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International Conference and School on Plasma Physics and Controlled
Fusion ICPPCF2018 is dedicated to the centenary betNational Academy of
Sciences of Ukraine and 908 anniversary of the National Science Center
AKharkov I nstitute of Physics and Tec
follows the previous International Conferences, which were held in Alushta in
1998, 200, 2002, 2004, 2006, 2008, 2010, 2GH” in Kharkiv in 2014 and
2016. There were organized by the Nat
of Physics and Technol ogyo of t he N
Bogolyubov Institute for Theoretical Physasd V.N. Karazin Kharkiv National
University. More than 140 participants (from 13 countries) presented about 200
reports during previous ICPPGE016 Conference

ICPPCF-2018 is sponsored by the National Academy of Science of Ukraine,
National Science Centeii Khar kov l nstitute o f Phy .
Bogolyubov Institute for Theoretical Physiaad European Physical Society
(EPS) About 200 abstracts were submitted by Ukrainian and foreign authors
and selected by the Program Committee for presentatioheatGPPCF2018
Conference. All the abstracts have been divided Tngooups according to the
topics of the Conference Program.

Since the abstracts presented in this volume were prepared in cagaeha
form, and the time for the technical editing was Janjted, the Editors and the
Publishing Office do not take responsibility for eventual errors. Hence, all the
guestions referring to the context or numerical data should be addressed to the
authors directly.

We hope that the contributed papers and invii@#s 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 further development of plasma physics and fusion
oriented esearch as well as the scientific collaboration among different plasma
research groups in Ukraine and abroad.

Program and Local Organizing
Committees



Invited Lectures
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ELECTROMAGNETIC FIELD ENERGY AND RADIATION INTENSITY IN THE
MEDIUM WITH TEMPORAL AND SPATIAL DIS PERSION OUTSIDE THE
TRANSPARENCY DOMAIN

A.G. Zagorodny, S.A.Trigger

Bogolyubov Institute for Theoretil Physics, KyiyUkraine
2Joint Institute for High TemperatureRussian Academy of Sciences, Mosd®ussia

It is well known that the energyedsity of an electromagnetic wave in a medium with
spati al and tempor al di spersion can be cons|
(see, for example, [4]). At the same time there are no general relations for the energy of
el e ct r o maig theeabsorptiveyregiordAlthoughthe general idea of electromagnetic
yel d ener gy des c manyyearsago[5,8leasdsdmesrpneuatalaytiatods
for the mediumwith frequencydispersion outsidéhe transparencgomainweremade[ 71 11]
this problem requires further consideration. The matter is that the energy of an
el ectromagnetic perturbation contains the A
energy of charge carriers obtained dur@d to tI
particles (i.e. atoms or molecules) are present, the additional potential energy abguired
boundelectronsin suchy e lalsb shouldbe added[8i 11].On the otherhand,in the general
caseof a medium with temporal (or, temporal and spatial) disperson, the macroscopic
Maxwell equations generate a Pointiiige equation that does not provide explicit
i dentiycat i on obelectronfagnetipestiriztionse corgrasgoythe caseof a
nondispersivemediumfor whi ch t he t ot alld einserwe!l lof d etyhnee dy
results can be obtained frosuchequationsonly for the transparencylomainor for the case
of weakabsorption8]. The purpose of the present contribution is to derive a general relation
for the energy of electromagnetpeturbationin the medium with temporal and spatial
dispersionWe usetheideaproposedn [51 9], namelywe treatthe energyof the perturbation
asa sumof the electromagnetiy e lerergy and particle energy (both kinetic and potential)
acquired by the pari c | e s i Inis shdwe that ehbrged particle contribution to the
energy of electromagnetic perturbations in the general case can be described in terms of a
bilinear combination of the dielectric polarizability of the medium. The explicit fornuch s
contributionisfoundT he r el ati ons thus obtained are app
energy and to generalize the Planck formafal the Kirkhoff lawfor the case of non
transparent medium with spatial and temporal dispersion.

1. L.D. Lancw, E.M. Lifshits. Electrodynamics of Continuous Medium. Pergamon, 19603 p.

2. A.l. Akhiezer, ILLA. Akhiezer, A.G. Sitenko, K.M. Stepanov, R.V. Polovin. Plasma
Electrodynamics. Volume 1. Linear ThigoN.-Y.: Pergamon, 1975,p. 431

3. A.G. Sitenko, VM. Malnev. Plasma Physics Theory. Chapman and Hall, 1994, 432 p.

4. A.F. Aleksandrov, A.A. Rukhadze. Lectures on Electrodynamics of PHikeniledia. M.:
Moscow Univ. Publ., 1999 (in Russian).

5V. L. Ginzburg. Rad74qpt). ka. | zv. Vuzov,

6.B. N. Ger shman, V. L. Gi n 5,BL((09%2). Radi oyzi ka. I
7. V.L. Ginzburg. The Propagation of Electromegnetic Waves in Plasmas. London: Pergamon
Press, 1964, 535 p.

8. V.M. Agranovich, VL. Ginzburg. Crystal Optics with Spatial Dispersion, and Excitons
(Springer Series in Soliftate Sciences). Vol. 42. Bediheidelberg: SpringeYerlag, 1984.

9. R. Loudon. J. Phys. A8, 233 (1970).

10. Yu.S. Barash, V.L. Ginzburg. JET#2, 602 (1975)

11 Yu.S. Barash, V.L. Ginzburg. Sov. Phys. UspekBi, 263270 (1976).



PROGRESS IN EUROPEAN FUSION RESEARCH
Tony Donn®
EUROfusion, Boltzmannstrasse 2, 85748 Garching, Germany
E-mail: tony.donne@uro-fusion.org

The European Roadmap to the realisation of fusion energyreaks the quest for fusion
energy into eight missions. For each mission, it reviews the current status of research,
identifies open issues, proposes a research and developmognimme and estimates the
required resources. It points out the needs to intensify industrial involvement and to seek all
opportunities for collaboration outside Europe.

A long-term perspective on fusion is mandatorysince Europe has a leading pmsi in
this field and major expectations have grown in other ITER parties on fusion as a sustainable
and secure energy source. The roadmap covers three periods: The short term which is roughly
until 2030, the medium term until 2040 and the long term.

ITER is the key facility of the roadmapas it is expected to achieve most of the important
milestones on the path to fusion power. Thus, the vast majority of resources proposed in the
short term are dedicated to ITER and its accompanying experimentsnddiem term is
focussed on taking ITER into operation and bringing it to full power, as well as on preparing
the construction of a demonstration power plant DEMO, which will for the first time supply
fusion electricity to the grid. Building and operatingM0 is the subject of the last roadmap
phase: the long term. It might be clear that the Fusion Roadmap is tightly connected to the
ITER schedule. A number of key milestones are the first operation of ITER (presently
foreseen in 2025), the start of the Dpeoation foreseen in 2035 and reaching the full
performance at which the thermal fusion power is 10 times the power put in to the plasma.

DEMO will provide first electricity to the grid . The Engineering Design Activity will
start a few years aftene first ITER plasma, while the start of the construction phase will be a
few years after ITER reaches full performance. In this way ITER can give viable input to the
design and development of DEMO. Because the neutron fluence in DEMO will be much
higherthan in ITER (atoms in the plasma facing components of DEMO will underd®®0
displacements during the full operation life time, compared to only 1 displacement in ITER),
it is important to develop and validate materials that can handle these venehigon loads.

For the testing of the materials a dedicated 14 MeV neutron source is needddEWVIGs
Oriented Neutron Source(DONES) is therefore an important facility to support the fusion
roadmap

The presentation will focus on the strategy hdhthe fusion roadmap and will describe
the major challenges that need to be tackled on the road towards fusion electricity.
Encouraging recent results will be given to demonstrate the outcome of the focused approach
in European fusion research.


mailto:tony.donne@euro-fusion.org
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COMPREHENIVE SIMULATIONS OF PLASMA TRANSIENT EVENTS AND
THEIR EFFECTS ON ALL PLASMA FACING AND NEARBY COMPONENTS

Ahmed Hassaneiand Valeryi Sizyuk

Center for Materials Under Extreme Environmé@MUXE), School of Nuclear Engineering,
Purdue UniversityVest Lafayette, INUSA

Significant efforts are being made to mitigate transient evemtegldisruptive operations
in ITER device. These transient events include disruptions,-ledgézed modes (ELMSs),
vertical displacement events (VDES), and ruapwlectrons. A reliable and acceptable ITER
design must however, withstand few unmitigated transient eveintghe case of a hard
disruption or a giant ELM near the strike point on the divertor plate will melt and vaporize the
divertor material shorthafter the start of the disruption. Continuous heating of this vaporized
material will ionize and create mipilasma of the divertor plate. The evolution of this
secondary plasma, its intensaliationin the divertor area, and its propagation through the
SOL in the strong magnetic field may expose nearby and hidden components as well as the
first walls to high heat load®Ve have developed and implementdensivemodels in our
comprehensive integratedEIGHTS package fol3D simulaton of detailed photon rad
particle transport in the evolved secondary plasma during various instabiE&SHTS is
capable to simulate full 3D real ITER geometry, including all fine details of the cassette and
first wall designs, to assess the damage of these componentsgeloin various plasma
instabilities. Our preliminary simulations showed significant increase of the radiation and
scattered particle fluxes to various components as a result of this secondary plasma evolution.
This intense radiation and particle sourcesild seriously damage most hidden and nearby
components such as baffles, reflector plates, stainless steel umbrella tubes, dome structure,
and even the Be first wall. HEIGHTS predicted, for the first time, the fine details of heat loads
and temperaturesvolution of both divertor and all nearby components due to transient events
of disruptions and ELMs. This secondamdiation generated from the divertor material
showed to be the cause of serious damage to internal components that were not directly
expo®d to the DT disrupting plasm&urrent ITER divertor design needs to be changed or
modified to be able to mitigate the damage produced from unmitigated disruptions. A single
unmitigated disruption event can cause serious damagemy components that wernot
directly exposed to disruptiomsausing significant downtime and costly repair
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OVERVIEW OF KINR RESULTS OBTAINED WITHIN EUROFUSION PROJECTS

Ya.l. Kolesnichenko
Institute for Nuclear ReseardAS of UkraineKyiv, Ukraine

Kyiv Institute for Nuclear Research takes part in three work packages of EUROfusion
Consortium: JET1, MST2, and SZhe following topics are covered: (i) Spatial channelling
in toroidal plasmas; (ii) Sawtooth oscillations and concomitant transport of energetic ions in
tokamaks; (iii) Alfven eigenmodes during ECRH; (iv) ICRH avoiding production of trapped
particles.

The main results obtained will be reviewed within this presentation. Details danrue
in the following works (they are available also on the EUR@fu pinboard):

1.Ya.l. Kolesnichenko, V.V. Lutsenko, T.S. Ruderkan d P . Mvayls t impreve thé
confinement of fast ions in stellarators by RF waves: general analysis and application to
Wendelstein-Xo , 2017 5yi066004. Fusi on

2.Ya.l. Kolesnichenko, V.V. Lutsenko, M.H. Tyshchenko, H. Weisen, Yu.V. Yakoveamkb

JET ContributorgiAnalysis of possible improvement of the plasma performance in JET due to

the inward spatial channelling of fasto n e [R@L8Nyugl. Gusion58, 076012.

3.Yu.V. Yakovenko, V.V. Lutsenko, B.S. Lepiavko, Ya.l. KolesnichenkoKiptily,

L. Giacomelli, T. Craciunescu, and JET contributorSimulations of the sawtoethduced
redistribution of fast ions in JET and ITER018, 27th IAEA Fusion Energy Conference
Ahmedabad, India, accepted.

4.V.S. Marchenko and S.N. RezniNonthermal effect of electron cyclotron resonance

heating on the Alfven eigenmod2618 Physics of Plasmas, accepted.

5.Yal. Kolesnichenko, A.V. TykhyyfiTemperature gradient drivenlAf v ®n i nstab
producing inward energy flux in stellaratars 2018 Phys. Lett. A, ac
6.Ya. | . Kol esni chenk o, LandauAdariping OF yAllgnc ymodes i@ 0 1 8 1
stellarator®, Pl asma Phys. Contr. Fusion, submitte
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EFFECT OF PRE-FORMED PLASMAS ON TARGET NORMAL SHEATH
ACCELERATION FOR EFFICIENT LASER -DRIVEN NEUTRON SOURCES

A. Sunahar®? T. Asahing, H. Nagatom@ K. Mima®, R. Hanayam& H. Tanak4,
S. Nakat, Y. Katc®, and A. Hassanein

ICenter for material under extreme envirnent (CMUXE), School of Nuclear Engineering,
Purdue University, 500 Central Dr. West Lafayette, IN 47907;USA
2Institute of Laser Engineering, Osaka Universitg ¥amaaoka Suita Osakaapan
3The Graduate School for the Creation of New Photonics tridas19551, Kurematstcho,
Nishiku, Hamamatsu, Shizuokdapan
4Kyoto University Research Reactor InstittiteAsashireNishi, Kumatoricho, Sennamgun,
Osaka Japan

Efficient laser ion acceleration is essential for applications such as éagesmsource and
laseraccelerated ion based faghition in inertial confinement fusioiCF). We investigated
the effects of prdormed plasma profiles at both sides of the target on the Target Normal
Sheath Acceleration (TNSA) of deuteron ions. Weehdsveloped twalimensional radiation
hydrodynamic simulations package. Initial results show a largely deformed target and a long
scale length of préormed plasma at the front of the target foil, and a dip in the temporal
evolution of the prdormed plasm scale length at rear side. The PIC simulations for selected
initial conditions confirmed that the pfermed plasma profile can be optimized for efficient
TNSA acceleration of deuteron ions. Larger amount and maximum energy of the accelerated
energetic duteron ions can be obtained by optimizing thefprened plasma condition at
both sides of the target simultaneouslPetail computational results of radiation
hydrodynamic simulations of the foil target irradiated by thepuise of ultraintense laser,
optimization of preformed plasmas for efficient TNSA, and the interaction of dittanse
laser with the plasmas will be presented. Furthermioreaddition to the application of
neutron sourcesthe preformed plasmacharacteristicgelated to the warndense matter
(WDM) research anthst ignition of ICF will be discussed.
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FIRST DIVERTOR OPERATION ON THE W7 -X: HIGHER PLASMA DENSITIES,
LONGER DISCHARGES

A. Mishchenko for the W=X Team
Max Planck Institute for Plasma Physics, Greifswald, Germany

A summary of the recent experimental campaign (OP1.2a) in the stellfamaielstein
7-X (W7-X) is given. Riteen weeks of operation were conducted and major machine
components worked without failures allowing an efficient use of the machine tines.tAdt
previouscampaign, ending in March 2016, W7was equipped with a new island divertor
with ten divertor unitsinstalled. The test divertor unitéack watercooling andare more
tolerant to unexpected loads and tles be usedor first divertor tess. The observed
divertor temperaturematcted the theoretical predictions, theat loadsvere undeicontrol,
longer discharges of up to 30 s became routine by the end of the campaign. With the longer
discharges, the divertor allowed deposit of up to Wbdfiheating energy in WX, more than
18 times larger than the energy limit of tpeeviouscampaign. In order to successively
extend the heating peer and pulse lengthsmall deviations from the ideal magnetic fields
caused bysmall inaccuracies in theonstruction of the superconducting calsdleading to
asymmetric power loagdaeeded to be overcomBupplementary trim coillave been used to
correct snall magnetic field erra, successfully equaliag the heat load to each divertor unit
as confirmd by the infrared cameradlith these symmetredd power loads it was poskho
extend the heatingower and increasehe plasma densityp to 1.4 x 1& m= in the core,
which is more than 4 times larger than the result of the previous camphigrachevement
was possible due tché new pellet injection systemand a new X2-O2 heating scheme
developed for the highensity operationThe microwave beam polarization is changéter
the initiallow-density phasereaing plasmas with excellent energy cor@ment and high ion
temperaturesThe capability of plasma operation at high plasma density appears to be a key
ingredient to operatehé divertor under favable detachmentonditions. In this campaign,
we could reach stable, complete detachment forraesecondsedudng the power loads by
an order of magnituden all 10 divertorsThe extension of achievable plasma densities at
different heating powers allowed crucial aspects of stellarator optimization to be addressed
such as the control ahternal currents and stellarat@pecific neoclassical heat transport.
First insights into plasma turbulence and the flows of impurities were possible with new and
upgraded diagnostics systems. All experiments performed included variations of the magnetic
configuration which is an important parameter influencing the plasma transport and stability
properties. In summary, the 2017 experimental campaign has been successfully completed.
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STELLARATOR RESEARCH AT IPP KIPT: STATUS AND PROSPECTS

V.E. Moiseenko, G.RGlazunov, A.V. Lozin, A.L. Konotopskiy, D.I. Baron, A.A. Beletskii,
M.N. BondarenkpV.V. Chechkin, M.BDr ev a | , L. | . Grigor beva,
S.M. Maznichenko, Yu. K. Mironov, R.O. Pavlichenko, V.S. Romanov, A.N. Shapoval
V.B. Korovin, V.G. KonovalovN.V. ZamanoyE.V. Turianska,Yu.S. Kulyk, T. Wauters,
A.l. Lyssoivan, I.E. Garkusha and thdragan Bam

National Science CentéiKharkov Institute of Physics and Technologi{SC KIPT),
Institute of Plasma Physics, Kharkiv, Ukrajne

L aboratory for Plama Physics ERM/KMS EUROfusion Consortium Membdtussels
Belgium

For the recent Uraga2M campaign, anew variant of the movables8-limiter has been
designed, manufactured and installed. The influence of the limiter position relative to the
minor axis was investigatedn plasma parameteis the regime of plasma heatimgth
pulsed RF dischargg.he CIl 11 |l ine intensity essentially
limiter positioning at the distance of 15 drom the wall. The aft X-ray sighals appreciably
increase at the same time. This can be explained by input of sputtered boron carbide into
plasma or increase of plasma temperature.

An appearance of various-2D kHz oscillations was observed ldragan2M. Two
multichannel pinhole caemas were recently installed in2M for monitoring the oscillations
of visible light emission from two positions in the same plasma -@®sison. New electronics
was designed and manufactured for measuring the plasma density, electron temperature and
plasma potential profiles with high time resolution in ¢olow density RF conditioning
dischargesisingtriple Langmuir probe technique.

ThreeHalf-Turn (THT) ICRF antennasthat have 3 phi-phased straps oriented
perpendicular to the magnetic field émare used for plasma heatirig the Uragar3M and
theUragan2M. It is found that THT antennas are capable of creating dense plasma at slightly
decreased magnetic fields compared to regular regime, but with longer plasma production
time. Such feature isvestigated in both experimental devices.

The thermal desorption method has been developed for diagnosing impurity lgtel on
Uragan2M vacuum chamber surfaces situ. Using this methodhe investigations of
outgassing rate were carried out antinegtion of the number of molecules layers was done
in the Uragar2M torsatron afteiwall conditioning by RFplasma discharge in different
regimes combined with pumpin@/ith this methodhe influenceof plasma treatment ahe
hydrogen retention and rekmafrom 3211 2 m 1 8 ) staihkess stealvas examined under
differentkinds of plasmaconditions The contributios of RF pulseddischarges during wall
cleaningand RF pulsedplasma heating reginme the hydrogen release wearealuatedn the
Uragan2M stelarator.

A numerical model of RF plasmparoduction instellaratorsin the ion cyclotron and
electroncyclotron frequency ranges is develop&tis model is aimed for numerical analysis
of the plasma discharge for the vacuum chamber wall conditioNeg. features of the
model presented are account of molecular ionsaHd H*, in the particle balance equations.

The radiefrequency module of the code is modified accordingly. A new module that
calculates second harmonic electron cyclotron heatirteicase of weak wave damping is
created and incorporated into the code.

Other developments including Uragah refurbishment, preparations to experiments in
support of fusioffission hybrid concept and diagnostics improvements are discussed. The
prosgects of stellarator research at IPP KIPT are strongly determined by integration of the
studies to the Eurofusion Consortium activity within S1 work package.



1-08

ION CYCLOTRON RANGE OF FREQUENCY HEATING EXPERIMENTS
IN LHD

T. Seki, K. Saito, H. Kasaham, Seki, S. Kamio, G. Nomura, and LHD Experiment Group
National Institute for Fusion Scienc€&oki, Japan

In the Large Helical Device (LHD}heion cyclotron range of frequencies (ICRF) heating
has been carried out since 1998ID is superconducing helical device. The major and the
minor radius are 3.9 m and 0.65 m, respectively. The magnetic field strength is less than 3 T.
The ICRF antenna is based on a single strap current loop and the two straps in poloidal or
toroidal direction make one amiga pair. Three antenna pairs were maximum available. The
wave frequency is 25 to 100 MHz. The maximum injected power is 4.5 MW.

Minority heating was mainly adopted. The majority and the minority ion species are
helium and hydrogen, respectively. Theagnetic field strength is 2.75 T and the wave
frequency is 38.47 MHz. The ion cyclotron resonance layers of hydrogen ion are located at
slightly off-axis and ion cyclotron heating by hydrogen ion is expected. It was experimentally
shown that minority hesitg worked effectively in LHD. The LHD plasma was sustained by
the ICRF heating only and the lvaseraged electron density up to 6 %102 was obtained.

The highenergy ions more than 1 MeV were observed during the ICRF heating.

Mode-conversion hating, second harmonic heating, third harmonic heating, and so on
were also possible by change of the magnetic field strength and/or the wave frequency. These
heating mechanisms were proven to be effective in LHD and contributed to improve the
plasma paraeters.

The ICRF heating has been used for main heating power for long pulse plasma discharge
experiment. The injected heating energy reached 3.4 GJ, which was the highest value in the
fusion experiments. The plasma discharge time was about 48 mande$e total heating
power including the ECH power was 1.2 MW. The dmeraged electron density was 1.2 x
10 m3 and the ion and the electron temperatures were both 2 keV. The -stataly
experiments have progressed by the improvements of the opetathnique and the RF
system such as the antennas and impedance matching system.

LHD has started the experiment using deuterium in 2017. Minority heating using
deuterium as a majority ion is possible. Second harmonic heating of deuterium ion is also
expected as an effective heating mode.

10
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W7-X PLASMA DIAGNOSTICS FOR IMPURITY TRANSPORT STUDIES

M. Kubkowskd, B. B u% A leamgsnbenéland the W7X Team

linstitute of Plasma Physics and leasMlicrofusion,Warsaw, Polang
?Max Planck Instute for Plasma Physic§reifswald, Germany

Wendelstein 7X (W7-X) stellarator which is located in Greifswald, Germany is an
experimental device for demonstrationstéadystate plasma operatiolt was commissioned
at theend of 2015 and at the dpaning it was operated in the limiter configuratioB (
poloidal uncooled graphite limitgravhile started from the 2017 it has been equipped in
carbon uncooled divertolVith the launch of the device, new diagnostics have been also
commissioned and testeUnderstanding of impurity transport in stellarator is a crucial task in
optimisation process. At WX there are several spectroscopic systems which deliver
information about plasma impurities. One of them is a pulse height analysis system (PHA)
which cdlects soft Xray spectra in energy range from about 600 eV up to 20 keV with
100ms temporal resolution. There are als@ay imagingspectrometey XICS and HRXIS
which are devoted for measurementspdtg-temporalimpurity emissivitiesof He-like ions
Spectra in the VUV region are measuredHigh-Efficiency XUV Overview Spectrometer
(HEXQOS).

In the presentation, general overview of the-W&gtellarator will be given with the special
focus on diagnostics delivered information about plasma irigstriProblems of impurity
transport studies will be introduced with an examples of resent results.

11
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STUDIES OF IMPURITIES BEHAVIOUR FOR THE OPTIMIZATION OF
PLASMAS AND HEATING SCENARIOS AT TOKAMAKS IN PERSPECTIVE FOR
ITER

A. Czarneckhand JET Comtbutorg

lnstitute of Plasma Physics and Laserchdfusion,Warsaw, Polang
2See the author list of X. Litaudon et al. Nurision 57, 102001 (2017)

E-mail: agata.czarnecka@ifpilm.pl

JET can make unique contributions to fusion research dug tap&bility to operate with
hydrogen(H), deuterium(D), tritium (T) and deuteriuntritium (DT) mixtures, with an ITER
like wall (ILW) and its main mission is to support ITER and DEMO. Up to 2020, the main
objective of the JET campais is the preparatioof the DI campaigns and development of
ITER plasmas and heating scenarios. The major challenge is integration of high confinement
operation with the tungsten (W) divertor constraints at full applied heating power with low
core W concentration. To reachetfe high level objectives, high impurities control and
avoidance of their accumulation in the plasma core has become a main issue. Therefore,
dedicated plasmas were examiedETin conditions as close as possible of ITER scenarios
dimensionless pararegs. This contribution reports on the recent progress of integration
methods to control and minimise W and r@idmpurity contamination in baseline ELMy-H
mode and hybrid operational regimes leading to stationary fusion performance. Measurements
of mid-Z impurities content such as nickel (Ni), iron (Fe) and copper (Cu) were obtained
based on analysis of VUV spectra. The sefayx cameras were used to deduce the profiles of
W concentration and 2D tomographic reconstruction of the plasma radiation. buwasdut
that different parameters such as auxiliary heating power, deuterium gas injection rate,
I mpurity seeding and ELM6s frequency affect
density and core density profile peaking performed by severbisicoh | i ty ( g*) S C ¢
various plasma operation scenarios is also featured. Accumulation of impigittéten
observed after appearancé the MHD modes. Furthermore, lon Cyclotron Resonance
Heating (ICRH) use in scenario development is reviewed and mefbodgptimisation
simultaneously RF coupling in different heating schemes and impurity control are presented.
It was found out that impurity control with ICRid crucial for extending the duration of high
performancephase.The distributed migblane gas ijection havea beneficial impact on RF
induced impurity content. For core impurity control, fundamental H minority with low
minority concentratiorhave shown the best results bhte® heating as well as combined
H+He* ICRH heating also proved to be effeetivThe main effects of ICRH that cause
reduced impurity peaking are related to temperature peaking, density flattening and fast ion
collisions with the W ions but the importance of each of these effects depends strongly on the
properties of the plasma iruestion.Different impurity production islsoassociated with A2
antennas and ITERke antenna (ILA) operation.
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COMMENTS ON RECENT ACHIEVEMENTS OF RESEARCH ON DENSE
MAGNETIZED PLASMAS IN POLAND

M.J. Sadowsk}?

! National Centre foNuclear Resarch (NCBJ)Otwock$ wi er k; Pol and
2 Institute of Plasma Physics and Laser Microfusion (IFPiLM), Warsaw, Poland

E-mail: marek.sadowski@ncbj.gov.pl

Thi s invited l ecture p rthe stest tingportaatureshlts rofd s CQ
experimental studies of dense and higimperature plasma, which have been carriedrout
Polandsince the previous ICPPCF held in 2016. Dense magnetized plasmas were produced
by highcurrent pulse discharges in two experinagriacilities: PF360U at NCBJ and RF
1000U at IFALM. Attention was focused on studies @microstructure of a current sheath
and pinch column, and particularly on the formation of plasoreent filaments and tiny
regions of an increasedray emission(so-called hotspots) characterized by much higher
plasma density and temperature. Local electron densities abdVent®and temperatures
ranging several keV were measured. An influence of the application of a nitrogen admixture,
or a thin metalvire placed at the anode axis, was investigated. The influence of small
admixtures of other heavy gases on transformations of the pinch column was also studied.
LaserMulti-frameinterferometrytechniqueand xray diagnostics were applied to investigate
a helium pinch column. Optical emission spectroscopy (OES) studies of deuteaindh
heliumplasma jets, which were emitted from discharges iHLBFOU facility, showed that
dimensionless paranes (Mach, Reynolds, P ®-oumbetsd anddensity contrast)
correponded to those observed in astrophysical jets, and sudsétrarges might be used
for laboratory simulations of astrophysical phenomértense observations were compared
with experiments performed with other facilities:-Bkn Moscow and KPH in Sukhumi.

Further etailed studies concerned behaviour fdaments in the pinched column and
transformationsof the ordered internalmicro-structures during the acceleration of fast
charged particles in a dense plasma foéusincrease in the neutron yield froPF1000U
discharges was obtained due to the applicatioam @dnical tip placed in the anode guidte
centre. Other efforts concernetaracterization of fast deuterons involved in the production
of fusionneutrons in PHdischargesThe influence of gasonditions on electron temperature
inside a pinch @lumn was investigated in detail®ther experimentsconcerned studies of
materials damageand modificatios by high power plasma exposures.g.,an analysis of
optical spectra from steel samples exjose pulsed plasma streaymess performed by the

joint PolishUkrainian team. Recently, attention has been focused on research on the
evolution of a pinch column during the acceleration of fast electrons and deuteeodsrise
plasma focus, and particularon experimentalstudies of hard xay andneutron emission

from PRdischargesThe aut horsé <critical comments are
theoretical and experimental studies.
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PREDICTED AND VALIDATED THEORETICAL RESULTS FOR STELLARATORS
IN THE FRAME OF EUROFUSION WPS2

F. Castej-n and the EUROfusion WPS
Labnoratorio Nacional de Fusi - n. Cl
E-mail: Francisco.castejon@ciemat.es

The main results of the work performed under EUROfusion for stellarator optimization
and develpment are shown. This work package comprises both physiceragideering
activities in order that the optimization criteria provided by the two wealkns are taken into
account from the very beginning and the physics optimization takesaccount the
engineering constrains. In this way it will be possible that a desigagtstep device has a
design, which is a balance between the physics optimization.HEAdAS (W7-X like)
configuration has been chosen as a starting point fayghenization, takingadvantage of the
isodinamicty. A target of the research is pooduce proxies for both the physics and
engineering optimization criteria that allmme to perform quick optimization process.

The physics criteria comprises reduction of neoclassiaisport to improve NC
confinement, reduction of bootstrap current to keep constant the edge valueaibtiomal
transform in order to have a feasible isldabsed divertor, reduction afirbulent transport,
improving the MHD stability and improving ¢hfast ionconfinement. All these criteria are
evaluated with codes that can be validated in pretmntes, like Tdl and W7X.

The coils for the optimised configurations are designed using the NESCOIL cotegnd
are optimised to reduce the méamturing complexity using the ONSET code. Thasibility
of electron cyclotron heating of the new configurations is explored usingRA¥/1S code,
which produces operation scenarios for-W.7Electron Bernsteirwaves are explored as a
method to heat higdensity plasmas. ICRH and NBI heatimgthods are also studied and,
again, the predicted results will be validated on-MV7A particular output of ion heating is
the generation of fast ions, which confinement wilkeplored in W#X. The possible couple
of the power to Slow Wave, which will kebsorbed in the edge, is also explored. The edge
topology and transport are also studied explore the properties of the island divertor
configuration.

Regarding the engineering studies, the PROCESS codédeas modified to include
specific stellarator modules and has been used to estimate the performance of the future
stellarator reactors. Breeding blanket studies have been started by calculating the 3Dneutron
flux on the wall of an HALIASIike optimized cafiguration. This flux is takems input for
the breeding blanket design. The Tritium breeding ratio of the seblenaket concepts is
estimated to look for the most suitable design for the stellanat@ssities.
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MODELLING OF NEOCLASSICAL TOROIDA L VISCOUS TORQUE
IN TOKAMAK PLASMAS WITH PERTURBED AXISYMMETRY

C.G. Albert-?, M.F. Heyrt, G. Kappet, SV. Kasilov'®, W. Kernbichlet, A.F. Martitsch

IFusi on @¥ AW, | nsti t ut ComputatiofahPdysicset i sc he

Techni sche UfraavAustegl t &t Gr az,
Max-Planckl n st i t u aphysikGarctng, &ermarny
3National Science CentékKharkov Institute of Physics and TechnologiNSC KIPT),
Institute of Plasma Physic&harkiv, Ukraine

Nonaxisymmetric magnetic field perturbatiorege always present in real tokamak

devices.These include external perturbations due to toroidal field ripples, error fields and

resonantperturbationsspecially created by external coils for mitigation or suppression of
edgelocalisedmodes (ELMs) [1]. Bsides those, there are also perturbations from internal

MHD modes.Such perturbations create a toroidal torque onto plasma and thus affect the

toroidal plasmarotation profile. Apart from their resonant behaviour around-doger
rational flux surfacesvhere they tend to modify the topology of embedded flux surfaces and
produce highly localized resonant torque, in the remaining plasma volume, where
perturbations are neresonant, theyead to toroidal nommbipolar stellaratelike transport
which modifiesthe radial electric fiel&nd thus produces a toroidal torque commonly known
under the term fihseoobasgdDCcOANTWVdPrpRfgal The
on plasma collisionality and radi&lectric field can be idealised in distinct asyotjzal
regimes where NTV can be describedittegral expressions [2, 3]. In the more general case,
where a particular asymptotical regiro@nnot be identified (e.g. at regime boundaries) and
where realistic device geometry is takato account calculatn of NTV needs a numerical
treatment. Here, different numerical approadeesomputation of NTV are presented which
have been realised in the codes NEQ4, 5, 6] and NEGRT [7] together with their
applications to NTV computations in realistevice gemetries. While the numerical code
NEO-2 covers quasilinear transport regimesuabsonic rotations over the full collisionality
range and for plasma with multiple ion spectég, semianalytical code NEGRT specialises

on quasilinear and neimear regines in the lowcollisionalityimit important for ion NTV at
reactor conditions and allows for finite orbit widifhe relevance of the mentioned features
in different transport regimes is demonstrated basezkparimental results from the tokamak
ASDEX Upgade with ELM mitigation coils at ITERrelevaotllisionality [8].
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ENERGY EQUATION IN THE PROBLEM OF ELECTRIC ARC PLASMA STATE
DETERMINING

V. Zhovtyansky Yu. Lelyukh, Ya. Tkachenko
The Gas Institute of the National Academy of S@esmf UkraineKyiv, Ukraine

Using of nonequilibrium properties of plasma one of the ways to improve the energy
efficiencyof plasma technology processes. In particular, the effects caused by the transfer of
resonance radiation in the electric ahaenel may be used in this connection. The dbara
of the non-equilibrium depends primarily on the gradients of the radial distribution of the
population of resonance and metastable levels of the plsmang atoms. It is thefore
necessary to deterne as precisely as possible the spatial profile of the plasmagtaram

The freeburning axisymmetric electric arc between evaporating copper electrodes was
studied. The radial distributioof plasma parameters is determiri®denergy balancen the
form of ElenbaasHeller equation. In the case of ediEnensional arc this equatian its
simplestvariantis:

Eigérd—-rg+sE2 =0, (1)
rdr¢ dr+

wherer T radial coordinateT i plasma temperatureT) T heat conductivity andi(T)
electrical conductivity. Tle arc current with known electric fieldE is given byOhm law in
integral form

R
| =20Ep (r)rdr
0 : (2
whereR is radius of electric arc channel.
The boundary conditions are

dT

= =0T =T, 3

dr o ‘r=R w ( )

whereTy T temperaturat the boundary of electric arc channel.

Despite its apparent simplicity, the Elenb&bsler equation do not become quite
common tool for studies of the arc plasma as authors may conclude based larowre
volume of published data.The results of its pplication to study of plasma properties
obtained by athors as well ag thepapers of other scientisigrther illustrate the complexity
of their interpréing.

A detailed analysis of the use of the Elenbldafier equation for determining the state
of equlibrium of theelectric arc plasma will be presented in the report.

Acknowledgements This work was supported by tiNational Academy of Sciences of

Ukr ai ne, program c¢cProspective study of pl asn

plasmatete nol ogy é ,6-18&r ant No.
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SPECTROSCOPY OF PLASMA WITH METAL VAPOR ADMIXTURES

A.N. Veklich!, M.M. Kleshich', S.O.Fesenké, V.F. Boretski}, V.Ye. Osidach, A.V. Lebid',
A.l. Ivanisik!, T.A. Tmenova? Y. Cressault F. Valenst, K.G. Lopatkc,
Y.G. Aftandilyants

Taras Shevchenkéyiv National Uniersity, Kyiv, Ukraine
E-mail: van@univ.kiev.ua
2Universite Toulouse, UPS, INPT, LAPLACE (Laboratoire Plasma et Conversion d'Energie),
Toulouse Cedex, France
Emadl: yann.cressault@laplace.untise.fr;

3National University of Life and Environmental Sciences of Ukrayes, Ukraine
E-mail: lopatko_konst@hemail.com

The wide class of diagnostic techniques of electric discharge plasma in gases anddiquids
presentedn this report The admixture of metals vaps in plasmaakes typically place in
considereddischargesSo, even insignificant amourmtf suchadmixturenot only changes
plasma properties, but gives an opportunity for its diagnostics. Experimental techniques,
which allow to déerminethe electric discharge plasma properties in different media, and after
all, plasma composition, are dedad. The techniques are based on optical emission or laser
absorption spectroscopies approaches.

Peculiarity of emission registration, data treatment and computdtiplasma properties,
as well asits composition arevidely discused. Extra attentin is paid for spectral lines
selection, which are acceptable for diagnostics, careful accounting of experimental setups
features and controlling of experimental conditions. Proposed techniques are illustrated in
examples for studying of discharge plasmisthwnetal vapours in argon flow, underwater
spark discharge between metallic granules and-tugtent discharge in liquid between
copper electrodes.

Acknowledgment
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- Taras Shevchenko Kyiv National University, Kyiv, Ukraine and Universite Toulouse,
UPS, Toulouse, France
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RECENT RESULTS ON THE PLASMA -WALL INTERACTION STUDY AT THE
LINEAR PLASMA DEVICE PSI -2

O. Marchuk
Forschungszentrum Juh, EURATOM Associatiodulich, Germany
E-mail: o.marchuk@fguelich.de

Understanding the plasma wallitéraction represents one of the most critical issues in
fusion plasmas. Linear plasma devices, such as PISCES, MAGNUM & &&itribute to
the fusion program addressing the topics which are difficult or hardly possible to study
directly in fusion device. In this talk the overview of the results obtained in the Linear
Plasma PSP with the accent on the new spectroscopic data will be given. The new
experimental and the theoretical data related as to the principal problem of sputtering of heavy
Z materias such as W or Mo by plasma ions and its modeling, application of laser physics for
plasmawall interaction studies, but also the development of new methods to measure the
optical properties of materials in fusion such as mirrors will be presented.
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DEVELOPMENT OF PLASMA AND ION BEAM TECHNOLOGY
FOR MATERIAL ENGINEERING AT NCBJ

K. NowakowskalLangier
Plasma/lon Beam Technology Division (FM2), Material Physics Department (DFM)
National Centre for Nuclear Research (NCBJ), Otwéckw i e r k , Pol and

E-mail: k.nowakowskdangier@ncbj.gov.pl

The Plasma/lon Beam Technology Division (FM2) is one of several laboratories forming
the Material Physics Department (DFM) at the NCBJ i$ wi er k , Pol and. Sci e
the FM2 Division concerns different aspects of research related with material engineering,
surface engineering, functional properties characterization, as well as synthesis and
modification of different materials.He main tools used by our research groups are plasma
and plasmaelated techniques. The plasma surface engineering, as an important scientific
field investigated at the FM2 laboratory, allows improve, modify and develop modern and
unique methods of the neatal synthesis. The investigations include also research on plasma
diagnostics, which is important and indispensable part of studies performed by our teams.
Basic features of plasrsurface interactions, as well as the characteristics of the plasma
generdion in various experimental and technological facilities, are studied extensively. Other
very important tools used in our research are amd electrorbeams produced by various
implantation devices. These corpuscular beams are considered as a prtestsmgue for
modifications of a material structure, and synthesis ofewnlibrium structures.

The FM2 Division is divided into two specialized laboratories: 1. Nuclear Microanalysis
Laboratory, and 2. lon/Plasma Material Modification Laboratdrige first lab conducts
investigations of nuclear microanalysis, focused on structural changes of various materials
after implantation, as well as on development and validation of the MchRaiherford
Backscattering Spectrometry in computer simulation andlysis of some archeological
relics. The second lab runs research on material modifications, which covers issues related
with the modification of different material surfaces by means of ion/electron beams or plasma
streams. These studies are focusedhensynthesis of neaquilibrium structures in chosen
materials and determination of their influence on the material properties, as well as on the
synthesis of completely new materials. In the field of the plasma surface engineering research
is focused orthe determination of pulse energies and masses which are delivered to samples
during plasma processes. In addition, some research is also carried out in the domain of the
synthesis and characterization of various layers deposited upon chosen materids. Stu
performed by this group are focused on the development of plasma surface engineering
techniques.

Acknowledgment: Works conducted in the FM2 division were supported by the National Science Centre
within the Projects 2014/15/B/ST8/01692013/09/B/HSH)3289, 2016/23/N/HS3/03160, 301719/2X819,

the National Centre for Research and Development within the ProRB®2/A5/34/2013, PBS3/B6/24/2015
and the Polish Ministry of Science and Higher Education from the Science Found pB%}&8tSPIRIT/2018,
WA46/SPIRIT/2017 and EDR: 17000973ST, 1700107&5T.
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LARGE AMPLITUDE ELECTRON ACOUSTIC WAVES IN QUANTUM PLASMA
AT FINITE TEMPERATURE

Swarniv Chandra?2 Jyotirmoy Goswantj Sauvik Bos& Dayita BhattacharjéeDebapriya
Nand?, Abhishek Bagrje€

1Government General Degree College, Kushmandi, Dak3imajpur, INDIA;
2Jadavpur UniversityKolkata, INDIA;
3J1S University, Agarparagolkata, INDIA
Email: swarniv1l47@gmail.com

The study of electm acoustic solitary waves in a quantum plasma at finite temperature
containing relatively warm electrons, ndegenerate cold electrons and stationary ions has
been carried out by using nonlinear analysis. A linear dispersion relation is derived for
electon acoustic waves. The change in density of electrons for various parameters has been
observed using Sagdeevds pseudo potenti al a |
amplitude solitary structure is thus investigated. The present analysis manpdreant to
understand the collective interaction in finite temperature quantum plasma.
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GENERATION OF INWARD ENERGY FLUX BY ALFV £N EIGENMODES
DRIVEN BY PLASMA INH OMOGENEITY

Ya.l. KolesnichenkoA.V. Tykhyy
Institute for Nutear Research, KyiwJkraine

Recently it was shown that when the resonance velocithieofvaveparticle interaction
exceeds the particle thermal velocity, Adfvgap modes (TAE, EAE etccan be destabilized
even in the absence of sources of the energetic ions (suautaal beam injection e)d1].

The physics of this phenomenonasstrong increase of the destabilizing influence of the
temperature gradient when the resonance velegitged the thermal velocitin stellarators

this condition can be provideéby non-axisymmetric resonances predicted in [2]. In the case
of the temperature distribution withlarge gradient at the periphery, the destabilized mode
can channel the energy from the peripheral region to the inner regiother wordspower
received by mdes in unstable regiooan heat the plasma ithe stable region located at
smaller radiilt is foundthatthe considered destabilizing mechanism could manifest itself and
lead to the inward spatial chariiey of the ion energy in a relatively narrow regiof the
plasma inrecent experiments on the Wendelst@iX stellarator where high freqoey
oscillations were observdd].

In this presentationin addition to theresults of Ref. 1], a more detailed study of the
inwardenergy flux produced by ¢htemperaturgiradient driven instabilityill be shown

Note that the inwargpatial channéihg can also provide the transfer of the energy of
fusion produced alpha particles by means of fast magnetoacoustic waves with frequencies
above te alpha gyofrequency [4].

The considered instability may affect the plasma performance inXVEAd deserves
further experimetal and theoretical studieShe mode could also play a role in other
stellarators, in particular in LHD, T, H-1, U-3M and other$5-8].

1.Ya.l. Kolesnichenko, A.V. Tykhyy, Phys. Letters A, accepted for publication

2.Ya.l. Kolesnichenko, V.V. Lutsenko, H. Wobig, Yu.V. Yakovenko, Phys. Plagh{ae02)
517.

3. T. Windischet al., Plasm&hys. Contr. Fusiorb9(2017) 105002.

4 Ya.l. Kolesnichenko, V.VLutsenko, M.HTyshchenko, HWeisen, Yu.V.Yakovenko, and
JET Contributors, Nucl. FusidsB (2018) 076012.

5.K. Toi et al, Plasma Phys. Contr. Fusibf (2011) 024008.

6.R.J i m®®-emme z et Fusion51,(20IN)083001.

7.M.J. Holeet al., Plasma Phys. Control. Fusem(2017) 125007.

8 M.B. Dreval, Yu.V.Yakovenko, E.LSorokovoy et al., Phys. Plasn2®(2016) 022506.
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MOMENTUM -SPACE ANALYSIS OF SUPRATHERMAL ELECTRONS
GENERATION UNDER CONDITIONS OF GAS PUFFING DURING RUNAWAY
TOKAMAK DISCHARGES

I.M. Pankratov?, V.Y. Bochkd

v.N. Karazin Kharkiv National University, Kharkov, Ukraine;

2ZNati onal S cKharkoclestitureohPhysics arftl TechnologiMSC KIPT),
Institute of Plasma Physic&harkiv, Ukraine

The energy of disruption generated runaway electrons can reach as high as tens of mega
electron volt energy and they can cause a serious damage of {iesmggcomponent
surfaces in large tokamaks like International Thermonuclear Experimental Reéchdrt[te
same time, the quiescent runaway electron generationr i n g -top lofeDIlI{D daw
density Ohmic discharges allows accurate measurement of all key important parameters to
runaway electron excitation [2].

Using a test particle description (like [3]) that includes acceleration in the toroidal electric
field and collisions with the plasma particles the generation of suprathermal electrons is
analyzedunder conditions of gas puffingn presentednodeling, the plasma parameter
behavior close to the DHD quiescent runawaghot #152895 parameters is usedr this
puffed discharge the growth and decay of Higdguency ECE signal was in disagreement
with the HXR and synchrotron emission signals. Possibility of formation of the suprathermal

electron population withv. > 2, which is trappd in a uniform magnetic field, is showw (

and Vv, are the velocities parallel and perpendicular to the magnetic field, respectively). The

growth and decay of higltequency ECE signal may be explained byguwecence of this
suprathermal population.

1. Progress in the ITER physics basis: MHD stability, operational limits and
disruptions.Nuclear Fusiod/, 128 (2007).

2. C. PazSoldan, N. W. Eidietis, R. Granetz etRhys. Plasma2l, 022514 (2014)

3.V. Fuchs, R. A. Cairns., C. N. Lashmebavies et al. Phys. Fluid9, 2931 (1986)
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LOW FREQUENCY OSCILLATIONS IN U -2M CONDITINING RF DISCHARGES

M.B. Dreval, A.M. Shapoval, A.A. Beletskii, P.O. Pavlichenkd, Ozherelyev,
M.M. Makhov

National Saénce CentefiKharkov Institute of Physics and TechnologNSC KIPT),
Institute of Plasma Physic&harkiv, Ukraine

An appearance of various2D kHz oscillations was observed in URAGANW (U-2M).
Two multichannel pinhole cameras were recently llestain U-2M for monitoring the
oscillations of visible light emission from two positions in the same plasma-seotsn.
New electronics was designed and manufactured for measuring the plasma density, electron
temperature and plasma potential profilathvinigh time resolution in coldow density RF
conditioning discharges via triple Langmuir probe technique. New measurements by modified
diagnostics show, that the plasma beta is rather high in these discharges in spite of the low
temperature and densithis is because of very low magnetic fi@lg-0.01T. Variation of the
magnetic configuration of 2M substantially modifies the features of the oscillations in the
plasma of such discharges. In addition to significant variation of the fluctuations wataplit
the modification of thescillatingmodes type and frequency is also observed. Rotatetl
mode is transformed into the Sawtodite oscillationsin different magnetic configurations
Clear phase inversion of the Sawtotke oscillations was obseed both by horizontal and
vertical bolometer arrays, as it is shown in the figure.
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Time evolution of horizontal bolometer array signals. Phase inversion shwteothlike

oscillations is seen from central channels #6,8 and outer channels #2,19

Coherent oscillations are observed limtometers triple Langmuir probe and microwave
interferometer in different toroidal cresgctions. Strong gradients of the radial electric field
and electron temperature are observed in discharges with substaatiations only. These
gradients can be caused by presence of rational magnetic surfaces in magnetic configurations
with oscillations The role of rational surfaces in the transport barrier formation accompanied
by the sawtootiike oscillations was dis@sed in the case of hot plasma ofllTL]. Similar
sawtoothlike oscillations were recently observed in \7discharges with rational surfaces
In spite of different conditions, i.e., low temperature and partially ionized plasma in RF
conditioning dischages of U2M in comparison with hot plasma of -IJand W%X, a
gualitative similarity of the oscillations behavior was observed. Strong dependence on the
magnetic configuration indicates that observed phenomena can have similar roots in different
plasma onditions.

1. Estrada T. et aPlasma PhysControl. Fusion 47, L57 (2005).
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IN SITU QUANTIFICATION OF PLASMA FACING SURFAC E CONDITIONS
IN THE URAGAN -2M TORSATRON

G.P. Glazunov, D. Baron,M.N. BondarenkoV.E. Moiseenko].E. Garkusha
A.L. Konotopskiy, A.V. Lozin, A.l. Lyssoivan T. Wauters*

National Science CentéiKharkov Institute of Physics and TechnologiNSC KIPT),
Institute of Plasma Physic&harkiv, Ukraine
L aboratory for Plasma Physics, ERM/KMB/JROfusion Consortium Membdtussels,
Belgium

The thermal desorption method has been developed for diagnosing impurityotevel
Uragan2M vacuum chamber surfacissitu. The correspondingleviceconsisting of thermo
desorption probe and a vacuum gauge designed, manufactured anstalled in the LM
vacuum chamber, which gives possibility to register flows of gases desorbed from the
12KH18N10T stainless steel stiige probeheadduring its pulsed heating up to temperature
250-300U C .

Using this methodhe investigations of dgassing rate were carried out and estimation of
the number omoleculedayerswas donen the Uragar2M torsatronin situ after RF plasma
discharge cleaning in different regimes combined with pumping. It had been indicated that the
VHF and RFdischarge keaning in low magnetic fieklof 0.020.02 T aremore effective than
the regime without magnetic fieldAfter preliminaryshort time VHFRF discharge cleaning
andlong timepumpingout, the number ofmpurity moleculedayers was decreasé&wm °© 40
up toless than one layeiHgure).

60 7 1E+00
. 1 LE01
8 ® Outgassing rate i N
= 1E-02 2
£ 40 o
ﬁ © Number of molecules layers 1 = NE
3 ? 1,E-03 % 5
£ vhe ] RS
E | RF+100 g LE043 £
= E
© %t VHF+100 o-——— i gr
2 ® v o o g LEO05§
€ o i &
E 1 %)
Z 10 ) o ER -
ARV X " o % g e
° E
o ]
0 @ Qo0 @ge | 1E.07

0 80 100

20 40 .. 60
Time of wall conditioning, days

Uragan2M wall conditions: black circles correspond to SS probe specific outgassing rate at
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to number of melcules layers on theSSrobe

Massspectrometric measurements have shown domination@f(£8u), presence of CO
(44u) and 284, as the main gases desorbed from the SS probe surface during its heating.
Heavy hydrocarbon masses (®B8were alsaegistered.
The proposed metlklovas also tested in the high temperature regime7®0@W C) t o me as u
hydrogen outgassing (release) from the SS probe. It was observed the essential (one order of
magnitude) increase of hydrogen release &fterhours exposure by RF plasma discharges i
the regular regime comparing with the regimes of RF wall conditioning. This means that the
hydrogen content in the SS probe also increased. Note, that after long time discharge cleaning
regimes the hydrogen retention in the SS probe was not essentialsiBg thermal
desorption probe methazhe can effectively monitor not only the surface conditions but also
the hydrogen retention and release in the vacuum chamber wall material.
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2-D ELECTRON SYSTEM IN THE RF -DISCHARGE PLASMA
PART I. GENERAL OBSERVATIONS

V.L. Berezhnyj

National Science CentéiKharkov Institute of Physics and Technologi{SC KIPT),
Institute of Plasma Physic&harkiv, Ukraine

The peculiarity of RF discharges consists in the formation of posdivespace charges
close tothe antenna surface. This effect adversely affects the RF plasma heating. The attempts
to weaken or control the effect are hampered by difficulties of its diagnostics. The creation of
two-dimensional electron systems (TDES) in the research of solidschés $ériking results.

This has stimulated the attempt to demonstrate the identity of the processes occurring in the
nearantenna region of the RF discharge and in the TDES. The common characteristic feature
of both the plasma and solids is the presencére® electrons. In a separate atom, the
electrons are moving so that their energy levels have a discrete character, i.e., they get
guantized. This opens ample opportunities for plasma spectroscopy. The free electron spectra
of in solids (crystals) also termine their type and basic properties. As atoms group together

in a solid, their electron shells get overlapped. Each energy level gives rise to level bands, i.e.,
the bands, the number of which equals the number of electrons in the crystal. The energy
separation between the levels in the band is very small. The allowed energy bands are
separated by forbidden bands. With increase in the energy, the allowed band width increases,
while the forbidden band width decreases. In the crystal, the allowed bagdsenidied

wholly (insulator), partially (conductor) or may be perfectly free. The crystal, where an
appreciable number of electrons fall within the empty band due to thermal excitation, is a
semiconductor. It is evident that the type and propertieseo$ahd are specified by the band
structure, which is difficult for investigation in the bulky crystal.

The problem was solved using the methods of dimensional effects [1]. For this purpose,
the crystal film was prepared, the thickness of whithyas comparable with the de Broglie
wavelength. The film is placed in they) plane normally to the electric fiel. In the &-y)
plane, electrons move freely as in a bulky crystal. The energy of transverse motioz along
takes on some selected valuegeduined by the film thickness i.e., it gets quantized. This
results in a cardinal reconstruction of the electron spectrum. Apart from thin films and wires,
it has appeared possible to create the TDES through electron localization in a certain space
regon, the potential well having the width of about the electron wavelength. These structures
represent the capacitor with metaktal plates, the semiconductoetal, and the
semiconductesemiconductor. The 2D electron gas is formed near one of the caydate
surfaces by the electrostatic field. The possibility to control the electrons in the TDES has
made it possible to investigate the band structure of solids, to create new elements for
microelectronics, and to provide a convenient model system niggsiigating physical
processes.

In RF discharges, the plasma itself forms space charges of particles along thereby forming
the potential well near the antenna surface. This structure is supposed here to be similar to the
TDES. In Part Il of the wdx, consideration is given to the TDES existence media, generation
conditions and possible methods of controlling the processes in the mentioned formations.

1.B.V. Tavger V.Ya. Demikhovsky. Quantundimensionaleffects in semiconductor and
polycrystallire films. Uspekhi Fiz. Nauk v. 96,iss. 1, 1968, pp51-86 (in Russian).
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2-D ELECTRON SYSTEM (TDES) IN THE RF -DISCHARGE PLASMA
PART II. SIMILARITY OF TDES IN A SOLID AND IN THE RF DISCHAR GE

V.L. Berezhnyj

National Science CentéiKharkov Instituteof Physics and TechnologyNSC KIPT),
Institute of Plasma Physic&harkiv, Ukraine

The realization of the TDES calls for the presence of free electrons in the medium. This
property is intrinsic in metals, semimetals, semiconductors and plagimaygid they have
different freeelectron densities. The TDES is formed in crystals to produce the 2D electron
gas. The electron gas is identified as-mensional if the electrons exhibit two degrees of
freedom in the plane, while their motion is forketdor limited in the third dimension. Under
this condition, the substance can possess the properties other than those in an ordinary crystal.
The TDES can be realized in anisotropic media of crystals and plasma, in magnetic and
electromagnetic fields, inatling the RF region used for plasma generation and heating in the
stellarators LBM and U2M. In the TDES, electrons and holes can move in semiconductors,
while electrons and ions can move in the plasma. Structurally, the TDES represent the
capacitors withsmall spacings between the plates. The potential electric field on the surface
of one of the plates creates and controls a thin layer of emitted electrons (potential well). The
TDES, having the widtld commensurate with the electron de Broglie wave lenmibduces
the quantum di mensi onal effect, i . e. the d
effecto Iimplies the dependence of properties
when at least one of the dimensions would become comparattiettve characteristic
physical quantity having the length dimension. It follows from this definition that the
indispensable condition for manifestation of the dimensional effect is the presence of the
TDES in the medium. At that, the crystal size is bymeans related to the potential well size,
and can be arbitrary | arge. I n theory, the |
the KIPT physicists I.M. Lifshits and A.M. Kosevich [1]. If however the diffusion length, the
shielding distance or thmean free path is taken as the characteristic physical quantity, then
classical dimensional effects are realized. These variants are possible H3thard U2M
RF plasmas. The basis for the TDES formation is the plasma capacitor, which is formed by
theantenna surface and the neighboring positivespace charge. The electrons are localized
by the potential field and the potential barrier on the antenna surface. Similarly, in the TDES
based on heterostructures, the potential electric field is createpoditive ions of the
dielectric. In the neaantenna region, the potential well width is generally smaller than the
mean free path of the electron. Therefore, in the RF field the current may flow parallel to the
interface region with the twdimensionalconductivity. In the RF discharge, the TDES is
formed by the plasma itself (to keep quasutrality). Unfortunately, the processes occurring
in the TDES reduce the efficiency of plasma generation and heating. To control or make them
weaker presents a pheim, because they are specified by the plasma paranmgtarsl Te,
and also by thamplitude and frequency of the applied RF voltage. The motivation of present
work has been to use the effective TDES results for solids as applied to RF discharges.

1. 1.M. Lifshits, A.M. Kosevich.. Doklady Akademii Nauk SSS®R XCI, No 4, 1953,
pp. 795798 (in Russian).
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MODELING OF TIME BEH AVIOR OF H, H2NEUTRAL DENSITIES, AND
HOLINE INTENSITY INT HE RF PLASMA OF THE URAGAN-3M TORSARTRON

V.N. Bondarenko, A.APdrushenya

National Science CentéKharkov Institute of Physics and TechnologNSC KIPT),
Institute of Plasma Physic&harkiv, Ukraine

The time evolution of the experimental atomic and molecular hydrogen density in the
plasma confinement volume of thikagan3M torsatron has been one of the most important
research topics. Among the variety of plasma diagnostic methods, emission spectroscopy of
Balmer spectral lines ¢and H, represents a passive, and therefore-ingasive, diagnostic
tool with a simple and reliable setup. Nevertheless, for the correct interpretation of spectral
line intensity, one must have the comprehensive computer modeling of time dependence of H
and H neutral densities. Previoudly], the results of the modeling of radial profiles of
plasma ions and neutrals, using the numerical code KN1D, were presented for some specified
moment of the RF pulse when plasma was produced and heated by RF power.

The further computer simulation shows that to model 4ilmgendent functions associated
with hydrogen plasma and neutrals, it is reasonable to solve a system of four differential
equations [2] with the following variables: 1) thé idn density, 2) the desity of low-energy
atoms (H), 3) the density of chargexchange atoms (), and 4) the H atom population on
the wall. In this system, each of the first three tue@endent functions is supposed to be
uniform along a minor plasma radius at any time mdroéthe RF pulse.

Results of a new numerical analysis were presented for two different plasma production
and heating conditions. The parameters of the first regime were as follows: the toroidal
magnetic fieldBo=0.6T, hydrogen pressure prior to thesdhargepo=1 . 2 F PiaQine-
averaged plasma densiineO2 1 ¥ M3, and electron temperaturg O0.5keV. The
hydrogen breakdown was initiated using the THie#é-Turn Antenna (THTA) with the
anode voltagdJ, =5 kV. After that, the plasmavas sustaied by the Frame Type Antenna
(FTA) with the anode voltagg: = 8 kV. The second regime was provided wih=0.72v |,
po=1.110%Pa,n. 01 . 2 BrrPT. 00.5keV, U, =6 kV, andU; = 7 kV.

The electron temperature (key parameter) was evaluated sdthe degree of
approximation. According to the time behavior of the ECE intensity, four unknown functions
are changing in the equation system. The calculated electron density was fitted to the
experimental function.

Other timedependent functions weresal calculated using the system of equations. It was
found that the temporal dependence ofdtbm density decreases sharply to a constant level.
The wall population with H atoms changes monotonically: decreases initially and then
increases. The intensity the Hjline has a qualitative similarity with the measured function.
The contribution of I atoms to the Hline intensity was found much higher than that ekH
atoms.

The molecular pressure in the chamber was determined from the additional differentia
equation containing the molecular density function. The calculated molecular pressure
decreases exponentially with time, what is in agreement with the measured data.

1.V.N. Bondarenko, A.A. Petrushenya. The reflection aneéemession coefficients of
hydrogen particles impinging from plasma on the wall in the torsatron URAGNMN
Probl ems of Atomic Science a@d.204adhpbdl ogy.
2. S.J. Fielding et al. Recycling in gettered and diverted discharges in DITE toKamak
J.Nucl. Mater. 1978, v.76, 77, p273.
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MODELING OF DUAL -POLARIZATION INTERFEROMETRY IN
STELLARATORS

V. PhilippoVt, D. Grekov?, N. Azarekov

INational Science CentéiKharkov Institute of Physics and Technolog){SC KIPT),
Institute of Plasma Physic&harkiv, Ukraine
2/.N. Karazin Kharkiv National University, Kharkov Ukraine

Ordinary wave interferometry is a well known and ocoomly used plasma diagnostics for
fusion devices and plasma technology [1, 2]. The ordinary wave number depends only on
plasma density in the case of perpendicular probing with respect to the main magnetic field.
Thus, the ordinary wave phase shift is maonal to the linantegrated plasma density along
the chord of probing for the wave frequency greater than plasma frequency. For the
extraordinary wave perpendicular probing, the phase shift depends on plasma density and the
confining magnetic field disbutions. Since the magnetic field is known for
stellarator/torsatron devices, additional information about plasma density profile may be
inferred from the extraordinary wave phase shift measurements. For example, this may be the
peakedness of the plasndensity distribution n/n,, where n, is the plasma density on

magnetic axis ann - averaged plasma density.

The dual polarization interferometer has beesigieed and installed in Urag@&M at the
crosssection where magnetic surfaces are vertically elongated. For data analysis, the set of
phase shiftswas calculated using real spatial dependence of the magnetic field and the
following parameterization of pkana densityn(y ) = n, (eX - e”)/(eX - 1). Herey is the flux
surface label equalto O at the magnetic axand equat to 1 at the last closed magnetic
surface, x is profile peaking parameteiCalculated phase shiftsvere matched with
experimental results inrder to determine the central density and peaking parameter of the
Uragan2M plasma. Thus, rather simple and effective way of plasma density measurement
has been implement¢d].

However, an extensive modeling of microwave propagation through tsen@lan the
sheared magnetic field should be provided for correct interpretation of data. For this purpose,
the system of two bounded ordinary differential equations of the second order for the electric
fields of the ordinary and extraordinary waves wasesblnumerically. The transfer matrix
from launching to receiving waveguides was obtained in the wide range of plasma
parameters. This gives the possibility to understand the results of already fulfilled
measurements and to propose the optimized way fol-plarization interferometry in
stellarators.

References
1.VE.GolantiHandbook of Pl asma Physicso, ( M. N.
1984, Vol. 2, Elsevier.
2. H.J.Hartfuss 2010ICECom Conference ProceedindsA.
3. D. Grekoy, V. Philippov, 2015 Abstracts of th0th ISHW, Greifswald, Germany,81.
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FAST ALGORITHM OF MAGNETIC SURFACES RECONSTRUCTION
IN STELLARATORS

V. PhilippoVt, D. Grekov?, V. Olefir?

INational Science CentéiKharkov Institute of Physics and Technolog){SC KPT),
Institute of Plasma Physic&harkiv, Ukraine
2/.N. Karazin Kharkiv National University, Kharkov Ukraine

In this paper the algorithm of calculation of approximating functidiR/ ,Z,y) is
developed. HeréR,j ,Z) is cylindrical coordinate system connected to main axis of the torus
and y is magnetic flux label (Figure) This function establishes theneto-one
correspondence between the real coordinate mesh with arbitrary steyagneitic flux abel
in the whole plasma volume. Such correspondence may be calculated witedbgermined
accuracy. The calculation was carried out for Uragsh torsatron. But the developed
algorithm may be applied to any stellarator. This approximation functiospecelly useful
for fast connection of diagnostic data, which are known in real space coordinates, with
magnetic surfaces where the plasma parameters (density, temperature etc.) supposed to be
constant. Also, theapproximating function allows realizing ghreal time magnetic
configuration control due to extremely short time of calculations.

140 160 120 200

Reconstructed magnetic surfaces in the poloidal esestion of Uragaf2M torsatron
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THE MICRORELIEF STUD IES OF STAINLESS STEEL MIRRORS
SPUTTERED WITH A R* IONS OF DIFFERENT ENERGY

V. N. Bondar enko, V. G. Konoval ov, S. 1. Sol o
V.S. Voitsenya, P.M. Lytyn!, O.V. Byrka, O.A. Skorik

National Science CentéKharkov Institute of Physics and TechnologNSC KIPT),
Institute of PRsma PhysicKharkiv, Ukraine
1v. Lashkaryov Ingitute of Semiconductor Physics of NASU, Kyiv, Ukraine

It was described in [2] that ion sputteringof polycrystalline SS mirror specimens
resulted in faster degradation of optical reflectance vibreenergy increases: for an identical
mean thickness of the eroded layer (measured by weight loss) the reflectance decreased with
increasing ion energy. Due to the direct connection between reflectance and surface
roughness, this fact is a clear indication increase of difference between sputtering rates of
metal grains with different orientation when increasing ion energy. In this presentation, we
provide analysis of surface roughness which appears on the surface of SS mirror specimens
after sputteringvith Ar* ions of different energy.

Before the exposures, the specimens had apeéhed surface. lons of Ar plasma were
accelerated to a specimen (denoted &sS8) with kinetic energy equal to 300 eV (S1),
600eV (S2), 1000 eV (S3), or 1350/gS4). In order to optimize the comparison of the
parameters of abBpecimes, the mean sputtered depth has to be equal forspacdmen, and
in the present study it was chosers  2Twe mmethods to process the data were applied

For each specimen, the relief heights were measured along a rectangular senpgnéne
total length of 18.7 mmIit was located on a digital microphotograph with a size of
4 8 0 1 & 1® 0obtaired using an optical microscope. The AFM microphotograph with a size
of 5 © in’5plovided an increased scale. Also, height profiles were obtained using a
profilometer on a straight segment 4 mm in length.

The following results were found. The statal distributions of irregularity heights for
these specimenggN/gqh, have a slightly asymmetric, approximately Gaussian shape. With
increasing energ¥; the distributions become much wider and lower, in other words, all
heights increase. The roughnessgmeter (rm.s. height of the irregularitied}q increases
with increasing energf, taking the values 0.02, 0.16, 0,2nd 0.3%m, correspondingly,
for different ion energy. The wavelength distributigiV/cps varies not significantly with
increasingEi. In this case, the mean period of a longitudinal w&vencreases then decreases
in the range of IM5em.

The power spectral densiBSD s) was <cal cul ated wusing the
profile. It was found that with increasing enerBythe PSD function increases and shifts
noticeably toward the shewavelength range. For example, tA8Ds3( s) f uncti on i
close to the wavelength axis, butf8Ds4( s) function i s substanti a
shortwa v el engt h pra.(This, partf correspadsd To2micpores and microneedles
that appeared only when ion energy was 1350. They are nd&tosvisib
distributions and are clearly visible in the microphotograph of the spe@dhen

1. A. Bardamid, V. Bryk, V. Konoval, et al.Erosion of steel under bombardment with ions

of a deuterium plasmiaVacuum 200Q Vol. 58, p. 10-15.

2. V.G. Konovalowt al.Specular and diffusive reflectance of stainless steel mirrors sputtered
with Ar*ions //Problems of Atomic Sciene@d Technology. SefiPlasma Physias(18).
2012, ~4186 p. 11
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EFFECT OF TOROIDAL MAGNETIC FIELD RIPPLE VALUE ON THE [=1,m=1
YAMATOR MAGNETIC SURFACES

V.G. Kotenko,|G.G. Lesnyakoy SS. Romanov

National Science CentéiKharkov Institute of Physics and Technologi{SC KIPT),
Institute of Plasma Physic&harkiv, Ukraine

The stellaratetype magnetic system, named as a Yamitop], is interesting due to the
opportunity of forming a toroidal closed magnetic surface configuration with a high value of
the averaged magneticwell)~ 0. 16 0. 5. However, the high num
values have been obtained under condition that superposition of helical coil magnetic field
and ideal axially symmetric toroidal magnetic field oscu8o, the calculations did not
consider annevitable appearance tifetoroidal magnetic field ripples in the case of Yamator
magnetic system practical realization and a possible efféatetdroidal magnetic field ripple
values on the magnetic surface parametRigple induced helical magnetfeld violation
follows from the analytical study results |3 54.

In the present paper the numericalculations were carried out on tl¥l, m=1 Yamator
magnetic field formed by superposition of helical coil magnetic field and rippled toroidal
magnetic field generated by the systemNof=16 circular discrete coils with radiuac
(Figure. In order to study the effect of toroidal magnetic field ripple value on the magnetic
surface parameters the calculations were performedeieerall=1, m=1 Yamator systems
having different value athetoroidal magnetic field coil radiug. The final goal of the study
is to define the bounds of coil rada: within the range of which the effect of toroidal
magnetic field rippleralueon the magnetic surfacenaaeters can be neglected.

Poloidal crosssection (a) and top view (b) of the I=1, m=1 Yamator calculation modek 1, 2
helical coilsthe helical coil currents are equail-magnitude and oppostie-direction, 3
toroidal magnetic fieldiccular discrete coilsd i s t he pol oi dal angl e,

References

1. V.G. Kotenko, G.G. Lesnyakov,S.RomanovProbl. of Atomic .Science and Techn. Ser.

Pl asma Phys. NSCoOKI PTo, KhHr kov, 1999, | ss.
2. V.G. Kotenko, G.GLesnyakov, S.SRomanov.Plasma Fus. Res. SERIES: Vol. 3 (2000),
p.154157.

3. Al. Morozov, LS. Sd ov 6 e v . Ma g n e t//iVoprosyiteerii plazng/Moscove t r y
0Gosatomi zdat &1 (inR&sgaB), v. 2, p. 3
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TORSATRON U-2M MAGNETIC SURFACES WITH ENHANCED MIRR OR RATIO

V.G. Kotenko, V.E. Moiseenko, E.. Sorokovoy

National Science CentéKharkov Institute of Physics and TechnologNSC KIPT),
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As a fusion neutron source for the suritical hybrid nuclear ractor[1] in the papef2] has
been proposed the magnetic system combination, including a steltgpand a mirretype
magnetic systenin the paper [3h stellaratormirror magnetic systerhased orthe magnetic
system of the torsatrob)-2M [4] with the additional toroidal magnetic field coils was
considered. The combined with stellaraiggpe magnetic system the mirftype magnetic
system was realized by switching off one of the additional toroidal magnetic field coils.

In this paper the magnetfield of thestellaratormirror magneticsystem is studied where
the mirrortype part in U-2M is realized by switching off two adjacent additional idab
magnetic field coils (Figude Existence of closed magnetic surfaces with enhanced mirror
ratio value and mirror regionlongitudinal sizein the combined magnetic system model
demonstrate by thenumericalcalculatons.

Top view of the magnetic system of the |1=2 torsatreiiMUcalculation model.
The positions of two adjacent switched off cjl46 are indicated
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surface of a combined magnetic systéhiProblems of Atomic Science and Technology, Ser.
PlasmaPhysics2 0 1 2 , ©6,-24(18) , p . 22
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A NUMERICAL MODEL OF RADIO -FREQUENCY WALL CONDITIONING FOR
STEADY-STATE STELLARATORS

Yu.S. Kulyk?!, V.E. Moiseenkd, T. Wauters, A.l. Lyssoivart

! National Science CentéKharkov Institute of Physics and TechnologiSC KIPT),
Institute of Plasma Physic&harkiv, Ukraine
?Laboratory for Plasma PhysicEERM/KMS, EJROfusion Consortium Membérussels
Belgium

A model of RF plasmaproduction in stellaratorsin the ion cyclotron and electron
cyclotron frequency ranges presentedlhis model will be used for numerical analysis of the
plasmadischarge for theacuum chambewall conditioning As abasisfor the whole code,
the moded for atomic gas ] andfor molecular hydrogefR] areused, whichweredeveloped
earlier.A newly developed modelswell asthe previous modelsncludes the system of the
particle and energy balance equations for the electams the boundary problem for the
Ma x we | | 6 s Nesvdeatards iofahe sadel presented are account of molecular igns, H
and H", in the particle balance equations. The rddigquency module of the code i
modified accordingly. Neutral gas is assumed to consist of molecular and atomic hydrogen. In
the balance of neutral gas, the hydrogen retention and recombination at the wall surface are
taken into account.

A new module that calculates the secondrmic electron cyclotron heating in the case
of weak wave damping is created and incorporated into the code.

The first calculations with the model are presented and discussed.

1.V. E. Moiseenko, et aPlasma Physics Reports 39 (2018)873.

2.Yu.S. Kulyk, V.E. Moiseenko, T. Wauters, A.l. Lyssoiv&roblems of Atomic Science
and Technology, Series Plasma Physics (20) 2016, No. 6(106), p. 56.
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SLOW WAVE PROPAGATION IN PLASMA WITH NON -UNIFORMITY NOT
PERPENDICULAR TO THE MAGNETIC FIELD

V.E. Moiseenko
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Institute of Plasma Physic&harkiv, Ukraine

The slow wave plays an important role in certain scenarios of plasma heating and current
drive, and also in wall calitioning discharge sustamy. Its field structure is studied well
within onedimensional model including the zone of lower hybrid resonaned.[In the
model it is assumed that the direction of plasma-unaformity is perpendicular to the
magnetic feld. This is almost true for fusion machines because the plasma density is
approximately constant at the magnetic surface. However, the magnetic field module has
some variations, and the plasma dielectric tensor follows them. For such reason it is of
interest to consider a case when the magnetic field is not perpendicular to plasma gradients.

In the report, 1D nowiniform plasma with tilted magnetic field is considered. The second
order differential equation describing the slow wave is derived fromthevMak | 6 s equat i
The analysis of this equation reveals a singular point for the solutions. However, the point
located aside of the lower hybrid resonance. The solutions obtained are also different. These
solutions, location of the singular point and egdigx behavior are discussed in the report.

References
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POSITIVE -DEFINITE FORM OF TIME -HARMONI C MAXWELLG6S EQUATI
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Timehar moni ¢ Maxwel | 6s foemumeaidtalitreatnent torrapalysas ofs u b j e
the wave propagation in namiform plasma. In their rigginal form, they contain sign
indefinite operators. This limits application of iterative procedures for their numerical solving.

In this presentation the following form of
numerical solving.

D3 D3 E- ik, (&€ +1) D3 H+k§E$c'i£:-4p—Ck°

E Qext

D3 D3 H+ikD? (&+1) & +kZH =P s o
Cc

HereE andH are the electric and magnetic field vectdus;wic, & is the dielectric tensor,
(E)i,kz(a;,i’ jext is the driving (external) current. This system of equations contains

posiive-definite operator in the leftand side. This feature, in principle, could be preserved
after the discretization that results in a linear algebraic system of equations with paesitively
definite matrix.

It is necessary to note that the above systenegemerate. This feature is inherited from
t he original Maxwel | 6s equations. Thus, a
appearance of spurious solutions. A special technique derived in Ref. 1 could be applied for
discretization to avoid this unwantetfect.

The above system of equations, being of higher order, needs more boundary conditions
than the original one. For this purpose, the components of the original system could be used
since they are differential equations of the first order.
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THREE-HALF -TURN ANTENNA PLASMA START -UP EXPERIMENTS
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ThreeHalf-Turn (THT) antenna has 3 straps oriented perpendicular to the magnetic field
lines. The THT antenna is fed through the central strap [1]. THT antennas is used for plasma
heatingin Uragan3M and Uragas2M. The research task was to stuthdependent RF
plasma creation with THT antenna in. both devices. Electron plasma density and temperature
were measured with Langmuir probe, electron temperature was observed in real time with
separate spectral lines, electron plasma density was measureal time with microwave
interferometer and muithord visible light diagnostics showed the shape and position of the
plasma columnTHT antennas are capable of creating dense plasma at decreased compared to
regular regime magnetic fields, but withntp idle time what is dangerous for antenna
insulators because of high voltage at the antenna elentexgsrimental conditions were
changed through variation of magnetic field, pressure and RF generator parameters in order to
find optimal regime of operatn. The optimum magnetic field was 0:658T at Uragar3M
and 0.370.38T at Uragar2M while standard field was 00.72T and 0.40.42T
accordingly.

L\
Modification of crankshaft antenna (left) into THT antenna (right)

THT antenna of UragaBM was crafted from crankshaft antenna by replacing middle
crankshaftishape strap with the straight one. While the crankshaft antenna could operate in the
wide range of available at Urag&M magnetic fields, THT antenna required the decreased
magnetic filed aginst regular regime and the narrow space of operation. A reason of this
could be lower ability to excite the slow wave. Ability of THT antenna to create and heat
plasma is presumably connected with presence of ion cyclotron zone inside of plasma column
where the Alfvenic relay race occurs at low plasma densities.
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STRUCTURE OF MHD FLUCTUATIONS IN THE TORSATRON U -3M IN
STEADY-STATE STAGE OF DISCHARGE
V.K. PashneyE.L. Sorokovoy A.A. Petrushenygar.l. Ozherefev
National Science CentéKharkov Institute of Physics and TechnologNSC KIPT),
Institute of Plasma Physic&harkiv, Ukraine

In the U3M torsatron in the investigatedgime, the plasma was created and heated by the

frame antenna at a frequency close to-dgalotron (RrO0 . & ¥ I1(0)40.71 ) . I n thi
case, the regime of rare collisions was realized in the confinement volume of the plasma and a
toroidal current | a 2 kA was observed.

For registration of magnetic fluctuations in the confinement volume, a set of drietita
sensors (Mirnov's coils) located along the azimuth around the plasma column in one of the
poloidal cross sections was designed and installed. Magnetic sensors made it possible to

record oscillations of a poloidal magnetic field with an amplitudeBo©103 G in the
frequency range 0.5...100 kHz. Number of magnetic sensors and their arrangement allowed to
perform confident identification of magnetic perturbations with poloidal wave numbers up to

5 inclusive.

A study of the MHD plasma activity was camded in the quasistationary stage of the
high-frequency discharge [1], where the energy content and the longitudinal plasma current
remain constant. It was found that the MHD fluctuations are nonstationary and have a
structure with poloidal wave numbers=r0...4. In the frequency spectrum of oscillations in
the range from 0.5 to 50 kHz several frequency ranges are observed where the amplitude of
the oscillations reaches the maximum values. For processing taitonary oscillations, a
special techniquevas developed.

1. Frequency MHDfluctuations and main plasma parameters ¥BNJ torsatron in RF

heating mode [/ Probl ems of At omic Science
(22). 2016, N 6, p. 33.
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MHD PLASMA ACTIVITY IN THE U -3M TORSATRON DURING THE RF
CLEANING MODE WITH A MAGNETIC FIELDB ¢(0)=0.02T

V. K. Pashnev, E. L. Sorokovoy, A.A. Pet

National Science CentéKharkov Institute of Physics and TechnologNSC KIPT),
Institute of Plasma Physic&harkiv, Ukraine

In the considered mode of cleaning, plasma was created and heated by the frame antenna at
afrequencfrrd 8. 6 MHz, the magnitude 8f( 0)heé 0c @ms tT
so that the ion cyclotron frequency was much lower than the hdegimpgency. The average
plasma density wash ~1x10"¥ m3, electron temperature wa3,~ 10eV, working gas

pressure was 10Torr [1].

Using a set of 15 magnetic sensors installed in one of the poloidalnseofidhe torus,
fluctuations of the poloidal magnetic field were recorded [2].

It was found that in the investigated frequency range 0...100 kHz, the spectrum of
fluctuations of the poloidal magnetic fiellas two characteristicfrequenciesf a 6@ndk Hz
f & kHz The dynamics of the intensity of the magnetic plasma fluctuations for the
investigated frequencies was also studied. The spectrum of poloidal modes of magnetic

fluctuations is analyzed.

1.A.V. Lozin, V.E.Moiseenko, L.I.Grigor 6 e v a, et al . Cleaning of
the Uragan3M facility by radio-frequencydischarges /Plasma Physics Reportd013,

v. 39, N 8, p. 624.

2.V.K. Pashnev, E. Sorokovoy, A.A. Petrushenyat al. Behavior dynamics of lefvequency
MHD-fluctuations and main plasma parameters ¥3NU torsatron in RFheating mode //

Probl ems of Atomic Science and Technol ogy. Se
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FINDIF CODE SIMULATIONS OF OP -1.1 WENDELSTEIN 7-X DISCHARGES

Grzegorz Pegka, Roman Zag:r s-KTeaemWgodzi mi €
Institute of Plasma Physics and Laser Microfusion, Warszawa, Poland

The finite difference, mukfluid code Findif is being developed adlexible tool for 3D
plasma edge simulahs of fusion devices. Computational meshes for Findif are based on
field line tracing. The code is parallelisable but can be run on a PC. WendelXgeitn&
world's biggest stellarator, isparticularly suitable testbed for edge simulations. The machi
is equipped with numerous diagnostics, some of them aimed at investigating edge conditions.
Numerous simulation, using statéthe-art code EMCEIRENE are performed for WX,;
so, there is no shortage of data for comparisons. During th&. DPampaignV7-X was
equipped with @et of 5 limiters (one per period) as plasma facing components. Relatively
high temperature of plasma hitting limiters allows us to neglect neutral dynamics, which our
code does not currently simulate.

In our work we preserfirst results of 4equation Ti, Te, i, V) simulations of steady state
discharges. We work with fixed magnetic field and consider 4 cases: standard magnetic
configuration with big 5/5 islands, high mirror configuration with 3 values of pldsm@2o,

0.84%, 1.7%. We compare heat loads on the limiters.
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EFFECT OF RECYCLING FOR PHYSICAL PARAMETERS
OF REACTOR-STELLARATOR

V.A. Rudakov

National Science CentéKharkov Institute of Physics and Technologi{SC KIPT),
Institute of Plasma PhysscKharkiv, Ukraine

E-mail: rudakov@kipt.kharkov.ua

The results of calculations of a stellarator reactor are presented, in which the influence of
recycling on its physical parameters is taken into aticda earlier work on calculating the
parameters of the stellarator reactor, it was assumed that all plasma lost as a result of
neoclassical diffusion goes to the divertor, and its replenishment is carried out by injection of
fuel pellets [14]. Such andeal work of the divertor, apparently, is impossible to realize.
Some of the plasma, which leaves behind the last closed magnetic surface, will remain in the
vacuum chamber without getting into the divertaraddition, part of the particles will escape
from the plasma as a result of recharging. The particles thus lost will return to the plasma,
partially replenishing the losses. In this paper, an attempt is made to evaluate the effect of
such a process on the physical parameters of the reactor. As taofethd calculations, a
significant dependence of the reactor parameters on the fraction of particles participating in
the recycling is shown. With an increase in this fraction, the density profiles and temperatures
of the reactor plasma become flat wititreasing gradients near the plasma boundary. The
reactor power level is lowered and higher additional heating powers are required to enter the
self-sustaineccombustion regime.
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AMPLIFICATION OF THE RUNAWAY ELECTRONS FLOW
IN THE TORSATRON URAGAN -3M

I.K. TarasoyM.Il. Tarasov, D.A. Sitnikov, V.B. KorovinA.V. Lozin, Yu.K. Mironov,
V.S. Romanov, R.O. Pavlichenko, N.V. Zamanov, A.G. Kulaga, A.N. Shapoval, M.M.
Makhov,I.G. Goncharovy.M. Listopad,N.V. Lymar

National Science CentéiKharkov Institute of Physiand Technology (NSC KIPT),
Institute of Plasma Physic&harkiv, Ukraine

E-mail: itarasov@ipp.kharkov.ua

In this paper, we present in more detail from one which was done in [1]. The results and
condtions of increasing the runaway electrons flow possibility, which appear from the
toroidal electric field at the leading edge of the magnetic field pulse of plasmaupudt
Uragan3M experiments. Dependences of the intensity of runaway electrons fhowthe
pressure of the working gas and on the intensity of the magnetic field are investigated.
Dependences of the runaway electron intensity flow from the power and duration of the
microwave oscillator pulse, which stimulated the formation of plasma ibyapr runaway
electrons are given. The optimal delay of the microwave pulse relative to theupuofghe
magnetic field pulse was determined.
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INFLUENCE OF INJECTION OF IMPULSE GAS AND FLUCTUATIONS OF THE
MAGNETIC FIELD ON THE RUNAWAY ELECTRONS DYNAMICS IN THE
TORSATRON URAGAN-3M

|.K. TarasovM.l. Tarasov, D.A. Sitnikov, \B. Korovin, A.V. Lozin, A.N. Shapoval, M.M.
Makhov, Yu.K. Mironov, V.S. Romanov, R.O. Pavlichenko, N.V. Zaman&, Goncharov,
V.M. ListopadN.V. Lymar

National Science CentéKharkov Institute of Physics and TechnologNSC KIPT),
Institute of Plasma&hysicsKharkiv, Ukraine

E-mail: itarasov@ipp.kharkov.ua

The influence of the fast injection of the molecular hydrogen gas on the dynamics of
runaway electrons was investigated. The measured plasdmaion (microwave and hard
X-rays frequency range) was conducted during the ramp up and at stationary phase of the
magnetic field pulse. The possibility of suppressing the flow of runaway electrons during of
gas injection on the magnetic field pal rumpup and its consequences is shown. The
expected creation of a preliminary plasma during interaction of runaway electrons with
injected gas was not observed.

The influence of fluctuations of the magnetic field on the parameters of the flow of
runaway electrons is considered. Fluctuations were of a natural nature, determined by the
features of the magnetic field pulse, and created artificially.
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MASS-SPECTROMETER DIAGNOSTICS ATTACHED TO CRYOGENIC
NITROGEN TRAP

S.A. Tsibenko, E.D. Kramskoj, V.B. Korovin, A.V. Yevsyukov, A.V. Lozin,
V.E. Moiseenko, G.A. Kholomyeyev, M.M. Kozulya, S.M. Maznichenko A.Yu. Krasyuk,
D.l. Baron, V.Yu.Grybanov and the Urag&tM Team

National Science CentéKharkov Institute of Physics and TechnologNSC KIPT),
Institute of Plasma Physic&harkiv, Ukraine

The massspectrometer diagnostics built at stellarator Uragfsinfor gas composition
analysis is described. Maspectrum gasomposition can be measured in two ways: with
direct connection to Uraga2M vacuum chamber and with connection to the diagnostic
cryogenic trap [1] when it is warmed up. Highest possible precision measurements-of mass
spectrum in stellarator Urag@&M are possible when the wall conditions of the mass
spectrometer system are good enough not to distort measurements. Needed surface conditions
were achieved through the sequence of procedures from washing to continuous conditioning
RF discharge without the magtic field [2]. Continuous RF discharge paraengt generator
f requen c8MHZ, powdris Befow kW, working gas (hydrogen) pressure is about
1 L ‘4 Twrr. Two antenna types, rod and plate antennas, were used to ignite the discharge.
Plasma discharggpread locally near antenna and its size increased proportionally to the input
power. Such a wall conditioning improves considerably the wall conditions.

Continuous RF discharge without magnetic field in hydrogen inside vacuum branch
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CONCERNING SPACE DISTRIBUTION OF THE ION ENERGY IN U -3M

O.V. TurianskaM. Dreval A.S. Slavnyj

National Science CentéKharkov Insitute of Physics and Technolag{NSC KIPT),
Institute of Plasma Physic&harkiv, Ukraine

The U3M is equipped with two passive charge exchange (CX) neutral particle analyzers
(NPA)[1,2] located in different toroidal crosections. In order todetermine local CX flux
source on the base of lhetegrated data of the passive NPA inversion problem should be
solved. Since two NPA are located in different toroidal eceesgions, 2D inversion methods
are not applicable. We can use symmetry of thg fource as a simplification for dealing
with 1D inversion problem instead. Correct solution of this problem is impossible due to the
CX flux dependence on the concentrations of neutral hydrogen atoms and molecules. These
concentrations in general aret@ofunction of the magnetic surface, due to 3D geometry of U
3M [2]. Nonetheless this effect can be not so significant. In our work we assume that CX flux
source is the function of the magnetic surface. We solve 1D inversion in two toroidal cross
sectiors under this assumption for similar plasma conditions. The locafl@és in the
crosssect i-Gosafldo fddr e cal cul ated numerically on
The U3M magnetic surfaces have been approximatead set of normalized plasmalites
data in the grid covering this cressctionsThe local CXfluxesare determined as a function
of the normalized radiug.he lineintegrated CXflux is calculated for every viewing area of
each CXline-of-sighton the base of this loctilx in the eal geometry of the CX diagnostics.

A fitting of the calculated line integrated Cilux in the crosss ect | w0 s afm@o f D
profiles to the experimental profiles show that calculated lialsource profilesare rather
similar in zero order approximatis. Our calculations confirm previously published
information about hollow CX fluxes profiles and hollow or flat ion temperature profile[1] in
the low density frame antenna RF discharges-8MJ This fact indicates that there is strong
RF power deposibin into ion component at the plasma periphery @\U

1. M. Dreval and A.S. Slavnyj Plasma PhysControl.Fusion2011, v. 53, p. 065014,
2. N.B. Dreval Plasma Physics Reports, 2015, Vol. 41, No. 3, p. 212
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COMPUTER SIMULATION OF ELECTRIC FIE LD EVOLUTION NEAR HF
ANTENNA INSIDE MAGNETIZED PLASMA

O.l. Kelnyk

E-mail: oles@univ.kiev.ua

High frequency antennae are commonly applied as plasma heating devices for toroidal
controlled fusion setups. Su@ntennae are typically positioned in a shape when the central
wire is directed poloidally. That wire is usually bounded by side metallic walls to prevent the
direct contact between the wire and hot plasma. Without such walls, plasma would form
significart flows towards the wire along the magnetic field. This work is devoted to study the
evolution of electric field potential in the area near such an antenna via the computer
simulation in electrostatic approach.

2.5D hydrodynamic model (poloidal compmaris were taken into account only for
el ectronsd and i ons -congpbnent Deuterians plasmaanelecargstptic i e d
approach. Equationsd set for such a model W
subsets, in particulai hydrodyhamic equations for electron component, hydrodynamic
equations for ion component and Poisson equation for electric field potential. In [1], that

equationsodo set was significantly simplified
devoted to numericad i mul ati on f or compl ete equations?d
Numeri cal mo d el was built based on finite di
di f ferences, one can obtain recurrentesfor mul

in the next time step. Poisson Equation must be solved independently at each that step. For
that purpose 2D matrix sweep method was applied. For all calculation described above, new
software was developed with C++ programming langudgsiél Studio 203 environment).
This software has a feature to apply various types of initial and boundary conditions.

Test simulation was carried out for the initial and boundary conditions similar to ones used
in [1] for analytical calculations in diffusion apprdacThose conditions include the
Boltzmannd i stri but ed i onso and el ectronsé Strec:
boundary condition for potential on wire and guasutral boundary conditions for outside
plasma. Also, densities of plasma componentstlagid flows were considered continuous, as
well as electric potential and radial component of electric field. Other important parameters
was typical for controll ed Pmwm%magneticfiedt3dlps: pl
ion and electron tempatures were both 60 eV, heating field frequency and magnitude were
3 A’1Ha and 20 kV respectively. Simulation results were obtained for initial 100 periods of
HF electric field. Most of those results are very similar to ones obtained in [1] for diffusion
approach. That resultsdéd coordination confir
software.

1.V.l.Zasenko // Ukr. J. Phys2012. Vol.57No.10 P.10111023.

45


mailto:oles@univ.kiev.ua

1-26

WALL CONDITIONING DISCHARGES DRIVEN BY T -SHAPED ANTENNA
IN URAGAN -2M

A.V. Lozin, M.M. Kozulia, V.B.Korovin, A.A. Beletskii, G.PGlazunov, A.L.Konotopskiy,
D.l. Baron, V.E.MoiseenkoL.I. Gr i g o r 6 ehezhkin, X.N.Shapoval
M.M. Makhov, V.G. Konovalov

National Science CentéKharkov Institute of Physics and TechnologNSC KIPT),
Institute of Plasma Physic&harkiv, Ukraine

E-mail: mikekozulya@kipt.kharkov.ua

The new TFshaped unshielded antenna proposed by one of the authors (V.M.) was used for
inner surfaces cdalitioning of Uragar2M [1] chamber. The -Bhaped antenna is a monopolar
quarterwave vibrator adjusted to the fitting of the vacuum chambercifi@iameter) and
better matched with plasma resistance. It was used for the VHF discharge [2] with low density
and low electron temperature plasma creation. As the method of chemical vacuum chamber
wall conditioning [3] requires Franekondon ions. Finding the optimal regime for creation
and maintaining continuous conditioning plasma discharge in small magneticafel
without it [4] was the main goal of the work. The most effective wall conditioning regime
with magnetic field was run with 81000e, pio= 1 L*T@r. The optimal conditioning
regime without magnetic field was found ai>$¥6 Torr. The plasma electrodensity and
temperature and their spatial distribution were measured with movable the Langmuir probs
and optical diagnostic. While the Langmuir probe measured the electron temperature
precisely, the optical diagnostic allowed one to monitor the dischBa#. regimes were
assessed and compared according to the nitrogen trap diagnostics and thermal desorption
probe method [5]. The nitrogen trap [6] showed increased amount of condensate according to
the amount of released gas during conditioning. The tHedesrption probe was heated to
300AC before and after the conditioning s
molecular layers on the surface of the Uraghdhvacuum chamber walls.
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A SCENARIO OF PULSED ECRH WALL CONDITIONING IN HYDROGEN
FOR THE WENDELSTEIN 7-X HELIAS

V.E. Moiseenkd, A.A. Beletski!, T. Wauter§ A. GoriaeV, R. Brakef, A. Dinklagé’,
S.BrezinseK, T. Stangd H. Laqud, S. Lazerssorand the W7X Teant?

INational Science CentéiKharkov Institute of Physics and TechnologiSC KIPT),
Institute of Plasma Physic&harkiv, Ukraine
2L aboratory for Plasma PhysigsLPP-ERM/KMS, TEC Partner, Brussels, Belgium;
3Max-PlanckInstitute for Plasma Physi¢ Greifswald, Germany
“Forschungszent Gamanyd ¢l i ch, J¢lich,
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E-mail: moiseen@kipt.kharkov.ua

A study of a chain of ultrghort pulsecElectron Cyclotron Resonance Heating (ECRH)
discharges was proposed and started. The aim of the discharge chain is to improve wall
conditioning in W#X, basing on the results of the numerical modeling with 1D model [1].
The proposal employs wall conditiog in hydrogen and relies upon production of atomic
hydrogen in plasma which interacts chemically with the impurities adsorbed on the chamber
surface facing to plasma.

During two weeks in the beginning of the W7 experimental campaign OP1.2b,
succesful discharges were done in accordance to the proposed scenario, with a single and
four ECRH pulse statips with use of a pr®nization plasma:

1 A single ECRH pulse of 3 ms duration creates plasma of half density compared with

preceding pulse ended 0.%sfore

1 There are indications that the plasma is not fully ionized (optical lines behavior, half

plasma density), and the atonhigdrogen generation is expected

1 Plasma decay is quite fast. It is rather recombindii@nthan diffusive. This allows

one touse high repetition rate (5 Hz)

1 The Halpha visible spectroscopy camera indicates volumgtidasma production

during pulses

1 A chain of 4 pulses accompanied with gas puff is successful. Such a chain may be a

base for artlectron Cyclotron Wall Conditioningcenario.

The feasibility of the proposed scenario implementation seems to be realistic. A full
elaboration of the optimal atomic hydrogeased scenario for the wall conditioning using an
ECRH driver in W7X is planned.
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TRITIUM BREEDING CALCULATION IN A STELLARATOR BLANKET
S.V. Chernitskiy, V. E. Moiseenkd
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0 0 K lwalnstkute ofPhysics and Techhoo g Kharkiv, Ukraine
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Institute of Plasma Physic&harkiv, Ukraine

A main functiona blanket of fusion machines [1] is turning the kinetic egewf fusion
neutrons to the thermal energy of cooling liquid or gas. It also aimed to protect surrounding of
neutron and gamma radiation. Besides, fusion needs tritium as a fuel. It is synthetic element
which should be preferably produced at the placehib case the tritium production should
be integrated into the blanket.

In current blanket projects, tritium breeding ratio (TBR), the ratio of tritium production
rate to the neutron production rateurssatisfactoriljjow, 1.17 1.2. The purpose athis study
IS to investigatea principal possibility ofincrease TBRwithin a stellaratoblanketlimited
space. The MCNPX Mont€arlo code has been used to model the neutron kinetics and to
calculate tritium production.

The report presents a modelaoétellaratoblanket calculation results for the neutron flux
and spectrum at the different plagghe blankeaind tritium production at the zofiled by
lithium. Different designs of the blanket are analyzed and compared.

1.A. Ha uCl er, U. FHscher®G@L8 Meetnonics analyses for a stellarator power
reactor based on the HELIAS concdpiasion Engineering and Desigim press.
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CHARACTERIZATION OF MACROSCOPIC EROSION OF CASTELLATED AND
FLAT TUNGSTEN SURFACES UNDER ITERTLIKE TRANSIENT PLASMA LOADS

S.S. Herashchenko, V.A. Makhlaj, N.N. Aksenov, O.V. Byrka, V.V. Chebotarev, RuNK,
S.l. Lebedev, P.B. Shevchuk, V.V. Staltsov and |.E. Garkusha

National Science CentéiKharkov Institute of Physics and Technologi{SC KIPT),
Institute of Plasma Physic&harkiv, Ukraine

E-mail: gerashchenko@kipt.kharkov.ua

Understanding of plasmsurface interaction (PSI) effects during the transient events in
future fusion reactors requires dedicated R&D activity in plasma simulators used in close
comection with material characterization facilities as well as with numerical modeling. This
report is focused on the analysis of surface tension contribution to the erosion features of
tungsten resolidified surfaces and resulting material response tonlanges of repetitive
plasma impacts.

Experimental investigations of erosion processeglane andastellated tungsten surfaces
in conditions relevant to ITER ELMs have been performed within powerful -gtetsonary
plasma accelerator QSPA 0. The man parameters of hydrogen plasma streams were as
follows: ion impact energy was about @& keV, the maximum plasma pressure amounted
to 0.32MPa, and the stream diameter was equal to aboal8he plasma pulse duration
was equal to 0.261s. The surfae energy load measured with a calorimeter was varied
between the melting (0MJ/m?) and evaporation (1¥J/n?) thresholds

Observations of plasma interactions with exposed W surfaces, analysis of dust particle
dynamics and the droplets monitoring haverbperformed with a highpeed digital camera.
Development of surface pattern and material modification in results of plasma exposures have
been studied with optical and SEM microscopy, profilometry and XRD.

Repetitive plasma loads above the melting tho&s$ led to formation of melted and
resolidified surface layers. Networks both macro and intergranular cracks appeared on
exposed surfaces. Cracks propagate to the bulk mainly transversely to the irradiated surface.
The splashing of dust/liquid particleashbeen analyzed in the course of repetitive plasma
pulses. It was revealed that mountains of displaced material at the edges of castellated units
are primary source of the splashed droplets. The solid dust ejection dominates by cracking
processes after ¢éhend of pulse and surface resolidification.

Due to the continuously growing crack width (from fraction till té€ns) with increasing
number of pulses the initially uniform melt pool on the castellated units became disintegrated
into a set of melt structas separated by cracks. As result, a number of ejected particles
essentially decreased after first hundred plasma pulses. Further increase of repetitive plasma
impacts (above 200) led to considerable qualitative changes of surface morphology. Each cell
of the crack network is strongly subjected to the surface tension that minimizes melt pool
area. After large number of exposures the progressive corrugation of the surface occurred due
to the capillary effects on exposed W surfaces.

Results of simulation geriments for castellated targets and developed surface structures
are compared with repetitive plasma exposures of flat tungsten surfaces. Important
contribution of surface tension to the erosion processes under the ELM relevant repetitive
loads and it ifluence on suppression of droplets splashing is discussed.
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CLEANING OF METALLIC MIRRORS FROM CARBON-CONTAINING FILMS BY
HYDROGEN PLASMA: NEW POSSIBILITIES FOR IN SITU MONITORING
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National Science CentéKharkov Institute of Physics and TechnologNSC KIPT),
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During experimental campaigns with plasma in Uragkh (2015 and 2016/ears
several stainless steel (SS) mirror samples and two glass samplesxpess in different
poloidal cross sections of thecuum chamberAfter experimentghe reflectanceR) of SS
samples in the wavelength 2B60 nm at normal incidence and transmissidn df glass
samples in the range 4@%0 nm were measured. The results indicated on appearance of
some deposit, what resulted degradation of reflectarc(SS samples) and transmission
(glasses). The decreaseRP¥ ar i ed bet ween ~2.5% and ~32% (¢
the location of mirrors in the vacuum vessel of2M. The deepest drop (32.4 %) was
observed for the sample closest to the RF antenna used for plasma production. After taking
off from the U2M chanber, all samples were subjected to impact with low energy ions of
hydrogen or deuterium plasma produced in conditions of electron cyclotron resonance (ECR)
in the DCM2 stand, what provided practically fUR restoration for SS samples. The only
exclusionwas the sample placed nearby the RF antenna: in comparison to other samples
much longer exposure to ions of D plasma with much higher energy was needed for full
cleaning. This fact is an evident indication that the layer apdear the surface of this
sanple contains some portion of metallic component.

The transmission of the glass sample was not restored even for 5 exposures (2.5 hours) in Ar
and in D plasmas, whereas the SS sample in its immediate vicinity was easitgd in one
exposure in Pplasma. The reason of this could be modification of the uppermost glass layer.

To clear up the physical processes realizing when ions of D plasma impact on C
containing deposit, special experiments were provided at the-DStsind. When exposing in
DSM-2 the holder of samples was isolated from vacuum camera, what made possible to
supply either positive or negative potential. Theddtaining films on SS mirrdike samples
(size 22x22 mm) were deposited in a special installatiby usinga non-self-sustained
discharge that was exited inpropaneit ane mi xt ur e unTer a pressu

The samplescoated withC:H film were exposed to plasma ions through sapphire
diaphragm with diameter 8 mm, thus there was possibility to have 4 expesulifferent
acceleratingyoltage for the same C filnControl of the removal efficiency of the C:H coating
was carried out by optical and resistive methods.

It was found that cleaning of sample from C film can be almost equally effective either
with negative samplevoltage, when B ions are accelerated, or with positive voltage that
decelerategositive ions This anot obvious resultan be explained:ifi) the ion component
of the ECR plasma in DSM consists not only of positive;Dions but of negtive D ions
alsg and (ii) the electrons with energy a few tens of eV can effectively break-Gédhds
of a C film, giving chance to form volatile hydoarbon molecules, which are pumped. dut
addition, small fraction of water vapor in vacuum vésgeranties appearance of Ons,
which can actively interact with -6lm forming the volatile carbon oxide molecules. Thus,
for successful cleaning of-8 film the direct contact of Hor D plasma with the surface is
needed.

Both these possibiligis, (i) and (ii), of Cfilm erosion in B ECR plasma can be proved by
results ofother authors imecent experiments with thin C films, whatll be discussed in
detail in the report.
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FEATURES OF SURFACE MODIFICATION OF COPPER-BASED ALLOYS
UNDER POWERFUL PLASMA EXPOSURES

O. Byrkd, N. Aksenov, A. Chunadrj S. HerashchenkpV. Makhlat?3
S.Malykhin®, K. Sereda, S. Surovitskiy, |. Garkush&?
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Institute of Plama Physics, Kharkiv, Ukraine;
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Copperbased alloys are widely used in heat transfer elenfentslectronics,
nuclear fusion technologyand many other areas du their excellent thermal
conductivity, strength and fatigue resistargach alloys e.g.Cu-Cr-Zr, could be used
as basis to consict heat sinks for first wall and divertor components of ITER.
However, various changes of mechanical propedamsdd be driven ircopper alloys
underthe plasma exposur@sgth extremeenergy and particle loads.

The report presents experimental resalissurface modifications and materials
alloying underthe plasma exposuredn particular, nodification of thin multilayered
coatings mixed |\ailiquid phase unsen the plasraat peocessimg is
analyzed.

Ti-Cr, Ti-Cr-Ti-Nb, Ti-Cr-Ti-Zr, Ti-Cr-Ti-ZrO multilayer PVD coatings have
beendeposited within a Bulatype facility. Experimentson surface modification were
carried out with aquaststationary plasma accelerator QSPA -Bh The main
parameters of QSPA plasma streams were as follows: iorcirapargy was about 6.4
0.6 keV, the maximum plasma pressure amounted to 0.32 MPa, and the stream diameter
was equal to about 18 cm. The surface energy loads measured with a calorimeter
achieved 0.6 MJ/fand the pulse duration was 0.25 r8sirface diagndis included
an optical and scanning electron microscopypfilometry as well as microhardness,
roughness and weight loss measurements.

Features oplasma alloying of Cdbased materialwith Ti-Cr, Ti-Cr-Ti-Nb, Ti-
Cr-Ti-Zr, Ti-Cr-Ti-ZrO have been studiad different regimes of exposurdsis shown
thatmodifiedsurfacel ayer wi th homogeneous sthascture an
beenformedin result ofpulsedplasma treatmentnfluence of plasma impasbn crack
developmentor differentcopper alloydas beeranalyzed Obtained resultshowed the
favorable influence of alloying additions (GiZr, Cr-Nb) on behaviorof Cu-based
materials undethe high heat loads.
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IMPLANTATION OF DEUT ERIUM AND HELIUM ION S INTO TANTALUM -
COATED COMPOSITE STRUCTURES

V.V. Bobkoy, L.P.Tishchenko, Yu.IKovtunenko, O.BTsapenko, A.OSkrypnik,
Yu.E.Logachevand L.A.Gamayunova

V.N.Karazin Kharkiv National University, Kharkiv, Ukraine
E-mail: bobkov@karazin.ua

Multil ayered functional structures with vacwa®posited coatings of tungsten antalum
are considered as promising materials for use in plcsmgct devices ICTF installations
The possibility of their use to a large extent dependgheir radiation resistance to the
acawmulation of own and impurity defects, such as particldsetiim and isotopes hydrogen,
which are formed as a result of te&posureof plasma beams. This problem rslevant,
therdore recently[1-4] authors intensively studiataimedto increase the radiationabitlity
of the CTF devices by obtaining new neatals with improved parameters using ion
implanttion techniques. Irthe work the processes of accumulation and thenmekdaseof
implanted deterium and helium from tantalum coatings of maitercomposite structures by
thermalesorgion spectrometryvere investigated.

Tantalumcoatingso f 1 e m and Hepésiteebyrthetmagnetrennsputesing
the Ta target in the Ar atmosphere on the substrattaiflesssteel were irradiated with
10keV D* (20keV D2") or 20keV He'" up to doses in interval (0111 . 2 ) 8 dm? dt the
target emperatures in the range (29670) K.

The spectra of thermal desorption of deuterium and helium from tantalum coatings of the
composite structureSSt+ T a \Wesennyestigated. The temperature intervals of the
releaseof helium and deuteriummia vacuum, the predominant peaks of the thdsswrption
of the implanted gases from the irradiated samples aftepdkeirradiation heating were
revealedithe coefficients ofetentionof helium and deuterium in the tantalum coating were
determined. Tle influence of the Dand Hé ions irradiation dose and the target temperature
on thecgotion andreleaseof implanted gasefor the Ta coatingverestudied. A comparison
with the results [1, 2] between the accumulation and thermal desorption of deussgum
helium in tungsten coatingsas made. lwasestablished that in tantalum coatisg well asn
tungstenong concentrationof accumulated deuteriunwas lower than concentrationof
helium, its capture coefficient was approximately one order lower. Het accumulates
almostin the samavay for both coatings

An assumption about the mechanisms of accumulation of deuterium and helium in Ta
coatings irradiated with ions of these gaseams made. The influence on the structural
properties and radiation ressstce of multilayer tantalum coating of functional structuves
detemined.

1. V.V. Bobkoy, A.V.Onishchenko, O.VSobol, R.l.Starovoitov, Yu.lKovtunenko,
Yu.E.Logachev, L.PTishchenko, J.Surface Investigation. Xay, Synchrotron and
Neutron Techniqued (2010) 852.

2. V.V. Bobkov, L.P.Tishchenko, A.VOnishchenko, E.NZubarev, R.IStarovoitov,
Yu.l. Kovtunenko, Yu.ELogachev, L.AGamayunova, JSurface Investigation. -xay,
Synchrotron and Neutron Techniques. 5 (2011) 806

3. V.V. Bobkov, R.l.Starovoibv, L.P.Tishchenko, Yu.IKovtunenko, L.A.Gamayunova,

J. Surface Investigation.-My, Synchrotron and Neutron Techniques 8 (2014) 853.

4. N.A. Azarenkov, V.V.Bobkov, L.P.Tishchenko, R.IStarovoitov, Yu.lKovtunenko,
Yu.E.Logachev, and L.AGamayunovaProblems b Atomic Science and Technology
Series: Plasma Physics (28)2019 73.
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ON RELATIVISTIC EFFECTS IN ELECTRON TRANSPORT IN THE BANANA
REGIME

I. Marushchenko, N.A. Azarenkov
V.N. Karazin Kharkiv National University, Khaxk Ukraine

In thermonuclear fusion reactors the characteristic temperatures of burning plasmas should
reach 2630 keV or higher. At such temperatures the bulk electrons in plasmas are in fact
relativistic, so kinetics and transport physics for electrons should leeadigrdescribed in the
relativistic approach. In particular, calculations of neoclassical particle and heat fluxes for a
fusionrelevant temperatures have to be carefully reconsidered starting from the relativistic
drift-kinetic equation. At the same timthere is no need to build a completely new fully
relativistic neoclassical theory. For a fusion reactor physics it seems sufficient to account only
the first order relativistic effects, which arise from the relativistic -#iifetic equation and
relativistic thermal equilibrium for electrons.

At the moment, practically all known numerical transport codes that are used for
calculations of neoclassical transport in tokamaks and stellarators arelatnstic, and
thus it is instructive to obtain ¢hfinal relativistic formulation in the form which can be
incorporated directly into the existing transport codes. This approach was recently used to
study the role of relativistic effects in stellarators [2]. Similarly, the aim of the present work is
to update the standard procedure of calculating electron transport in the banana regime for an
axisymmetric tokamak [1] by taking into account the relativistic effects for electfams.
approach is based on the relativistic ekiftetic equation and assumption that the local
thermal equilibrium of electrons is described by the relativistic Maxivegllt t ner di st r i
function. The results are expected to be suitable for implemamiatio the existing transport
codes.

1.P. Helander, D.J. Sigmar. Collisional Transport in Magnetized Plagambridge
Monographs on Plasma Physi2802.

2. 1. Marushchenko, N.A. Azarenkov, N.B. MarushchenRtasma Phys. Control. Fusion 55
085005 (202).
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TRITIUM BREEDING RATIO IN TOROIDAL FUSION BLANKET

S.V. Chernitskiy, V. E. Moiseenké

WNucl ear Fuel Cycled Sci e ofthe NSCKIPT, Rrmtichnol ogy
Ukraine

2National Science CentéiKharkov Institute of Physics and Techogyo (NSC KIPT),
Institute of Plasma Physic&harkiv, Ukraine

Tritium breeding is a critical point of a fusion reactor to be-sedftained. In current
breeding scenarios the tritium breeding ratio (TBR) is only slightly higher than unity. Small
TBR creates technical problenasid makes fusion dependent on other nuclear technologies.
Even small its increase would be highly favouraldptimization conditions for nuclear
reaction (n,2n) andsage of the transuranic elements is studied to increasen Béhditions
of limited space offered to a fusion blanket in stellarators. The symyrformed numerically
by modelling neutron kinetics and using Mofarlo codes, such as MCNPX.
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EFFECTS OF WATER BATHING ON OPTICAL PROPERTIES OF METALLIC
MIRROR SAMPLES
V.G. Konovaloy, S.I. SolodovchenkpV.S. Voitsenya I.V. Ryzhkoy, A.F. Shtarg
M.N. Makhov

National Science CentéiKharkov Institute of Physics and Technologi{SC KIPT),
Institute of Plasma Physic&harkiv, Ukraine

E-mail: konovalov@ipp.kharkov.ua

Recently a quite detail experiments were provided with anfionunderstand thenpact

of accidental iv e s s e | cool ant | eaks [dnTheauthars ofpthaug o p
report invesgated the behavior of many mirror samples of different materials from several
suppliersunder i mpact of water st €aasimdaticch ofne gh t e

impact of accidental hvessel coolant leaks @omponents obpticaldiagnosticsn ITER.

In contrast, we are going to present the results on how the exposure of rmetal m
samples in water of much lower temperature (I00and RT) or in water vapor (~10C)
influences the optical properties of mirrors. Such data can be useful to predict the behavior of
in-vessel mirrors of optical and laser plasma diagnostics in lifiERe case ofvater inrush
event.

The experiments were provided with samples prepared from: single dist@00) and
Mo  (110), polycrystai W and ITER grade W, amorphous alloy
Zr41.2Ti13.8Cul2.5Nil0Be22.@ndstainless steelAll samples were pahed to amirror-
like quality and before the water test each of them was cleaned by a short exposure to ions of
Ar or D plasma produced in conditions of electron cyclotron resonance (ECR) in a simple
mirror-like magnetic device. The reflectanRan the wavelength 228650 nm was measured
just after cleaning, after water impact, and at the stage of reflectance restoraimtéssive
exposing in ECR plasma. The change of the surface stage of all samples was controlled with
optical microscope.

It wasfound out that exposure in water (or in water vapors) resulted in significant drop of
reflectance, the most noticeabilyfor Mo mirror samples, in spite they have a single crystal
structure. The degradation of R increased with increasing time of samibliegband
especially in the case of the water temperature TOrhe samples made of stainless steel
and amorphous alloy proved to be the most resistant to water impact. The reflectance of all
samples can be restored by exposing them in Arg&ma poduced in conditions of ECR
discharge.

1.R. M. Al mazs8§n, L . J . SGG7 D4 Seam a&hd humiditp teskrepert.  a |
FAE-FPA-4071 SGO7 (2017) 97 pp.
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EFFECTS OF IMPACT OF D2 AND Ar PLASMA IONS ON MIRROR SAMPLES
FABRICATED FROM AMORPHOUS ALL OYS
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The samples of two kinds of bulk metallic glasses (BMG) with different compositions,
Zr48Cu36AI8Ag8 (grade 4pnd Zr57Cul5.4AI10NIiLBNb5 (grade 5)were polished to
mirror-like quality and, after measuring the initial reflectance at normal incidence, were
subjected to impact of ions of deuterium or argon plasma with fixed energy (up to 669 eV)
supplying negative voltage to a sampldder The main attention was paid to phenomenon
on deuterium absorption that reveals as the weight gain after every exposure of samples in
deuterium plasma. Other effects to study that become apparent when BMG samples were
exposed in D plasmaere change of reflectance, change of relief, change of sample shape.

At accelerating voltage below 120 eV, the amount of absorbed deuterium was found to rise
linearly with increasing D ion fluence. The efficiency of absorption, i.e., the ratio of trapped
deuterium atoms to the total fluence of D particles (supposing all ions 8rev8s in the range
~30% for both grades of BMG. For accelerating voltage exceeding 120 eV two opposite
processes became to manifest themselves, i.e., deuterium uptake anchgmitaimples by
ions of deuterium plasma, and with the ion energy >450 eV the sputtering process becomes to
be predominant: the weight decreased after exposure in those conditions. The main reason of
sputtering are ions of impurities in D plasma dischamggnly, oxygen (several percent).

The absorption of deuterium causes a local increase in the volume of Hseiraee layer,
what is manifested in the bending of the sample in such a way that the side exposed to ions of
deuterium plasma becomeswex. The curvature of the irradiated surface of the sample varies
in proportion to the ion fluence and the amount of captured deuterium, what indicates on the
localization of deuterium in a neaurface layer with the thicknessaky varying with time.

The curvature is the consequence of the increase of the interatomic distance as follows from
data of Xxray analysis, namely, from the position of the maximum on angufayXiagrams.

The exposure to D plasma ions of the opposite side of the benaptesasulted in its
gradual straightening and bending in opposite direction, thus the initially convex side was
becoming to be the concave one and vice versa. ImportanD thatumulationbending and
straightening of the grade 5 samples do not inflads@havior of their optical properties.

In the case of grade 4 samples, exposure in deuterium plasma lead to appearance of surface
relief indicating that the amorphization of the cast is not compéies fact, however, did not
influence on the eftiency of D absorption and on bending or straightening of samples.

The rate of sputtering by Ar+ ions of grade 5 sample was measured factor two below the
value published for the Zr, the metal comporadrdlloy mostly resistant to sputtering, [4].

1.Y. YamamuraH. Tawara. Atomic DatandNuclearData Tables62 (1996) pp. 148253.

2. Eckstein W et al.Technical Report IPP 9/82, M&Xanckl nst i t ut f ¢r Pl asmaphysi k, G
1993.
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EIGENVALUES AND EIGENFIELDS OF A CORRUGATED GYRO TRON CAVITY
WITH CONDUCTING WALLS

T.I. Tkachova, V.. Shcherbinif, V.I. Tkachenkd?
INational Science Center "Kharkov Institute of Physics and Technoldgstkov, Ukraing
2V/.N. Karazin Kharkiv National Universitikharkiv, Ukraine

Nowadays millmeter and submillimeter gyrotrons are subject of much interest due to
widespread applications in spectroscopy, medical technologies, material processing, space
research, security systems, etc. However, the best known and the main gyrotron application is
electrorrcyclotron heating of magnetically confined plasma in controlled thermonuclear
fusion devices. In particular, more thawenty 170GHz MW-class continuous wave
gyrotrons are now under development worldwide for use in the heating system of the
Interndional Thermonuclear Experimental Reactor (ITER). Of special interest are gyrotrons
operated at higher harmonics of cyclotron frequency because of the lower requirement on
external magnetic field. The disadvantage of such gyrotrons is the competitiore of th
operating gyrotron mode with the first (fundamental) cyclotron harmonic modes. This mode
competition shortens the operating region of harmonic gyrotrons, reduces their efficiency and
output power.

We consider the modified cylindrical gyrotron cgwitith longitudinal wall corrugations. Such
cavity has been proposed in [2] for use in harmonic gyrotrons. It affects distinctly the eigenvalues of
cavity modes and thus can be used to suppress selectively the fundamental competing modes. The
investigatios in [2] have been performed on the basis of the approximate surface impedance model
(SIM). In SIM, the corrugated walls are approximated by a smooth surface with averaged (effective)
anisotropic impedance, which depends on the corrugation parameterseH@agewas shown in
[3], [4], SIM validity may fail for some of these parameters. The reason is noticeable coupling
between Bloch harmonics of corrugated cavity. Additional effect can be related to the finite cavity
conductivity, which was neglected if}.[# leads to nonzero Ohmic losses in cavity walls [5].

In this study, the results of [4] have been extended to take into account the finite conductivity
of cavity material. The eigenvalues, eigenfields and Ohmic losses of cavity modes have been
calculated on the basis of fullave approach. Their good convergence with respect to the number
of Bloch harmonics has been demonstrated. It has been shown that the approximate surface
impedance model is inadequate, when the number of corrugations ishkelathall. This is
because SIM ignores higher Bloch harmonics. It has been shown that effect of these harmonics on
the total cavity fields diminishes with increasing number of corrugations. This process, however,
is rather slow.

1.T.Ideharaand S.P.Salh e v s ki , A Gypower teraharz sciereca anchtectynblogy

at FIR UF,0 J Infrared Mil I-86 Jangary20iz Waves, Vv
2Vl . Shcherbinin and V. 1. Tkachenko, ALyl indr
forseconechar moni ¢ gyrotrons, 0 J I nfrar ed852iuly! i Tel
2017.

3.Z.C. loannidis, K.A.Avramides, G.P. Latsas, an@l. Tigeli s, AAzi mut hal
in coaxial waveguides and cavities with longitudinallyrcorg at ed i nsert, 0 | EE

on plasma science, vol. 39, no. 5, pp. ¥2231, May 2011.

4.T.l. Tkachova, V.I. Shcherbinin, V.. Tkachenko, AVal i dity of st
el ectromagnetic analysis of .aCont Math. Metteodse d g
El ectromagn. Theory (MMET062018), Kyi v, Ukr a
5.V.l. Shcherbinin, A.V. Hlushchenko, A.V. MaksimenkolV. Tkachenko, f f
ohmic losses on efficiency oflepower terahert z gwnsortekcoam, 0 | E
devicesyol. 64, 9, pp.38983903 July2017.
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FULLY RELATIVISTIC APPROACH TO THE THEORY OF SLOW AND PLASMA
ECRF WAVES
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The theoretical study of the slow and plasma ECRF waves in magnetic traps requires
accurate taking into account relativistic effects, connected with an increase in the mass of
sufficiently fast electrons.

The ground for such a study is the exact evaluation of the fully relativistic plasma

dielectric tensor for the conditions =(k.r.)* ~1 and / =(k.r_)* >1, where k, is the
perpendicular wave numbend 7, is the electron Larmor radius.

Such a problem for the ca®¢, =k,c/w<1, whereN, is longitudinal refractive index, was

analytically resolved in the work [1].
The main purpose of the present papehés further progress to resolve numerically this

problem and analytically and numerically for the opposite dgse 1.
1. Pavlov S.SExact relativistic maxwellian magnetized plasma dielectric tensor evaluation

for arbitrary wave numberfroblems of Atomic Science and Technolog916t 6(1006,
SeriesPlasma Physics (220. 92.
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FLUCTUATIONS AND ION -ACOUSTIC WAVES IN COLLISIONAL DUSTY
PLASMA: EFFECTS OF GRAIN CHARGING DYNAMICS
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The grains in a dusty plasma acquire electric charges due to absorption of electrons and
ions i.e. grains are charged by thespha currents. In the stationary state, the total current on
the grain surface is equal to zero. The fluctuations of the charging currents lead to the
fluctuations of the stationary grain charge. Moreover, the grain charges depend on
electromagnetic fieldral give additional dielectric polarization of the medium

In the present contribution the kinetic theory of electric field fluctuations in a dusty
collisional plasma is formulated with due regard to the grain charging dynamics. The
expressions for dieleétr permittivity e(k, iy [1] and correlation functions 7 8 of

electron @ =e)

. 2
. c.(k, pa, in )
a 1=—2 15

Zk@ ek, t)vgé w+i 0

and ion @ =i) density are obtained with account to paeticollisions within the Bhatnagar
GrossKrook (BGK) model. Herec (k, 1y is the electron susceptibilitys, is the frequency
of collisions between plasma particles and £ ¢; ki, = 0.05
grains, n, = f +y is the clarging

[o]
o

o
1

frequency £Z, is the derivative on the grair

charge of the charging currentvhich is
described by the Khrapa¥orfill
interpolation formulaZ)).

The fluctuation spectra in strongl
nonisothermal £ =100) plasma computed
from Eq.(1) are presented in Fi§. The
positions and intensities of maxima depepd 04 05 06 07 08 09 10
on the wave number and coincide with the ww,

eigenfrequenciesy, of ion-acoustic waves Fig. 1 Normalized electron density correlat]
in dusty plasma that are the solutions |ofadn; @, /N in nonisothermal =100)
dispersion equationek, pti g 9 [1]. | argon plasma far, =0.02 iy, ak, =0.15,
The presence of grains leads to the shift of i/ =0.05,0.1,0..and P=0,0.2,0.E.
fluctuation maxima toward higher frequency
and to decrease of fluctuation intensity. The increase of the eigenfrequency is caused by the
decrease of electron toriadensity ration,/n =1 -P, where P=g,n,/ en is the Havnes

parameter. The decrease of the fluctuation intensity and the increaseaubigstic waves
damping are caused by the collisions of electrons and ions with graimeatrals as well as
by the grain charging dynamics.

1. A.l. Momot, AG. Zagorodny, O.V. Momot Phys. Plasmag018 v.25in press.

2. S.A. Khrapak, G. E. Morfill /Phys. Plasma2008, v.15, 114503.
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VELOHITY DISPERSION OF DUST PARTICLES CONFINED IN A SHEATH

V.l. Zasenko
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A behavior of dust particles immersed in pladmaa been of considerable interest over the
last three decade®ne of the unusual effectsbservedn such a system ian anomalously
high kinetic temperature of dust particle$ich significantly exceeds the temperature of the
plasmaenvironment.This effectwas studiedexperimentally [1]andtheoretically [2] and is
the subject of our consideration

In experimentgiust particlesareplacedin a plasma layer whern electric field balances
the force of gravity.This may be electric field of DC sheath, or ponderomotive force
generated in RF sheatBeing n a sheath dust particles are not in a state of thermal
equilibrium. Thus the more precise characteristic of particle motion is kinetic energy
associated with incoherent motion or velocity dispersion that can be obtained from
experimental velocity measurements [3].

A charge ofa dust particledoes not remain cstant in time but fluctuates due to
interaction with plasma environment. We consider the elementary mechanism of particle
motion randomization in constant and alternating nonuniform electric fields due to
fluctuations of their charge. The temporal vadatiof dusty particle velocity dispersion is
found numerically. A dependence of the velocity dispersion on parameters of dust particles is
discussed.

The work is supported by tt&FFRproject Noa 7 /84.

1.R. A. Quinn J. Goree Phys Plasmas7, 3904 (2000)
2.G. E. NormapA. V. Timofeev. Phys. Rev. B4, 056401 (2011).
3. M. Kantor, D. Moseev, M. SalewskPhys Plasmas21 023701 (2014)
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CYCLOTRON WAVE -PARTICLE INTERACTIONS IN CURRENT-CARRYING
PLASMAS

N.l. Grishanov? N.A. Azarenkov

V.N. Karazin Kharkiv National Universititharkiv, Ukraing
2Ukrainian State University of Railway Transport, Department of Phykitatkiv, Ukraine

Effective schemes of plasma heating in tokéis can be realized by the collisionless wave
dissipation in the range of iaryclotron and/or electreayclotron frequencies (fundamental
cyclotron resonances?=1 for ions- ICR, ?=-1 for electrons- ECR) and their &rmonics
(I?P 2). As is well known, the electromagnetic waves are always absorbed in equilibrium
plasma models, e.g. withe maxwellian distribution functions of charged particles. However, the
presence of energetic particles with +emuiibrium distributions can leads to plasmave
instability observed as iecyclotron and electrenyclotron emissions under the ICR and ECR
plasma heating, respectively. Of course, other sources of instabilities may be résamant
produced by neutral beanmjection or by fusionburn alpha particles.To estimate the
damping/growth rates of electromagnetic waves in any plasma model we should know the
conditions of resonant wagarticle interactions there. The corresponding resonant conditions
can be derivedutomatically by solving the linearized Vlasov equation for perturbed distribution
functions of plasma patrticles, accounting for the geometry of a confinement magnetic field. In this
paper we discuss the cyclotron wagagticle interactions in the cylindal currentcarrying
plasma (i.e. with a helical magnetic field) and in the-tlvoensional (2D) axisymmetric toroidal
plasma models for tokamaks with circular, elliptic andHaped crossections of the magnetic
surfaceslt is shown that the Doppler iffhat the cyclotron resonance conditions in the cufrent
carrying plasmas is entirely different from ones for plasmas in uniform magnetic field:

Ky =w- AN, where ?=°1°2, ... is the cyclotron harmonic numbeYy, is the Larmor

frequency of ions(a =i) and electrons(a =e€); k,=kh =k, is the parallel waveumber
relatively to confinement magnetic fieldl, =H,e,, h=H,/H,. Another rough (but more

adequate) 1D model of taknaks is a magnetized curreairying plasma cylinder with identical
ends in the helical magnetic field, where the longitudinal ohmic current generates the poloidal
magnetic fieldH,, =H,e, in addition to the longitudinaH ;, = In this case the length

of plasma cylinder is equal tBpR,, whereRo corresponds to the main tokamak radius. As a
result, the stationary fieldH,=H, +H,, becomes helical with substantial rotational

transformation, allowig to take into account the-salled shear effects and the radial profiles of
ohmic current by the radial dependence of plasma safety fgcjorThe cyclotron resonance
m+nq

Ozz

conditions in this case can be expressekas ?c)y, = w- AV, , wherek, =kh =

o

and n are the poloidal and toroidal wawembers, respectively¢ = ?g ZLd_qg (R,g). The

waveparticle resonance conditions in the 2D tokamak models are more complicated since there
are involved (in addition toc -corrections) the bouneeesonanceqp=0, °1, °2, ... ) for

2'0_I_U(p+nq+?cu)= w- M, g, and trapped 2p u

u t

untrapped p=w- A,Qg, particles.

Here W,,g, and W,,0, are the bouncaveraged cyclotron frequeas of untrappeduj and

trapped {) particles:g(r,q) =H,(r,q)/H,(0,0), v = 1/uﬁ +u? , TuandT; are corresponding to
transittime and bounceeriod ofu- andt-particles, respectively.
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ENERGY DISSIPATION IN HELICON PLASMA AT THE NEAR FIELD OF AN
ANTENNA

V. Olshansky

National Science CentéiKharkov Institute of Physics and TechnologiNSC KIPT),
Institute of Plasma Physic&harkiv, Ukraine

As well known the helicon waves propagate in magnetized plasmas for frequencies
between the o and electron cyclotron frequencies and have been found to be very effective
in creating high plasma densities both in linear and toroidal systems.

This report presents the results of computer simulation of energy dissipation in helicon
plasma at nedfield of an antenna. Results are reported for a deldlieturn antenna, and
comparison is made to a dousladdlecoil antenna which demonstrates the distinct inductive
and helicoawave modes.

The computer simulation revealed a significant wpaicle interaction in the nedreld
of the antenna that is less tHaalf wavelengths from the antenna. Namely, in addition to the
ohmic heating from the currents induced by the helicon wave, electrons can become trapped
in the traveling helicon wave vihe resonance condition given - kv, €, wherek, and

v, are the wave vector and electron velocity, respectively, parallel to the axial magnetic field.
Considerableat t ent i on has been paid to the O6d6heli
assumed to be operating with helicon wave heating. A large increase in plasma dghsity (
coupled with decreases in plasma potentfa)(and the electron temperaturg, ), have been

computed across the jump, and a fundamental change in thadel are shown.

Based on the RF wayelds that exist in the plasma, three distinct eedf operation are
considered which usually one labels as capacitiveantde”, inductive "Hmode" and
heliconwave mode "Wmode". Presence of two abrupt changes in plasemsity profiles,
"jJumps”, is confirmed by computer simulation. The first jump oscat the EH mode
transition, and the second at thEWA mode transition.
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PRTICLE SUBENSEMBLES IN RANDOM FIELD WITH FINITE CORRELATION
TIME
O.M. Cherniak, V.l.Zasenko

Bogolyubov Institute for Theoretical Physics, Kyiv, Ukraine

We study particlgransport in random electric field across uniform magnetic field. Our
analytical approach isased on the microscopic description of particle motamd accounts
for particle trapping effectfl, 2], finite Larmor radius effects [3l] and arbitrary coglation
times. Recently we generalized our approach for a frozen random field to account for particle
subensembles by initial random potential [5]. It recovers the results of direct numerical
simulation more accurately.

Here weapply theapproachwith subensemblet® variousfinite Larmor radius and finite
correlation times of random field. The dependence of mean square displacement and kurtosis
in subensembles of particles on correlation time is calculated. We compare particle dynamics
in different siensembles for various correlation times. The results of analytical
approximation are checked by direct numerical simulation. The role of particle subensembles
is discussed.

1.V.l. Zasenko, A.GZagorodny, O.MChernyak.Ukr. J. Phys56, 1007 (2011).

2.0.M. Chernak. Ukr. J. Phys60, 1196 (2015)

3V.I . Zasenko, O. /. .CAROBLEMSOF ATOMICGCIENCE NDr o d ny
TECHNOLOGY6(106) 96 @016.

4.0.M. Cherniak, V.l.Zasenko.Ukr. J. Phys62, 495 (2017)

5V. 1. Zasenko, GXadorodnyCHROBLENSaOEF ATOMIC SCIENCE AND
TECHNOLOGY6(106) 77 016.
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RADIATION FROM PLASMA DUE TO PARAMETRIC EXCITATION OF
CONVECTIVE CELLS

V.G. Panchenko
Institute for Nuclear Research NAS of Ukraine, Kyiv, Ukraine

The process of plasmadiation is studied when the transformation of an longitudinal
Langmuir wave into the transverse electromagnetic wave occurs. The transformation takes
place on turbulent plasma fluctuations in the presence of upper hybrid pump wave parametric
instability. We consider the parametric decay of such wave into the daughter upper hybrid
wave and modified convective cells. It is shown that the main contribution to the correlator of
electron density which defines the value of transformation coefficient is giyelovi>
frequency plasma oscillations (convective cells).

Notice must be taken that convective modes arise in magnetized plasma with a small ratio
of the plasma pressure to the magnetic pressure, and can occur in the ionospheric plasma.

The transfomation coefficient is calculated. We demonstrate the dominant role of the
pump wave term which is essentially depend on the pump wave amplitude and frequency.

For typical ionospheric plasma parameters in the F layer at about 250 km, we show that the
pumpwave term can exceed by several orders of magnitude the analogous one for the case of
stable plasma (the parametric instability is absent) when the level of plasma density
fluctuations is determined by the thermal noise.

The intensity of transverse wes radiation from turbulent plasma is calculated and its
dependence on convective cells frequency and damping rate is obtained
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PROPERTIES OF CHARGED PARTICLE MOTION EQUATION SIN CROSSED
FIELDS AND L AR MO RTHHEOREM

Yu.N. Yeliseyev

National Scienc€enterfiKharkov Institute of Physics and TechnologNSC KIPT),
Institute of Plasma Physic&harkiv, Ukraine

The Larmor theoremis known in electrodynamicsaccor di ng intthe whi cF

nonrelaivistic case, the behavior of a systenchérges all havinthe samee/ m, performing
a finite motion in a centrally symmetridectricfield E and in a weak uniform magnetic field

H , is equivalent to the behavior of the same system ofjekan the same electric field in a
coordnate system rotating uniformly with the angular velogity, :(e/ZmQ H"[1].

In present reportharged particle motion equations in crossed fields in the laboratory and
in rotating coordinate systerasecompare. A homogeneous magnetic field is assumed to be
arbitrary, not necessarily weak, iags assumed in Larmor's theorem. The radial electric field
has a spherical or cylindrical symmetry, an arbitrary dependence on the radius.

1. The comparisonh®ws that irthe coordinate system rotating at a given frequengy,
the equation of motion in fieldg, H in a plane transverse to the magnetic field looks like the

equation of motion in the laboratoinamein crossed field€j, H , that are equal:

w2 Wt eB/(m)t g+ ow,w eB{ m) (1)

(wp =eH /(imc)). This conclusion isvalid in the most general case: for arbitrary rotation
frequencyw,,, fields E, H, for a finite and infinite particle motion along the radilibe
quantities E, Ej and H, Hj can be of different signs

2. The invariant of the motion equationnder rotation transformation is found:
= - A (Wt v 4eE(r)/(mr), w, =eH/(mq), sow} -4eE/(mr) ={w 4eE/{ m}.

3. The problemstatement such as that considered by Larmigrconsidered. There are
found the frequency of rotatiorw,, and the conditionunder which the particle motion
equation in crossed fieldg;, H, in the laboratoryframecoincides with thenotion equation
in fields E,, H, in a rotatingframe A coincidence is possible only if the invariantin the
fields E,H, coincides with the invariant |, in the fields E,,H,. This result can be

considered as a generalization of Larmor's theorem. Using it, one can determine the solution
of motion egationof one particle in fields€,, H, by the known solution in fieldsg, H,, and

also determine the characteristics of ensemble of partldekis wayin presenteportfrom
known expressions in a negative fidldere aredetermined the equilibrium distribution

function of backgound gas ionsf, and corresponding density distributicrm(r), the
"hydrodynamic” rotational frequency (r), the ionnonlocal contribution to the dispersion

equation ofoscillationsof nonneutral plasmaplacedin a positive electric fieldd ¢ The

obtained expressions coincide with the expressions found by direct calculations in [2].

1. L.D.LandayE. M. Lifshitz. Course of Theoretical Physidgol. 2. The Clasial

Theory of FieldsPergamom Pres$975 374 p.

2. YuN.Yelseyev Pr obl ems of Atomic Science and Tec
Physi ¢ S é(107), 2017, p.p. 7275.
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GROUP ANALYSIS OF CHARGED PARTICLE MOT ION EQUATIONS
IN CROSSED FIELDS

Yu.N. Yeliseyev

National Science CentéiKharkov Institute of Physics and TechnologiNSC KIPT),
Institute of Plasma Physic&harkiv, Ukraine

The transformation of charged particle motion equation in crossed homogeneous
magnetic and radial electric fieldsdertransition from a laboratorframeto a rotatingone is
consideed inthe paper [1].tlis shown thain a rotatingframe themotion equationin fields
E,H in a plane transverse to a magnetic fieddkslike themotionequationin fieldsEj, H

in the laboratory frame. The quantitieg H equal
M 12 W -'E’ eEi(r)/(mr)l \&t +cWotW e& r)/( mb’ (2)
(wi =eH/([mq). This is a consequence of the linearity of the rotation transformétié

an equivalence transformatiof2]), the homogeneity of the magnetic field and the symmetry
of the electridield.
It was found heuristicallyin [1] that under rotation transformation the quantity

= -3 (W1 @vaeE(r)/(mr), w, =eH/(mg i cyclotron frequency remains
invariant i.e. W2 -4eE(r)/(mr) =¢w 4eE(in/( m).
It is easy to see that the transformation (1) is a-pamameter group(with a
parametra= vy, ) in the planeof variablesx* eE(r)/(mr), y * A This allows us to apply

the Lee method of group analysis [2] to the search for iantwriof the rotation transformation
(1). This method is the only general method that allows solving analyticatljinear
differential equationsThe group analysis method did not find proper application in the theory
of nortneutral plasma, although newoperful methods of group analysis have been
developed and are awaiting application. Among the mathematicians, interest in group analysis
of particle motionequations in electromagnetic fields (see, for example, [3add other
plasma physics equatioisydrodynamic, kinetig)continuesin recent years. The results of
theirinvestigationare strongly "mathematizedThis does not alloiay readerdo analyzeto
understand antb use thenin practice

In present reportthe generatotX of the transformation group (1) is constructed and the
rotation transformation invariant is found by a standard proceduré by solving the
equation Xl =0 [2], but notheuristically asit was donen [1].

1.Yu.N. Yeliseyev.Pr obl ems of Atomic Science samdeTech
(in press)

2.N.H. lIbragimov A Practical Course in Differential Equations and Mathematicaléfimg,

Karlskrona (Sweden), ALGA Publications Blekinge Ingtt of Technology, 2006p. 341,

Nizhnij Novgorod, 2007, 421 p. (in Russian).

3. N. Kallinikos. Dynamics of Charged Particles in Electromagnetic Fields with Agipits

in Fusion Devices, Ph.D. Thesis, Aristotle University of Thessaloniki, 2016.

4. N.Kallinikos. Group classification of charged particle motiorstationary elecamagnetic

fields, Journalof MathematicaPhysics 2017
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MODELLING OF THE ELECTROMAGNETIC SURFACE WAVES PROPAGATION
ON THE INTERFACE BETWEEN THE LEFT -HANDED METAMATERIAL AND
THE DISSIPATIVE DIELECTRIC

V.K. GalaydycH, N.A. Azarenkov, V.P. Olefit, A.E. Sporo¥

V.N. Karazin Kharkiv National Universitysharkiv, Ukraine;
1 School of Physics and Technologiharkiv, Ukraine;
2School of Computer Sciendéharkiv, Ukraine

E-mail: galaydych@karazin.ua

There are large numbers of experimental and theoretical studies of the metamaterials
already have been done arutrentlycarry out in the world laboratories. Such metamaterials
pos®ss many unique physical properties that are not found in natural materials, such as:
simultaneouslynegative both permittivity and permeability, reverse Doppler and Cherenkov
effects etc. Such properties will open the possibilities to create new dejMigeff was
consideredpreMoudy a number ofplanar waveguide structures that contain theHefided
metamaterialsnainly without losses [23].

In our recent paper [4] it was demonstrated the possibility of full loss compensation for the
surfaceelectromagnetic wave at the boundary between the dielectric with losses and the
isotropic left handed material with gain.

In the present work it was studied the planar waveguide structure in thilgit-handed
metameterial with gains cladding bythe slab of highpermittivity dissipative dielectric
material.

The dispersion equation and the spatial field distributionsurface electromagnetic
eigenwaves of such waveguide structures were studied analytically and numerically.

The resultsof this work can be useful for the process modeling and creating of novel
devices based on metamaterials for biology and medicine.

References

1. Nonlinear, tunable and active metamaterials / Edit. by llya V. Shadrivov, Mikhail Lapine,
Yuri S. Kivshar. ringer, 2015, p324.

2. Shadrivovl.V., SukhorukoW.A., andYu.S. Kivshar Guided modes in negatirefractive
index waveguide8 Phys. Rev. 67, 0576024 (2003).

3Vukovil S. M., Aleksil N.B., -Aandebwaveguee/i | D.
Optics Communications/ 2008, 281, p.150Q

4. Galaydych V.K., Azarenkov N.A., Olefir V.P., Sporov A&urface electromagnetic waves
on boundary between lossy dielictand lefthanded material with gail Problems of
Atomic Science andlechnologySer i es @ Pl a28):@L7,P b p. 86i19% s & (
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LIMITS OF APPLICABILITY OF THE WEAKLY  -RELATIVISTIC APPLICATION
IN THEORY OF PLASMA WAVES

S.S. PavloY, F. Castejo?

National Science CentéKharkov Institute of Physics and TechnologiSC KIPT),
Institute of Plasma Physic&harkiv, Ukraine

Asoci aatomOi eEmat p aMadrid,Bpami - n ,

Presentlythetheoreticalstudyof ECRfrequencywavesin the laboratory thermonuclear
plasmas is performed as a rule in the frame of the weakly relativistic approximation, when the
longitudinal (to magnetic field direction) spatial dispersion of plasma is expressed in the
terms of the weaklyelativistic plasma dipersion functions (PDFs)

~

__ € :
Fq+3/2(zv a) - (Ja)q+1/2 (I;Fll‘

a o] (JU q+1/ze U Iq+1/2(2'\/m) (1)

u+z -a

where q is the numberof the electroncyclotron harmonicunder observation a=¢ K/2,
e =(c/V,, )?, cis the speedof light in the vacuum V,_is the thermal velocity of electrons

N, =k,c/w isthe longitudinal refractive index of plasritg.

Applicability limits of such approximation are not clear enough, since ones could be
exactly defined only by the means of somewhattltnainsition on the base of the exact fully
relativistic approach.

Themainscopeof the presentvork is the definition of applicabilitylimits of theweakly-
relativisticapproximationn thetheoryof plasmawaveson the baseof limit transitionin
expressiongor theexactfully relativisticPDFs[2].

1. M. Brambilla, Kinetic theory of plasma waves, homogeneous plasmas (Oxford University
Press, 1998).

2. Relativistic plasma dielectric tensor evaluation based on the exact plasma dispersion
functionconept / Pavlov S.S., Castejon/FPhysics of Plasmag3, 1, 072105 (2006).
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DISCRETIZED COLLISION OPERATOR FOR SIMULATIONS OF FUSION
NON-MAXWELLIAN PLASMA RELAXATION

O.A. Shyshkin, D.V. Vozniuk, 1.O. Girka
V.N. Karazin Kh&iv National Univergy, Kharki, Ukraine
Email: dmytro.v.vozniuk@gmail.com

The plasma observed in modern fusion devices very often exhibits strongly non
Maxwellian distribution. This is the result of magnetic field lines reconnection with formation
of magnetic resonarstructures like magnetic islands and stochastic layers. Along with that,
the plasma heating by means of neutral beam injection (NBI) and ion/electron cyclotron
resonance frequency (ICRF/ECRF) heating induce theMuewellian fast ions, which
interact wth bulk and thermal ions. This phenomenon significantly modifies the
characteristics of plasma in general that is clearly observed on fusion device Tokamak JET [1,
2]. The variety of numerical techniques to simulate the transition from Maxwellian to non
Maxwellian distribution is developed [35]. In order to get the comprehensive description of
plasmas one should take care of plasma particles interaction, i.e. Coulomb collisions in non
Maxwellian environment. The crucial point is the fact that the approadescribe the nen
Maxwellian plasma relaxation through collisions should be introduced. That could be done
via discretized collision operator developed for the test particle tracing approach. This
operator was introduced in the paper [6] for the pénble scattering and the energy slowing
down and scattering. Later it was extended to different plasma species [7] and its validity to
trace heavy impurities in fusion plasmas was shown in [8]. The significant constraint put in
this operator is the Maxwén distribution of the background plasmas.

The objective of our work is to extend the applicability of the discretized collision operator
to nonMaxwellian plasma. Starting from the Fokkelanck collision operator, which

includes Rosenbluth poterniBawe derive new expressions for the discretized operator of a

general Monte Carlo equivalent forr, = F, + (d{F)/dt)r + ,/(doz/dt)r in terms of

expectation value and standard deviation including an arbitrary shape of distribution function
for bulk plasma.

The operators used to simulate slowing down of fusion product fractiona:barticles,
protons and deuterium ions on background plasma particles. The initial distribution functions
for each test fraction are chosen highly peaked with the mean eneffid4e¥ for alphas,
3.02MeV and 14.7MeV for protons and 9.5MeV for deuterons. Under these conditions the
bulk plasma is assumed to hagdunction distribution and the criteria of use of operator
under mentioned conditions is presented. Theiegiplity of the operator to reproduce the
time scale for fusion products slowing down in plasmas is shown.

1.J. Garcia et alNucl. Fusion55, 053007 (2015)

2.J. Citrin et al. Phys.Rev. Lett111, 155001 (2013)

3. R. DumontNucl. Fusior49, 075033(2009)

4.J. Garcia et alRPhys. Rev. Letfl00, 255004 (2008)

5.0.A. Shyshkin et al.Plasma Fusion Res§, 2403064 (2011)

6.A.H. Boozer, G. KuePetravic,Phys. Fluid24, 851 (1981)

7.W. D. DO h ale Bedler€€emput. PRys. Comrii6, 1 (193).

8. O.A. Shyshkin, R. Schneider andBC Beidler,Nucl. Fusior47, 1634 (2007)
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ELECTROMAGNETIC MODEL OF GAS DISCHARGE IN LONG TUBE OF
SLIGHTLY VARYING RADIUS

N.A. Azarenkov, V.P. Olefit, A.E. Sporo¥
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1School of Physics and Technojoétharkiv, Ukraine;
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E-mail: sporov@karazin.uavpolefir@karazin.ua

The modern technologies require plasma sources with the desired plasma density value
and uniformity in axial direction [1]. A number of analytical and numerical models exert to
make predictions of axial distribution of plasma parameters in discharges that occur in
discharge chambers with different structure. The fact that the wave thaihsustther long
discharges in narrow tubes is the eigen wave of the discharge structure is the characteristic
feature of such discharges. So, one of the approaches to describe stationary plasma density
distribution in rather long discharges is so callled¢teomagnetic model, which consists of the
detailed equations that described the wave propagation and the model equation that describes
the discharge features [2]. This model was widely used previously to describe the axial
structure of stationary statagdischarge in rather long discharge chambers [3]. The previous
studies have shown that the slight variation of the waveguide radius along the discharge is one
of the possible mechanisms of controlling the axial distribution of plasma density [4]. The
aim of this work is to investigate the influence of variable radius of metal waveguides on the
properties of the discharge that is sustained by symmetric and dipolar modes. The choice of
these modes was stipulated by its availability for discharge sustginizig

It was considered the diffusion regime of the discharge in rather long discharge structure.
The studied wave propagates along the waveguide that consists of plasma column, which is
enclosed by the cylindrical metal wall. The vacuum gap segsathe plasma column from
waveguide metaénclosure External steady magnetic field is directed along the axis of the
structure. Plasma was considered in the hydrodynamic approach as a cold, weakly absorbing
media with constant effective collisional frequg. The model that describes the discharge
consists of the system of Maxwell equations for the wave, the energy balance equation along
the discharge and the model equation that connects wave power absorbed per unit length of
discharge with local plasma sty [2]. It was supposed that all geometric, plasma and wave
parameters slightly vary in axial direction, so the WKB approach can be used to obtain the
solution of the equations [5].

With the help of this model the influence of the external magiedid value on the axial
structure of gas discharge in slightly tapered and slightly divergent metal waveguides was
studied. The carrying out modeling has shown the difference of plasma density axial
distribution for the cases of waveguide with consgamt varying radius.
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EFFECT OF PLASMA-OPTICAL SYSTEM ON CHARACTERISTICS OF LOW
ENERGY DENSE ION PLASMA FLOW
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The presented report considers featureplabmaproducedoy MEVVA kind sourceand
propagatedhrough a cylindrical electrostatic plastoptical lens. Plasmadynanaicfeatures
of streaminghigh densityflows, optical emission spectra and ttiearge state distribution
depending on different experimental conditions vetoelied

The vacuum arc sources, like MEVVA, for production hahrent (ampere scale),
moderate energy (1 6 100 keV) heavy met al
well explored The cylindrical electrostatic plasma lens (PL), based on the fundamental plasma
optical principles, is welexplored tool for focusingral manipulating kind ion beams, where
the concern of beam space charged compensation is critical [1]. The combination of these
tools in one device looks a very attractive. The attachment of PL in a volume of MEVVA
source creates new possibility for mangiurig a low energy ion plasma flow propagating
towards to substrate (deposition option) or to emission grid (plasma source option).

The focusing of théow energy dens@lasma fow with PL use isobserved The effect
existsfor the case when the centlens electrodeasbiased tqoositive, negative and floating
potentials. We believe that for the case of floating potential, focusing is due to the
establishment of a setfonsistent mode in the volume of the lens. The measurements showed
the formationof a selfsustainedpositive potential of about 10 ®n the central lens electrode
upon transport of the plasma strefzh The value of the negative potential on the central
electrode of the lens waS00V (actualpotentialwas-400V). In this case, théocusing effect
may be associated with the formationfa$t electrons due to the action of ions on the inner
surface of the central electrode of the lens. These electrons, together with slow plasma
electrons, can accumulate on the axis and provide thesiftg of ions due to the polarization
effect. In the case wherthe applied positive potential wa00 V (actual pantial wa
approximately +50V), the central electrode served the second anode for the MEVVA
sourceandthe plasmaoptical focusing efct in this caseés not sostrong.

Presence of fast electrons in tR& volumein case of applied negative potal at the
central electrode vgaconfirmed by mean®f optical emission spectroscopy. Significant
intensitygrowth of the plasma emissiohines of both copper atoms and single charged copper
ions in the plasma with negative potential increase was recorded. Ogtidaklectron
microscopy of depositefdims with and wthout PL use,demonstratea positive effect of the
PL on reducing the nunap of micralebrisin the flow.

For testingon charge state distribution by magnetic sector analylzercombined system
was transformed into an ion source with emission grid and-decel ion optical system to
provide information about the ion & with extraction voltage 15 kV. At that the current of
the extracted ion beam and the currents of Cu ions with charge 1+ to 4+ significantly increase
with application of negative potential and magnetic field.

The proposed system can be ugsedevis effective plasma sources of heavy metal ions
and electronsandis also attractiveéor high productivity technological equipment using pure
plasma flow for the synthesis of fine coatings and thin films.

This work was supported in part by projects F&:-32 and P13/182, F83/46839.
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CONTROL OF THE COMPRESSION ZONE POSITION IN PLASMA STREAMS
GENERATED BY MPC

Y.E. Volkoval, D.G. Solyakov, T.NCherednghenko, M.S. Ladygina, A.K. Marchenko,
Yu.V. Petrov, V.V. Chebotarev, V.A. Makhlaj, D.V. Yeliseyev

National Science CentéiKharkov Institute of Physics and Technologi{SC KIPT),
Institute of Plasma Physic&harkiv, Ukraine

V.N. Karazin Kharkiv National Universitikharkiv, Ukraine
E-mail: solyakov@ipp.kharkov.ua

Numerous studies of setbmpressed higtensity plasma flows are owing to need for
exploring the fundameat principles of plasma physics, due to prospects for development of
lithography oriented applications and necessity of studying the salient features of plasma surface
interaction, etc [£]. Through significant quantity of the previous investigationswas
established that compressed plasma stream parameters and compression zone position are
strongly influenced by the electromagnetic force distributionTRégrefore, this paper is devoted
to analysis and investigation of the magnetohydrodynamic chasticte of plasma streams
generated by a magnetoplasma compressor (MPC) and control of a compression zone position.

The distributionsof electric currentsvere measured ugina set of magnetic probes in
different modes of MPC operation with residuaisgThe MPC chanel is formed by
cylindrical rad-type anode with outer diameter of 8 cm and conical solid cathodethath
outer diametenf 3 cm. MPC isinstalled intothe vacuum chamber with diametef 40 cm
and lengtlof 200 cm.Nitrogen @ =0.3and0.6 Torr), helium P =2 and10 Torr), and argon
(P =1 Torr) were used as working gases. The plasma stream velocity was meastired by
time-of-flight method of gplasma stream between two electric profdése average statistical
error ofthe probe measureents was 1Ql5 %. The main part of present experiments was
performed at voltage up to 20/ kthe maximum valuefalischarge current was 400 KA.

In that connection, the results of measurements identified dndtelium (2 Torr)bath
toroidal vorticesand magnetic fieldisplacement from the neaxis regionare observed,
then, the change of thelectric current directioroccurred. It is also can be observed by
decreasing the initial pressure of helium from 10 to 2 Torr, but in this taseurrent
direction dvanges much earlier. Thelacity measurements real that duration of the plasma
stream generation ithe mode wit helium (P = 10 Torr) decreasésr 1.52.5 times
compared tahe other modes. The modes with nitrogen (P = 0.6 )Tand (P = 0.3Torr)
showed that the electric current flows toZ»cm from the central electrode, witke currert
vorticesand further displacement of a magnetic field at a distancecof &om the central
electrode output. Currents expand td 3® cmfrom MPC outpu, dependig on the MPC
operating regimeThe total value of current in a plasma stream outside of the MPC channel is
up to 120 kA.The electric currents flowing in the plasma stream possess a complex spatial
structure {oroidal and fan-shaped curr@nconfigurationg. The research has brought a better
understanding of how distributions o€etric currents can influengke control mechanism of
the canpression zone spatial position.
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NONDESTRUCTIVE CONTACT OF A CATHODE WITH PLASMA IN CROSSED
FIELDS

SA. Cherenshchykov
National Science Center fiKharkov Institute of Physicsand Technologyo , Khar kov, Ukr

The interaction of plasma with a conducting surface with a pateregative with respect to
the plasma usually leads to the destruction of the surface and contamination of the plasma by
the surface material. There are two main mechanisms of destruction. The first mechanism is the
cathode sputtering of the surface iops from the plasma. The second mechanism is the
formation of emission centers. It is-salled cathode spots. This second mechanism produces
more serious destruction, including the separation of relatively large particles of material. To
prevent these pcesses, the potential difference should be reduced. This can be done by
introducing a charge (current) into the plasma, because the plasma is charged positively relative
to the wall due to the higher mobility of the electrons.

Since the middle of the lasentury, the effect of seffustained secondary electrelectron
emission in crossed fields in a vacuum is known. At about the same time, it is known about the
phenomenon of emission at a current density of hundreds of amperes per square centimeter,
which is observed when a diffuse (glow) discharge is excited in a hollow cathode. There is an
opinion (I.I. Bakaleynik 1970) that the effect of a hollow cathode is associated with self
sustaining secondary electrelectron emission or a dynatron effect. Hoemvin a
conventional hollow cathode discharge with a moderate current density, the cathode drop or the
potential difference between the plasma and the wall (cathode) remains a rather high as
hundreds of volts. At this potential drop cathode sputteringrecquite intensively.

Later, at the turn of the century, many experiment results were published, including
experiments involving the author in whom emission with a high current density was observed.
In such experiments, the destruction of the cathodedistinguishable, the cathode voltage
drop is less than one hundred volts, and the discharge is diffuse, i.e. cathode spots do not arise.

In the publications, the mechanism of emission in such diffuse discharges is usually not
considered in detail. Thergeaalso suggestions about the main role of ion currents from the
plasma. Meanwhile, the value of the ion current, as is known from the theory of plasma probes,
is much smaller than the electron current. If we calculate the limiting value of the ion current
from the data on plasma parameters, then it turns out to be much less than actually observed
current. Energetically impossible are the process of secondary elelgotion emission from
data on its coefficient and the energy of incidence obtained atuoent densities. It remains
to be assumed that with increasing current density, the secondary emission coefficient increases
substantially. Confirmation of this assumption can serve as observation of a significant emission
of electrons when the electragstem of conductors is excited by a strong current or powerful
(laser) light radiation.

The photographs of the cathodes obtained after exploitation in the crossed fields for strong
and moderate current densities are presented. At moderate currenesl€éorits of amperes
per square centimeter), strips of arc erosion are visible. If the current density reaches hundreds
of amperes from a square centimeter the strips is not noticeable. The transition frounréw
emission to higkcurrent emission (inthe absence of a currdimiting resistor in the storage
capacitor circuit) occurs very rapidly. It makes according to the time less than one hundredths of
a microsecond. Fast processes are characteristic for the electron component of the plasma and
the @nductor. This serves as an indirect proof that these processes are related to the electron
subsystems of the plasma and the conductor.

Thus, taking into account this mechanism, it is possible to protect the walls of the chamber
from destruction, and plasmfrom contamination. In addition, it is possible to introduce a
current into the plasma and to produce its heating.
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SPECTROSCOPY OF THE PLASMA STREAMS GENERATED BY
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Quaststationary plasma accelerators (QSPA) have been used for studies of plasma surface
interaction issues relevant to fusion reactor for long time. The Q8R#A quasistationary
plasma accelerator of new generation with external magnetidfigld new level of plasma
stream parameters and its wide variation could be achieved in new-SfeAice. Careful
optimization of the operational regimes of the plasma accelé&afanctional components
and plasma dynamics in the magnetic system of QEBIRfevice shouldoe performed for the
necessary level of plasma parameters aehn@ntand their effective variation.

Thus, spectroscopy studies of plasma stream dynamiitkin and without external
magnetic field were carried out. Investigations of plasondace interaction were performed
also. Experiments have been carried out with follearking parametes. discharge voltage
up to 10kV, discharge current achieved 4@ and plasma pulse duration exceeded @GO .
The hydrogerwas used as working gas. €hexternal longitudinal magnetic field linearly
increased along the direction of the plasma propagation andeceaetximal value of 0.8
at the distance of 1.68 from the end of outer electrodell spectroscopic measurements
were performed in region ofiaximal magnetic field.

Spectralmeasurement&ere carried out using compact spectrometed8lin wavelength
rangeof 200-700nm. The plasma electron density was estimated using Stark broadening of
Hp spectral line profile. The dynamics of radiation intensity of plasma and impurities in free
plasma streams were evaluated. An analysis of-sigdace plasma layers characteristics
during plasmamaterial interaction has been performadslo. Distributios of plasma density
along zaxis at different distances from the target wegeonstruatd. It was found that
maximum plasma electron density reached=121 10" cm? in free plasma stream (without
magnetic field). Plasmaedsity isincreasedour timesto Ne=81 10'° cmy® undermagnetic
field influence The gowth of plasma density in shielding layers discusakso.
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EROSION PROPERTIES OF TUNGSTEN AND WTa5ALLOY EXPOSEDTO
REPETITIVE QSPA PLASMA LOADS BELOW MELTING THRESHOLD
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Lifetime of Plasma Facing Materials (PFM) is critical issue for successful implementation
of fusion reactor project. Tungsten is chosen as main plasma facing material for ITER and
DEMO divertor dsign due to advantageous properties: high thermal conductivity, high
temperature strength and stability, high recrystallization temperature and high spattering
threshold for hydrogen. The one of the most important issues for simulation experiments at
the fusionreactor relevant conditions are studies of properties of different tungsten grades
under a large number of plasma exposures.

Surface pattern, damage and structure of pure tungsten and tutagéédnm alloy WTa5
targets have been analyzed in cowditi o f preheating to 200 AC,
temperature (RT). Plasma loads up to 400 hydrogen pulses below the melting threshold
(0.6MJ/?) have been performed with a quatationary plasma accelerator QSPA-Bh
The plasma pulse shape is triangufarse duration 0.2Bs. The ion impact energy is about
0.4keV. Maximum plasma pressure is 0lPa, and the stream diametercs.

Surface analysis of exposed samples was carried out with an optical microscopd MMR
equipped with a CCD camera and Scagnklectron Microscope (SEM) JEOL J$3390.
Pprecise measurements of the surface roughness with the Hommelwerke tester T500 were
also performed. Xay diffraction (XRD) has been used to study structure;ssulcture and
stress state of targets.

Large numier of repetitive plasma loads below the melting threshold led to the clear
degradation of thermmechanical properties of the affected surface layers on tungsten.
Network of cracks appeared on exposed surfaces. Cracks propagate to the bulk mainly
transversly and parallel to the irradiated surfaddie melting onset of edge of cracks is
observed whereas other surface remainsmelted. Melted edges eject the nm particles.
Such small particles are able to be melted even for rather small heat loads bedoviabe
melting threshold.
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MILLSTEIN -RUNGE-KUTTA ALGORITHM FOR MONTE CARLO SIMULATION
OF TWO-DIMENSIONAL POLOIDAL NEOCLASSICAL DIFFUSION

A.GurinV.Gol oboroddko
Institute for Nuclear Research of Nationatadlemy of Science, KyiJkraine

Based on the theory of diffusion Markov processes, the system of stochastic drift equations
of motion of charged particles in a toroidal plasma corresponding to the drift theory with
Coulomb collisions in general form is considered. For an isotropic plaeman axially
symmetric magnetic field, a system of equations for kinetic energy, apatelmeter and a
classical twedimensional diffusion of particles in the poloidabsssection of a plasma cord
is formulated. Such a system correctly considerdtifeof trapped anctirculating particles
and the radial Brownian motion, which leads to the effects of neoclassical difflieerist
orderMillstein-type algorithm for numerical integration of the equationss presentedThis
algorithmdoes not reque calculation of derivatives for kinetic coefficients. ibelongs to
the RungeKutta class. The algorithm also eliminates the need to calculate the repeated Ito
continual integrals in the simulation of tvdimensional poloidal diffusion, and therefaan
serve as a convenient basis for simulatampancednheoclassical plasma diffusion by the
Monte Carlo methodavoidingthe analytical models of "banana” trajectories of particles in
toroidal plasmaBased on these theoretical considerations the nurhedda was developed.
Herein we present the results of numerical simulations for 2D spatial diffusive motion of fast
ions in tokamak obtained with a proposed algorithm. It is demonstrated that this algorithm
may be effectively applied also for the calcidatof fast ion loss poloidal distribution over
the first wall in tokamaks.
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ION INDUCED STRUCTUR ES DEVELOPMENT ON TE XTURIZED TUNGSTEN
SURFACE UNDER STEADY-STATE ION BOMBARDME NT

Y. Balkovd, O. Girka'?, O. Bizyukovt, M. MyroshnyK, S. Revé

IN. Karazin Kharkiv National Universityharkiv, Ukraine;
2National Fusion Research Institute

Polished polycrystalline Plansee tungsten (W) sample with purity 99.99 wt% anchi®.75
thickness has been exposed to intense argon (Ar) ion beam with average e2ekgy @ind
etched through in the centre. As a result, cdstte structures with strong asymmetry and
with the height of >200 em have been for med.
with scanningelectron microscopy (SEM). It has been revedledt the structures have been
formed not immediately, but at the later stages of irradiation. Primary factors favouring the
formation for the structures are relaxation of the surface stresses and activated surface
mobility of atomd[1].

The scheme oflall-effect thruster with wide acceleration zone [23Jlistic and magnetic
beam focusing is proposed. Magnetic field distribution in reversed magnetic focusing system
and trajectories of hydrogen ions with energy of 800 eV in inhomogeneous magnetic field are
calculated, optimal values of curref® in magnetic fieldcoils are determinedlechnical
documentation on souramanufacturing is completed arfdrther experimentaltesting is
planned.

Key words: Haleffect thruster (HET)tungsten, surface morpholgggn-induced
structures, stresses, relaxation, activated surface mobility.
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INFLUENCE OF DIFFERE NT TYPES OF HYDROGEN TREATMENT ON
HYDROGEN RETENTION AND RELEAS E FROM 12X18H10T STEEL

M.N. Bondarenko.P. Glazunov, A.L. Konotagkiy, A.V. Lozin, V.E. Moiseenko,
N.N. Aksenovy I.E. Garkusha, S.S. Herashchen®oA. Makhlaj
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Institute of Plasma Physic&harkiv, Ukraine

Theinfluence was examinedf plasma treatment dmydrogen retention and release from
12m181 10u s {(S&). Hylregenstreasnterd ef the SS samples was carried out with
impact of different plasmas: of VHF/RF pulse discharges during wall conditioning in the
Uragan2M torsatron, with RF pulse plasma heating regime in Ur@janwith seady state
plasma of magnetron type discharges in DEMevice(ions energy o0,7keV and fluence
6L1074ion/m?), with pulse plasma in the plasma accelerator QSPA®surface heat load of
0.6 MJ/nt and fluencesl10?* m2). Also, for comparison, saturati in molecular hydrogen
gas at the low pressure of <ATorr was used at room temperatuteenables to compare the
results received for different sampléBhe measurements were carried out with thermal
desorption method [1] with maspectrometry invelement. The valuesof the hydrogen
releaseatefor various methods of sampiieatment areshownin Figure
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Rates of hydrogen release from ss samples atBdBafter 4 hours RF discharge cleaning
vacuum chamber of @M, 27 after 2 hours exposureFRheating regime in LM, 341
hydrogen saturation in glow discharge in D9Mlevice, 57 1 hydrogen plasma treatment in
QSPA KR50, 897 after 24 hours exposure in molecular hydrogen gas at the pressure
of ~10? Torr, room temperature, 2@pecific hydogen release rate from SS samples after
1 hour heating at the temperature of 700

The kinetics of hydrogen interaction with stainless steel is discussed.

1.G.P. Glazunov, D.l. Baron, M.N. Bondarenko, et e influence of wall conditioning
procedurs on outgassing rate of stainletsel in the Uraga@M torsatron.Problems of
At omic Science and Technology. Sedl9es APl asm
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ANOMALOUS DIFFUSION OF PLASMA IN THE LOWER HYBRID CAVITIES
OBSERVED IN THE TERRESTRIAL IONOSPHERE

N.A. Azarenkov,D.V. Chibisov
V.N. Karazin Kharks National University, Khaiik, Ukraine

In the plasmaof terrestrial ionospherthe axially symmetric regions elongated along the
geomagnetic field are observed, which are characterized lowex densityof plasmain
comparison with the environmeas well asan increased level of oscillatiomsthe rangef a
lower hybrid frequency1]. Suchregionscalled the lower hybrid cavitied.HC), another
name is the lower hybrid solitary structufe$iSS), have transverse dimensions from tens to
hundreds of meterdRRegistration of HC is carried out by satellites and sounding rockets,
which occurs randomlyBecause of theelatively small transverse dimensions ldfiC and
the hgh velogties of the pacecraft the timeof measurement igp totens of milliseconds
Howeverduring this time the cavity does not change significantly, which indicates ltt@at
is sufficiently stableformation Although there are a number of works on the explanation of
thisphenomenoifil], themechanisms for occurrence of LHC, as well as their stabilitypa@tre
completely clear. There are also no estimates of the time of their existence and the
explanation®f their disappeance.

This reportis devoted to th@roblemof disappearance &fHC. As a postle mechanism
for thedisappearancef LHC we considethe anomalous diffusion of inhomogeneous plasma
across the magnetic fieldt is known that in magnetized plasritze excitation of various
instabilitiesdueto the radialinhomogeneity of the plasma density is possiBGlee of them is
the drift lower hybrid instability due to whidmn increased level of low hybrid osetlbns in
the LHC is believed to occuin addition, it is possiblehe excitation ofa drift insgbility with
a frequency mucHess than the ion cyclotrorfrequency which can lead tahe lower
frequency driftturbulence of plasmaln turn, due to the drift turbulence, an anomalous
diffusion of plasmaacrossthe magnetic field occursvhich shouldlead to tke filling of the
LHC with plasma and its disappearan&nce the cavities have axial symmetry, then an
analysis of the e/elopment of turbulence as well as quasilinear processes in plasma of LHC
in the present works considered on the basis of the moalesmaltscale cylindrical waves
[2]. We consilered the linear as well as the nonlinear stages of drift instafwlitgavities
conditions found the level of turblence in the LHC,and alsoobtainedthe diffusion
coefficientof plasma. We also estimatdide lifetime of the cavity, which can be moos
aboutl second.
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INFLUENCE OF MOVABLE B4C-LIMITER ON CHARACT ERISTICS
OF RF DISCHARGE PLASMA IN THE URAGAN -2M TORSATRON
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V.V.Chechkin, M.BDr ev al , L.1. Grigoroeva, M. M. Koz
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A new variant of the movablesB-limiter has been designed, manufactured and installed
in the Uragar2M torsatron. The influence of the limiter positiodate/e to the minor axis
was investigated on plasma parameters in the regime of plasma heating in pulsed RF
discharge.

The Langmuir probes located at the plasma edge have shown the essential dependence
(decrease) of ion saturation current when thmtdir is positioned closer to the center. Mostly
strong effect is observed for the probe locatedn®?from the wall 1.5 m away from the
limiter. The fact of signal decrease from the probe located in the plasma columsextss
different from those ofhte limiter, means plasma column cutoff layer by layer with limiter
motion to the minor axis.

Spectroscopic measurements have shown no essential influence of limiter plate
repositionmnimgeomnntbasity. The CI 11 ' i ne int
line increases under limiter positioning at the distance of 15 cm from the wallXSait
signals appreciablyncrease at the same time (Figur€his can be explained by input of
sputtered boron carbide into plasma or increase of plasma temperature. But the absence of the
noticeable change in the plasma density suggests possible reléstnperature increase.
Additional experiments, including spectroscopic measurements of boron release into the
plasma during the discharge, could shed some light on the question.
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A strong macro damage of one of the plates was observed after limiter exposure to plasma.
The cracking in the nearest surface bulk of boron carbide as the result of local abrupt
overheating could be the reason for such damage. Mady,lisuch macro damage was
formed when the limiter was placed at the nearest distance from the plasma column axis
(17 cm). The second &£ plate on another side of the limiter head part has no visible macro
damages. The measured values &€ Brosion rate wring three work campaigns allows to
expect that the procedure of significartpartefthe s ol i
U-2M torsatron vacuum chamber could be possible with the usingfifiter.
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SPECTROSCOPIC STUDIES OF TUNGSTEN SAMPLES EXPOSED TO INTENSE
DEUTERIUM AND ARGON PLASMA STREAMS
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The use of tungsten (W) as the main plasma facing component (PFC) was proposed for
fusion reactors many years ago. Since that time many ideas and experiments have been
performed. Tungsten has unique physical properties as the PFC; it is argfnaetal with a
high melting point and it has an adequate thermal conductivity at a room temperature,
although it is a relatively brittle material. In a comparison with other PFC (i.e. beryllium and
carbon) tungsten can be significantly activated by tatron irradiation. These properties
have motivated intense research on tungsten properties and behavior, but many questions
have still remained unsolved. Therefore, our recent experiments have been focused on
spectroscopic studies of tungsten propertredeu its irradiation by intense plasma streams.

Several samples made of pure W or 8@/ + 10%Cu) have been exposed to deuterium
and argon plasma streams generated by the IBIS -rodltiplasma injector at different
experimental conditions. Thosensples were located at a distance of 20 cm from the IBIS
molybdenum electrodes outlets. The optical emission spectroscopy (OES) measurements have
been carried out as a function of a plastraam energy density. A significant influence of
that energy on feares of the erosion of the irradiated samples surfaces has been observed for
deuterium as well as argodischarges. The studies of the dynamics of spectral lines emitted
from the evaporated target materi al wler e pe
spectroscope, which has a high temporal resolution (1 ns). It allowed the influence of the
plasmastream energy density on erosion properties of the tungsten samples to be determined.
The plasma electron density was estimated on the basis of the Si@dleting of the Pand
Dy spectral lines in a deuteriuplasma stream propagating freely (i.e. without any target), as
well as near the tungsten surface.

Results of a surface analysis of the tungsten samples after their irradiation by pulsed
plasmaion streams, and the influence of those streams on physical and mechanical properties
of the irradiated samples, are discussed. A relationship of the structure and properties of the
modified surfaces with parameters of the incident plastreams is also alyaed.
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DISCHARGE CHARACTERISTICS IN THE MPC CHANNEL IN PRESENCE OF
EXTERNAL LONGITUDINAL MAGNETIC FIELD
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Quastisteadystate seHcompresse plasma flow was discovered theoretically2]land
observed experimentally [3]. The main principle of gisisadystate plasma flows is a
transition to the mode of operation when discharge current is carried by ions in the profile
channel. In this modef operation current carrying ions should be injected from anode (outer
electrode) surface into accelerating channel to support discharge current and compensate
potential jump, and then absorbed by cathode (inner electrode) surface. Additional injection
of ions from anode side to support discharge current resulted in increasing of total mass flow
rate. Increasing total mass flow rate leads to decreasing of plasma stream velocity.

The one way to avoid potential jump formation in the near anode regimnadd the
external longitudinal magnetic field. In this case the ions instead of being moved from anode
surface to fast they rotate around axis and are kept in the near anode volume. Thus, the
potential jump will be compensated. In theoretical and nuasenoimerical investigations-[1
4] the feasibility of the transonic quassteadystate plasma flow without potential jump
formation was shown.

The experiments were performed in MPC facility [She MPC channel is formed by
cylindrical roadtype anoé with outer diameter of 8 cm and conical solid cathode thigh
outer diameter 3 cmMPC isinstalled intothe vacuum chamber with diameter 40 cm and
length 200 cmThe main part of present experiments \wasformed at voltage up to 20/k
the maximum vale of discharge current was 400 kFae solenoid with inner diameter 15 cm
and with length 17 cm produced external longitudinal magnetic field in the MPC channel with
strength 0.09.25 T in the entrance of MPC channel that decreased in two times at the
channel output.

The influence of the external longitudinal magnetic field on the electrotechnical
characteristics of discharge in MPC and main plasma stream parameters will be discussed.
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