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By modifying the ITER Scenario 4 equilibrium to increase the bootstrap current fraction and to improve its stability properties with respect to external kink modes (EKMs), a theoretical no wall β-limit of βN~ 2.55 and an ideal wall limit of βN~4.2 could be achieved. In the presence of resistive walls the growth rates of the EKMs are reduced by orders of magnitude such that the active feedback stabilization of resistive wall modes (RWMs) becomes feasible.

The present contribution deals with analytical and numerical investigations of these MHD instabilities for toroidal configurations with direct application to the ASDEX Upgrade and JET tokamaks. This research represents a continuation of our research activity performed during the last ten years under the frame of a wide range of co-operations with different fusion centers around the world: Tokamakphysics Department of IPP Garching (our main collaboration), Task Forces MHD of JET, Theory Department of PPPL, Theory Department of I.V. Kurchatov Institute, and Applied Physics Department of Columbia University. During the last year, 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, with two main objectives: 1) Tearing modes calculations for specific shots at ASDEX Upgrade tokamak and 2) Resistive wall modes calculation in a tokamak in the presence of multiply connected wall structures taking into account the poloidal and toroidal plasma rotations.
Extension of plasma torch operation with reactive gases for wall cleaning purposes

E.R. Rosini, C. Stancu, M. Teodorescu, T. Acsente, G. Dinescu
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The removal of co-deposited carbon layers by a plasma torch operating with reactive gases at atmospheric pressure was approached in the context of EFDA Plasma Wall Interaction activities. In previous experiments plasma torch operation in argon and nitrogen and its use for cleaning were studied. The cleaning experiments were succesful on flat surfaces and also inside gaps (of 0.5-1.5 mm wide). The present contribution focuses on the investigation of torch operation with reactive gases and gas mixtures (using oxygen, air, argon/ammonia, argon/hydrogen and argon/oxygen). In order to limit the torch damage by the enhanced plasma reactivity, changes were made over the plasma torch components (on the RF electrode materials and on its cooling). The new designed plasma source is more robust, compact and easier to be integrated on a robotic arm, being compatible with cleaning of the codeposited layers. The operation domains (RF power, gas flow rates, and ratio of gases in the mixtures) were studied, resulting in establishing the optimum working parameters of the plasma torch with reactive gases. These parameters were selected considering the following criteria: expansion of plasma jet outside the interelectrodic space; stable operation without spots and arcing, and no excessive heating of the electrodes. The cleaning experiments performed with plasmas generated in reactive gases, realized on flat surfaces, showed that oxygen and oxygen containing mixtures have the highest effectiveness for laboratory made co-deposited layers removal. 
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Deposition of mixed carbon/metal layers for the assessment of wall cleaning techniques
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Hydrogenated composite a-C:H/Al and a-C:H/W layers (thickness up to 10 microns) were deposited in the context of Plasma Wall Interaction tasks Laboratory models for the co-deposited layers (task  P10-PWI-02-04-02/MEdC/BS) and Production of laboratory co-deposited layers for fuel removal studies (task  P10-PWI-02-04-03/MEdC/BS). For this purpose there were approached two different technical variants: i) simultaneous combined deposition of composite film components (Magnetron Sputtering - MS plus Plasma Assisted Chemical Vapor Deposition – PECVD, mainly a reactive magnetron sputtering method) and ii) sequential combined deposition (periodical alternating the sample position in front of magnetron and PECVD source for predefined periods of time). In both situations the film metallic component was obtained by MS while hydrogenated carbon by PECVD, in a argon and acetylene mixture. Using the first method the concentration of the metallic component is difficult to control in a small range due to magnetron target poisoning. The second approach allows tuning of metallic component concentration in a wide range (for W, up to 50 at %). Both deposition methods lead to deposition rates of around 1micron/hour. Characterization of the deposited layers (topography, morphology, composition and structure) revealed the deposition of a carbon/metallic mixed material consisting of a carbon matrix in which the metallic component is incorporated apparently as small particles. The a-C:H/W layers obtained by sequential deposition method has a quasi-homogenous composition using short plasma exposures (up to ten seconds) to each source, while scaling up this duration lead to deposition of multilayered films. The deposited layers have been submitted for cleaning tests to various collaborating groups.
Acknowledgments: The research was supported in the frame of the EURATOM contract of Association between the European Commission and the Ministry of Education and Research of Romania, EFDA tasks WP10-PWI-02-04-02 and WP10-PWI-02-04-03
Beryllium Coatings on Marker and Inconel Tiles
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Beryllium will be the plasma-facing material on the main chamber wall of JET (Joint European Torus) during the ILW (ITER like wall) project [1]. The thermionic vacuum arc (TVA) deposition process [2] has been chosen in order to obtain high density of the films for the production of the “marker” tiles. The “marker” is a Be tile with a stripe of 2-3 µm in thickness of an easily detected heavy metal (e.g. W, Re, Ni) deposited on it as an interlayer, and with a few microns (~ 8-9 µm) layer of bulk-like Be on top of that. If the outer layer is eroded at the same rate as the bulk, then the erosion rate can be determined by detecting the thickness of the layer from the final surface, for erosion of less than the film thickness. The TVA technique used involves production of a high potential (300 - 2000 V) - low current plasma (0.1 - 2 A) in the pure vapours of the metal to be deposited (Ni, Be) without using any buffer gas. 

Inconel tiles were be coated with an 8–9 μm Be thick film deposited by thermal evaporation performed in the Nuclear Fuel Factory, Pitesti, Romania [3]. Deposition of Be on Inconel_625 substrates was performed in a stainless steel vacuum chamber (evacuated by a diffusion pump and reached at a base pressure of 5 x 10-6 mbar) which is 0.4 m3 in volume. Thermal evaporation of beryllium (1287°C melting point) was performed using a sintered beryllium oxide crucible (BeO – beryllia – 2530oC melting point), heated by a molybdenum resistor. The substrate temperature during process was starting from RT and reached at 150-200 °C during 2 hours process. Thickness, measured by a beta-backscattering apparatus (Microderm of UPA TECHNOLOGIES, USA), was found of 7 ±0.5 μm when 7 g of Be were used for evaporation. The tests carried out on inconel test pieces pf 20 mm x 40 mm x 3 mm in the JUDITH facility proved that the layers survived undamaged at power loads of up to 2.6 MW m-2 in 6.2 s (deposited energy density of 18.1 MJ m-2) thus significantly exceeding the required level of 5 MJ m-2 [4]. This qualifies the evaporation process to be used for coating of large areas of the JET vessel inner wall.
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JET Diagnostic Enhancements in support of the new ITER-Like Wall
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In 2005 was launched the second JET Enhancement programme (EP2) which main goal is the replacement of all of  the CFC inner wall with a 100% metallic wall made of a mix of Beryllium and Tungsten tiles. To accompany this challenging endeavour, JET launched a series of more that 25 diagnostic enhancements aiming at supporting the future JET programme and to test ITER-relevant diagnostics at JET. This talk will present a brief overview of the diagnostics that are being installed at JET within these EP2 activities, highlighting the new spectroscopic enhancements and the neutron and gamma ray diagnostic new capability.
Long-Range correlations and influence of the RF-Heating on particle transport in fusion plasma 
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1. Particle transport in  frozen turbulence with long-range correlations

 Candidate models of the frozen electrostatic turbulence are exposed. These models, the so called „fractional brownian charges” includes multi-dimensional analogues of the one dimensional fractional Brownian motion. It is well known that the classical  one dimensional fractional Brownian motion (Mandelbrot, van Ness. 1968) give a good approximation of the noise in radio astronomy. Due to functional central limit theorem, it is expected that the electric field generated by „fractional Brownian charges”  also  provide  a good coarse grained approximation of the electrostatic turbulence with long range correlations. Under the influence of the random electrostatic field modelled by this class models fields, the transversal charged particle transport in the zero Larmor radius approximation is studied. It is proven that rigorous bounds on the fraction of the trapped particles can be derived by a reformulation of the transport problem in the language of the abstract ergodic theory. By this reformulation the particle trapping (a desirable effect in the tokamak)  is related to the expectation values of the projector the the invariant states given by the von Neumann mean ergodic theorem.  This approach give a rigorous alternative numerical method for the study particle trapping. The numerical aspects of the corresponding C++ code is discussed.
2. Study of variation of the density profile of impurities for different species
Experiments have shown that auxiliary heating can influence impurity accumulation and transport and, by consequence, the plasma confinement. With the aim to improve the prediction of the convection direction of impurities and their accumulation, we analyze the combined effect of ITG instability and resonant interaction between ions and waves in the ion cyclotron range of frequencies. The issue is important also in establishing a more realistic dispersion relation for the ITG instability.

Our study refer to the influence of radio frequency waves on anomalous impurity transport in tokamak for multi-species plasma using the kinetic formalism. The ensemble averaged distribution function is assumed as the summation between a Maxwellian part and the deviation from Maxwellian where the last depends on both turbulence and particles-RF wave interaction.

In our model we have obtained from the electro-neutrality condition the dispersion equation for the ITG instability. This equation contains the dependence of the electrical charge of ion species, the characteristics of  ITG instability and those of the RF wave externally launched. Significant contributions to the variation of the density profile are obtained from the resonant interaction between minority ion species and ICRW in the regions where the gradient of the density profile of the respective ion species is important.

W coatings for fusion applications  
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The plasma temperature in the centre of a fusion reactor is in the range of 50 – 100(106 (C. The plasma is confined by magnetic fields, but due to escaping plasma particles and plasma radiation some areas of the first wall can reach 2,000 (C or even more. Due to the restrictions imposed by boundary conditions associated with the fusion process the material choice for the first wall is a very difficult task. The actual option for ITER (International Thermonuclear Experimental Reactor) is Be for the main chamber and W for divertor. Since this combination was never tested on a tokamak, the ITER-like Wall (ILW) project was launched at JET (Joint European Torus), UK,  the biggest operational tokamak in the world. In course of this project the existing CFC (Carbon Fiber Composite) first wall will be exchanged with a new one consisting of Be and W. Due to technical constraints in JET W coated CFC material appears to be a good alternative to bulk W. In the R&D phase of the ILW project, after a tough competition, Combined Magnetron Sputtering and Ion Implantation (CMSII) technique developed in INFLPR was selected for 10 (m W coating of approx. 1,000 CFC tiles for the new JET wall. Tungsten coatings deposited on CFC by this technology were the only ones which survived without delamination to thermal screening up to 23 MW/m2 (1.5s) and cycling loading with 200 pulses of 10.5 MW/m2 (5s). The High Heat Flux tests were carried out in the hydrogen beam test facility GLADIS at IPP Garching, Germany. One reason for this good performance of the coatings produced by CMSII is their nano-crystalline structure. TEM analyses revealed crystallites with size in the range of 10 nm. 

Recently, the CMSII technology was extended from 10 (m to 20-25 (m and is now being applied for another 800 tiles from JET at region with higher particle load. Development of this technology from research to industrial scale (design, manufacturing and commissioning of new equipment) took approx. 18 months and finished in the mid of 2008. Since then, approx. 1,400 CFC tiles were coated and delivered to JET. The same technology was successfully applied for W coating of approx. 350 FGG (Fine Grain Graphite) tiles for the ASDEX Upgrade tokamak from Max Planck Institute for Plasma Physics, Garching, Germany. 

The presentation will show details about the coating process, equipment, and characteristics of the W coatings and their performances. The Plasma Surface Engineering laboratory, where the W coating production occurs is qualified in accordance with ISO 9001 quality management standard.   

Presenting author: Cristian Ruset, E-mail: ruset@infim.ro
Characterization of Pilot-PSI plasma beam by electrical methods
C. Costin, M. L. Solomon, V. Anita, L. Sirghi, G. Popa
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Pilot-PSI is a linear magnetized plasma device designed for plasma-surface interaction (PSI) at FOM Institute for Plasma Physics “Rijnhuizen”, The Netherlands, Association EURATOM/FOM. One of the main research topics on Pilot-PSI concerns the interaction of magnetized plasma with a solid surface in extreme conditions (of particle and energy fluxes), typical for the divertor of a fusion reactor. An important issue in the study of PSI is the knowledge of edge plasma parameters. Multi-channel analyser (MCA) measurements have been performed at Pilot-PSI target for monitoring the time-space (2D) distribution of two important parameters that characterise the plasma reaching the target: plasma current drawn by the grounded collectors and the floating potential measured at the target surface. Current combined with potential measurements offer information on the type and the flux of the charged particles bombarding the target. The time variation of the floating potential provides information of the plasma source operation. The magnetic field strength has a big influence on the current distribution at the target. At 0.4 T, current intensities are quite equal and the plasma beam covers the entire surface of the analyzer (24 mm in diameter). At 0.8 T, the diameter of the plasma beam decreases, the plasma column is better confined in the centre of the chamber and the central collectors collect higher currents. High current fluctuations are registered at lower magnetic fields. Small currents (of the order of mA) flowing between different collectors of the analyzer were also register, showing that in a metallic surface in contact with plasma having a non uniform distribution of the floating potential, currents may appear along the metallic surface. In the plasma column, Katsumata probe measurements were performed to obtain the cross-field diffusion coefficient.
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Abstract: The strategy to demonstrate the scientific and technological feasibility of fusion energy for peaceful purposes, regarded as a way of producing high amounts of energy without heavily polluting the environment and also considered the best suited technology for progressive mixture with renewable energy technologies has conducted in the last years to international collaboration in massive implication in fusion domain development. The elaborated work of many scientists gave impressive results in research fields like plasma technologies, cryogenics, complex materials, etc.  The technology development and  the  research results available now in the fusion domain finished  with the need for large and expensive experimental reactor (ITER).
Special systems and installations are required, that involve complex design and fabrication technology for the construction of this reactor that has the posibiliy to be updated into a industrial reactor. The TRF (TRITIUM RECOVERY FACILITY) is one of the main installation that presents a major importance in the efficacy of the fuel cycle of the reactor in proper function stage. At ICIT Ramnicu Valcea and KIT-TLK, test models of TRF have been developed and  were proposed for implementation in ITER reactor systems. For a specialised personnal,  young scientists were involved in international trainnee programs like “Fuel Cycle” and “TRI-TOFFY” for a better understanting of all the processes that occurs in a fusion reactor.
Key-Words: - fusion, ITER, TRF, tritium, renewable energy.

Advanced X-Ray imaging techniques for non-destructive analysis of fusion materials
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Quantitative characterization of the porosity structure of the carbon reinforced carbon fiber (CFC) materials is carried out by high resolution X-ray computed tomography (µXCT). It is shown that µXCT is able to provide useful information pertaining to the in-depth fuel migration into carbon tiles depending on the CFC material structure. The investigated materials comprised two types of CFC samples (former ITER reference CFC NB31 and JET CFC DMS780) and a series of CFC NB11 samples obtained within the Deuterium Inventory in Tore Supra (DITS) post mortem analysis. Most experiments were carried out at the INFLPR newly upgraded µXCT laboratory (http://tomography.inflpr.ro). The detailed 3D morphology representation of statistically relevant volumes of CFC (up to 5x5x5 mm3) materials was used in order to evaluate the porosity factor, to detect possible materials defects like non-homogeneity or high Z dust inclusions. The main challenge is posed by the required micron range of the spatial resolution for rather macroscopic samples.  High resolution measurements (2.5µm/voxel) on same CFC samples were performed and the reconstruction was done by means of a newly implemented "offset tomography" scanning method. By using a new procedure for the quantitative evaluation of the CFC sample porosity factor, values of 8% and 9.4% for CFC NB31 and CFC DMS780 were obtained, respectively, in very good agreement with the manufacturer nominal values. As the limiter of the Tore Supra is made of different CFC manufacturing batches with slight differences in porosity the correlation between the porosity factor and the fuel retention in the bulk is investigated. Our current research is focused on the systematic characterization of the post-mortem ore Supra samples. Preliminary results of 2.5 µm/voxel resolution on Tore Supra CFC samples of 2x2x6 mm3 will be presented and discussed during the meeting.

Tungsten erosion, subsequent plasma transport, and tungsten redeposition are of great interest, because a full tungsten divertor is foreseen to be used during the deuterium-tritium operational phase of ITER The erosion of tungsten and carbon marker layers was extensively studied in the outer divertor of ASDEX Upgrade, and work is currently in progress to completely replace the existing JET CFC tiles with tungsten-coated tiles within the JET ITER-like wall project. 

The need for a fast and non destructive method which allows the quantitative determination of the thickness of a tungsten coating on a carbon material on large areas led us to evaluate a combined transmission/fluorescence X-ray (XRTF) technique. 

Preliminary tests carried out on the newly developed instrument Tomo-Analytic proved that the method is able to provide information about the uniformity of the tungsten coating on a graphite or CFC substrate, and that it can be used to determine its thickness. With its high spatial resolution by X-ray focalization with a policapillary lens, the XRTF method permits the characterization of complex structures with a lateral resolution down to around 20 µm and an accuracy of about 3% of the total layer thickness. Used independently, each method has its own advantages/disadvantages, but the combined use of X-ray transmission and X-ray fluorescence methods represents a unique instrument for the pre- and post-mortem analysis of the coatings. It can provide fast analysis, high spatial resolution and detection of deposited layers and intrusions. Results for a set of tiles exposed in ASDEX-Upgrade and for JET CFC tiles intended for the ITER-like wall will be presented. The results are compared to quantitative analyses with EPMA, RBS and NRA techniques.
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An optical flow method is applied to the study of several fusion plasma relevant issues, including plasma wall interactions. A multi-resolution coarse-to-fine procedure is used in order to cope with large displacements of objects between consecutive frames, characteristic of plasma images captured by JET fast visible camera. Occlusion modeling is also implemented.

The method is able to provide good results for JET fast-visible camera images which can be affected by saturation, discontinuous movement, reshaping of image objects, low gray-level in-depth resolution. Significant experimental cases concerning pellet injection, plasma filaments and MARFEs are analysed. The method is able to provide the real velocity for objects moving close to structures.
Actual fusion technology needs alpha-particle
reaction data analysis
Vlad Avrigeanu
Horia Hulubei National institute of Physics and Nuclear Engineering –IFIN-HH
All available alpha-particle induced reaction cross sections on nuclei within the mass number range 40<A<200,below the Coulomb barrier, have been analyzed in order to obtain an optical model potential (OMP) which describes the alpha-particle elastic scattering at low energies as well. It has been shown that the understanding of the alpha-particle interaction behavior below the Coulomb barrier is quite dependent by the energy dependence of the surface imaginary potential depth. Besides its basic interest, the accurate account of the alpha-particle OMP is highly required by many nuclear astrophysics applications as well as by the nuclear engineering design of fusion test facilities."
Deuteron breakup on medium 

nuclei and induced activation analysis for the IFMIF EVEDA
Marilena Avrigeanu
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The nuclear reaction mechanisms involved within deuterons interaction with 59Co and 93Nb are

analyzed. The available elastic-scattering data analysis have been firstly used to obtain the optical potential needed for reaction cross sections calculations. Next, both the elastic breakup and the breakup fusion contributions to the different activation cross sections were carefully considered. The direct reaction contributions, namely the stripping and pick-up reaction cross

sections were finally calculated. The preequilibrium and compound-nucleus cross-section calculation, corrected for the breakup and stripping decrease of the total reaction cross section, completed the deuteron activation cross-section analysis and has shown that simultaneus analysis of the deuteron elastic scattering and induced activation is essential for, e.g.,the engineering

validation and engineering design activities (EVEDA) of the International Fusion Materials Irradiation Facility (IFMIF)."
Cuasi-coherent precursors and generation of filaments in the H-mode rotation layer
Florin Spineanu
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The problem related to the rotation layer developing at the edge of the tokamak plasma in the H-mode regime is still a matter of active investigation. The strong variation of the radial electric field in the small spatial region from the edge to the pedestal has consequences on the stability of drift modes and leads to the suppression of high wavenumbers in the edge turbulence spectrum. In connection with the rotation and possibly triggered by it, the plasma develops Edge Localised Modes (ELM), with a significant effect on the local heating of the first wall. In this work we focus on the filamentation of the perturbed layer. 

We show that the perturbation is purely growing and generated by an instability of the Chaplygin-gas type. The instability involves the three essential physical fields: the vorticity, the current density and the particle density in the layer of rotating plasma. 

We examine the evolution of the current in a nonlinear regime of the tearing mode and show that the evolution leads to filaments, i.e. strongly localised structures, similar to what has been found in experiments. 

The process of ELM development is dominated by the magnetic field reconnection associated with current filamentation and vortex formation. In this context we will discuss the possible explanation of the effect of the Resonant Magnetic Perturbation (RPM) on the ELMs as originating from the competition of two magnetic processes with distinct and possibly conflicting geometry. This can be an alternative explanation, relative to the stochasticisation of the magnetic structure, with its effect on transport rates at the edge.

This work is done within the Task Agreement TG-T WP10-TRA-01 (L-H transition physics).
Nonlinear effects produced by the ExB drift on transport and structure generation in turbulent tokamak plasmas
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The studies of turbulence based on test particle statistics have been a continuous presence in the research programme of our Association. Important contributions to the understanding of the nonlinear process of trajectory trapping or eddying 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 behavior of particle trajectories leading to  memory effects, non-Gaussian probability of displacements, and to a high degree of coherence. The direct applications of these results consist in determining the diffusion coefficients in turbulent plasmas and their scaling laws as function of the characteristics of the turbulence. We have found a rich class of anomalous diffusion regimes and of nonlinear effects produced by trapping. 

Continuing this direction of research, a new mechanism of impurity accumulation/loss was found. It is a nonlinear affect that appears in toroidal geometry due to the poloidal motion of the impurity ions induced by the motion along magnetic lines and by the flows generated by the moving potential. This poloidal motion combined with the space variation of the confining magnetic field on the magnetic surface determines a time oscillation of the peaking factor (defined as the ratio of the pinch velocity generated by the gradient of the magnetic field and the diffusion coefficient) which influences impurity profiles.

The statistics of trajectories is fundamentally connected to the evolution of turbulence. First results on the effects of trapping on the self-consistent evolution of turbulence in the strongly nonlinear regime are presented. They represent the beginning of a new stage in our studies of trapping effects.
Neutron Filters for the JET Gamma Ray Cameras Upgrade
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Neutron filters/attenuators have been designed and constructed as an upgrade of the JET Gamma-Ray Cameras (GRC’s). This diagnostics upgrade should reduce the neutron flux at the gamma-ray detectors in a way that it would make possible gamma-ray imaging measurements in high power deuterium JET pulses, and eventually in deuterium-tritium discharges. Using the neutron attenuation factor as the main design parameter a set of three neutron attenuators of different shapes and attenuation lengths has been designed.

The attenuators will be placed within the GRC diagnostics system between the vacuum vessel port and the camera collimator radiation shields both in the case of the horizontal camera and vertical camera. When the neutron/gamma camera diagnostics is used for neutron measurements, the neutron attenuators (NA) have to be moved out of the detector line-of-sight (by about 600mm for the horizontal camera and by about 100mm for the vertical one). The operation of the neutron attenuators is controlled by means of 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. The calculated attenuation factor is 102 for the attenuators of the two cameras and a value of 104 for a long version of the vertical camera attenuator.  The numerical simulations are planed to be checked against experimental results to be obtained using the neutron attenuator prototype installed on a high power pulsed fusion neutron source, the Plasma Focus Installation PF1000 at IPPLM, Warsaw, Poland.

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 tested. Mechanical, electrical, pneumatically and hydraulic tests have been performed using a test stand that is a full scale replica of the JET gamma-ray cameras configuration.                                                                                                                               *See Appendix of F. Romanelli et al., Proc. 22nd IAEA Fusion Energy Conference, Geneva, Switzerland, 2008 
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The tangential gamma-ray spectrometer (TGRS) of the JET tokamak fusion facility is an important diagnostics for investigating the fast particle evolution in the tokamak plasma configuration. A well defined field of view for the TGRS diagnostics is essential for its proper operation and this is to be determined by a rather complex system of collimators and shields both for the neutron and gamma radiations. A conceptual design for this system has been carried out [1] with the main design target set 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. 

As a first phase of the TGRS diagnostics upgrade a set of two tandem collimators has been designed with the aim of determining a quasi-tangential field of view through then JET tokamak plasma. A modular design of the tandem system has been developed in order to allow for the construction of different configurations for deuterium and deuterium-tritium discharges. The internal structure of the collimators consists of nuclear grade lead and high density polyethylene slabs arranged in an optimised pattern. 

The performance of a simplified geometry of the tandem collimator configuration has been evaluated by neutron and photon transport calculations and the numerical results show that the design parameters can be attained.

[1] V. Zoita et al., Symposium on Fusion Engineering, San Diego, June 2009

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