beam
contains
the
component
of
current
with
longitudinal
wave
numbers
<u/vo,((u + ai r )/v 0 ,(ft)-(a I )/v () where a and v0 - frequency of modulation and speed of the
beam conformably, and <oc - electron-cyclotron frequency. The final answer on the question
about work effectiveness of proposed device can obviously give an experiment only.
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Propagation of the modulated election beam through inhomogeneous plasma is typical effect in
plasma electronics. Strong longitudinal electric field is excited in the local plasma resonance region
(LPRR) at the modulation frequency [1] in this case. This field excites Langmuir waves [2] and ionacoustic waves [3] in plasma. The study of such effects is important particularly in the frames of
construction of beam-plasma devices with direct radioemission, using of electron beams for reHio
waves' emission in the space, etc.
Simulation of the modulated electron beam interaction with inhomogeneous plasma is carried out
via parucle-in-cell method using the modified package PDP1 [4], In this package plasma layer is
located between two conductive electrodes. Density modulated electron beam (modulation depth is
100%) moves from left electrode to right one. Initial plasma density profile is linear.
The peak of electric field amplitude is formed in LPRR. It results to the plasma density profile
deformation. For the parameters selected the transient time of electric field excited by the beam is
small relatively to the characteristic time of the plasma density profile perturbation. Simulation
demonstrates that the field slaves to the instantaneous profile of the plasma density. The initial shape
of the density cavity is determined by the spatial distribution of electric field for the linear stage of the
process.
The character of the plasma density profile deformation depends significantly on the plasma
properties. For isothermal plasma the density step is formed on the initial LPRR position [5]. For
plasma with hot electrons formation of the density cavity in LPRR results to excitation of the ionacoustic pulses. These pulses propagate forward and backward from the cavity. New peaks of electric
field are excited at the local density maximums formed by these pulses in subcritical plasma. These
peaks form in turn the new couples of ion-acoustic pulses. These pulses propagate in plasma with hot
electrons without damping. Consequently in the late time points the region of irregular ion-acoustic
oscillations is formed in the vicinity of initial LPRR. Ion-acoustic character of the oscillations
referred is indicated by their velocity and by coincidence of electron and ion density profiles.
In the linear case Langmuir waves (LW) excited by the beam have a character of separate radiopulses that propagate from LPRR to subcritical plasma. Appearance of these pulses may be
associated with transient process caused by the wake waves excited by leading edge of the beam.
Regions with high LW intensity propagate with group velocity. Effectiveness of the LW excitation
by modulated electron beam is about 103. Nonlinear deformation of the plasma density profile results
to significant decrease of the LW excitation effectiveness.
1
2.
3
4.
5.
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NSC "Kharkov Institute of Physics and Technology"
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Brief review of the latest research of the physics of low-frequency (LF) processes in highcurrent relativistic electronics is carried out in the report. Nonlinear LF dynamics of the
interaction of longitudinal ion flow with electron virtual cathode formed by high-current
relativistic electron beam (REB) is investigated.
The nonlinear theory of excitation of transverse LF ion oscillations at propagation of the
REB in plasma with given density profile is formulated. The system of nonlinear equations in
Lagrangian variables that describes radial oscillations of ions in external field of REB space
charge and a natural self-consistent electromagnetic field is obtained. Physical mechanisms of
excitation and damping of LF ion oscillations are considered.
Nonlinear process of excitation of LF oscillations at radial injection of ion flow in the
drift chamber with tubular REB spreading is explored. The mechanism of excitation of LF ion
oscillations is investigated.
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RELATIVISTIC ELECTRON BEAM PINCHING IN PLASMA AND ION
CUMMULATION
V.A. Balakirev, Ya.B. Fainberg, I.V. Karas", V.I. Karas"
NSC "Kharkov Institute of Physics & Technology", Kharkov, Ukraine, karas(S>.kipt. kharkov. ua
The high current relativistic electron beam (REB) focusing process in plasma has been
studied. The pinching effect of propagating electron beam is connected with electric field
action to ions in equilibrium state. The self-consistent consideration in a hydrodynamic
approach at an assumption of the adiabatic compression process have been carried out. The
ion density increasing cause relativistic electron beam pinching. An ion temperature increases
in ion system compressing process. It is shown, in final state the gas kinetic force exactly
balances an electrostatic compressed force and the equilibrium steady state have been
established. There determined maximum compressing degree, ion density and their
temperature. In final steady we obtained the following parameters: a compressing coefficient
is about 106; the maximum ion thermal energy is equal 700 keV at initial plasma thermal
energy. This maximal ion thermal energy is closed to greatest possible ion energy which ion
can obtain at propagate in radial direction in space charge field of relativistic electron beam
with energy about 1 MeV.
The work is supported by the European Community grant INTAS-01-0233.
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NONLINEAR INTERACTION OF
WAVES IN BEAM-PLASMA DISCHARGE
V.A. Buts, O F . Kovpik, E.A. Kornilov
"NSC Kharkov Istitute ofPhisics & Technology ", Kharkov, Ukraine,
E-mail: kovpik@kipt.kharkov.ua
The results of researches of excitation of oscillation by no relativistic electron beam in beamplasma discharge with magnetic field are presented. The work is fulfilled in conditions of
persisted increasing of beam power. It is shown, that the small scale low frequency ionic
oscillations from the region of low hybrid resonance play the determining part in maintenance of
beam-plasma discharge. Their excitation is conditioned by the nonlinear interaction of own highfrequency electronic plasma oscillation. Nonlinear interaction looks like the decay of highfrequency waves Appearance of electromagnetic radiation from the beam-plasma discharge as
short impulses, the stohastization of waves, the strong time expansion of energy spectrum of
electrons of beam and stabilization of beam instability are caused by this nonlinear interaction.
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CUMULATION AND ACCELERATION OF IONS
BY TW FEMTOSECOND LASER PULSE
Balakirev V.A., Dovbnya A N , Egorov A. M , Zubrin S.Yu. Onishchenko I N . ,
Onishchenko N.I., Povrozin A.I., Pristupa V.I.

National Science Center "Kharkov Institute of Physics and Technology"
Academic St. 1, Kharkov 61108, Ukraine,
E-mail: onish@kipt.kharkov.ua

The theoretical and numerical investigations of a new method of ions cumulation and
acceleration in cone volume created in the focal region at focusing of powerful femtosecond laser
pulse are presented. The cone volume is formed by delay in time of the central part of the being
focused pulse. The cumulation degree and the maximum energy of accelerated ions in dependence
on the values of powerful femtosecond laser pulse have been studied. The physical mechanisms
of increase of ions density and energy in paraxial range of plasma have been discussed. The
proposed method of ions cumulation and acceleration allows creating compact bright source of
fast neutrons, media for X-ray and gamma-lasers, and also provides possibility of nuclear
reactions initiation and isotopes producing.
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FRACTAL PROPERTIES OF DISPERSION CHARACTERISTICS
OF SINUSOIDALLY RIPPLED PLASMA FILLE D WAVEGUIDE
V.I. Lapshyn, A.F Stoyanov, V.I Tkachenko, IV. Tkachenko*
Science and Production Complex "RESST";
* lnsitute of Plasma Physics, National Science Center Kharkov Institute of Physics and
Technology, Academicheskaya Sir. 1, UA-61I08, Kharkov, Ukraine,
e-mail: tkachenko@kipt.kharkov.ua
The problem of calculation of electric and magnetic field in a sinusoidally rippled infinite
plasma filled waveguide is considered. The electromagnetic field is described by a set of
Maxwell's equations with a boundary condition on a surface of a waveguide; it is required,
that the tangent component of an electric field should be equal zero [1]. The E-wave is
considered. Two cases of a planar and cylindrical waveguide are of great theoretical and
experimental interest.
In the both cases the solution is received by a method of variables separation. The
substitution of obtained solution in the boundary condition equation gives an infinite system
of the linear equations. The system has a solution, if the main determinant equals zero. This
condition lets us obtain the dispersion equations for planar arid cylindrical waveguides.
Dispersion equation presents dependence between field oscillations frequency &»,
wavenumber h and parameters of the problem such as ripple period D, plasma frequency a>p
and the smallness parameter a(a<l) which defines the ripple depth
The analytical expressions for elements of a determinant are obtained in case of rippled
waveguide [2]. The general theory "of a zero approximation" is constructed, i.e. situation
when factor a, defining the ripple depth, equals zero (flat waveguide). It is shown, that in this
case point set on a surface (co, h), satisfying to a dispersion equation, represents object with
Housdorff s dimension [3] DH=2, however not conterminous with a set of all points of a
surface, i.e. one can find any amount of points satisfying (or not satisfying) the dispersion
equation at infinitely small vicinity of a fixed point of a surface. The characteristics of a point
set satisfying the dispersion equation were investigated, the existence of points, in which all
curves of all radial modes of oscillations are intersected (the points of an "infinite" repetition)
is found out; their coordinates are obtained. Similarly exist points of a "partial" repetition, in
which only part of curves of all radial modes of oscillations is intersected. Every point of
"infinite" or "partial" repetition generates the forbidden band. It is shown that the width of the
forbidden band is proportional a"', where n is the number of forbidden band's order.
Fractal properties of dispersion characteristics of £-wave for both planar and cylindrical
waveguides are analyzed. It is shown that HausdorfFs dimension DH = / / n a (a<l), one can
see, that DH has a shock at the critical value of a = 0,221 at this point £>//=/ and further
calculation of Hausdorffs dimension has no sense.
References
1 Balakirev V.A., Karbushev N.I., Ostrovsky A.O., Tkach Yu.,V. - Theory of Cherenkov
amplifiers and generators on relativistic electron beams, Kiev, Naukova dumka, 1993, p. 208.
2. Lapshyn VI., Stoyanov A.F., Tkachenko V.I., Tkachenko I V , Calculation of dispersion
characteristics of planar rippled plasmafilled waveguide, Eureka-2004, Proc. of International
Young Scientist Conference on Theoretical and Experimental Physics, 19-21 may 2004, Lvov,
paper U 62.
3 Bojokin S.V., Parshm DA., Fractals and multifractals, Moscow, R&C Dynamics, 2001, p. 128.
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INVESTIGATION OF PAMETERS AND AN AZIMUTHAL ELECTRON
BEAM HOMOGENEITY IN A MAGNETRON GUN WITH A
SECONDARY-EMISSION CATHODE
N.G. Reshetnyak, V.V. Zakutin, A.N. Dovbnya, N.A.. Dovbnya
NSC K1PT, 1, Akademicheskaya St., Kharkov, 61108, Ukraine.
E-mail: zakutin(5)Javt. kharkov. ua
Results are reported from experimental studies on electron beam parameters of the
magnetron injection gun having a cold metallic secondary-emission cathode.
The magnetron gun had a copper rod cathode (40 mm in diameter, 70 mm in length)
and a cylindrical anode (70 mm in diameter, 140 mm in length). The beam parameters were
measured using an azimuth-sectionalized 8-channel Faraday cup and a 12-channel computeraided measuring system. The measurement error was within 1 ... 2%. The beam current pulse
length was about 8 (is, the pulse rate was measured to be 15 Hz.
At a cathode voltage amplitude of 50 kV and a cathode magnetic field strength of
-1200 Oe, the gun generates a tubular electron beam with an outer diameter of 50 mm, an
inner diameter of 44 mm, the beam current being of -50 A. The instability of total beam
current, and also, of the current from each of eight segments of the Faraday cup was estimated
to be ~2 ... 3% during the course of 16 voltage pulses following one after the other.
The beam current distribution in azimuth was investigated versus the amplitude,
distribution and direction of the magnetic field. At a cathode magnetic field strength of 1200
Oe, that falls off in the vicinity of the Faraday cup down to -800 Oe, the beam current
distribution in azimuth has a ± (3 ... 5)% inhomogeneity. As the magnetic field strength
increases up to -1700 Oe in the region of beam emergence from the gun and the Faraday cup,
theazimuthal inhomogeneity of the beam current increases up to ±(100 ... 150)%.
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MODES OF ELECTRON BEAM GENERATION IN A SECONDARYEMISSION SOURSE
V.V. Zakutin, N.G. Reshetnyak, AN. Dovbnya, N.A. Dovbnya
NSCKIPT, l.AkademicheskayaSt., Kharkov, 61108, Ukraine
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Electron beam generation was investigated using a magnetron injection gun with a
secondary-emission cathode. The gun had a copper cathode, 40 mm in diameter and 70 mm in
length, and a stainless steel anode, 70 mm in diameter and 140 mm in length. Measurements
of electron current entering both the Faraday cup and the anode were performed.
The experiments have shown that the electron current direction can be varied to be
along the gun axis or perpendicular to the axis, depending on the longitudinal magnetic field
amplitude and distribution. In this case, several modes of electron beam generation are
realized, namely, open, closed, and intermediate.
In the first case, at a cathode magnetic field strength of- 1200 Oe, that falls off with
approaching the gun outlet down to 1000 Oe, and at a cathode voltage of 50 kV, the
magnetron gun generates a 50 A tubular electron beam with an outer diameter of 50 mm and a
wall thickness of 3 mm. At this mode of generation, the anode current makes about 1 % of the
beam current. At a cathode magnetic field o f - 1400 Oe, that increases up to 1700 Oe in the
vicinity of the gun outlet, the beam current decreases down to 25 A, and the outer diameter of
the beam diminishes down to 38 mm, the wall thickness being less than 2 mm.
The second case realizes the closed mode of magnetron gun operation with electron
current going to the anode, the secondary-emission multiplication of electrons being retained.
At a cathode voltage of ~ 45 kV, the anode current was ~ 5 A, and the current to the Faraday
cup was practically absent. This was attained by reducing the magnetic field in the cathode
region to ~ 1.1... 1.2 the Hell field value and by enhancing the magnetic field towards the
outlet of the gun. The anode current amplitude could be adjusted by varying the magnetic
field distribution along the axis of the gun.
In the intermediate mode with a cathode voltage of- 45 kV and a magnetic intensity
o f - 700 Oe and ~1100 Oe at the cathode and at the gun outlet, respectively, the direct beam
current was measured to be - 5 A, and the anode current was - 7 A.
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PECULIARITIES OF PARTICLES PASSING
THROUGH SPLITTING SEPARATRIX
V.A.Buts, A P.Tolstoluzhsky
National Science Center "Kharkov Institute of Physics and Technology "
61108 Kharkov-108,1 Akademicheskaya, Ukraine
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At development of dynamic chaos in a Hamiltonian system all phase space is divided
into regions with random and regular behaviour. In particular, than K.olmogorov's entropy is
greater, then the regions with regular motion are less. If the Kolmogorov's entropy is small, in
regions with random behaviour the stochastic web can be formed and Arnold's diffusion can
be arisen.
The investigation of regions' boundaries separating random behavior from regular,
shows that these boundaries are fractal and have property "sticky". The result of such "sticky"
can be the seeming breaking of the second law of thermodynamics [ 1 ].
For beam problems, i.e. for problems of electromagnetic waves generating and
problems of charged particles acceleration by electromagnetic fields, the basic role is played
the interaction of wave-particle type. Such interaction, more often, can be simulated by the
equation of mathematical pendulum. At that the separatrix of mathematical pendulum,
separates (flying) transit particles from trapped particles. In actual situations the separatrix is
splitting (as a result of always available disturbances), forming a stochastic layer.
Dynamics practically all of beam instabilities contains the passing of beam particles
through a splitting separatrix as one of its elements.
In the present report, the peculiarities of charged particle passing through a splitting
separatrix are analytically and numerically investigated. As an example we considered the
model of mathematical pendulum, which separatrix splitting by external high-frequency
excitation, and which has a positive or negative dissipation. The most important and common
peculiarity of such passing is the considerable increasing the time of particle passing through
stochasticity region.
Besides that, we considered the case of excitation of a monochromatic wave by an
electron beam at Cherenkov's effect. Also the peculiarities of beam particles dynamics are
analyzed at such excitation.
I. George M. Zaslavsky, Physics Today, N8,39 (1999).
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PECULIARITIES OF CHARGED PARTICLES MOVING IN THE
FIELD OF HIGH FREQUENCY PULSE OF LARGE INTENSITY
Buts V.A., Kuzmin V. V
National Scientific Center « Kharkov Institute of Physics and Technology)), 61108, Kharkov,
Ukraine, E-mail: vbws&.kipt. kharkov. ua
The results of the analytical and numerical researches of the peculiarities of charged particles
dynamic both in the fields of homogeneous flat electromagnetic wave and in the fields of high
frequency pulse are represented in this report. Special attention was on the cases when
intensity of the waves was large. The qualitatively measure of the intensity is the parameter of
wave force S = eElmcco (parameter of nonlinearity). The common designations are used
here. At research of dynamics of a particle in a plane-polarized field of homogeneous flat
wave it has been shown that their dynamics essentially depends on initial position of particles
concerning the phase of the wave. So, if particles originally were in rest and also were in
phases nn they only were entrained by a wave in longitudinal direction. In a traversal
direction they only oscillate. The average traversal pulse of them is equal to zero.
Such particles are displaced only in a longitudinal direction. The particles, which are in other
phases, get average transverse pulse unequal to zero. Value of this average pulse and its
direction depend on the phase of particles concerning to the wave. Thus particles run up in
different directions. Presence of such running up destroys structure of accelerated bunch.
Therefore such scheme of acceleration of the charged particles is inefficient. Having added to
particles an initial longitudinal pulse, it is possible to reduce considerably their running up. In
the field of a wave with circular (elliptic) polarization the basic features of movement of
particles are similar to features of movements in the field with linear polarization. The main
difference is in the fact that in space of pulses the trajectory of particles has the form of
spirals. Dynamics of particles in the field of high-frequency pulse has also been investigated.
The main feature of dynamics is in the fact that this dynamics practically does not depend on
an initial arrangement of particles in the space. Their trajectories are similar. All of them are
entrained in a longitudinal direction and oscillate in transverse direction. Such feature of
dynamics of particles in a pulse allows to use it for effective acceleration of charged particles.
Interesting feature of movement of particles in the field of high-frequency pulse with circular
polarization is in the fact, that the longitudinal pulse follows the form of pulse envelope
remaining positive. Such dynamics of the charged particles is especially attractive to
acceleration.
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STABILIZATION OF BEAM INSTABILITY IN WAVE-WAVE
INTERACTION TYPE
V A.Buts, Kovalchuk IK., Kornilov E.A., Tarasov D V.
NSC "Kharkov Institute of Physics and Technology"
Academicheskaya sli-,1, Kharkov, 61108 Ukraine, E-mail: vbuts<3kipl kharkov ua
The new mechanism of stabilization of beam instability is proposed. The considered
mechanism plays a special role at stabilization of beam instability in plasma systems with
small size of interaction area of a beam of particles with field of exited waves. The essence of
the mechanism can be explained by the fact that in short electrodynamic systems the known
mechanisms of instability stabilization such as capture of particles of a beam by the field of
exited waves and stochastic instability of movement of particles of a beam occur at mush
bigger intensities of exited fields than it is observed in long systems. It is caused by short tinvr
of flight of particles of a beam through area of interaction with a field. Local instability of
wave - wave process can be essential in such conditions. At the same time dynamics of fields
becomes chaotic. Efficiency of interaction of a charged beam with fluctuating field is much
lower than with fields of regular waves. In addition fluctuating fields rapidly convey their
energy to heating of plasma particles. Thus a new channel of rapid dissipation of energy of
excited waves appears.
As a result stabilization of instability or even failure of process of excitation of waves takes
place The results of some experiments at which, apparently, the described mechanism of
failure of plasma-beam instability is realized, are described.
At rather high amplitudes of the waves exited in plasma it is possible that effective
nonlinear interactions of these waves with other proper waves of plasma electrodynamic
structure take place. Dynamics of this interaction can be both regular and chaotic. We are
interested in chaotic regimes. Such regimes appear in different schemes of nonlinear wave
interaction
The most prime are modified decay and also the case of three-wave interaction, when
during interaction the fourth wave can participate; this wave by its performances is close, for
example, to a low-frequency wave participating in the interaction. The last case we shall term
quasi-four-wave. The stochastic instability develops only when amplitude of a decaying wave
(pump wave) exceeds some threshold value.
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"DYNAMIC OF INSTABILITY SYSTEM BEING UNDER ACTION OF
THE MULTIPLICATIVE FLUCTUATIONS
ButsV.A., Kovalchuk I.K..
NSC "Kharkov Institute of Physics and Technology "
Academicheskaya str,l, Kharkov, 61108 Ukraine, E-mail: vbuts(5).kipl.kharkov. ua
The instability systems behavior, which is influenced under multiplicative fluctuation,
is investigated Transitions of dynamic systems from one stability station to other one take
place through instability. There are much essential examples of such instability systems in the
plasmas and in the plasma-beam systems. In particular, these are processes of excitation and
stabilization of different natural plasma oscillation types. Besides, there are always
fluctuations in plasma. Essentially large fluctuations arise in plasma, which is created by
means plasma-beam discharge. The role of these fluctuations is essential in many cases. It
may be expected that one will be essential when fluctuations action on instability state. As it
was shown in our previous investigation, essential influence occurs in the case when
fluctuations are multiplicative.
To investigate role of multiplicative fluctuations on the instability systems, the task
about plasma-beam instability at existing of random non-uniformities of plasma was
considered. We considered the task of natural plasma waves amplification by electron beam at
the presence random spatial non-uniformities of plasma. It was shown that random nonuniformities of plasma play role of multiplicative fluctuations. The equations for first
moments were obtained. These equations coincide with known one for plasma-beam
instability with characteristic spatial coefficient of amplification. The equations for second
moments were obtained too. In the case of fluctuations absence the characteristic equations of
the linear of equation set easy is solving. In this case the amplification coefficients for second
moments exactly equal to first moments amplification coefficients multiplied on two. When
fluctuations take place the amplification coefficient for second moments always is large than
in the case of fluctuations absence. This means that dispersion (second moment) of amplified
signal by beams always increase faster than signal amplitude (first moment). It may be point
distance, that exceeding one amplified signal in plasma-beam system always will be chaotic.
The initial information passed to input of plasma-beam system will be loosed. This length will
be depended from value of regular signal, passed on input of plasma-beam system and from
spectrum width. As signal amplitude is less and it spectral line is wider, then length on which
signal becomes completely chaotic is less.
It may be expected that described script of first and second moments behavior will be
character for other instability systems with multiplicative fluctuations.
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In many cases in inhomogeneous medium such as laboratory plasma, ionosphere, ocean, and
other the character dimensions of inhomogeneous can be significantly large than wavelength
of the wave that propagate in it. The approximation of geometric optic can be used at this
condition. It is well known that geometric optic so related to wave optic as classic mechanics
related to the quantum mechanics That is why we can expect that many significant
peculiarities of dynamics of charged particle in electromagnetic fields have analogies in
dynamics of the rays in inhomogeneous mediums.
The results of the researchers of the rays dynamics in inhomogeneous mediums at the
conditions when stochastic instability arise and in condition that corresponded to conditions
of the autophasing charged particles in theory of the accelerators. It is necessary to note that
question about dynamic focusing of the rays was touched in work [1]
The comparison of the oscillator Duffing dynamic wits rays dynamic in inhomogeneous
medium (with suitable character of the inhomogeneous) was fulfilled. During this comparison
was shown that the analogies in dynamic of charged particles and rays can be developed on
the cases when the particles are moving simultaneously in inhomogeneous potential and in
external periodic in time electromagnetic fields. The stochastic instability of charged particles
moving can appear in such conditions. Was shown that analogies processes can be take place
and in rays dynamics.
The stochastic instability of the rays lead to increasing of their generalized impulse. The
increasing follow the diffuse low. Note that the generalize impulse for rays means the tangent
of the angle of the slope to axis of rays propagation. The opportunity of the rays autophasing
in the waveguiding medium is shown. This ray autophasing is analogized to Veksler-MakMillan autophasing in theory accelerators. Is shown that the ray autophasing in waveguiding
medium for practically arbitrary cross profile of the inhomogeneous appears if the character
cross size of the inhomogeneous is increasing in direction that coincide with direction in
which rays are propagate. The presence of the autophasing can prevent onset of the stochastic
instability and can depress influence random inhomogeneous.
1. Buts V.A., Chatskaya V.A. Dynamic focusing of the rays in waveguiding mediums. JTPh,
V. 65, N.4, 1995, pp. 195-198.
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DISPERSION PROPERTIES OF EIGEN FLUTE MODES
PROPAGATING IN CYLINDRICAL WAVEGUIDE WITH
NONUNIFORM PLASMA FILLING
V.O Girka, I.O. Girka, IV. Pavienko
Kharhv National University, Svobodysq,, 4, Kharkiv 61077, Ukraine
Radial nonuniformity of a plasma density is a typical feature of any laboratory device
with magnetically confined plasma. This non-uniformity causes definite change in spectrum
of surface waves (SW) propagating along plasma interface with finite value of curvature
radius, across axial external magnetic field Bo. To examine the case of arbitrary plasma nonuniformity one can apply numerical methods that is why case of weak radial plasma nonuniformity and the case of linear changing of a periphery plasma density for plasma filled
cylindrical waveguide with radius that is much larger than penetration depth of eigen flute
modes (FM) into the plasma are studied here analytically.
The case of weak plasma non-uniformity is convenient to examine by method of etalon
equation. Using asymptotic of Bessel functions for large value of their argument one can find
analytical expressions for eigen frequency of FM for the case of parabolical plasma density
profile in two frequency ranges where the eigen FM can propagate, namely
\o)e\<(o<(oCul

-Voe\

and <aUH <a><aiCul,

here coe, a>UH and a>Qut are electron cyclotron,

upper hybrid and cut-off frequencies, respectively. The case of linear changing of density in
plasma periphery is convenient to examine by method of successive approximations. We
should emphasize that in a central plasma region it density profile can be of another type and
it will not influence on the obtained results essentially. Our consideration is restricted only by
supposition that value of plasma density gradient is of small value. Damping of the FM is also
studied. Analytical expressions for collisional and resonant (it is related with conversion of
the FM into upper hybrid mode) damping rates are found as well.
The performed analysis allows us to make the following conclusions: - increasing of
plasmas density toward a center of plasma column leads to definite increasing of the FM
eigen frequency (it is explained by correspondent dependence of the FM frequency on plasma
density); - resonant damping of the FM becomes more stronger when distance between
plasma interface and resonant point (where e,(r0) = 0) rums to be larger and when thickness
of vacuum layer that separates plasma column from the chamber's wall turns to zero; dispersion properties of FM propagating in nonuniform plasma are similar to those in the case
of uniform plasma if one changes penetration depth by definite effective value that is larger
than that in the case of uniform plasma if plasma density profile decreases toward the plasma
interface. Presented results seem to be useful for studying phenomena in plasma periphery
region.
The work is supported by the Science and Technology Center in Ukraine, Project # 2313.
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SURFACE EXTRAORDINARILY POLARIZED WAVES IN
NONUNIFORM PLASMA AND THEIR POSSIBLE APPLICATION FOR
SOLIDS PROCESSING
MR. Beljaev, V.O. Girka, A.M. Kondratenko
Kharkiv National University. Svobody sq., 4, Kharkiv 61077, Ukraine
Eigen perturbations that are excited and propagate in restricted plasma structures in
laboratory devices have some peculiarities as compared with bulk waves propagating in
unrestricted plasma volumes, hi particular in addition to the well-known bulk cyclotron waves
there was found theoretically the possibility for propagation of surface cyclotron modes in
restricted plasma structures. Properties of slow electromagnetic surface waves (SW)
propagating across external magnetic field at the second harmonic of ion cyclotron frequency
are studied in the work in the case of plasma with nonuniform density profile in approach „•'
weak plasma spatial dispersion. The model under studying consists of semi bounded plasma,
dielectric layer (its thickness can be also equal to zero) and metal wall. The structure is
immersed into external constant magnetic field oriented parallelly to the plasma interface.
Plasma density nonuniformity influence on the surface cyclotron X-modes (SCXM) is
examined using kinetic approach and set of Maxwell equations for their field.
One of the most advanced areas of SW applications is their utilization for plasma
production and solids processing during gas discharges sustained by them. It could be an
actual problem for fusion researches, because results of experiments on a wall conditioning at
TEXTOR prove that application of ICRF antennas without changes in the hardware allows us
to increase hydrogen removal capability essentially [1]. Such results were obtained for the
case when maximum of the inserted power was located near the chambers' wall that is typical
spatial distribution of SW. To illustrate ability of SCXM to sustain a gas discharge, the flow
of their wave power and power absorbed through collisional and collisionless mechanisms are
calculated.
The work is supported by Ukrainian Ministry of Education and Science, project # <D 7/377.
1. Lyssoivan A., Koch R., Gautheir E., et al//14-th Topical Conference on Radio frequency
Power in Plasmas, May, 2001, Oxnard, USA. Paper A34, p. 34.
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FORMATION AND PROPERTIES OF SELF-CONSISTENT
MALMBERG-PENNING TRAP
N.A.Azarenkov*, A.A Bizyukov*, V.I.Lapshin, V.I.Maslov, I.K.Tarasov, E.D.Volkov
NSC Kharkov Institute of Physics and Technology, Kharkov 61108, Ukraine;
*Karazm Kharkov National University, Kharkov, 61108, Ukraine
The excitation and properties of electric trap for beam's electrons, which move through a
metallic drift tube, are investigated theoretically and experimentally in this paper. It is shown
that the electron beam provides the instability development. The instability leads to the
formation of the non-stationary electric barrier and the appearance of electric potential trap.
This phenomenon is observed in the central region of the tube, where the hump of the electric
potential is formed. On the end of the cylinder two dips of the electric potential are formed.
The trap confines electrons during the barrier formation and keeps them inside the drift tube.
Trapped electrons have low temperature and are unstable concerning the diocotron instability
development.
During the diocotron instability development the spatial charge redistribution takes place
in the beam cross-section, which is connected with the electron drift in longitudinal magnetic
and radial electric fields. This process is accompanied by azimuth redistribution of the beam
density and by radial transfer of electrons across magnetic field. This radial transfer leads to
the increase of the radial beam dimension and to the bombardment of the drift chamber wall
by electrons. The variation of the radial beam dimension and, hence, the longitudinal
redistribution of the volume charge lead to the corresponding variation of the longitudinal
distribution of the electric potential, and appearance of self-consistent field of trap- type in
central region of the drift space.
The development of dissipative, diocotron, gradient, Pierce and stream instabilities are the
mechanisms of the trap formation. The trap is a longitudinal electric potential barrier. It has
been shown, that at certain conditions these instabilities are mutual strengthen.
The interaction of beam's electrons with electrons of a metal wall of finite conductivity,
located on depth, smaller than skin depth, results in development of longitudinal dissipative
instability.
The interaction of electrons of hollow beam, drifting azimuthally in crossed radial
electrical and longitudinal magnetic fields, results in development of diocotron instability. As
a result of the diocotron instability development the small part of electrons is accelerated in
the transversal direction and is dropped on the wall. The main part of electrons is cooled as a
result of this energy exchange.
References
1. V.A.Bashko, S.M.Krivoruchko, and I.K.Tarasov, in 16 th Europ. Conf. on Contr. Fusion
and Plasma Phys., vol.UB, part PV, Venice (1989), p. 1587.
2. Bursian V.R. Pavlov B.I. On one special case of influence of the space charge on the
transfer of electron beam in vacuum// Journal of Russian Society of Physics and Chemistry,
1923, 55(l)p.71
3. A.A. Buzyukov, E.D. Volkov, I.K.Tarasov. -Problems of atomic science and technology.
Series, plasma physics- Kharkov.-2000.-No.3 (5) .-P. 120-122.
4. P.Lynov et al.: Physica Scripta, 20 (1979), 328.
5. H.Tanaka et al.: Proc. of 9"1 Int. Conf. on Plasma Physics, Toki, (1998).
6. H.Schamel: Plasma Physics, 14 (1972) 905.
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AMPLIFICATION AND EXCITATION OF MICROWAVES BY AN
ELECTRON BEAM IN A DISK-LOADED COAXIAL HYBRID
WAVEGUIDE
V S . Antipov, IV. Berezhnaya, E.A. Kornilov, P.I. Markov, G.V. Sotnikov
National Scientific Center Kharkov Institute of Physics & Technology
Kharkov, Ukraine
We have presented the results of the extensive experimental investigations of the
amplification and oscillation excitation by the electron beam in hybrid plasma waveguides
(HPW). The structure used as HPW a coaxial line with the disk-loaded electrodes and the
plasma-filled passage channel. The waveguides have been placed into a homogeneous
magnetic field. An annular electron beam of the outside diameter 80 mm and the rim 5 mm
has been formed in the cathode unit, where a discharge gap is provided by the coaxial
arrangement of cylindrical electrodes.
Electrons are accelerated under a constant voltage (within 12-25 kV), supplied by a source
and impressed on the cathode unit with respect to the slow-wave structure. The power of the
microwave master oscillator used in the experiments is 2-8 W. The microwave gain obtained
is -10 dB. The frequencies characterized by the maximum gain have been determined by
varying both the accelerating voltage impressed on the gun anode and the master oscillator
frequency (1-3 GHz) at the slow-wave structure input. These values are in a rather good
accordance with the ones calculated by the dispersion relation for the slow-wave structure
zero harmonic.
Experimental investigations of the interaction between the electron beam and slow-wave
structure have indicated that the excitation of any oscillations is not observed if the currents
are less than 0.5 A. The beam currents heavier than 0.5 A cause self-excitation of the «beam +
hybrid waveguide» system. When the beam currents are light, the oscillations are regular. The
current increase is accompanied by the transition to self-excitation of microwaves. We have
examined characteristics of the oscillations excited by the beam (their spectra, average- and
pulse power) as well as energy spectra of the beam electrons and plasma particles.
As the investigation of the video pulse passage through the slow-wave structure under the
currents close to the start-up value indicates, the working gas pressure heightening in the bore
results in extending the system transmission band because of the plasma densification. In the
experimental verification of the model of beam-plasma interaction in the plasma-filled diskloaded coaxial we have compared the measured values of beam resonance energies and the
starting currents, required for the amplification and excitation of oscillations at given
frequencies, with the corresponding-calculated parameters. The resonance energies determine
the dispersion, whereas the currents permit estimating the resistance of coupling between the
beam and the waveguide proper waves.
In general, the experimental investigations performed do confirm the results of analytical
calculations of electrodynamic characteristics of a hybrid plasma waveguide, having the form
of a disk-loaded coaxial with the bore filled with plasma. The measured microwave signal
gain and beam minimum currents, to start with the value of which the amplification is
possible in a beam-plasma system, are in good agreement with the corresponding parameters
calculated. This fact indicates that the elaborated methods in determining the dispersion
relations for the hybrid waveguide and describing the microwave excitation by an electron
beam in such a structure are valid for calculation of the microwave beam-plasma amplifier
and generator.
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DISPERSION OF LOW FREQUENCY ION PLASMA OSCILLATIONS
IN HYBRID PLASMA WAVEGUIDE
Antipov V.S., Antonov AN., Balakirev V.A., Kovpik O F , Komilov E.A.,
Svichensky V.G.
WSC "Kharkov Istitute of Physics & Technology ", Kharkov, Ukraine
The method of determination of dispersion of low frequency ion plasma oscillations in
hybrid plasma waveguides it was work out. Its basis is on analysis of the form of spreading single
impulse in plasma. Experimentally the dispersions are studied in the waveguide of the beamplasma generator. The hybrid waveguide is the chain of the inductively linked resonators in which
the flight canal is filled by plasma of plasma-beam discharge. The researches are fulfilled under
excitation of high-frequency electronic modes with power as high as ten kW. The comparison of
experiment results and the theoretical computations is conducted. The conditions for applicability
of developed method are definite.
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DERANGEMENT OF OSCILLATIONS IN BEAM-PLASMA
GENERATOR WITH HYBRID PLASMA WAWEGUIDE
Antonov AN., Kovpik O.F., Komilov E.A.. Svichensky V.G.
NSC "Kharkov Islitute of Physics & Technology", Kharkov, Ukraine,
E-mail: kornilov@kipt.kharkov.ua
By means of sounding of hybrid plasma waveguide by trials waves it was shown, that the
derangement of high-frequency oscillations in the beam-plasma generator is conditioned by
excitation of low hybrid waves. Their appearance promote decay of high-frequency waves are
excited by electron beam. The low hybrid waves are nonlinear. They have bifurcation with birth
of harmonics. Their frequency and wave vector are function of power of plasma hybrid highfrequency waves. The cascade of nonlinear coupling between high-frequency, ionic-sound and
low-hybnd waves as well as change of dispersion of high-frequency mode of waveguide due to
the change of plasma in its channel are a reason of excitation of high-frequency waves as short,
single impulses. The necessary conditions for achievement of larger level power of highfrequency oscillations in the beam-plasma generator and high efficiency of transformation in them
of kinetic energy of electron beam are formulated.
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LANGMUIR WAVES EXCITATION BY ELECTRON BEAM WITH THE
LIMITED CROSS-SECTION IN THE NEAR-EARTH ELECTRON
FORESHOCK
I O. Anisimov1, V.V. Krasnosselskikh2, K.S.Musatenko'
'Taras Shevchenko National University ofKyiv, Radiophisics Faculty,
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Scientifique,45071 Orleans CEDEX, Orleans, France
Multisalellite measurements that were performed in the international project CLUSTER fixed
oscillations on the border between Earth magnetosphere and foreshock region [1]. Frequencies of
these oscillations correspond to the Langmuir and electron-acoustic waves, respectively. Direct
measurements of the electron velocity distribution function indicated the presence of electron
beam that had been reflected from the shock front. This beam hypothetically causes excitation cf
the above-mentioned waves. Measurement results show that specified beam is not solid and can
be considered as a system of separated radially restricted beams. Theoretical investigation of the
excitation by such a beam is a purpose of this work.
The simplest geometrical model is proposed where the stripped monoenergetic electron
beam with the sharp boundaries pierces warm plasma without magnetic field. The dispersion
equation that was obtained for such a model (see, e.g., [2]) has a form:
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where kz is a longitudinal wavenumber, kX2 is the Langmuir waves' transversal wavenumber
for plasma without beam, kx4 is the transversal wavenumber for infinite beam in plasma, d is a
beam width, AD is a Debay radius, v0 is a beam velocity, cope is an electron plasma frequency
and cog is an electron plasma frequency of the beam. First co-factor in (1) corresponds to the
antisymmetric modes and the second one to the symmetric modes.
Equation (1) was solved numerically. Dispersion function F was studied as a function of
real and imaginary parts of frequency. Identification of the waves types was performed by the
investigation of the extreme cases of the model. The roots obtained correspond to Langmuir
waves and beam-plasma modes. Beam-plasma modes can be of stable and unstable type. The
discreteness of the roots can be explained by the transversal restriction of the beam.
Investigation shows that maximal increment corresponds to the purely longitudinal waves
propagating along the beam motion.
References
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Multipoint Measurements in Space. Orleans, France, 12-16 May 2003.
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PROPAGATION OF EIGEN FLUTE MODES IN MAGNETOACTIVE
AZIMUTHALLY CORRUGATED WAVEGUIDES
V.O. Girka, J.O. Girka, IV. Pavlenko
Kharkiv National University, Svobodysq., 4, Kharkiv 61077, Ukraine
Dispersion properties of eigen flute modes (FM) propagating strictly across external
axial magnetic field in azimuthally corrugated cylindrical waveguide are investigated.
Metallic waveguide that has following dependence of the radius R2 = R\ (l + hN sin(Np)) on
azimuthal angle is under the consideration. It is filled by plasma cylinder with radius RQ SO
that the inequality hN < (/?, - RQ)/R0 < 1 is valid. The plasma region is separated from the
metal wall of the waveguide by dielectric (vacuum). Waveguide structure is assumed to be
uniform along axis of the cylinder. Plasma is affected by external axial magnetic field Bg and
described in hydrodynamical approach.
Solving Maxwell equations for FM with X-polarization one can find modified Bessel
type equation for magnetic component of FM field. Electric components are determined by
the aid of magnetic component and its derivatives. FMs' field is assumed as Fourier series in
respect of corrugate parameter n. In dielectric region components of FMs' field are described
by Bessel functions of the first type, Neiman functions and their derivatives. To obtain
dispersion equation the following boundary conditions are applied: - FMs' field is finite on
the waveguide axis; - tangential components of the FM filed are continues on plasmadielectric interface; - tangential component of FM electric field is equal to zero on the
corrugated metal wall.
Dispersion equation for FM propagating in corrugated waveguide can be examined
analytically by the aid of successive approximation in the limiting cases of wide and narrow
waveguide. Results of azimuthal surface waves theory for the case of magnetoactive plasma
filled waveguide with circular cross-section are applied as zero approximation. It is found that
increasing of Bg value leads to decreasing of the FM frequency in corrugated waveguide. In
the case of cross-section with arbitrary shape one can assume FM frequency as sum of eigen
frequency in the case of circular cross-section and frequency shifts for different meanings of
the n parameter. Frequency shift of FM is proportional to h\. Decreasing of the metal
waveguide radius and increasing of the n value lends to increasing of absolute value of
frequency shift Ao>n therefore FM frequency value decreases. Numerical analysis proves that
Ao n increases with decreasing of dielectric region, thickness and effective wavenumber
mlRx.
The proposed method can be applied for description of transverse electromagnetic
waves propagation in fusion devices with cross-section of D - shape, using as the first
approximation n~2 . Carried out calculations seem to be interesting for searching optimum
regimes of inputting of HF power into magnetically confined plasmas.
The work is supported by the Science and Technology Center in Ukraine, Project # 2313.
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EXCITATION OF HIGH NUMBERS HARMONICS BY FLOWS OF
OSCILLATORS IN A PERIODIC POTENTIAL
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It is investigated regular and chaotic dynamics of a charged particle, which moves in
the external time-periodic electrical field and in the field of external, periodic in space,
potential. If the field of potential is much less, than the field of external time-periodic field
then the analytic expressions for particle velocity and for its displacement are obtained. These
expressions are the infinite series on Bessel functions. It is shown that these series have a
local maximum on frequencies, which correspond to high number of harmonic from
frequency of the external time-periodic field. It is shown also, that namely these addends
determine a maximum in the spectrum of particle radiation. In the other limiting case, when
the field of potential is much more than time-periodic electrical field, the problem on particle
motion is reduced to the problem of motion of mathematical pendulum which is under the
influence of small external periodic force. The analytical and numerical investigation of
particle dynamics is in this case carried out and, the conditions for regular and for stochastic
particle dynamics are determined. If the fields of potential and the fields of time-periodic
electrical field have the same order of magnitude, the dynamics can be studied only by
numerical methods. In addition it, practically always, is stochastic.
We have obtained the set of integro-differential equations, which describes the nonlinear self-consistent dynamics of electromagnetic waves' excitation by flows of charged
particles. Particles move, as it is described above, in the field of external, periodic in space,
potential and in time-periodic electrical field. The equations are obtained both for relativistic,
and for nonrelativistic particles. For our purposes, for the excitation of high numbers of
harmonics, we are particularly interested in the radiation of nonrelativistic particles. So the
main attention is given to this case. On an initial stage, when the amplitudes of excited fields
are small, the dispersion equation is obtained. In the general case this equation is analyzed by
the numerical methods. In the cases, most interesting to the applications, this equation can be
simplified. At that it is possible to investigate it by analytical methods. In particular, one of
such cases is the case, when the field of potential is much less than time-periodic field. At that
the expressions for increments of instability, which determine the excitation of high
harmonics of external field, are obtained.
The numerical analysis of a full self-consistent set of equations demonstrates the good
qualitative agreement with analytical results. In particular, it is shown, that in most cases the
stabilization of excited field level is determined by development of the stochastic instability.
Let's mark also, that this instability is most destructive at excitation of high harmonics.
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INTERACTION OF MICROWAVE WITH A STOCHASTIC JUMPING
PHASE (MSJP) WITH OVERDENSE PLASMAS OR GASES AND
ELECTRON COLLISIONLESS HEATING BY IT
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M Lontaiio2, V.D. Levchenko3, V.t. Mirny, I.F. Potapenko3
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In NSC KIPT have been created newly developed plasma-beam microwave generators of intense stochastic radiation These generators are based on electron beam interaction with a hybrid plasma waveguide. They have small weight and size at high output power. A 40 kW cw
microwave radiation power in the 10 cm wavelength band, a 100 kW power in the shape of 4
ms long pulses, and an electron efficiency up to 50%, are ensured. The maximum power of 66
kW at the electron efficiency about 40% in the frequency range from 0 85 to 1.66 GHz was
attained In present paper the results from a theoretical and experimental study as well as from
numerical simulation of either direct or inclined incident to boundary vacuum-overcritical
density plasma of the linearly polarized electromagnetic waves are discussed. The chief results of our studies are the following: (i) at considered parameters the penetration coefficient
(PC) of the MSJP is about one order of magnitude higher than a PC of the wide-band regular
electromagnetic wave (WREW) with the same spectral energy density; (ii) in particular, at
inclined incident of the MSJP an electron heating is most essential and besides the electron
distribution function has high energy "tail"; (iii) there are indicated the necessary conditions
for gas breakdown in stochastic fields. This anomalous behavior of a penetration coefficient, a
breakdown conditions as well as the electron heating are connected with a jumping phase of
MSJP.
The work was supported in part by INTAS project # 01-233.
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LANGMUIR WAVE EXCITATION IN SEMI-INFINITE DENSE
PLASMA BY SHORT LASER PULSE
V.A. Balakirev, Ya.B. Fainberg, I.V Karas', V.I. FCaras', A P. Tolstoluzhsky

NSC" Kharkov Institute of Physics & Technology", Kharkov, Ukraine, karas'.Ukipt. kharkov. ua
Nonlinear mechanism of Langmuir wave excitation in dense plasma by intensive laser
pulse has been investigated. Laser pulse that has frequency 01 = ^ / 2 (where wp is electron
plasma frequency) propagate normally to boundary of semi-infinite plasma from vacuum.
Such laser pulse in plasma has skin depth that is equal A, =2c/ -fla>p. For indicated pulse
frequency a nonlinear current in plasmas (ponderomotive strength) have plasma frequency
and therefore in skin layer it will excite resonantly a plasma wave. It is shown, this wave from
source region propagate in plasma volume. In plasma a field have an oscillator character. Its
amplitude increases from head of wave disturbance to plasma boundary, to each disturb point
of space this field oscillate on plasma frequency.
The Langmuir disturbance dispersion reduction ensures the Langmuir oscillation maximum
amplitude decreasing. The longitudinal electric field magnitude have been determined by
relation

E,=y/—-ao\[n~o

(V/cm),

where nn is plasma density, aa is laser pulse dimensionless amplitude, I// is efficiency
coefficient of Langmuir wave excitation.

Fig. 1 Spatial and temporal distribution of Langmuir -wave excited by short laser pulse
It is important note, that in recent article [1] have place direct experiment evidence of
accelerated electron bunches separated by half the period of the laser light at irradiation of
thick solid targets by laser beam at relativistic intensities.
The work is supported by the European Community grant INTAS-01-0233 and
Fundamental Researches Foundation of the Ukraine on project # 02.07/213.
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THE EXCITATION OF LF ION OSCILLATION IN THE SYSTEMS
WITH RELATIVISTIC ELECTRON BEAM
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In the report the transverse motion of ions in LF charge density wave of the REB and in
Coulomb electric field of electronic beam in which ions make harmonic transverse
oscillations is investigated. It is shown, that in the case of LF charge density wave with
antisymmetric distribution of the electrical potential the requirement of synchronism between
ions and the wave is fulfilled for odd harmonics of the frequency of transverse oscillations in
Coulombian field of the REB. In resonant conditions only 20 % of ions can hit the walls of
the drift chamber. The situation considerably varies in case of charge density wave with
symmetrical distribution of the potential. First of all synchronism of ions with the wave is
possible only for even harmonics of frequency of ion oscillators. And it is important, in the
field of the symmetric wave all ions hit the walls of the drift chamber.
The flow of ion oscillators is instable concerning excitation of LF charge density wave of
the REB. The self-consistent nonlinear set of equations describing nonlinear dynamics of
instability of ion oscillators, formed by ions, which make transverse oscillations in static
electric field the REB, is obtained. It is shown, that for slow and fast charge density waves the
patterns of instability development qualitatively differ. The slow charge density wave has the
negative energy. Due to this, growth of wave amplitude is accompanied by increase of
transverse energy of ion oscillators and, accordingly, amplitudes of transverse LF oscillations
of ions. The longitudinal velocity of ions also increases. In case of fast charge density wave
instability develops under the traditional script. The decrease of transverse energy of ion
oscillators and their longitudinal velocity accompanies increase of wave amplitude.
The system of the nonlinear equations contains the only parameter//which is included in
right member of the equation for phase coordinates of ions. The right member contains two
items. The item, which is proportional to ft, considers grouping of ions stipulated by their
longitudinal motion, and second item, which does not contain the parameter, is responsible for
transverse grouping. At fi«\
the longitudinal motion does not play an important role, and
process of grouping is defined only by transverse motion. If / / « I the longitudinal motion
of ion oscillators in the field of LF charge density wave is responsible for grouping.
The numerical analysis of the set of equations has shown, that in the case of ft«1
two
bunches of ions are formed. And at JJ»\
one bunch is formed. Phase oscillations of
bunches reduce to capturing osculations of wave amplitude. At 2 > ft £ 0 all ions hit the
walls of the drift chamber during development of instability concerning excitation of the
symmetric wave, that corresponds to outcomes of examination of transverse ion motion in
approximation of the given amplitude. Numerical estimations show, that for parameters of the
collective accelerator distance on which all ions hit the walls is 2.1m. This distance
determines maximal length of the accelerator, and, hence, the maximal energy of the
accelerated ions.
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Our studies were performed on two installations. Parameters of first installation: an
axial electron beam of 0-10 keV, 0-60 mA, 30 mm diameter; a longitudinal magnetic field of
0,1-1.5 kOe; a beam-plasma discharge (BPD) length was varied from 15 to 150 cm.
Parameters of second installation: an axial electron beam of 0-1 keV, 0-100 mA, 20 mm
diameter; a longitudinal magnetic field of 0,1-1 kOe; a beam-plasma discharge (BPD) length
was 100 cm. Pressure of the gas (air) in the BPD volume was varied from 10"6 to 10'3 Torr.
Plasma density measurements were performed by 8-mm and 10-cm cavities. In case of gas
pressure increasing, the plasma density rapidly increases after p>=2*104 Torr, for both
installations; it is mean that the BPD starts. The start conditions are agree with theoretical
estimations [1]. For fixed pressure above 2*10"4Torr, the BPD start depends from the
interaction length L and beam current /, with relation Isum oc L" 1 . For varied parameters, the
BPD excited oscillations were measured by a spectrum analyzer in range of 0<ai<cop and
o)H <a>< JcDff + aPp . Measurements of the electron velocity distribution function were
performed using electron cyclotron resonance absorption of RF power in the helix resonator,
with account of Doppler effect. Simultaneously the distribution function was measured by
means of multi-electrode probe. Both methods give like results. The parameter of these
measurements was the gas pressure. As the pressure is increased the beam peak merges with
the plasma peak, and the characteristic plateau is formed in the distribution function.
In conclusion, it is interesting to note that critical pressure, p=2*10' 4 Torr, is measured
in some other works about BPD.
1. Lebedev P.M., Onishchenko I.N., Tkach Yu.V., Fainberg Ya.B., Shevchenko V.I. Fix.
Plaz. 1978. V.2. P.407-413.
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NANOSTRUCTURED FORMATIONS AND COATINGS
CREATED ON THE SURFACE OF MATERIALS
EXPOSED TO COMPRESSION PLASMA FLOWS
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Nowadays a great attention is attracted to studies aimed at the formation of nanoscale structures and coatings from various materials. Earlier we first obtained regular bulk structures on
surface of silicon wafers by exposing them to compression plasma flows generated by quasistationary magnetoplasma compressor (MPC). Considered in the present report is the way of
changing surface topography of aluminium plates, and depositing nanostructured metal coatings
on substrates.
The experiments were carried out on MPC of compact geometry. MPC operated in so called
"residua! gas mode" such that pre-evacuated vacuum chamber was filled with working gas (nitrogen) up to pressure of 100-400 Pa. The peak value of discharge current amounted to ~ 90 kA
and discharge duration was 120 us. Typical parameters of compression flow are as follows:
plasma velocity - 40-70 km/s, charged particles concentration - (5-10) 1017 cm'3 and temperature
- 1-3 eV Life time of compression flow makes ~ 100 us.
To analyze microstructure, morphology, elemental and phase composition of near-surface
layer, methods of scanning electron microscopy (SEM) and energy dispersive X-ray (EDX) microanalysis were used.
Compression plasma flow action on silicon wafer surface 10x10x0.3 mm3 in size results in
the formation of regular self-organizing structures 100-700 nm in diameter and up to 200 microns in length.
The appearance of surface nanoscale structures developing on samples under the action of
compression plasma flow is determined not only by conditions of the plasma/target interaction,
but by material of the target as well. In case of the sample from commercial purity aluminum, the
morphology of the surface exposed to compression flow resembles that of the processed silicon
surface, with the difference, that there were no strongly pronounced cylindrical formations on
aluminium surface.
Compression plasma flows can also be used in spraying nanostructured metal coatings on
various materials, including silicon. For this purpose, compression plasma flow is loaded by
highly dispersed metal particles produced by the wire electrical explosion. In this case, plasma
flow action results not only in the sample surface layer modification, but in the deposition of
metal coating as well The coating obtained looks like a monolayer of spherical metal particles
50 to 200 nanometers in size linked to each other. The nanostructured layer of metal particles
obtained in combined mode of MPC discharge covers different forms of surface topography including the cylindrical ones shaped in the course of plasma action.
Possible mechanisms for nanostructured coatings deposition are analyzed taking into consideration thermodynamic processes in the shock-compressed plasma layer developing under the
action of compression flow on the sample surface, and thermophysical processes accompanying
the crystallization of molten layer.
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Now direct current planar magnetrons are widely used for deposition of metal coatings
[1]. At the same time ion-plasma synthesis of dielectric coatings, in particular the oxides such
as TiO2, AJ2O3, Ta2O5 etc. by DC magnetrons has got some serious difficulties. There is the
passivation of a target, presence of intensive microarcs and the instability of discharge, that
essentially constricts the «window» of technological parameters and reduces the coatings
quality [2]. One of traditional solutions of these problems is the use of high-frequency ui
pulsed power source [3]. However in this case the cost of equipment is essentially increased.
In this paper the results of development of the DC magnetron sputtering system for
synthesis of high-quality oxide coatings are presented. The basic idea of the work consists in
separation of 2 processes: 1) metal target sputtering by magnetron discharge in inert gas, 2)
activation of reactive gas by additional plasma source on the basis of closed electron drift
discharge or RF inductive discharge. This approach required to solve the following problems:
1. To decrease working pressure of magnetron discharge down to 10"4 Torr (free-fall regime).
2. To tailor the magnetic system of the magnetron for precise' boundary fixing of target
sputtering zone.
3. To develop methods of target passive protection against microarcs.
4. To determine the most suitable method of chemically active particles generation and their
transportation to a substrate.
5. To develop the system of differential pumping of the working chamber.
The complex application of these solutions in the sputtering system has allowed to
expand the range of stable system operation: working pressure - (2-10)10"4Torr, magnetron
discharge power - 1-8 kW, power of chemically active particles source - up to 1 kW,
coatings deposition rate (for example AI2O3) - up to 8 microns/hour, and to improve
essentially the coatings quality.
This work was supported by COST Action 532, grant M 12 and Ministry of Industrial
Policy of Ukraine, Project N 92373/60.
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The paper presents status of experimental research and ongoing development for a number of
charged particle sources and plasma guns developed in join research team from Tomsk, included
Plasma sources laboratory (HCE1) and Plasma emission laboratory (TUSUR). Plasmas for all sources
are generated in "cold Wall" electrode (filament-less) discharge systems: cathodic spot vacuum arc,
low pressure arc, crossed ExH discharges and hollow cathode glow. The following plasma equipment
with its application areas will be reviewed - upgraded vacuum arc ion sources to produce especially
multiply charged high current ion beam for heavy ion accelerators and surface treatment technology;gaseous ion sources and plasma guns based on hollow cathode glow with external electron beam
injection to extend working pressure range for surface cleaning and activation before and during thin
film deposition;- plasma cathode dc electron guns based on reflected ExB discharge for e-beam
welding and e-beam metal powder cladding;- plasma cathode dc electron guns based on hollow
cathode glow to produce electron beams of cylindrical and ribbon shapes at fore-pump pressure range
for plasma chemistry. Designed outline, principle of operation and parameters of the all sources and
guns, as well as examples of their applications are presented and discussed. More details concerning
previous work in this subject one can find elsewhere [1-5].
Work is supported by Russian Ministry of industry science and technology, Russian Ministry of
Education, Russian President Grant for young Doctors of Sciences and Candidate of Sciences, by
research contracts with DOE National laboratories: LBNL, BNL according to USA-Russia, DOE IPP
Trust-2 programs, and by CRDF grants.
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NANOPOWDER MANAGEMENT IN LOW-PRESSURE SILANEBASED GLOW DISCHARGES
K.. Ostrikov
School of Physics, The University of Sydney, Sydney 2006 NSW, Australia,
E-mail: K. Ostrikov@physics. nsyd. edu.au
Management of nano-sized powder particles in reactive plasmas is indispensable for the
plasma-assisted deposition of functional films and coatings, contamination control in
semiconductor industry, assembly of various nanostructures, etc. This goal can be achieved
via fine engineering and precise control of the plasma parameters and composition and
energies of reactive species in the discharge. This presentation gives a comprehensive
introduction to the key concepts of nanopowder management in particle-generating
chemically active plasmas.
As a particular example, the possibility of the efficient control of the plasma parameters,
species composition, nanopowder growth and charging processes in a parallel-plate lowpressure silane-based discharge is shown. The nanoparticle subsystem strongly affects the
stationary state of the discharge by dynamically modifying the electron temperature and the
particle creation/loss processes. The spatial profiles of electron and positive/negative ion
number densities, electron temperature, and charge of the fine particles are obtained using a
self-consistent fluid model of the electronegative plasmas in the parallel plate reactor
geometry. The model accounts for powder-charge distribution, local plasma non-uniformity,
electron/ion collection by the nanoparticles, as well as relevant elastic and inelastic collisions.
The nanoparticle size range considered is 10-300 run.
The relations between the equilibrium discharge state and powder properties and the input
power and neutral gas pressure are studied. Methods for controlling the electron temperature
and S1H3 anion (here assumed to be the powder precursor) density, and hence the powder
origin and growth, are proposed. It is shown that by controlling the operating pressure, input
power, and powder size and density, plasma density profiles with high levels of uniformity
can be achieved.
The possibility of the powder charge management through control of the external parameters
is demonstrated and related to a wider range of nanopowder-generating plasmas. The
extension of this work in the sub-lOnm domain is discussed. The results are relevant to highrate deposition of polymorphous Si:H films for silicon solar cells and other (not only siliconbased) microfabrication technologies.
This work is partially supported by the Australian Research Council and the University of
Sydney.
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PLASMA DEVICES FOR ION BEAM AND PLASMA DEPOSITION
APPLICATIONS
A. Goncharov', A.Demchishin2, A. Dobrovolskiy1, E.Kostin3, O.Panchenko1, C.Pavlov3,
I.Protsenko', B.Stetsenko1, E.Ternovoy2
'institute of Physics NAS of Ukraine, Kiev, 03028, Ukraine;
2
E.O.Paton Electric Welding Institute of the NASU, Kiev,03680,Ukraine;
3
Insntute for Nuclear Research of the NASU, Kiev, 03028, Ukraine
Ian Brown
Lawrence Berkeley National Laboratory, Berkeley, California 94720, USA
We describe some new plasma devices based on plasma-optical principles of electron
magnetic insulation and magnetic field line equipotentialization for the control of electric
fields introduced into the plasma medium. Variation of magnetic field configuration and the
electric potential distribution along them allows the control of high-current ion beams without
violation of their quasi-neutrality. The feature of preservation of ion beam space-charge
quasineutrality is very important for high-current beams of heavy ions, since such beams
cannot exist without electron compensation of their positive ion space charge. The
electrostatic plasma lens is a well-developed plasma optical device for the focusing of high
current heavy ion beams, where the concern of beam space charge neutralization is critical.
Following an extensive program of investigation of the plasma lens at the IP NASU at Kiev,
some collaborative work between the Kiev group and LBNL (Berkeley) was initiated, and the
results of this joint work have been published [1,2]. The experimental results indicate the
suitability of the lens for a range of technological applications of wide-aperture, high-current,
heavy metal ion beams produced by vacuum arc ion sources. One particularly interesting
result to come out of this background work was the observation that the plasma lens
configuration, involving crossed electric and magnetic fields, provides an inherently attractive
method for establishing a stable plasma discharge at low pressure. Use of the plasma lens
configuration in this way was further investigated, leading to a low cost, low maintenance
plasma device using permanent magnets and possessing considerable flexibility with respect
to spatial configuration (planar, cylindrical, elliptical). Plasma devices of this kind can be
applied, for example, for ion cleaning, surface activation, and polishing of substrates prior to
film deposition. They can be operated as stand-alone plasma tools, or as part of a
technological cycle together with a sputtering system. Here we describe the operation of these
novel plasma devices, and summarize the results of some preliminary experiments in which
their application to deposition systems for exotic metallurgical coatings was investigated.
This work was supported by STCU #1596 and, in part, by STCU # 118(K).
[1]. A. Goncharov, I. Protsenko, G. Yushkov and I. Brown, IEEE Trans. Plasma Sci. 28(6),
2238 (2000).
[2]. A. Goncharov, V. Gorshkov, S. Gubarev, A. Dobrovolsky, I. Protsenko and
I. Brown, Rev. Sci. Instr., 73(2), 1001 (2002).
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ARC DISCHARGE IN A CROSS-SECTIONAL FLOW OF GAS
V. Chernyak1, V. Yukhymenko', V. Naumov 2 ,1. Babich', V. Zrazhevskyy',
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Radiophysical Department, Taras Shevchenko Kyiv National University,
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Department ofPhotoactivity, Institute of Physics, Ukrainian Academy of Sciences,
Prospect Nauki 46, Kiev 03028, Ukraine, e-mail: kern@iop.kiev.ua

1

In this work the arc plasma in a cross-section gas stream at atmospheric pressure was
investigated. A jet of air from the nozzle ran across two coaxial copper electrodes and formed
a bright crescent-shaped arc as well as a highly reactive afterglow downstream. For
diagnostics we applied a classical method of absolute emission UV-VIS-NIR spectroscopy,
equipped by a modern fast PC-operated CCD-based instrument (SL-40). Measurements were
conducted in different sections along the plasma jet under the variation of discharge
parameters. Within available spectrum of wavelengths (200-1100 nm) all remarkable
emissions were monitored and all basic atomic lines of N, O, H as well as molecular bands of
N2, O2, NO, OH were identified. On this base we draw curves of changes of selected
emissions' intensity along the jet depending on the discharge current (100-500 mA) and the
gas stream velocity ( 4 0 - 1 8 0 cm3 / s).
We investigate the temperatures distribution along an axis of a gas stream. The
temperature of electron levels population was determinated from intensivities of spectral lines
of copper.The temperature of vibrational levels population was determinated from the band
intensivities of the second positive system of nitrogen. In order to determine the gas
temperature, the simulated spectra of 0-0 band of the second positive system of nitrogen are
compared with the experimental results. Because of the low energies needed for rotational
excitation and the short transition times, molecules in the rotational states and neutral gas
molecules are in equilibratium. Consequently, the rotational temperature provides also the
value of the gas temperature.
It was shown, that temperature of electron levels population differs essentially from
temperature of vibrational levels population. What concerns gas temperature, its difference
from vibrational one makes 2 and more time. That testifies about plasma nonisothermality.
Besides plasma nonisothennality decreases along a direction of gas stream, that is
temperature of electron levels population of copper atoms decreases, and temperature of
vibrational levels population of nitrogen molecules is increased. At increase of a discharge
current temperature of electron levels population of copper atoms remains does not change
within the limits of an error of measurements, and temperature of vibrational levels
population of nitrogen molecules is increased. Besides it is necessary to note, that the flow
velocity of air poorly influences on value of temperatures of population as vibrational and
electron levels. However plasma isothermality comes on large distances at increase of a flow
velocity of gas.
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THE INFLUENCE OF PLASMOCHEMICAL SYNTHESIS MODE ON THE
SIZE AND CRYSTALLINE STRUCTURE OF NANODISPERSED OXIDES
TIO2 AND TI-SI-Ox
D V Ponomarev, A. i. Pushkarev, G. E. Remnev
High Voltage Research Institute at Tomsk Polytechnic University,
Lenina ave 2a. Tomsk 634050 Russia, e-mail: aipush&.mail.ru
The paper presents the investigation results of synthesis process of nanodispersed titanium dioxide
and composite compound Ti-Si-0* in the non-equilibrium plasmochemical process initiated by the
pulsed electron beam The synthesis mode is similar to the silicon dioxide synthesis mode [1]. The
works are carried out at the specialized pulsed electron accelerator TEU-500 [2]. The electron beam
parameters are the following: electron energy is 450-500 keV, pulse duration at the half-height is 60 ns,
energy per pulse is 100 J, beam diameter is 5 cm. The reactor represents a cylinder made of quarts glass
with inner diameter of 14 cm and volume of 6 liters. The nanosize dioxide was synthesized using the
pulsed electron beam injection to the gas-phase mixture of titanium tetrachloride (or (he mixture of
TiCU + SiCLf), oxygen and hydrogen. The complete decomposition of titanium tetrachloride goes for
one electron beam pulse. With the electron beam energy of 100 J for one pulse the energy
consumptions of electron beam for titanium tetrachloride decomposition were 2.2 kj/mole. These
power impuTs are less than TiCLi decomposition which equals to 804 kJ/mole.
The carried out investigations showed that at the titanium tetrachloride decomposition in the
chain plasmochemical process initiated by pulsed electron beam the nanosize titanium dioxide is
formed. The particle size changes from 80 up to 120 nm. The geometrical particle size of the
synthesized powder depends on the synthesis mode. The titanium tetrachloride concentration
decrease in the initial mixture, buffer gas addition leads to the decrease of geometrical particle size
down to 30-40 nm. This indicates the volumetric character of the synthesis process. At the synthesis
of two-component oxides (Ti-Si-Ox) the particle size also decreases in comparison to TiC>2. This
effect indicates the important role of the initial stage of nucleab'on for the condensation velocity. It is
important to note that the synthesized nanodispersed particles do not have inner cavities inside.
The carried out investigations showed that in our experimental conditions the crystalline
structure of titanium dioxide is formed. At that the crystalline lattice type (anatase or rutile) is
determined by the synthesis conditions (reagent mixture composition, total pressure and others). The
report presents the data on the correlation of anatase and rutile phases for different samples of
synthesized titanium dioxide power. The X-ray phase analysis of the synthesized nanosize Ti-Si-Ox
powder showed that it has the crystalline structure either. It is well described by the composition of
two lattices which are typical for pure titanium dioxide (rutile and anatase).
The carried out experimental investigations showed that in the non-equilibrium plasmochemical
process initiated by pulsed electron beam from the gas-phase mixture of oxygen, hydrogen and
titanium tetrachloride (or SiCU+TiCU) the nanodispersed oxides are synthesized The synthesis
product composition is determined by the initial reagent mixture content The nanodispersed oxides
have a uniform composition; particles have a round shape with faceting, without inner cavities. The
developed method of nanodispersed titanium dioxide and Ti-Si-Ox synthesis has a high productivity
(1-1.1 kg/hour on the expectation for the final product), low power imputs (0.1-0.15 kW-hour/kg),
high purity of the synthesized nanodispersed powder. The volume powder density is (6-10) mg/cm3.
References
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(International) Conference "Physics Chemistry of Ultradispersed (Nano)-systems" - Moscow:
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FEATURES OF HIGH-CURRENT PULSED REGIMES IN
MAGNETRON SPUTTERING SYSTEMS
S.N. Abolmasov, A.A. Bizyukov, I.A. Bizyukov, A.Y. kashaba, E.V. Romaschenko*, K..N.
Sereda, I. Ft. Tarasov**, A.N. Yakimov*
Karazin Kharkiv National University, Kharkiv, 61108, 31 Kurchatov Ave.,
*Dal East-Ukramian National Uuniversity, Lugansk, Vatutin Sir. 1,
•* National Scientific Centre "Kharkiv Institute of Physics and Technologies", Kharkiv,
61108, Academicheskaya Str. I
Now in order to increase deposition and etching rates of coatings, improve selectivity,
homogeneity of deposition and etching of coatings and enhance quality of deposited thin
films the pulsed gas discharges are widely used. The application of pulsed plasma allows to
lower a surface roughness, impede formation of clusters, reduces damages of the deposited
coatings caused by surface charging, and reduces heat flow to the surface. In the present work
the high-current pulsed magnetron discharge in planar magnetron sputtering system (MSS) at
undercritical regimes is investigated and the features of transition of the MSS from magnetron
discharge in arc one are determined.
The comparative experiments have shown that the high-current pulsed magnetron discharge at the pulsed electrical power in 100 times greater in comparison with stationary discharge stably developed at considerably (in 10 times) lower working gas pressures. Thus the
transition of the pulsed magnetron discharge into arc occurs at values of the discharge current
exceeding value of the threshold current of cathode spots formation. The value of the threshold current of change the discharge type in the pulsed MSS is proportional to the value of
cross magnetic field intensity and inversely to pressure. The numerical modelling of change
of the magnetic field topography in the MSS at increase of discharge current shows that the
change the discharge type is caused by deformation of external magnetic field in the MSS by
own magnetic field of a drift current. The results of calculations show that at large currents
the configuration of magnetic field loses confining properties and the discharge transfers from
the discharge with cross magnetic field into the discharge with longitudinal magnetic field.
The technological tests have shown that the deposition rates in the MSS in pulsed regimes are higher than in stationary ones. At average power of 3 kW and peak pulsed currents
of 120 A the deposition rate of copper in the pulsed magnetron discharge was increased in 1.52 times. The essential increase of deposition rate in the pulsed high-current discharge in comparison with stationary one at identical average power testify to growth of velocity mass
transfer of substance, apparently, as a result of transition from an ion - atom sputtering of target surface to the mode of evaporation of material of the surface. The theoretical calculations
of spatial - temporal distribution of temperature in a near surface layer of the MSS target at
pulsed regime have shown that pulsed temperature can essentially exceed volume temperature
reaching the temperature of melting and evaporation of a material on microprotrusions of the
target surface.
Thus, the transition into pulsed regime of the MSS operation has allowed on the basis of
a conventional stationary MSS to receive universal technological system (dc magnetron pulsed high-current magnetron with enlarged velocity of mass transfer - arc evaporator) with
increased density of pulsed reactionary plasma. The scheme of calculation of temperature distribution of a body is offered at pulsed thermal action to the surface and on its basis the calculation program is created which essentially simplifies a choice of optimum parameters for
various vacuum-plasma technological processes of surface processing.
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CHARACTERISTICS OF MAGNETRON DISCHARGE NEAR THE
PRESSURE SWITCH OFF
Yakovin S.D., Zykov A.V . *Borodin M.I., *Farenik V.I
Department of Physical Technologies, Kharkiv National University,
Kurchatov Ave 31, Kharkiv - 61108, Ukraine, e-mail: lcft(a),pht. univer. kharkov. ua:
*The Scientific Center of Physical Technologies,
Novgorodskaya str.], Kharkiv, 61145, Ukraine
Last years the low-pressure magnetron discharge is actively investigated for application
in technologies of thin-film coatings deposition [1]. The deposition of coatings at pressure
less than 10'3 Torr (free-fall regime) allows essentially to increase the deposition rate, to
decrease an amount of impurities, to control the flux of chemically active particles, and
consequently to perfect the coatings quality.
In papers [2,3] the research of correlation of magnetic force lines configuration and
pressures switch off thresholds was carried out for planar magnetron. In figure below the
dependence of threshold pressure for magnetron discharge (curve 1) on the solenoid current
lc, changing the shape of magnetic force lines (Ic < 2 A, Ic > 4 A - unbalanced magnetron, 2A
< lc < 4A — balanced magnetron), is shown.
In this paper the results of
experimental investigations of
8
magnetron
discharge
characteristics at pressures less
than 10'3 Torr are presented. It was
determined, that the major factor
influencing
the
switch
off
threshold of the discharge is the
height of magnetic field arcs
(curve 2), whereas the magnetic
field strength intensity essentially
influences
volt-ampere
8
4
6
10
characteristics of the discharge.
/.A
The reasons of the detected
regularities as well as the
1 - pressures switch off thresholds of discharge,
possibility of application of the
2 - arcs height of the magnetic field
global volume-averaged model for
magnetron
discharge
are
discussed.
This work was supported by COST 532 grant M 12.
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THE ADVANCED MODEL OF THE MAGNETICALLY INSULATED
DIODE WITH IONIZATION AMPLIFICATION
Zagrebelnyy I .A., Zykov A.V.
Department of Physical Technologies, Kharkiv National University,
Kurchatov Ave. 31, Kharkiv, 61108, Ukraine
Last decades the considerable interest to experimental and theoretical research of
accelerators with the closed drift of electrons in crossed EH fields is supported [1]. It is
caused the wide application of such type ion sources in technique of charged particle
accelerators, as space thrusters and in ion-plasma technologies [2]. At the same time, despite
of a great amount research, the development of numerical and analytical models of such
systems allowing to carry out engineering calculations is an actual problem.
In the present work the 2D Fluid Model of accelerators with closed electron drift,
developed in [3] have been advanced. The model is based on analytical solutions of selfconsistent equation system of motion, particle and energy balance for ions and electrons in the
case of planar magnetically insulated diode. The introduction of new parameters of a
normalization and boundary conditions has allowed considerably to expand the parameters
range of model application and to
summarize the results of break-down,
y
1
7—'
7
1
stationary states of EH electron layer
II
/
and the Hull cutoff in the magnetically
'
/
'
'
<
30
insulated diode.
/ ' / /
/
•
The
dependencies
of
'
/
'
/
• /
dimensionless
potential
U
from
20
, I
coordinate X for various values of
, / '
',
s
emission electron current from the
10
cathode
(A = -l - vacuum case,
y
A » 1 - intensive emission) are
presented in figure. The comparison of
10
6
2
the obtained data with experiment has
been carried out and has shown good
For curves from left to right
correspondence.
A=10, 3, 1,0,-0.5,-0.9,-0.999.
This work was supported by
Ministry of Education and Science of
Ukraine, Grant M/164-2004.
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THE FLOW DENSITY OF ATOMS SPUTTERED FROM A CATHODE
OF CYLINDRICAL MAGNETRON SPUTTERING SYSTEM
O A. Panchenko"*, A.A.Goncharova), A.V. Demchishinb>, E.G Kostinc), C.N. Pavlovc),
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The quality and deposition rate of binary combinations manufactured in magnetron
discharge depends on atoms flow of sputtered from a cathode and atoms of plasma
forming gas to substrate [1]. The planar, disk, rod and hollow tube magnetrons are
designed for these purposes [2]. The calculation of atoms sputtered from a cathode of
special cylindrical magnetron sputtering system is presented in the article. The atoms flow
in cylindrical magnetron will larger with respect to planar magnetron due to the axial
symmetry of the system. We suppose that free pass length for atoms is larger than the
system dimension, what is typical for magnetron systems. Angle distribution of sputtered
atoms is in correspondence with Lambert's law (cosine law) [3]. It was shown that
deposition rate weakly depends of the diameter of substrate. The atoms flow through the
sidewall is calculated. The estimates of sputtered atoms concentration near cathode
surface are done under the following assumptions. Tacking in consideration the angle
distribution of sticking coefficient its value is less 1. The atoms flow through the sidewall
is determined by a transition coefficient along the system axis.
This work was supported, in part, by STCU project # 118(K).
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SURFACE WAVES PLASMA SOURCE WORKING CAMERA
OPTIMIZATION
N A. Azarenkov, A.A. Bizyukov, A.V. Gapon
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The method of the designing of working camera of the surface waves based plasma
source is proposed. Diffusion regime of the plasma transport in the source is considered.
Camera assumed to be axially symmetric with flat base. Latter may be netted for particles
extraction. Optimization criterion is homogeneity of the plasma density in the flat base.
Optimization performed by shaping camera walls without any additional focusing electrodes.
Additional electrodes can be used for accelerating of the particles from netted base of the
camera. It is assumed that HF power input in the plasma by slot antennas, as in device SLAN,
described in [1].
Let us consider the base of plasma source camera, where plasma density homogeneity
should be sustained. Obviously, plasma density increases in direction from the chamber wall
and nearly constant in the base center. Then, main problem with plasma density homogeneity
arise in the edge of the base of plasma source camera. It is well known that in the steady state
diffusion regime electron temperature value in the gas discharge plasma strongly depends on
the typical size of the plasma and is decreasing function of this size [2]. Roughly, the smallest
distance between the chamber walls plays the roll of such size. For plasma sustained in the
long cylindrical vessel such size is the vessel diameter. Besides, under working gas pressures
about 0.01 Tor electron temperature only slightly varies in the chamber due to intense
electron heat conductivity, but this small varying results in significant change of the particle
production from point to point in plasma vessel due to ionization frequency is strong
dependent on the electron temperature. Then, we can to influence on the plasma density near
the base edge by small changing of electron temperature. Last can be caused by altering of the
typical size in the edge vicinity, i.e. of the distance between the base and the opposite camera
wall. Let's note, that homogeneity of the ion flux on the base and the homogeneity of the
plasma density are mutually excluded demands in this problem setting, but because of strong
dependence density on temperature it is possible to select chamber shape properly.
[1]

D.Korzec, F.Werner, R.Winter & J.Engemann. Plasma Sources Sci. Technol. S
(1996)216-234
[2] V.E. Golant, A.P. Zhilinskii and I.E.Sakharov "Fundamentals of Plasma
Physics",
Wiley, New York, 1980.
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TIME RESOLVED INVESTIGATION OF NON-STATIONARY
MAGNETRON DISCHARGE
M.I. Borodin*, S.V. Dudin**, V.I. Farenik*
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The process of formation of stationary state of DC magnetron discharge after arc
phenomenon has been investigated experimentally and theoretically in time scale. The
experiments were conducted using the low pressure (610"4 Torr) unbalanced magnetron in the
process of reactive synthesis of AJ2O3 coatings in Ar + O2 gas mixture. The following
characteristic time intervals have been featured (stationary magnetron current 2-6 A, voltage
about 400 V): 1) Arc region (duration 10-20 us, current of hundreds Amperes); 2) Region of
the magnetron plasma decay (duration 40-60 us, current decaying from 1-2 A to zero); 3)
Region of the magnetron discharge recovery. In the case of a capacitor connected at the
output of the magnetron power supply the non-sinusoidal relaxation oscillations of current
and voltage (period about 100 microseconds) were observed during stationary state formation
(region 3) Amplitude of the current oscillations was several times higher then the stationary
value.
A model is built describing the dynamic properties of the magnetron discharge. The
model gives time traces of the discharge current and voltage being in good agreement to both
the present experimental results and to the measurements of other authors for pulsed
magnetron discharge
This work was supported by Ministry of Education and Science of Ukraine, Project
M/164-2004, and by Ministry of Industrial Policy of Ukraine, Project 92373/60.
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ION SOURCE OF REACTIVE GASES WITH DECREASED NEUTRAL
GASINLEAKAGE
A.G. Lymar, P A . Martynenko, V.A. Popov
Institute of Plasma Electronics and New Methods of Acceleration, NSC "Kharkov Institute of
Physics and Technology", Academicheskaya Str. I, 61108, Kharkov, Ukraine;
E-mail: lymar@kipt.kharkov.ua
Ion source with an original system of ions extraction from the discharge chamber, allowing
more then in order of magnitude reducing of neutral gas incoming to the chamber of ion beam
acceleration and use is described. The parameters of a received beam of nitrogen ions and
possible variants of the source application have been given.
K.ey words: ion source, reactive gases.
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CHARACTERISTICS OF THE PLASMA CREATED BY ECR PLASMA
SOURCE FOR THIN FILMS DEPOSITION
V.D.Fedorchenko, O V.Byrka, V V.Chebotarev, I.E.Garkusha, V.I Tereshin
Institute of Plasma Physics of the National Science Center "Kharkov Institute of Physics and
Technology", Akademicheskaya St. 1, 61108 Kharkov, Ukraine
The development of the plasma assisted PVD and CVD processes is accompanied by
active elaboration and investigation of the plasma sources of different kinds including ones of
ECR type. The planar ECR plasma sources are of interest as they can be produced in the form
of assembling of separate moderate in size modules with various space configurations
depending on the requirements of specific experiments.
In this work the plasma parameters created by the planar rectangular ECR plasma
source with multipolar magnetic field were measured. The magnetic system of plasma sou: ;•-.
consisted of five parallel rows of rod permanent Nd,Fe,B magnets with the same orientation
of magnetic field in transverse direction. The remnant induction on the surface of magnets
amounted to 3 kG. The magnetic rods of 10x12 mm2 in section and 90 mm in length were
arranged in plane with the gap of 10 mm to generate the multipolar magnetic field with poles
both above magnets and in the gaps between their The 2.45 GHz microwave power of 600W
was introduced into magnetic structure by double-slotted antenna. The antenna slots of 125
mm in length and 3 mm in width were arranged in the gaps between magnetic rows on each
side of the central row. When ECR discharge was created in resonance zone (magnetic field
value equal 875 Oe) the plasma layer was formed and then filled up all magnetic structure
volume and diffused in the longitudinal direction.
The movable single electrical probes and the retarding field energy analyzer were used
for measurement of the plasma density and electron temperature distributions as well as ion
characteristics. The basic scope of the measurements was executed in the area of the weak
magnetic field (more than 5 cm from magnet plane) to reduce its influence on probe
measurements. Ar, He and KJ were used as a working gas. The experiments were carried out
at working pressure of 1-K3 Torr. The longitudinal distribution of the electron density was
analyzed for different working gases. It was shown that the plasma density was linearly
decreased with increase the distance from the ECR zone. The argon plasma density reached
2.5xlO10 cm"3 at the distance of 2,5 cm from the magnet plane (z=0). With increasing the
distance up to 7.5 cm the density was decreased down 0 8xlO10 cm"3. The behavior of the
electron temperature was similar. The maximum of electron temperature for the argon plasma
achieved 22-23 eV at z = 2.5 cm. From the current-voltage characteristics of the plane grid
retarding-field electrostatic analyzer the functions of the ion energy distribution and the
plasma potential were obtained. It was shown that the plasma potential achieved 40 eV and
the ion energy reached 20 eV at the flow density of 3.5 mA/cm2.
The preliminary experiments on the deposition of thin films of pure metals (W, Ta)
and the alloy Nd,Fe,B were carried out in these mvestigations. The sputtering targets being in
the form of grates or flat plates were placed at the distance of 5or 7 cm from the magnet plane
on which they did not disturb the ECR plasma. A negative DC or pulsating biasing of
600^1000 V was applied to the sputtering target. The polished copper samples were used as
substrate. During the deposition process the specimens were at floating potential or small
negative bias. The high density films of different metals (W, Ta) and the amorphous Nd,Fe,B
of 4-4.5 um in the thickness were obtained.
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APPLICATION OF COATINGS ON THE INNTER SURFACE OF
METALLIC AND DIELECTRIC PIPES WITH HF PLASMA SOURCE
V.V. Gasilin, Yu.N. Nezovibat'ko, G.S. Poklepach, VS. Taran, O.M.Shvets
Institute of Plasma Physics of the NSC KJPT, Akademicheskaya St.l, Kharkov, 61108,
Ukraine
The methods of the Ion-plasma deposition widely are used for strengthening of cutting
tool and machine parts. The widest use obtained methods on the base of the arcs and
magnetron sources of the plasma, which make it possible to obtain multiplayer and composite
coatings [1]. Definite difficulties appear with the application of coatings on the inner 1
surfaces of objects, especially with the irregular geometry. In the work [2] is proposed the
method with the use of an arc source of plasma and HF - field applied to the sample. The
presence HF - field makes possible coatings, also, to the dielectric samples. Recently actively
is conducted work on creation RF and HF sources of plasma, which gives the possibility to
get film without drop fractions to the inner surface, (method PHI). In the present work
experimental results on the application of metallic coatings on the inner surface of metallic
and dielectric pipes with the use HF source of plasma are represented. At the basis of method
the dispersion the material of cathode of the high energy ions of argon (Ar+) in the time of
creation HF plasma in the weak magnetic field to 150 Gauss.The external magnetic field in
this device ensured the drift and oscillatory electron motion and it made possible to create
plasma in the range of pressures 10"' + 10"" Torr. Power HF generator < 3 kW, frequency 1
+• 15 MHz Preliminarily before the application of coatings HF cleaning the samples by
plasma was produced. It follows from the dependence of the dispersion of materials on the
energy of ions Ar+ that in our case the effective dispersion of the material of cathode occurred
(Cu, Al, stainless steel, Ti). Measured with the aid of the thermocouple the temperature of
cathode did not exceed 350 °C. Consequently, the flow of atoms was caused not by
evaporation, but by the dispersion of the material electrode. It is shown that the maximum
thickness of the coatings on the glass by copper correspond to two values of pressures. At a
low pressure occurs the more intensive dispersion of the central electrode. The second
maximum of the thickness of coating at a larger pressure, probably, it is connected with an
increase the density of plasma with this method of its creation. The dependences the speed of
coating glass sample from the distance to the central electrode are given. A decrease in the
velocity of the deposition of coatings with an increase the distance from the source of the
flow of the atomized atoms is shown. The maximum speed of the deposition on the order of
10 (ik/h. Are obtained the distributions of the thickness of coating along the length of the
glass plate, placed inside the cylindrical pipe with the work with the copper cathode. Are
obtained small drop films from different materials of cathode with the hardness of that
improved three or more times with respect to the source material
[1] V.G. Marinin, V S . Taran, " About the influence of ion-plasma coatings on lifetime of
steels ", Proceedings of 4* International Symposium "Vacuum Technologies and Equipment",
Kharkov, ISVTE-4, 2001, pp. 314-318.
[2] V S . Taran, V.V. Gasilin, Yu.N. Nezovibat'ko, G. Poklepach, O.M. Shvets, Inner surface
modification of tubular glass samples by PVD method. IV International Conference "Plasma
Physics and Technology", Contributed Papers, Volume II Minsk, Belarus, September 15-19,
2003, pp.522-525.
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PHYSICAL AND CHEMICAL PROPERTIES OF PLASMA - LIQUID
SYSTEM AT LOW PRESSURE
CHERNYAK V.YA., OLSZEVSKIJ S.V., WOEWODA YU.V.
Radiophysical Department, Taras Shevchenko Kyiv National University, Volodymyrska st. 64,
Kiev 01033, Ukraine, e-maii.chern@univ.kiev.ua
The physical characteristics of secondary discharges in plasma - liquid systems at low
pressure are investigated in work. Is shown, that the volt-ampere characteristics of secondary
discharge in such systems look like representative of secondary gas discharges, the currents of
secondary discharge at positive potential of a liquid concerning plasma on two order are more
than at negative potential. The requirements of development of thermal instability
in a
plasma column essentially depend on distance up to a surface of a liquid. Temperatures of
population of electronic levels of atoms and vibrational levels of moleculas practically are
equal. The gases dissolved in a liquid essentially influence on physicochemical processes in
liquid at plasma treatment.
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THE CHARGED PARTICLES MOVEMENT ON THE CLOSED
TRAJECTORIES IN THE CROSSED CONSTANT ELECTRICAL AND
MAGNETIC FIELDS
Yu.A. Kirochkin
Karazin Kharkov National University
A.Yu. Kirochkin
Civil Protection Academy of Ukraine
In the vacuum chamber between two coaxial metal nonmagnetic cylinders at presence of
constant axial-symmetric radial electrical and azimuthal magnetic fields, which intensities are
inversely proportional to distance rfrom a cylinders longitudinal axis, the charges movement
trajectories under certain conditions can be closed. These trajectories mathematically are
described by simple integral dependent from single constant parameter. This parameter is
expressed with two constant values: n=vjvoi and K-ri{r)lr = ri(a)/a, where Vd~ its chargedrift velocity, ri - charge Larmor radius, a - charge start point radius from a source, vo2 charge initial speed in this point.
The trajectories for isotopes 6Li (closed) and 7Li (open-ended) are represented. These
isotopes separation opportunity in view of their trajectories distinction is discussed.
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ON THE STABILITY OF THE INTERFACE BETWEEN DENSE
PLASMA AND LIQUID UNDER ELECTRICAL PULSE DISCHARGE
IN LIQUID MEDIUM
P D. Starchyk, and P. V. Porytskyy
Institute for Nuclear Research, pr Nauky 47, Kiev 03680, Ukraine,
fax: +380-44-2654463, e-mail: poryts@kinr.kiev.ua
The electrical pulse discharges in liquids are studied intensively in connection with its various
technological applications. In that discharges a high-density non-idea) plasma column contacts with
limiting it condensed medium. The processes on the contact interface are essentially for the properties
of the discharge as a whole. The investigation of the growth of irregularities on the interface between
a plasma channel of discharge and a water medium is a subject of the given paper.
The most important influence on plasma of electrical pulse discharges in liquid (EPD)
have the processes in a zone of its contact with condensed medium. At the initial phase of
EPD small-scale irregularities of heat flow distribution were detected on a surface of channels
[1]. Development of such perturbations was accompanied by space modulation of an
irradiation intensity, strain of a surface of channels, drop of conductance of plasma. One from
reasons it is established further by comparison of a strain of a surface of plasma channels of
EPD with outcomes of simulation on the basis of a solution of the task to development of
Raylcigh-Taylor instability (RT-instability).
It is shown that the growth of perturbations caused by RT-instability in EPD are
nonlinearly saturated The space-time osculations of the plasma-liquid interface are observed
experimentally, and a theoretical model to explain that is proposed.
The obtained results are in a good agreement with the conclusion of paper [2] where the
nonlinear mechanism of saturation of RT-instability is discussed for the case of inertial
confinement fusion.
References
[1] Kononov A.V et al. Problems At.Sci.&Techn. Ser. Plasma Phys., 3(5), 150 (2000).
[2] Gamalii E.G. et al.. Zh.Exp.& Teor.Fiz. 79,459 (1980).

COMPARATIVE ANALYSIS OF PROJECTS OF PLASMA SEPARATORS
OF ISOTOPES, WITH EXTERNAL SELF-EXCITED OSCILLATIONS ON
CYCLOTRON FREQUENCIES
AN. Dovbnya, OS. Druy, AM. Egorov, V.O Ilyicheva, Yu.V. Kovtun, V.I. Lapshin,
M.V. Sosipatrov, O.M. Shvets, D.V. Vinnikov, V.B. Yuferov
National Science Center "Kharkov Institute of Physics and Technology",
61108 Kharkov. Ukraine
The process physics of isotope separation of elements in sets of using external HF
fields and the spontaneously excited by electric fields on frequencies of equal to the
cyclotron frequencies of some ions of plasma has been considered. The constructions of
working model of plasma separator of isotopes of light elements, using the ion
cyclotron resonance and separator, using the penning discharge for their fission are
described. System parameters are linked with, the main tasks of breadboarding
experiment are determined.
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DESTRUCTION OF CHLORINE-CONTAINING ORGANIC AGENTS
IN A SYSTEM PLASMA - LIQUID
V. Chernyak, V. Yukhymenko, I Babich, V. Zrazhevskyy, Ya.Tarasova, A.Trokhymchuk
Yu. Woewoda, O.Molozhanova
Radiophysical Department, Taras Shevchenko Kyiv National University, Volodymyrska st. 64,
Kiev 01033, Ukraine, e-mail: chern(3iun\\. kiev. ua
The technologies of non-equilibrium plasmachemical destruction of substances on the
base of secondary discharges with "liquid" electrode allow to approach to the "ideal"
plasmachemical technology of destruction. In this work the possibility of using of this
plasmachemical method for conversion of toxic agent l,l-di(4-chloropheno!)-2,2,2threechloroethane (DDT) in water emulsions of agricultural chlorine-containing pesticide
(clay in high dispersing/ non-ionic surfactant/ DDT: 0,65/ 0,05/ 0,3) with great concentration
of DDT to 1 g/1 was studied. The processing was conducted in the flowing reactor. Dry air
was used plasma created gas. Absorption spectroscopy method was applied for analysis of the
degree of chemical destruction of this pesticide in water emulsions.
The essential question is the toxicity of output products. It was checked up with
measurement of life time of half of population Daphnia magna and has shown, that it has
increased in 2.5 times in comparison with an initial solution. But standart ion-metrical
procedure has show a decreasing of pH from pH=6,8 an initial solution of pesticide to pH=4,3
in these solution after plasma treatment. It indicates on appearance of acid properties of
treated solutions. As treatment water is toxicity at the expense of processed hydrogen
peroxide and acids so the control of toxicity was realised after boiling and adding the alkali
also. The additional processing was applied to a drop of toxicity of solutions after plasma
destrution according to peculiarities of oxidising agents: heating up to boiling point with the
subsequent boiling during 180s for neutralisation hydrogen peroxide and adding of alkali
(NaOH) in solution for pH magnificftion up to normal value 6,9 - 7.
The methods of absorpion spectroscopy was carried out for analysis of gas components
of the output products.
The comparative analysis of results of the physical-chemical control of destruction on the
basis of adsorption spectroscopy, ionic metric and biological testing of toxicity of water
solutions with usage of alive organisms has revealed their consistency and complementarity.
The usage of complex plasma + boiling + reagent (NaOH) treatment can guarantee not
only pesticide destruction in water, but also the small toxicity of output products.
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HIGH-FREQUENCY PULSATION OF HIGH-VOLTAGE GAS DISCHARGES
Chyhin Vasyl
National university "Lvivskapolytechnika",
79013, Lviv, S Bandery str., 12; e-mail: vchygin polynet.lviv.ua
The results of the systematic researches of the high-frequency current pulsations (HFCP) of the
high-voltage discharge transition stages of the breakdown, the glow and the primary pulse decay in
a wide area of the gas, geometrical and electrical parameters are presented The non-equilibrium
processes of the HFCP origin and development were studied using the numerical solutions of the
continuity equations for two types of ions and electron fluxes, supplemented by the Poisson's
equation for an electrical field Here a behaviour of the discharge basic functions, in particular, the
charges and field spatial-temporary distributions under influence of the external parameters has been
analyzed in detail.
The results of modeling of the discharge current pulsations in pure electropositive nitrogen and
argon, and also in their mixtures with oxygen in the wide concentration region, beginning from the
trace meanings of order of 10 "3%, were compared to the experimental results [1,2].
That has enabled for the first time to prove the physical mechanism of the HF pulse origin and
development. The HFCP appears due to staying in a constant antiphase of an intensity of the
positive charge flow to the cathode (and accordingly, an intensity of the flow of die secondary
electrons emitted from the surface) and an intensity of the serf-consistent electrical field on the other
border of the cathode sheath. Created in that way the negative voltage-current characteristic of the
generation region supports pulsations of the discharge current in megahertz range. The HFCP form
and parameters in different discharges are set by the different birth and mobility dynamics of all
present charges and their shielding effect Thus the HF pulses are satisfactorily described by the
Townsend's mechanisms without attracting the additional streamer's processes. It is shown, that
their nature is the same as the negative corona HF pulsation nature.
1. RetherG Electron avalanches and breakdown in gases. M.: Mir, 1968, 605 p.
2. Zahoranova A., Cemak M., Wagner H. // Czech.J.Phys. 1999, Vol.49,N12, p.I72I-1735.

"DERIVATION OF EEDF IN GAS-DISCHARGE PLASMA USING ENERGY
SPECTRUM OF ION FLUX FROM THE PLASMA

:

S.V. Dudin1, K.I.Polozhii'2, T Schwatz-Selinger2
' Kharkiv National V.N. Karasin University, 31 Kurchatov ave., Kharkiv, 61108. Ukraine,
E-mail.kfi@phl.univer.kharkov.ua;
Max-PIanck-Institute for Plasma Physics, 2 Bolbmannstrasse, D-85748 Garching, Germany

A novel technique of derivation of electron energy distribution function (EEDF) in gasdischarge plasma from the energy spectrum of ions leaving the plasma for the case of collisionless
near-surface layer is described. Possible ways of the problem solution are discussed using both new
and existing methods with analysis of their advantages.
For the particular case of argon 1CP comparison of EEDF obtained by different methods
(Langmuir probe vs. offered in the present work) is conducted. The conclusion is made, that the
probe technique yields good results in low-energy part of EEDF, whereas the method developed in
this work is more sensitive in high-energy part of EEDF (higher than ionization threshold). In some
range of energies these methods are overlapped giving good agreement Both these methods can be
used as complementary that will allow to expand considerably a range of the EEDF measuring.
This work was supported by Ministry of Education and Science of Ukraine, Grant M/164-2004.
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NANOTUBE FORMATION ON CATALYTIC SURFACE IN PLASMA
DISCHARGE
V.l.Maslov, V.N.Tretyakov*, N.A.Azarenkov*, A.M.Egorov, [.N.Omshchenko
NSC Kharkov Institute of Physics & Technology, 61108 Kharkov, Ukraine,
E-mail: vmaslov@kipt.kharkov.ua;
*Karazin Kharkov National University, Kharkov, 61108, Ukraine
Controllable formation of nanotubes, supcrlong nanotubes, nanotubes with the
necessary properties are the very important and now intensively investigated problems (see,
for example, [1]). In this paper the formation of carbon nanotubes in the plasma discharge is
considered, when on catalytic surface or surface with defects the nanotubes under effect of the
flow of carbon plasma, bombarding the surface, are formed. Both the direct bombardment of
the growing end face of the nanotubes, and diffusion of carbon atoms on the nanotube surface
to its growing end face are taken into account. The universal expression for number of layers
of multilayered nanotubes, which have been generated during the time of its growth in the
plasma discharge, is derived.
The carbon atoms, colliding with a side surface of the tube and getting in the region of a
shadow, concerning bombarding plasma flow, are quickly cooled, cease to join to nanotubes
and blown from a wood of the nanotubes as a result of bombardment by the following atoms
of their flow. That is in the region of a shadow, is closer to the basis of the nanotube,
nanotube layers do not grow. In other words, the layers of the nanotube grow on some
distance from its head, which we name the region outside of the shadow and equal to length
of free run of carbon atom, concerning collisions with nanotube walls.
In other words, the mechanism of carbon nanotube formation is considered. The
mechanism is the nanotube formation on the catalytic surface in the plasma discharge [2]. In
other words, the carbon atoms or ions are connected to the growing nanotubes due to
nanotube bombardment by these carbon atoms or ions.
It has been shown that in the plasma discharge the multi-wall nanotubes are formed
with the larger probability. But these nanotubes are formed without control of their properties.
The larger part of the nanotubes represents multi-wall azimuth symmetric nanotubes. The
universal expression for quantity of layers in formed multi-wall nanotube has been derived.
The resonant mechanism of increase of layer quantity of the multi-wall azimuth symmetric
nanotubes has been considered.
The mechanism of ultra-long nanotube formation is considered.
The role of bombardment for the formation of ideal azimuthally symmetrical nanotubes
is considered.
1. G.-H.Jeong, R.Hatakeyama, T.Hirata et al. Proc. XXV ICPIG. Nagoya. 2001. V.2. P. 155.
2. R.Hatakeyama, Y.Abe, H.Ishida et al. Proc. XXV ICPIG. Nagoya. 2001. V.2. P.159.
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NANOTUBE FORMATION WITH CONTROLLED PROPERTIES ON
CATALYTIC SURFACE BY FULLERENE FLOW
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E-mail: vmaslov@kipt. kharkov. ua,
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The excitation and properties of the nonmonotonous electric double layer in cylindrical
source of nanotubes with fiillerene flow have been described in this paper. The strongly
nonlinear equation and nonlinear growth rate, describing the shape and evolution of electric
field structure fur the case of any amplitude, have been derived. It has been shown that
electric double layer can be formed on ion-acoustic, on slow ion and on slow dusty modes.
The double layer controls energy, with which negative fullerene molecules are bombarded the
catalytic surface, on which the nanotubes are formed.
The mechanism of nanotube formation is considered. This mechanism is the nanotube
formation on the catalytic surface by the fullerene molecule flow, bombarding this surface [1].
In other words, the ftillerene molecules are joined to the growing nanotubes due to nanotube
bombardment by these molecules.
It has been shown that the bombardment of the growing nanotubes by fullerenes leads
in typical conditions to that on the catalytic surface the uncontrolled number of twisted
nanotubes is formed. Furthermore if the fullerene molecule kinetic energy exceeds 0.74% of
the binding energy of all carbon atoms of the nanotube the nanotube can brake. For
convenient further use the nanotubes are oriented in the ordered comb by an electric field.
Thus not number of twisted nanotubes but their oriented comb is formed. For this purpose the
electric field should be more than determined value and it also should be less than other
determined value. It is determined by that this electric field should not change strongly the
kinetic energy of fullerene molecules. These boundary values of the electric field have been
determined. At small energies of fullerene molecules the single-wall nanotubes are formed.
The mechanism of nanotube filling by fullerene molecules at molecule large energies has
been considered. The resonant mechanism of origin and growth of the nanotubes on catalytic
surface is realized under certain conditions. Thus the growing end of the nanotubes traps a
catalytic metal atom. The expression for the time of nanotube formation in dependence on
their lengths and system parameters has been derived. The expression for universal
distribution function of formed nanotubes on their lengths has been derived. The role of
bombardment for the formation of ideal azimuthally symmetrical nanotubes is considered.
!

G -H Jeong, R.Hatakeyama, T.Hirataet al. Proc. XXV ICPIG. Nagoya. 2001. V.2. P. 155.
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PES FABRIC MODIFICATION WITH A CORONA DISCHARGE
.1. PICHAL, J. ROLLER, L. AUBRECHT
Czech Technical University, Faculty of Electrical Engineering, Department of Physics.
Technicka 2, Prague, Czech Republic
P. VATUNA, P. SPATENKA
Technical University ofLiberec, Faculty of Mechanical Engineering, Department of Material
Science, Hdlkova 6, 461 17 Liberec, Czech Republic
At present variety of synthetics is used in textile industry and large effort concentrates
on search for ways of technological optimisation and cost-effective production Application of
plasma processes for textile modification might be an option to fulfilment of some
requirements on product manufacture qualities.
Among synthetics the PES (polyethylene terephtalate, composed mostly of the terephtalate
acid and ethylene glycol) is probably one of the most produced and used textile component
and therefore our experiments focused on the applicability of atmospheric corona discharge
for PES fabric modification, mainly on the relation between corona discharge input power and
the fabric's hydrophobicity and modification effect aging expressed in the feathering spot size
time changes.
For all experiments specimens made from the polyester fabric with trade-description Tesil 12
were used. Before modification with a discharge there was necessary to clean specimens in a
proper way (washing, rinsing, chemical cleaning, drying) Subsequently PES fabric specimens
were modified by atmospheric corona discharge generated between grounded large plane
brass electrode and a set of "single point" iron electrodes placed in vertices of rectangular
square grid. Electrodes and textile under modification were put into open cylindrical vessel.
Electrodes were connected with stabilized DC. voltage supply. All experiments were
performed in the stationary air under atmospheric pressure and constant temperature.
Treated area final shape was circular and consisted of points modified by ionized particles.
Modification effect strongly grew according to the discharge input power. This growth was
limited by the corona discharge conversion into the spark discharge.
There was also performed a study of the PES fabric modification effect aging expressed in the
feathering spot size time changes. The modification effect had sharply diminished in time.
Four days after modification there was measured no important difference in hydrophobicity of
modified and unmodified specimens.
Results of corona discharge modification were compared with those of the RF
discharge modification. The modification process seemed to be more efficient in case of RF
discharges, but having in mind the costs of modification process the comparison was more
difficult. For detailed comparison of both methods further experiments are necessary.

190

UA0500864
7-27
EFFECT OF THE PLASMA PARAMETERS AND GAS-PHASE
POLYMERIZED MESOPARTICLES ON THE PECVD OF ORDERED
CARBON NANOSTRUCTURES
K. Ostrikov'. Z Tsakadze2, I. Denysenko3, P. Rutkevych2, S. V. Vladimirov',S. Xu2
Email: K.Ostrikov@physics.usyd.edu.au
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Natural Sciences, NIE, Nanyang Technological University, 637616 Singapore;
^Theoretical Physics I, Ruhr-University Bochwn, 44780 Bochwn, Germany
Reactive plasmas of hydrocarbon-based gas mixtures are widely used for the plasmaenhanced chemical vapor deposition (PECVD) of various carbon nanostructures (CNs), such
as carbon nanotubes, nanotips, nanowalls, nanowires, and several others. It is widely
recognized that the near-substrate DC sheath potentials are primarily responsible for the
vertical alignment of some of the CNs. What is the actual role of the plasma? This
contribution aims to address this seemingly simple question by means of both experimental
and modeling studies of the growth of ordered patterns of vertically aligned carbon nanotip
structures in chemically active plasmas of Ar+CKt+th gas mixtures.
The three aspects of the CNs growth are analyzed, specifically, the growth technique,
modeling of the reactive plasma chemistry, and the role of the carbon-based mesoparticles
(with the sizes intermediate to the sizes of atoms/molecules and macroscopic objects)
polymerized in the ionized gas phase. It is shown experimentally that a high degree of
positional and directional ordering is achieved at very low substrate temperatures and
pressures without any external heating or pre-patterning of the substrate. Thus, the plasma is
responsible for the activation of the catalyst layer. The self-assembly of the highly-ordered
pyramid-like structures is controlled by the competition of the reactive chemical etching and
PECVD processes. The results of numerical simulations and plasma diagnostics including
optical emission spectroscopy and quadrupole mass spectrometry reveal the electron
temperature and the densities and fluxes of the radical neutral and charged species
participating in the deposition process. It is also shown that one can achieve a very efficient
dissociation of the hydrocarbon and molecular hydrogen feedstock and very strong
(exceeding those of the radical neutrals) ion fluxes on the catalyzed surface. This situation is
clearly impossible in conventional thermal CVD processes.
The experimental and numerical results suggest that the reactive environment of methanebased RF discharge promotes the polymerization of nano-sized carbon particles in the ionized
gas phase. Such particles, being transported to the surface, directly participate in the
deposition process and can be regarded as building units of the nanostructures in question.
The experimental and numerical results suggest that it is likely that the aligned carbon nanotip
structures are predominantly grown by the molecular and radical units, whereas the plasmagrown
mesoparticles
are
crucial
components
of
polymorphous
(mixed
microcrystalline/amorphous) carbon films.
This work was partially supported by the Australian Research Council, Agency for Science,
Technology and Research (Singapore), the University of Sydney, and the Alexander von
Humboldt Foundation.
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N A.Bogatov
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Discharges with linear dimensions in mm-range (microdischarges) are actively
investigated in the last time in the connection with the numerous possible applications. The
promising variant of a microdischarge is a radio-frequency (RF) microdischarge. One of the
interesting features of this microdischarge is the possibility to control it by a DC voltage applied
to the plasma along the small dimension. In the contrast to the usual RF discharges with
dimensions much more than the electron Debye radius which compensate an external DC electric
field by the plasma polarization, the microplasma with the dimension about (equal or less than)
the Debye radius allow a DC field to penetrate inside the plasma and influence the ionization
balance at a rather low (about electron temperature) voltage on the plasma boundary. This
influence consist in an increasing of the electron loss frequency dew to the adding of an electron
drift pooling in the DC field to the electrons loss.
There are well known the solutions for an electron loss frequency in a RF discharge at
high and low plasma density limits At a high plasma density or a large discharge size when
rd « L (rj - electron Debye radius, L -discharge size), electrons loss is controlled by ambipolar
diffusion and does not depend on DC voltage on the plasma boundary:

Da - ambipolar diffusion coefficient. At a low plasma density electrons diffuse freely and
electron loss frequency is much more than in the high plasma density limit and depends on
external electric field:

De, /4 - electron diffusion coefficient and mobility, Eo - external electric field. The free electron
diffusion takes place when the condition rd »
intermediate region L<rd < I—L;

I—L

{p, - ion mobility) is fulfilled. The

which occupies some orders of value of the electron

density, is the most interesting for realizing the RF microdischarge controlled by a DC voltage
pulses because only in this region the RF discharge has the two features: the sustaining RF
amplitude is less than the breakdown one and the sustaining RF amplitude depends on the DC
voltage applied to the discharge.
In this paper the dependence of the electron loss frequency in a RF discharge on the
plasma density and the DC voltage applied to the plasma for a wide range of rj/L is calculated.
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Dust particles created in RF discharges can have a complex form that is different from the
spherical shape used in most theoretical investigations and numerical simulations of dusty RF
discharges. The shape can remarkably influence the behaviour of dust particles in dusty
plasmas and discharges. In particular, laboratory experiments show that the levitation of
cylindrical dust particles (microrods) in RF sheaths depends on their size. Microrods below a
critical length settle parallel to the electric field, while longer microrods float perpendicular to
the field. Therefore investigations of dusty RF discharges with non-spherical dust particles are
relevant.
The aim of this work is computer simulations of dusty one-dimensional RF discharges
in argon with immobile cylindrical dust particles oriented under various angles to the electric
field at various profiles of the dust particle density to investigate the influence of both the
profile and the orientation on dusty RF discharges.
The PIC/MCC method (PDPlD3v code), described in detail earlier for discharges
without dust particles, is developed for computer simulations of the RF discharge with a nonuniform spatial distribution of cylindrical dust particles. The Monte Carlo technique is used to
describe electron and ion collisions. The collisions include elastic collisions of electrons and
ions with atoms, ionization and excitation of atoms by electrons, charge exchange between
ions and atoms, as well as the electron and ion collection by dust particles in the framework of
the OML theory.
The results obtained show that the spatial distribution of the ion density in the interelectrode gap does not change during a period of the sustaining external harmonic voltage,
similar to dusty RF discharges with spherical dust particles. There is a central quasi-neutral
region, where the total electric space charge of electrons, ions, and dust particles is equal to
zero. Close to both electrodes charged oscillating RF sheaths exist. The charge of cylindrical
dust particles in the RF sheaths remarkably depends on the orientation of dust particles due to
the strong ion flux parallel to the electric field in the RF sheaths. Via this phenomenon, the
dust particle shape influences the behaviour of dusty RF discharges.
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THE INFLUENCE OF NITROGEN ADMIXTURE ON
CONCENTRATION OF AN ELECTRONIC-EXCITED HELIUM
ATOMS IN ATMOSPHERIC PRESSURE GLOW DISCHARGE
V.I. Arkhipenko, A A. Kirillov, L.V. Simonchik, S.M Zgirouski
Institute of Molecular and Atomic Physics NASB, Minsk, Belarus
The investigations of the atmospheric pressure discharges are developed mainly in
conformity with the concrete kinds of the gas discharges (barrier discharge, capillary
discharge, microdischarge with hollow cathode, dc atmospheric pressure glow discharge
(APGD) and etc.). As a rule, helium in mixture with other gases is used as working gas in
discharges at atmospheric pressure. HoweveT, at present there isn't a complete understanding
of the gas discharge physics in gas mixtures at atmospheric pressure. As it was shown in [1],
for example, a small addition of other gases (-1%) into working gas of barrier discharge plays
a significant role in stability of this discharge.
The self-sustained normal dc APGD in helium [2] is a convenient object for investigations
of the kinetics of the weakly ionized nonequihbrium plasma at atmospheric pressure having a
complicated composition. In present report the concentrations of the low-excited helium
atoms in states 2'S, 2 ] P, 23S H 23P were determined in the APGD in helium (99.98%He) and
in mixture of helium with nitrogen (99.5%He + 0.5%N2). The low-excited levels of helium
are participated at many plasma chemical reactions. Therefore their concentrations are one of
major parameters of nonequilibrium plasma of the APGD.
The concentrations of the exited helium atoms (n = 2) were determined using a absorption
spectroscopy technique. The both the halide incandescent lamp KGM-12-50 and the special
light source on bases of arc with thermoemission cathode [3] were used as probing light
source in experiments. The calculation of the excited helium atoms was fulfilled by numerical
integration of the measured absorption line profiles on the wavelength 501.6 nm, 667.8 run,
388.9 nm H 587.6 nm. It was shown that the concentration of the excited helium atoms in
helium-nitrogen mixture (99.5%He + 0.5%N2) is less one order of magnitude than in case of
pure helium. The axial concentration distributions are analogous for discharges in helium and
helium-nitrogen mixture. Maximal concentration magnitude takes place in cathode region at
distance about 0.1 mm from cathode surface.
The analysis of the main reactions in the both APGD was fulfilled. In the APGD in helium
the excited helium atoms play significant role at charge particles production due the step
ionization. The role of this ionization mechanism is more significant in the APGD in
comparison with a low pressure glow discharge due the higher electron concentration.
The ionization of nitrogen molecules takes place at collisions of the excited helium atoms.
These reactions are in charge of a drastically reduction of the excited helium atoms at adding
of nitrogen into helium. Since a significant part of generated molecules are in a excited state
the quenching process of the excited helium atom is accompanied by emission in first
negative system of nitrogen.
Thus, the adding of nitrogen into helium leads to the reduction of concentration of the
excited states of both the helium atom and ions. As result of that, the nitrogen becomes in
charge of the maintenance of the APGD in helium-nitrogen mixture even in presence of small
nitrogen admixture.
The work was supported by BRFBR (grant T04-181).
1. F. Massines, A. Rahebi et a], J. Appl. Phys., 83, 2950 (1998).
2. V.I. Arkhipenko, S.M. Zgirouski et al, Plasma Phys. Report, 28, 858 (2002).
3. V.I. Arkhipenko, S.M. Zgirouski et al, Journ. Appl. Spectr., 71, 377 (2004).
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The results of the investigations of the leading front of the negative corona current pulse and the gas
space breakdown - the precursor (preliminary pulse) and the step, and also its peak part are presented.
Precursor has been registered for the first time at 5 nanosecond before the sharp growth of the pulse front
[I] The step was observed first [2] at low gas pressure. At high pressure its width is of order of
nanosecond, therefore it was not registered. The step and the peak of the pulse in argon and nitrogen at
atmospheric pressure with the oxygen admixture of low concentration are essentially differ [3-6]. The
nature of the pulse precursor was not discussed in the literature. The discordant phenomenological
explanations of the current pulse development in a high electrical field are given in works (7,8 i i H.].
Here the results [9] received at the different discharge parameters have been mistakenly used.
Consequently it was affirms, that step is supported by the secondary ion - electronic emission, and the
"hill" behind the current maximum - by the secondary-electron emission, and the current maximum - by
"the formation of the ionisation wave similar to the cathode-directed streamer" [8],
It has been carried out the detailed modelings of the corona and breakdown development processes
using the numerical solutions of the continuity for charge fluxes, supplemented by the Poisson's equation
for an electrical field [4-6]. Secondary structures of the leading current front have been identified for the
first time due to use the formula for the displacement cathode current in an evident form - the total
current was assigned as a sum of the displacement and positive ions currents. A behaviour of the
precursor has been investigated under an expansion of the modeling [9] - the O 2 concentration was
gradually reduced from 100 % up to 0%. Thus it was revealed, that the pulse at 100 % O 2 [9] coincides
with the precursors of all other pulses in the location and shape, independently of the O 2 concentration.
The analysis of the most discharge functions has shown, that the precursor is developed as the
displacement current at a multiplication of seek electrons and an approach of the primary iomzation wave
to the cathode. At this time the secondary photo-electron emission plays the determining role, especially
at the large areas of the cathode surface. Assuming too large cathode (diameter 1 cm) it was simulated
the alone precursor due to a photo-electron emission [9], which was mistakenly compared with the true
negative corona pulse registered experimentally at small needle (diameter - the part of mm).
The pulse step is shown up at a decrease or delay of the current front growth due to a reduction of
the displacement current at an arrival of the primary ionisation wave to the cathode. Because of high
steepness of the pulse leading front in a case of the small needle radiuses the step is problematic to find,
for example, in nitrogen [4]. A peak part of the pulse, which is very high and thin at high electrical fields,
is a result of the strong secondary electron emission due to the primary positive ions flow to the cathode.
As it is shown in this work, the current lowers just after the maximum the more, the higher pulse peak.
So-called "hill" [7,8,10] on the lowering part of the current curve just behind the pulse peak is in fact the
first large extremum of the high-frequency current pulsations (HFCP). An inconsistent identification of
the "hill" [7,8,10] could take place in connection with an absence of the theory of HFCP of the negative
corona and the breakdown [4-6]. The photoprocess and metastable molecule influences on the negative
corona pulse different features in the peak phase in N 2 +O 2 and Ar+O 2 have been estimated.
1. CemakM. et al. //Jap.J.Ap.Phys. 1989, Vol.28, N10, p.1989-1996.
2. Zentncr R // Z.Ang.Phys. 1970, Vol.29, p.294-301.
3 Chyhin V. // 6* Int.Symp. HAKONE, Kork, 1998, p.342-346
4 Chyhin V. // Electronics (Ukr.). 2000, N397, p. 136-146.
5 Chyhui V. // Ukr.Phys.J.(Ukr). 2002, Vol.47, K°4, p.350-360.
6 Chyhin V. // Cond. Matter Phys. 2002, Vol. 5. J*3, p.429-448
7. Zahoranova A, et al//Czech.J.Phys. 1999, Vol.49, N12, p. 1721-1735.
8. CemakM., etal. //J Appl. Phys. 1998, Vol 83, N10, p.1-13.
9. Morrow R. // Phys.Rev. 1985, A32, N3, p.1799-1809.
10. Akishev Yu el al Plasma Physics (Rus .). 2001, Vol.27, c.1-12.
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Trichel's pulses (discovered in 1938) - the low-frequency (one-hundred kilohertz) regular pulsations
of the negative corona current at the geometry needle-plane - during long time were investigated at the high
concentration of the electronegative gas components (air, oxygen, etc.). At the same time their secondary
structure as high-frequency current oscillation or pulsation (HFCP) was not registered. Such HFCP
(megahertzes), applied to the basic pulses for the first time have been shown by author in 1990 [ I ]. HFCP is
well distinguished especially at low concentration of the electronegative impurity, at small radiuses of the
corona needle curvature and at the low impedance of the measuring circuit. In subsequent works [2-4] the
measured HFCP is described in more details and for the first time is simulated numerically There were
clarified the main physical mechanisms of the negative corona and it was shown, that Townsend's classical
theory of a gas discharge is satisfactory for a description of the basic picture of the current pulsations
including HFCP, without an attracting of the additional streamer mechanisms [5,6].
In a number of earlier works [7] the apparently recorded secondary oscillation of Trichel's pulse has
not been interpreted. And only last years the registered HFCP in helium [8], hydrogen [9] and nitrogen [ 10]
are qualitatively described. However, the phenomenological explanations are simplified - HFCP are caused
by "longitudinal fluctuation of an electrical field" [8,11], by "turbulization of a plasma by an electron
beam" [9,12]. It is recognized that "their mechanism requires study" [9]. In [10] the appearance of the HF
pulses in nitrogen is compared to the Trichel's pulses in air - i.e. to other type of pulsations.
In present work the detailed analysis of the behaviour of two types negative corona pulsation Trichel's low-frequency and secondary HFCP - is continued, and a number of numerical modellings is
carried out to specify an area of their existence, in particular, a joint existence. The basis of the modeling is
the numerical solutions of the differential continuity equations of basic gas positive ions, negative ions of
an electronegative impurity and electrons fluxes, supplemented by the Poisson's equation for an electrical
field in a quasi-two-dimensional space. The researches were carried out using electropositive nitrogen and
argon (their basic physical characteristics are essentially different) and electronegative oxygen of low
concentration beginning of order of 10'3%. As the separate case the behaviour of LF and HF pulsations at
"zero" concentration of oxygen was considered. Founding on the received results it was confirmed the
precise division of the ionic components of plasma in a participle to birth and maintenance of LF and HF
current pulsations during all evolution stages. It is paid attention to a necessity of more strict
systematization of rich structures of the temporal current dependence of the negative pulsing corona. In
particular, the last includes three types of HFCP, which can appear in different time intervals of a pulse.
Depending on external discharge conditions and gas mixture the corona current pulse can accept essentially
different shape, joining the LF and HF pulsations or selecting the "preemptive" one.
I. Chyhin V.//9" 1 Rep.Conf. "Phys.Chem.Low Temp Plasma", Minsk, 1990.
2 Chyhin V. // 6* Intern. Symp. HAKONE, Kork, Ireland. 1998, p.342-346.
3. Chyhin V. // 7* Intern. Symp. HAKONE, Greifswald, Germany. 2000, p. 18-22.
4. Chyhin V. // NULP "Electronics". 2000, N397, p. 136-146.
5. Chyhin V. // Ukr.Phys.J (Ukr.). 2002, Vol.47, Jfe4, p.350-360.
6. Chyhin V. // Coed Matter Phys. 2002, Vol.5, >T°3 - p.429-448.
7. Cemak M., Hosokawa T.// Phys.Rev.A, Br.Rep. 1991, VoU3,N2, p.l 107-1109.
8 Zahoranova A. et al. // 12* Symp. SAPP-12, Slovakia. 1999, p.250-251.
9. Zahoranova A., Cemak M., Wagner H. // Czech.J.Phys. 1999, Vol.49,N12, p.1721-1735.
10. Akishev Yu. Etal. Phys Plasma (Rus.). 2001, Vol.27, p. 1-12.
II. Morrow R. // Phys.Rev 1985, A32, N3, p.1799-1809.
12. Sigmond R- Corona Discharges, New York 1978, p.319-384.
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Processing of Nd-Fe-B based magnetic materials with pulsed plasma streams
generated by plasma accelerators gives the possibility to modify its physical and chemical
properties considerably.
NdgFegjB, and Ndt5Fe77Bis,5 alloys were prepared by arc-melting of desired elements
(Fe purity 99%, Nd purity 99% and Ferro boron FeB2o). The ingots were cooled on copper
pan The 1 5 mm thickness specimens were cut of the as-cast ingot by diamond's saw. The
surfaces of the samples were polished and then irradiated by pulsed plasma streams [1] with
pulse duration of 3-6 us. Energy density of plasma streams was up to 35 J/cm2. The energy of
accelerated helium ions achieved 2 keV.
Due to specific processes initiated by plasma treatment, such as fast heating and
melting of the surface layer with simultaneous penetration of ions of plasma streams to the
material depth and following high-speed cooling (cooling rate ~10~6 K/c), effective
modification of surface layer has been achieved. X-ray amorphous Nd2Fe2jB3 phase has been
synthesized as a result of the interaction of accelerated helium plasma streams with NdgFegyBs
alloy [2] Microstructure and composition of the surface layer are examined. The thickness of
modified layer is about 4 microns. It is shown that integral content of elements have not been
changed actually as the result of plasma processing. However distribution of constituent
elements in the modified layer is not homogenous. Atoms in modified layer are redistributed
diffusively due to the formation of domains (typical size~50 nm) that are centers of
crystallization of Nd2Fe23B3 phase. Nd- and He- atoms are pushed off to the domains borders
and they form individual inclusions. Both Nd-enriched inclusions of oval and spherical form
of about 2-3 microns and meshes of more fine Nd-enriched inclusions with typical size less
than 1 micron have been observed on the processed surface.
Features of pulsed plasma stream interaction with the surface of magnetic samples
have been discussed. Controlled crystallization of amorphous alloys allows creation of new
materials for producing permanent magnets. For this purpose it's important to form specific
multiphase microstructure of alloy from the amorphous state.
Melt spinning technique, which was used for simulation of quenching process that
takes place during the pulsed plasma treatment, and for investigation of crystallization
behavior for melt-spun alloys as well as main obtained results are described also.
This work has been supported in part by STCU project #881c.
References:
1. V.I. Tereshin et al. Coating deposition and surface modification under combined plasma
processing. Vacuum, Vol 73/3-4 , 2004, pp. 555-560
2. A Bovda et al Synthesis of Nd2Fe23B3 magnetic phase in the Nd8Fe87B5 alloy under
helium pulsed plasma treatment. Proc of 18 International Workshop on High Performance
Magnets and Their Application (29 August -2 September 2004, Annecy, France)
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One of the large-scale productions which are intensively developed now is the technical carbon
production. The main consumer of carbon is tire industry, and it requires the technical carbon of high
quality that will allow to increase the security of automobile exploitation. The improvement of
technical carbon quality also ensures the decrease of fuel expense and increase of tire life time At
present the alternative ways including plasmochemical methods of technical carbon production are
intensively investigated
The aim of the present work is the investigation of carbon tetrachloride decomposition in the
mixture with oxygen under the influence of pulsed electron beam.
The works on plasmochemical process of carbon tetrachloride decomposition were carried oui. at
the specialized high-current pulsed electron accelerator [1]. The accelerator parameters are the
following: electron energy is 450-550 keV, pulse duration (HWHH) is 60 ns, energy per pulse is up to
200 J,repetitiverate is up to 2 Hz
In the paper the investigation results of plasmochemical synthesis of carbon powder under the
influence of pulsed electron beam on the gas-phase mixture of CCLi + Hj + O^ are presented. For the
mixture of 62 + H2 + CCU the complete decomposition of carbon tetrachloride took place for one
pulse of electron beam. The pulsed electron beam initiated the reaction of hydrogen combustion which
was accompanied by the significant energy liberation. At the electron beam energy of 100 J for one
pulse the energy consumptions of electron beam for carbon generation from carbon tetrachloride were
2.6 kJ/mole. These energy consumptions are significantly lower than the energy of carbon
tetrachloride decomposition which equals 139 kj/mole.
The experimental investigations showed that at the CCU decomposition in the chain
plasmochemical process initiated by pulsed electron beam the nanodispersed carbon is formed. The
geometrical size of synthesized nanosize carbon is within the range of 7 to 50 nm (average size is 17.8
run). In the paper [2] it is shown that CO2 and CI2 revealed as final products of CCU + Ch
decomposition in the cold non-equilibrium plasma.
For the mixture of carbon tetrachloride, hydrogen and oxygen the calculations were carried out at
the computer with the use of automotive system of thermal dynamic calculation "TERRA". The
carried out investigations showed that the high degree of non-equilibrium of carbon tetrachloride
decomposition process in the mixture with oxygen and hydrogen under the influence of pulsed
electron beam of nanosecond duration permits to avoid the complete carbon oxidation formed at the
CCLi decomposition. The influence of pulsed electron beam on the gas-phase mixture of carbon
tetrachloride, oxygen and hydrogen at room temperature initiates the chain plasmochemical process of
technical carbon production in the form of nanosize particles. The process of CCI4 decomposition and
nanosize particle formation has a volumetric character. The energy consumptions of the installation for
methane tetrachloride decomposition are significantly lower than the energy of CCI4 decomposition.
References:
1
G. Remnev, E. Furamn, A. Pushkarev, S. Karpusov, N Kondratiev and D. Goncharov. Highcurrent Pulsed Accelerator with Matching Transformer // Proceedings of 4th International Symposium on
Pulsed Power and Plasma Applications -Nagaoka, Japan, 2003, p. 172-175.
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K. A. Foglein, P. T Szabo, A. Dombi and J. Szepvolgyi Comparative study of the
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Properties of an arc depend on the processes in arc plasma and on the electrodes. In
particular they depend on both the components of gaseous medium and the impurities
evaporated from electrodes.
Contraction (constriction) of discharge takes place if the following conditions are met
[1,2] : (1) bulk neutralization of the charged particles dominates their diffusion drift to walls
of the discharge chamber; (2) frequency of formation of the charged particles decreases from
axis to walls of the chamber. Thus, the degree of contraction of discharge depends upon nonuniformity of the temperature across its section. In particular, thermal contraction is caused by
the fact that temperature at the periphery of the discharge falls and the gas density (under
constant pressure) nses. Therefore, electrons at the periphery give up a larger amount of
energy to neutrals particles and their temperature falls, which in turn leads to a decrease in the
concentration of electrons because of intensification of the recombination processes. That
process are studied in this paper for the cases of the noble mixtures and the mixtures of nobles
with copper.
It is shown that the degree of constriction of an arc discharge is determined by both
the thermophysical characteristics of gaseous medium and the characteristics of electron-atom
and electron-ion collisions. It is revealed that the Ramsauer effect has an influence on a
character of contraction of an arc discharge, and ,also, it is shown the possibility to neutralize
this influence by mix designing.
References
[1] Eletskii A.V., Rakhimov AT., Chemistry of Plasma, 4, 123 (1977).
[2]PatonB.E. etal., The Paton Welding Journal 1(562), 5 (2000).
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The TiAlN composites attract the special attention due to their significant "hot" hardness,
high resistance to temperature oxidation, flexibility, low friction coefficient etc. [1,2]. TiAlN
coatings keep his characteristics up to 925°C [3, 4], what makes its irreplaceable during highspeed cutting of difficult-to-machine materials. But, aluminum is an easily melted metal and
its plasma contains a great quantity of vapor phase and droplets, which reduce the hardness
and smoothness of the films.
The alloyed TLAl-cathodes with 20-60 vol. % of Al are commonly used for the synthesis of
such coatings However, such cathodes are much more expensive then pure AJ or Ti ones.
This, in rum, adveisely affects the profitability of the resulting product.
In present study we have compared some properties of the arc-vapour deposited TiAlN films,
obtained both by condensation of the different and combined titanium and aluminium plasma
flows. The different flows was provided by two arc evaporators with titanium and aluminium
cathodes, at that, the aluminium plasma was passed through the curvilinear plasma filter. The
combined titanium-aluminium plasma was generated by single evaporator with the alloyed
TiAl cathodes, which have a volumetric content of aluminium 50 % The comparative cutting
tool trials with the cemented carbide drills, covered by TiN, TiCN and TiAlN were conducted.
It is shown, that the TiAlN film compositions, condensed from different plasma flows with
the filtering aluminium plasma, are more profitable and has much higher characteristics, than
films, obtained from alloyed TiAl cathodes.
[1] Knoteketal., Ilth Int. Plansee Seminarl, pp. 6 7 7 - 6 9 1 , 1985.
[2] B.F. Coll, P. Sathrum, R. Fontana, Surf Coat Technol. 52, pp. 57-64, 1992.
[3] D.Y. Wang, Y.W. li, et al,. Surf Coat Tech. 114, p. 109, 1999.
[4] EJ.Bienk, H.Reitz, N.J. Mikkelsen, Surf Coat Technol. 76/77, p. 475, 1995.
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The separation of heavy drops from plasma flow for the film coating is very important. The
optimized parameters of such separator is researched in this paper. This separator has cylindrically
symmetrical cusp kind of the magnetic field geometry Plasma flows propagate along separator axis
towards each other. Plasma electrons are magnetized According to condition of plasma charge
neutralization the light particles of plasma flows propagate along magnetic field lines to cylindrical
wall Due to particle collisions, small magnetic field or oscillation excitation the electron dynamics
is not controlled effectively by magnetic field. It is shown in this paper that for any plasma flow
density there is optimal value of the magnetic field for the best separation. For the smaller and larger
magnetic field value the separation is essentially worse. For the small magnetic field the electrons
are not magnetized. In this case radial velocity of electrons is large due to collisions. For the larger
magnetic field the oscillated fields are excited and lead to anomalous transversal electron transport.
The expressions for the optimal magnetic field value and optimal plasma flow density are derived.
For optimal parameters the plasma electrons are magnetized, but oscillated fields are not excited.
The mechanisms of suppression of oscillated field excitation are also considered.
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LIGHT IONS AND OZONE - GENERATION AND INTERACTIONS
WITH LIVING ORGANISMS
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Technicka 2, Praha 6 Dejvice
Concentration of light ions, especially negative, belongs to important parameters which have to be
taken into account at assessment of building interiors. Role of these ions were empirically verified in
subjective feeling in environments of different ion micro-clime. In case of higher light negative ions
concentration freshness feeling, well-being and comfort were described In case of higher light
positive ions concentration these effects were not such significant, and on the other side, the ton-free
conditions were the worst tolerated and they caused lassitude and somnolence. The ozone produced
by ionisers is traditionally considered to be undesirable and the ionisers working regime is adjusted
to minimize the ozone production. In contrary the ozone is used in ozonotherapy. This article is
based on traditional evaluation of the light negative ions (LNI) and practically non-revised until now
and tries to find answers to still open questions:
What is the reason of extraordinarily biological efficiency of LNI? How ozone interacts with
respiratory tract and what is the reason of its positive influence on the organisms?
With exception of directly in the living organism bom ions LNI passes through three phases:
ionisation, attachment by the electronegative molecules and the clusters formation due to local
electrostatic interactions. The quantitative analysis of physical parameters leads to conclusion we
cannot find any physical property explaining the positive affect of LNI on living organisms.
Analysis of possible interaction mechanism leads to several hypotheses of LNI-organism biological
activity For estimation of ions and ozone interaction with living organisms a simplified semiquantitative model of respiratory tract was developed. Finally a formation of oxygen radicals and
products of their chain-reactions in intrinsic conditions is discussed.
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This study represents the technology of multilayer coatings synthesis on the basis of
tricalcium phospate and hydroxylapatite, suggested by Reactive Ion-Beam Synthesis (RIBS)
method [1,2]. The substance of the method consists in a physical sputtering of target U
compound stoichiometrical composition on the specimens with its simultaneous
bombardment by intensive ion beams of chemically active gases. The concurrent using of
pulsed ion-plasma technology offer the ability to beneficially modify a wide array of surface
properties at low temperature, to deposit complex multilayer dielectric coatings with ultra
disperse structure.
Use of RIBS method allows to increase quality of deposited coatings as follows:
1) Deposition at the same vacuum cycle multilayer coatings.
2) Control of the stoichiometric structure of a layer by modifying of the target ratio Ca/P,
distance of the target - substrate, choice of working gases and power of process, temperature
modes of deposition.
3) The input of the strictly dosed impurities, i.e. the additives of ions Mg2+, Na +, Si
etc..for activation of processes of bone tissue calcium replacement and formation of strong
chemical connections.
4) Management of surface morphology and the structural characteristics of obtained
coatings for various patient's age groups.
At the same time the investigations of microhardness, contents of ions Ca, Mg, Na, K,
Ca/P ratio and other structural characteristics of diaphysises of rat's femoral bone of
different age group were carried out. The contents of Ca, Mg, P increase with age of the rat
(1 month - 3, 12, 24 months). The microhardness of the bone also increases from 620 MPa
(lmonth) up to 1,35 GPa (24 months) according to quality modification in mineral phase.
The analysis of special features of deposited functional coatings and bone structure
depending on chemical composition, mineral components contents, microhardness allow to
make some preliminary conclusions about the variation of structural characteristics
(microhardness) of deposited coatings for different patient's age groups.
1. 1. A.V.Zykova, S.V. Dudin, K.I. Polozhiy Deposition of Multilayer Coatings for
Biomedical Application by Using of Modern Pulsed Ion-Plasma Technology. APP Spring
Meeting , Book of Papers, Bad Honnef, Germany, 2003., p.95-98.
2. A.V.Zykova et al.. Bone-like coatings deposition by using of modern pulsed ion-plasma
technology. Problems of Atomic Science and Technology 1, 2003,p. 137-141.
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In this paper the experimentally observed phenomenon [1] - Z-pinch evolution in the
capillary discharge of the ultra-violet and soft x-ray laser is theoretically investigated. Namely,
pulse radial and longitudinal dynamics of the plasma column in the discharge is considered. The
cylindrical plasma system is considered as a thin rube - a capillary with the large voltage, applied
to it. The experiments with the capillary discharge are carried out for generation of Ne-like line
of argon (k=46.9 run). Consideration of this phenomenon from the point of view of the plasma
particle dynamics is of interest in connection with the importance of the problem of the X-ray
generation in economic compact systems, in particular, with the use of the capillary discharge
and wide applications of the X-ray radiation. In 1994 Rokka has offered to use the capillary
discharge for the laser radiation generation on 3s-3p levels of the Ne-like line of argon
(X=46.9 run). In comparison with the installations, using management by the laser, for generation
of X-ray laser radiation the installations, based on the capillary discharge, are inexpensive,
compact, and have high factor of transformation of the electric energy in the energy of laser
radiation.
One can increase the energy of laser radiation due to increase of the pulse duration.
However, the soft X-ray laser, based on the capillary discharge, generates nanosecond pulses.
The width and amount of pulses are limited by the plasma dynamics. In this paper the influence
of a small longitudinal external magnetic field on the amount of laser pulses, which are
generated in during discharge, is considered.
In researched now relaxation-type X-ray lasers, based on the capillary disohaigc, at the
pinch development the electron temperature grows. The high energy electrons excite high levels
at atoms, creating the laser medium. After the pinch break the focusing force for electrons
disappears and they are quickly as a result of interaction with a wall cooled down, and the
excited levels of atoms are fixed. Thus plasma becomes the inverse laser medium. We show that
the use of the small external magnetic field can reduce the energy losses and improve the plasma
uniformity Also thus the amount of laser pulses, which are developed during discharge,
increase. Such magnetic field does not prevent to recreation of the breaken plasma column along
the direction of the magnetic field. However it prevents to the column expansion up to its
recreation and restoration of a longitudinal current. Thus, the time, necessary for of the following
pinch formation, is smaller. Also the energy expenses, necessary on compression of the
following pinch, also is smaller.
The velocity of radial compression and velocity of restoration of the broken off plasma
column are derived. It has been shown, that at presence of the external longitudinal magnetic
field of the certain value the velocity of the expansion of the broken off plasma column in the
radial direction approximately on two order is smaller than the velocity of the recreation the
broken off plasma column.
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MICROWAVE DISCHARGE AS A LIGHT SOURCE
Yu.Ya.Brodsky, NT (tovalev, A.O.Perminov, S.P.Shlepnev
Institute of Applied Physics RSA, N.Novgorod, Russia
The paper discusses the peculiarities of the electrodynamic microwave light source
based on the effect of excitation of a microwave electrode-free discharge in vapours of various
mixtures. In terms of its design, such a light source is a quartz bulb filled with an appropriate
substance, which is placed in a microwave resonator made of metal grid with high light
transparency. The microwave source can be a magnetron operating at the frequency of
2.45GHZ and used widely in domestic microwave ovens.
The peculiarity of this electrodynamic system is the non-stationary character of the
load, i.e. the plasma of the tube gas discharge. This is associated with a considerable variation
of the value of this load after the breakdown and during warming up of the tube. After a
discharge is ignited in the medium of argon or other neutral gas added to the bulb, sulphur,
selenium or metal halogens, which are main light-emitting elements and are initially solid,
warm up and evaporate. The increasing density of neutrals determines the growth of electron
density and the rate of electron collisions with neutrals. At the same time, the electrodynamic
properties of the resonator with the plasma change significantly: displacement and widening of
the curve occurs. The modulated character of magnetron radiation is also specific for the
discharge used in the microwave tube. The magnetron radiation is a sequence of pulses. At the
initial stage of tube ignition, this leads to repeated ignition of the gas discharge in each of the
pulses. Evaporation of the solid admixture and growth of the pressure results in the increase in
intensity of the electric field, which is required to re-ignite the discharge, and the situation, in
which the electrodynamic system, when not tuned properly, cannot provide further operation,
and the discharge mat only starts to glow, dies out. The requirement of a sufficiently high value
of the electric field amplitude, which is necessary for the breakdown of the gas that fills the
tube, contradicts the requirement of good matching of the resonator with the feeder at the stage
of stationary tube glowing.
Coexistence of the two regimes of tube operation, which differ sharply in the load
values, and the necessity of a stable transition between these two regimes makes it necessary to
create such an electrodynamic system, which would change its properties dynamically as the
lamp starts glowing and the load value changes. Such a system would provide the matching, on
the one hand, and a stable dynamic transition from the stage of the initial breakdown to the
stage of stationary glowing, on the other.
The paper presents the result of studying a possible solution for this problem, which is
creation of multi-mode resonance system. Such a system should contain two or more modes.
As the discharge starts burning up, the electrodynamic system tunes from one operating modes
to another, thus fulfilling the necessary requirements to the matching and stability of the
transition.
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PECULIARITIES OF THE DUOPLASMATRON APPLICATION
IN THE COMPLEX FOR PRODUCTION OF
TRACK-ETCHED MEMBRANES
V.A.Bomko, S.A.Vdovin, A.M.Yegorov, B.V Zajtsev,
A.F.Kobets, E.D.Marynina, V.N.Reshetmkov
IPENMA S1SCKIPT, 61108, Kharkov, Ukraine
The complex for production of track-etched membranes is being created on the basis of
ihe MILAC heavy ion accelerator The accelerator was put into operation in 1958 in KIPT. In
the course of its commissioning, the construction of the accelerator has undergone a series of
changes, presently, it is dedicated for accelerating ions with A/q=l4 (A - ion mass, q - ion
charge) and initial energy of 33 keV/u up to the energies of 0.975 MeV/u in the pre-stripping
section and up to 8.5 MeV/u in the main section. For track-etched membrane production, an
ion beam with the number of panicles of 1012 s'\ mass of no less than 40 a.m.u. and energy of
about 1 MeV/u is required. Thus, the MILAC satisfies all demands on track-etched membrane
production.
At the first stage, a duoplasmatron of the pulsed type with the hot or cold cathode is used
as an ion source. The peculiarity of the application of the duoplasmatron on the MILAC lies
in the fact that it is used as a source of heavy multicharged ions. Besides that, it is necessary
to use the source together with the accelerating tube, and there is no chance to separate the ion
beam at the input to the accelerating tube according to the charge state due to the source
construction.
Analysis of the charge states of argon and krypton ions showed that when the source is
adjusted for the maximum current, and the beam is focused at the output from the accelerating
tube, the ions of the necessary charge multiplicity are either absent or their number is rather
small and is far beyond the sensitivity of the analyzer.
The radial beam dimension, r0, at the output of the accelerating tube and the focal length,
/ depend on the initial beam parameters and on the parameters of the forming system of the
accelerating tubes. With the fixed r0 and/, this dependence defines the total current of the ion
beam that is focused on the output of the accelerating tube. Therefore there is no possibility to
increase the yield of multicharged ions through the straightforward increase of the power
being supplied into discharge and spent for maintaining the high electron temperature.
Besides that, each beam component has its own focal length, which hinders the adjustment of
the focusing system of the complex for the required charge multiplicity.
To obtain an ion beam of necessary charge multiplicity, which is focused on the input of
the accelerating structure, simultaneous matching the operational modes of the source and
accelerating rube is necessary. These modes have individual values for the operating gas
pressure, magnetic field strength, discharge current, source anode voltage and electric field
distribution along the accelerating field for each component. With the optimum parameters, it
was obtained 20% from the total amount of particles for the Ar3+ beam and about 1.5% for
KJ 6 + beam. The profiles of the beam current densities have been measured at the output of the
accelerating tube, which define different operational modes of the source and adjustment of
the optical system.
On the basis of the obtained data the sequence of adjusting the accelerator optical system
for accelerating ions of different masses has been determined. The capabilities of
duoplasmatron application for track-etched membrane production on the MILAC accelerator
have been evaluated.
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THE BIOMEDICAL APPLICATIONS AND CORROSION PROPERTIES
OF IMPLANTED MATERIALS WITH PROTECTIVE COATINGS
ZvkovaA.V., Luk'yanchenko V V.*, Safonov V.I.**
Scientific Centre of Physical Technologies, Novgorodskaya Sir I. 61 145, Kharkov, Ukraine;
"N.lSilenko Onhopedy and Trauma Surgery Institute Design and Construction Bureau, Pushkinskaya
Sir. SO, 61024, Kharkov. Ukraine;
**NSC Kharkov Institute ofPhysics & Technology, Akademicheskcrya Sir. i, 61103, Kharkov. Ukraine
For purposes of orthopedic and trauma surgery operations various stems, spokes, screws,
pins made of pure metaJ and alloys are widely applied in modern medical practice.
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Fig. 1. Corrosion current depending on corrosion potential for various types of coaling (Ti, Zr, TiN. ZrN on the
stainless steel (SS) samples and Ti, Zr on the titanium nickelide NiTi) in 0.9% NaCl isoionic solution {pH=6,Q)

The corrosion resistance characteristics of implanted materials play the most important role
because of their ability to prevent the detrimental element penetration to both surrounded bone tissue
and patient internal organs.
The aim of present study was the investigation of corrosion resistance properties of implanted
materials with fijncrional coatings in the solution simulated body fluids (Fig, 1). The composition of
implants was:
1.) Stainless steel (SS) (Fe-60%, Ni - 18%, C r - 12%, Ti-10%) with coatings-Ti; Zr;
TiN; ZrN.
2.) NiTi (Ti -48,5%, Ni- 48,5%, and impurities Fe, Mo) with coatings Ti; Zr.
The coatings were deposited by means of Arc PVD Methods. The corrosion resistance tests
were made by standard methods. The electrolyte was artificial physiological solution - 0,9%
NaCl isotonic solution (pH=6,0).
At the same time, the cylindrical shape implants (2,6x1,3mm) were inculcated in distal part
of rat femoral bone. The analysis of biochemical components of blood serum, local and
common metabolic organism reaction (glycoproteins, chondroitinsulphates, common proteins
level, contents of creatinine and others) on various implanted materials was carried out. The
content of microelements (ME) in liver and kidneys tissue was measured by means of emission
spectroscopy and X-ray radiometric analysis methods. The results were shown some correlation
between corrosion resistance of implanted materials and their behavior in living organism.
The corrosion properties of the system metal - coating depend strongly on electrochemical
properties of both components. The using of corrosion resistance tests allow to make some preliminary
prognosis and estimation of degree of common metabolic organism reaction on implantation.
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STERILIZATION BY PLASMA, FORMED AT
REB INJECTION INTO ATMOSPHERE
Babich EM. 2 , Kiselev V.A., Linnik A.F., Maslov V.I.,
Onishchenko I.N., Sklyar N.I.2, Uskov V.V.
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National Science Centre « Kharkov Institute of Physics & Technology*, Kharkov;
Institute of Microbiology & Immunology ofMechnikov of Ukrainian Science Academy,
Kharkov

At present various physical methods - the radiation technology, processing by electric
discharge plasma and ozonization- are applied for cold sterilization and decontamination of
vegetative raw material and other biological objects instead of use of toxic gases. The
possibility of combining some of these factors to enhance the efficiency of sterilization is of
great interest.
In the presentation it has been shown, that besides of sterilization strightly by REB
electrons, more intense sterilization can be achieved by using plasma, produced at REB
injection into atmosphere (REB energy is 4 MeV, the current is 0.5 A , pulse duration is 2 us,
repetition frequency 3 Hz). The sterilization process by the formed plasma is connected with
influence of the plasma electrons and ions, the radicals, formed as a result of reactions with
participation of oscillatory excited molecules and atoms of nitrogen and oxygen, soft X-ray
and ultra-violet radiations, and ozone.
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CORONA DISCHARGE INFLUENCE ON MICRO-ORGANISMS
Vladimir Scholtz
Department of Physics, CVUT FEE, Prague, Czech Republic
It is know, that the electric discharge may be used to kill the micro-organism. This
work describes our first qualitative experimental results in examination of corona discharge
influence on moulds (penicillium digitatum). From the first experimental results may be
resulted, that the corona discharge can be used only to inhibit the runguses's growing. It does
not kill the living organism of mould and does not kill the spores. Experimental results
preliminary show, that the ozone has no influence on it.
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STUDY OF THE CHARACTERISTICS OF BARRIER FLATOZONIZER
WITH THE PULSE SUPPLY
V.V Krasnyj, A.V.KIosovski, AS. Knysh: V.S.Taran, O.M.Shvets.
Institute of Plasma Physics of the NSC KIPT. Akademicheskaya St. 1', Kharkov, 61108, Ukraine
In the work the barrier discharge between two flat electrodes with the pulse high-voltage
powersupply with the atmospheric pressure is examined. Dry air served as working gas. As the
dielectrics adapted glass and glass enamel. Fundamental flashover characteristics for the purpose
of obtaining the optimum concentration of ozone and its yield rate in the dependence on the rate
of the air flow and repetition period of the pulses of the applicable voltage are investigated. It is
used the original scheme for determination of the measurement the current of the particles
through the reactor, which made it possible to determine active power in the barrier discharge.
The reactive component of power in the discharge is calculated taking into account the capacity
of reactor. The estimations of the contribution of active and reactive components of power in the
discharge with respect to the total power of discharge are given. Thus, with the glass dielectric
the amounts of active and reactive power are approximately identical, and a notable increase of
the active power in the case when as dielectric serves glass enamel. Are given the comparative
characteristics of reactors with the glass and t enamel in the dependence on the value of the
applied voltage, pulse repetition frequency and air flow rate. The maximum concentration of
ozone of obtained 30 mg/1 with the flow rate 0.2 1/min. and 7 mg/1 with the flow rate 40 L'min.
With the expenditures 1 kW/h obtained the ozone yield rate to 90 grams. On the basis of the
conducted investigations is prepared the module of industrial ozonizer with the power 500 W.
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PULSED DISCHARGE FOR OZONE SYNTHESIS
V.I. Golota, LM. Zavada, B.B. Kadolin, I.A. Paschenko, S.G. Pugach, G.V. Taran,
A.V. Yakovlev
National Science Center "Kharkov Institute of Physics and Technology ",
Akademicheskaya St. 1, 61108 Kharkov, Ukraine, e-mail:paschenko@kipt.kharkov.ua

The Pulsed Needle Discharge (PND) ozonizer without any dielectric barrier on the
electrodes has been developed. The circuit design and the nature of load provide the voltage
pulse with 50 ns rise and 100 ns length in the PND plasma-chemical reactor. These pulse
parameteB permit one to reach overvoltage in the discharge gap and to decrease voltage after
streamer propagation. These features of PND offer an advantage over the bamerless point-toplane gas discharge with DC voltage. The overvoltage leads to an increase in the electron density
and the 100 ns pulse duration results in less heating of current channel by ion motion.
This paper presents the results of optimization of the supply circuit and the electrode system of
plasma-chemical reactors with the purpose of increasing the ozone yield and decreasing the
power consumption for ozone synthesis. As a result, the following parameters were obtained
with the 20% N2+80% O2 feeding gas: O3 concentration - between 1 and 5 %, power
consumption -8+13 Wh/gCh. Besides, the ozonizer has shown stable performance, it can be used
in various ozone technologies, e.g., water purification.
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POINT-TO-PLANE GAS DISCHARGE AT ATMOSPHEIC PRESSURE
AND OZONE SYNTHESIS IN N2-O2 MIXTURES
V.I. Golota, L.M. Zavada, B.B. Kadolin, l.A. Pasclienko, S.G. Pugach, A V. Yakovlev
National Science Center "Kharkov Institute of Physics and Technology",
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The present interest in the atmospheric-pressure discharge occurring in systems with
a sharply non-uniform electric field stems from an intense development of ozone
technologies. The burner-free atmospheric-pressure discharge in the needle-plane electrode
system is among the discharge types, at which electrosynthesis of ozone can be realized. In
this case, it is air or oxygen that is most widely used as an operating gas in plasma-chemical
ozone-synthesis reaciors. By virtue of the fact that the gas composition exerts a strong effect
on discharge curreni conditions, the studies on the characteristics of discharge and ozone
synthesis in oxygen-nitrogen gas mixtures present a great interest.
The influence of nitrogen-oxygen mixture composition on the characteristics of
barrier-free discharge and ozone synthesis in the needle-plane electrode system has been
investigated at positive and negative potentials at the needle electrode. It has been
demonstrated that a low oxygen content in the nitrogen-oxygen mixture has a strong influence
on the discharge CVC. At oxygen content over 40% in the gas mixture the variation in the
average current with voltage applied to the discharge gap is insignificant.
The oxygen content in the N2-O2 mixture is shown to exert different effects on
current regimes of the discharge at positive polarity. The negative ion production in the
discharge channel leads to a decrease in the rate of primary streamer propagation, and
therefore, to an increase in the range of voltages, where the given regime of discharge can
exist. The voltage range, where the secondary streamer (pseudostreamer) is observed,
decreases with a growing content of oxygen in the mixture.
On the strength of the present results, we can suggest that the factor of localization or
dispersion of the processes responsible for ozone synthesis plays the role of less importance
as compared with the electric field distribution in the gap for all the above-mentioned regimes
of discharge burning It has been found that the efficiency of ozone synthesis is different at
different current regimes of atmospheric-pressure discharge in the needle-plane electrode
system. By ozone production efficiency, the regimes of discharge can be arranged in
descending order as follows: 1) regime of secondary ionization wave propagation at positive
polarity, 2) negative corona regimes, 3) regime of streamer propagating towards the cathode
but failing to reach it. 4) regime of positive steady-state corona.
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STUDY OF MAGNETIC FIELD INFLUENCE ON A DC GAS DISCHARGE
V.K. Pashnev, V.E. Strel'nitskij, O.A. Opalev, V.I. Gritsyna, I.I. Vyrovets, Yu.A. Bizyukov
Kharkov Institute for Physics and Technology National Science Center,
Akademicheskaya Sir. 1, Kharkov, 61108 Ukraine
Low-temperature gas-discharge plasma sources play an important role in the
development of new technologies. Gas discharges have received wide application in gasdischarge switches and plasmochemistry. "(hey are also widely used to clean surfaces, to
pump gas-discharge lasers, to deposit thin films (including the synthesis of diamond coatings
by the method of chemical vapour deposition from a gaseous phase), etc. An important
research trend in the physics of gas discharges used to deposit coatings is the search for
discharge regimes that would provide the high density of the released power, would be
characterized by the low concentration of uncontrolled impurities in the working gas, and will
make it possible to coat large surfaces.
DC gas discharges have significant advantages, because the energy sources used ic
supply them are rather simple and cheap DC arc discharges provide the greatest power
density; however, the high concentration of the electrode-material impurity in the working gas
substantially restricts their field of application. In normal glow discharges, the impurity
content is much lower than in arc discharges; their disadvantage, however, is the low density
of the absorbed power. At higher power densities, a glow discharge transforms into an arc
discharge. For this reason, we are now looking for various methods for increasing the power
density absorbed in a glow discharge, while retaining a low impurity content. One of these
methods is to operate with abnormal glow discharges. Another method is to apply various
techniques that prevent a glow discharge from transforming into an arc discharge.
A glow discharge can be stabilized by applying a transverse (with respect to the
discharge current) magnetic field. It is shown by us that, in the presence of a transverse
magnetic field, it is possible to maintain a diffuse glow discharge at a high (above
300 W/cmJ) power density, working-gas pressures higher than 200 Torr, and a low
concentration of the cathode-material impurity in the working gas. A significant advantage of
this type of discharge is that the transverse magnetic field makes it possible to activate the
working gas over a large area.
The objective of the present study was to experimentally investigate the influence of a
transverse magnetic field on the discharge parameters, such as the rotation frequency of the
current channel, the electric field in the positive column, and the cathode voltage drop.
During our experiments was shown;
1. A transverse magnetic field of B<500 G makes it possible to maintain a diffuse discharge at
pressures higher than 200 Torr and specific absorbed powers in the current channel above
0.5 k.W/cm3 at a low content of impurity arriving from the cathode.
2. At specific absorbed powers characteristic of arc discharges, the discharge under study in
many respects resembles a normal glow discharge.
3. The cathode voltage drop and the electric field in the positive column exceed their values in
classical normal glow discharges in the absence of a magnetic field.
4. The rotation frequency of the current channel is a complicated function of the discharge
parameters and, at a magnetic field of about 300 G near the anode, is as high as 400 Hz.
5. Owing to its stable operation at working gas pressures of about 200 Torr, the high energy
characteristics, the low content of cathode-material impurity, and the capability of activating a
gas above a large surface, this type of discharge can be used in various plasmochemical
processes, in particular, for the synthesis of diamond coatings from a gaseous phase.
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VACUUM-ARC PLASMA SOURCE WITH T-SHAPED
MACROPARTICLE FILTER
U. Aksenov, V.V. Vasilyev, A.A Luchaninov, A.O. Omarov, V.E. Strel'nitskij,
D. Yu. Zaleskij
NSC Kharkov Institute of Physics and Technology, Akademicheskaya Str. 1,
61108, Kharkov, Ukraine
Cathodic vacuum arc plasma source with a magnetic filter, which turns the plasma
stream 90°, is described. T-shaped plasma duct with a system of intercepting screens and fins
(Fig. 1) provides a significally higher degree of absorption of macroparticles when compared
to conventional "toroidal" filters (more than an order of magnitude). A small ratio of
curvature radius of the plasma duct to its inner radius, a large diameter of the plasma guiding
channel (200 mra), and an optimal geometry of transporting magnetic fields ensure a high
throughput of the filter - up to 55 %.

! ^w^ts

Fig. I Filtered vacuum-arc plasma source. I-cathode; 2-anode; 3 and 4 - input and output
sections of plasma duct; 5 - MP trap, 6 - additional section of the plasma duct; 7 - anode
insert; 8 through 14 - magnetic coils; 15 - screens; 16 -fins; 17, 18 - collector positions for
ion current measurements.
The high efficiency of the plasma transport and cleaning of macroparticles from the
plasma streams were achieved by using computer model simulation of the most beneficial
schematic for magnetic field correction and designing the set of screens and fins for
intercepting the macroparticles.
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INFLUENCE OF FOCUSING MAGNETIC FIELD ON DISCHARGE
STABILITY IN VACUUM-ARC PLASMA SOURCE
I.I. Aksenov, V.V. Vasylyev, A.A. Luchanino\, V.E. Strelnitskij
NSC Kharkov Institute of Physics and Technology,
Akademicheskaya Str. 1, 61108, Kharkov, Ukraine
Comparative performance and stability properties of a cathodic vacuum arc plasma
source based on direct current discharge with magnetic confinement of a cathode spot and
plasma stream focusing for cases with grid insert inside the hollow anode and without it are
presented. The plasma source comprises the cathode (truncated cone) embraced with the
stabilizing coil and the tubular anode with a focusing solenoid. Titanium and graphite were
used to generate Ti and C plasma streams respectively. The insert represents a grid of rods 4
mm in diameter at 100 mm distance from the cathode. In case of titanium cathode tungsten
was used as the rods material, in case of graphite cathode - graphite was.
The arc stability becomes worse while the magnetic field increased. At the magnetic
field strength above 7-8 tnT in case without insert the discharge extinguishes. Use of the
anode insert makes it possible to provide stable arc operation in the magnetic field of up to 20
mT. This is a great advantage of the plasma generator to be used in combination with a
magnetic plasma filer, where transporting fields are usually about 10-20 mT. There is no
magnetic mirror at the plasma duct entrance in such combination, and thus the plasma
injection conditions are favorable.
Despite of ions losses on the insert rods the output ion current of the source
investigated is quite large - up to 8,5 A at the arc current of 100 A, i.e. 8,5 % of the arc
current discharge.
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MODIFICATION OF COATING-SUBSTRATE SYSTEMS
UNDER THE ACTION OF COMPRESSION PLASMA FLOW
V.M. Astashynski. I.G. Gimro, A.M Kuzmitski, E A. Kosiyukevich. A.V. Kovyazo,
A.A Mishchuk, V.V. Uglov*, V.M. Anishchik*, N.N. Cherenda*, A.K. Stalmashonak*
Institute of Molecular and Atomic Physics National Academy of Sciences of Belarus,
Minsk, Belarus, e-mail: ast@imaph.bas-net.by;
'Belarusian State University, Minsk, Belarus
Production of materials with improved mechanical properties of the near-surface
layers such as hardness, strength, and resistance to heat, wear and corrosion, is an urgent
demand of today's industry. Quasi-stationary plasma accelerators generating high-energy
compression plasma flows with the pulse duration about 100 us sufficing to complete the
physicochemical transformations at the near-surface layer are used successfully for these
purposes. The action of the nitrogen compression plasma flow on carbon steel substrates
preliminary covered by thin (-1 micron) films (Ti, Cr, and others) results in the significant
improvement of mechanical and tribological properties of the sample.
The phase composition and crystal structure of the modified layer were investigated by
X-ray diffraction (XRD) method with Bragg-Brentano geometry using monochromatic CuKa
radiation. The surface morphology and cross-sections were analysed with the help of scanning
electron microscopy (SEM) by using LEO1455VP (Karl Zeiss) device. Element composition
was determined by the methods of Auger-electron spectroscopy (AES) using PHI-660 device
(Perkin Elmer). Microhardness of samples was tested with Vickers indentor under load
ranging from 0,2 to 2 N. The tribological test was dry sliding dynamic friction one of the
"pin-on-plane" type.
The action of compression plasma flow on a sample results in the melting of both the
coating and the substrate surface, followed by the liquid-phase mixing of both layers under
the influence of plasma pressure. On completion of the compression flow action, the cooling
and resolidification of the mixed system take place. The analysis of element concentration
profiles obtained by AES shows the mixing of all the system's components, as well as the
incorporation of plasma-forming substance (nitrogen). In addition, the dependence of nitrogen
content on the MPC operating mode was observed. Both the maximum concentration of the
incorporated nitrogen and its penetration depth are increasing with a rise in a number of
pulses. At the highest (in these studies) energy density of a plasma flow, the nitrogen
concentration reaches 35 at.% . Thus, the material treatment by the compression plasma flow
results in the significant saturation of the near-surface layer with nitrogen which, in its turn,
can lead to the formation of solid solutions of metal elements with nitrogen, as well as with
various nitrides.
SEM-observations of cross-sections of the samples processed using different operating
parameters show the formation of the modified layer -15 um in thickness. Coatingcomprising elements are present over the thickness of the modified area.
As a result of the treatment, the phase and structure transformations give rise to a
change in the sample mechanical properties. The microhardness of samples increases more
than two times The studies into the dependence of friction coefficient on sliding distance
revealed the improvement in tribological properties of the samples treated
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MEASUREMENTS OF FLUCTUATING PLASMA ROTATION
VELOCITY BY MEANS OF CORRELATION AND DOPPLER
MICROWAVE REFLECTOMETRY IN URAGAN-3M TORSATRON
A.I Skibenko, V.L. Ocheretenko, A V Prokopenko, V.L. Berezhniy: O S . Pavlichenko,
IB. Pinos, I.K.. Tarasov, S.A. Tsybenko, E.D. Volkov
Institute of Plasma Physics of National Science Center "Kharkov Institute of Physics and
Technology", Akademicheskaya st. 1, 61108 Kharkov, Ukraine
Plasma poloidal rotation due to ExB in tokamaks and stellarators is accompanied by
transport barriers influencing energy and particle transport. Therefore measurements of
plasma rotation velocity are important.
Microwave correlation reflectometry method has been developed for plasma rotation
studies in IPP [1]. A time lag of cross correlation function (CCF) of 2 microwave signal
reflected by fluctuating plasma in 2 locations is being used in this method. Radial localization
of reflecting plasma layer is defined by a proper choice of reflected wave frequency. Position
of this layer is determined from phase shift of reflected wave. Interpretation of CCF time lag
has an ambiguity due to combined effect of plasma rotation and fluctuation propagation as
well. CCF for different part of fluctuation spectra contains an information about the layer
rotation velocity and the dispersion relation of observed fluctuation as well as [2].
Simultaneous use of correlation and Doppler reflectometry may allow to get an information
on both plasma rotation and fluctuation propagation.
Doppler reflectometry is based on measurement of frequency shift reflected wave at
oblique wave reflection [3]. Reflecting plasma layer perturbed by fluctuations acts like a
diffraction grating and tilted antenna can receive a Bragg backscattered signal (-1 order) at
perturbation wave number
ke= 2kosin(tp),

where ko — probing wave number and <p - wave tilt angle. Taking into account, the Doppler
shift
one can define rotation velocity Ve Position of reflecting layer, k - number and velocity
ranges are scanned by changing of microwave frequency and antenna tilt angle.
Two method of Doppler shift measurement of reflected wave frequency have being
use in Uragan-3M torsatron experiment: by means of UHF spectra analyzer and spectral
analysis of reflected wave fluctuation. First one is suitable for the large frequency shift (Afi >
50 kHz). The rotation direction is being determined by a sign of Doppler shift. Spectral
method has no the limit on Afi. The method allows to obtain the blue/red shift by means of
Fourier Transform of complex signal U(t)=Ucas(t)+iUSin(t), (Uc^t), USin(t) are reflected signal
with phase shift n/2) [4].
In this report results the comparison of these 2 methods of plasma rotation are
presented.
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INVESTIGATION OF THE SPECIFIC PLASMA POTENTIAL
OSCILLATIONS BY HEAVY ION BEAM PROBING IN T-10
L.I. Krupnik ', A.V Melnikov, L.G. Eliseev, A.V. Gudozhnik, S.E.Lysenko, V.A. Mavrin,
S. V. Perfilov, L.G. Zimeleva, M.V. Ufimtsev'
Nuclear Fusion Institute, RRC "Kurchatov Institute", 123182, Moscow,Russia,
E-mail: melnik@nji.kiae.ru;
institute of Plasma Physics, NSC "Kharkov Institute of Physics and Technology",
Kharkov, Ukraine;
'Department of Computational Mathematics and Cybernetics, Moscow Slate University,
Moscow, Russia
Investigations of the specific oscillations with frequencies 15-30 kHz on the T-10
tokamak (R = 150 cm, a = 30 cm) with Heavy Ion Beam Probe (HIBP) diagnostics was
started in [1]. In this paper we report the extended studies in regimes with ECR plasma
heating (B o = 2.33 T, lpi = 220 kA).
Previous experiments in the regimes with Ohmic heating [ 1 ] have shown that 20 kHz
modes are mainly the potential fluctuations. These oscillations exist on the signals of HIBP,
Langmuir probes and reflectometry. They should cause the fluctuations of the poloidal
rotation, i e. the torsional oscillations of the plasma with #n=0, called as the zonal flows.
Evolution of the "20 kHz" mode on the plasma potential in regimes with off-axis
ECRH (power deposition zone ~ 12 cm) is presented in this report. HIBP sample volume was
localized out the ECRH region in the area r = 25 cm. Increase of the frequency is observed
when ECRH turns on. This frequency change is linked with change of the electron
temperature, measured by 2""1 harmonic of EC at the nearest chord (24 cm). Data analysis has
shown that frequency of the "20 kHz" mode is proportional to square root of the local Te
(Fig. 1). This dependency allows us to suppose these oscillations to be linked with Geodisic
Acoustic Mode [1,2] which is characterized by such dependency
c

;r
#37253

sqrt(Te), a u

Fig 1
This work was supported by Minatom RF, RFBR grants 02-02-17727, Scientific School1608.2003.2, INTAS 2001-2056, NWO-RFBR 047.016.015.
[1] A.V.Melnikov, V.A.Vershkov et al, EPS-30, St.Petersburg, Russia, ECA Vol. 27A, P3.114
[2] GR.McK.ee et al, EPS-30, St.Petersburg, Russia, 1-5.6 (P-4.238)
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LASER SHADOW AND INTERFEROMETR1C INVESTIGATION OF
THE STRUCTURE AND DYNAMICS OF PLASMA IN PF-3 FACILITY
V.l.Krauz1, V.V.Myalton1,
A.E.Gurey2, V.Ya.Nikulin2. A.V.Oginov2, A.A Tikhomirov2
'RRC «Kwchatov lnstitute». Nuclear synthesis institute, Kwchatov sq. 1, Moscow, Russia;
1
Lebedev physical institute of RAS, Leninskii ave. 53, Moscow, Russia
Knowledge of characteristics of a current-plasma sheath (CPS) in some range near
compression is necessary for consideration of the PF-3 facility (RRC "Kurchatov institute")
as a driver for magnetic compression of liners.
The main features of PF-3 facility (Total energy of 2.8 MJ, high-radiative gas - neon,
large geometrical dimensions, etc.) define additional requirements for the design and the
implementation of diagnostics consisting of laser shadowgraphy and interferometry. The
basis of the diagnostic complex is a single-pass Makh-Rozhdestvensky interferometer with
the arm of 4.8 m and with the aperture of 10 cm and Nd:YAG-laser at the second harmonics
with the pulse of 60 mJ for 4.8 ns.
Structure and dynamics investigation were conducted in the time range 150 ... +20 ns respective to the leading soft X-ray pulse (SXR) edge. The electron density
profiles were measured at the distances 0.5... 1.0cm from the anode surface (in a
quasicylindrical CPS-part-zone).
The data of the CPS-structure and its evolution were received in the energy range of
150 ... 500 kJ: - the CPS-thickness is 0.4 cm - 2 cm, dependent on the gas pressure and the
charging voltage; the electron density in the shell attains 3 • l 0 " c m ° at an instant of the
CPS-leading edge arrival at the axis; the CPS-velocities near the axis are in the range from
(8.6 + 0.5)- 10 6 cm/sto(1.3 + 0.1)- 10 7 cm/s.
It was found that the electron density profile configuration has two maxima. This fact
can serve as one of the possible explanations to the presence of two peaks in the SXR-pulse.
A time correlation between the SXR-pulse generation start-up and instant of the CPS-leading
edge convergence at the axis is confirmed.
This work was supported by RFBR grant Jfe 03-02-16578.
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COMPUTER SUPPORTED INTERFEROGRAM EVALUATION
J. OLEJMCEK
Institute of Physics, Academy of Sciences of the Czech Republic, Na Slovance 2, Prague,
Czech Republic
J. PICHAL
Czech Technical University, Faculty of Electrical Engineering, Department of Physics,
Techmcka 2, Prague, Czech Republic
J. BLAZEK, P. SPATENKA
University of South Bohemia, Pedagogical Faculty, Department of Physics, Jeronymova 10,
Ceske Budejovice, Czech Republic
Phase shift subtraction from the interferogram seems to be a rather difficult process
moreover complicated by further factors - taken interferograms may be unfocused due to
apparatus vibration or non-stationarity of studied phenomena during the measurement.
Fringes may join in points of large phase shifts and, sometimes-new fringes can originate in
some regions.
For better interference pattern evaluation a new algorithm has been developed. It is
simple and easy to be used also for evaluation of patterns containing complex distorted or
closed interference fringes.
Phase shift calculation had been performed in the MATLAB computing environment.
Searching algorithm saves a predefined value of the phase shift into the matrix on position
corresponding to the actual location of the ascertained pixel. The result of the whole process
is represented with a sparse matrix containing information about the phase shift of lines
created by points whose coordinates approximately correspond to the centres of individual
interference fringes.
To obtain as much as possible precise and "smooth" information about the phase shift
distribution the data are triangulated so that the final phase shift forms dense continuously
defined matrix. The matrix represents phase shift with introduced space frequency caused by
slight decline of interfering rays. To get information about the real phase shift, the subtraction
of this space frequency is fundamental.
For evaluation reasons shiftless regions were declared as those with the linear phase shift
and interpolated with the method of least squares. Knowing the linear phase in these regions
the original undisturbed interferogram and original phase shift distribution were restored.
Obtained phase shift distribution must be converted into the refractive index distribution. To
get from a two-dimensional interferogram the three-dimensional image of the refractive index
distribution, the studied phenomena must show the cylindrical symmetry. For calculation of
refractive index distribution the discrete Abel transformation was used.
For model processing a complex interference pattern taken in the Z ISO equipment of
Institute of plasma physics and laser microfusion (1PPLM), Warsaw, Poland was used.
Discharge related with studied interference pattern fully satisfied the condition the cylindrical
symmetry.
The procedure has been used for determination of electron density distribution in the
pinch discharge channel at the moment of maximum compression and subsequently for the
electron temperature distribution calculation based on magnetic and kinetic pressure dynamic
equilibrium Final results seem to be in a good agreement with expected values.
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THE USE OF MULTIWIRE PROPORTIONAL X-RAY DETECTORS
FOR THE TOKAMAK IMAGING DIAGNOSTICS
A.V. Sushkov
NF1RRC "Kurchatov Institute", 123182 Moscow, Russia
A Multiwire Proportional X-ray (MPX) detectors have been etnployed on the TCV and T10 tokamaks for the x-ray imaging diagnostics [1, 2]. The physics goal of the diagnostics is to
provide high temporal and spatial resolution measurement of the plasma x-ray emissivity and
the electron temperature profile measurements by two foils method. The objective is the
observation of magnetohydrodynamic (MHD) activity, transport barriers phenomena and to
improve the determination of the Electron Cyclotron Resonance Heating (ECRH) deposition
profile.
The construction of the MPX detector is similar to the construction of multiwire
proportional counters [3] commonly used in charged particle physics. It consists of 64 p a l l i d
anode wires situated between two cathode plates in a common gas chamber filled by a
krypton-methane gas mixture at atmospheric pressure. The detector viewing plasma through
the helium-filled slot-hole camera. The diagnostics allows to measure plasma x-ray emissivity
and electron temperature profiles with a radial resolution of -1.5 cm on the mid-plane. The
high gas amplification of the detector (102-105), depends on the applied voltage and allows to
provide optimal output in any tokamak operation mode. The detectors amplification can be
selected from the control room by a computer. The signals are digitised at rates up to 200
kHz.
The design of the systems, the characteristics of the MPX detectors and the experimental
results which demonstrate the potential of the diagnostic in meeting its design objectives will
be presented.
[1] A.V Sushkov, et al 29th EPS Conference Montreux, ECA Vol. 26B, P-4.118 (2002)
[2] A.V Sushkov, et al 30th EPS Conference St.Peterburg 2003 ECA Vol 27A. P-2.63
[3] G.Charpak et al. Nuclear Instruments and Methods 62 (1968) 262.
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SPECTRAL METHOD OF CONCENTRATIONS MEASUREMENT
IN DENSE PLASMAS BASED ON THE SELF-ABSORPTION EFFECT
A.V. Tsarenko, S.A. Tnibchaninov, A.K. Marchenko
Institute of Plasma Physics of the National Science Center "Kharkov Institute of Physics and
Technology",6110% Kharkov, Akademicheskaya Str.,1, Ukraine
The present work gives spectral technique determining the ion densities for dense
plasmas. It is well known that the self-absorption effect in dense plasmas leads to the
distortions of the spectral lines contour shapes and lines intensities proportion. These effects
are widely used in the plasma diagnostics to determine the plasma parameters. Particularly, it
is concerned the electron temperature determination (Bartels method, for example) and the
concentration measurements.
Our method is based on the measuring of the intensities proportion in spectral
multiplets and comparison with its "atomic" proportion (optically transparent plasma), when
the line intensity is defined by the gf -values only In this way the optical thickness (r) can be
obtained for the most intense line of a multiplet, and then the population on lower exciting
level of corresponding transition is calculated from the r and broadening parameters
(measured or calculated). Further, whole density (summarized on ionization stages) is found
using Saha-Boltzman equations
The main advantage of such approach to obtain r is independence on the electron
temperature. The fact is that the width of fine structure usually is much less than Te.
Furthermore, parameters of the lines broadening are the same for all multiplet components
and at the evaluation of concentration from the corresponding r-values it is enough at least the
approximate proportion between Gaussian and Lorentz factors in line half width. Another
advantage consists in higher sensibility of such method. Optical thickness effects on the
spectral line intensity above all, when T ~ 1. Significant distortions of the line shape are
occurring at the r »1.
This work, as well, contains comparison between the present method and others,
particularly, with ones described in the previous work [1]. Some examples of its practical
realizations are given, namely, experiments on the plasma-target interaction - [2] and
determination of impurity composition of the plasma stream generated by the quasi-stationary
plasma accelerator (QSPA Kh-50). The ways of accuracy and reliability improvement are
discussed too.
1. A. V. Tsarenko et al., Nukleonika. V.46, Suppl.1-2001, p.37-40.
2. A. K Lobko et al.. Problems of Atomic Science and Technology. Series "Plasma
Physics".Kharkov -2002, 5(8), p.151-153.
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QUASIMONOCHROMATIC BEAM OF PARAMETRIC X-RAY
RADIATION FOR CONTROL OF HEAVY ELEMENTS
A.V. Shchagin, V.M. Sanin, V.V. Sotnikov, V.A. Voronko, A.M. Yegorov
National Science Center "Kharkov Institute of Physics and Technology "
61108 Kharkov. Ukraine, e-mail vorortko@kipl. kharkov. ua
Possibility to use quasimonochromatic X-ray beam of parametric X-ray radiation
(PXR) in the X-ray locator for control and location of heavy elements is considered. The
locator should operate with a tunable quasimonochromatic polarized X-ray beam in the
energy range up to about 130 keV to cover all atomic energies of heavy elements. The effect
of PXR from relativistic electrons moving through a crystal will be used in the X-ray
generator of a quasimonochromatic, polarized, tunable X-ray beam. Therefore, the locator is
based on a linear electron accelerator that provides the electron beam with energy of about
several tens of MeV. The response signal of characteristic K.-iines of X-ray radiation from the
objext under inspection is registered by spectrometric X-ray detector. The locator is able to
detect of heavy elements at a tentative distance up to about several meters for several minutes.
The paper became possible partially due to Grant 1030 from Science and Technology Center
in Ukraine.
Key words: X-ray locator, quasimonochromatic X-ray beam, heavy elements

APPLICATION OF THRESHOLD DETECTORS FOR INCREASING OF
THE CONTRAST IN X-RAY IMAGES
V.V. Sotnikov, V.A. Voronko, A.V. Shchagin, V.M. Sanin
National Science Center "Kharkov Institute of Physics and Technology"
61108 Kharkov, Ukraine, e-mail: sotnik@kipt.kharkov.ua
Efficiency for application of threshold detectors for improvement of contrast in X-ray
images in monochromatic X-rays is considered. The threshold detectors would allow to
eliminate registration of X-rays with energy below of the energy of incident X-ray beam.
Therefore, scattered photons will not be registered and contrast will be increased and/or total
dose may be reduced. Calculations were performed for different energies of incident X-ray
beam with talcing into account of the spectral width of incident X-ray beam and energy
resolution of the detector. It is shown, that application of the threshold detectors would allow
provide significant improvement of the image contrast at the same dose or decrease dose at
the same contrast.
This paper became possible partially due to Grants 1031 and 1030 from Science and
Technology Center in Ukraine.
Key words: X-ray image, contrast, X-ray beam, threshold detector.
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SPECTROMETRIC CHARACTERISTICS OF A PACKAGELESS
DETECTING MODULUS OF THE SILICON PIN PHOTODIODE
A S Golovash, V G.Konovalov, A.V.Kosinov, V.I.Kulibaba, N.I.Maslov,
S.V.Naumov, S.M.Potin, A.N.Shapoval, V.S.Voitsenya
NSC K1PT, 61108 Kharkov. Ukraine
At present time the reliable silicon PIN photodiodes are frequently used in physical
experiments and for solution of different applied problems. The further widening of
application of photodiodes requires to carry out additional investigation of their major
characteristics.
The present papeT is devoted to investigation of possibility to use the silicon PIN
photodiodes in diagnostics of plasma for monitoring the light and x-rays emanated by plasma.
For estimation of such a possibility the spectrometric characteristics of detecting modules
must be measured With that end in view the spectral light sensitivity of specially designed
packageless detecting modules developed in National Science Center "Kharkov Institute of
Physics and Technology'' was investigated. The spectral light sensitivity was measured in the
spectral band 230-650 nm and these data will be given in the paper. In addition, the results on
detection of x-rays in the range keV - tens of keV will be also presented.
The data obtained demonstrate that the packageless detecting modules allow to widen the
range of detection of light into the short wavelength region of spectrum and to increase the
registration efficiency of soft x-rays.
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The feasibility study for HIBP on the stellarator WEGA was done to provide the
measurements of the radial profiles of plasma potential, density and their fluctuations.
Calculations of probing K+ beam trajectories were done for low field WEGA
magnetic configuration with Bo = 0.5 T. The trajectory optimization aiming for the maximal
plasma observation was done for chosen port combinations.
The initial calculation shows that HIBP allows getting radial profiles of plasma
parameters. The detector line of equal entrance angle connects the centre area and the edge
of the plasma column with E =30-60 keV. . The detector line of equal energy E = 40 keV
allows us to obtain a series of radial profiles (0.1 < p < 1) during single shot by changing of
the entrance angle with the scan of control voltage.
The special beam-lines for the primaries and the secondaries are necessary to transfer
the particles from the accelerator to plasma through the area of magnetic field and further to
ion energy analyzer. They are also necessary to control the beam trajectory and drive
them to energy analyzed with optimized entrance angle. Such electrostatic control looks to
be the necessary elements of the HIBP hardware even for small stellarators like WEGA.
The work of Kurchatov team was supported by RFBR, grant 02-02-17727.
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A BOLOMETER FOR RADIATION LOSS MEASUREMENTS
IN THE U-3M TORSATRON
V.I. Kovalenko, V D. kotsubanov IK. Nikol'skii, F.I. Ozherel'yev, S.A. Tsybenko
Institute of Plasma Physics.
National Science Center "Kharkov Institute of Physics and Technology ",
Kharkov, Ukraine
Main factors determining realization of bolometric measurements in the U-3M device are
(1) a very high level of RF interference made by the RF heating system in the discharge
chamber, (2) the magnetic configuration of an / = 3 torsatron, where the spacings between the
helical coils are filled with diverted plasma, (3) an impossibility of access to the bolometric
sensor during the experimental campaign (~1 year), and (4) a high level of hard X-ray
radiation. Accounting for these factors, a sensor of thermo-probe type was chose'' f or
bolometric measurements, with a 2.5 |am Ti foil heated up to -800° C as a sensitive element.
The IR-radiation emitted by the foil is received by a photodetector. In accord with the
experimental conditions, the bolometer is mounted on the magnetic pole surface facing the
plasma, the distance plasma-sensor being 5 cm. The Ti foil was produced by the plasma-arc
deposition technique. The acceptance angle of the detecting element is 155°, the operating
heating current pulse length is 5 s. The calibration of the detector is made by superposition of
an auxiliary rectangular 1-40 ms heating current pulse A reduction of the RF interference
effect is achieved by an accurate symmetrization of the photodetector circuits, by LF pass
filters and by using differential amplifiers. The RF interference suppression in the input and
preliminary bolometric signal procession circuits is 55 db at 8.5 MHz, the attenuation of the
valid signal "pedestal" is 60 db. The time resolution of the bolometric sensor - preliminary
processing circuit system is I ms and depends on the LF pass filter parameters. The minimum
level of the signal received corresponds to 10 kW of power irradiated by the plasma. The
dynamic range is 20 dB.
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DEVELOPMENT OF 6MEV HEAVY ION BEAM PROBE FOR LARGE
HELICAL DEVICE
Akimitsu Nishizawa, T. Ido, Y. Hamada, S. Kato, Y. Kawsumi, K. Tsukada, E Asano,
M. Nishiura, A Shimizu
National Institute for Fusion Science JAPAN
1. Introduction
6 MeV heavy ion beam probe (HIBP) is being developed for measurements of plasma
potential of the large helical device (LHD). The HIBP is a unique method to permit direct
measurements of internal plasma potential and fluctuations of potential and density in
magnetically confined plasmas. Maximum confinement field of LHD that is supplied by
super-conductor coils is 3T. In the case of positive gold ion beam, 5.6MeV beam energy must
be used for measuring inner potential of 3T plasmas. This beam energy is the biggest one in
HIBP for measurements of plasma potential. Some improvements are required for devices
composing the 6MeV HIBP system because high applying voltage and operation in leak
magnetic field of LHD. The whole 6MeV HIBP system has been constructed by installing a
tandem type electro-static energy analyzer1' in the last cycle. The primary beams can be
observed by detectors mounted on inner vacuum vessel for the purpose of confirmation of
beam trajectories in the magnetic field of LHD.
2. Improvements in the instrumentation
6MeV HIBP system is composed of a negative ion source, a 3MV tandem accelerator,
beam-line and an energy analyzer. The 3MV tandem accelerator is used for obtaining a 6MeV
Au*beam. The accelerator tank was changed from iron to stainless steal in being installed
into LHD hall not to disturb the LHD magnetic field. The amount of load current of
accelerator abnormally increased in aging. It is found from the observation in the tank that
abnormal current is caused by corona discharge between a high voltage terminal and tank
edges. The load current was recovered by polishing the tank edge near the terminal. The ion
beam horizontally extracted from the accelerator is injected into an electro static cylindrical
deflector of 4.8m radiuses to change the travel direction into vertical. Applied voltage of the
cylindrical deflector is 40kV to the 6MeV ion beam. Depositing dust, which may fall from the
LHD or upper beam-line devices or be created by sputtering of beams, causes leak currents.
This problem is overcome by cleaning the electrode. There are some problems of the
beam-line near the LHD port to be improved in operating with the leakage magnetic field and
influences of emission from plasmas. A 7.8°cylindrical deflector for slightly bending the
beam under the LHD port occurs break down for beam energy corresponding to magnetic
field above 2T. Therefore primary beam can be introduced into the vacuum vessel in the
magnetic field lower than 2T and successfully detected with primary detectors mounted on
calculated the position of beam trajectory.

Fig. 2 Check of beam trajectories by
four plates primary detectors
References
[1] YHamada, et al.Rev. Sci. Instrum.
68,2020(1997)

Fig 1 6MeV HIBP system
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DEVELOPMENT OF THE ITER H ALPHA
DIAGNOSTIC SYSTEM

SPECTROSCOPY

A.A.Medvedev. E.V Alexandrov. A.V.Gorshkov, K.Yu.Vukolov
Nuclear Fusion Institute of the Russian Research Center 'Kurchatov Institute'
Kurchatov Sq. 1, Moscow. Russian Federation
Contact e-mail: medvedev@nfi.kiae.ru
The diagnostic system called H Alpha Spectroscopy comprises almost all
measurements on visible Balmer lines in ITER. It's function is solving of several important
tasks including monitoring of Balmer lines time behavior (necessary for identification of L-H
transition and ELM's type), space resolved measurements (information on hydrogen recycling
and ionization particle source), and isotopic ratio measurement at the plasma periphery.
The diagnostic system must be started up already at the hydrogen phase of the ITER
operation. Some functions of the system are specified as Group la (Machine Protection and
Basic Control). The H Alpha Spectroscopy is one of credited diagnostics developed in
Russian Federation.
To arrange the measurements at the reactor relevant conditions one had to solve a number
of essential technical problems. Most of them connected with the complicated access to
plasma, high level of neutron and y radiation, inaccessibility of input optical elements for
service and so on. At the moment the feasibility study and the conceptual design of the system
have been completed. The detailed numerical modeling of the performance shows that all
main measurement specs can be met. The described design has been supported by
assessments of the first mirror durability and radiation induced degradation of glass optical
elements. All the evaluations gave optimistic predictions.
The system includes six independent optical paths, four of which are dedicated to
measurements at main plasma, and other two - for divertor and x-point area observations. The
last two channels supposed to be in common use with the Divertor Impurity/Influx Monitor1.
All the channels are similar: by an input wide angle optical system the image of the observed
plasma area is created at a plane behind the bioshield, then light is transmitted by optical
fibers to a control room, where spectrometers and detectors are located.
Since rather heterogeneous measurements have to be performed with the diagnostic, we
plan to use a wide range of spectrometric and detecting tools, including fast high resolution
grating spectrometers coupled with ICCD detectors.

References.
1.
T. Sugie, A. Costley, A. Malaquias, A. Medvedev, C. Walker, Spectroscopic
Measurement System for ITER Divertor Plasma: Divertor Impurity Monitor, in the
proceedings of the 30th EPS Conference on Contr. Fusion and Plasma Phys., St.Petersburg,
2003, ESA Vol. 27A, P-4.63.
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SPECTROSCOPY OF ELECTRIC DISCHARGE PLASMA IN METAL
VAPOURS
A.N.Veklich, V.Ye.Osidach
Taras Shevchenko Kyiv National University, 64, Volodymyrs'ka Str., Kyiv 01033, Ukraine,
E-mail: van@univ. kiev. ua
As well known, parameters of electric arc plasma which appear between contacts
surfaces of switching devices depend from the electrodes materials. The copper based
composition materials (for example, Cu-W and Cu-Mo) are often used in the electrical
engineering as electrode materials.
In our previous investigations of free burning in air electric arc between consumable
electrodes we determined the electron density and the temperature in plasma by the optical
spectroscopy. In a case of local thermodynamical equilibrium (LTE) the plasma composition
can be calculated. So, obtained in such manner plasma parameters can be used for developing
of the physical model of this multicomponent plasma source.
The measurements were carried out in plasma of arc between Cu-W and Cu-Mo
electrodes at current 3.5A and 30A. Discharge gap was Ijk = 2, 4, 6, 8 mm. The temperature
radial profiles were calculated from relative intensities of two pairs of Cul spectral lines:
465.1 nin - 510.5 nm and 521.8 nm - 510.5 nm. To determine the radial profile of electron
density in a case of dominating quadratic Stark effect of spectral line Cul 515.3 nm
broadening the Fabry-Perot interferometer was used.
The electron density and the temperature in plasma as initial parameters were used in
the calculation of the plasma composition in LTE assumption. We used the Sana's equation
for copper, nitrogen, oxygen and W (or Mo) atoms, dissociation equation for nitrogen and
oxygen atoms, the equation of plasma electrical neutrality and Dalton's law as well. So, it
would be possible to determine the amounts of metal vapors in plasma.
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HIGH SENSITIVITY CALORIMETR FOR MEASURING
WAKEFIELDS EXCITED BY A TRAIN OF ELECTRON BUNCHES
V.A.Kiselev, A.F.Linnik, N.I Onishchenko, V.V.Uskov
National Scientific Center 'Kharkov Institute of Physics and Technology ",
Akademicheskaya St. 1, Kharkov 61108, Ukraine
A special calorimeter has been elaborated, calibrated and tested for measuring the
wake fields excited by the passage of bunches of relativistic electrons (energy 4 MeV:
duration of a bunch 50 psec, amount of bunches 610 3 ) through plasma/dielectric waveguide
The calorimeter is a vessel made of plexiglas (6 = 2.7, i.e. close to permittivity of the
dielectric waveguide), the shape of which is similar to the plasma/dielectric waveguide. It was
placed inside a copper pipe just behind the waveguide exit The working liquid in the
calorimeter is ethanol which has the advantage of a high coefficient of volume expansion and
good HF-radiation absorption. The increase of temperature and volume of the liquid is
proportional to the absorbed energy. The novel feature of the calorimeter is the registration
system of increasing liquid volume in a metal capillary of diameter 2 mm connected to
calorimeter, inside of which there is a copper wire of diameter 0.1 mm. Expansion of liquid
in the calorimeter, proportional to the absorbed HF-energy, causes an increase of liquid level
in the capillary and consequently of the capacitance of the coaxial capacitor, formed by the
capillary and the wire. The capacity is determined with excellent precision by measuring the
bridge balance signal which is delivered to an oscilloscope. Calibration of the calorimeter was
performed using a magnetron of pulsed power 50 kW and a heated spiral inside the
calorimeter. The electrical sensitivity of this sensor was 0.025 pF/J. The region of measured
HF-energy is within 0.5 i - 6.0 J. The preliminary measurements have shown a strong
dependence of excited wake field energy upon the energy spectrum of electrons. When the
spectrum width changes from 25% to 10% the measured absorbed HF-energy grows from 1%
to 10% of the total energy of the electron bunches. It should be noted that for the
monoenergetic case the angle scattering during excitation is essentially increasing so electrons
can hit the calorimeter and give additional heating. Now we are preparing an experiment to
separate the relativistic electrons from the wake field radiation.

226

UA0500904
PD-l
SIMULATION OF WAKEFIELDS EXCITED BY A TRAIN OF
ELECTRON BUNCHES IN RECTANGULAR PLASMA/DIELECTRIC
WAVEGUIDE
N.l.Onishchenko, G.V.Sotnikov
National Scientific Center "Kharkov Institute of Physics and Technology ",
Akademicheskaya St. 1, Kharkov 61108, Ukraine
Process of wakefield excitation by an electron bunch and by a sequence of bunches in
rectangular plasma/dielectric waveguide is investigated for acceleration with high gradient
electric field. A 3-dimensional investigation of the excitation of Vavilov-Cherenkov and
transition radiations in a semi-infinite dielectric waveguide of rectangular cross-section by a
relativistic electron bunch or a train of identical bunches has been carried out. Using Fourier
transforms and the theory of functions of complex variables, the exact analytical solution of a
problem of propagation of the electromagnetic signal excited by a moving point charge bunch
in the semi-infinite rectangular dielectric waveguide is found Analytical expressions for the
fields for both Vavilov-Cherenkov and transition radiations are found. The longitudinal
structure of the excited electric field looks like a periodic sequence of short peaks of
alternating sign. This is the result of the interference from a great number of transverse
harmonics. The topography of the wake field in cross-section conforms to the cross-sectional
shape of the bunch. Growth of the wake field is obtained by coherent addition of fields set up
by an equally-spaced sequence of electron bunches. Phenomena originating at the entrance
boundary, namely, excitation of transition radiation and the restriction upon the number of
coherently exciting bunches, are explored. The restriction arises from the disappearance of
excited radiation in a region moving away from the entrance with the group velocity. The
greatest amplitude of the longitudinal electric field is obtained when a new bunch crosses this
frontier. The largest field that can be set up is determined by the parameters of the waveguide
and the number of coherently exciting bunches. The excited field is localized in the region
occupied by the electron bunch. Characteristics of wakefield for parameters of planned both
Kharkov and Brookhaven experiments are determined.
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