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Contributions Presented at the 26th Symposium  

on Plasma Physics and Technology,  

Prague, Czech Republic, 16. – 19. 6. 2014: 
 

Experimental Investigation on Laser – Plasma Coupling  

in the Shock Ignition Regime at PALS 

Cristoforetti G.1, Baffigi F. 1, Koester P. 1, Labate L. 1, Gizzi L. A. 1, Antonelli L.2,3, Folpini G.2, 

Giuffrida L.2, Maheut Y.2, Malka G.2, Nicolai Ph.2, Ribeyre X.2, Batani D.2, Barbato F.3, 

Levato T. 3, Richetta M. 3, Marocchino A. 4, Schiavi A. 4, Atzeni S. 4, Badziak J. 5, 
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Renner O. 8, Sawicka M. 8, Smid M. 8,12, Velyhan A. 8, O’Dell T.9, Spindloe Ch. 9, Rhee Y. J.10, 

Vinci T.11 
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In the context of Inertial Confinement Fusion, Shock Ignition (SsI) is a promising approach 

to reach the ignition and burning of a thermonuclear fuel pellet. It consists of a two-steps 

scheme, where ignition is achieved by a strong converging shock wave launched by a laser 

spike at an intensity 𝐼𝜆2  >  1016 Wcm−2μm2 at the end of the compression phase. Its 

attractiveness relies mainly in the high potential gains leading to a lower laser energy needed 

for the fuel ignition. 

In this intensity regime, however, laser-plasma interaction is strongly affected by the growth 

of a variety of parametric instabilities, including stimulated Raman scattering (SRS), Brillouin 

scattering (SBS) and Two Plasmon Decay (TPD), leading to the waste of a considerable 

amount of laser energy and to the generation of fast electrons, which could produce 

a detrimental preheating of the compressed fuel. 

To investigate laser-plasma coupling in the SI regime, several measurement campaigns have 

been carried out at the Prague Asterix Laser Facility (PALS). A strong shock has been 

produced by focusing a laser spike at intensities 1015 – 1016 Wcm−2 (250 ps, 438 nm 

and 1315 nm) on an extended plasma corona, which was created by a previous laser pulse 

at intensity I ∼ 7·1013 Wcm−2 (250 ps, 1315 nm). 

The pre-plasma temperature and density were inferred by x-ray spectroscopy, ion diagnostics 

and interferometry. Parametric instabilities were investigated by calorimetry and spectroscopy 

of the backscattered radiation in the full angular range; the emission peaks at (3/2)ω, ω 
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and ω/2 emission provided information on TPD, SBS and SRS, respectively. Kα spectroscopy 

was utilized to investigate fast electron generation. Finally, the shock pressure produced 

by the laser spike was derived by shock breakout chronometry and by the morphology 

of craters formed in massive targets. 

The main results of these experimental campaigns, with a particular emphasis to the relevance 

of parametric instabilities, are here presented [P. Koester et al., Recent results from 

experimental studies on laser–plasma coupling in a shock ignition relevant regime, Plasma 

Physics and Controlled Fusion, 55, 124045 (2013); D. Batani et al., Generation of high 

pressure shocks relevant to the shock-ignition intensity regime, Phys. Plasmas 21, 032710 

(2014); T Pisarczyk, Pre-plasma effect on energy transfer from laser beam to shock wave 

generated in solid target, 21, 012708 (2014)]. The obtained results are critically discussed 

in the perspective of SI and future directions of investigation are suggested. 

 
* * * 

The Path towards GW Soft X-ray Lasers. 

Zeitoun Ph.1, Eduardo Oliva1, Thi Thu Thuy Le1,2, B. Mahieu1, H. Dacasa-Pereira1,  

David Ros2, Stéphane Sebban1, Lu Li1, J.J. Rocca5, Pedro Velarde3, Marta Fajardo4 

1Laboratoire d’Optique Appliquée, ENSTA, CNRS, Ecole Polytechnique, Palaiseau, France 
2Laboratoire de Physique des Gaz et Plasmas, CNRS Université Paris-Sud, Orsay, France 

3Instituto de Fusion Nuclear, Universidad Politecnica de Madrid, Madrid, Spain 
4Centro de Fisica dos Plasmas, Instituto Superior Tecnico, Lisbon, Portugal 

5Department of Electrical Engineering, Colorado State University, USA 

Ultra-intense X-ray sources have opened new avenues by creating new states of matter, 

probing or imaging most intimate component of living or inert matter or realizing movies  

of samples excited by ultra-fast sources. Within the panorama of available ultra-intense  

X-ray sources, free-electron lasers have a strong leadership by delivering pulses combining 

femtosecond duration and 10’s of µJ to mJ energy.  However, these sources remain highly 

expensive by reaching more than 1B$, limiting their number to a few worldwide. 

Since the first successful demonstration of amplification of high harmonic pulse in a low 

density plasma in 2003 [Zeitoun, P. et al. A high-intensity highly coherent soft X-ray 

femtosecond laser seeded by a high harmonic beam. Nature 431, 426–429 (2004)] and high 

density in 2008 [Wang, Y. et al. Phase-coherent, injection-seeded, table-top soft-X-ray lasers 

at 18.9 nm and 13.9 nm. Nature Photon. 2, 94–98 (2008).], we have develop extensive 

numerical studies aiming at finding path for generating mJ, fs, fully coherent laser-pumped 

soft x-ray lasers. 

We have first used 2D hydrodynamic code to optimize the plasma amplifier conditions when 

pumped by a combination of long and short infrared pulses. In best case, plasmas may store 

up to 0.4 mJ in the population inversion. 

On a second step, we developed a time-dependant Maxwell-Bloch model enabling to describe 

accurately the temporal structure of the soft x-ray pulse all along its amplification. 

We observed that at best, pulses of 80 fs and only 20 µJ might be generated with table-top 

lasers. We thus studied the seminal experiment of Ditmire’s et al [Ditmire, T. 

et al. Amplification of XUV harmonic radiation in a gallium amplifier. Phys. Rev. 

A51, R4337–R4340 (1995)] who seeded the first plasma. This peculiar experiment was using 

kJ and ns laser to create long life duration plasma. We retrieved and explained for the first time 

the experimental result (amplified spontaneous emission 1,000 times stronger than amplified 
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seed). We thus proposed and fully modelled the transposition of the so-called Chirped Pulse 

Amplification (CPA) in the soft X-ray range, showing that 6 mJ, 200 fs, fully coherent soft X-

ray pulse is accessible with compact pump lasers [E. Oliva et al, A proposal for multi-tens 

of GW fully coherent femtosecond soft X-ray lasers, Nat. Phot., 6, 767 (2012)]. 

 

       

Fig. 1: Image in false colours of plasma created 

by two laser pulses and the gain region. 

 

 
Fig. 2: Energy vs plasma length for the X-ray 

CPA. 

* * * 

 

Edge Plasma Studies in the COMPASS Tokamak 

Panek R.1, Stockel J.1, Markovic T.1,2, Cahyna P.1, Stefanikova E.1,2, Bilkova P.1, Bohm P.1, 

Aftanas M.1, Adamek J.1, Seidl J.1, Dejarnac R.1, Peterka M.1,2, Hron M.1, Imrisek M.1,2, 

Havlicek J.1,2, Kovarik K.1,2, Janky F.1,2, Weinzettl V.1, Hacek P.1,2, Vondracek P.1,2, 

Naydenkova D1,2 

1 Institute of Plasma Physics AS CR, Prague, Czech Republic 
2 Faculty of Mathematics and Physics, Charles University in Prague, Prague, Czech Republic 

The COMPASS tokamak is an experimental device operated in divertor plasma configuration 

with ITER-like plasma cross-section. Recently, an H-mode has been achieved in COMPASS. 

The H-mode is generated by an increase of the plasma current above 240 kA or a pulse 

of Neutral Beam Injection (NBI) heating system. The L-H transition is characterized 

by a sudden decrease of Da signal as well as its fluctuations. The H-mode is accompanied 

by characteristic plasma instabilities (Edge Localized Modes – ELMs) with frequencies 

in the range of 80 – 2 000 Hz or exhibits so called ELM-free periods.  

This contribution will present a characterization of edge plasma during H-mode in COMPASS 

with a focus on the ELM classification. In addition, the characterization of ELM parameters 

using different probe techniques will be provided. Examples of edge electron temperature 

and density profiles measured by High Resolution Thomson scattering diagnostics will be also 

presented. 

 * * * 
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Simulation of Damage of Metallic Plasma Facing Armor  

under Transients in Tokamaks 

Bazylev B.1, Igitkhanov Yu.1, Pitts R.A.2, Coenen J.W.3 

1 Karlsruhe Institute of Technology, IHM, P.O. Box 3640, 76021 Karlsruhe, Germany 
2 ITER Organization, Route de Vinon sur Verdon, 13115 Saint Paul Lez Durance, France 

3 Institute of Energy and Climate Research – Plasma Physics, Forschungzentrum Jülich EURATOM-

FZJ, Partner of Trilateral Euregio Cluster, 52425 Jülich, Germany 

Tungsten (W) is planned as plasma-facing components (PFCs) in the ITER divertor 

and as the main PFC material of future tokamak DEMO. Uncontrolled transients, such 

as ELMs, VDEs, disruptions have the potential to drive significant erosion of PFC surfaces 

by vaporization and melting. Melt motion followed by melt splashing of metallic armour can 

be very serious, leading to deterioration of surface topology, and decrease in PFC lifetime.  

In the paper recent using of melt motion code MEMOS for calculation of PFC erosion 

in the tokamaks is described. Recent simulations of W-melt motion performed for the tokamak 

multi-transient experiments demonstrated as good agreement with measurements of target 

profile as importance of J´Bforce generated by thermo-current. Significant melt erosion of PFC 

surfaces after plasma and runaway electron heat loads onto the misaligned edges between 

armour mono-blocks is numerically demonstrated for expected tokamak transients. 

* * * 

Multi-Mirror Linear Trap for Fusion Plasma Confinement:  

Status and Future 

Burdakov A. V. 

Budker Institute of Nuclear Physics, 630090, Novosibirsk, Russia Novosibirsk State University, 

Novosibirsk, Russia Novosibirsk State Technical University, Novosibirsk, Russia 

The paper reviews recent results obtained on the Multiple Mirror Trap GOL-3. It is an 11 m-

long solenoid with axially-periodical magnetic field. In the basic operation regime the solenoid 

consists of 52 cells with Bmax/Bmin
 = 4.8/3.2 T.  Deuterium plasma of 1020 – 1022 m-3 density is 

heated up to ~2 keV ion temperatures at confinement time ~1 ms by a high power relativistic 

electron beam. In general, achieved plasma parameters support our vision of a multiple mirror 

trap as the alternative path to a fusion reactor with betha ~1. Project of a new linear trap with 

multiple mirror plugs is in progress in Novosibirsk BINP. Several new experiments in support 

of the fusion program based on linear machines are presented. An intense electron beam source 

of a new type, based on a gaseous arc plasma emitter, was developed and experiments with 

this beam are carried out; the new data on plasma rotation, electromagnetic radiation and 

plasma-surface interaction in the GOL-3 will be presented. 

* * * 

Performance of Tungsten as Divertor Material in Future Fusion Devices 

Wirtz M., Linke J., Loewenhoff Th., Pintsuk G. 

Forschungszentrum Jülich GmbH, D-52425 Jülich, Germany 

Tungsten as a plasma facing material (PFM) in the divertor region of a fusion device like ITER 

has to withstand severe environmental conditions such as high thermal loads and particle 

fluxes. These exposure conditions may cause a deterioration of the heat removal capability 
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of the material and/or component. In order to ensure that designs of tungsten components are 

suitable for an application under such exposure conditions detailed qualification programs are 

required. Especially the high steady state and transient thermal loads, simulated with electron 

beam and linear plasma devices, induce a wide range of modifications and damages 

on the PFM surface as well as in the component. 

Open issues are the performance of materials under high cycle transients, after/during neutron 

irradiation, after recrystallization, and under simultaneous particle fluxes (D/T/He). 

For DEMO new technologies are required and investigations towards the materials resistance 

against much higher neutron doses. 

* * * 

Plasma Focus as an Effective Tool for Laboratory Simulation  

of Astrophysical Jets 

Krauz V.I. 

NRC "Kurchatov Institute", Akademika Kurchatova sq. 1, Moscow, Russia 

Cosmic jets of different nature are one of the most striking phenomena in astrophysics. There 

are many models of their origin, however, their verification, for understandable reasons, is 

extremely difficult or impossible in principle (black holes). One of the possible solutions is 

a laboratory simulation, which, subject to certain similarity laws, allows performing 

experiments which are difficult to implement under natural conditions. One of the laboratory 

facilities allowing to carry out such simulation is the facility of plasma focus type (PF). For this 

goal the PF-3-facility (Kurchatov Institute, Moscow) was adapted.  The advantages of PF 

for laboratory simulation and first experimental results on studies of plasma jet formation 

and its propagation through background plasma are discussed. 

This research has been supported by the Russian Foundation for Basic Research, projects 12-02-

12078-ofi-м, 13-02-90303_Abh and 14-02-01203-a. 

* * * 

Experimental Characterization of an Overdense Plasma Excited by Electron 

Bernstein Waves Heating in a Compact, Plasma-Based Ion Source  

Castro G.1, Mascali D.1, Romano P.1,2, Altana C.1,3, Battiato M.1,3, Caliri C.1, Celona L.1, 

Gambino N.1,4, Lanaia D.1,5, Miracoli R.1,6, Musumarra A.1,3, Neri L.1, Torrisi G.1,7, 

Gammino S.1 

1 INFN- Laboratori Nazionali del Sud, via S. Sofia 62, 95123, Catania, Italy 
2 CNR-IBAM Via Biblioteca 4, 95124 Catania, Italy 

3 Università degli Studi di Catania, Dipartimento di Fisica e Astronomia, Via S. Sofia 64,  

95123 Catania, Italy 
4 ETH Zürich, Laboratory for Energy Conversion, Sonneggstrasse 3, 8092 Zürich 

5 CERN, Genève 23 Switzerland 
6 ESS Bilbao, Spain 

7 Università Mediterranea di Reggio Calabria, DIIES, Via Graziella, I-89100 R. C., Italy 

Electron Cyclotron Resonance Ion Sources (ECRIS) are compact plasma-based machines able 

to feed particle accelerators with high intensity beams of multicharged ions. ECRIS plasmas 

are density limited since sustained by E.M. waves propagation up to a cutoff density value. 

In the past the only way to improve ECRIS performances has been to increase microwave 
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frequency and magnetic field strength satisfying ECR condition. A different plasma heating 

mechanism is being applied at INFN-LNS. It is based on Electron Bernstein Waves (EBW), 

i.e. electrostatic waves which do not suffer any density cutoff. The research has been based 

on the detection of the peculiar signatures of EBW formation and following absorption: 

the overcoming of cutoff density, the observation of non-linear heating and the electro-

magnetic spectrum broadening. The three signatures have been simultaneously revealed for 

the first time in a compact device, in different magnetic configurations and above a fixed power 

threshold. 

* * * 

Advanced Plasma Diagnostics Tools for Ion Source Development 

Mascali D.1, Castro G.1, Altana C.1,2, Musumarra A.1,2, Romano F. P.1,3, Caliri C.1,  

Celona L.1, Neri L.1, Torrisi G.1,4, Patti G.1, Gammino S.1, Sorbello G.1,2, Leonardi O.2,  

Nicolosi D.1,2, Pellegriti M. G.1 

1 INFN- Laboratori Nazionali del Sud, via S. Sofia 62, 95123, Catania, Italy 
2 Università degli Studi di Catania, Via S. Sofia 64, 95123, Catania, Italy 

3 CNR-IBAM Via Biblioteca 4, 95124 Catania, Italy 
4 Università Mediterranea di Reggio Calabria, DIIES, Via Graziella, I-89100 R. C., Italy 

In Electron Cyclotron Resonance Ion Sources (ECRIS) a dense and hot plasma is confined by 

magnetic fields and resonantly heated by microwaves in the 2.45–28 GHz frequency range. 

The ECRIS development path has been traced on the roadmap of magnetic field, microwave 

source frequency and power boosting. This trend is approaching saturation due 

to technological constraints. One limiting factor consists is the few types of diagnostics tools 

so far designed and installed on such compact machines due to difficult accessibility 

of the plasma chamber. In order to improve microwave-to-plasma coupling, we are developing 

diagnostics tools spanning across the entire electromagnetic spectrum, from microwave 

interferometry to X-ray spectroscopy. In the last year these methods have started to be 

implemented at LNS, including high resolution X-ray spectroscopy and spatially-resolved X-

ray spectroscopy made by quasi-optical methods (pin-hole cameras). Obtained results will be 

shown and discussed. 

* * * 

A Path Forward for Fusion: Thermoelectric Liquid Metal  

Plasma Facing Structures 

Ruzic D. N. 

University of Illinois at Urbana-Champaign, 104 S. Wright St. Urbana, IL, 61801, USA 

The divertor region of a tokamaks experience extreme heat fluxes which lead to intolerable 

levels of damage.  To ensure an adequate lifetime, such structures could be constructed out 

of flowing molten materials.  Lithium is the obvious choice since it is low Z and allows low-

recycling regimes which enable a larger portion of the core to reach fusion-relevant tempera-

tures.  

The Liquid-Metal Infused Trenches (LiMIT) concept [D.N. Ruzic, et. al., Nucl. Fusion 

51(2011) 10200] is a plasma facing structure which employs thermoelectric magneto-
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hydrodynamics to self-propel lithium through a series of trenches. The combination of an inci-

dent heat flux and a magnetic field provide the driving mechanism for the flow. A limiter based 

on this concept was designed and placed at the bottom of the HT-7 tokamak resulting in a posi-

tive effect.  

Recent results from the experiments at Illinois will be described and a path forward for fusion 

utilizing this concept will be discussed. 

This research has been supported by the US Department of Energy. 

* * * 

Dynamics of W and Be Dust in Fusion Devices; Experiments and Modelling 

Ratynskaia S.1, Tolias P.1, Vignitchouk L.1, De Angeli M.2, Riva G.3, Bykov I.1, 

Litnovsky A.4, De Temmerman G.5, den Harder N.5, Brochard F.6, Longo S.7 

1 KTH Royal Institute of Technology, Association EURATOM-VR, Stockholm, Sweden  
2 Istituto di Fisica del Plasma, Associazione EURATOM-ENEA sulla Fusione – CNR, Milano, Italy  

3 Istituto per l’Energetica e le Interfasi – CNR, Milano, Italy  
4 Institut für Energieforschung–Plasmaphysik, Association EURATOM-FZ Jülich, Germany  

5 FOM Institute DIFFER, Association EURATOM-FOM, The Netherlands 
6 University of Lorraine, Association EURATOM-CEA, France 

7 Department of Chemistry, University of Bari, Bari, Italy 

We report on experiments with injection of artificially introduced dust (for transport studies) 

and exposure of samples with pre-adhered dust particles (for remobilization studies) 

in tokamak, reversed field pinch and linear configurations. The experiments enable calibration 

of the physical models employed in the MIGRAINe dust dynamics code [S. Ratynskaia, 

L. Vignitchouk, P. Tolias et al. (2013) Nucl. Fusion 53 1230021-3; I. Bykov, L. Vignitchouk, 

S. Ratynskaia et al. (2014) Plasma Phys. Control. Fusion 56 035014; P. Tolias (2014) Plasma 

Phys. Control. Fusion 56 (in print)]. We discuss new models of dust-surface collisions and 

aspects of dust-plasma interaction implemented in the code. The specific processes concerned 

are: restitution coefficients (dependencies on the grain size and temperature), secondary 

electron emission, electron backscattering, sputtering and ion reflection, ion neutralization 

in the vicinity of metal surfaces and vapor cloud dynamics. 

This research has been supported by the ER-WP14-ER-01/VR-01. 

* * * 

Study of Bifurcation Based L-H Transition Using  

Fixed Points Stability Analysis 

Boonyarit Chatthong1, Roppon Picha2, Nopporn Poolyarat3, Thawatchai Onjun1 

1 School of Manufacturing Systems and Mechanical Engineering, Sirindhorn International Institute 

of Technology, Thammasat University, Pathum Thani, Thailand 
2 Thailand Institute of Nuclear Technology, Bangkok, Thailand 

3 Department of Physics, Thammasat University, Pathum Thani, Thailand 

An L-H transition in tokamak plasma is studied using the bifurcation concept. 2 field 

(heat/particle) transport equations with both neoclassical and turbulent effects are solved 

simultaneously. The flow shear is used as transport suppression mechanism, which is assumed 

to affect only the turbulent channel and is a function of both pressure and density gradients, 
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hence coupling the two transport equations. Moreover, both transport equations are reformed 

into energy and particle flow equations in order to analyze fixed points stability of local 

plasma. It is found that a sudden increase of local pressure/density gradients can occur 

at critical fluxes, exhibiting the L-H transition. Also the local fixed points analysis implies that 

the plasma takes much longer time to evolve in H-mode than in L-mode. The timescales ratio 

is proportional to the ratio of turbulent over neoclassical transports. The effects of toroidal 

flow on the bifurcation picture of L-H transition are also studied. 

* * * 

Model for Predicting Toroidal Rotation Based on Neoclassical Theory  

and Toroidal Momentum in Tokamak Plasmas 

Klaywittaphat P., Onjun T. 

School of Manufacturing Systems and Mechanical Engineering, Sirindhorn International Institute 

of Technology, Thammasat University, Pathum Thani, 12121, Thailand 

A theory-based model for predicting toroidal rotation velocity is developed based on two 

mechanisms: toroidal momentum from torque due to auxiliary heating and toroidal rotation 

from neoclassical theory. For the torque from auxiliary heating, it includes NBI, ICRF, 

and LH. This toroidal velocity model is implemented in 1.5D BALDUR integrated predictive 

modeling code and is used to evolve plasma current,temperature,and density profiles for 4 JET 

optimized shear discharges. These simulations are carried out with a combination of Mixed 

Bohm/gyro-Bohm core transport and NCLASS neoclassical transport model.It is found that 

the predicted toroidal rotation profiles are in a range of the experimental data, with an RMS 

below 25 % for 4 JET optimized shear discharges. In addition, agreement for ion and electron 

temperature and density profiles can be satisfactory achieved. It is also found that the ITB 

formation is observed at a location similar to those found in the experiments for all simulations. 

This research has been supported by the Commission on Higher Education (CHE) and the Thailand 

Research Fund (TRF) under Contract No.RSA5580041. 

* * * 

Spectroscopy Diagnostics Based on NBI in EAST Tokamak 

Yu Y.1, Ye M.1, Shi Y.1, Li Y.2, Lv B.2, Chen R.2, Huang J.2, Wan B.2, Mao S.1 

1 University of Science and Technology of China 
2 Institute of Plasma Physics, Chinese Academy of Sciences 

Several spectroscopy diagnostics based on heating neutral beam injection (NBI) have been 

recently developed in EAST tokamak, i.e. the Charge eXchange Recombination Spectroscopy 

(CXRS), direct current Beam Emission Spectroscopy (DC-BES), alternating current Beam 

Emission Spectroscopy (AC-BES), Fast-Ion Dα (FIDA) and Motional Stark effect (MSE) 

diagnostics. These diagnostics provide tools for some important plasma parameters, such 

as a 1 M resolution plasma density signal. Physical plan in the next EAST experiment 

is presented, together with an idea of Ultrafast-CXRS diagnostic system in the nearly future. 

This research has been supported by the National Magnetic Confinement Fusion Science Program 

of China (No.2012BG101001). 
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* * * 
Active Spectroscopic Methods Monitoring of Active Species  

in Atmospheric Radio Frequency Plasma 

Li Li 

Department of Applied Physics, Research Unit Plasma Technology, Ghent University, Belgium 

Rf-DBD plasma of 13.56 MHz generated in between two electrodes with a size of 50 × 50 mm 

at pressure range from sub-atmospheric (300 mbar) to atmospheric (1100 mbar) and power 

of 20-80 W is studied by optical emission spectroscopy (OES) and absorption spectroscopy 

(AS). The gas temperature and electron density is estimated from the OES. AS is used to record 

the absolute density of Ar* metastable and resonance states by measuring absorption signal 

of 794.8, 800.8, 811.53, and 750.4 nm.  Laser-induced fluorescence (LIF) and two-photon 

absorption laser-induced fluorescence (TALIF) spectroscopy are the major techniques that 

have direct access to the ground state populations.  The present work uses the time resolved 

LIF and TALIF spectroscopy to investigate the temporal behavior of laser excited states 

in the atmospheric pressure RF plasma jet, sustained in Ar/0.3 % H2O or 0.3 % O2 mixtures, 

with a special attention devoted to the proper interpretation of the LIF and TALIF results. 

* * * 

Research of Low Temperature Dusty Plasma System  

under Microgravity Conditions 

Molotkov V.I.1, Lipaev A.M.1, Naumkin V.N.1, Zhukhovitskii D.I.1, Khrapak S.A.1,2,  

Fortov V.E.1, Ivlev A.V.2, Thomas H.M.2, Morfill G.E.2 

1 Joint Institute for High Temperatures RAS, 125412, Izhorskaya 13, bld. 2, Moscow, Russia 
2 Max-Planck-Institute for Extraterrestrial Physics, Giessenbachstrasse D-85748, Garching, Germany 

Dusty plasmas are low temperature plasmas consisting of electrons, ions, neutral gas atoms, 

and charged dust particles. The research of dusty plasmas under microgravity conditions 

provide new insights and allows to observe phenomena, which are suppressed under gravity 

conditions on Earth. We will present some results of the dusty plasma studies under icrogravity 

conditions obtained with the help of PK-3 Plus laboratory.  

Due to the manipulation of the interaction potential between the microparticles it is possible 

to initiate a phase transition from an isotropic plasma fluid into an electrorheological plasma. 

The investigation of interpenetration of two clouds of different grain sizes allows to study lane 

formation phenomenon at the kinetic level. The crystal-liquid phase transition was obtained 

in large 3D isotropic dusty plasma system. Besides, we studied transition from the homoge-

neous crystallization to the heterogeneous crystallization (propagation of crystallization 

fronts). 
This research has been supported by the Program of the Presidium of RAS. 

* * * 

Influence of Voltage Supply Pulse Duration on Characteristics of DBD  

in Atmospheric Air 

Khomich V. Yu., Malashin M. V., Moshkunov S. I., Shershunova E. A. 

Institute for Electrophysics and Electric Power RAS, Dvortsovaya nab., 18, St.-Petersburg, Russia 

The volume dielectric barrier discharge in atmospheric air in a plane-parallel electrode 

arrangement with alumina ceramic barrier was studied. Unipolar square pulses with amplitude 
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of 16 kV and pulse repetition rate of 30 Hz were applied to the electrodes. The duration 

of the applied pulses was varied from 600 ns to 6 ms during the experiment. Two discharge 

pulses were observed in the waveforms at rising and falling edges of the applied voltage pulse. 

It was found experimentally that with varying the voltage pulse duration the current pulse 

amplitude of the first discharge stayed constant, whereas the amplitude of the second discharge 

increased with the voltage pulse elongation. The growth of the second current peak also 

strongly affects the peak power of this discharge. The peak power of the second discharge 

increased nearly twice with increasing the voltage pulse duration. 

* * * 

Control of Plasma Density in Plasma Layer near High-Speed Body  

by Electric and Magnetic Fields 

Poniaev S.A.1, Kurakin Yu.A.1, Schmidt A.A.1, Bobashev S.V.1, Gülhan A.2,  

Steffens L.2, Esser B.2 

1 Ioffe Physical-Technical Institute of the Russian Academy of Sciences, Saint-Petersburg, Russia 
2 The Institute of Aerodynamics and Flow Technology, DLR, Cologne, Germany  

When a space vehicle re-enters the atmosphere at a high velocity, a layer of ionized gas is 

formed around it. This layer shields the radio signal transmission to and from the vehicle. This 

phenomenon, the so-called radio transmission "blackout", was observed during the first re-

entry phase of space flights. The gas temperature in the layer between the bow shock wave 

and the vehicle surface can reach 104 K, and the gas becomes ionized, thus forming a plasma 

layer in the vicinity of the vehicle surface. For a typical re-entry trajectory the plasma 

frequency in this layer can be much higher than 109  Hz. In this report computational modelling 

and experimental results of the method of mitigation of radio transmission blackout during 

a flight at a high velocity in crossed electric and magnetic field are presented. Results show 

that a decrease in the plasma frequency can be obtained by applying electric and magnetic 

fields to the ionized layer near the model surface. 

This research has been supported by the RFBR 12-01-91320-SIG_a. 

* * * 

Electrical Discharge in Water Assisted By a Shock Wave 

Stelmashuk V. 

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

New method of generation of an electrical discharge in water with shock wave assistance is 

proposed. A high voltage pulse is applied to a pair of electrodes at a time when the shock wave 

is passing between them. The shock wave creates favourable conditions for the electrical 

breakdown. Two electrode configurations were used: pin-to-pin and plate-to-plate. 

If the electric field is lower then the critical breakdown field in pin-to-pin geometry, the corona 

discharge is observed on the anode and no spark is generated. The shock wave used at this 

condition enhances the breakdown process and underwater spark is generated. Plate-to-plate 

geometry is characterised by the homogeneous electric field with magnitude under the critical 

value of an electrical breakdown. The use of shock wave leads to the electrical breakdown 

between plate electrodes. 

* * * 
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Non-equilibrium Plasma Emission Properties of EUV and Soft X-ray Sources 

Zakharov V.1,3, Zakharov S.2,3 

1 Keldysh Institute of Applied Mathematics RAS, Miusskaya sq. 4, Moscow, Russia 
2 NAEXTSTREAM, rue Tabuteau 55, Buc, France 

3 NRC "Kurchatov Institute", Akademika Kurchatova sq. 1, Moscow, Russia 

Discharge and laser produced plasmas used in EUV and soft X-ray sources are non-

equilibrium. Understanding of behaviour of such plasma and the results on modelling  

of sources depend on kinetic and spectral parameters of plasma. Mismatch between actual 

plasma conditions and its theoretical estimations leads to incorrect evaluation of parameters 

and to impossibility of optimisation of sources. Modelling of emission properties of Xe, N, Zr 

and Kr plasmas is carried out in the approach for kinetic parameters of non-equilibrium 

plasma, incl. interaction processes with arbitrary electron distribution, based on Hartree-Fock-

Slater model. Non-equilibrium kinetic modeling demonstrates high sensitivity of ionization 

and emission properties of plasma to a presence of high energy electrons and to the accuracy 

of cross-sections of processes. Efficiencies of light sources in required bands are discussed. 

Optimal plasma conditions for substantial increase (×10) of emission intensity are proposed.  

This research has been supported by the Marie-Curie Action FP7 FIRE. 

* * * 

Ion Phase-Space Resolved Plasma Fluctuations 

Skiff F., Mattingly S. 

University of Iowa, Department of Physics and Astronomy, Iowa City, IA 52242 USA 

Measurement of velocity distribution functions not only permits the determination of density, 

current, and temperature, but correlated fluctuations of the distribution function enable more 

direct determination of plasma transport coefficients. We will discuss measurement of the two-

point correlation function < 𝑓(𝑥, 𝑣, 𝑡) 𝑓(𝑥′, 𝑣′, 𝑡′) > for ions in a cylindrical magnetized 

Argon RF gas discharge that are resolved in time 𝑡 − 𝑡′ and in position and in the velocity 

component parallel the the magnetic field.  Typical plasma parameters in the singly ionized 

discharge are Te ~ 4 eV, Ti ~ 0.1 eV, ne ~ 1010 cm-3, with B = 0.1 T.  Two independently movable 

periscopes are used to collect light from laser-induced fluorescence of metastable Argon with 

excitation at 611 nm and 668 nm. This technique allows the measurement of correlation 

functions with large signal-to-noise, and the estimation of transport coefficients. 

This research has been supported by the Supported by US Department of Energy  
DOE-FG02_99ER54543. 

* * * 

Design and Implementation of Gas Puff Imaging Diagnostic to Investigate  

2D Plasma Turbulence in the COMPASS Tokamak 

Cavalier J., Weinzettl V., Varju J., Panek R. 

Institute of Plasma Physics AS CR, Prague, Czech Republic 

In tokamaks, the particle and energy transport strongly depends on the level of turbulent 

fluctuations of the plasma parameters. Investigations have shown that those fluctuations 

correspond to large amplitude bursts due to intermittent structures, which propagate in both 
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the radial and poloidal directions at the same time. In the COMPASS tokamak with ITER-like 

plasma shape, these phenomena can be studied by a comprehensive set of diagnostics. 

However, these diagnostics usually provide only 1D information on the transport behavior.  

The gas puff imaging technique represents an interesting alternative allowing 2D measure-

ments of turbulent structures by imaging the emission of a controlled neutral gas puff using 

a fast camera. Gas puffs are injected in the SOL region to visualize the plasma turbulence 

increasing the contrast and light emission. We report on the design and implementation of such 

a new diagnostic for COMPASS. The first tests of the optical and injection systems will be 

shown. 

* * * 

Change of Tungsten Structure under the ITER ELM-like Repetitive  

Plasma Loads 

Bazdyrieva S.V. 1, Malykhin S.V. 1, Pugachоv A.T. 1, Surovitskij S.V.1, Garkusha I.E. 2, 

Makhlaj V.A. 2, Aksenov N.N.2 

1 Kharkov Polytechnic Institute, NTU; 21, Frunze str., Kharkov, 61002, Ukraine 
2 Kharkov Institute of Physics and Technology; 1, Akademicheskaya St., Kharkov,  

61108, Kharkov, Ukraine 

Tungsten treated by the double forging method is very perspective material for armor of ITER 

divertor. The behavior of such material under transient heat loads is critical issue for realization 

of ITER project. Tungsten targets have been irradiated by repetitive hydrogen plasma loads 

relevant to ITER ELM in quasi-stationary plasma accelerator QSPA Kh-50. Heat load 

on tungsten surfaces was 0.45 MJ/m2, which was between the cracking and melting thresholds 

of tungsten. Pulse duration is 0.25 ms. Number of plasma pulses achieved 400. XRD method 

is used for analyzing structure and evolution of residual stresses. SEM analyze has been used 

for study of exposed surface. Plasma loads cause the formation of tensile residual macro-

stresses up to 300 MPa in surface layer after the first irradiation. Further plasma irradiation led 

to annealing the structural defects and some relaxation of residual stress. Macro-cracks 

appeared in the surface layer as result of thermo stress relaxation 

* * * 

Comparison of Cooling Schemes for High Heat Flux  

Components Cooling in Fusion Reactors 

Phani kumar Domalapally, Entler S. 

Centrum Výzkumu Řež, Řež U Prahy, Czech Republic 

About 20 % of the energy released by plasma in fusion reactor, turns ultimately out to be 

surface heat load on the Plasma facing components (PFC’s) and the heat fluxes on these 

components (e.g. First wall, Divertor, Neutral beam injectors etc.) can range from 1 to several 

MW/m2. In order to handle such high heat fluxes and prevent damage, in the recent past several 

coolants are proposed such as water, helium and liquid metals along with different ways 

of enhancing the heat transfer coefficient, such as swirl tubes, hypervapotrons, Jet cooling, 

pin-fins arrays, 2D, 3D roughness in different combinations with the coolants. Among these 

concepts water and helium are most preferred because of several advantages that these coolants 
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possess. This paper analyzes different ways of enhancing heat transfer using helium and water 

for cooling of PFC’s and then conclusions are drawn to decide the best choice of coolant, 

for usage in near and long term applications. 

* * * 

Lithium Beam Diagnostic on the COMPASS Tokamak 

Hacek P.1,2, Berta M.1,3, Krbec J.1,4, Weinzettl V.1, Stockel J.1, Bencze A.5, Anda G.5,  

Dunai D.5, Zoletnik S.5 

1 Institute of Plasma Physics AS CR, v.v.i., Prague, Czech Republic 
2 Charles University in Prague, Faculty of Mathematics and Physics, Prague, Czech Republic 

3 Széchenyi István University, Association EURATOM, Győr, Hungary 
4 Czech Technical University in Prague, Faculty of Nuclear Sciences and Physical Engineering, 

Prague, Czech Republic 
5 Institute for Particle and Nuclear Physics, Wigner RCP, Association EURATOM/HAS,  

Budapest, Hungary 

The new beam emission spectroscopy (BES) diagnostic using neutral lithium beam has been 

designed and installed on the COMPASS tokamak. The principle of this diagnostic is injection 

of accelerated lithium beam with energies 30 – 60 keV and detection of light emitted by 

collisionally excited Li atoms. Apart from a routine density profile reconstruction, 

the diagnostic is useful for investigation of the turbulent plasma behavior in the edge/scrape-

off layer (SOL) plasma on the base of detected light fluctuations. Therefore there are two 

detection systems, the charged coupled device (CCD) camera used for density profile 

reconstructions with time resolution of 10ms, and the array of avalanche photodiode detectors 

(APDs) for fluctuation measurements. Spatial resolution of both detection systems is about 

1 – 2 cm. The presentation will cover design of the diagnostic system as well as first density 

profile reconstructions. 

* * * 

Comparison between 2D Turbulent Model ESEL and Experimental Data 

from ASDEX Upgrade and COMPASS Tokamaks 

Ondac P.1, Seidl J.2, Horacek J.2 

1 Faculty of Math and Physics, Charles University, Prague, Czech Republic 
2 Institute of Plasma Physics, v.v.i., Academy of Sciences, Prague, Czech Republic 

The dynamics of edge tokamak plasma transport is dominated by electrostatic 2D interchange 

instability, driven by intrinsic pressure gradient and magnetic field curvature at the outboard 

side.  2D computer turbulent model ESEL simulates this plasma boundary as three interacting 

fluid fields of electron temperature, density and vorticity. This paper directly benchmarks 

the model output with experimental data obtained by both Langmuir and ball-pen probe 

measurements from two tokamaks. As a result, the simulation quite well matches spatial 

profiles of mean plasma potential and temperature, the level of density fluctuations and 

in regions far from separatrix probability distributions of both density and plasma potential. 

Large discrepancy is found, however, especially in the level of plasma potential 

and temperature fluctuations and that spatial profile of density in the ESEL gets close to 

experiment only for highest density plasma. 

This research has been supported by the P205/12/2327. 
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Quartz Crystal Microbalance Measurements for In-situ Evaluation 

of Dust Inventory in Fusion Devices 

Koga K.1, Tateishi M.1, Yamashita D.1, Seo H.1, Itagaki N.1,2, Shiratani M.1, Ashikawa N.3, 

Masuzaki S.3, Nishimura K.3, Sagara A.3, the LHD Experimental Group3 

1 Faculty of Information Science and Electrical Engineering, Kyushu University, Motooka 744, 

Fukuoka 819-0395, Japan. 
2 PRESTO Japan Science and Technology Agency, 5 Sanban-cho Chiyoda-ku Tokyo, 102-0075, Japan. 

3 National Institute for Fusion Science, 322-6 Oroshi-cho Toki-city Gifu, 509-5292, Japan. 

To realize in-situ evaluation of dust inventory in fusion devices, we have developed quartz 

crystal microbalances equipped with a cluster-eliminating filter, by which we can discriminate 

mass deposition rate of dust particles from film deposition. Dust particles were generated due 

to interactions between a grounded graphite target and H2plasmas produced with a helicon 

discharge device. The ion density is 4.1 × 1010 cm-3 for 500 W and 2.8 × 1012 cm-3 for 1100 W, 

respectively. The space potential is 30 V. Deposition rate measurements with the filter show 

that the net flux of deposition precursors for 500 W is 1/10 of that for 1100 W. Deposition rate 

measurements without the filter show deposition of dust particles and deposition precursors is 

dominant for 1100 W while etching rate due to H atoms surpasses deposition rate for 500 W. 

These results suggest that our method offers information of the flux of H atoms as well as 

deposition precursors and dust particles. 

This research has been supported by the This research was supported by General Coordinated 

Research Grant from the National Institute for Fusion Science Grant Numbers NIFS12KLPF020 

and NIFS12KLPF022 and MEXT KAKENHI Grant Number 21110005. 

* * * 

Measurement of Plasma Filaments Electromagnetic Properties  

with U-probe in the COMPASS Tokamak 

Kovarik K.1,2, Duran I.1, Stöckel J.1, Adamek J.1, Spolaore M.3, Vianello N.3 

1 Institute of Plasma Physics AS CR, Za Slovankou 3, Praha 8, Czech Republic 
2 Faculty of Mathematics and Physics, Charles University in Prague, Ke Karlovu 3,  

Praha 2, Czech Republic 
3 Consorzio RFX , Corso Stati Uniti 4, Padova, Italy  

A complex electrostatic-magnetic probe diagnostics, so-called ‘U-probe’, has been installed 

on COMPASS. Probe composes of two identical towers. Each tower houses 3 radially spaced 

sets of 3D coils, triple probe and rake probe. The U-probe measures electric and magnetic 

properties of the filamentary structures in the plasma scrape-off layer with high temporal 

resolution. The probe head is installed close to divertor region on manipulator allowing 

adjustment of radial position on the shot-to-shot basis. The U-probe was operated  

in different L-mode and H-mode plasmas, even with NBI heating. This work describes first 

results of the U-probe measurements concerning the SOL plasma instabilities and current 

filaments. Propagating filamentary structures has been identified onVfloat, Isat and magnetic 

coil signals. We were able to detect ELMs inner structure as a composition of filaments. 

Electromagnetic features of these filamentary structures were investigated in detail. 

This research has been supported by the AS CR #AV0Z20430508, MSMT #7G09042, #7G10072 

and #LM2011021 and Euratom 

* * * 
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Evaluation of First Wall Heat Flux Asymmetries Due to Magnetic 

Perturbations for a Range of ITER Scenaria 

Kripner L.1,2, Cahyna P.1, Loarte A.3, Peterka M.1,2 

1 Institute of Plasma Physics ASCR, Prague, Czech Republic 
2 Faculty of Mathematics and Physics, Charles University, Prague, Czech Republic 

3 ITER Organization, Vinon-sur-Verdon, France 

Resonant magnetic perturbations (RMPs) are one method of edge localized mode (ELM) 

control and energy loss suppression. However the RMPs application can cause other side 

effects as formation of helical flux channels outside the main strike points (called footprints), 

which can lead to damage of wall. Hence the need of proper estimations of wall heat fluxes. 

These estimations have been done in previous studies only for a few cases due the time 

difficulty of complex 3D transport models. The estimation of heat fluxes can be approximated 

with Melnikov integral method with much less time complexity. These calculations 

for concrete ITER scenarios will be presented. Calculation is compared with ERGOS model 

of field line tracking in a sample scenario. Based on Melnikov integral calculation and known 

function of heat flux in scrape-off layer the wall heat fluxes and footprint positions can be 

calculated. The analysis and optimum RMPs configuration for various scenarios will 

be presented. 

* * * 

Interaction of Spatially Localized LHW with Banana Particles  

Krlin L., Fuchs V., Panek R., Paprok R., Seidl J.  

Institute of Plasma Physics ASCR, Prague 8, Za Slovankou 3, 182 00, Czech Republic  

We studied the interaction of electrons with spatially localized lower hybrid waves, we considered 

as a zero approximation the unperturbed constant velocity of electrons, for simplicity circulating 

along the circular magnetic field line. The basic stochastic interaction appeared on nonlinear 

resonant frequencies of the interaction. We anticipate there the possibility to accelerate electrons 

to higher velocities (even to relativistic velocities) than corresponds to the quasilinear theory.  

In our last paper we tried to support this phenomenon again by means of numerical simulation. 

In spite of the fact, that large acceleration has been really found, we were not able to reach 

the experimentally detected values due to lack of overlapping of resonances for higher velocities. 

The corresponding velocity distance between two neighboring nonlinear resonances was the main 

ground, limiting the maximal stochastic acceleration. To cancel this closure, the appearing 

of further resonances with smaller velocity distances could be a solution. They may appear, 

leaving the pure 1D approximation. One from these possibilities is offered by the existence 

of banana motion, generally in tokamak appearing.  

In our next work, we shall estimate the broadening of resonances, using analytical formula 

for bananas. Nevertheless, two basic expressions, banana frequency and banana ammplitude are 

results of severe approximations. The banana frequency is strogly nonlinear (there appear elliptic 

integrals, reminding mathematical pendulum) and its simple expression can by no means represent 

the whole problem offered by the banana dynamics. Mereover, since there appear a set of new 

parameters, that the corresponing dynamics has 3D character, we see the only way in the computer 

simulation of corresponing 3D dynamics of Hamiltonian in its toroidal version. 

This work was supported by the Grant Agency of the Czech Republic GAP 205/11/2341 

* * * 
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Scrape-off Layer Width of Parallel Heat Flux on Tokamak COMPASS 

Loureiro J.1, Silva C.1, Horacek J.2, Adamek J.2, Stockel J.2 

1Instituto de Plasmas e Fusão Nuclear, Instituto Superior Técnico, Universidade de Lisboa,  

1049-001 Lisboa, Portuga  
2Institute of Plasma Physics AS CR, Za Slovankou 3, 182 00 Praha 8, Czech Republic 

Edge plasmas in the divertor configuration were studied on the COMPASS tokamak. 

The dependence of the decay length of the parallel heat flux q|| was measured at different values 

of plasma current and line-averaged density. We have found that q|| decreases with both 

the plasma current and the line-averaged density, which is in agreement with previous results 

achieved on the JET tokamak. 

This work was performed in the frame of the IAEA Joint experiments 2013 and also supported by 

EURATOM and carried out within the framework of the European Fusion Development Agreement. 

IST activities received financial support from “Fundação para a Ciência e Tecnologia” through 

project Pest-OE/SADG/LA0010/2013. The work was also supported by the project GAP205/12/2327 

of the Czech Grant agency. The views and opinions expressed herein do not necessarily reflect those 

of the European Commission. 

* * * 

Investigation of Intermittent Burst Characteristics for Better Understanding 

of Plasma Turbulent Transport in Tokamaks 

Nanobashvili I.S.1,2 

1 Andronikashvili Institute of Physics of the Ivane Javakhishvili Tbilisi State University,  

Tamarashvili str.6, 0177, Tbilisi, Georgia 
2 Institute of Theoretical Physics, Ilia State University, Kakutsa Cholokashvili ave. 3/5,  

0162 Tbilisi, Georgia 

Investigation of plasma turbulent transport is important issue of fusion research. For this 

purpose plasma density fluctuations recorded by Langmuir probes are studied. We proposed 

new method of fluctuation analysis. Large amplitude positive fluctuations – bursts of plasma 

density are selected by threshold method and their temporal characteristics – burst rate, inter-

burst time and burst duration are calculated. Study of their radial dependence improves our 

understanding of turbulent transport in tokamaks. Using this method we demonstrated 

experimentally on CASTOR tokamak that electrode biasing splits large coherent structures 

into smaller ones thus reducing turbulent transport [I. Nanobashvili et al., Phys. Plas. 16, 

022309, 2009]. The method also allowed to find on TEXTOR tokamak that in some regimes 

modification of burst characteristics by dynamic ergodic divertor is quite close to modi-

fications caused by electrode biasing [I. Nanobashvili, ECA, 37D, 2013]. 

This research has been supported by the Shota Rustaveli National Science Foundation (Georgia) 

Grant FR/443/6-140/11. 

* * * 
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First Results on the Effect of Magnetic Perturbations  

on Edge Plasma at the COMPASS Tokamak 

Peterka M.1,2, Cahyna P.1, Panek R.1, Weinzettl V.1, Dejarnac R.1, Adamek J.1,  

Harrison J.3, Kirk A.3 

1 Institute of Plasma Physics ASCR, Za Slovankou 3, 18200 Prague 8, Czech Republic 
2 Charles University in Prague, Faculty of Mathematics and Physics, Ke Karlovu 3,  

12116 Prague 2, Czech Republic 
3 Culham Science Centre, Abingdon, Oxon OX14 3DB, United Kingdom 

Edge localized modes (ELMs) can significantly reduce the lifetime of ITER plasma-facing 

components, if not mitigated. Magnetic perturbations (MPs) have shown their potential 

for ELM control on several tokamaks, and coils for their generation are proposed for inclusion 

in the ITER design. The COMPASS tokamak (R = 0.56 m, a = 0.2 m), which is operated 

in divertor plasma configuration with ITER-like plasma cross-section, has achieved stable 

ohmic as well as NBI assisted H-mode discharges with type III ELMs, ELM free periods, and 

larger ELMs carrying about 5 % of the plasma energy. It is equipped with a rich set of pertur-

bation coils with n = 2 symmetry.  

This contribution will present a study of the effect of MPs on edge plasma by means of fast 

visible cameras (one with tangential view at the X point) and by divertor probes. In particular, 

we will focus on the divertor footprints formed by the MPs. The results will be compared 

to synthetic data based on the vacuum magnetic field model. 

This research has been supported by the Czech Science Foundation, grant P205-11-2341, 

by the Ministry of Education, Youth and Sports project LM2011021, and by EURATOM. 

* * * 

Evolution of Electron Temperature and Density Profiles in Edge Transport 

Barrier in the COMPASS Tokamak 

Stefanikova E.1,2, Bohm P.1, Aftanas M.1,2, Bilkova P.1, Weinzettl V.1, Stockel J.1, Panek R.1, 

Scannell R.3, Meakins A.J.3, Urban J.1, Cahyna P.1, Peterka M.1,2, Imrisek M.1,2,  

Havlicek J. 1,2, Saarelma S.3 

1 Institute of Plasma Physics ASCR, Prague, Czech Republic 
2 Charles University in Prague, Faculty of Mathematics and Physics, Prague, Czech Republic 

3 Culham Science Centre, Abingdon, United Kingdom 

High-resolution Thomson scattering system on the COMPASS tokamak (R = 0.56 m, a = 0.2 m, 

divertor plasma configuration with ITER-like plasma cross-section) provides electron 

temperature and density profiles. The spatial resolution in the edge plasma region (~a/100) is 

optimized for edge transport barrier studies. Formation of characteristic edge profiles 

(pedestals) is observed during high-confinement mode, i.e. the core electron temperature and 

density are raised up by the value of pedestal height. Both the Te and ne pedestals are well-

fitted by a modified hyperbolic tangent (mtanh) function. In this contribution, a fitting 

technique of the core profiles of electron temperature and pressure during H-mode is also 

described. Electron temperature and density on top of pedestal are statistically processed 

to find a possible signature for various types of H-modes. Pedestal stability with respect 

to peeling-balooning modes for experimental profiles will be evaluated. 

This research has been supported by the Czech Science Foundation, grant P203-14-35260S, 

by the Ministry of Education, Youth and Sports project LM2011021, and by EURATOM. 
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The Influence of Secondary Electron Emission on the Floating Potential  

of Tokamak-Born Dust 

Vaverka J., Richterova I., Vysinka M., Pavlu J., Safrankova J., Nemecek J. 

Faculty of Mathematics and Physics, Charles University, Prague, Czech Republic 

Dust production and its transport into the core plasma is an important issue for magnetic 

confinement fusion. Dust grains are charged by various processes, such as the collection 

of plasma particles and electron emissions, and their charge influences the dynamics 

of the dust. This paper presents the results of calculations of the surface potential of dust grains 

in a Maxwellian plasma. Our calculations include the charging balance of a secondary electron 

emission (SEE) from the dust. The numerical model that we have used accounts 

for the influence of backscattered electrons and takes into account the effects of grain size, 

material, and it is also able to handle both spherical and non-spherical grains. We discuss 

the role of the SEE under tokamak conditions and show that the SEE is a leasing process for the 

grains crossing the scrape-off layer from the edge to core plasma. The results of our 

calculations are relevant for materials related to fusion experiments in ITER. 

* * * 

Time-Resolved Measurements of Electron Temperature and Density  

in Low Pressure Plasma Induced by Short Pulses of EUV Radiation 

Abrikosov A.1,2, Yakushev O.1, Dolgov A.1, Lopaev D.3 

1 Institute for Spectroscopy RAS, Fizicheskaya str. 5, 142190, Troitsk, Moscow, Russian Federation 
2 Moscow Institute of Physics and Technology, Institutsky side-str. 9, 141700, Dolgoprudny,  

Moscow district, Russian Federation 
3 Skobeltsyn Institute of Nuclear Physics, Moscow State University, Leninskiye Gory 1 building 2, 

119991, Moscow, Russian Federation 

We report on the measurements in the plasma induced at low pressures 3 – 100 Pa in hydrogen 

by submicrosecond pulses of extreme ultraviolet radiation at wavelength of 13.5 nm. This 

plasma was demonstrated to have a lifetime of a few microseconds. Langmuir probes were 

used to study temporal dynamics of electron temperature and density at submicrosecond 

resolution. Plasma densities of several 108 cm-3 and electron temperatures of several eV were 

measured. 

* * * 

Volume Discharge in Helium nearby Atmospheric Pressure:  

Uniformity and Stability 

Kurbanismailov V.S.1, Omarov О.А.1, Ragimhanov G.B.1, and Aliverdiev A.A.1,2 

1 Dagestan State University, Gadjieva Str. 43A, 367025, Makhachkala, Russia 
2 Institute for Geothermal Researches DSC of Russian Academy of Sciences Pr. Shamilya 30A, 

 367030, Makhachkala, Russia 

We have experimentally studied electric and time-spatial characteristics of volume discharge 

and transition from a volume burning stage to a channel stage nearby atmospheric pressure. 

We have shown that in conditions of strong preliminary ionization the discharge has a volume 
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structure of the current in a wide range of initial voltage, and the duration of this stage 

decreases with the growth of current density and gas pressure. 

This research has been supported by RFBR (12-02-96505, 12-01-96500, 12-01-96501) and within 

 the framework of the State task № 2.3142.2011 Ministry of Science and Education of Russian 

Federation for 2012-2014. 

 

* * * 

Non-Stationary Optical Transmission Spectra of Inhomogeneous Plasma 

 of Nanosecond Electrical Discharges near Narrow Spectral Absorption Lines 

Ashurbekov N., Iminov K., Shakhsinov G., Ramazanov A.  

Dagestan State University, Faculty of Physics, 43a Gadjieva St., 367000 Makhachkala,  

Republic of Dagestan, Russian Federation 

Non-stationary optical plasma transmission spectra of high-speed ionization waves 

in cylindrical plasma waveguides filled with neon gas in the pressure range of 1 ÷ 60 Torr have 

been experimentally investigated. The analysis of the results obtained in the experimental 

study of transmission spectra of nanosecond discharge plasma shows that in the propagation 

of laser irradiation at an angle to the axis of the plasma waveguide, the classical ratio 

for absorption by Beer-Lambert law is shifting.  

This research has been supported by the base part of the state task on R& and D of the Russian 

Ministry of Education and Science. 

* * * 

Dielectric Barrier Discharges Diagnostics in Asymmetric Electrodes 

Arrangement 

Brosławski A., Janus H., Biedrzycki K. 

Institute of Physics, University of Opole, Opole, Poland 

Dielectric barrier discharges (DBD) are one of the most popular sources of non-equilibrium 

(low temperature) plasmas, and still find new fields for applications. That is why it is important 

to investigate them carefully and thoroughly. Our present approach focuses on the usage 

of a single barrier inside the measuring chamber. When a one-sided barrier is used it causes 

an asymmetry due to the difference of electrode material. In our case the barrier is a barium 

titanate (BaTiO3) ceramic doped with lanthanum and neodymium which serves as the cathode 

in the positive half-period. The metallic electrode is the cathode in the negative half-period. 

The purpose is to analyze the discharge processes in neighbouring half-periods of alternating 

current voltage and to examine and discuss the influence of this asymmetry on the barrier 

discharges properties by means of electrical (current and light characteristics, charge-voltage 

loops, Paschen curves) and optical measurements (N2 and N2
+ spectra). 

This research has been supported by the Ph.D. scholarship under a project funded by the European 

Social Fund. 

* * * 
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Production and Removal of Dust Particles in Methane Plasma 

Cho S.G.1, Kim S.Y.1, Bae M.G.1, Kang I.J.1, Joo S.K.1, Lee D.H.1, Lho T.2, Chung K.S.1 

1 Department of Electrical Engineering & Center for Edge Plasma Science,  

Hanyang University, Seoul, Korea 
2 Plasma Appl. Center, National Fusion Research Institute, Gunsan, Korea 

Dust particles are produced in plasmas containing CH species which are used in production 

of nanometer and/or micrometer particles, deposition on several processing and fusion 

materials. We have developed a large rectangular RF device, called TReD (Transport 

and Removal experiments of Device), whose size is 44 × 50 × 120 cm3.  Methane RF is 

generated for the production of dust particles with CH species, which are levitated in sheath 

potential. Properties of dust plasma produced by methane are analyzed by cylindrical electric 

probes. Levitated dusts are transported by three phase electric curtain electrodes 

and movement of dusts is observed by a fast camera with frames of 198,000 /sec.  For the real 

time measurement of the produced dust particles, we have developed the following devices: 

one is a modified capacitive diaphragm (CDG) gauge which was firstly suggested 

by ITER team, and the other is a light-to-voltage sensor system. 

* * * 

The Characteristics of the Lamp the Barrier Discharge in Mixtures  

of Ar-CCl4-H2O and Ar-Kr-CCl4 

Hrytsak R.V., Shuaibov A.K., Minya A.I., Homoki Z.T. 

Uzhhorod National University, Pidgirna Str., 46, Uzhhorod, 88000 

In the spectral region Δλ = (140 – 350) nm, the ArCl*, Cl2* and OH* bands were observed  

in the spectra of the barrier discharge in the Ar-CCl4-H2O mixture. To obtain maximal 

intensities of the ArCl(B→X), OH(A→X) and Cl2(D'-A') molecular emission band  

at 175 nm, 309 nm and 258 nm, the optimal CCl4vapor pressure should be 10 to 20 Pa.  

At the partial pressure p(Kr) = (0.3 – 1.3) kPa, the spectra contained the ArCl(B→X), 

КrCl(D→X), КrCl(B→X), and Cl2(D'-A') bands. The introduction of krypton  

(p(Kr) ≤ 1.3 kPa) neither significantly decreases nor increases the total intensity  

of the UV– VUV molecular bands, but only redistributes their intensities between each other. 

An increase in the partial pressure of krypton (from 1.2 kPa to 6.6 kPa) considerably decreases 

the ArCl(B→X) band intensity due to the substitution of argon by krypton atoms 

upon formation of argon and krypton chlorides. 

* * * 

Energy Efficiency of Planar Discharge for Industrial Applications 

Kelar J., Cech J., Slavicek P. 

Masaryk University, Faculty of Science, Department of Physical Electronics, Kotlářská 2,  

611 37 Brno, Czech Republic 

The Diffuse Coplanar Surface Barrier Discharge (DCSBD) is a special type of dielectric 

barrier discharge, that was developed by the research group of prof. Cernak. The DCSBD 
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discharge works at atmospheric pressure in open air or in different working gases. Plasma 

treatment using DCSBD discharge changes properties of the various materials; the discharge 

is applicable in treatment of planar surfaces for its high homogeneity and narrow plasma layer. 

The surface of the standard DCSBD discharge has the size 8 × 20 cm. The DCSBD device is 

extensively used in industry with input powers over 400 W for high uniformity. For its 

industrial applications we decided to measure energy efficiency of the plasma source, 

therefore, we measured the input power of the plasma generator and the power of the DCSBD 

discharge using an oscilloscope. In our work we did calculations for different oscilloscope 

parametersto estimate errors of our measurements linked to experimental setup. 

This research has been supported by the the Ministry of Education of the Czech Republic  

under Project No. CZ.1.05/2.1.00/03.0086 - CEPLANT and by the Technology Agency of the Czech 

Republic under Project No.TA02010412 and by the Czech science foundation under Project No: 

GA13-24635S. 

* * * 

Strong Plasma Emission from Merged Neighboring Atmospheric  

Pressure Plasma Jets 

Jae Young Kim1, Heung-Sik Tae2, Dae Won Moon1 

1 Department of New Biology, Daegu Gyeongpuk Institute of Science and Technology (DGIST), 

Daegu, 711-873, Korea 
2 School of Electronics Engineering, College of IT Engineering, Kyungpook National University, 

Daegu, 702-701, Korea. 

Strong atmospheric plasma emissions were achieved by plasma focusing effect using a circular 

array configuration in the ambient air. Two plasma modes, an intense plasma mode 

and the well-collimated plasma mode, were found to exist in the same plasma array structure 

under a change of experimental parameters such as gas flow rate and distance between two 

electrodes. The plasma focusing effect produced in adjacent atmospheric pressure plasma jets 

is also optimized by controls of gas mixture and gas flow rate. The central tube has an isolated 

gas connection from outer tubes, allowing the device to be used with variable flow rates 

and gas mixtures. As a result, it was observed that the plasma emission generated by an argon 

central flow with helium outer flows is strongly improved only if the argon central flow rate 

is high enough above 1 slm. It means that a plasma array device can be tuned to produce higher 

intense plasma than is available via static flow rates. 

This research has been supported by the DGIST R&D Program of the Ministry of Science, 

ICT&Future Planning (14-BD-xxxx). 

* * * 

Comparison of Ag Nanocluster Films Deposited by Sputter Deposition  

and Gas Aggregation Nanocluster Source 

Kratochvíl J., Kylián O., Kuzminova A., Biederman H. 

Charles University in Prague, Faculty of Mathematics and Physics, Department of Macromolecular 

Physics, V Holešovičkách 2, 180 00, Prague 8, Czech Republic 

Metal/plasma polymer nanocomposites are used in various technological applications. The key 

step in the production of such materials is formation of metallic nanoclusters. This may be 

achieved e.g. by sputter deposition from metallic targets or by use of nanoparticle sources. 
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In this study we compare both of these techniques. Ag nanostructured surfaces were prepared 

either by DC magnetron sputtering at pressure of 3 Pa or by gas aggregation source (GAS) 

of nanoclusters operated at pressure 28 Pa in the aggregation chamber. It is shown that in case 

of sputter deposition, the morphology and optical properties of prepared films is dependent 

on the substrate material and deposition time. In contrast, no significant changes in morpho-

logy were observed for films produced using GAS in dependence on the substrate material. 

The films were composed of individual nanoclusters and the deposition time affects only 

the amount of nanoclusters on the surface and intensity of anomalous absorption peak. 

This research has been supported by the grant GACR 13-09853S from the Grant Agency  

of the Czech Republic. 

* * * 

Emission of Mercury Monobromide Exciplex in Gas Discharge  

Plasma Based on Mixture of Mercury Dibromide  

Vapor with Argon and Helium 

Malinin A.H., Malinina A.A. 

Uzhgorod national university, pl. Narodna 3, 88000, Uzhgorod, Ukraine 

Gas discharge plasma based on mixture of mercury dibromide vapor with gases is the working 

medium of coherent and spontaneous sources of radiation emitting in blue-green spectral range 

was investigated. The raise of emission power of mercury monobromide molecule is observed 

with the increase of argon and helium partial pressures from the value 104 to 114 and 122 kPa. 

Further increase of argon and helium partial pressures to 122 and 130 kPa reduces the emission 

power. The shift of the emission power maximum in the range of lower pressures in mixture 

with argon was also observed. The emission power of argon value was increased on 30 % 

in comparison with the mixture of mercury dibromide vapor with helium. The reduced electric 

field was equal to E/N =  20 Td for the total density of the mixture components 

(N) = 1.85 × 1025 m–3, at which the maximum emission intensity of HgBr* exciplex molecules 

was observed. 

* * * 

Influence of Plasma on the Surface Tension of the Liquids 

Nedybaliuk O.A., Fedirchyk I.I., Chernyak V.Ya., Martysh E.V. 

Taras Schevchenko National University of Kyiv, Volodymyrska str. 64/13, 01601 Kyiv, Ukraine 

Previous research of plasma-liquid systems with vortex and reverse vortex flow showed that 

discharge plasma influences surface tension of the liquids. Based on the observations, surface 

tension at the liquid-plasma interface has lower value in comparison to a liquid without contact 

with plasma. To study this influence group conducted the series of experiments using four 

liquids with different conductivity and viscosity and the negative corona discharge 

as the source of charged particles. In the corona discharge plasma, temperature of heavy 

particles is close to the room temperature, which prevents surface tension from changing 

in response to heating. The system has a wolfram tip as a cathode and a stainless steel plate 

as an anode. A liquid drop is positioned on the anode surface under the cathode tip. Liquids 

used in the experiments are vacuum oil, rapeseed oil, distilled water and bioglycerol (crude 

glycerol left after biodiesel production). 
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Influence of Ambient Temperature on Functioning of Dielectric Barrier 

Discharge Ozone Generator 

Pekárek S., Mikeš J., Hospodka J. 

Czech Technical University in Prague, FEE, Technická 2, 16627 Prague 6, Czech Republic 

Ozone has due to its high relative speed of reactions with chemical and biological species 

many applications. Generation of ozone by electrical discharge is a complex process, which 

apart on electrical parameters of the discharge depends also on temperature. The temperature 

can be associated with the balance of the discharge heat generation and the heat removal. 

The heat removal from the discharge chamber can be, except of the cooling of the chamber, 

also affected by input and output of air to or from the discharge chamber. For surface dielectric 

barrier discharge in air we investigated concentration of produced ozone as a function 

of average discharge power for temperatures 15 °C and 24 °C, which are the values at which 

are most frequently functioning commercial ozonizers. We found, that even small increase 

of air temperature from 15 °C to 24 °C decreases for particular discharge power ozone 

concentration to about 60 % of its original value. 

This research has been supported by the TA CR under contract TA03010098. 

* * * 

Nitritation of GaAs in Ar/N2 RF Discharge: Electrical and Spectral 

Characteristics of Plasma 

Raud J., Jõgi I., Talviste R., Laan M., Kiisler A.- A., Matisen L., Nõmmiste E., Aarik J. 

Institute of Physics, University of Tartu, Tähe 4, 51010 Tartu, Estonia 

The aim of the work is to find out optimal experimental conditions for nitritation of GaAs 

sample exposed to the flow of argon/nitrogen plasma products. Ar / 0 – 5 % N2 discharge was 

ignited with 40 MHz generator at pressure p = 20 Torr in the quartz tube of 1.2 cm diameter. 

Nitritation of GaAs (100) sample, fixed on the heatable mount, was performed at tube outlet 

ca 5 cm downstream from active plasma region.  From electrical characteristics current,  

i, voltage, u, and phase shift between i-u were recorded and based on this data input power, 

electron concentration and reduced electric field strength were calculated. Spectra were 

recorded from lateral direction of the tube as a function of input power and N2 concentration. 

From the spectral data gas temperature and absolute densities of Ar 1s state atoms were 

estimated. Photoelectron spectroscopy (XPS) was used to examine GaAs surface nitritation 

efficiency as a function of substrate temperature and N2 concentration in the mixture. 

This research has been supported by the Estonian Archimedes Foundation financed by EU. 

* * * 

Deposition of AlxOy Nanoclusters by Gas Aggregation Source 

Shelemin A., Hanus J., Kylian O., Samokhina M., Kousal J., Biederman H. 

Charles University in Prague, Faculty of Mathematics and Physics, V Holesovickach 2,  

180 00 Praha 8 

Aluminium oxide nanoclusters were deposited using gas aggregation cluster source.  

DC, water-cooled, planar magnetron equipped with 3 mm thick Al target (purity 99.99 %) was 
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operated at constant current mode (200 mA). As a working gas argon was used with small 

admixtures of oxygen. The total pressure in the gas aggregation chamber was kept constant 

and equal to 40 Pa. Series of experiments with step by step addition of oxygen were performed. 

Deposition process was monitored by means of the optical emission spectroscopy in different 

parts of the aggregation chamber while the deposition rate was simultaneously measured by 

quartz crystal microbalance. It was found that both the deposition rate and temporal stability 

of nanoclusters production are strongly dependent on oxygen to argon ratio. Morphology, 

chemical composition and optical properties of nanocluster films deposited at optimized 

conditions were subsequently characterized by SEM, XPS and UV-Vis spectrophotometry. 

This research has been supported by the grant GACR 13-09853S from Czech Science Foundation. 

* * * 

Decomposition of Atrazine Traces in Water by Plasma Discharge 

Vanraes P.1, Nikiforov A.1,2, Surmont P.3, Lynen F.3, Daels N.4,5, De Clerck K. 4, Leys Ch.1, 

Van Durme J.6, Vyhnankova E.7, Subrt M.8, Krčma F.7, Vávrová M.8 

1 Department of Applied Physics, Ghent University, Sint-Pietersnieuwstraat 41 B4,  

9000 Ghent, Belgium 
2 Institute of solution chemistry RAS, Academicheskaya 1, 153012 Ivanovo, Russia 

3 Separation Science Group, Department of Organic Chemistry, Ghent University, Krijgslaan 281  

S4-bis, 9000 Gent, Belgium 
4 Department of Textiles, Ghent University, Technologiepark 907, 9052 Zwijnaarde, Belgium 

5 Department of Industrial Biological Sciences, Ghent University, Graaf Karel de Goedelaan 5,  

8500 Kortrijk, Belgium 
6 Research Group Molecular Odor Chemistry, Department of Microbial and Molecular Systems 

(M2S), KU Leuven, Technology Campus, Gebroeders De Smetstraat 1, 9000 Ghent, Belgium 
7 Institute of Physical and Applied Chemistry, Brno University of Technology, Purkyňova 118,  

Brno 612 00, Czech Republic  
8 Institute of Chemistry and Technology of Environmental Protection, Brno University of Technology, 

Purkynova 118, Brno 61200, Czech Republic 

Organic pollutants take a prominent place amongst the contaminants of emerging concern. 

Some of these pollutants are known to be hazardous in relatively small concentrations. Modern 

wastewater treatment plants are not able to remove or decompose the persistent contaminants 

efficiently. Therefore, more efficient advanced oxidation processes need to be developed. 

Plasma discharge in contact with water is a promising technique, since it generates highly 

reactive plasma species near or in the water solution. In our experiments, atrazine, a persistent 

and hazardous pesticide, is chosen as a model micropollutant for decomposition in different 

reactors, based on either DBD discharge or diaphragm discharge. Its by-products 

and the efficiency of its degradation are measured by means of GC-MS and HPLC-MS. 

Hydrogen peroxide measurements are performed to characterize the reactors for specific 

experimental configurations. The results for the different reactors are compared with each 

other. 

* * * 
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Comparative Measurements of the Plasma Potential by Ball-Pen  

and Langmuir Probe in Magnetized Low-temperature Plasma 

Zanáška M.1, Peterka M.1,2, Kudrna P.1, Adámek J.2, Tichý M.1 

1 Charles University in Prague, Faculty of Mathematics and Physics, Ke Karlovu 3, 12116 Prague 2, 

Czech Republic  
2 Institute of Plasma Physics AS CR, v.v.i., Za Slovankou 3, 18200 Prague 8, Czech Republic  

The recently developed ball-pen probe presents a promising tool for direct measurement  

of the plasma potential. In comparison with emissive and Langmuir probe, its advantages are 

a robust construction and simple interpretation of the data. It has been experimentally proved 

at many tokamak-like devices and, recently, also in low-temperature magnetized plasma.  

In this contribution we present results of comparative measurements of the plasma potential 

by ball-pen and Langmuir probe performed in a cylindrical magnetron DC discharge.  

The experiments were made at argon pressure 1 – 20 Pa, magnetic field 20 – 40 mT 

and discharge current 50 – 100 mA. The floating potential of ball-pen probe was measured 

using a high-input-impedance voltage follower. The plasma potential by Langmuir probe was 

estimated as an abscissa of the inflection point in the I-V characteristic. Preliminary 

experiments indicated a reasonable correspondence of the plasma potential at a certain set  

of experimental conditions. 

This research has been supported by the Czech Science Foundation, grant P205/11/2341,  
by the CEEPUS Network AT-0063, by the Grant Agency of Charles University, grant No.604612,  

by the Ministry of Education, Youth and Sports of the Czech Republic, project LM2011021  
and by EURATOM. 

* * * 

Plasma Kinetic Theory as a Basis of Diagnostic Methods 

Tolias P.1, Ratynskaia S.1, de Angelis U.2, Dilecce G.3 

1 Royal Institute of Technology (KTH), Stockholm, Sweden 
2 University of Naples and INFN Sezione di Napoli, Italy 

3 CNR-IMIP, Bari Section, Bari, Italy 

One basic result of plasma kinetic theory is the spectral densities of fluctuations, measurable  

in both laboratory and space plasmas. A class of diagnostics based on plasma fluctuations can be 

described in a unifying manner within the Klimontovich approach; measurements of ion density 

fluctuations, electric field fluctuations, plasma scattering of radiation. In dusty plasmas, a drastic 

enhancement of the low-frequency part of the power spectrum of fluctuations has been predicted 

and its use as a dust diagnostic suggested. It stems from the screening clouds around the massive 

“nearly immobile” highly charged grains. For experimental tests of fluctuation theory 

in ideal/dusty plasmas, the ideal environment is that of stable quiescent plasma. However, most 

laboratory plasmas exhibit spatial fine structures. Rare exceptions are the brush cathode 

discharges. Such a device has recently been built at CNR-Bari. 

  * * * 
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Electrostatic Ion Thrusters – Towards Predictive Modeling 

Schneider, R. 

Institute of Physics, Ernst-Moritz-Arndt University Greifswald, Felix-Hausdorff-Str. 6,  
D-17498 Greifswald, Germany 

The development of optimized electrostatic ion thrusters for space propulsion is until now  

a trial-and-error procedure. The need for expensive prototypes, extensive testing and iterative 

improvements is non-optimal in terms of time and costs. In other fields of research modeling 

is used to minimize the number of iterations, replacing real prototypes by virtual prototypes 

tested in numerical test environments. A typical example for this is car industry and the deve-

lopment of new car models, where numerical wind tunnels replace more and more real tests. 

Based on integrated models, combining self-consistent kinetic plasma models with plasma-

wall interaction modules a new quality in the description of electrostatic thrusters can be 

reached. These open the perspective for predictive modeling in this field. This will be 

discussed for the example of the HEMP (High Efficiency Multistage Plasma) thruster patented 

by Thales Electron Devices. 

This research has been supported by the German Space Agency. 

* * * 

Nonlinear Self-Organized Structures in Plasmas with Negative Ions 

Kaganovich I. D. 

Plasma Physics Laboratory, Princeton University, NJ 08543, USA 

The main principles of transport in multicomponent plasmas are described. Because the bulk 

plasma is charged positively to keep electrons together with positive ions, negative ions are 

confined by electrostatic fields inside the plasma and they flow from the plasma periphery 

toward the center. A nonlinear dependence of the negative ion flow velocity on their density 

results in the formation of steep gradients of negative ion density. Addition of negative ions 

makes the plasma afterglow a two stage process. In the first stage, the negative ions are trapped 

inside the plasma and only electrons and positive ions can reach the walls. At the second stage, 

electrons quickly leave the plasma, and an ion–ion plasma forms. The complex structure 

of the radio frequency sheath in strongly electronegative gases is also reviewed. Similar 

phenomena are observed in dusty plasmas. A possible relevance to ball lightning is discussed. 

This research has been supported by the US Department of Energy. 

* * * 

Measurement of Forces Exerted on Surfaces by Particle Beams and Plasmas 

Trottenberg T., Lange H., Sawatzky J., Kersten H. 

University of Kiel, Institute of Experimental and Applied Physics, Leibniz-Straße 19, 24118 Kiel, 

Germany 

Plasma-wall interaction in plasmas usually involves electric currents and heat fluxes that can 

easily be measured. In contrast, the momentum transfer to a wall is typically very small  

and its measurement is correspondingly difficult. The situation is different, when there is  

a strong plasma flow [Makrinich and Fruchtman, Phys. Plasmas 16, 043507 (2009)]  



Fast tracking 

37 

or in an ion beam [Trottenberg et al., Plasma Phys. Controlled Fusion 54, 124005 (2012)].  

In this contribution, instruments are shown which are able to measure forces exerted  

on surfaces by particle beams and plasmas. In beams, the investigation of sputtering related 

momentum transfer is of special interest. A recent plasma experiment is presented, where  

a small plane target is mounted at the end of a pendulum force probe. The target is integrated 

into the wall, so that it becomes part of the wall without disturbing the plane geometry.  

The measured forces are surprisingly high. First interpretations of the data will be presented. 

This research has been supported by the German Aerospace Center (DLR) under grant 50 RS 1301. 

* * * 

Streamers and Nanosecond Pulsed Discharges: Theory and Experiments 

Ebert U. 

Centrum Wiskunde & Informatica (CWI), POBox 94079, 1090GB Amsterdam,  

and Eindhoven Univ. Techn., Eindhoven, The Netherlands 

In this talk I will review our recent work on streamer discharges, with an emphasis on discharges 

in air. Based on experiments, theory and simulations on multiple scales in space and time, our 

understanding is now becoming more and more quantitative. 

Given the broad attention on scientific plagiarism in the Dutch media, I will not give partial results 

away here, and republish them later in the international reviewed journals. 

Results that I will discuss will include 

1. Microscopic particle modelling of pulsed electric breakdown above and below 

the breakdown field in air [A. B. Sun, J. Teunissen, U. Ebert, Why isolated streamer 

discharges hardly exist above the breakdown field in atmospheric air, Geophys. Res. 

Lett. 40, 2417 (2013); A. B. Sun, J. Teunissen, U. Ebert, “Electrodeless inception of pulsed 

air discharges above and below the breakdown field”, revised for J. Phys. D: Appl. Phys.], 

2. Macroscopic corona models with large streamer numbers in so-called dielectric 

breakdown models, but now with finite streamer conductivity and consistent charge 

transport [A. Luque and U. Ebert, “Growing discharge trees with self-consistent charge 

transport: the collective dynamics of streamers”, New Journal of Physics 16, 013039 

(2014)], 

3. Experiments on the dependence of the morphology of positive streamers on repetition rate, 

gas composition and radioactivity [S. Nijdam, E. Takahashi, A.H. Markosyan, U. Ebert, 

“Investigation of positive streamers by double-pulse experiments, effects of repetition rate 

and gas mixture”, Plasma Sources Sci. Technol.23, 025008 (2014), S. Nijdam, 

G. Wormeester, E.M. van Veldhuizen, U. Ebert, “Probing background ionization: Positive 

streamers with a varying pulse repetition rate and with a radioactive admixture”, J. Phys.D: 

Appl. Phys.44, 455201 (2011)], accompanied by theoretical understanding,  

4. Experiments on metre long positive and negative discharges, showing a large streamer 

corona with transition to leader, and strong X-ray pulses within a particular stage 

of the discharge [P. O. Kochkin, A.P.J. van Deursen, U. Ebert, “Experimental study of the 

spatio-temporal development of metre-scale negative discharge in air”, J. Phys. D: Appl. 

Phys. 47, 145203 (2014), P. O. Kochkin, C.V. Nguyen, A.P.J. van Deursen, U. Ebert, 

“Experimental study of hard X-rays emitted from meter-scale positive discharges in air”, 

J. Phys. D.: Appl. Phys.45, 425202 (2012)]. 

* * * 



Fast tracking 

38 

Mechanics of GeV-range Electron Beam Generation in Preplasma  

by Relativistic Laser Radiation 

Krasheninnikov S. I.1, McGuffey C.1, Peebles J.1, Sorokovikova A.1, Qiao B.1, Beg F. N.1, 

Wagner C.2, Martinez M.2, Dyer G.2, Wei M-S.3 

1 University of California San Diego, La Jolla, CA 92093, USA 
2 University of Texas, Austin, TX 78712, USA  

3 General Atomics, San Diego, CA 92121, USA 

Recent experiments and modeling [S. D. Baton et al., PoP 15, 042706 (2008); B. S. Paradkar 

et al., PRE 83, 046401 (2011); B. S. Paradkar et al., PoP 19, 060703 (2012)] have shown 

that the large-scale preplasma alters the LPI dynamics and the fast electron energies appears 

to be much larger than that predicted by ponderomotive scaling. The reason for this is 

the Fermi-like acceleration of electrons caused by the synergistic effects of electron 

interactions with both deep electrostatic potential well, formed in preplasma, and laser 

radiation [3]. We have carried out comprehensive simulations and confirmed that the most 

energetic electrons are generated in the course of the interactions of electrons with both 

electrostatic potential well in preplasma and laser radiation. We performed experiments 

on the Texas Petawatt Laser to validate modeling predictions. Both experimental results 

and comparison with simulations will be presented at the meeting. 

This research has been supported by the US DOE grant DE-NA0001858 at UCSD. 

* * * 

3D Ion and Electron Mapping of a Droplet-Based Laser-Produced Plasma 

Measured Using a Motorized Array of Langmuir Probes 

Gambino N., Rollinger B., Abhari R. 

ETH Zürich, Laboratory for Energy Conversion, Sonneggstrasse 3, CH-8092 Zürich 

Droplet-based laser-produced plasmas (LPPS) are promising light sources for EUV 

lithography. At the Laboratory for Energy Conversion, ETH Zürich, a new drople-based LPP 

source, ALPSII, has been recently built. Micro-sized tin droplets are used as target material 

to reduce the formation of plasma debris, which damages the light source collection optics. 

In order to mitigate the plasma debris and ensure the life-time of these optics, it is essential 

to understand the temporal and the spatial plasma dynamics. With the use of a new diagnostics 

tool, namely a multiple array of motorized Langmuir probes, these dynamics are studied, 

for the first time, in terms of ion and electron energy distribution around the droplet plasma. 

These measurements reveal an anisotropic distribution of the ion kinetic energy and flux 

around the target. Analysis of the probe signals yields estimated for the electron density and 

temperature. Comparisons with numerical simulations are also discussed. 

* * * 

Particle Emission in Relativistic Laser-Droplet Interactions 

Di Lucchio L., Gibbon P. 

Forschungszentrum Juelich GmbH , Juelich, Germany 

Particle acceleration from nm-sized solid density droplets illuminated by a 2-cycle ultraintense 

laser pulse has been studied with realistic 2D PIC simulations. Attosecond electron bunches 
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are emitted, whose angular pattern departs from Mie theory when droplets radii satisfy 

the condition δr < R < 10δr (δr = γ1/2δ is the plasma relativistic skin depth). Induced transparency 

is proposed to explain why this transition regime is not recognizable as Mie theory (valid 

for R >> δ) or dipole approximation (R < δ << λ). The bunches are initially emitted from 

the surface following the nonlinear ponderomotive scattering model and then interact 

in vacuum with the laser ponderomotive pressure. The final emission angles and energy spectra 

of the bunches are determined. The remaining hot electrons generate an ambipolar field around 

the ion core, which undergoes a hydrodynamic expansion. 

* * * 

Physics of Laser Plasmas on Stages of Explosive Instability  

and Strong Magnetic Fields Quantization 

Skvortsov V.A.1, Vogel N.I.2 

1 Moscow Institute for Physics and Technology, 141700, Dolgoprudny, Institutsky lane, 9; Russia 
2 University of Technology, 09107 Chemnitz, Germany 

Experimental and theoretical investigations of fundamental properties (ultra short nonlinear 

phenomena) in laser produced plasmas had been carried out. The complex laser diagnostics 

(laser interferometer, picosecond momentary absorption photography, X-ray streak camera 

RFR-4, Imacon-486 end etc.) with high spatial and temporal resolutions were applied 

in natural experiments. For theoretical investigation we used the computer code  

“ZEVS-2D” (based on system equations of radiative magneto hydrodynamics with taken 

into account real properties of matter in wide ranges of density and effective temperatures 

of electrons and ions). It had been shown that in stage of explosive instability the generation 

of quasi stationary super strong electric and magnetic fields takes place, which accompanied 

by extremely high growth of ion temperatures (and acceleration part of ions up to GeV 

energies) as well as quantization of strong magnetic fields in small long living “plasma 

droplets”. 

* * * 

 Effect of Third Harmonic Generation on the Growth Rate of Raman 

Forward Scattering of an X-mode Laser Pulse in Magnetized Cold Plasma  

Paknezhad A.  

Shabestar branch-Islamic Azad University, Iran  

Nonlinear Raman forward scattering (NRFS) in the propagation of an X-mode laser pulse 

in a magnet-ized cold plasma channel is analyzed for the third harmonic scattered waves. 3rd 

harmonic nonlinear wave equation is set up to obtain the coupling equations and dispersion 

relation of excited upper-hybrid wave. Using Fourier transforming and matching condition, 

the nonlinear growth rate of third harmonic NRFS is analytically calculated. It is shown that 

unlike the fundamental NRFS, the growth rate of third harmonic NRFS instability increases 

by increasing the external magnetic field. 

* * *  
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Ion Aceleration from Self-Similar Expansio of a Non-Quasi-Neutral  

Plasma into Vacuum 

Quinchia F.C., Landazuri H.R., Paz Cr. 

Universidad Tecnologica de Pereira Colombia 

We obtain a new self-similar solution which describes the expansion of a finite plasma mass 

into vacuum with a full account of charge separation effects. The solution exist only when 

the ratio Λ = R / λD of the plasma scale length R to the Debye length λD is invariant under 

the condition Te(t) ∝ [ne(t)]1-2/ν, where ν = 1, 2, 3, corresponds respectively, to the planar, 

cylindrical and spherical expansion geometries. 

The ion fluid is assumed to have a finite radial extension 0 ≤ r ≤ Rξf. The functions Niand vi/R 

are defined only inside the interval 0 ≤ ξ ≤ ξf. The electron fluid, on the contrary, extends 

to infinity and the functions ϕ, Neand ve/R are defined for all 0 ≤ ξ < ∞. 

For Λ ≫ 1 the position of the ion front and the maximum energy εimáxof accelerated ions are 

calculate: in particular, for ν = 3 one finds εimáx = 2ZTeoW ( Λ2
 / 2 ), where W is the Lambert 

function. 

* * * 

 
Density Transition Baserd Resonant Second Harmonic  

Generation in Plasma 

Kant N., Thakur V. 

Department of Physics, Lovely Professional University, Phagwara -144402, Punjab, India. 

We propose a scheme of resonant second harmonic generation of a relativistic self-focusing 

laser in plasma under density transition. Relativistic self-focusing of laser beam causes 

electron redistribution from high intensity to low intensity region by ponderomotive force and 

a transverse intensity gradient is created in plasma which can generate a plasma wave 

at the pump wave frequency. The second harmonic undergoes periodic focusing in the plasma 

channel created by the fundamental wave. The normalized second-harmonic amplitude varies 

periodically with distance and attains maximum value in the focal region. Enhancement 

in the second harmonic amplitude on the account of relativistic self-focusing of laser in plasma 

under density ramp is seen. Plasma density ramp plays an important role in self-focusing which 

leads to enhance the second harmonic generation in plasma. 

* * * 

Relativistic and Ponderomotive Nonlinearities in Propagation  

of Laser Beam through Quantum Plasma 

Kumar P., Rathore N.S. 

Department of Physics, University of Lucknow, Lucknow-226007, India 

In present work, using the recently developed quantum hydrodynamic (QHD) model, we study 

the combined effects of the ponderomotive and relativistic nonlinearities of the laser beam 

propagating through the high density quantum plasma. Further, we study the effect of non-

linearities on the modulation instability. The effects associated with the Fermi pressure, 

the Bohm potential and the electron spin have been taken into account. The quasistatic 
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approximation (QSA) has been used and the analysis proceeds using the source dependent 

expansion (SDE) technique. The effects observed in the present study have relevance 

to the environments of dense astrophysical plasmas (eg. neutron stars, magnetostars, etc.) 

as well as to the next generation laser plasma compression (LBPC) experiments where 

the electro-magnetic wave intensities can reach extremely high values. 

This research has been supported by the CSIR, India. 

* * * 

Surface Hardening of Instrumental Steels under Pulsed Electron-Beams 

Treatment in a Vacuum. 

Milonov A.S., Smirnyagina N.N., Dasheev D.E. 

Institute of Physical Material Science of the Siberian Branch of the RAS, Sakhyanovoy str. 6,  
Ulan-Ude, Russia 

Features of formation ofborides VB2 and W2B5 on the surface of instrumental steels U8A  

and R18 under the influence of intense electron beams in pulsed mode were investigated. 

Electron beams are used as the initiator and heating source of self-propagating high 

temperature synthesis (SHS) of refractory borides VB2 and W2B5. Mechanicalproperties  

of the layerswere studied. Wear properties theselayers were testedwith respect tosteel 45. 

This research has been supported by the Russian Foundation for Basic Research,  

projects No. 12-08-98036-r_sibir_a. 

* * * 

Plasma System for Toxic Ash Processing 

Sauchyn V.1, Khvedchyn I.1, Al-Mayman S.2, Al-Johani M.2, Al-Beladi A.2 

1Luikov Heat and Mass Transfer Institute of the National Academy of Sciences of Belarus,  

Arc Plasma Department, 15 P.Brovka str., Minsk, 220072, The Republic of Belarus 
2Energy Research Institute, King Abdulaziz City for Science and Technology, P.O.Box 6086, Riyadh, 

Saudi Arabia 

Ash from combustion of fossil fuels is a superfine powder polluted with heavy metals. 

Vitrification is one of the most promising ways to protect the environment from pollution with 

highly toxic dispersed materials. We propose the use of plasma technology for vitrification 

of toxic ash. An experimental plasma set was designed and manufactured. As a result ash 

process-sing, we receive solid chemically resistant material with a low rate of leaching. 

The material is environmentally friendly and can be stored for a long time or used as a filling 

compound in construction. 

This research has been supported by Energy Research Institute, King Abdulaziz City for Science 

and Technology and Luikov Heat and Mass Transfer Institute of the National Academy of Science 

of Belarus, Project KACST-HMTI/12. 

* * * 
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Characterization of PECVD Nitrogen Doped Amorphous  

Silicon Carbide Thin Films Irradiated with Neutrons  

Huran J.1, Boháček P.1, Kulikov S. A.2, Shabalin E. P.2, Kleinová A.3, Sasinková V.4, 

Bulavin M. V.2, Verhoglyadov A. E.2, Kobzev A.P.2, Arbet J.1, Balalykin N. I.2, 

Sekáčová M.1 

1 Institute of Electrical Engineering, Slovak Academy of Sciences, Dúbravská cesta 9,  

84104 Bratislava, Slovakia 
2 Joint Institute for Nuclear Research, Joliot-Curie 6, 141980 Dubna, Moscow Region,  

Russian Federation 
3 Polymer Institute, Slovak Academy of Sciences, Dúbravská cesta 9, 84541 Bratislava, Slovakia 

4 Institute of Chemistry, Slovak Academy of Sciences, Dúbravská cesta 9, 84538 Bratislava, Slovakia 

The SiC(N) film were deposited on Si wafer by PECVD technology using SiH4, CH4, NH3 and 

H2 gases. The concentration of elements in film was determined using RBS  

and ERD method. Chemical compositions were analyzed by FTIR. Raman measurements  

of the a-SiC(N) films were performed using a Raman microscope with 532 nm laser. 

Irradiation of samples with neutrons to a total fluencies A (7.9 × 1014
 cm-2), B (5 × 1015

 cm-2) 

and C (3.4 × 1016
 cm-2) was performed. The films contain silicon, carbon, hydrogen, nitrogen 

and small amount of oxygen. No significance effect on the IR spectra after neutron irradiation 

was observed. Raman spectroscopy results of SiC(N) films showed decreasing  

of Raman band feature intensity after neutron irradiation and slightly decreased  

with increased neutron fluencies. The current-voltage characteristics of samples before  

and after neutron irradiation were measured. The measured current of the films increased after 

irradiation with neutrons and rise up with neutron fluencies. 

This research has been supported by the This research has been supported by the Slovak Research 

and Development Agency under the contract APVV-0443-12 and by the Scientific Grant Agency  
of the Ministry of Education of the Slovakia and Slovak Academy of Sciences,  

No. 2/0062/13; 2/0175/13; 2/0173/13. 

* * * 

3D Integrated Micro-solution Plasma for The Treatment of Water  

- Effects of Discharge Gases -  

Nomura A, Himeno Y, Tanaka K, and Shirafuji T.  

Osaka City University, Department of Physical Electronics and Informatics 3-3-138 Sugimoto, 

Sumiyoshi-ku, Osaka 558-8585 Japan 

Methylene blue molecules in aqueous solution have been decomposed by using a novel 3D 

integrated micro-solution plasma reactor operated with Ar and He gases. Energy efficiency for 

methylene-blue de-composition in the case of Ar is relatively higher than that in the case of He. 

This result suggests that cheaper Ar gas has brought about superior performance in water 

purification. In both cases of Ar and He, methylene-blue decomposition efficiency is one order 

of magnitude higher than that of conventional so-lution plasma. 

* * * 
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Metal Nanocluster Formation in Pulsed Systems 

Stranak V.1, Drache S.2, Hubicka Z.3, Berg F.2, Wulff H.2, Helm C.A.2, Hippler R.2 

1 University of South Bohemia, Faculty of Science, Branisovska 31, 37005 Ceske Budejovice,  
Czech Republic 

2 University of Greifswald, Institute of Physics, Felix-Hausdorff-Str. 6, 17489 Greifswald, Germany 
3 Academy of Science of the Czech Republic, Institute of Physics, Na Slovance 2, 182 21 Prague, 

Czech Republic 

Metal nanoclusters, i.e., aggregates of atoms in the nanometer size scale (10–100 nm), gain 

deserved interest in many technological applications. Hence, formation of different metal 

clusters (e.g. Cu, Ti, Pt, Si, Ag, Co, Au) and nanocomposites has been recently studied. 

Clusters can be formed in systems that combine magnetron sputtering with subsequent 

condensation of sputtered metal atoms in the gas phase. We report recent results of research 

in novel pulsed systems that allow to control the energy transport and the sputtered atom 

thermalisation needed for efficient cluster growth. (i) The first configuration utilizes pulsed 

magnetron sputtering operated in wide range of discharge frequencies 100 Hz – 100 kHz.  

(ii) The second configuration employs pulsed gas aggregation cluster source fed by argon that 

is delivered in short pulses repeated with low frequency. It is demonstrated that cluster 

mass/size and cluster mass flux well corresponds with the pulse frequencies. 

This research has been supported by the Deutsche Forschungsgemeinschaft (DFG) through SFB/TR 

24 “Complex Plasmas” project and by Czech Grant Agency GACR project P108/12/1941. 

* * * 

Control of the Particle Flux and Energy at the Substrate in an Inverted 

Cylindrical Magnetron Reactor for Plasma PVD 

Todoran A.1,2, Mantel M.2,3, Bés A.1, Vachey C.2, Lacoste A.1 

1 Laboratoire de Physique Subatomique et de Cosmologie, Université Grenoble-Alpes, CNRS/IN2P3, 

53, rue des Martyrs, 38026 Grenoble Cedex, France 
2 Ugitech S.A., Avenue Paul Girod, 73403 Ugine Cedex, France 

3 SIMAP, Grenoble INP, 38402 St Martin d’Hères Cedex, France 

Inverted cylindrical magnetrons (ICM) are often used for coating complex shaped objects.  

In such configurations, the substrate is inherently surrounded by the plasma and therefore  

the energy flux of the impinging particles represents the main contribution to the substrate 

heating which is a limiting factor for the deposition process. This work concerns a DC driven 

ICM configuration subjected to several constraints: the substrate can't be cooled, its surface 

area is small compared to the cathode and its imposed potential is ground, thus itself 

constituting the anode of the setup. The most important substrate heating factors are high-

lighted and a mean to raise the plasma potential by positively polarizing an additional electrode 

is proposed. This new surface generates a redistribution of the current and, consequently, 

regulates the electron flux on the substrate. The obtained results are shown as a function 

of electrode bias and discussed in terms of impact on the substrate heating. 

This research has been supported by the Ugitech S.A., Avenue Paul Girod, 73403, 

 Ugine Cedex, France. 

* * * 
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Dynamics of Compression Plasma Flows Interaction with Solid Targets 

Ananin S.I.1, Astashynski V.M.1, Sari A.H.2 

1 A.V. Luikov Heat and Mass Transfer Institute, Minsk, Belarus 
2 B.I. Stepanov Institute of Physics, Minsk, Belarus 

Due to a capability to generate high energy plasma flows, magnetoplasma compressors offer 

an effective tool for modification of surface properties of various materials. In this report,  

the results of numerical simulation of compression plasma flows interaction with solid targets 

are presented. The proposed 2D model is based on coarse-particle method with account 

for magnetic field. Energy transfer by radiation is calculated with provision for spectral 

composition of radiation. This approach makes it possible to describe dynamics and structure 

of partially ionized plasma flows in quasi-stationary high-current plasma accelerators. 

As a result of numerical simulation, distributions of all plasma parameters were calculated.  

As of now, our model is the only one which allows the description of compression plasma flow 

parameters with detailed account for all main effecting factors. The model can be applied 

for plasma accelerators with complex geometries and any gases as working media. 

* * * 

Simulation of Electrical Arcs in Circuit Breaker 

Hetzmannseder E. 

Eaton European Innovation Center, Prilepska 1920, 252 63, Roztoky u Prahy, CZ 

Eaton is a power management company providing safe, reliable, efficient, and sustainable 

power management solutions for our global customers. In the Eaton European’s Innovation 

Center in Roztoky, Prague we conduct electrical arcs (thermal plasma) simulation with focus 

on Circuit breaker applications. State of the art simulation is essential to reduce development, 

time to enhance performance, and increase reliability of circuit breakers. Not only the electrical 

arc itself, but also mechanism, materials, magnetics, thermodynamics, gas flow, and inter-

actions with the electrical grid are key factors for realistic arc simulation.  Several differential 

equations and empirically established modes and coefficients describe the physics of electri-

cal arc and its environment. However, verification through laboratory experiments is essential 

to validate the model. Actual arc movies of an interrupting circuit breaker will be shown 

and compared to simulation results. 

* * * 

An Approach to Plasma Wake Studying 

Gembarzhevskii G. 

The Institute for Problems in Mechanics RAS, Vernadskii avenue 101-1, Moscow, Russia, 119526 

Complex, conforming methods for investigation of plasma turbulent wakes are advanced  

and discussed. From the one hand, this is one-dimensional model of wake. From the other 

hand, this is study based on two-point velocity measurement. According to two-parametric 

model advanced, there are four global modes of two-cylinder wake. They are: the asymetric 

mode with von-Karman Street behind one cylinder is damped; the symmetric mode of two in-

phase synchronized streets; two anti-phase synchronized streets; and two streets being 

synchronized by the angle distinct from 0 and π. According to the model there is a parameters 
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aria where modes 2 and 3 alternate. The domains of attraction for these two modes was found. 

A two-point velocity transducer was created for this study. First data for two-cylinder wake 

have been obtained. These data as a whole agree with the model derivations (with regard 

to wake turbulence account). 

This research has been supported by the Russian Fund for Basic Researches, grant No 13-01-00742. 

* * * 

Transport and Optical Properties of Dense Non-Equilibrium  

Aluminum Plasma 

Knyazev D. V.1,2, Levashov P. R.1,2 

1 JIHT RAS, Moscow, Russia 
2 MIPT, Dolgoprudny, Moscow Region, Russia 

Transport and optical properties of liquid aluminum in the two-temperature regime were 

investigated in this work. At first transport and optical properties were obtained in the ab initio 

calculation. Ab initio calculation is based on the quantum molecular dynamics, density 

functional theory and the Kubo-Greenwood formula. Then semiempirical model of transport 

and optical properties was built based on the results of ab initio calculations. Ab initio results 

may also be well described by the Drude theory with the expression for the relaxation time 

determined in this work. The results were compared with the other models of transport and 

optical properties. Most of the models are reduced in the low temperature limit to the Drude 

expression with different expressions for the relaxation time. The Bloch-Grüneisen expression 

is commonly used for solid phase and for liquid phase as well. In this work we have shown 

that the Bloch-Grüneisen expression is incorrect for liquid phase. 

* * * 

Development of Dielectric Barrier Discharge Instabilities in Ne/Xe  

Excimer Lamp  

Amir Aid D., Bouchachia A., Belasri A., Khodja K., Harrache Z. 

Laboratoire de Physique des Plasmas, Matériaux Conducteurs et leurs Applications, Université des 

sciences et de la Technologie d’Oran, USTO-MB, Faculté de Physique, Dpt. Phys. Energ., Algeria 

The objective of this work is to study the DBD instabilities in front of the dielectrics  

to eliminate their growth. In particularly, these instabilities will affect the dis-

charge homogeneity and the excimer lamp efficiency. Different parameters have been 

investigated to understand the filaments and the streamers development in the sheath region 

under the operation conditions of UV light sources. These parameters are: the electric field, 

ions and electrons density which are calculated using one-dimensional model based  

on transport equations of electrons and ions coupled to Poisson equation for a parallel-plate 

DBD reactor. 

* * * 
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Measurement of Target Currents Generated during the Interaction  

of Terawatt Laser with Solid Targets 

Cikhardt J.1,3, Krása J.2, De Marco M.2, Pfeifer M.2, Krouský E.2, Velyhan A.2, Batobolotova 

B.1, Klír D.1,3, Řezáč K.1,3, Kubeš P.1, Kravárik J.1, Ullschmied J.3 

1 Czech Technical University in Prague, Faculty of Electrical Engineering, Technická 2, 

166 27 Prague, Czech Republic 
2 Institute of Physics AS CR, Na Slovance 1999/2, 182 21 Prague, Czech Republic 

3 Institute of Physics AS CR, Za Slovankou 1782/3, 182 00, Prague, Czech Republic 

During the interaction of an intensive laser beam with a solid target, the electrons and ions are 

accelerated and the target becomes charged. As a consequence, an electrical current is flowing 

throw the target. The dependence of the target current on laser beam energy was measured 

at the iodine 3-TW kJ-class Prague Asterix Laser System (PALS) with pulse duration of about 

350 ps. The measurement was performed with several kinds of target material. The short 

current pulses were registered with magnetic probe. Current pulse maxima achieve 

up to 2.5 kA and duration of the pulses is of about 0.5 ns (FWHM). This current could 

contribute to the high intensive broad-band electromagnetic noise accompanying all high-

power laser experiments. 

This research has been supported by the Czech Science Foundation (Grant Nos. P205/12/0454), 

the Czech Republic’s Ministry of Education, Youth and Sports (grant for the PALS RI - Project IC: 

LM2010014, and for the OPVK 3: Z.1.07/2.3.00/20.0279), LG13029, LH13283, IAEA RC-16115, 

RC-16954, RC-16956, RC-17088 and SGS 13/194/OHK3/3T/13. 

* * * 

Thermal Plasma Flow Modeling of Non-Transferred Arc Operating  

in Air at Non-Atmospheric Pressure 

Chau S.W., Hsu S.J. 

National Taiwan University of Science and Technology, 43, Sec. 4, Keelung Road, Taipei, Taiwan 

Steady magnetohydrodynamic equations under axis-symmetric assumption incorporated with 

turbulence model are solved to predict the thermal plasma flow inside a DC torch with well-

type electrodes operating in air at working pressure up to 3 bar. The simulation based  

on a parallelized Cartesian-grid based finite volume approach suggests that the plasma core 

becomes more restricted and gives a small arc length between electrodes as the working 

pressure grows, especially in the low current condition. In the typical case of 160 A  

and 140 L/min, the average gas temperature of thermal plasma can decline from 6200 K  

to 4000 K as long as the pressure is tripled from the atmospheric one. The average axial 

velocity of plasma flow is estimated to accelerate from 35 m/s to 300 m/s provided  

the pressure drops from 3 bar to atmospheric environment. The rise of operating pressure has 

negative impact on enhancing temperature and flow velocity of thermal plasma 

due to the energy loss at high pressure. 

* * * 
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Emission from Electromagnetically Driven Solitons  

in Inhomogeneous Magnetized Plasma 

Kochetov A. V.1,2, Mironov V. A.1,2 

1 Institute of Applied Physics of RAS, Ulyanova St, 46, Nizhny Novgorod, Russia 
2 Lobachevski State University, Gagarin Ave, 23, Nizhny Novgorod, Russia 

Nonlinear dynamics effects connected with the electromagnetically driven solitons  

of nonlinear Schrödinger equation (NSE) in inhomogeneous plasmas were studied numerically 

in [Kochetov A. V. et. al.: Physica D, 152-153, 723 (2001); Adv. Space Research, 29, 1369 

(2002); Adv. Space Research, 38, 2490 (2006)]. In present paper we apply the NSE for 

inhomogeneous magnetized plasma to study the O mode dynamics by reason of reso-

nance soliton emission converting to electromagnetic waves at the turning point [V. A. Miro-

nov et.al: Sov. Phys. JETP, 67, No. 3 (1987)]. It allowed us to specify the correlation 

between soliton features and evolution of electrodynamical indexes. This numerical study 

should be useful for the understanding the nonlinear interaction of intense radio waves with 

ionosphere. 

This research has been supported by the Russian Foundation for Basic Research via grant  
No.14-02-01180. 

* * * 

Polymers Containing Cu Nanoparticles Irradiated by Laser to Enhance  

the Ion Acceleration 

Torrisi L.1, Cutroneo M.2, Mackova A.2,3, Velyhan A.4 

1 Physics Department & of Earth Sciences, Messina University, V.le F.S. d’Alcontres 31, 98166 S. 

Agata, Messina, Italy 
2 Nuclear Physics Institute, ASCR, 25068 Rez, Czech Republic 

3 Department of Physics, Faculty of Science, J.E. Purkinje University, Ceske mladeze 8, 400 96 Usti 

nad Labem, Czech Republic 
4 Institute of Physics, ASCR, v.v.i., 182 21 Prague 8, Czech Republic 

Target Normal Sheath Acceleration method was employed at Prague Asterix Laser System 

Laboratory (PALS) to accelerate ions from laser-generated plasma at intensities above 

1015 W/cm2. Laser parameters, laser irradiation conditions and target geometry and compo-

sition control the plasma properties and the electric field of ion acceleration. Cu nanoparticles 

have been deposited and embedded into polymers in order to induce resonant absorption 

effects of the laser radiation, increase the plasma electron density and enhance the proton 

and ion accelerations. The hydrogenated targets containing nanostructures show a significant 

increment of the ion kinetic energy with respect to that of the pure polymer. Protons above 

3.0 MeV can be accelerated in forward direction. The optimal target thickness, the maximum 

acceleration energy and the angular distribution of emitted particles have been measured using 

ion collectors, X-ray CCD streak cameras, SiC detectors and Thomson-Parabola Spectrometer. 

This research has been supported by the Laserlab-Europe by project N. pals001823 

and by the project N. P108/12/G108. 

* * * 
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New 3-frame Femtosecond Plasma-Probing Techniques at the PALS 

Research Infrastructure 

Dostál J.1, Dudžák R.1, Huynh J.1, Ullschmied J.1, Pisarczyk T.2 

1 Institute of Plasma Physics AS CR, v.v.i. Za Slovankou 1782/3, 182 00 Prague, Czech Republic 
2 Institute of Plasma Physics and Laser Microfusion, Hery Street 23, 01-497 Warsaw, Poland 

In experiments with high-power lasers the plasma generation on the target surface starts 

at intensities as low as 109  W/cm2, in case of the PALS laser ~1.5 ns prior to the pulse intensity 

maximum. The laser pulse rise time is long enough for development of many kinds of non-

linear plasma instabilities, which may significantly affect the evolution of plasma corona 

at later stages of the interaction.  

The femtosecond probing techniques developed recently at the PALS Research Infrastructure 

enables obtaining detailed information on the dynamic processes in the laser-produced plasma 

plume. Introducing the femtosecond Ti:Sa laser beam into a 3-frame recording system allows 

to capture three interferometric or shadowgraphic pictures of expanding plasma during a single 

laser shot. The time delay between frames is variable from 300 ps to 3 ns. The upgraded femto-

second probing techniques are already helping to reveal fast changing structures in the initial 

phase of laser-plasma interaction. 

This research has been supported by the by the Grant Agency of CR, project P205-11- P712 

and by the Ministry of Education, Youth and Sports of the Czech Republic, project LM2010014 

(PALS RI). 

* * * 

Pulsed Laser Deposition of FeS: a Spectroscopic Study 

Karatodorov S.1, Mihailov V.1, Dimitrov K.1, Křenek T.2, Medlín R.2, Savková J.2 

1 Institute of Solid State Physics - Bulgarian Academy of Sciences, 72 Tzarigradsko Chaussee,  

1784 Sofia, Bulgaria 
2 Research Centre of New Technologies, University of West Bohemia, 30614 Plzeň, Czech Republic 

In this work, we report the effect of laser pulse energy and target-substrate distance 

on the pulsed laser deposition (PLD) from ferrous sulfide (FeS) target in vacuum. During 

deposition with 1064 nm pulsed Nd:YAG laser, not intentionally heated Cu, Al and Ta 

substrates are used. The plasma plume emission is characterized by optical emission 

spectroscopy with temporal and spatial resolution. Thus the spatial distribution 

of the detected plasma species and their propagation velocities are obtained. The in-situ 

characterization of the ablation plume indicates the presence of both, Fe and S atomic and ion 

emission lines, which are used for the calculation of the plasma parameters: excitation 

temperature and electron number density. The obtained deposits at different laser pulse 

energies and distances are investigated by scanning electron microscopy with energy 

dispersive X-ray spectroscopy (SEM/EDX). A correlation between the observed structure and 

the plasma parameters is discussed. 

* * * 
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Self-Focusing of Intense Laser Beam in Magnetized Quantum Plasma 

Kumar P., Kumar Singh A. 

Department of Physics, University of Lucknow, Lucknow-226007, India 

In the present paper, we have analyzed the effect of the magnetic field on self-focusing 

property of an intense laser pulse propagating in a cold homogenous quantum plasma. 

The magnetic field is transverse to the electric vector and the direction of propagation  

of the radiation field. The study is motivated by the fact that transverse magnetic fields are 

generated in the laser-plasma interaction and in many applications, modification of the pro-

pagation characteristics of the laser beam due to the presence of these fields becomes 

important. We focus on the recently developed quantum hydrodynamic model (QHD), where 

the quantum-statistical pressure, quantum Bohm potential and the electron-spin effects have 

been taken into account. 

This research has been supported by the UGC, India. 

* * * 

 Propagation of Extraordinary Laser Beam in Cold Magnetized Plasma  

Paknezhad A. 

Shabestar branch-Islamic Azad University, Iran  

This article studies the evolution of spot-size of an intense extraordinary laser beam in cold, 

transversely magnetized plasma. Due to the relativistic nonlinearity, the plasma dynamic is 

modified in the presence of transversely magnetic filed. In order to specify the evolution 

of the spot size of extraordinary laser beam, nonlinear current density is set up and the source 

dependent expansion method is used. It is shown that enhancing the external magnetic field 

decreases the spot-size of laser beam significantly, and thus the self-focusing effect becomes 

more important due to the extraordinary property of laser beam. 

* * * 

Relativistic Propagation of Electromagnetic Beam at the Interface  

of Underdense and Overdense Plasma 

Sonu Sen 

Department of Engineering Physics, Indore Institute of Science and Technology, Indore-453331, India 

In this paper we presents relativistic propagation of electromagnetic beam at the interface 

of underdense and overdense plasma. The nonlinearity in the dielectric function arises 

on account of relativistic variation of mass. An appropriate expression for the nonlinear 

dielectric constant has been used to study electromagnetic beam propagation at the interface 

of underdense and overdense plasma. The variation of beamwidth parameter with distance 

of propagation, self-trapping condition and critical power has been evaluated. Numerical 

estimates are made for underdense and overdense interface for typical values of relativistic 

beam-plasma interaction process. Since the relativistic mechanism is instantaneous, this theory 

is applicable to understanding of self-focusing and propagation of electro-magnetic beam 

in underdense and overdense plasma. 

* * * 
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Physics of the Laser “Magnetoms” 

Skvortsov V.A. 

Moscow Institute for Physics and Technology (State University).141700, Dolgoprudny, Moscow 

region, Institutsky lane, 9, Russia 

The soliton-like solutions for quasi-static magnetic and electric fields had been obtained 

in numerical solution of Maxwell equations in matter under an intense laser radiation 

influence, when thermo-magnetic and explosive instabilities took place. What physical objects 

correspond to such solutions in reality? Such objects are very similar to quasi atoms with high 

number of electrons and ions – “magnetoms” with freezing super strong magnetic fields. 

In the vicinity of such systems (in micron or submicrons regions) as in atoms, there are very 

high pressures, electric and magnetic fields, and effective ion temperatures (in keV or MeV 

ranges in dependence from total energy input). Under these conditions a very high internal 

energy concentration takes place. This phenomenon can be accompanied by the observed 

effect of quantization of strong magnetic fields in laser plasmas. 

* * * 

Laser Plasmas as Short Living Holograms and Crystals 

Skvortsov V.A.1, Vogel N.I.2 

1 Moscow Institute for Physics and Technology, 141700, Dolgoprudny, Institutsky lane, 9, Russia 
2 University of Technology, 09107 Chemnitz, Germany 

Experimentally demonstrated the possibility of plasma hologram creation by using two laser 

beams: for plasma production we used the Nd:YAG-laser (with intensity in the focal spot  

I >> 1.E14 W/cm2 , frequency of repetition of main pulses 4 Hz, with energies of main pulses 

E >> 100 mJ, half-pulse duration t = 100 ps, with wavelength l = 1.06 mm) and for hologram 

reproduction we used continuum low intensive He-Ne laser (standard, wavelength 632 nm). 

During plasma creation we can produce not only plasma holograms with images of solid-state 

metallic targets but also short living plasma crystal, by using which in turn we could observed 

the effect of multiplication. 

* * * 

Hydrogenated Targets for High Energy Proton Generation  

from Laser Irradiating in TNSA Regime 

Torrisi L.1, Cutroneo M.2, Ullschmied J.3 

1 Physics Department & ES, Messina University, V.le F.S. d’Alcontres 31,  

98166 S. Agata, Messina, Italy 
2 Nuclear Physics Institute, ASCR, 25068 Rez, Czech Republic 

3 Institute of Physics, ASCR, v.v.i., 182 21 Prague 8, Czech Republic 

Polyethylene based thin targets have been irradiated in high vacuum and in TNSA (Target 

Normal Sheath Acceleration) regime by using the Asterix laser at PALS facility at the funda-

mental wavelength and pulse energy of about 600 J. The plasma produced in forward direction 

has peculiar characteristics depending on the laser irradiation conditions and on the target 

composition and geometry. Particular attention has been given to the optical properties 



Fast tracking 

51 

of the polymer and to promising nanostructures embedded into polymer increasing the laser 

absorbance. Proton kinetic energies from hundreds of keV up to about 5 MeV have been 

obtained by looking for the optimal conditions for improving the electric field driving the ion 

acceleration. 

This research has been supported by the PALS (Prague Asterix Laser System) laboratory  
and by the LASERLAB- Europe project N. pals001823. 

* * * 

Theory and Simulations of Laser-Plasma Generation of Tunable Few-cycle 

Mid-infrared Pulses 

Vvedenskii N.V.1,2, Kostin V.A.1,2, Laryushin I.D.1,2, Silaev A.A.1,2 

1 University of Nizhny Novgorod, 23 Gagarin avenue, Nizhny Novogorod 603950, Russia 
2 Institute of Applied Physics, Russian Academy of Sciences, 46 Ulyanov street,  

Nizhny Novogorod 603950, Russia 

We examine a new method for generation of the coherent few-cycle mid-infrared pulses. 

The method utilizes the gas ionization by ultrashort incommensurate two-color laser pulses. 

These incommensurate pulses contain the fields at two different frequencies. One  

of the frequencies is detuned from the doubled value of the other one. We calculate 

both analytically and numerically the electron current which is excited by such two-color pulse 

in a gas during ionization and find out that the low-frequency component of that current can 

have central frequency in the mid-infrared range, which can be controlled by tuning 

the frequency of the weaker optical field. We estimate energy radiated by that current 

and discuss the possibilities of employing the phenomenon for creating the tunable source 

of coherent few-cycle mid-infrared pulses. 

This research has been supported by the Government of the Russian Federation (Agreement 

No. 14.B25.31.0008) and the Russian Foundation for Basic Research (Grant No. 14-02-00847). 

* * * 

Spectroscopic Measurement of Laser-Induced Tin Plasma in Presence  

of a Magnetic Field  

Roy A.1,2, Harilal S. S.2, Hassan S. M.2, Endo A.1, Hassanein A.2  

1HiLASE Project, Department of Diode-pumped Lasers, Institute of Physics of the ASCR, Na Slovance 

2, 18221 Prague, Czech Republic  
2School of Nuclear Engineering and Center for Materials Under Extreme Environment (CMUXE), 

Purdue University, West Lafayette, Indiana 47907, USA  

Optical emission spectroscopic studies have been carried out on a laser-produced tin plasma 

in the presence of 0.5 T parallel magnetic field. Plasma was generated by focusing 1.064 μm 

Nd:YAG laser pulses onto a solid density, planar tin target in vacuum at a laser irradiance 

of 1 × 1011 W/cm2. Estimates of the electron temperature and density were made by assuming 

Boltzmann distributed population levels and Stark broadened singly ionized tin spectral lines, 

respectively in the presence and absence of B field. The temperature measurement showed 
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an increase of a factor of 1.5 with application of 0.5 T magnetic field. However the plasma 

density is found to be reduced with application of a magnetic field.  

This work was supported in part by the US National Science Foundation (PIRE project) and the 

Academy of Sciences of the Czech Republic and the Czech Republic’s Ministry of Education, Youth 

and Sports, under Projects HiLASE (CZ.1.05/2.1.00/01.0027), DPSSLasers 

(CZ.1.07/2.3.00/20.0143), and Postdok (CZ.1.07/2.3.00/30.0057), co-financed from the European 

Regional Development Fund. 

* * * 

Application of Glow-Discharge Plasma for Structure-Phase Modification  

of Cutting Carbide Ceramics 

Shamiankou U., Abidzina V., Belaya M., Shamiankova A.  

Belarusian-Russian University, Mira Av. 43, Mogilev, 212005, Belarus 

Great attention is currently given to the design, development and improvement of the various 

methods of cutting tool modification and treatment in glow-discharge plasma is among 

of these methods.  

The subject of this investigation was oxide-carbide ceramics containing Al2O3 and TiC which 

was exposed to glow-discharge plasma treatment. It was shown that after plasma treatment 

of working surface of cutting plates made of oxidecarbide ceramics wear resistance is 

1.5 – 2.5 higher than for nonirradiated ones. By means of metallographic and X-ray 

spectrometry analysis we found out that during plasma processing block-fragmented structure 

was formed due to ion bombardment and carbon was redistributed in bulk and at the boundaries 

due to radiation-enhanced diffusion. X-ray spectrometry study showed that plasma processing 

leads to the formation of solid solution of aluminium carbide Al4C3 with hexagonal crystal 

lattice. Plasma processing also changes parameters of titanium carbide crystal lattice. 

* * * 

Inactivation of Candida albicans Growth Indirectly Treated by Gliding Arc 

Fantova V., Kříha V., Ali Bláhová I., Píchal J. 

Czech Technical University in Prague, Faculty of Electrical Engineering, Technická 2,  

166 27, Praha 6, Czech Republic 

Bactericidal and fungicidal effect of non-thermal plasma, generated by different types 

of discharges at atmospheric pressure are being intensively studied. We distinguish between 

the direct and indirect plasma treatment. The gliding arc usage for the direct treatment is 

problematic due to an electrode configuration. Another problem is that the high temperature 

of a stream can destroy the substrate. On the other hand, the indirect treatment can be 

a perspective tool for inactivation of germs. 

The indirect plasma treatment of a contaminated surface was studied using the AC gliding arc 

discharge in air. The gliding arc was realized in two cone electrode system with an ignition 

zone interelectrode distance of 3 mm. The active species produced by the discharge were 

carried by the air flow toward an agar plate through a non-conductive nozzle.  Agar plate was 



Fast tracking 

53 

inoculated by 106 CFU Candida albicans suspension. The preservation of a plate overheat was 

realized by a plate rotation. The gas temperature at the nozzle exhaust did not exceed 50 °C. 

This research has been supported by the Czech Technical University in Prague grant 

SGS13/194/OHK3/3T/13. 

* * * 

Indium Nanoparticle Synthesis Using Plasmas in Water for Nanoparticle 

Transport Analysis in Living Body 

Amano T.1, Koga K.1, Shiratani M.1, Tanaka A.2 

1 Faculty of Information Science and Electrical Engineering, Kyushu University, Motooka 744,  

Nishi-ku, Fukuoka 819-0395, Japan. 
2 Faculty of Medical Sciences, Kyushu University, Maidashi 3-1-1, Higashi-ku,  

Fukuoka 812-8582, Japan. 

Indium nanoparticles can be employed for studying kinetics of nanoparticles in the living body 

because the body does not contain In. Here we report synthesis of In nanoparticles using 

plasmas in water. In rod electrode and In plate electrode were immersed into pure water. 

Discharges were generated by applying pulsed voltage between the electrodes. The discharge 

voltage and frequency was 9.2 kV and 10 kHz, respectively. From the discharges, emissions 

of In, O, H, and OH were observed. In emission suggests In atoms exist in plasmas 

and contribute to In nanoparticle formation. The electron density was around 1017 /cm3 deduced 

from Stark broadening of H emission. TEM observation revealed that nanoparticles exist 

in the supernatant collected after the 3 min discharge. The primary nanoparticle size was 

around 7 nm. EDX measurements show the nanoparticles consist of In and O. These results 

show that In nanoparticles were successfully produced using plasmas in water. 

This research has been supported by the JSPS KAKENHI Grant Number 24340143 and 24108009. 
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New Possibilities of Low Temperature Atmospheric Plasma Jets  

for Biomedical Applications 

Beier O.1, Spange S.1, Wiegand C.2, Pfuch A.1, Horn K.1, Hipler U.-C.2, Schimanski A.1 

1 Innovent e.V., Pruessingstrasse 27B, D-07745 Jena, Germany  
2 Department of Dermatology, University Medical Center Jena, Erfurter Strasse 35, D-07743 Jena, 

Germany 

This work will show 2 possibilities for use of cold atmospheric plasma jets in biomedical 

fields. One part will focus on direct plasma interactions with microorganisms which cause skin 

infections, tested in vitro on agar plates, for potential use in the new medical sector  

of plasma medicine. 2 jet systems were tested with varied process gases (Air, N2, Ar)  

and treatment parameters. The results have shown in general strong inhibitory effects  

but also a dependency of the used gas and its reactive plasma species (OES). The 2nd part 

presents the deposition of composite layers with high antimicrobial activity using such  

a plasma jet arrangement as well. Different chemical precursors are induced into the plasma, 

one able to form SiOx structures and one to form and embed Ag, Cu or ZnO NPs in-situ  

in the growing films. Applied on textiles for use as wound dressings and modified Ti alloys 
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as substitute materials the layers showed high antibacterial but non-cytotoxic behaviour 

in standard tests. 

This research has been supported by the German Federal Ministry of Education and Research  
under grant number 03WKBR11Z. 

* * * 

Cleaning of Well Screens Using Strong Shock Wave Generated by Pulsed 

Spark Discharge in Water 

Chung K.J.1, Lee S-g1, Hwang Y.S.1, Kim Ch.-Y. 2, Won K.-S. 3 

1 Department of Nuclear Engineering, Seoul National University, Seoul 151-742, Korea 
2 Sun & Sea Co., Ltd., Seoul 137-838, Korea 

3 Geotech Consultant Co., Ltd., Gyeonggi 102-804, Korea 

Water wells clogged by various reasons can be improved by the application of appropriate 

rehabilitation methods, exending their life. In this paper, we have investigated the field 

applicability of well cleaning using high-voltage pulsed discharge technique. The field test has 

been performed in a water well for bank filtration located near Anseong-cheon (river)  

in Korea. Prior to the treatment, Johnson-type screens installed in the middle of the water well 

have lefted untreated almost a year to be detereriorated by biochemical processes. During the 

treatment, the maximum shock pressure of up to 180 bar is delivered to the surface of well 

screens with an initial energy of 490 J. Investigation of well screens with an underwater camera 

clearly shows that the strong shock pressure generated by underwater spark discharge can 

effectively remove almost all incrustations formed in the well screens, proving the field 

applicability of the present technique. 

This research has been supported by the Defense Research Laboratory Program of the Defense 

Acquisition Program Administration and the Agency for Defense Development of Republic of Korea, 

and the research project of “Advanced Technology for Groundwater Development and Application  
in Riversides (Geowater+)” in Korea. 
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