A2
IEA Cooperation Among Large Tokamak Facilities
Reports and Plan on Task Assignment Programmes (June 2005 - May 2006)

Task 1: Transport and ITB Physics

Collaborative work on ITPA-IEA joint experiments was performed. JT-60U experiments started on December 2005, while JET operations were only restarting at the end of the period under review and no new experiments were performed on DIII-D during this period.

In the experiments on hybrid scenario (TP-2), transport analysis on existing hybrid scenario shots in JET, JT-60U, DIII-D and ASDEX Upgrade were carried out and reported by F. Imbeaux in an invited talk and paper at the EPS conference on plasma physics and controlled fusion in 2005. The shots on JET and JT-60U were newly put into the ITPA profile database. In the new experiment after June 2005, the duration of high beta sustainment with high confinement has been extended in JT-60U with reduction of toroidal field ripple; [image: image1.wmf]N = 2.5 with HH98y2 ~1.1 was maintained for 17.6 s and [image: image2.wmf]N = 2.1 with HH98y2 ~0.9 for 28.6 s. In the experiments on steady-state scenario (TP-1), the duration of a high fraction of bootstrap current (70%) was extended to 8 s in JT-60U, while [image: image3.wmf]N=4 was sustained for 2 s, with ITBs, in non-stationary DIII-D discharges.

In the experiments on ITB degradation with ECRF electron heating (TP-3) in weak positive shear plasmas, it was found that the degradation effect depended on the plasma current, less effective at a higher current, in JT-60U.

Significant progress was made in analysis and understanding of results from the experiment on rational q effects on ITB formation and expansion (TP-8.2). On JET, the Alfvén cascade eigenmodes were detected with high time resolution by interferometry and it was found that the ITB triggering events occurred in most cases just before grand Alfvén cascades, namely rational q appearance. On DIII-D, the initial increase/jump in electron and ion temperatures were seen to be simultaneous and occur before the rational-q surface entered the plasma (time difference is of order of 10-12 ms). Nonlinear “full physics” gyrokinetic simulations using the GYRO code suggest that the transport improvement is due to modifications in zonal flow structures associated with the low density of rational-q surfaces in the vicinity of low-order rational-q values (“gaps”).

There was one US to EU and one JA to EU personnel exchange in this task. W. Houlberg of ORNL visited JET three times for the transport modeling of JET plasmas with recent focus on rotation. He worked to upgrade the installation of the NCLASS module in the JETTO analysis code and to analyze the poloidal rotation in JET. Work with K. Crombe showed good agreement between the multiple ion species NCLASS model and two analytic two-ion species models. H. Takenaga of JAEA visited JET for analysis of trace tritium experiments on JET. In these experiments, the tritium density profile evaluated from the neutron emission profile had a larger gradient than the deuterium density profile. He found that it was not attributed to the difference in source profiles of deuterium and tritium, but to the difference in transport of deuterium and tritium.
Task 2: Confinement, database and modeling

There has been considerable activity in the LTA execution of ITPA joint experiments and analysis this year. The key areas of focus are (i) confinement scaling with beta CDB-2, (ii) confinement scaling with collisionality in ELMy H-mode plasmas CDB-4, (iii) extension of global database studies to low aspect ratio CDB-6, (iv) 
[image: image4.wmf] scaling of confinement at ITER relevant dimensionless parameters at low and high beta CDB-8 and (v) particle transport at low and high collisionality CDB-9. 
A key topic is the study of the beta degradation of confinement in ELMy H-mode plasmas CDB-2. New results were obtained in dimensionless parameter scaling experiments on JT-60U indicating a rather strong 
[image: image5.wmf] degradation of confinement, [image: image6.wmf]-0.6, which is in contrast with previous individual and joint DIII-D and JET dimensionless parameter scaling experiments. An even stronger confinement degradation was observed based on a database of ELMy H-mode discharges in JT-60U. Analysis of AUG data in the H-mode confinement database show that the upper triangularity is possibly a key factor governing [image: image7.wmf] degradation of confinement. JET data in the H-mode confinement database shows very weak [image: image8.wmf] degradation but reveals that strong gas puffing can degrade confinement. Preliminary results from dedicated [image: image9.wmf] scaling experiments on AUG in early 2006 also show a strong [image: image10.wmf] degradation. Additional H-mode experiments in 2006 are planned for AUG, MAST, and NSTX. Also in 2006, JET plans an experiment to test the [image: image11.wmf] scaling of confinement in a Hybrid-like scenario.

JET and C-Mod experiments were performed to determine whether collisionality or the Greenwald fraction, n/nGW , is a key confinement scaling parameter (CDB-4). A JET scan of n/nGW and collisionality, matched in other dimensionless parameters to a C-Mod case, showed that B
[image: image12.wmf] scales better with collisionality than with n/nGW. A result was obtained from previous experiments on DIII-D and JET. Additional C-Mod experiments are planned for 2006.

Progress was made on CDB-6. A large number of NSTX data points was added to the international H-mode confinement database, increasing significantly the amount of low aspect ratio data. Synthesis of this and other low aspect ratio data with data at higher aspect ratio led to confinement scalings with a stronger 
[image: image13.wmf] (=a/R) dependence than those with a limited range of aspect ratios. These exhibit an unfavorable dependence on [image: image14.wmf], although the low aspect ratio data introduce a strong correlation between [image: image15.wmf] and 
[image: image16.wmf] in the H-mode dataset. Similarity experiments at fixed poloidal dimensionless parameters were performed among DIII-D, NSTX and MAST. Analysis of a MAST/DIII-D pair is consistent with a negative 
[image: image17.wmf] exponent if B
[image: image18.wmf] ~
[image: image19.wmf]-3[image: image20.wmf]0.

Initial experiments for CDB-8 are planned between JET and C-Mod at low beta. JET and C-Mod, which lie at the extremes of 
[image: image21.wmf], have experiments planned for early summer 2006. After analysis of these initial experiments, the plan is for DIII-D and ASDEX-Upgrade to add the intermediate 
[image: image22.wmf] results if needed. The JET/C-Mod experiments will choose a shape each can match. DIII-D has plans for an experiment in June 2006 that will match the ITER shape and other dimensionless parameters, except 
[image: image23.wmf], at low rotation velocity.

The CDB-9 activity is new this year and came out of a joint decision to initiate a particle transport working group. Many new experimental results now indicate the possibility of stronger density peaking in ITER than previously assumed which can have both strong positive and negative influences on ITER performance. Thus the TP and CDBM TGs decided to assemble experimental, theoretical and modeling expertise on particle transport to improve collaborations in this area, identify appropriate joint experiments and assemble appropriate databases with the goal of improving the projections for ITER. The main target for first experiments was to study density profiles at low collisionality. The primary collaboration for 2006 is between JET and AUG. Plans include experiments on density peaking at low density scheduled for late June on AUG and experiments in June and July on JET focused on the shear dependence at low collisionality and the effect of electron heating in H-mode. Discussions are underway for experiments in 2006 on C-Mod.

Task 3: MHD, Disruptions and Control

MHD physics tasks proposed by the ITPA and implemented under the IEA LTA have been conducted in a range of areas.

Resistive Wall Modes: There has been significant progress in this area, as reported in an invited presentation at the 2005 APS-DPP meeting by H Reimerdes and most recently by the NSTX in a paper to be published in Physical Review Letter. Detailed similarity experiments have been performed between JET and DIII-D, and NSTX and DIII-D. These consist of comparisons of resonant field amplification (RFA) and of the critical rotation for RWM stabilisation. The critical rotation agrees well between JET and DIII-D when evaluated at q=2 and normalised to the Alfvén or sound speed – suggesting damping in the vicinity of q=2 plays a key role. The comparison between the critical rotation in NSTX and in DIII-D breaks the degeneracy between scaling with the Alfvén or sound speed. It is found that the results agree better when a scaling with sound speed is assumed. Alternatively, the critical rotation, which is a higher fraction of the Alfvén velocity at low aspect ratio, is consistent with a model, where trapped particles do not contribute to the stabilisation. Preliminary results of effects of nearly zero rotation on RWM stability have been obtained by tailoring the NB momentum source in JT-60U and in NSTX by operating below the critical rotation frequency by braking the rotation with the n=3 coils, and can be compared in the future with new results from DIII-D.

Low [image: image24.wmf] error fields: The one outstanding issue from the 2004 C-Mod, DIII-D and JET identity experiments was the apparent difference in the Bt scaling on C-Mod. Two sets of C-Mod experiments have been completed on this issue and seem to give inconsistent results. A scaling at constant Greenwald fraction showed the error field threshold (br/Bt) scales as Bt-1.06, while a scaling performed using the error field identity configuration shows a scaling as Bt-2.05. Further experiments at 8T are planned on C-Mod to address this issue. Studies are also on-going to resolve the influence of aspect ratio on the error field threshold using MAST and NSTX data.

NTM physics and error fields at high [image: image25.wmf] : Preliminary experiments have been conducted on ASDEX Upgrade in the ITER relevant regime where the ECCD deposition width exceeds the island width, and the results indicate modulated ECCD is much more efficient at stabilising the 3/2 NTM than DC ECCD. More experiments in this area are planned on ASDEX Upgrade and DIII-D. On JT-60U a combination of experiment and modelling shows the stabilization effect is sensitive to ECCD location and destabilisation occurs for misalignments of the ECCD of about the island width. 

Disruption Mitigation: In ASDEX Upgrade disruption mitigation by massive gas injection (MGI) has been used as a routine tool and is found to be very successful in reducing vessel forces, along with a reduced excursion and lower halo currents during the vertical disruption. In C-Mod the higher plasma pressure gives a good test of gas jet penetration under ITER-like conditions. Best mitigation in C-Mod was obtained with Ar or Kr MGI. However, analysis clearly shows that the gas jet is not penetrating very far in radially (as on DIII-D) and that it appears MHD plays a significant role in the quench process. Studies in JT-60U have concentrated on runaway electrons (REs). Mitigation of post-disruption REs by impurity pellet injection was demonstrated and avoidance of the current quench by conversion to a controlled RE column using combined injection of impurity pellets and ECRF was shown. Finally, from JT-60U initial studies on the recovery of the plasma current by additional heating, even after the beginning of current quench, have been made.

With regard to future plans from June 2006 to May 2007, it is expected that joint experiments on Disruption Mitigation, Neoclassical Tearing Modes, Resistive Wall Modes and Error Fields will continue, together with the related personnel exchanges.
Task 4: Edge and Pedestal Physics

Coordinated experimental activities/exchange of personnel took place for the following ITPA pedestal and edge topics.

PEP 1 & 3: JET/JT-60U pedestal identity experiments and modelling.

New experiments in JT-60U (June 2006) with the JET identity shape will be carried out in the third week of June 2006. The scope is to study ELMy H-modes with JET-similar shape at reduced toroidal magnetic field ripple (compared to the ~1% at the separatrix of the previous experiments). To take maximum advantage of the ripple reduction of the ferritic insets, the toroidal field will be 2.2T (instead of 3.1T), the plasma current 1.08MA (same as old similarity experiments), for a q95~3.6. Variations of the injected torque/fast ion losses are planned, as well as a mini-density scan. V. Parail (EJ44) will participate in the experiments and, as for the previous joint experiments, numerical modelling analysis is planned (using ASCOT, with 3D JT-60U equilibria provided by JAEA). The aim is then to conduct similarity experiments in JET with the new plasma parameters, together with H-modes with the new Ip/Bt being tested at normal and increased ripple (note that the ripple in JET and JT-60U can be matched exactly (at the midplane)). In preparation for JET experiments with enhanced toroidal magnetic field ripple, the JAEA Orbit Following Monte Carlo (OFMC) was used to begin the analysis of JET heat loads and machine safety during the visit of J. Lonnroth to JAEA in Autumn 2005 (EJ45).

PEP 6: AUG/MAST/NSTX pedestal structure and ELM comparison in double null.

The aim is to compare pedestal structure and ELM stability in LSN, DN, and USN on ASDEX Upgrade, MAST and NSTX in similar shaped plasmas with similar global parameters. Experiments in ASDEX Upgrade and MAST were carried out in 2005. A change in ELM frequency was observed between USN, DN, and LSN. In DN the ELM frequency was lowest, and the confinement was the best. More development was needed because of a 2/1 NTM degrading confinement in LSN, as well as a fine scan in near Double Null (uncertainty in the magnetic reconstruction). The planned experiment on ASDEX Upgrade in May 2006 did not take place because operations were interrupted due to a flywheel generator incident. NSTX is preparing to participate in the comparison. In fact, results obtained from on-going experiments (not part of this PEP) indicate ELM size to be very sensitive to changes in the magnetic balance in high 
[image: image26.wmf] discharges. NSTX is preparing a shape adequate for comparison with ASDEX Upgrade and MAST.

PEP 9: Dependence of the H-mode Pedestal Structure on Aspect Ratio (DIII-D/MAST/NSTX)

The aim was to assess the effect of aspect ratio (DIII-D vs. MAST and NSTX) and wall proximity (MAST vs. NSTX) on pedestal height, widths and gradients in ELMy H-mode, at constant pedestal 
[image: image27.wmf] and 
[image: image28.wmf]e*. Good data has been obtained from all machines (new experiments in NSTX in April 2006). Common shape selected for the experiments is a double null, with κ ~ 2, 
[image: image29.wmf] ~ 0.55-0.6. 
[image: image30.wmf]e*~ 1, 
[image: image31.wmf]~ 0.01 matched at the top of the outboard pedestal. The actual pedestal values of ne, Te and Pe are also quite close. Under these conditions the three machines observed ELMy H-modes. The preliminary conclusion is that the pedestal width increases with R/a. Data analysis is in progress. NSTX will carry out further experiments in the near future to obtain H-modes at reduced pedestal collisionality of ~0.5 (to match data from DIII-D and MAST).

PEP 10: Collaborative experiments between MAST and ASDEX Upgrade on the effect of pedestal parameters on ELM radial extent.

These experiments, carried out in March and April 2006, were designed to investigate the effect of pedestal parameters on the radial extent of Type I ELMs. The ASDEX Upgrade part of these experiments was completed partially, with A. Kirk (UKAEA) being an external participant. The MAST part is planned for the near future. 

PEP 13: Comparison of small ELM regimes in JT-60U, ASDEX Upgrade and JET.

Experiments on JT-60 and ASDEX Upgrade were carried out in March 2006. Previous attempts had been made (2003 and 2004) to establish the JT-60U grassy ELM regime in ASDEX Upgrade. While no direct identity is possible (details of shape and aspect ratio cannot be matched), basic ingredients from JT-60U were reproduced in ASDEX Upgrade, namely high triangularity 
[image: image32.wmf] (~ 0.45), high [image: image33.wmf]poloidal (≥ 1.6) and high safety factor q95 (~ 6.5). A change in ELM type was observed, in both campaigns but only in one pulse each. These ‘grassy’ ELMs are so far only observed in near DN ΔRsep ~ -6, -10 mm (in addition to the above ingredients). The aim of the 2006 experiments was to connect the ASDEX Upgrade Type II regime to the “grassy” ELM regime of JT-60U, specifically by exploring access density/
[image: image34.wmf]e* and taking high quality edge profiles for MHD stability analysis. In the experiments, the nominal discharge parameters were reproduced, but only Type I ELMs obtained. In the 2006 experiments, the edge collisionality was higher than in 2004. JT-60U plans to test the idea of a possible upper limit in collisionality for access to grassy ELMs in July 2006. External participants in the experiments were N. Oyama (JAERI), and A. Loarte and G. Saibene (EFDA). Experiments were also carried out in JET (May 2006) to reproduce the grassy ELMs high [image: image35.wmf]poloidal H-modes obtained in 2004. As in ASDEX Upgrade, the main plasma characteristics (
[image: image36.wmf],[image: image37.wmf]pololidal and q95) are similar to JT-60U, but no direct identity is possible. In these new experiments, grassy ELMs were not obtained, probably due to a lack of input power available on the day, limiting [image: image38.wmf]poloidal ~1.65. Details of the shape (different from that of 2004) are also being investigated. New experiments are planned for the near future. G Saibene (EFDA) participated in the experiments.

PEP 16: C-MOD/MAST/NSTX small ELM regime comparison.

The aim of these experiments is to establish dimensionless comparison of the edge pedestal with small ELMs. Since only three of the four parameters q95, 
[image: image39.wmf]ped*, [image: image40.wmf]ped, and 
[image: image41.wmf]ped* can be held constant, it was decided to perform a two-point scan in [image: image42.wmf]ped and 
[image: image43.wmf]ped, to identify similarities and differences between the regimes. First experiments were carried out at C-MOD and NSTX in April 2006. On C-MOD, the shape development was successful, although obtaining the required high beta pedestal at high pedestal density proved to be difficult. Only a few pulses with high ICRF heating power (up to 4.7MW) were obtained, and no sustained small ELMs observed. In particular, at the highest RF power, no small ELMs were observed, and the target Te(95%) = 0.6keV at a density of ne(95%) = 4e20m-3 proved to be impossible to obtain. The effort to maximize the ICRF heating power in the C-MOD runs took up most of the experimental time, and only a limited scan of Ip and Bt was obtained, but spanning a small 
[image: image44.wmf]* range. On NSTX, the shape development was not as smooth as expected and the first run in April 2006 was unsuccessful. New experiments are scheduled for the 2007 campaign. So far, MAST has undertaken only the shape development, but experiments are planned for later this year, when high power will be available.

Task 5: SOL and Divertor Physics
D/T retention: Retention in gaps (DSOL-13) is due to co-deposition with C and B. Deposits decrease along tile sides with e-folding lengths of 1-8mm, ~2x the gap width. Molecules dominate the deposition with ions also playing a role based on comparison of toroidal vs poloidal edge deposition profiles. Retention for tiles in detached conditions decreased significantly by increasing the surface temperature from room temperature to about 160oC. In Tore Supra and HT-7 the fraction of injected gas that is retained for long periods after a discharge can be of order 50% of that injected, possibly due to long range D diffusion into the bulk CFC. Laboratory experiments show deep penetration of D in CFC carbon up to 15 µm and amounts of 1022 D/m2 at high fluences. The retention increases like (fluence)1/2 but does not increase with temperature indicating that this retention is not due to normal diffusion. Deep retention studies are being pursued as part of a new DSOL-19 proposal involving studies of both C and Mo.

Flows: Flows are central to determining impurity transport (determining core impurity levels) and play a role in material migration and co-deposition of D/T (DSOL-9). SOL flows may also be linked to the L-H transition power threshold. Better understanding of what drives the flows will improve prediction of core impurity levels, T retention, and the L-H threshold. In both circular limited plasmas and shaped, diverted configurations the SOL poloidal flow is observed to be from the low field side (LFS) to the high field side (HFS). Modeling of these flows has only been partly successful. On JET, the difference between the average flows for normal and reversed toroidal magnetic field directions could be driven by ballooning-like transport. However, at the moment, the only mechanism found to increase the magnitude of model flows to the levels measured is to force the radial transport across the separatrix to be poloidally non-uniform, much higher at the plasma LFS (factors of 10 variation poloidally). The capability to predict the relative importance of the various terms, which drive the SOL flows, must be developed. This will require more flow measurement capability (multiple poloidal locations) as well as more experiments aimed at delineating the importance of various terms (toroidal field direction, magnetic topology, attachment/detachment). Data are needed for a variety of conditions: Ohmic, L-mode, ELMing H-mode and Advanced Tokamak regimes, to establish dependence on collisionality etc.

Cross-field transport (DSOL-3): One of the issues facing the ITER team is whether to modify the design requirement to limit the ITER divertor re-circulating flux to 10% of the fuelling/pumping rate. The divertor design and projected pumping rate could be considerably improved if the requirement could be relaxed. Since estimates of main chamber recycling particle flux are larger than this 10% flux, this restrictive requirement might be relaxed. Further experimental measurements on a variety of tokamaks, including comparisons of pedestal gradients across machines are needed. This would also facilitate further testing (DSOL-1) of the model that describes ELM filament structures on JET in terms of parallel losses and polarization drifts. A result of this model is that a high ion temperature in the filaments is expected to strike the main chamber wall in ITER: Ti = 350 eV having implications for sputtering on outer limiters and the upper divertor. Roughly 8% of the initial energy is expected to reach the second separatrix and thus, vessel structures. A lower level of ELM energy, ~2%, would reach the limiter radius, r – rsep = 15 cm.

Task 6: Steady State Operation

International collaborative experiments coordinated through IEA IAs have made significant progress and expanded multi-machine data sets for further analysis in view of steady state operation development. Concerning new data during the period of this review; on JT-60U experiments had resumed since December 2005 and are under way, on JET operations had just restarted and no new experiments had performed in DIII-D.

Preparation of ITER steady-state scenario (SSO-1.2~1.3); On JT-60U, very high bootstrap current fraction (fBS) plasmas had been studied for qualification of other q-profiles than that foreseen for ITER steady-state operation and to investigate controllability of such a very high fBS plasmas. Duration of fBS ~70% was extended to ~8 s. Quite a flat q profile was fond to be maintained in the plasma, and it was found that ECRF could lower shear reversal in a similar plasma. Moreover, sustainment of Ip~0.58MA with almost 100% of fBS for 1.5 s was demonstrated. On DIII-D, detailed analysis of existing steady-state candidate discharges confirmed a ~100% non-inductively driven discharges with ITER relevant performance (fusion gain factor, G=0.3, [image: image45.wmf]N=3.6, q95=5.0).

Preparation of ITER hybrid scenario (SSO-2.1~2.3); For the development of hybrid scenario demonstration discharges, which have a flat q profile with qmin>~1, the duration of high beta sustainment with high confinement and such a q profile has been extended in JT-60U with reduction of toroidal field ripple; bN = 2.5 with HH98y2 ~1.1 was maintained for 17.6 s and [image: image46.wmf]N = 2.3 with HH98y2 ~0.9 for 28.6 s.

Real-time q-profile control in hybrid and steady state scenarios (SSO-3); In order to prepare future joint experiments on real-time control, real-time control scheme and experiments had been developed in each device. In JT-60U, real-time q-profile control by LHCD demonstrated suppression of an MHD activity and retrieval of the stored energy in a high bN plasma. In JET, a new dynamic-model approach for simultaneous control of distributed magnetic and kinetic parameters had been developed.

Concerning personnel exchange, there was one exchange carried out. That is EU76, Dr. T. Jonsson visited GA for about four weeks. The objectives were; porting of the Orbit-RF code to the Linux cluster at JET, and getting training in using the Orbit-RF code. The objectives were successfully completed. Dr. S. Ide had been prepared to visit JET under JE139, but that has been postponed due to cancellation of the JET experiments during his expected stay.

As for the future plan from June 2006 to May 2007, the research on steady state operation will be continued. During that period, new data will be available from DIII-D, JET and JT-60U. The ITPA “SSO” TG is proposing researches on the ITER steady state relevant plasmas and hybrid operation relevant ones in more depth.

Task 7: Tritium and Remote Handling

De-tritiation of plasma facing component: With regard to the de-tritiation of plasma facing components, further trials of flash lamp photonic cleaning have been conducted in 2005-2006 in the JET Beryllium Handling Facility using inner divertor tiles with thick deposited films. Using increased power of 500J per pulse in a single lamp, up to 90 microns of a-C:H layers were removed from films deposited in the shadowed region at the JET inner divertor, and ~3GBq tritium were released during the cleaning of a single JET divertor tile. SIMS and Ion Beam Analysis of the tile showed that hydrogen isotopes are desorbed from the film for several microns in advance of the removal front, but that metallic impurities in the deposited films can accumulate at the surface and slow the removal rate. This latter effect requires further investigation.

The equipment for testing laser de-tritiation via layer ablation on tritiated JET tiles has been completed. The trials will take place in the JET beryllium handling facility during the last two weeks of June 2006, and will be followed by IBA and SIMS analysis of the tiles to demonstrate the efficacy of the treatment.

Trials have taken place of a small plasma torch that can access small areas to remove deposited films. Initial tests used an argon plasma, but switching to a nitrogen plasma has proved to increase the power delivered to the sample, thus increasing the surface temperature and removal rate. Future tests will examine whether the torch can be used to remove deposits from within castellations, which represent a very large area in ITER yet are not treated by some of the other candidate de-tritiation techniques.

Surface analysis of plasma facing component: Fuel and impurity particles show complicated behavior on the surface of plasma facing components (PFC) in fusion devices. The study is important for the design of the fuel recycling, plasma control, safety management of the tritium inventory, etc. Quantitative measurements of hydrogen isotope, lithium isotope and other impurities were performed on the PFC surface exposed to D-T plasmas in the Tokamak Fusion Test Reactor (TFTR) to understand the fuel and impurity particle behaviors. The analyzed tile made of carbon-fiber composite was used as the inner bumper limiter at the position KC-16 in D-T experiments from 1993 to 1997. The sample tile was analyzed with the nuclear reaction analysis (NRA) by a deuterium accelerator of Fusion Neutronics Source (JAERI-FNS), imaging plate method, full combustion method and activation analysis. The tritium retention of the side surface of the tile was 2.3 times larger than that of the plasma facing surface and its areal distribution increased toward the plasma facing surface. So co-deposition with hydrogen isotopes occurred on tile surfaces without direct plasma contact. The retained T/D ratio of 1 % fairly agreed with the total injected T/D ratio of 3 %. No other impurities such as carbon-14 or radioactive intermediate mass nuclei were detected.

Erosion/deposition profile and hydrogen isotope distribution in the plasma facing material in JT-60U W-shaped divertor have been investigated in collaboration with Japanese universities.  Erosion/deposition analyses showed that deposition was dominant at the inner divertor and the outer dome wing, whereas erosion dominant at the outer divertor. In the plasma shadowed area, thick deposition (~several 10 µm) was observed on the bottom side of the outer dome wing tile, indicating that local transport of eroded carbon to inboard direction plays an important role on the carbon re-deposition process.  The highest H+D retention was observed in the re-deposition layers at the bottom of the outer dome wing tile with 16 x 1022 atoms/m2 and ~0.13 in (H+D)/C. The amount of the hydrogen isotope retention in such area is still smaller than those observed in JET (louvers at the inner corner: D/C 0.4~0.8). 

 An experiment of 13CH4 gas puffing from the outer divertor was performed. A deposition layer of more than 200 µm thick was observed on the outer divertor tile adjacent to the gas puffing port. 13C distribution on the plasma-facing wall was measured with SIMS. A large amount of the 13C  (~1021 cm-2) re-deposited on the outer divertor tiles near the gas puffing port and less 13C was detected on the inboard first wall (~1016 cm-2) and the inner divertor tiles (1017~1019 cm-2). These results indicate that carbon impurities are transported through SOL.

The characteristics of hydrogen isotope retention and carbon migration on the plasma facing component was discussed between JET and JT-60. It was confirmed that the hydrogen isotope retention and carbon deposition on the remote area of JT-60U was much different from those of JET. The hydrogen retention on the remote area should be investigated taking into account local carbon deposition, which is related to divertor geometry.
Six reports of the JT-60U Surface analysis were presented at the 17th International conference on PSI (China, Hefei, 2006). 
Task 8: Others: “Diagnostics and technical issues such as neutral beam technology”

Neutral Beam Technology
Exchanges in negative ion beam studies have been very active this year (JE143, UJ300-7, 8, 9). In Japan in the past 12 months, progress on negative ion beams continues to be made in many areas through the LTA agreement, resulting in very long pulse operation of NNBI systems, up to 25s on JT-60U. In order to continue this steady progress more work is required under the LTA agreement to develop a deeper understanding of the NNBI physics. Two new insights were obtained this year which will lead to further advances. On JT-60U (also observed on LHD), it was found that during beam extraction there is a rapidly rising neutral cesium component in the discharge, even for discharges as long as 25s. It was previously expected that all the evaporated cesium entering the plasma would be ionized and electrostatically prevented from leaving the source during beam extraction. Understanding the cesium physics and long time stability of the arc is a major goal for the future study. Second, it was also discovered that observable levels of oxygen can play a significant role in the dynamics of the arc. Understanding the physics of Cesium and Oxygen is a high priority for the LTA exchanges aimed at extending the performance of NNBI systems. 

In addition to the work in Japan, in the EU at IPP Garching, progress has been made with initial operation of the first large RF H-ion source. Interesting results are expected in the coming year. 

Dr. N. Umeda (JAEA) visited JET to discuss current status and future projects of Neutral Beam (NB) injection systems on JET and JT-60U. Significant progress has been achieved in JT-60U by extending the pulse duration of the negative-ion based NB system from 10s to 25s. Key to this achievement is the suppression of the heat load of the acceleration grids by reducing the stripping losses. Dr. T. Jones (UKAEA) described a new activity related to the JET NB system. It is planned to increase the NB power from 23MW to 34MW for 20s in an intervention scheduled for 2008. The key is the utilization of the molecular ion beams (D2+ and D3+), whose neutralization efficiencies are higher than that of D+. The magnetic configuration of the ion source will be modified to increase the molecular ions in the source plasma. Both parties confirmed that steady efforts on JET and JT-60U contribute to progress in NB technologies.

Diagnostics

In the framework of the bilateral collaboration between the EU and US, new diagnostic systems have been installed on JET during the last year. First, a set of nine Faraday cups located in 5 different poloidal positions in the lower outer part of JET allow the spatial resolution in poloidal angle and a rough energy resolution for the alpha/fast particle losses. In addition, a scintillator probe, imaged with a CCD camera, has been installed in the equatorial plane to provide data on the pitch angle of the alpha/fast particles. Preliminary results are being obtained from both diagnostics, with clear correlations between MHD activity and fast particle losses being detected. Second, the JET Charge Exchange Recombination Spectroscopy (CXRS) system has been upgraded for the measurement of helium ash by the installation of new periscopes and additional optical fibres supplied by the EU. ORNL and PPPL provided two high throughput, short focal length, holographic transmission grating spectrometers and two fast CCD cameras. Third, GA provided 21 filter spectrometers and PPPL provided amplifiers (for the detectors) for a new High Resolution Thomson Scattering system on JET. The spectrometers have 4 channels, with seven spectrometers being fitted with filters suitable for low temperatures (50eV – 5keV) and the remaining being fitted with filters which allow measurements in the range 500eV - 20keV. The detectors are avalanche photo diodes with good spectral sensitivity even at the laser wavelength.

Atomic data for impurity studies were discussed during the visit of H. P. Summers and A. D. Whiteford to JAEA in early 2006 (EJ47). The extensive discussions covered developments in heavy species modeling, the status of ADAS, the JAEA atomic/molecular database and the status of JT60 modeling and spectral analysis activities. Separate discussions were held on atomic data issues for ITER support at the Naka ITPA with A. Costley and T. Sugie.
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