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Temporal and Spatial Evolution of Poloidal Magnetic Field in
Damavand Tokamak for Different Plasma Currents

N. Alinejad and M. Moslehi-Fard

'Plasma Physics and Nuclear Research School, NuSlei@nce and Technology Research Institute,
North Kargar Ave., Tehran, Iran
University of Tabriz, Faculty of Physics, Tabrizitgrsity, Tabriz, Iran

The spatial and temporal poloidal magnetic sigmalshe Damavand tokamak have been
studied. Array of Mirnov coils inside the tokamaésgel are used to determine the magnetic
perturbation as discharge progresses. Magnetieprsiow different oscillations for shots in
which maximum plasma currents varies from 17 KA3®KA. Mirnov magnetic signals
from normal shots are compared to the signals gbots where disruptions have been taken
place. Comparison of plasma currents and poloidgaimatic fields for different shots show
that as plasma current increases the poloidal niiggiredd also increases which is expected
but magnetic signals by varies magnetic probesffardnt locations differ from each other
which is indication of asymmetrical magnetic tompio

* % %

Design and Fabrication of Langmuir Probe Circuit fo r Measurement
of Plasma Edge Electron Temperature and Density in IR-T1
Tokamak

R. Arvin; M. Ghorannevis, S. R. Shariatzadeh, Shiktomadi

Plasma Physics Research Center ,Science and Rbés€araopus , Islamic Azad University , Tehran
Jran P.o.box 14665-678

To achieve the edge plasma properties, 2 electmraait have been fabricated and a set of
4 single Langmuir probes installed in Iran —Tokafn@Rk-T1). The Floating Potential has
been measured without applying any voltage, lomr&tion Current by a negative DC power
supply and then by applying a sweep voltage tq ti{gscurve and so electron temperature is
obtained. Then we compare these results to inastigf some properties of edge plasma.

Regarding to the first results without position ohof plasma column, we can compare
properties of edge plasma such as floating potemti@ctron density and temperature in 4
points near to limiter. As the results show, theafing potential, lon density and electron
temperature for deeper pins are more than closers.

* % %
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A Fast Integral Tokamak Deposition Model in the Sin gle Null
Configuration

S. R. Barocio and E. Chavez-Alarcon

Instituto Nacional de Investigaciones Nucleares,18P1027, 11801 México DF
E-mail: srb@nuclear.inin.mx

Energy deposition on the tokamak plasma facing nadgéeis one of the main hurdles along
the road to commercial fusion on the grounds ohhbmuaterial deterioration and impurity
management. Modelling deposition, due to it considle complexity, generally demands
purely numerical simulation of non integrable bebaw by way of heavy processing on not
very wieldy codes. Furthermore, these models atessarily applied to the edge locality, as
more inclusive systems soon become prohibitive ti@nbasis of the Hamiltonian nature of
the tokamak equilibrium field, an integral modeltbé popular poloidal divertor single null
configuration is presented which is physically setnsistent, highly descriptive and
extremely light on processing as it does not relynamerical storage. The model, based on
the formalism of Legendre transformation homeomisipl, is specifically designed thanks
to the inclusion of non ideal MHD perturbations tha Rayleigh function of the system. The
resulting canonical mapping is applied to real d#pm conditions yielding revealing
images of the target field topology which contriouto a better understanding of
experimental observations.

* % %

Particle and Power Balance in Fusion Plasma with Di  fferent Fueling
Scenarios and Helium Ash Removal

A. V. Eremirt; A. A. Shyshkirt?

Kharkiv V.N. Karazin National University, Kharkivc,/UKRAINE;
%Institute of Plasma Physics, National Science Qettharkiv Institute of Physics and Technology”,
Kharkiv-108, UKRAINE;E-MAIL: alex.eremin@gmail.com

Achieving the fusion power in tokamak JET in theegtion with the deuterium and tritium
mixture plasma and the possible next step in tméralbed fusion device ITER stimulate the
further study of the fusion plasma in a toroidalgmetic trap of the reactor scale. Among
many problems there is an unsolved question alheutdle of cold alpha-particles in power
and particle balance of fusion plasma. Here weidenshe effect of the removal of the cold
alpha-particles on the achieving of the steadgstatl plasma parameters in steady state. We
model the removal of cold alpha-particles induciihg rule of the cold alpha-particle
confinement time evolution during the plasma disggaWe suppose that is not constant
but is the harmonic function of the time.

We obtain dependence of plasma ignition boundaoynfiplasma parameters: density,
temperature, fraction of alpha-particles, and ojpangoass for different ignition regimes.

The careful control of the plasma density by fugliSyr is necessary. Real time
measurements of plasma density and ion temperdtuineg the heating phase are needed to
get the desirable operating point on the n-T pl@@PCON). The thermally stable ignition
regime can be reached by control of alpha partiffestion and plasma ion temperature.

27



Poster presentations — Section 1 Monday

When the alpha ash confinement time changes, thteaash density and plasma density
changes together. Without diagnostics which plaparameters, like alpha ash fraction or
energy confinement time, are changed during igmiamd ignited operation it's easier to
operate plasma ignition pass by the feedback cowofrdeating power and fuelling of
deuterium and tritium by monitoring fusion powerlagia parameters evolution and
operation paths (plasma density versus plasma tatype) on the background of the
POPCON shows us the consequence of the stages platma heating and density increase
due to fuel coming and heating.

For investigation of time evolution with time dejplent law for alpha-ash removal we use
next expression

r =75+ > — ) sin(jat), wherew=0.27se.
j=2n
The effect of the removal of cold alpha-particlestbe plasma parameters is demonstrated
here. We get some reduction of the bremsstrahlasges and that in the steady state the
plasma parameters are more stable in time undeetheval of the cold alpha-particles. The
fusion power is more “flat”. Another important faist found here. This is the effect of the
change of the fuel sour@&r dynamics in time on the plasma parameters intdedy state.
We should notice that in the case of the smallel fate the steady state is established on the
level of the lower value of the helium ash. Theidasgpower is some smaller in the case of
the smaller fuel rate in comparison with the powethe previous case. Plasma operation

paths can distinguish noticeably under the diffesgenarios of fueling.

This research has been supported by the STCU 3685.

* % %

Simulations of Single Charged Particle Motion in Ex  ternal Magnetic
and Electric Fields

D. Erzert, N. Jelg?, J. Duhovnik

! University of Ljubljana, Faculty of Mechanical Engering, LECAD Laboratory, SI-1000
Ljubljana, Slovenia
2 Association EURATOM-OAW, Institute for Theoretiehysics, University of Innsbruck, A-6020
Innsbruck, Austria

In this paper we present a software package fompadational simulation of a single particle
motion in the presence of static and dynamic eslemagnetic and electric fields and show
the applications of our package to some relevaneige cases and to laboratory and fusion
plasmas. In addition we further elaborate the cdéipeb of new concept named “Larmor
Center Trajectory” that we introduced in our premowork (2007) as a generalization of
well known Guiding Center Approximation, and shdwe tranges of applicability of this
concept, especially in strongly inhomogeneous $igltien adiabatic approximations break.

Since it is very difficult to predict a charged fee trajectory for an arbitrary combination
of field parameters, except in simplified cases, ¢hly way to follow the particle path in a
general case is to perform a particle motion sitiain space and time. For this purpose
we developed our package which, however, in previgrsions was suited for dealing with
only analytically defined electric and magnetiddse Even with such a limitation these veins

28



Poster presentations — Section 1 Monday

of software still are a powerful user-friendly tofar various scientific and engineering
purpose. However there is a limited number of amalyptions to choose fromnalytically
predefined fields (e.g. magnetic mirror, magnetisg; homogeneous fields, etc.) where a
user can set certain number of typical parametetisose fields, to formula defined field, in
which all Matlab expressions can be implementedrelistic cases, one can not define
magnetic and electric fields with simple analytitimulas but rather with highly complex
ones, if at all possible for arbitrary problem aterest. In order to expand the use of the
package also to a pragmatic level, new featureg wecessary to be implemented. Namely,
field data set is usually given by external nunmarimethod obtained either in special
additional modules of our package or from othergpaims developed elsewhere when our
modulus turns out to be insufficient for particutmoblem. Such special programs are suited
for generating magnetic and electric fields fromygbal conductors and and/or other
physical field sources. Besides such data sete thdrequently a need to use field data from
experimental measurements. For such purposes aonofar importing external fields
independent of their origin is developed and ajglpineour work.

This kind of data is usually stored in text files mumbers in several lines and columns. A
parser for text file data with some predefined §iteucture requirements is made in order to
unify the imported data. As field data is givenanly discrete points, an interpolation
function deals with the rest of the space betweemtg. It is not necessary for data
distribution to be uniform through space for oudepas so there can be large space with
some more detailed small regions investigated.

With these new features, our software might be ofaf interest for investigating
complicated analytically unpredictable charged iplertmotion at a very basic engineering
purposes, as well as in the fields of gaseousreld@cs and laboratory, fusion and space
plasmas. Finally it can be especially useful inemthnding and resolving adiabatic from
non-adiabatic motion for which purpose our new emtcof “Larmor Center Trajectory”
seems to be very promising.

* % %

Non-Circular Cross Section Geometry Effects on Pert  urbed Radial
Magnetic Field in Damavand Tokamak

M. Harzchi and N. Alinejad

Plasma Physics & Nuclear Fusion School, NucleaeSm & technology Research Institute,
North Karegar Ave., Tehran, Iran,
P. O. Box 14155-1339

In this work, linear perturbation of MHD equation flux coordinate system has been
derived for non-circular cross section of tokamdksma. The coefficients of derived
equation are function of cross section geometripatameters such as elongation,
triangularity, and etc... We have solved this egmanumerically for non-circular cross
section of Damavand tokamak plasma and from whiehperturbed radial magnetic field
have been obtained.

We also have shown the effects of non-circular £s®ECtion parameters on our results and
have compared the results to the results from cammdéiD equation in cylindrical
coordinate system by consideration of circular sraection and large aspect ratio
approximations.

Plasma Physics & Nuclear Fusion School, Nucleae&o & technology Research Institute.
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Simulations of Anomalous Diffusion of Particles in Experimentally
Measured Turbulent Potential

J. Seidl; L. Krlin; R. Panek; P. Pavlo; J. StéckélSvoboda

Institute of Plasma Physics AS CR, v.v.i., Za Sikea 1782/3, 182 00, Praha 8,
Czech Republic

This paper presents 2D numerical simulations otigar diffusion in edge plasma of
CASTOR tokamak. Particle motion in our simulatioissgoverned by a perpendicular
magnetic field and a potential experimentally meaduby 2D array of 8x8 Langmuir
probes. The potential was measured in an area5ok4 mm and for a purpose of the
simulation it was periodically extended in poloida well as in radial direction using
interpolation with discrete Fourier basis. It medhat the potential in both directions
represents 8 lowest harmonics of a real potential.

The simulation mainly traces diffusion of ions adavy impurities for which test particle
approach that we used is valid. Running diffusioeficient was computed for different
particle species and it was evaluated for radidl@sioidal direction separately.

We found that the diffusion in radial direction @Gaussian, i.e. diffusion coefficient is
constant in time (~ 1,5 s for C ions). Poloidal diffusion coefficient grows in m
(~16,8 nils after 3Qus for C) and the diffusion can therefore be denoted ay kéetics.

It was also confirmed that magnitude of diffusiam @lifferent particle species depends on
ratio of their mass and chargg=m/q The diffusion coefficient in poloidal directiorraps
down with growingR whereas radial diffusion coefficient grows.

Obtained results where confronted with other waakisiressing particle diffusion in edge
tokamak plasma.

This research has been supported by the Grantseofitad. Sci. CZ IAA10043050, A1043201 and by
the Grant Agency of the Czech Republic 202/07/0044.

* % %

Upgrade of the Minimum Fisher Regularisation Tomogr aphy
to Final Width of Viewing Chords

J. Mlynar, G. Bonheurg T. Craciunescy S Popovichel; V. Weinzettt

'Association EURATOM-IPP.CR, Za Slovankou 3, Cza@Prague 8, Czech Republic
’Association EURATOM-Belgian state, LPP-ERM/KMSPBQLBrussels, Belgium
*Association EURATOM-MEdC, National Institute forsea, Plasma and Radiation Physics,
Bucharest, Romania
*Association EURATOM-UKAEA Fusion, Culham Scienaei@eOX14 3DB, Abingdon, OXON, UK

Minimum Fisher Information principle proved to prde robust analyses of sparse data in
plasma diagnostics. In recent past, the inversiathads based on Minimum Fisher
Regularisation (MFR) were successfully validatethlbio spatial analyses of plasma neutron
emissivities (MFR tomography) and in spectral asesyof neutrons measured by the NE213
compact spectrometer (MFR unfolding) at JET. Spatialyses of neutron emissivity need

30



Poster presentations — Section 1 Monday

to be further developed in preparation of the IT&feration, in order to establish the degree
and origin of poloidal assymetries in the neutromssivity of tokamaks. Moreover the MFR
algorithm is a candidate for inverse analyses d& deom other systems, including the
planned SXR tomography on the COMPASS tokamak.

At present, the MFR tomography implements chi-sgquamoothing optimisation, rapid
reconstruction (inverting several time frames sirgyle run), abelisation (assuming constant
emissivity on flux surfaces) and unisotropic smaugh(providing strong smoothing along
flux surfaces). On the input side, set-up of thieckton system — i.e. the JET neutron profile
monitor with 19 projection chords — was until rettgrapproximated by assuming straight
lines-of-sight. In this contribution a simple tedure allowing for implementation of finite
width of the chords is described. While the fulbbic description would be numerically
demanding, the proposed solution is rapid and allfow arbitrary precision. Performance of
the MFR upgrade is studied in comparison to theipus straight lines-of-sight assumption
both on phantom functions and on experimental d&yatematic errors due to the neglected
final width of viewing chords are estimated and ithpact on statistical errors is studied via
Monte Carlo noise modelling. It is demonstratedt tfe new MFR upgrade provides an
efficient tool enhancing tomography performanceitmplementing realistic width of the
viewing chords.

The financial support by MSM 6840770039 is ackndgéel.

* % %

Design of New Optical System for Visible Plasma Rad iation
Measurements at COMPASS Tokamak

D. I. Naydenkov&? V. Weinzettt, J. Stockel

1Institute of Plasma Physics AS CR v.v.i, Za Slovar¥ Prague 8, 18200

“Charles University in Prague, Faculty of Mathematind Physics, Ke Karlovu 3, Prague 2, 18000
naydenkova@ipp.cas.cz

The COMPASS tokamak, a divertor device with a cleamode and ITER- relevant

geometry (R=0.56 m, a=0.23 x 0.38 p%d400-400 kA, B=1.2-2.1 T and pulse length up to
1s), is being re-installed to IPP Prague from @oihn U.K. New diagnostic tools will be

built to address aims of the COMPASS scientificgpaon focused on H-mode physics and
pedestal investigations. Among spectroscopic disfitey an optical system for visible

plasma radiation measurements will be designeduaad to obtain information on hydrogen
and impurity emission and its evolution during tisxges.

Monitoring of integral plasma radiation in the Yaka range (400-800 nm) is planned for the
first stage of the COMPASS operation. Complementdinys system can be used for
measurement of specific spectral lines, like hydrogr the most intensive impurity lines.
Consequently, information on neutral atoms densipurity inflow, recycling processes
and rough estimation of particle confinement tiraa be derived. Also an MHD activity can
be studied using such observations. Effective icharge 4; will be evaluated from the line
free region slightly above 520 nm comparing to gwydrogen plasma bremsstrahlung using
known plasma density and temperature.
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In the next step, a spatial resolution at centienstiale will be introduced using collimating
optics. The light emission of each spatial point & collected by the optical fibre and led
to the detector. In case of at least two independéservation points, the tomography
technique of local emissivity reconstruction wik applied giving spatial distribution of
plasma radiation at observed poloidal cross-section

This research has been supported by the gh#202/08/HO57.

* % %

Nonlinear Interaction of Localized LHW with Plasma Electrons
L. Krlin; J. Seidl; P. Pavlo; R. Panek

Institute of Plasma Physics AS CR, v.v.i., Za S$ikea 1782/3, 182 00, Praha 8,
Czech Republic

Usually, interaction of lower hybrid waves with gfaa electrons is described via quasilinear
approximation. In our foregoing papers we have shtvat in some regimes the quasilinear
description can be inadequate. These nonlinearactien regimes can appear when basic
assumptions of the quasilinear description caneofulfilled, namely, when the interaction
region is narrowly localized in space and therefaveraging the result of the interaction
over the whole magnetic surface is not possiblés ay occur due to the fact that area of a
grill launching LHW into tokamak plasma is smalhgoared to area of the magnetic surface
and LHW propagates into the plasma in a well defisgace structure, cone.

We found that in this case the interaction doesdeptend only on a basic resonance but
there may exist a whole series of further possibsmnances. Due to this fact, the velocity
resonance region is broader than region of phaseities given by range of wave numbers

of injected wave spectrum. This effect was proposed candidate mechanism to 'bridge’
spectral gap between velocity of the tail electramsl the lowest phase velocity in the

spectrum during LHW heating. In our foregoing papee estimated the difference between
guasilinear and nonlinear regime numerically. Nthadess our model did not take into

account relativistic effects that appear by theriattion.

The present paper therefore brings more accuratdtseobtained using relativistic equations
of motion, which enforce thenecessary relativistic limits on velocities of decated
electrons. The relativistic approach makes possthleompute particle velocity distribution
function given by LHW-particle interaction. The eft of the nonlinear interaction was
computed for different spatial profiles of the lbzad LHW. Integrals of motion were found
for the case of monochromatic wave with rectangetarelope. It enables, for this case, very
accurate evaluation of the effects under invesbogatProperties of the other profiles were
evaluated using numerical integration.

Moreover we extended our model to take into accaumflisions with thermal electrons
resulting in the more appropriate particle velocdistribution function. Incorporating
collisions helps us examine relevance of the gohigss limit previously used.

We discuss the acceleration of electrons also énrégion just in front of the grill in a
vacuum. We use the method of direct integratioedfations of motion for particles in the
grill region. The results are compared with litarat

This research has been supported by the Grant ad ASci. CZ A1043003.

* % %
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Transport Simulations for the COMPASS Tokamak with NBI and LH
Heating and Current Drive Systems

M. Stransky; O. Bilykov&, V. Fuchs, E. Havlikovd, R. Panek J. Stockél J. Urban,
|. Voitsekhovitch, M. Valovic?

YInstitute of Plasma Physics AS CR, v.v.i., Za $ikea 3, 18200 Prague 8, CZ
Association EURATOM -Fusion Science Center Cultfimgdon, OX14 3DB, UK

The re-installation of the COMPASS tokamak in Peagull have as additional heating and
current drive systems the original lower hybrid JLBlystem and a new neutral beam
injection (NBI) system, which was not originallycinded in the installation at Culham. With
the novel NBI system, predictive simulations foe tokamak heat confinement performance
are highly desirable. Plasma heat transport moglelas performed using the ASTRA
transport code. The LH power deposition and curdemisity profiles were calculated using
the ACCOME and the LUKE suite of ray-tracing andklker-Planck solvers. The NB power
deposition and current density profiles were catmad using the ASTRA, ACCOME, and
FAFNER codes. We concentrate here mainly on uraleigig the effect of NB injection
and its synergy with LH heating and current dri@®] via NB-driven electron heating. One
of the principal features of NB operation in the BRASS configuration is relatively large
ion orbit losses. At typical operating conditiongeak electron density 3x¥am=, the
charge exchange losses are likewise quite higloutalb%. For NB counter-injection the ion
orbit plus charge exchange losses make up to 53%jedted power loss. For NB co-
injection these losses are lower, between 10-25B& NB co-injection is therefore the
preferred mode of operation. Up to 10% of the itgdcNB power is deposited on the
electrons, facilitating the electron Landau dampaigthe injected LH slow waves. The
ACCOME and ASTRA simulations are performed for fdasic COMPASS operation
scenarios: at low- and high-triangularity and Bt 1.2 T, | =170 kA, andB=2.1T,

| = 250 kA. At the higher magnetic field and curr@peration conditions, the total non-
inductively driven current (bootstrap+LH+NB) is alt@00 kA, substantially supporting the
250 kA feedback-controlled plasma current.

* % %

Test of Potential Interturn Faults of COMPASS-D Tor oidal Field
Coils

F. Zacek, J. Zajac, L. Kryska, J. Havlicek

Institute of Plasma Physics AS CR, v.v.i.
Za Slovankou 3, 182 00 Prague 8, Czech Republic

Toroidal field (TF) coils are one of the most etexlly and mechanically loaded parts of the
tokamak devices. During a long term operation d#ifé kinds of faults can be developed.
This contribution describes search for potentiderturn faults of TF coils of tokamak
COMPASS-D. Especially, it brings a comparison asth coils before and after transport of
the device from Culham Laboratory, UKAEA to IPP dira.

Tokamak COMPASS has been completed in 1988 anctgokin Culham several years with
circular and since 1991 with D-shaped vacuum vesiace 2001, as a result of start of
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tokamak MAST (Mega Amper Spherical Tokamak), theMFASS has been not more
active. Because not all envisaged studies werdlddlfon the COMPASS, it was decided in
2006 to transport this device to IPP Prague, wlikeestudies would continue. During
assessment of this possibility by an internatiogi@up of experts a necessity to check
carefully the insulation between turns inside eve@MVPASS TF coil has been pointed out.
This requirement emerged from an event on tokar&dk Where after six years of operation
the interturn faults were found in 1989. The fald&d eventually to unavoidable change of 3
from total 32 pieces of the JET TF coils. In theecaf COMPASS, the confining toroidal
magnetic field is generated by 16 TF coils. EveFy ¢bil, having resistance about 13D
(and inductance L about 2R), consists of 4 flat mutually insulated Cu turdsd just
insulation between every adjacent Cu turns shoelcegularly checked.

It is hardly possible to find any degradation o fhF coils interturn insulation by a direct
measurement of the every colil resistance. Evercieedse of the insulation, let’'s say to €00

( 1.e. to the value many orders greater comparimgyttrns mutual resistance), represents
already dangerous and therefore not allowed valamtrary to a comparative method of
several fixed frequencies used in the case of Habther sensitive method of interturn
faults, based on a resonant LC circuit (here Lniductance of the tested coil), will be
described in this contribution. Using a changeglotdbing frequency, the resonant frequency
and impedance of this LC circuit tuned to the resme is measured. The method has been
first tested on a power mockup coil (diameter 0.3%3emgth 0.73m, 70 turs in total,
resistance 100 and inductance 7@®1), separated into 4 equal sections (simulating 4
turns). During the test one of these sections heenHoaded by gradually decreasing
resistance up to zero value (short-circuiting, @xcluding of this section from the coil). The
circuit has been also numerically modeled. Thesteave shown that while for a measurable
increase of the circuit resonant frequency theratisimulated “interturn fault” to the turn
resistance must drop from infinity to the value @bdd-10°, a drop of this ratio to the value
10° is already sufficient if we detect the circuit iegance (i.e. a measurable decrease of the
voltage on the circuit can be observed). These losimns have been found in a full
concordance with the numerical modeling of the sehesed.

The method has been eventually used for the teSOMPASS TF coils before and after the
transport to IPP Prague (using an identical meagscheme). The coils exhibit no serious
departure each other after the transport, conttarthe measurement in Culham, where
resonant frequency of the coil No 9 has been detrabig (repeatable) increased. These
results will be shown and discussed in the contidimutoo.

* % %
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Plasma Instabilities in Magnetic Field
M. Bohata; P. Kulhanek

Department of Physics, Faculty of Electrical Engineg, Czech Technical University, Technicka 2,
166 27 Prague 6, Czech Republic

The work deals with a generalization of the claadstwo-stream plasma instability on the
case with a nonzero magnetic field and thermal ggees where the unbounded plasma is
assumed. We are interested in a dispersion relation

For solving the two-stream instability in the magnéeld we use a two-fluid model. In this

model we assume that a solution can be expandedairperturbation series. Next, the
equations of the two-fluid model are linearizedd @nen is applied Fourier transformation.
We get a system of linear algebraic equations. Rtercondition for the nontrivial solution

is found the dispersion relation.

The results can be used particularly in astroplsy&cg. jets from stars and galactic nuclei)
where the assumption of the unbounded plasma mptatale. Note that the magnetic field

plays an important role in astrophysical applicagioWe would also like to apply the results
to z-pinch phenomena. However, the condition of thbounded of the plasma is

contentious in the z-pinch. Therefore we have todyg careful in using these results on the
z-pinch phenomena.

Presentation of this contribution was supportedhsyCzech Technical University in Prague
Research Project No. CTU 0814213.

* % %

Determination of Mass- and Energy-Spectra of lons
on the Basis of Thomson Parabolas
Recorded in Plasma Experiments

K. Czaus, M. J. Sadowski, E. Skladnik-SadowskayIKlinowski, and J. Zebrowski

The Andrzej Soltan Institute for Nuclear Studi€sJ}) 05-400 Otwock-Swierk, Poland
e-mail: k.czaus@ipj.gov.pl

The paper concerns measurements of mass— and edestgputions of various ions, which
are emitted from plasma discharges performed udifferent experimental conditions. The
most convenient method to determine such distingtiis based on the application of a
Thomson-type analyzer. Such analyzers have beeth insenany plasma experiments,
including those which produce intense plasma-ioeashs, as Plasma-Focus (PF) facilities
and Rod Plasma Injectors (RPI). Depending on gaslitons and parameters of the
produced plasma streams, an input diaphragm sh@avd an appropriate shape (forming a
so—called skimmer system), which must enable thiesiigated ions to be separated from
plasma streams without considerable changes ofvedocity (energy) distributions. An
amount of the investigated ions, which might peatetrthe input system, as well as
intensities of the recorded Thomson parabolas akpara diameter of the input diaphragm,
but this opening determines also a gas inflow. glasma experiment is carried out at a
relatively high pressure, e.g. several hPa (aiénhaccurs in PF-type facilities), in order to
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eliminate electrical breakdowns between the anafyzlectrodes, the Thomson analyzer
should be equipped with an additional pumping sgste@hich must evacuate the analyzer
volume effectively. On the other hand, a diametdahe analyzed ion beam and sharpness of
the recorded Thomson parabolas depend also on npet idiaphragms. Hence, the
dimensions of the input diaphragms and the pumpifigiency determine accuracy of the
determination of the mass— and energy—spectra.

The main aim of this paper was to discuss all factafluencing this accuracy and to present
examples of the ion analysis in different plasmpeexnents. The paper considers the basic
principles of measurements performed by means amBon analyzers and it presents
important formulas determining the accuracy of tbe analysis. Some examples of
Thomson parabolas, which were recorded by the aauthalifferent plasma experiments, are
presented and analyzed. The presented resultsf amgoortance for any experiment to be
carried out with the use of a Thomson-type analgméfor ion pinhole cameras.

* % %

The Characterization of the lon Beam from a Sn-base d DPP with
Respect to the Ignition Parameters

K. Gielisser, Y. SidelnikoV, W. Soef, M. van Herpeh D. GlushkoV, V. Baniné,
J. van der Mulleh

'Eindhoven University of Technology, Den Dolech6®®GMB Eindhoven, The Netherlands
’ISAN Institute of Spectroscopy, Troitsk, Moscowid®ed 42190 Russia
3 Philips Research, High Tech Campus 34, 5656 AHHgtiven, The Netherlands
*ASML, De Run 6501, 5504 DR Veldhoven, The Nethislan

Extreme-UV (EUV) radiation produced by a Sn-basestlthrge-produced-plasma (DPP)
makes this type of plasma a potential candidatelferEUV source of the next generation
lithography exposure tools. The DPP not only gamsrshe desired 13.5 nm radiation, but
also produces debris that damages the collectar iopthe lithographic system.

This research reported on in this paper focuseb@icharacterization of the fast ionic debris
produced by DPP. The ion beam emitted from the BPahalyzed using different time-of-

flight techniques while the discharge was monitobgda current probe and gated MCP
imaging. By varying the ignition parameters the maxn kinetic energy of the emitted fast
ions could be reduced with a factor of 10.

* % %
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Progress in a Single-pulse Nanosecond Interrogation Technique for
Detection of Hidden lllicit Materials (e.g. Explosi  ves)

V. A. GribkoV}, R. MiklaszewsK, M. Chernyshova K. DrozdowicZ, U. Wiacek®

IA.I. Alikhanov Institute of Theoretical and Expezmal Physics, Moscow, Russia
nstitute of Plasma Physics and Laser MicrofusMarsaw, Poland
3Institute of Nuclear Physics, Krakow, Poland

Recent progress in a single-pulse technique ofrogation of hidden objects is presented.
The method uses very bright neutron pulse havidgiration of the order 10 ns, which is
generated by Dense Plasma Focus (DPF) devices HR&btute of Theoretical and
Experimental Physics, RF) or PF-6 (Institute ofsRla Physics and Laser Microfusion,
Poland). This powerful and short neutron pulsereiated by the PF source in the form of a
shell propagating into a space almost spherically laaving a thickness of about 20 cm.
Such a small size occupied by the neutron flashintensity and mono-chromaticity ensure
an opportunity to use a time-of-flight (TOF) teatune with flying bases of about a few
meters. During previous research we used a DPF lmfracounted on the DPF bank energy
of about 7 kJ and generating neutron yield on ¢vellof 18 neutrons per pulse with pulse
duration of 15 ns. TOF base in those tests was m@t&rs. In the experiments presented in
this paper we have experienced an opportunity ®msach lower bank energy (~2-3 kJ),
smaller DPF chamber, decreased neutron vyield ®(nlshot), and TOF base as well (7
meters). In this case it appeared that the neyimése duration became 7-8 ns and the above-
mentioned new TOF base is long enough to distimgdifferent elements composing the
substance (kPQ,) under interrogation by means of measuring of dfestically scattered
neutrons. The wavelet technique was engaged taritkhe experimental data.

* % %

Monte Carlo Method for Neutron Spectrum Recovery -
a New Approach Based on the Accelerated lons Distri  bution

[. M. Ivanova-Stanik, R. Miklaszewski

Institute of Plasma Physics and Laser MicrofusidP{M), Warsaw, Poland

Plasma-Focus devices are known to be very efficmrised sources of neutrons. At present
the biggest device of such type is the PF-1000atjpey at the Institute of Plasma Physics
and Laser Microfusion, Warsaw, Poland. For futypeligation of the device as a neuron
source knowledge on energetic spectrum of the oedttursts is of primary importance. An
experimental basis for this kind of investigatidnas been already prepared. Nine scintillator
-photomultiplier probes, suitable for registratiof the time-of-flight signals have been
already built, calibrated and tested during expental sessions performed on the device. To
recover a neutron spectrum from signals registérgdhe above mentioned systems a
development of a special computer code is necesSamgh codes, used up to now, were
capable to perform de-convolution of signals givemectrum E, t) of neutrons emitted in
one direction while it is well known that the spect depends on angle of registration. New
method of neutron spectrum recovery described enpiper involves accelerated deuterons
(that produce neutrons in DD reaction) and alloesigg neutron spectrum in any direction
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from computed time-velocityt,( V) characteristics of deuterons. Time of flight sitgn
registered in various distances and directionsuaszl, that makes information involved in
the recovery process (Monte-Carlo simulation) neameplete than in a one-directional case.
In the paper recent results of several standatd tédsthe proposed method are presented
demonstrating its capability to recover neutroncgpen from time-of-flight signals.

* % %

Nuclear Reaction Caused by the Neutrons Emitted Fro  m the d-d
Reaction Occurred by the Repetitive Plasma Focus De  vice PF-6

S. Jednorog, R. Prokopowicz, M. Scholz

Institute of Plasma Physics and Laser MicrofusidP(M), 23 Hery Str., 01-497 Warsaw, Poland

The paper describes investigations of nuclear i@actproduced by small plasma focus
device PF-6 operating in the Institute of Plasmaskis and Laser Microfusion, Warsaw,
Poland. Main part of investigation has been coretlitty spectrometric system based upon
pre-calibrated HPGe detector and software for #mrgetry compose as well as the setup of
specially selected ensemble of activation detectéos the activation purpose have been
chosen elements as follow: In, Cd, Hf, Au, Y, S@zBns of nuclear reaction caused by
neutrons from d,d reaction occurring inside the6P&evice and after that activating the
above metals were identified. Those reactions vebassified based upon gamma lines
library established especially for the above methogly. Finally, experimental
measurements shows that nuclear reaction indugtqaasma focus devices can be useful
for quantitative and qualitative analyze of neutspectrum.

* % %

Deuterium Gas-Puff Z-Pinch on S-300 Pulsed Power Ge nerator

D. Klir, J. Kravarik, P. Kube§ K. Rezad, S. S. Anan’e¥; Yu. L. Bakshaei P. I. BlinoV,
A. S. Chernenkg E. D. Kazako%, V. D. KoroleV, B. R. Meshcherdy G. |. Ustroe¢

! Czech Technical University , Technicka 2, 166 &gRe, Czech Republic
2 RRC Kurchatov Institute, 1 Kurchatov Sq., 1231&8&ddw, Russia

The primary objective of our experiments at theOB-8enerator is to get deeper insight into
the process of generating fast ions in Z-pinchmkes For that purpose we measured the
production of fusion neutrons during the implosafra deuterium gas-puff Z-pinch. These
experiments were performed on the S-300 Z-pincheggar (Kurchatov Institute in
Moscow) at a peak current of about 2 MA with a tisge of 100 ns.

In order to observe Z-pinch dynamics, various disgies were used: e.g. an optical streak
camera, an optical frame camera and a differentfdtered X-ray pinhole camera. High-
voltage and dl/dt probes provided information ab&lettrical characteristics and the power
input into the discharge. The neutron emission wasasured with an indium activation
counter (for neutron yield measurements) and 1&tiBators-photomultipliers (for time of
flight analysis). The reconstruction of neutron rgyedistribution function was used to
obtain information about acceleration of fast deurs.
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The fusion neutrons were generated at about 15fftes the current onset, i.e. during the
stagnation and at the beginning of the expansi@amésma column.. The emission lasted on
average 25 ns. The peak neutron yield approach®ohCthe current level of 2 MA. The
side-on neutron energy spectra peaked at 2.4400e0bwith about 400 keV FWHM. In the
downstream direction, the peak neutron energy hadaidth of a neutron spectrum were
2.52+0.08 MeV and 300 keV, respectively. The aver&metic energy of fast deuterons
which produced fusion neutrons was about 100 keV.

Presentation of this contribution was supportedh®/Czech Technical University in Prague
Research Project No. CTU 0814213.

* % %

Spatial-Time Characteristics of Z-pinch from Deuter  ated
Polyethylene

A. A. Akunetg, S. S. Ananey Yu. L. Bakshael P. I. Blino, A. S. Chernenko
S. A. Dan’kd, E. D. KazakoV, V. D. KoroleV, B. R. Meshcherdy S. L. Nedoseéy
V. G. Pimeno¥, E. A. Smirnova G. I. UstroeV, V. V. VikhreV!, A. A. Zelenirt

'Russian Research Center “Kurchatov Institute” Masc®&ussia
P.N. Lebedev Physical Institute of the Russiandécsy of Science, Moscow Russia
*Institute of Organic Chemistry N.D. Zelinsky of Rassian Academy of Science, Moscow, Russia
korolev@dap.kiae.ru

On the S-300 installation at currents up MA with the rise time of 100 nanoseconds, the
investigation of the formation process of high-temgture plasma in fast Z-pinch was
carried out. The central part of the loads was mfide agar-agar and represented a
deuterated polyethylene cylinder with small densify50 and 75 mgr/stnand 1-2 mm
diameter. On the ICT images, obtained in optical soft x-ray range of a spectrum with 3-5
nanoseconds exposition a cord is formed on the a@ixihe polyethylene cylinder at the
current rise time and it is separated into brightnfations. They were observed on a
background of a luminous area which occupied thgainneck volume. In the time-
integrated pinhole pictures obtained in SXR rartge>(1-4 keV), hot points with minimal
size of 50 microns were registered. From the chyoaros results, obtained by means of the
optical high —speed-streak camera mount along ¢ok& axis with time resolution < 1ns, it
follows that luminous formations arise sequentiallyring the different time moments (in
10-30 ns). Occurrence of luminous formations wasoapanied by x-ray radiation
occurrence with energy E > 1 keV with short dumatad 2-4 nanoseconds. Simultaneously
with x-ray radiation, neutrons with the maximal Igieof 4.5x16 were registered. The
average energy measured in 4 directions under smgte an axis of: D(above the anode),
90°, 180 (under the cathode) and 27Were accordingly: 2.4+0.2, 2.5+0.1, 2.5+0.1, DA+
MeV.

* % %
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High Reprate Vacuum Spark with Two Liquid Metal Jet Electrodes
as VUV Source

O. Yakushef, V. Krivtsurt, V. KoloshnikoV, A. Chekmaref; E. Snegirel; K. Koshelev

! Institute of Spectroscopy RAS, Troitsk, Moscowribis142190 Russia
2 L ebedev Physical Institute, Leninskii prospectNd8scow, Russia

New type of vacuum spark with two liquid metallitog jets serving as electrodes was
proposed as powerful source of VUV and specificallyV radiation. Vacuum spark was
ignited using laser ablation of one of jets (catjodsa:Sn eutectic alloy which is liquid at
room temperature is circulating in a closed loog areates fast moving jets.

Two jet electrode system was tested at up to 4ddgrate with discharge energy as 1 - 4 J.
Burst of EUV radiation (10 — 20 nm) was observed atoment of pinch convergence on the
axis and development of neck-type instability (mpnch).

High velocity of the jets (~30m/s) is able to pmeia renewed electrode surface for every
next short for reprate frequency up to 30-50 kHzcWwhallows to solve a problem of
electrode erosion. High heat capacity of liquid ahetlow provides effective heat
transportation from discharge zone. It is expedfest the proposed scheme is able to
dissipate up to 200 kW of electrical power.

* % %

Tearing Instability in Nonzero Rezistivity Gradient
P. Kulhanek

Czech Technical University, Faculty of Electricaidineering
Technicka 2, 166 27 Prague 6
kulhanek@aldebaran.cz

Thermonuclear fusion seems to be one of the moshigmg energy sources of the future. In
all the attempts, tokamak, z-pinch, inertial fuseomd others, the main problem consists in
various plasma instabilities. Their number is ermuwg) from MHD instabilities to resistive
and micro-instabilities. Some of these instab#itade harmful for the success of the fusion
process; others are in some cases helpful, e.gn#ieation process during the two-stream
instability.

One of the most interesting instabilities is thariteg instability linked with the reconnection
of the magnetic field lines. This type of instalyilibbelongs to the resistive ones. It is
supposed, that in tokamaks this instability is oesible for the saw-tooth oscillations and
the Mirnov oscillations. In plasma devices thistafglity evolves in regions with finite
resistivity near the so called resonance surkaBg = 0 (in tokamaks it concerns so called
mn surfaces). On different sides of this resonanfaser the magnetic field has opposite
direction.

Some aspects of this instability were intensivedlyded by various research groups. The
plasma behavior depends on a great number of pseesrand conditions. The driven forms
of this instability ought to be of the special mg&t. One of the additional “forces” can
originate in the presence of the resistivity gratlie
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The driving force is calculated for resistivity, wh is dependent on the distance from the
resonant surface. The set of ordinary differerg@lations for the displacement vector and
the induced magnetic field had been put together solved by standard Runge-Kutta
methods. Program code was written in FORTRAN 95RTFRAN compiler and linker were

used from Compaq Visual Fortran 6.1C embedded enMhicrosoft Development studio
GUI.

All the components of the perturbed magnetic figlts calculated and discussed. The results
are presented in comprehensible charts. The influar the resistivity on the instability
onset, the stabilization effect of the non-zerastesty gradient, the influence of the former
field course and the other related phenomena aoeissed in the paper.

Presentation of this contribution was supportedh®/Czech Technical University in Prague
Research Project No. CTU 0814213.

* % %

Dependance of the Energy Distribution of the Fusion Neutrons and
Fast Deuterons on the Neutron Yield in PF Discharg e

E. Litseva, M. Bohata, D. Klir, P. Kubes, K. Rezac

CTU FEE Prague,, Department of Physics Technick&627 Prague 6, Czech Republic

The plasma focus PF-1000 device in IPPLM Warsavh e maximal current 2 MA is

convenient for the study of fusion deuterium-deutarreaction with the total neutron yield
10'° — 10" per one shot. For investigation of the plasmarpaters the set-up of x-ray and
neutron diagnostics is used. 9 scintillation detecin axial direction and one in side-on
direction were used for determination of energyritigtion of neutrons.

The neutron signals were filtered via wavelet tfams, using of discrete wavelet
transformation, the Mallat multiresolution algonthand discrete Meyer wavelet function.
For modification of the detail coefficients the tiplle with the hard threshold function is
used. The neutron energy distribution was calcdlagng modified time-of-flight methods.
From the energy distribution of neutrons the enedggtribution of the fast deuterons
producing neutrons was calculated.

In this contribution 7 shots were processed. Endrglyibution of neutrons in axial and side-
on directions was compared for shots with differerd@utron yield. We determined
dependence of the neutron energy maximum and depeadf the ratio of the downstream
and upstream deuterons on the neutron yield. We edmated the energy distribution of
the absolute value of fast deuterons producingraesiton the neutron yield.

Presentation of this contribution was supportedhsyCzech Technical University in Prague
Research Project No. CTU 0814213.

* % %
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Comparison of Spectra of Accelerated lons Produced by LPP and
DPP

V. Medvedev, R. Gayzov, V. Krivtsun, V. Ilvanov akdKoshelev

Institute of Spectroscopy RAS, Troitsk, MoscowDistl42190 Russia

Discharge-produced and laser produced plasmas @D8RPP) are often used as a source of
short-wave radiation. However both plasmas alsd strung fluxes of ions which are able to
damage source optics. This circumstance makes temgoguantitative characterizations of
ion fluxes from both plasmas together with undeditag of mechanisms of ion production
and acceleration. Comparison of ion fluxes was mateplasmas with similar or close
electron temperature and ionic charge distribution.

Discharge of z-pinch type (vacuum spark) with aexdoelectrical energy 1 — 5 J between

axially symmetric electrodes was initiated by lag¥¢AG:Nd 1.06 um) ablation of tin
cathode.

Pulsed CQ@(10.6um) laser was used to produce LPP by focusing laskation on plane tin
target. Measurements of energy and spatial digtabwf ionic fluxes were carried out with
the help of Faraday cup. Energy distribution fumasi were measured at different angles
against discharge’s axis and at different anglesnag the direction of C{aser beam.
Investigations have shown sufficient differenceanic spectra between considered cases of
DPP and LPP. Presence of fast ions with energiezboiit several tens keV distinguishes
DPP from LPP where largest energies are limitedl@keV. In both cases there are
preferable directions of ionic fluxes.

Also we discuss mechanisms of ions’ acceleration.

* % %

Plasma-Focus Sheath Dynamics, Pinch Formation aswe |l as
Neutron Generation from the Point of View of the MH D
Similarity Laws

R. Miklaszewski

Institute of Plasma Physics and Laser Microfus@®Hery str., 01-497 Warsaw, Poland

Scaling law for the plasma sheath dynamics, shageplasma parameters are derived from
similarity considerations of the MHD model. It isasvn that for properly working PF device

some of the plasma parameters like density anddsatyre are independent of the size of
the device (energy in the condenser bank), whilerst like: dimensions (radius, length)

scales as the total current.

Consequences of such scaling for thermal neutreldl yre derived showing that it depends
only on the current to the fourth power, while poes considerations (involving Bennet
equilibrium) lead to a formula containing few othgarameters with unknown scaling.
Scaling of the PF electrodes dimensions are predeas well, demonstrating that the
electrodes geometry, for high energy devices, balcloser to the Filipow’s rather than
Mather’s one.

Some consequences of the derived scaling law fotrore generation via beam-target
mechanism are also demonstrated.
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Observations of Extreme Ultraviolet Emission from P lasma
Produced by Capillary Discharges

K. Nowakowska-Langiér L. JakubowsKj E. O. Baronova K. Czau$, M. Rabiiski*

! The Andrzej Soltan Institute for Nuclear Studl@d), 05-400 Otwock-Swierk, Poland
k.nowakowska-langier@ipj.gov.pl
2 Nuclear Fusion Institute, NRC Kurchatov Institut83182 Moscow, Russia

This paper reports our results of the recent erpental studies concerning extreme-ultra-
violet (EUV) measurements which were carried ouirdugas discharges in capillary. The
main aim of these EUV spectra studies was to pewidormation about the radiative

processes in the plasma. We studied plasma inbieleyds filled capillary channel as an
active media generating extreme ultraviolet radratnainly in 10-50 nm regions.

Discharge setup consists of brass anode, brassdeatind alumina capillary of 2 mm inner
diameter and 8 mm length. The capillary was evachéelow 1§ mbar using a turbo-
molecular pump and then the working gas was intedwontinuously inside the capillary
under the controlled pressure. Processes were ctatwnder different experimental
conditions such as various kind of filing gas (pde mainly, sometimes admixture of Xe
with Ar, or air), different gas pressure (25-140 &ad discharge voltage (3—-10 kV).
Spectroscopic studies were carried out by meaidJd spectrometer which was upgraded
for special lithography purposes. Rectangular ggatf 4200 grooves/mm, designed for
measurements in range from 10 to 50 nm, and X-ilay Were placed on a cylindrical
surface on the Rowland circle. Zirconium or alummifilters were used to protect the film
from visible light, the material of filter depended the radiation range to be registered.

The recorded EUV spectra demonstrated differergslinorresponding to highly-ionized
species, in particular to xenon lines, originatirggn the working gas, as well as brass lines,
originating from the material released from thectledes.

In order to study the time evolution of differembad bands and line emission of plasma we
have tried to catch the spectrum at different tbyeagiving selected time delays gating pulse
to the Multichannel Plate (MCP) detector. These susaments will provide important
information about EUV radiation processes. Exanmmat of the plasma with the MCP
detector have been carried out currently.

Results of our investigations deliver information properties of plasma generated in
capillary discharges and could be of particulagrnest for EUV lithography.

* % %

Development of Diagnostic Equipment for Large PF-10 00
Experiment

M. Paduch, E. Zielinska

Institute of Plasma Physics and Laser Microfusi®r). Box 49, 00-908 Warsaw, Poland

The PF-1000 installation is the largest plasma $adevice operating with deuterium at this
moment in the world. It is used in fundamental netgred plasma experiments. Using the
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extensive diagnostics capabilities of the facilitg main objectives of the recent experiments
were as follows:

* To determine the neutron emission characteristfcth® PF-1000 facility within the
whole operational range.

* To determine the detailed characteristics of th@ofuproduced neutron pulses (their
temporal evolution, emission anisotropy, spectnapprties, and relative contribution of
different mechanisms to the total neutron yield).

* To investigate the relation between the neutrofdya@d plasma sheath dynamics, with
particular attention paid to structures occurringhim the pinch column and to their
relationship with the neutron yield.

* To find correlation between neutron generation atiter types of ionizing radiation
produced at the DPF discharge (fast electrons@m] soft and hard X-rays etc.).

To win the objectives different kinds of diagnostgystems are developed.

The absolute neutron yield was measured by meassveairal silver-activation counters and
bubble detectors. Both the Ag-counters and the leutétectors were placed around the PF-
1000 experimental chamber, at different distancesumnder various angles with respect to
the electrode axis.

Time-resolved X-ray signals were measured by me&®dN diodes covered with different
filters, and they were compared with other signatdtage waveformsdi/dt signals, and
neutron-induced pulses) in order to determine tbairelations.

In order to investigate the role of the structunel @ynamics of current sheet and plasma
column in the neutron generation, and to definertie of plasma density evolution in the
neutron yield, the 1&frame Mach-Zehnder interferometer is under costitn on the PF-
1000 device. Project and studies of the interfetemare presented in this paper.

The above diagnostic systems will be applied temeine operational regimes of the PF-
1000 facility, in which the maximum neutron emissioccurs, and to define characteristic
features of the last phase of plasma evolution.

* % %

Characterization of Dense Xe and He-Xe Plasma Strea ms Generated
by Magnetoplasma Compressor

. E. Garkush§ Yu. V. Petrov, D. G. SolyakoVV. V. Chebotarel; A. Hassanefn
M. S. Ladygind, A. K. Marchenkd, V. I. Tereshif, S. A. Trubchaninov

! Institute of Plasma Physics, NSC KIPT, 61108, Kbey Ukraine
2 Purdue University IN 47907-2017, USA

Dense plasma streams of heavy noble gases areywided in different technological
applications: EUV lithography, plasma thrustersfate processing etc. This paper presents
the investigations of plasma streams generated dgnetoplasma compressor (MPC) of
compact geometry with conical-shaped electrodeg Jtbred energy in the discharge is
28 kJ for applied voltage of 25 kV.

The experiments were performed in two operation esaaf the plasma source: pulsed gas
supply of Xe directly to the discharge area, whichvides generation of pure Xe plasma
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stream and pulsed injection of Xe to the plasmagaegion during the MPC operation with
He.

Spectroscopy measurements of plasma density amtragletemperature in compression
region of MPC have been performed on the base ak $troadening of spectral lines and
intensities ratio in visible wave-range. The inflae of self absorption of Xell and Xelll
spectral lines on results of plasma density measemés was analyzed. Radial distributions
of the plasma density were estimated using Abeérsion procedure. It was found that
maximum value of plasma density in compressiororegchieved 11§ cm®.

Dynamics of the discharge and time behavior ofrpla$ocus were analyzed for both Xe and
He-Xe plasma streams as well as for varied disehaojtage and time delays between the
discharge and gas supply pulses. AXUV photodiodés avfferent filters have been applied
for the measurements of Xe plasma radiation imtéree ranges of 5-11 nm, 12.2 — 15.8 nm,
and 17-80 nm. It is shown that the total radiateergy and peak power strongly depend on
operational regime, and in particular, considerat#pend on time delay between the gas
supply start and the discharge ignition. The regimeéhich characterized by maximal
intensity of EUV radiation from the focus regionr@ehosen. It is shown that the maximum
radiation corresponds to the spectral range of-13.8 nm. First measurements of radiation
spectrum with EUV spectrometer are presented dlke. spectrometer was calibrated in
visible, UV and EUV regions. The obtained resultee acompared with AXUV
measurements.

Plasma source efficiency was analyzed from elemtiotical discharge characteristics,
namely discharge current, total resistance andctaehge in the case of pure xenon discharge
and the mixtures of xenon and helium in differemtpgortions.

* % %

Capillary Discharge EUV Radiation Focused by the EI  lipsoidal
X-Ray Optic
V. Pickova*, A. Jatarek, L. Pina, L. Svéda, M. Tamas

*Email: veronika.pickova@fjfi.cvut.cz

The paper describes an experiment in which extraliraviolet (EUV) radiation from a
capillary discharge was focused by the ellipsordator. The system was modified for the
second period of measuring to improve better ogpiasitioning device, better protection
from the unwanted radiation, better statistics lid tmeasurements, and to achieve better
measurement repeatability. The capillary dischagerce was designed and built at the
Czech Technical University. Focused high inten&tyV radiation will be used in studies
directed towards EUV scientific and industrial apgiions (e.g. biocompatibility of
materials modified by EUV radiation, EUV lithograplEUV lasers etc.). The experiment
demonstrated significant gain of radiation intgnsit 20Qum focus. EUV/Soft X-Ray
radiation generated by capillary discharge was afede by the X-ray CCD camera.
Theoretical model and comparison with experimergsililts are presented.

We acknowledge the support of Ministry of educatjonith and sports of the Czech Republic, grant
“Laser systems, radiation and modern optical apgiicns”, grant number MSM6840770022.

* k% %
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Current Sheath Studies in Plasma Focus PF-400 by Ma  gnetic Field
Probes

A. Gurey, V. Nikulin, S.Polukhin, 1.Volobuev

P.N. Lebedev Phisical Institute, 119991, Leninsk§3 Moscow, Russia

In the report the preliminary results of the tinesalved studies of current sheath formation
in plasma focus discharge are presented. The expets were done on Filippov type
Plasma Focus with energy stored in capacitors 68nkl) maximum current 0.9 MA (The
installation “Tyulpan” — PF-400). For plasma diagtics two magnetic probes placed at radii
15 cm and 20 cm were used. Also in the experimBugovsky belt was used for total
current measurements.

It was found that in the discharges with low nemtrgeld (< 1§ n/pulse) the several
repetitive current sheathes during 1-st, 2-nd aweh €3-th half-period of discharge are
formed. As it was shown in the Plasma Physics Rep@r. Ya. Nikulin, S. N. Polukhin, and
A.A. Tikhomirov Vol. 31, No. 7, 2005, pp. 591-5%)ch phenomenon can be explained by
low efficiency of snowploughing of the working ghg current sheath. The formation of
single current sheath was observed in the dischanggh high neutron emission
(>10° n/pulse).

The absolute current measurements show that deaiigl implosion of current sheath the

whole discharge current goes throw paraxial ared s cm. At the same time the current at
the peculiarity instant does not exceed half of tlalue. The value of the current through the
pinch is under the question. Apparently, the digant part of the total current is shunted by
the secondary plasma sheathes. This value depentteedransparency of the first current

sheath.

This research has been supported by the RFBR,qir$j66-02-17398 .

* % %

Reconstruction of the Time-Resolved Neutron Energy Spectra
in D-D Z-Pinch Experiments

K. Rezac; D. Klir, P. Kubes, J. Kravarik

Czech Technical University, Faculty of Electricaldineering, Department of Physics,
Technicka 2, 166 27 Prague, Czech Republic, e-memhck@fel.cvut.cz

This work describes the neutron diagnostics ofdastse z-pinch plasma where the neutrons
are produced (for example deuterium gas in z-ptisbhharges). The time-resolved neutron
energy spectrum with the height energy resolutwiith(only a few dozens keV) can be
reconstructed by this diagnostic method. Furthahero plasma parameters such as
temperature of the reacting ions can be deternfiosa the neutron energy spectrum.

The reconstruction method that is used in this wetkased on time-of-flight (TOF) method
where the energies of particles are determined fitsmwelocities. We apply the extended
TOF method where several time-resolved neutronctiate are placed at the different
distances from the neutron source. This reconstrughethod can be improvement if we
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include the detectors from the opposite directibrwe want to employ both directions of
neutron detection, we must know the relation betwibe neutrons which are emitted in one
direction and in the opposite direction. The relatconsists of (i) the anisotropy in neutron
energies and (ii) the anisotropy in neutron yieldss relation was calculated on the basis of
the kinematics of the binary fusion system for Delaction.

There are several theoretical approaches for thelofgment of algorithms for reconstruction

of time-resolved energy spectra using extended m@thod. We have used Analog Monte
Carlo Reconstruction Technique (AMCRT). The advgesaof the usage of the AMCRT

with neutron signals from detectors placed on twpasite direction were demonstrated by
many numerical tests. The main advantages aréefier reconstruction of neutron energy
spectra and (ii) smaller influence of scatteredimes. We apply this reconstruction primary
to data processing from PF 1000 experiments (Utstiof Plasma Physics and Laser
Microfusion, Warsaw) and secondary with small migdiion to data processing from S-300
experiments (Kurchatov Institute, Moscow).

This contribution presents (i) the description leé treconstruction technique including the
improvement which simultaneously uses neutron detecplaced on two directions,

(i) the numerical tests with scattered neutromg] @ii) the application of this technique to
data processing from D-D z-pinch experiments.

Presentation of this contribution was supportedh®/Czech Technical University in Prague
Research Project No. CTU 0814213.

* % %

Generation of Short-Soft X-Ray Pulses
A. Lorusso!, V. Nassisi, M. V. Siciliano?

! Department of Physics of Lecce, Laboratorio ditEbmica Applicata e Strumentazione (LEAS),
INFN of Lecce, Via per Arnesano, 73100 Lecce v Ital
2 Department of Material Science of Lecce, INFN@dde, Via per Arnesano, 73100 Lecce — Italy,
maria.vittoria.siciliano@le.infn.it

Nowadays X-ray sources ranging in the soft regian be produced by laser-produced
plasma utilising metal targets. It is known thaseiainduced plasma is a very efficient
generator of soft X-ray of energy range for appiass in lithograph, sequencing of DNA

and living cell studies. The plasma was generated Ipulsed KrF excimer operating at

248 nm, 23 ns. The laser beam was focused by aeogent lens of 15 cm focal length

reaching a spot diameter of about 1 mm. The emXtealy energy was studied at 40, 80 and
120 mJ laser energy. The corresponding incidet ledensities on the target surface were
1.7, 3.5 and 5.2xfovem®,

The metal target utilised to study the X-ray getierawere made of Ta, Cu and Si. The
pulsed X-ray analyses were performed by meansvara sensitive fast polarized Faraday
cup (FC). At the maximum laser energy a plasma &atpre of about 1 MK (87 eV) was
measured. Measurements of the X-ray energy were dgmmeans of a filter of 02m thin
deposited on im C3H6. It was placed on the collimator in ordefilter part of X-ray and
to measure the transmittivity values. Comparing Xamy percentage reduction with the
attenuation coefficient of the filter we calculatheé X-ray energy.

* % %
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Influence of Current Filamentation on Angular Distr ibution of
Fusion-Produced Protons in PF-Type Experiments

W. StepniewsKj M. J. Sadowski M. ScholZ and K. Malinowski

!Institute of Plasma Physics and Laser MicrofusiBRILM), 01-497 Warsaw, Poland
’The Andrzej Soltan Institute for Nuclear Studi€sJ}] 05-400 Otwock-Swierk, Poland
e-mail: wlodek@ifpilm.waw.pl

The paper concerns a role of current filaments,clvldan appear in high-current pulsed
discharges of the Plasma-Focus (PF) and in Z-piyple. In fact the distinct current
filaments were observed in different PF experimeantsl in particular they were recorded in
a current-sheath layer during its axial motion &l w&s the final radial-collapse. Images of
the current filaments were obtained by means dfi-8jgeed cameras operated in the visible
radiation, and the first observations of the didticurrent filaments in the PF pinch column
were performed with an X-ray pinhole camera margry@go. Some researchers neglected a
role played by such current filaments, particularythe fusion-neutron production, but a
deeper analysis of these phenomena showed thatopudion is not well grounded. Strong
local magnetic fields, which surround individuakr@nt filaments, can influence motions of
charged particles, e.g. primary deuterons (resptmgor the fusion reactions) as well as
charged products of those reactions (particulas$y protons).

The computational modeling of different filamentatyuctures of PF pinch columns was
initiated several years ago, but that theoreticellysis concerned mainly the accelerated
primary deuterons. The main aim of this paper wes modeling of motions of fusion-
produced protons of energy close to 3.05 MeV, whieve recently been measured in
several PF experiments. Assuming different numaedsdimensions of the current filaments
inside the considered PF pinch column, there weraptited the corresponding magnetic
fields, and subsequently trajectories of the fastqms. The computations were carried out
under the assumption that the 3.05-MeV protonsamnted from local sources in the all the
radial directions.

The most important result of the described analysis the confirmation of the hypothesis
that the influence of the current filaments on #émgular distribution of the fusion-protons
might be very strong, particularly when the disgeacurrent is high enough, and the number
of such filaments is not too high. It was foundttiidhe total discharge current in the pinch
column is above 350 kA almost all fusion protongat® in the proximity of the pinch
column and they cannot be detected at larger ratisdéhnces, except for those which are
scattered by collisions. It was also demonstrateat if there are formed only several
filaments the azimuthal distribution of the fusimotons shows some periodical structure. If
the number of the current filaments is larger thienathal distribution of the fusion protons
becomes more diffused. The presented analysis igmpiortance not only for the
interpretation of experimental results, but alsotf@ understanding of the internal structure
of high-current pinch columns.

* % %
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Soft X-ray Spectroscopy of Pinching Discharge in Ca pillaries of
Various Material

M. Tamas, P. Vrb&, M. Vrbova

'FNSPE CTU, Prague, Czech Republic
’|PP CAS, Prague, Czech Republic

The high voltage pinching discharge in the capilited by nitrogen gas is a prospective
medium for soft X-ray laser pumping. We presentcspscopic measurements done at
FNSPE CTU Prague that investigate the influenc¢hef material of the capillary on the
properties of the plasma. The ablation of the ndtéiom the wall contaminates the plasma
created in the filled gas altering the dynamicghaf plasma and its spectral emission. The
materials of the capillaries used in the experinaet alumina, sapphire and boron nitride
ceramics. The capillaries are filled by nitrogerd aargon at various pressures. The time
integrated spectra of range 2-30 nm are presemed@mpared with computer simulation.
A possibility to achieve soft X-ray lasing at borioms is discussed.

This research has been supporetd by the MinistBdoication, Youth and Sports of the Czech
Republic within the project LC528 “Laser Plasma @eh

* % %

Monte Carlo Simulations of Scattering and Detection of Pulsed
Neutrons from a Plasma-focus Source for Detection o f Hidden lllicit
Materials

U. Wiacek!, K. DrozdowicZ, B. Gabaskd, R. MiklaszewsH, V. GribkoV?

! The Henryk Niewodnic#aki Institute of Nuclear Physics Polish Academ$@aénces, Krakow,
Poland, Urszula.Wiacek@ifj.edu.pl, Krzysztof.Drozba @ifj.edu.pl, Barbara.Gabanska@ifj.edu.pl
2 |nstitute of Plasma Physics and Laser MicrofusMarsaw, Poland, rysiek@ifpilm.waw.pl
3 Institute for Theoretical and Experimental Physid®scow, Russia, gribkovw@yahoo.com

A new-generation plasma-focus device is proposdmttosed in a new inspection system for
detection of hidden explosives and other illicitterals. Fast neutrons are produced in the
D-D reaction (2.45 MeV) and are emitted during velngrt (~ 10 ns) and intense pulses (up
to 10 neutrons per pulse). The neutrons scattered bynifestigated object are detected.
Nuclide-specific information is present in the $estd neutron field and a deconvolution of
these registered energy spectra allows the ideatiéin of the type of unknown material.
This type system allows using the time of flightthoal for the spectrometric analysis of the
neutrons on a short flight path (1 or 2 m).

Preliminary results of modelling the proposed systeith use of the Monte Carlo method
are presented. The standard MCNP code (versiom$hhen used to simulate scattering of
neutrons from considered objects (spheres). Irfiteestage, single elements characteristic
for explosives (H, C, N, O) have been used as itliegf material. Then mixtures of these
elements like: RDX (explosive), amfetamine (drug)ntelamine (everyday use materials)
have been tested. The 2.45 MeV incident neutrorggr(eorresponding to the D-D reaction)
has been used. Neutron scattering has been obsirvfec directions in respect to the
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incident beam: 30 45 (forward), 96, 12, 150 (backward). As the result of the MCNP
simulations, the scattered neutron flRXAE (fluency) is obtained. The 1 m distance between
sample and detectors has been used. The angleyespergira of the scattered neutrons have
been obtained in the detection points. They arécseritly different for different materials
and it seems to be promising to apply the propasethod. The spectra have been re-
calculated for the time of flight on the used bakelependently, they have also been
obtained from the direct MCNP simulations of thedtdependent process.

* % %

Generation of Fast lons in Vacuum Sparks

G.Zukakishvill: V. Krivtsunt, V.Gomozov, V.lvanoV, I. Kharkint, D.GlushkoY,
K.Koshelev

! ISAN. Troitsk. Moscow Reg. Russia
2 ASML, Veldhoven, The Netherlands

Vacuum spark with current of about 10 — 20 kA teggd by material ablation from a tin
containing electrode (mostly cathode) by laser @uiss a commonly recognized technical
solution for a prototype EUV source for the nexhegmtion of a projection lithography.
EUV, namely radiation around 13,5 nm, is excitedh& moment of plasma compression
with the development of micropinches - neck typstabilities of a discharge plasma column.
Fast ions generated during the time of discharge ssriously damage EUV collecting
optics. We present results of detailed studies rargetic spectra of ions together with
measurement of ion charge distribution. Energgtersa were measured using Faraday Cup
and “time of flight” technique, the charge distrilmn — with the help of ion spectrometer
based on cylindrical type capacitor. lon flux cluaeaistics are given at different discharge
and laser pulse parameters.

In addition to discussing the studies of the enea@pectra of ions, methods of mitigation of
ion production are discussed.

* % %
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Influence Effect of “Shielding” on the Formation of Multiply
Charged lons Spectra of Be, Al, Co Laser Plasma

M. R. Bedilov, I. Yu. Davletov, M. S. Sabitov, G. Qumanazarov

Research Institute of Applied Physics of Nationaiversity of Uzbekistan, Tashkent, Uzbekistan,
e-mail: bedilov@yandex.ru

Results of study influence effect “shielding” oretformation ionization composition of Be,
Al, Co laser plasma are given in the present whirlaur experiments, we used neodymium
laser with power density of laser radiation q £ +A.0"* W/cn?, and angle of incidence on
surface ~ 1§ and also laser mass spectrometer which is destiibjournals (Prib. Tekh.
Eksp., 1996 Ne 6, p. 139, and Fizika Plazmy, 2002, vol. 28,12, pp.1110-1114). As
targets, we used Be, Al, Co pellets 10 mm in diamabhd 3 mm thick.

Analysis of the obtained mass-charge, and energctisp of multiply charged ions
depending on power density of laser radiation ateam = 18, and element composition of
targets have allowed to install the role of effeshielding” on formation of spectra, and
escape multiply charged laser plasma ions, whielcancluded in typical change: threshold
of formation ions (plasmas); formation of mass-gleaand energy spectra multiply charged
ions; nonlinear dependency ionization compositibthe plasma from power density laser
radiation, and others.

It was found experimentally that, with increaseg&ratomic mass increase threshold power
of the appearance ions, nonlinearly ionization cositppn of plasma, and intensity ions, and
increase energy spectra multiply charged ions.cEffshielding” in laser plasma reveals
itself with q> 10° + 10° W/cn? depending on element composition of targets. We tiat,

in targets Be, Al by laser ray is completely iomizznd formed multiply charged ions, and
nucleus B&, AI*™ High degree to ionizing in plasma is reachedaimét Co (C6'%). We
note that, picture of formation, and escape flowtiply charged ions with £.x and nucleus
depending on element composition of targets coomd® to different maximum values
power density (q) of laser. At effect “shieldingicrease charge number of plasma ions
observing with increase q laser for all investigatiargets has a nonlinear dependency in
different degree that particularly reveals itsalflim g> 10** W/cn?. With increase charges
number of ions width of the energy spectra is desse and maximums of the distribution
move aside greater energy, but at intensity thearehses. Also got results of the study are
discussed.

This research has been supported by the grant RiemfdJzbekistan N OT-F2-009.

* % %
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Al,O3; Plasma Production during Pulsed Laser Deposition

F. Caridi, L. Torrisi*3 A. M. Mezzasalm@®, G. Mondid™, A. Borrielli**, N. Camp8 and
A. M. Viscao'

Dipartimento di Fisica, Universita di Messina, CRrapardo 31, 98166 S. Agata, Messina, Italy
2Dipartimento di Fisica della Materia e TFA, Ctr. pardo 31, 98166 S. Agata, Messina, Italy
3INFN, LNS e Sezione di Catania, V. S. Sofia 6429%latania, Italy
“Dip.to di Chimica Ind. e Ing. dei Materiali, ConadDi Dio, vill. S. Agata, 98166 Messina.

A Nd:Yag laser operating in second harmonic (533,r8ms pulse duration, 150 mJ pulse
energy, and 10 Hz repetition rate, is employedrtadiate A}O; target placed in high
vacuum. The produced plasma is investigated byoancollector used in time-of-flight
configuration and by a mass quadrupole spectromieterder to determine the equivalent
plasma temperature and the atomic and moleculapasition.

Pulsed laser deposition technique has been ugaadaoice thin films on different substrates
placed close to the target. Different surface asedysuch as XPS, SEM, EDX and surface
profilometry, are employed to characterize the poadl films. Measurements of ablation
yield, plasma density, surface growth rate, stoictgtric composition and grain distribution
are presented and discussed.

* % %

Langmuir Probe Characterization of
Laser-Generated Plasmas

D. Mascalt® L. Torrisi"? D. Margaron&? S. Gamming R. Miracol*, and N. Gambint®

YINFN - Laboratori Nazionali del Sud,via S. Sofig 88123 Catania, Italy
Universita degli Studi di Messina, Ctr. Papardo 98166 S. Agata-Messina, Italy
3Universita degli Studi di Catania, Dip.to Fisica®stronomia, V. S. Sofia 64, 95123 Catania, Italy

The interaction between the 9 ns Nd:YAG laser amdaftic bulk targets (Ta, Ag, Fe, Ti)
produces non-equilibrium plasmas expanding in vacatsupersonic velocities. The plasma
plume is emitted mainly along the normal to thedrated target surface and the plasma
temperature and density are strongly dependeri@expansion time and distance from the
target surface. Plasma characterization measuremeete performed “in situ” with a
millimetric Langmuir Probe. The probe tip currest the polarization voltage is measured as
a function of the expansion time. 3D plots of thebe I-V curve with respect to the time are
reconstructed in order to describe the plasma pldymamics. Investigations on the plume
structure, electron density, electron temperatackian saturation currents are reported.

Obtained results indicate that high temperature @ewbity gradients are present and that
strong ion accelerations occur. The temperaturesdamsities measured by means of the
Langmuir probe have been compared with those adaddny other analysis techniques such
as those referred to ion and photon energy digtabsi and to fast CCD camera imaging.

* % %
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Femtosecond Laser-Target Interaction Experiments
at FNSPE CTU

J. Limpouch, M. DrahokoupiD. Kilir, V. Kub&ek, M. Tamas

Czech Technical University in Prague, FNSPE, Brahtvi1519, Prague 1, Czech Republic,
Michal.Drahokoupil @fjfi.cvut.cz

Laboratory of femtosecond Ti:Sapphire laser has logpened at the Department of physical
Electronics of FNSPE CTU. Laser delivers 70 fs pu§energy up to 12 mJ with repetition
rate 10 Hz. Laser is focused into cylindrical vaouchamber of diameter 50 cm and height
40 cm. In the preliminary experiments ablation afious materials by femtosecond pulses in
air and in vacuum has been tested. In particulaality of PMMA surface exposed by single
femtosecond laser pulses was studied for compamstinthe impact of short wavelength
SASE FEL laser pulses of similar duration. XUV esios from nitrogen gas cell has been
also measured.

We report here measurement of XUV emission formk bolass targets irradiated by
femtosecond laser pulses. Lens of 10 cm focal kerfigtused laser on the target at the
incidence angle 45 The focal spot diameter of about I was measured by filtered CCD
camera. The estimated peak laser intensity wasogrippately 2x16° W/cn?. The laser
contrast with respect to a prepulse 12.5 ns aht#teanain pulse was approximately 5000.
XUV radiation was detected in the target normalection by the grazing incidence
spectrograph LSP-VUV1-3S based on a Rowland citetection scheme. Time-integrated
spectra were registered on the photographic film4J\Whe grating with 1200 grooves per
mm provided a useful spectral range of 2-25 nmthis region, spectral lines of K-like
copper ions were dominant. L-shell spectrum of @d An ions was analyzed by means of
non-LTE atomic physics code PrismSpect. The eladigmperature of 50 eV was estimated
from the XUV spectrum.

Partial support by the Ministry of Education, Youathd Sports of the Czech Republic under project
LC528 “Laser Plasma centre” is gratefully acknowdgsdl.

* % %

Characterisation of Laser-Produced Tungsten Plasma Using Optical
Spectroscopy Method

M. Kubkowskd, P. Gasiol, M. Rosinskt, J. Wolowskt, M. J. Sadowsk#, K. Malinowsk®?,
E. Skladnik-Sadowska

!Institute of Plasma Physics and Laser Microfusighv497 Warsaw, Hery 23, Poland
2 The Andrzej Soltan Institute for Nuclear Stud@s400 Otwock-Swierk, Poland
e-mail: mkubkowska@ifpilm.waw.pl

Tungstenis one of very few possible materials for in-vesseimponents in future
thermonuclear reactors. Therefore, any investigatibits properties and behaviour is very
important, in particular characterisation of itsaporation processes from the inner wall of
tokamak chamber is needed.
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This paper describes results of spectroscopic itma®n of laser-produced tungsten
plasma. Pure tungsten target was irradiated bysetéaser-pulses (1.@6n, 0.5 J, 3 ns) at
different experimental conditions. Series of lasg®ots consisted of various number of pulses
and were performed for different lens distancemftbe tungsten target.

The spectra emitted from plasma plumes, formed d@ouum conditions in front of the
tungsten target due to interaction with Nd-YAG lagelses, were characterised by means of
an optical spectrometer with main parameters: vesgth range 300-1100 nm, spectral
resolution A/AA = 900. The spectra were recorded automatically wlite use of CCD
detector with exposition time from 100 ns to 50 nmsobserved range the optical spectra
were dominated by WI and WII lines and made it gieso estimate electron density and
electron temperature of tungsten plasma. The atioel between the intensity of spectral
lines and lens-target distance was also estimated.

The spectroscopic observations have been confibyedsults of ion diagnostics, namely an

electrostatic ion energy analyser and ion collec{éiaraday cups). The spectra collected by
the ion energy analyser showed that the plasmadesltungsten ions up to 6+ ion charge.
Optical microscope and SEM investigation suggetitad laser irradiation caused structural

changes on the surface of the target.

The study characterises optical and ion propedidangsten evaporation caused by intense
laser irradiation and may be useful for a comparisah results of measurements of plasma-
wall interactions inside various tokamak devices.

* % %

Fe and Fe+2%Si Targets as lon Sources via UV Laser  Ablation
Plasma

A. Lorusso', J. Krasd, L. Laska?, V. Nassist, L. Velardi®

! Department of Physics of Lecce, Laboratorio ditEbmica Applicata e Strumentazione (LEAS),
INFN of Lecce, Via per Arnesano, 73100 Lecce -y l@htonella.lorusso@le.infn.it
? Institute of Physics, ASCR, Na Slovance 2, 182ague 8, Czech Republic
% Department of Physics, University of Bari, Via Auela, 70126 Bari — Italy

In the last years the ion component of a laseryred plasma has been considered and
studied as an object of the development to profliga-density ion sources, which can be
applied in many fields such as the laser-inducealantation. In this work a KrF laser beam
of 10® Wicnt irradiance was focused onto single-crystallin@fe single-crystalline Fe with
2% of Si targets in order to compare the charasttesi of free expanding laser-produced
plasmas. The time-of-flight (TOF) method was applie determine the velocity distribution
and the ion angular spread of emitted ion spedikes.analyses of TOF spectra, which were
measured with a Faraday cup at various laser fegnghowed a synergetic effect of the
silicon admixture in target material on the Fe ipnsduction. Besides, this admixture is also
responsible for the increasing of the kinetic egevfjthe particles as well as for the more
collimated ion distribution.

This work was partly supported by Grant AgencyhefASCR (Grant IAA100100715).

* % %
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Study of Plasma Produced from Titanium Targets
Irradiated by Intense Laser Pulses

K. Malinowski*, M.J. SadowsRi?, E. Skladnik-Sadowska
J. Wolowskf, M. Kubkowsk&, P. Gasidt, M. Rosinski, M. Ladygind

The Andrzej Soltan Institute for Nuclear Studi€sl)) 05-400 Otwock-Swierk, Poland
?|nstitute of Plasma Physics and Laser MicrofusiP(M), 01-497 Warsaw, Poland
3Institute of Plasma Physics, NSC KIPT, 61-108 KberkJkraine
e-mail: k.malinowski@ipj.gov.pl

The paper reports on experimental studies of plagenarated by the irradiation of titanium

(Ti) targets with intense laser beams delivereanfi Nd:YAG laser. Two variants o the

irradiation were investigated: at 1063 nm (0.5 at 355 nm (0.1 J). In both cases the
FWHM of each laser pulse was about 3 ns and ther Ipswer density on the target

amounted to (0.4-2) x 1bw/cn?, depending on focusing conditions.

Titanium is the well known constructional mater@ad a component of many alloys, which
are often used in different parts of experimengalilities designed for high-temperature
plasma research. Titanium is also a good getteydfogen or deuterium. Hence, in different
plasma experiments performed with the use of tlgzses, one should pay attention to a
release of hydrogen or deuterium, which might bevipusly absorbed in titanium
components.

The main motivation of the described studies wamvestigate efficiency of the erosion of
titanium parts and the release of the absorbedsgasger influence of heating by laser- or
particle-beams. Such data were not available upeaate, and they were needed for design
of different diagnostic equipment as well as fusioiented facilities.

In the experiment to be described pure Ti and deutesaturated (Ti+p) targets were
subsequently placed in the center of a vacuum cagmahd irradiated with laser beams at an
angle of 58 to the target surface. Spectroscopic measurenwngs plasma plume were
performed by means of a Mech&880 spectrometer in the wavelength range of 3008-110
nm and with the exposition time varied from 10Gm$&0 ms. The spectrometer was coupled
with a PC unit equipped with a software, which dedlithe fast identification of spectral
lines. The recorded spectra showed numerous lirngmating from Ti— and D—ions (from
Ti+D, target). The emission of different ion-speciesiging from Ti to Ti"'%) and O was
confirmed by means of ion time-of-flight (ToF) maemments performed with the use of an
electrostatic ion-analyzer and Faraday-type iotectirs. Efficiency of the Drelease was
estimated as a function of laser pulses parameterstheir wavelength, intensity and
duration. Changes in the target surface structasel( craters produced by the irradiation)
were investigated outside the experimental charbpeneans of an optical microscope. The
erosion of the titanium surface was estimated &sation of laser power density on the
target surface.

* % %
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Spectroscopic Measurements in Different Plasmas Pro  duced by
Pulsed Laser Ablation

L. Torrisi*® A. Borrielli*® D. Margaron&® F. Caridt®and A.M. Mezzasalnfd

lDipartimento di Fisica, Universita di Messina, CRapardo 31, 98166 S. Agata, Messina, Italy
2Dipartimento di Fisica della Materia e TFA, Ctr. pardo 31, 98166 S. Agata, Messina, Italy
]INFN, LNS e Sezione di Catania, V. S. Sofia 6429%latania, Italy

A pulsed Nd:Yag laser, at intensities of the orded0° W/cn¥, is employed to irradiate
different thick metallic targets (Ti, Fe, Ag, and)Wlaced in vacuum. The obtained
non-equilibrium plasmas are investigated with vasianalytical techniques.

An electrostatic ion energy analyzer and differemt collectors are employed to monitor
in-situ the ejected ions from the plasma and temieihe the core plasma temperature, the
ion energy distributions and the ion angular eroissi

An optical spectrometer is employed to analyze t¢beonal plasma emitted light vs.
wavelength and to identify the characteristic esdittlines. The optical spectroscopy
permitted to evaluate the electron temperaturegandities.

Results show that strong temperature and densdgigmts occur in the laser-generated
plasma plume.

* % %

SBS PCM Technique Applied for Aiming at IFE Pellets
First Tests with Amplifiers and Harmonic Conversion

M. Kalal', H.J. Kong, M. Martinkovd, O. Slezak and J. W. Yooh

! Dept. of Physical Electronics, Faculty of Nucleaie®ices and Physical Engineering
Czech Technical University in Prague, Trojanoval& 00 Prague 2, Czech Republic
Department of Physics, Korea Advanced InstitutBaénce and Technology

373-1 Gusong-dong, Yusong-gu, Daejeon, 305-701bkepmi Korea

One of important challenges in the IFE integratppraach deals with successful irradiation
of thermonuclear targets (pellets) by powerful taseams inside of the reactor chamber.
Careful tracking of pellets’ trajectories afteranfion is necessary for reliable prediction of
the place most suitable for achievement of the irequcompression. Taking into
consideration potential obstacles (e.g. collisiaiith debris from a previous shot) bringing
targets into an acceptable vicinity of the optipasition is not an easy task. However, even
if succeeding in such delivery, some adjustmeriinal optics for every shot and every laser
beam will always be necessary. Due to the requeeel of symmetry of pellet irradiation,
the number of the laser beams needed for effetlim@nonuclear fuel compression might be
rather high (many dozens) with time available fory asuch adjustment very short (in
particular if mechanical movements of some comptmemuld be involved). This makes
achieving the whole task of proper pellet irradiatcomplicated.

As an alternative to the classical approach desdriébove, the usage of the SBS PCM
techniqgue has been considered and theoreticallyiestu It was demonstrated that such
approach could take care of automatic self-aimihgwery individual laser beam with no
need for any steering optics to allow for final eposition adjustment. Even if for every
shot the injected pellets will inevitably reach dam positions within the required area, their
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subsequent displacement from the position in whidy will be illuminated by the short
seeding pulse (glint) into the position in whicteyhwill be irradiated by the amplified, SBS
PCM reflected, and once again amplified glint (fagelse) will always be the same. This
displacement will be determined by the trajectagvélled by the pellet during the time
period needed for the glint amplification to takage (typically ~ 10Qum). Due to the non-
linear feature of the third harmonic conversiorq(ieed for the final IFE pellet irradiation)
the appropriate optical element (crystal) can laegd directly into the beam line.

In this paper the very first results obtained inpexments performed at KAIST and
especially designed for verification of basic idgamsposed above including amplification
and higher harmonic conversion will be presentetidisacussed.

This research has been supported by the IAEA Res&untract No. 13781 (Project Title: High
power laser based IFE research coordinated in Aisged Laboratories) as part of the IAEA CRP
project No. F1.30.11: Pathways to Energy from ligifusion (IFE) - An integrated approach. It
was also supported by the Ministry of Educatiomutipand Sports of the Czech Republic: directly

within the framework of the Centres of Basic Rede&rogramme, Research Project LC528 (Project
Title: Laser Plasma Centre) and partially also b tgrant KONTAKT No. ME933.

* % %

Theoretical Study of Excitation of Low—Energy Nucle ar Transition in
Laser—Produced Plasma

L. Drska, O. Rennet M. Sinott

! Czech Technical University in Prague, Faculty otlar Sciences and Physical Engineering,
Brehova 7, 115 19 Prague 1, Czech Republic
ZInstitute of Physics of the ASCR, v. v. i., Na&ioe 2, 182 21 Prague 8, Czech Republic

The possibility to excite low—energy nuclear statsmg laser induced plasma on the Prague
Asterix Laser System PALS is evaluated on the bas$ishe theoretical estimates and
numerical modeling. The laser system PALS vyieldsraction intensities at the level of'20
— 10" Wicnt thus producing subrelativistic plasmas with electtemperature of the order
of 1 —10 keV. Based on a previous survey of slétatuclei candidates®'Ta has been
selected and the search for its 6.238 keV excitaind decay is a subject of this study.
Theoretical estimates on the observation probgtolitthis low-energy nuclear transition are
based on one—dimensional hydrodynamic modelindheflaser—matter interaction. Laser—
produced radiation field and spectra are evalugtesppace and time by solving the radiation
transport equations. These detailed simulationsvigeo a possibility to explain many
experimental observations and theoretical restitaioed, including controversial reports on
excitation and decay of the 6.238 keV transition ‘fiTa. The simulations confirm
preliminary estimates based on simple theoreticadlets, i.e., very low nuclear excitation
yields under current experimental conditions. Ase\of potential experimental approaches
resulting in measurable yields represents a chggléor the future research.

This research has been supported by the Researait Glio. 202/06/0697 of the Czech Science
Foundation and in part by the Research Program 820770022 Laser systems, radiation, and a
modern optical applications of the Ministry of Edtion, Youth and Sports of the Czech Republic.
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Plasma Generated during Laser Ablation of Hydroxyap  atite
M. Jedynski, J. Hoffmar, W. MroZ, Z. Szymanski

!Institute of Fundamental Technological Reseaftictokrzyska 21, 00-049 Warsaw, Poland
?|nstitute of Optoelectronics of Military Universiof Technology, ul.Kaliskiego 2, 00-908
Warsaw, Poland

Plasma plume generated during laser ablation gfdaolyapatite (Ca(POy)s(OH),) target
was studied during expansion into a vacuum or wabgour at a pressure of 20 Pa.
Hydroxyapatite is a biocompatible ceramic. It ipogited onto orthopaedic implants in order
to increase the bone-implant contact. The proceédgmosition significantly depends on the
mechanism of plasma plume formation and the candtiof its expansion. In this
experiment ArF laser operated at the wavelengtll@8 nm with the pulse energy of
300+350 mJ and 20 ns pulse duration. The lasensitiewas0.35 GWgmi%. The emission
spectra of the plasma plume were registered withue of a spectrograph/monochromator
and an Andor iStar ICCD camera. The camera wasl dgtex digital delay generator (DDG)
triggered by the signal from the laser. The spestee registered at various distances from
the target (from O to 30 mm). The emission spectrasisted mainly of calcium lines. The
lines of other elements were weaker and overshadldwyealcium lines. Before the spectral
lines were registered with the use of ICCD camdra spectrograph was set as a
monochromator and the temporal evolution of thensity of specific spectral lines was
measured with a photomultiplier and oscilloscopeaaious distances from the target. These
measurements allowed us to determine the expamsionity of the plasma plume using the
time of flight method and establish delay times gadle widths for ICCD camera digital
delay generator. The dynamics of the plasma plurae also imaged by means of fast
photography. The ICCD images of the plume were rdExb at different delay times with
respect to the laser pulse using short 18 ns gase [ he radiatiorof ionic and atomic lines
was separated with the use of interference filters.

It has been found that in the case of the expansitmna vacuum the plasma front moves
with a constant velocity of 1.75x10niS™. In the ambient water vapour the velocity
decreases with a distance from the target - u2td® mis* 25 mm from the target. The
electron density reaches ~%12** m™ near the target and drops to ~4&' m™ at a
distance of ~18 mm from the target. The electrompierature is 11500 K close to the target
and decreases to 4500 K at a distance of 25 mmthertarget. The results allow estimation
of thermal and kinetic energies of ablated paricl®uring the expansion into a vacuum the
kinetic energy of Ca and O atoms is 63.5 eV and 2%, respectively assuming the same
velocity of both particles. During the expansiotoithe water vapour these energies drop to
0.47 eV and 0.19 eV, respectively at a distanc&aihm from the target and are comparable
to the energy of thermal motion. The decrease étic energies is not compensated by the
heating in the shock wave region because the teatyserjump in the shock wave results in
loss of energy due to radiation and dissociatiothefwater vapour. At a distance of 30 mm
from the target the temperature rise in the shoakenis already small. It is therefore clear
that in the case of deposition in ambient watemouagparticles arriving to the substrate have
very low energy and additional energy necessargctueve crystalline structure must be
delivered by heating the substrate.

This research has been supported by the ReseanjadPN501 025 31/1604 and N507 166 31/1603

* % %
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Laser and Mass Quadrupole Spectrometry Analyses App lied to
Cultural Heritage

L. Torrisi*? G. Mondid, D. Margaron&®and T. Serafind

YINFN-LNS Catania, Via S. Sofia 64, 95124 Catartsly!|
“Dip.to di Fisica, Universita di Messina, Ctr. Paplr 31, 98166 S. Agata-Messina, Italy
®Dip.to FMTFA, Universita di Messina, Ctr. Papardb, 8166 S. Agata-Messina, Italy

Laser Ablation coupled to Mass Quadrupole Spection{eAMQS), Energy Dispersive X-

ray fluorescence (EDX), Scanning Electron MicroscdSEM) and Surface Profilometry
Analysis (SPA) are applied to the investigation tbe composition and morphology of
ancient coins.

A Nd:Yag defocused laser beam, in repetition rhtts a metallic surface, placed in high
vacuum, removing the most superficial atomic layBisring the ablation a mass quadrupole
spectrometer detects the molecular, atomic andpgoemission from the target permitting
to characterize its surface.

Quantitative relative analysis of elements, chefrdioenpounds and isotopic ratios have been
investigated analyzing the surface patina of thesco

Obtained results are presented and discussed bfreral the point of view of the physical
non-destructive techniques useful to establishdifferences between apparently true and
false coins.

* % %

2-D PIC Simulation of the Termalization Process in Plasma Pinch
M. Z&sek

Czech Technical University in Prague, Faculty cédilical Engineering, Dept. of Physics, Prague,
Czech Republic

In this paper the numerical PIC simulation of hagnsity plasma fiber is presented. The aim
of this work is the study of the conditions undeerh the transformation of the microscopic
kinetic energy to the thermal energy occur. The ehad characterized by following
conditions: 2-D geometry (cylindrical coordinategymmetric in azimuthal angle), two
species (electrons and ions), interaction of pediaevith both electric and magnetic fields
and pair collisions calculated by Monte Carlo methdhe boundary conditions are
determined by the total electric current of pladiibar and by parameters of the external
circuit. On the opposite plans perpendicullar te zkaxis thus arise the floating electric
potential. The periodic boundary conditions for flev of particles through mentioned
planes are used, so that the quantity of partidesains constant, except them which fly
away perpendicular to the plasma fiber. All of Yagiables are defined as dimensionless. As
initial conditions wass tested two components ofsiavith differend velocities and the
dissipation of their energy was observed.

Presentation of this contribution was supportedh®yCzech Technical University in Prague
Research Project No. CTU 0814213.

* % %
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The Calculation of Electronic Transport Coefficient s of Alkali Metals
in the Region of Plasma-Liquid Transition

E. M. Apfelbaum

Joint Institute for High Temperatures, Izhorskayastr. 2, Moscow 125412, Russia

At present time the main problem in descriptiontled electronic transport coefficients of
metals is the region of the plasma-liquid transiti¢These transport coefficients are the
conductivity, the thermoconductivity and the thepower). Near the critical point the values
of these coefficients increases from gaseous talheet/alues. This phenomenon is also
observed for a number of gases (under other congiti It is referred to as the pressure
ionisation or the metal-non-metal transition. Thare several approaches to the problem in
hand, i. e. the phenomenological models, the génedachemical models and so-callebl
initio calculations. The substance in the generalizedhda models is considered as the
mixture of positive ions, atoms and electrons. By have limitation with the increase of
densities due to the degeneracy of the electronr®@asequence of the ionization. Take
initio calculations basing on the density functional thieare formally exact. They
successfully describe the region of liquid and éeflaid but fail to reproduce correct
ionisation degree at lower densities. There areynmaeasurements of the thermophysical
properties of alkali metals under high temperatutasthis work the results obtained by
means of the approaches above and the resultseah#dasurements were compared. The
comparison showed that only the combination of tymes of models (for low and high
densities) could correctly describe the experimetdga in the region of the plasma-liquid
transition.

* % %

Net Emission Coefficients of Radiation in Various A rc Plasmas
V. Aubrecht, M. Bartlova

Brno University of Technology,
Faculty of Electrical Engineering and Communication
Technicka 8, 616 00 Brno, Czech Republic
aubrecht@feec.vutbr.cz, bartlova@feec.vutbr.cz

Net emission coefficients of radiation were caltediafor various arc plasmas as a function
of the plasma temperature (1 000 — 30 000 K), adeus (0.01 to 10 cm) and the arc plasma
pressures from 0.05 to 2 MPa. The following plasinad their various mixtures have been
taken into consideration: §FPTFE, Ar, N, air, CQ, H,O, SK+PTFE, SE+PTFE+Cu,
Ar+H,0, air+Cu, airtFe, air+Ag. Temperature dependeridhe net emission coefficients
of radiation for various radii are presented infibven of viewgraphs.

Both line and continuum radiations were consideredhe calculations of the absorption
coefficients which are related to the net emissiaoefficients of radiation.

Photorecombination and bremsstrahlung radiatioriribte to the continuous spectrum.
The absorption coefficients of each spectral liepahd on the line shape, where Doppler,
Stark and resonance effects were respectively deresi. More than 25 000 spectral lines
altogether have been analysed and taken as antmphg computations. The fine multiplet
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structure and overlapping have also been takeraictount. Particular attention was given to
the contribution of molecular species which havéegsignificant effect in low temperature
regions. For the corresponding particular plasmas, have accounted the following
molecular species: $FN;, No+, O, NO, NO+, HO, H,, G, CN, CO, CO+, FeO, CuO,
AgO.

An important quantity in predictions of the thernpdhsmas properties is the fraction of the
plasma radiation that is in various region of tipectrum. An ultraviolet radiation is of
central importance. It is usually emitted from tieatral parts of the plasma and re-absorbed
in narrow layer at the edge. We have performedmpesison of net emission of radiation
inherent to various spectral intervals.

Definition of the net emission coefficients assumssthermal plasma. Consequently,
approximation of the radiation losses by usingrnibeemission coefficients is valid only for
a flat temperature distribution. In the outer ambler parts of the plasma, prediction of
energy balance using the net emission coefficiehtadiation will not be accurate. In this
case, method of partial characteristics is more@piate.

We have prepared extensive database of both nessemi coefficients and partial
characteristics of above mentioned kinds of theqplegmas.

This research has been supported by the Czechcedundation under project No.
GA202/06/0898 and from Ministry of Education, Yoarl Sports under project No.
MSM0021630516.

* % %

Continuous Synthesis of Carbon-Encapsulated Magneti c
Nanoparticles by RF Thermal Plasma

M. Bystrzejewski, H. Langé, A. Huczkd, Z. Karoly’, J. Szepvolgyi

! Department of Chemistry, Warsaw University, Pastestr., 02-093 Warsaw, Poland
?Institute of Materials and Environment ChemistiR@CHAS, Budapest, Hungary

Magnetic nanoparticles exhibit unique propertieg.(enigher coercive force and retencivity
than bulk materials) but their practical applicatoare strongly limited. Magnetic

nanoparticles are very sensitive to oxidation agdl@neration because of their large
specific surface areas and high chemical reactividlpder ambient conditions, rapid

oxidation of the nanoparticles surfaces occurgjitepto the creation of thin oxide layers
that dramatically changes the particle properti&gural agglomeration of nanoparticles into
larger clusters is another problem that rendergptbeessing of such materials difficult. In

order to preserve their specific magnetic propsrtand to protect nanoparticles from both
oxidation and agglomeration, the encapsulation gaaore was proposed. Encapsulation in
carbon seems to be one of the most promising v&iyse the carbon coating exhibits high
thermal and mechanical stability. Moreover, thdigbio functionalize the carbon coating

extends the prospective applications of carbonswated magnetic nanoparticles
(CEMNPs). CEMNPs may find many prospective applicet, e.g., in magnetic data

storage, catalysis, xerography, magnetic resonamaging, and in biomedical applications.

Herein, we report on the continuous fabrication kg nanoparticles encapsulated in
protective carbon cages. CEMNPs were produced gluRadio Frequency (RF, 30 kW)
thermal plasma processing of mixtures containing fre powder and a carbon source. We
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studied the influence of the carbon precursorgplgalic and aromatic hydrocarbons, and
aliphatic alcohols) on the yield, structure and n&ig properties of the as-formed CEMNPSs.
Moreover, we also investigated the influence ofdbdition of oxygen to the plasma gas. It
was found that each carbon feedstock yielded CEMMEs the diameter between 20 and
50 nm. Nanoparticles exhibit ferromagnetic behawoth maximum coercive force and
saturation magnetization of 240 Gs and 100 eme&pactively. Oxygen (in an internal or
external source) significantly reduced the amooh@morphous carbon, what resulted in an
increase of the saturation magnetization.

This research has been supported byNeistry of Science and Education through the Dépant
of Chemistry, Warsaw University under Grant No. AiRO6 31/2160.

* % %

Properties of Arc Discharge with Hybrid Stabilizati on for Different
Radiation Models

J. Jenidty M. Bartlov&, V. Aubrecht

!Institute of Plasma Physics ASCR, v.v.i., Za Slkear3, 182 00 Prague, Czech Republic
2Brno University of Technology, Technicka 8, 6180, Czech Republic

This paper deals with numerical investigation afgarties and processes in arc with hybrid
type of stabilization based on combination of ppies of Gerdien arc (vortex-stabilized)
and a common gas stabilized arc. Such kind of ascldeen elaborated and studied at the
Institute for several years. Two arcs in seriesused: The first one is a short gas stabilized
argon arc with low gas flow rate. This arc createsathode for the second arc stabilized by
water vortex. Parameters of the generated therfasina jet and plasma composition can be
controlled by a change of parameters of both andsbg conditions of their interaction.

A two-dimensional axisymmetric numerical model diésxs the region between the inlet and
outlet nozzles in the arc discharge chamber. lassumed that plasma flow is steady,
laminar, compressible, in the state of local thedymamic equilibrium, and water and argon
plasmas create a homogeneous mixture. The govecoingnuum, momentum and energy
equations with temperature-dependent transportthednodynamic properties are solved
numerically by the Finite Volume Method.

The aim of this paper is to study the influencedifferent radiation models on the radial
energy transfer from the hybrid arc and overall pecformance for different currents and
molar ratios argon-water. We employ two radiatioodels in our calculation, namely, the
net emission coefficient and the partial charasties method for plasmas containing
atmospheric pressure water and the argon-watemursixtith different molar fractions of
argon and water. In the partial characteristicshogtwe include contributions due to
continuum radiation and several hundreds of oxylgees and nearly 4 000 argon lines. In
addition, band spectra of,HO,, O,", OH and photodissociation of,@nd OH molecules
have been included in the partial characterisBesadening of spectral lines due to Doppler,
Stark and pressure effects has been consideresbdiasion of molecules and radiation from
hydrogen lines have been neglected so far.

Results carried out for 150-600 A and for argon srfasw rates of 7.5-27.5 sIm proved that
hybrid stabilized electric arc exhibits higher etitvelocities under the practically unchanged
plasma enthalpy compared to Gerdien arc. Reabearpfiradiation employed in the partial
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characteristics method implies higher outlet terapees and velocities regarding the case of
zero reabsorption (net emission coefficient). Tataltamount of reabsorbed radiation range
between 16 — 11 % for currents 150-600 A. Radiatagice from the arc axis with zero
divergence of radiation flux (emission equals apson) exhibits increasing tendency with
current and ranges from 2.2 to 2.8 mm. Comparisetwden present calculation and
experiments carried out at the Institute exhibdsdjagreement.

This research has been supported by the Grant Agefnthe Czech Republic under contract
numbers 202/08/1084, 202/06/0898.

* % %

Wide-Range Equations of State for Metals at High Te  mperatures
and Pressures

K. V. Khishchenko

Joint Institute for High Temperatures, Russian Asag of Sciences,
Izhorskaya 13 bldg 2, Moscow 125412, Russia
konst@ihed.ras.ru

A description of the thermodynamic properties otteraat high energy densities is of both
fundamental and practical interests. Equationgaiédor metals over the range from normal
conditions to extremely high temperatures and pressare required for analysis and
numerical simulations of hydrodynamic processgdasmas under pulsed power influences.
In this report, a new semiempirical equation-otestanodel, which takes into account the
melting, evaporation and ionisation effects, isspreaed. Wide-range equations of state for
some metals (aluminium, gold and tungsten) are toacted on the basis of model
developed. Calculation results are compared withilave experimental data on shock
compression as well as isentropic and isobaricresipa at high temperatures and pressures.
The equations of state obtained can be used effigien numerical simulations of different
processes at high energy densities.

* % %

Boundary Instability of Plasma Jet Generated by Pla  sma Torch
with Modulated Arc Current

V. Kopecky, M. Hrabovsky

Institute of Plasma Physics AS CR v.v.i., Za Slkvar8, Prague 8, 182 00 Czech Republic

Oscillations of plasma jet generated by hybrid wargon stabilized plasma torch WSP-
H500 were studied for two frequencies of currepple. We used classical thyristor power
supply with the frequency of current ripple 300 Bizd the rectifier with high frequency
converter which generated the current with ripplekBiz. Pulsations of plasma jet were
recorded as oscillations of plasma radiation uimear array of high frequency photodiodes.
This array was positioned parallel or perpendictdahe axial axis of the jet image.
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Changes of spectra of oscillations along the jaevevaluated from signals of photodiodes
in parallel position. For classical thyristor powapply the characteristic frequency of the
boundary layer instability of the plasma jet was-2050 kHz for the arc currents 300 —
500 A. Consequently, in this case the current metehui (300 Hz) do not influence the high
frequency jet boundary oscillations. However, whlea power supply with current ripple
frequency of 30 kHz was used, we observed the kayndhstability with dominant
frequency 30 kHz at the arc current 300 A, andafarcurrents 400 A and 500 A we detected
strong excitation of oscillations with frequency &Blz. An interaction of the boundary
instability with the arc current modulation thuskmlace.

The signals from the array of photodiodes positiboperpendiculary to the jet axis were
processed to get maps of the same photodiodesntsirréhese maps, with coordinates
corresponding to transversal position in the jet tmtime, represent the spatial structure of
oscillations during their passage along the phoubeliarrray. It can be seen that the
oscillations with frequencies 30 kHz and 60 kHzpesdively, in case of current ripple with
frequency 30 kHz, are mostly excited at the perniploé plasma jet. They can be interpreted
as the boundary layer instability.

Statistical analysis of the records of photodiodigmals positioned parallel to the jet axis
was performed and mean amplitudes and phase vefooit oscillations in various spectral
windows for several arc currents were evaluatea fbtal mean amplitudes of oscillations
were substantially higher for low frequency modlatof arc current. The phase velocity of
oscilations with the frequency of current ripplgpdeds strongly on position with respect to
the anode attachment.

This research has been supported by the Grant AgeinCR under the project number 202/08/1084.

* % %

Volt-Ampere Characteristic of the Stabilised Arc
llona Laznékova

Brno University of Technology, Technické 2848/8& 6@ Brno, Czech Republic
laznicka@feec.vutbr.cz

This paper deals with the conductance calculatiche stabilised arc. For the design of the
arc model it is supposed that the whole system ika local thermodynamic equilibrium and

the electrical arc is along the whole channel agyghmetrical. The aim of this paper is to

propose the method of the conductance calculatfothed stabilised arc and to apply the

program for the electrical conductivity calculatioreated by the author. By using of the

measured values of the arc current it can be akdlthe arc voltage. The measuring was
realized on the experimental arc heater for atmesplpressure and the working gas was
argon. The calculated conductance of the arc wagpaced with the conductance calculated
from the measured values of the voltage and theesurThen the V-A characteristic of the

arc was plotted and compared with the experimanalcharacteristic.

* % %
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Cluster Model of Aluminum Dense Vapor Plasma
A. Khomkin, A. Shumikhin

shum_ac@mail.ru

Thermodynamic model of dense ionized vapor of atwm that take into account metallic
clusters both neutral and ionized is suggested.ifliax quantity of atoms in cluster in this
model is equal to 6. Available in literature dafaab initio calculations of their energy and
force coefficients have been used for calculatidnclaster internal partition function.
Vibration-rotation dissociation effects are takemoi account for calculation of partition
function. Thermal and caloric equation of state aretal vapor composition are calculated
in vicinity of critical point using designed mod&alculated composition has been used for
estimation of conductivity of aluminum vapor plasm&omparison with existing
experiments is made for theoretical model verifarat In above mentioned experiments
isochoric pressure and conductivity dependencentamnnial energy are measured at the same
time in wide range of densities and temperaturgectted calculations and comparison with
experimental data allowed to establish role of thetalusters in vicinity of vapor metal
critical point and their role in interphase boundirmation of vapor-liquid metal transition.

This research has been supported by the Russiandation for Basic Research, grakt 08-08-
00689«.

* % %

A Study of Z-Pinch in Capillary Filled by Boron Vap  ors
P. Vrbd, M. Vrbov&, M. Tama§, R. Havlikov4

Ynstitute of Plasma Physics v. v. i. AS CR, Za&lkwu 3, 182 00 Prague 8
Czech Technical University in Prague FBME, Sitn@3272 00 Kladno 2
*Czech Technical University in Prague, FNSPEHRvVA 7, 111 19 Prague 1

Pinching discharge in both non-ablative and albdatepillaries filled by boron vapors is
studied. The aim is to find out conditions for tagiat Balmer alpha transition of hydrogen -
like boron ions B'. The primary pumping process under consideratim ithree-body
collisional recombination, taking place in non-staary under-cooled plasma created during
the pinch expansion stage.

Simulations of every shot consist of three stefis: Radial and time dependences of mass
plasma density, plasma electron temperature, plasmamperature and plasma electron
density are evaluated by means of the MHD code MIHN(2) Time dependences of
ionization fractions and energy level populatioons lithium-, helium- and hydrogen-like
ions are estimated by means of the kinetic code.KB)Time dependences of gain factor on
the capillary axis are assessed.

The results of computer modeling for capillary teedR) = 2.5 mm presuming damped sinus
profile for the current with peak valug.k = 90 kA and two different quarter periods
Tys~80ns and ~ 50 ns are reported here. The maxiprak value of evaluated gain for
Tya~ 80 ns is G ~ 1.6 cihis found for initial boron vapor densityN 3.9 16” cmi®in non-

ablative capillary, whereas the gain is very snfalhe wall ablation is taken into account.
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The reason for that is the plasma cooling effeased by the incoming ablated material from
capillary wall. If the shorter current pulse; I~ 50 ns) is taken into account, influence of the
cold ablative material on the achievable gain $s leronounced.

This research has been supported by the Czechcgdiundation - project No. 102/07/0275 and by
the Ministry of Education Youth and Sports - proje& 08024.

* % %

Equilibrium Composition and Thermodynamic Functions of
Non-ldeal Plasma

O. Zivny

Department of Electrical Power Engineering, FacufyElectrical Engineering and Communication,
Technick& 2848/8, 616 00 Brno, Czech Republic
e-mail: zivny@feec.vutbr.cz

A general method for calculating the compositiod grermodynamic functions of non-ideal
closed gaseous system in thermodynamic equilibigiproposed. The method is based on
the minimization of the Gibbs energy of a systerteimns of successive approximations. The
Gibbs energy of the system is expressed by mearsherhical potentials of individual
substances comprised in the system, whereas natiiom on the functional form of the non-
ideal part in the chemical potential is imposede Thethod described is applied to the
calculation of the composition and thermodynamigpprties of the system containing both
neutral and charged particles composed of SulphdiFfuorine atoms.

This research has been supported by the project02606/1337 of the Czech Science Foundation

* % %

Received after deadline:

Radiation of Electrical Arc Burning in Argon
J. Gregor; I. Jakubova; J. Senk

Brno University of Technology, Faculty of Electli€angineering and Communication Technology,
Purkynova 118, 61200 Brno, Czech Republic

The electrical arc burning in argon has been ingastd both experimentally, and
theoretically. Experiments have been carried outannarc heater with the electrical arc
stabilised by flowing argon of atmospheric pressurgpical operating conditions are
characterised by the arc current between 80 and &@fiferes, the arc voltage about
100 volts, and argon flow-rate approximately 20nggger second. The arc has been burning
in a channel 80 millimetres in length and 8 millines in radius. A set of integral quantities
including energy loss in individual segments of éhe heater has been measured during each
experiment. The measured data have then serverypaisdata of the designed mathematical
model of the arc. The model is based on energynaask conservation equations and Ohm
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law and uses the known transport and thermodyn@noiperties of the gas medium. After
some simplifications it makes it possible to congpakial and/or radial dependencies of
some quantities of interest (temperature, veloelgctric field intensity, arc radius, etc.) and
subsequently judge energy exchange between trandrits surroundings.

Special attention has been paid to radial enemysport from the arc to the channel wall.
The analysis of the computed and measured datprbaed that the hot gas has reached the
cooled channel wall in none of the studied casésisTthe mechanism of energy transfer
from the arc to the wall is supposed to be radmatidsing the measured and computed data
and accepting some simplifying presumptions, weeh&ved to estimate temperature
dependency of the radiation coefficient of argasmspla in the limited extent of temperatures
and arc cross-sections. The obtained results asngn figures. An interesting question is
comparing these values computed from experimerdtd avith the results of theoretical
computations published by Aubrecht and Bartlov& mechoslovak Journal of Physics D 52
(2002). Considering the applied simplification ihet computation and the differences
between the real situation and the theoretical madtie correspondence of the data is
satisfactory.

This research has been supported bytktieegrants No. MSM002163516 and MSM0021630513cof th
Ministry of Education, Youth and Sports of the @zRepublic.
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Computational Study of Impulsively Generated Waves in a Solar
Coronal Loop

P. Jelinek M. Karlicky?

pj@matfyz.cz
! Department of Physics University of South Bohemia
Jeronymova 10, 371 I¢eské Budovice, Czech Republic
2 Astronomical Institute Academy of Sciences of trec Republic, v. v. i.
Fricova 258, 251 65 Oridjov, Czech Republic

In our contribution we numerically investigate stang waves that are impulsively excited in
a solar coronal loop by pressure and density daation. This problem is considered as one-
dimensional in space. The corresponding computedeinds described by the ideal
magnetohydrodynamic equations that are solved rioatigr by means of so-called flux
limiters methods on uniformly structured mesh.

The obtained numerical results show, i.e. veloaitgss density, energy and perturbed mass
density time evolution. The next presented resaitts the spatial profiles of velocity for
various positions in the work area and for varipomts of the initial perturbations in the
plasma equilibrium. In our work we discuss the fameéntal mode and the first harmonic
mode which are generated in dependence on positimitial perturbation.

Our presented work is aimed at the explanationoobrtal oscillations and its attenuation.
These calculations are very important for the exgi@n of problem of coronal heating and
mechanisms of solar coronal oscillations.

This research has been supported by the Grant 18830701 of Grant Agency of the Academy of
Sciences of the Czech Republic.

* % %

Finite Larmor Radius Corrections on Self-Gravitatin g Anisotropic
Heat-Conducting Plasma

R. P. Prajapati and R. K. Chhajlani

School of Studies in Physics, Vikram Universityaldj456010, M. P., India

In this paper the effect of finite Larmor radiusLA corrections on self-gravitational
instability of anisotropic heat-conducting plasnsainvestigated. The present work is the
extended one [Prajapati et Bhys. Plasmagd5, 012107 (2008)] in the field of anisotropic
pressure plasma taking into account of heat flustore The usual Chew-Goldberger-Low
(CGL) set of equations is used to discuss theliilgtaas well as stability of the system. The
medium is supposed to be rotating with uniform daguelocity. The general dispersion
relation is obtained using normal mode analysis coystructing the linearized set of
equations, which is discussed for propagation Hotigitudinal and transverse to the
direction of the magnetic field for each cases ahtion. The effect of FLR correction
together with rotation is seen on the growth rdtthe system. It is found that rotation plays
the stabilizing role on the growth rate of Jearstahility. It is also demonstrated that the
Alfven wave and the associated “firehose” inst&p#éire not affected by the presence of heat
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flux corrections, FLR corrections and rotation al$be numerical analysis is performed to

show the effect of FLR corrections, rotation, pugesanisotropy and heat flux parameter on
the condition of instability in the spiral armsgdlaxy in space plasma. The Jeans condition
of gravitational instability is obtained for bothet cases of propagation which is found to be
unaffected by the presence of FLR corrections aad thux vector.

This research has been supported by the
Department of Science and Technology, New Dellédel Project No. SP/S2/K-17/2000.

* % %
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