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Review of the participation of the Association EURATOM – MEdC Romania to the European research on controlled thermonuclear fusion
Florin Spineanu
Research Unit of the Association EURATOM – MEdC Romania
The creation of the Association EURATOM – MEdC in 1999 has opened the possibility for a wide participation of the Romanian groups to the integrated European research on tokamak physics. Collaborations within the structures of EFDA and EFDA JET have steadily grown and have diversified. They cover basic physics of fusion plasma, technologies for fusion applications, diagnostics and participation to the experimental campaigns to JET, materials, atomic and nuclear data, and specialized informatics for computational work in fusion. A brief review will be presented with special emphasis on notable achievements but also on problems and future perspectives.
Trajectory trapping, transport, and turbulence evolution

Madalina Vlad

National Institute of Laser, Plasma and Radiation Physics
A component of test particle motion in magnetized plasmas is the stochastic electric drift produced by the electric field of the turbulence and by the confining magnetic field. This drift determines a trapping effect or eddying motion in turbulence with slow time variation. 

The study of trapping effects on test particle statistics was a continuous presence in the research program of our Association. Important contributions to the understanding of this nonlinear process were obtained based on new analytical  methods (the decorrelation trajectory method, the nested subensemble approach, and the velocity on structures method). We have shown that trapping completely changes the statistical behaviour of particle trajectories leading to  memory effects, non-Gaussian probability of displacements, and to a high degree of coherence. The transport coefficients are strongly influenced by trapping. A rich class of anomalous diffusion regimes and of nonlinear effects produced by trapping in connection with other components of the motion was found. A short review of these results is presented in the first part of the talk.

Trapping has a strong effect on the evolution of drift type turbulence. Recent results on test modes in turbulent plasmas show that trapping is the main physical reasons for the turbulence evolution in the nonlinear stage. The generation of large correlation lengths (the inverse cascade) is determined by ion trapping, which produce the displacement of the unstable wave number domain toward small wave-numbers. The moving potential determines ion poloidal flows when the amplitude of the electric drift velocity is larger than the effective diamagnetic velocity. The trapped ions move with the potential while the other ions drift in the opposite direction. These opposite (zonal) ion flows compensate such that the average poloidal flux is zero. They determine the damping of the drift modes as well as the generation of transitory modes that have zero poloidal wave numbers and zero frequency (zonal modes). Both processes are produced by ion trapping in the moving potential and lead to intermittent evolution of drift turbulence. These results, which represent the beginning of a new stage in our studies of trapping effects, are presented in the second part of this talk.

Anomalous transport in turbulent plasma
Contribution of the plasma group from University of Craiova
Dr. Gyorgy Steinbrecher, Dr. Dana Constantinescu, Dr. Nicolae Pometescu, Dr. Marian Negrea, Dr. Iulian Petrisor

The study of the anomalous transport in fusion turbulent plasma is a great challenge and an important step for the improvement of the plasma confining in fusion devices. The aim of our work is to explain some features of the anomalous transport in tokamak plasma and to develop analytical and numerical methods in order to evaluate correctly the transport in fusion device like ITER. Using both analytical and numerical methods, the long-range correlations and intermittency in plasma edge turbulence, edge transport barriers, core impurity transport with different dominant core turbulence and different radio-frequency heating scheme where analyzed. The ion parallel particle flux and ion parallel heat flux in electrostatic turbulent magnetically confined plasma in presence of ICRH are obtained analytically in terms of the thermodynamic forces. Some characteristics of the anomalous transport of stochastic magnetic field lines, which are not described in the context of the standard diffusion paradigm, were analyzed. A specific objective was the transport of magnetic stochastic field lines in the anisotropic case, taking into account for the magnetic shear. The diffusion coefficients for the magnetic field lines using the decorrelation trajectory method (DCT) were obtained and the results were compared with those obtained by the stochastic Liouville equation. The comparison has shown the agreement of the results and in consequence the validity of the DCT method. The research was continued applying the DCT method to other models such as: (1) the study of the electron diffusion in a stochastic electrostatic field combined with an unperturbed sheared magnetic field and (2) the calculus of the diffusion coefficients in the case of the generation of zonal flow in the drift wave turbulence and of other important characteristic quantities specific to zonal flow. The Hamiltonian description and the mapping techniques were used to describe the magnetic field and the dynamics of particle’s guiding centre. Some features of the anomalous transport of particles were explained by the trapping effect in stochastic configurations and the magnetic reconnection was related to the stochastization of the magnetic field. Some phenomena for which the memory effects were already pointed out (formation and maintenance of the internal transport barriers, the L/H transition, and the saw tooth crash in the ASDEX-Upgrade tokamak) were identified and a collection of mathematical models that can be used for explaining the anomalous transport was gathered. A new particular model, based on the hysteresis mechanism, for the study of the saw tooth crash of the central temperature in ASDEX-Upgrade tokamak was proposed and analyzed.

Large scale flows and coherent structures in tokamak plasmas
F. Spineanu
National Institute of Laser, Plasma and Radiation Physics

Magurele MG-36, Bucharest, Romania

There is a dual manifestation of the basic processes in tokamak plasma. The instabilities evolve rapidly into nonlinear regime leading to turbulence and control the small spatial scales and fast time scales. On the other hand flows involving large volumes of plasma and exhibiting a resilient quasi-coherent nature can appear and control large scales, for example the Internal Transport Barriers, the H-mode, the spontaneous plasma rotation. The fundamental origin of these self-organized states is not clear. We need a first-principle approach and new theoretical instruments able to identify privileged states of fluids and plasmas. We describe the reformulation of the problem of self-organization of the flows in fluids and plasmas based on finding the extrema of an action functional. The physical evolution is mapped onto the discrete system of point-like vortices which further is shown that can be formulated as a field theoretical model. This formulation naturally exhibits privileged states and allows the derivation of differential equations whose solutions represent asymptotic quasi-coherent flows. We will discuss two such differential equations and in particular we show that the solutions are compatible with experimental observations. 

Detritiation in Romania

Liviu Stefan

Tritium Plant Consortium of Associates TRIPLA-CA

Sebastian Brad

Endurance tests for PTFE Catalyst

Mihaela Vladu

“Fuel Cycle” and “TRI-TOFFY” training networks

George Ana, Ionut Spiridon

Experiments on the JET tokamak. Fast particle experiments
V. Zoita and JET -EFDA contributors*

JET-EFDA Culham Science Centre OX14 3DB, Abingdon, UK;

A first part of the presentation will provide a brief review of the participation in the last JET experimental campaigns (campaigns C20-C27, 2008-2009). The review will include a description of the procedure for experiment proposal and selection at JET, as well as a schematic presentation of the various steps in the development of a particular JET experiment.

The second part will describe some of the recent fast particle experiments performed at JET (experiments to compare the fast particle losses for various JET operating scenarios and to identify and document main fast ion loss mechanisms). This will include the essential diagnostics techniques available at JET for the study of lost fast particles (scintillator probe, Faraday cups, fast particle activation) and confined fast particles (neutral particle analysers, gamma-ray cameras, gamma-ray spectrometers, neutron time-of-flight spectrometer).

Items related to the JET experimental campaigns and presented elsewhere in this conference [1-2] will not be described here.

[1] V. Zoita et al., “Determination of neutron field characteristics in JET high performance discharges”, this conference.

[2] T. Craciunescu et al., “Profile reconstruction techniques for the JET neutron and gamma-ray cameras”, this conference.

*See Appendix of F. Romanelli et al. Proceedings of 22nd IAEA Fusion Energy Conference, Geneva, Switzerland, 2008

Determination of neutron field characteristics in JET high performance discharges

V. Zoita1, S. Conroy2, T. Craciunescu1, T. Edlington3, M. Gatu Johnson2, M. Gherendi1,

C. Hellesen2, S. Jednorog4, V. Kiptily3, A. Murari5, A. Pantea1, S. Popovichev3,

R. Prokopowicz4, M. Scholz4, and JET EFDA contributors*

JET-EFDA Culham Science Centre OX14 3DB, Abingdon, UK;

1Association EURATOM-MEdC, National Institute for Laser, Plasma and Radiation Physics, Bucharest, Romania

2Association EURATOM-VR, Uppsala University, Uppsala, Sweden 

3Association EURATOM-CCFE, Culham Science Centre, Abingdon, UK 

4Association EURATOM-IPPLM, Institute of Plasma Physics and Laser Microfusion, Warsaw, Poland 

5Association EURATOM-ENEA, RFX, Padova, Italy.

 *See Appendix of F. Romanelli et al. Proceedings of 22nd IAEA Fusion Energy Conference, Geneva, Switzerland, 2008
An experiment with the aim of determining the neutron field characteristics for high performance discharges has been carried out on the JET tokamak. The neutron field parameters (yield, fluence, energy distribution) at a specific location outside the JET Torus Hall have been measured simultaneously by three independent techniques (super-heated fluid detectors or “bubble detectors”, activation, and time-of-flight). Eventually the results are to be compared with neutron transport calculations. The bubble detector and activation measurement location  was situated at the end of a vertical collimated line of sight, behind the time-of-flight spectrometer. The field-of-view of the neutron detectors have been varied by means of a pre-collimator.

The paper will first report on neutron fluence measurements carried out by means of bubble detectors and their comparison with those done using the time-of-flight spectrometer. Spatial (radial and toroidal) distributions of the neutron fluence have been obtained with a two-dimensional array of 30 bubble detectors. The operation of the bubble detector array as a neutron pinhole camera having a radial resolution at the JET vacuum chamber mid-plane of about 55 mm was demonstrated in measurements using various openings of the pre-collimator. The comparison of the area integrated fluence determined by the bubble detector array with the time-of-flight spectrometer neutron flux has shown a good correlation factor of about 0.99.

A considerable amount of experimental data have been obtained from measurements on the neutron energy distribution. Most of these data are still waiting to be processed. Preliminary data evaluation have confirmed the emission of 14 MeV triton burn neutrons in high power deuterium discharges and have provided a first quantitative information on the lower energy component of the neutron energy distribution.

Upgrade of the JET gamma-ray camera

M. Curuia1, V. Zoita2, S. Soare1, M. Anghel1, P. Blanchard7,x, T. Craciunescu2, T. Edlington3, M. Gherendi2, V. Kiptily3, K. Kneupner4, I. Lengar5, A. Murari6, P. Prior3, S. Sanders3, B. Syme3, I. Tiseanu2, and JET-EFDA contributors(*)
JET-EFDA, Culham Science Centre, OX14 3DB, Abingdon, UK

1 Association EURATOM-MEdC, National Institute for Cryogenics and Isotopic Technologies, Rm. Valcea, Romania;
2 Association EURATOM- MEdC, National Institute for Laser, Plasma and Radiation Physics, Bucharest, Romania; 

3 Association EURATOM-CCFE/JOC, Culham Science Centre, Abingdon, UK;
4 Association EURATOM-FZJ, Julich, Germany;
5 Association EURATOM-MHST, Jozef Stefan Institute, Ljubljana, Slovenia;
6 Association EURATOM-ENEA, RFX, Padova, Italy
7 Association EURATOM/CRPP-EPFL, Lausanne, Switzerland, EFDA-CSU, Culham Science Centre, OX14 3DB, Abingdon, UK
*See Appendix of F. Romanelli et al. Proceedings of 22nd IAEA Fusion Energy Conference, Geneva, Switzerland, 2008

The main aim of the JET gamma-ray cameras (GRC) upgrade is the design, construction and testing of appropriate neutron/gamma-ray filters (“neutron attenuators”). Using the attenuation factor as the main design parameter a set of three neutron attenuators of different shapes and attenuation lengths has been designed and manufactured for the horizontal and vertical gamma-ray cameras. Pure light water was chosen as the attenuating material. The operation of the GRC neutron attenuators is controlled by an electro-pneumatic system. A full-scale prototype of the vertical camera neutron attenuator was constructed and successfully tested. The mechanical behaviour of the attenuator structure subject to the forces and torques produced by the JET disruptions was analysed by means of the finite element analysis method. The radiation performance of the GRC neutron attenuators as well as the response of the gamma-ray detectors have been addressed by means of neutron and gamma-ray transport calculations. 

All the main components of the neutron attenuator assembly for the gamma-ray cameras (attenuator casings, attenuator support frames and steering and control system) have been manufactured and preliminary tested.

A test stand that is a full scale replica of the gamma-ray cameras configuration was designed and manufactured. The design allows nuclear test to be performed with just one neutron point source (generator) for both attenuator simultaneously. This geometry was chosen in order to reduce to a minimum the handling of the neutron radioactive source during the proposed radiation performance tests.

Upgrade of the JET Tangential Gamma-Ray Spectrometer

S. Soare1, V. Zoita2, M. Curuia1, V. Braic3, T. Craciunescu2, G. Gros4, V. Kiptily5, L. Rios6, M. Anghel1, P. Blanchard7, M. Braic3, T. Edlington5, A. Murari8, P. Prior5, S. Sanders5, B. Syme5, N. Balshaw 5, D. Croft5, I. Tiseanu2 and JET EFDA contributors*

JET-EFDA Culham Science Centre OX14 3DB, Abingdon, UK

1Association EURATOM-MEdC, National Institute for Cryogenics and Isotopic Technologies, Rm. Valcea, Romania 

2Association EURATOM-MEdC, National Institute for Laser, Plasma and Radiation Physics, Bucharest, Romania 

3Association EURATOM-MEdC, National Institute for Optoelectronics, Bucharest, Romania 


4Association EURATOM-CEA, DRFC, Cadarache, France
 8Association EURATOM-ENEA, RFX, Padova, Italy 

5Association EURATOM-CCFE/JOC, Culham Science Centre, Abingdon, UK 

6Association EURATOM-CIEMAT, Madrid, Spain

7Association EURATOM/CRPP-EPFL, Lausanne, Switzerland; EFDA-CSU, Culham Science Centre, OX14 3DB, Abingdon, UK

*See Appendix of F. Romanelli et al. Proceedings of 22nd IAEA Fusion Energy Conference, Geneva, Switzerland, 2008
 


A conceptual design for the upgrade of the JET tangential gamma-ray spectrometer (TGRS) has been carried out. The main design target for the TGRS upgrade is to maximise the signal-to-background ratio at the spectrometer detector, the ratio being defined in terms of the plasma emitted gamma radiation and the gamma-ray background. 
A complex system of collimators and shields for both the neutron and gamma radiations define the spectrometer field of view. Two tandem collimators determine the field of view through the tokamak plasma. The entrance aperture to the penetration in the JET Torus Hall south wall is defined by a neutron shield. Two gamma-ray shields together with the existing concrete collimator determine the field of view at the gamma-ray detector. One of the gamma-ray shields (with an embedded neutron attenuator) can be remotely moved in and out of the detector line of sight thus providing flexibility in definition of the neutron and gamma-ray fields at the gamma-ray (BGO) detector.  Neutron attenuators using lithium hydride with natural isotopic composition (that meets the requirements for gamma-ray transparency) could provide the necessary attenuation factors (approximately 104 for the 2.45 MeV neutrons and 102 for the 14.1 MeV neutrons). The performance of a simplified geometry TGRS has been evaluated by preliminary neutron and photon transport calculations and the results show that the proposed design parameters could be attained.

Because of severe funding limitations within the lead Association (MEdC), the project has been reduced in terms of structure and magnitude. The first two components of the upgraded system, the tandem collimators, are dealt with in this reduced version. Currently the project is in preparation for the detailed design review which will be held at JET at the beginning of December 2009. The installation at JET is foreseen to be done by the end of 2010. 

Profile reconstruction techniques for the JET neutron and gamma-ray cameras

T. Craciunescu, G. Bonheure, V. Kiptily, A. Murari, I. Tiseanu, V. Zoita

The JET neutron profile monitor coverage of the neutron/gamma emissive region enables tomographic reconstruction. However, due to the availability of only two projection angles and to the coarse sampling, tomography is a highly limited data set problem. An evaluation of several methods – maximum likelihood, maximum entropy, Tikhonov regularization and a Monte Carlo backprojection algorithm - is reported. A smoothing operator, was defined to compensate for the lack of experimental information. The methods have been tested on numerically simulated phantoms with shapes characteristic for this kind of tomography. The retrieval of sophisticated structures in the emissive distribution has been addressed in order to have a complete image of the quality and reliability of the methods. A both qualitative and quantitative evaluation is reported. Significant reconstructions of experimental data are reported.
W coating of CFC tiles for the JET new wall

C.Ruset, E.Grigore


When JET will start up in early 2011, it will be equipped with a new all-metal wall (Be and W) to conduct experiments for the activated phase of ITER. A total of approx. 2,000 CFC tiles for divertor and main chamber have to be coated with W layers of 10-15 (m and 20-25 (m for the ITER-like Wall project. 


As a result of the competition which occurred during the R&D phase of the project, Combined Magnetron Sputtering and Ion Implantation (CMSII) deposition method, used by MEdC Association, was selected in 2006 for W coating of CFC tiles. 


This technique was developed from laboratory to industrial scale in 2 years. New equipment with appropriate dimensions and productivity was designed, built and commissioned. Specific coating technologies were developed for various types of tiles depending on coating requirements. A quality management system, in accordance with ISO 9001 standard was implemented and it is applied for series production. 


A number of 674 CFC tiles were coated and delivered to JET. More than 500 tiles are also coated and will be delivered soon. It is important to mention that all divertor tiles which are firstly installed in JET are coated. 


A number of 15 tiles G1, G6, G7 and G8 were coated with W/Mo markers which will be used to measure the erosion rate in various positions of JET divertor. The markers are W/Mo/W/Mo multilayer coatings with particular configuration. The markers will be investigated by Nuclear Reaction Analyses before and after exposure in JET. By this way the erosion of wall material will be assessed.  

BERYLLIUM COATINGS FOR FUSION APPLICATIONS

C. P. Lungu1, I. Mustata1, A. Anghel1, C. Porosnicu1, I. Jepu1, V. Zaroschi1, P. Chiru1, A. M. Lungu1, C. Ticos1, G. Burcea2, V. Bailescu2, G. Dinuta2, F. Din2, K. Krieger3, J. Roth3, K. Sugiyama3, Ch. Linsmayer4 V. Philipps4, J. Linke4, T. Hirai4, M. Rubel5, P. Coad6, Les Pedrick6,  J. Likonen7
1NILPRP, Magurele-Bucharest, Romania

2Nuclear Fuel Plant, Mioveni, Arges, Romania
3IPP, Garching, Germany
4FZJ, Juelich, Germany
5Alfvén Laboratory, Royal Institute of Technology, Stockholm, Sweden
6UKAEA, Culham, UK 
7VTT, Helsinki, Finland
The ITER-like Wall Project, part of the "JET programme in support of ITER", to be implemented on JET includes R&D activities to develop methods of depositing Be layers on inconel and marker tiles and characterization of the Be coating purity by surface and structure analysis techniques as well.

Two methods of Be deposition have been used to produce inconel and marker tiles to be installed at JET: thermal evaporation in vacuum and thermionic vacuum arc (TVA).

The principles of manufacturing processes and the properties of the Be coatings characterized by High Heat Flux Test (HHFT), Rutherford backscattering spectroscopy (RBS), scanning electron and transmission electron microscopies (SEM and TEM), X-ray diffraction (XRD), X-ray photoelectron spectroscopy (XPS) and atomic force microscopy (AFM) will be presented.

Cleaning of co-deposited layers by movable devices based on radiofrequency discharges

C. Stancu1, E.R. Rosini1, V. Satulu 1, T. Acsente1, B. Mitu1, G. Dinescu1, C. Grisolia2
1National Institute for Laser, Plasma and Radiation Physics, Atomistilor 409, PO-Box MG-16, 077125, Magurele, Bucharest, Romania

2 Association Euratom-CEA, CEA Cadarache, DSM/DRFC/SIPP, Saint Paul lez Durance, 13108, France
Fuel accumulation in the wall, critical for long term operation of fusion machines, is even more prominent for surfaces with grooves and voids, due to increase of surface area and co-deposition of tritium with the eroded materials in the gaps. The inter-tile spaces have dimensions in the 3-6 mm range, but the slit widths in the castellated tiles are much smaller. As example, in the case of ITER, castellation in cells of 10 x 10 x 10 mm with slits of 0.5 mm was proposed for the vertical target of the divertor. Various cleaning techniques already developed like laser, flash-lamp, oxidation and glow discharge have the drawback of limited access in narrow spaces. In this contribution we report on two innovative approaches for solving the problem of the removal of co-deposited layers from inter-tile spaces and gaps. They are based on the scanning of the castellated surface with devices based on radiofrequency discharges. The discussed devices are a plasma torch operated at atmospheric pressure and an Inside Gap Plasma Generator (IGPG) operated at low pressure. The cleaning experiments have been realized on flat and castellated surfaces with various gap widths and coated with model co-deposited layers consisting of amorphous hydrogenated carbon deposited by Plasma Enhanced Chemical Vapor Deposition. The feasibility of carbon removal was demonstrated for both approaches, on flat surfaces and inside gaps with widths in the range 0.5-3 mm. The removal rates (in the range 10-4 -10-5 g/s ) are larger at the upper gaps edge, were the undesired co-deposition process was observed to be the most active.

ADVANCED X-RAY IMAGING TECHNIQUES FOR NON-DESTRUCTIVE 

ANALYSIS OF FUSION MATERIALS

I. Tiseanu , T. Craciunescu, N.B. Mandache, F. Gherendi, C. Dobrea, A. Sima

National Institute for Lasers, Plasma and Radiation Physics NILPRP, Bucharest, Romania, e-mail: tiseanu@infim.ro 
X-ray computed micro-tomography (XμCT) is a useful tool for reconstructing the 3D microstructure on local and extended volumes emphasizing aspects such as local-density-‘microstructure’. It can contribute to a better understanding of the relation between processing, microstructure and properties of fusion materials. 

XμCT was applied for structural integrity assessment of IFMIF irradiation capsules and individual miniaturized samples. A procedure for NDT inspection of the IFMIF capsules and rigs was developed and validated by extensive experiments. Consequently, XμCT became the only reliable solution for official inspections of the structural integrity of IFMIF complete assemblies before and after various tests, including irradiation. It is also proved that XμCT is a useful tool for NDT evaluation of compressed pebble bed structures under mechanical/thermal stress.

ITER/DEMO relevant fusion materials and structures were also investigated like superconducting bulk materials, strands and cables, carbon fiber composite (CFC), brazed jonctions etc. XμCT analysis was applied to the characterization of  microstructural integrity of Nb3Sn ITER-like strand and to the newly developed bulk and wires of MgB2 with differing topologies. XμCT proved to be very useful to visualize the shape, distribution and evolution of the local macro-density-regions. Other aspects such as grain connectivity and necks formation were also revealed. Results show that XμCT has a high potential and it is a powerful tool to observe important materials issues that sometimes cannot be obtained  by traditional methods. 

The characterization of fuel retention as a function of wall materials is one of the key issues in plasma–wall interactions for ITER. Therefore the quantitative analysis of the porosity structure of CFC samples, in terms of total void fraction, network connectivity, wall thicknesses was investigated. Preliminary results demonstrated that XμCT is an appropriate tool for the assessment of high heat flux plasma facing components.

Recently, we have completed the fabrication of a mobile, combined X-ray fluorescence (XRF) and cone-beam tomography (3DCT) system for the noninvasive 3-D morphology and composition mapping. This combination of non-destructive techniques is already applied to provide a qualitative assessment of the thickness uniformity of graphite/CFC with metallic coatings as well as a quantitative mapping of the multilayer compositions and thicknesses. The X-ray fluorescence mapping is also used for the determination of the spatial distribution of high Z materials embedded in low density matrixes (i.e. marker layers, metallic inclusions, high density dust).

In conclusion we appreciate that our laboratory is equipped with a set of reliable NDT techniques fundamental for the quality assurance of the manufacturing of components for nuclear fusion applications. 

MHD EQUILIBRIUM AND STABILITY RESEARCH IN TOKAMAKS

C.V.Atanasiu
Mathematical Modelling for Fusion Plasmas Group,

National Institute for Lasers, Plasma and Radiation Physics,

EURATOM MEdC Association, Bucharest
An important field of plasma physics is the stability of the plasma. It usually only makes sense to analyze the stability of a plasma once it has been established that the plasma is in equilibrium. Equilibrium asks whether there are net forces that will accelerate any part of the plasma. If there are not, then stability asks whether a small perturbation will grow, oscillate, or be damped out. In many cases a plasma can be treated as a fluid and its stability analyzed with magnetohydrodynamics (MHD). MHD stability is a necessity for stable devices to be used for nuclear fusion, specifically magnetic fusion energy.
 

MHD instabilities often limit performance at high beta. In most cases the important instabilities are long wavelength, global modes, because of their ability to cause severe degradation of energy confinement or termination of the plasma. Some important examples that are common to many magnetic configurations are ideal kink modes, resistive wall modes, tearing and neoclassical tearing modes. A possible consequence of violating stability boundaries is a disruption, a sudden loss of thermal energy often followed by termination of the discharge.

The present contribution deals with analytical and numerical investigations of MHD equilibrium and instabilities for toroidal configuration with direct application to the ASDEX Upgrade and JET tokamaks. This research was performed during the last ten years at the Mathematical Modelling for Fusion Plasmas Group, under the frame of a wide range of co-operations with different fusion centers around the world: Tokamakphysics Department of IPP Garching, Task Forces MHD and Diagnostics of JRT, Theory Department of I.V. Kurchatov Institute, Theory Department of PPPL and Applied Physics Department of Columbia University. During the last two years, our research activity was mainly oriented to the “Provision of support to the advancement of the ITER Physics Basis” EFDA coordinated activities, shared under Task Force ITM and Topical Group MHD.

Experiments on Fusion relevant devices
G. Popa, C. Costin, M. L. Solomon, V. Anita, L. Sirghi, C. Lupu, S. Teodoru, C. Agheorghiesei 

“Al. I. Cuza” University, Faculty of Physics,  Iasi, Romania 

Electrical methods for plasma diagnostic have been applied on two Fusion relevant devices: Castor Tokamak at Institute of Plasma Physics, Prague, Czech Republic and Pilot-PSI at FOM Institute for Plasma Physics “Rijnhuizen”, Nieuwegein, The Netherlands. Plasma parameters as the fluctuations of the floating potential, electron and ion saturation currents were measured in the Scrape-off Layer (SOL) of Castor Tokamak and in the plasma beam of Pilot-PSI using Langmuir and/or Katsumata probes. The latter ones were also used to investigate the process of plasma diffusion inside the probe, in a perpendicular direction with respect to the magnetic field lines. Radial distribution of both plasma potential and electric field was measured in Pilot-PSI by emissive probe, allowing estimating the rotation velocity of the plasma beam. Multi-channel analyser (MCA) measurements were performed at Pilot-PSI target for monitoring the time-space (2D) distribution of edge plasma parameters (floating potential, electron/ion flux) characterising the plasma that reaches the target. This investigation aimed the correlation of plasma parameters with target modifications (target temperature, erosion, gas retention, etc).    
The energy loops of the major nuclear fusion  projects

Silviu Olariu and Agata Olariu

IFIN Magurele

We shall compare the internal energy cycles of the major nuclear fusion projects ITER, DEMO, NIF, Laser Megajoule,  HIPER, KOYO-F, HYLIFE, Z-IFE and fusion-fission hybrids, and shall examine the solutions available for reducing the recirculation of power in future fusion reactors. We shall also discuss the possible involvment of our fusion community in these large-scale projects.

