A2
Task 1: Transport and ITB Physics

Collaborative work on ITPA-IEA joint experiments was performed.
In the experiments on hybrid scenario (TP-2), no confinement improvement has been so far observed in JET hybrids discharges.  Also in JET, beta degradation of confinement is observed, with B(E ( 1/βN at the same (*, (*, q~1 and Ti/Te in contrast to previous experiments carried out at low triangularity (=0.22)

In the high Te/Ti discharges (TP-3.1) with ECRF electron heating, confinement degradation was observed in DIII-D and JT-60U hybrid scenarios. In DIII-D, the confinement degradation correlated with increase in low-k turbulence. On the other hand, increase in turbulence level was not observed during the confinement degradation in JT-60U.

In the study of effects of low momentum input on transport (TP-4.2), renumbered as TP-4 from 2008), low rotation hybrid discharges in DIII-D project to ITER target of Q>10 at low q95, although fusion performance parameter was reduced with low rotation. In JET, investigation of Ti-ITB trigger events with very low levels of injected momentum using ICRH indicated that ExB shear driven by toroidal rotation was not important with a shear-reversed target q-profile.

In QH mode study (TP-5), improved error field correction in reversed Ip allowed QH-mode at lower torque input and QH-mode with dominant co-NB was obtained. Rotation direction of EHO changes with reduced torque input and higher density in QH-mode. Balanced double-null shape allows extension of QH-mode operating space to higher pedestal pressure.

In spontaneous plasma rotation study (TP-6.1), new points from JET plasmas with low momentum input have been added to the spontaneous rotation database. These new entries fall in with the previous observations. In JT-60U, spontaneous toroidal rotation has been determined using beam modulation techniques. The magnitude of the spontaneous rotation scales with increasing pressure gradient. On C-Mod, numerous rotation profiles (with temporal evolution) have been obtained with the new imaging x-ray spectrometer. Similarity experiments have been performed between TCV and C-Mod to study rotation inversion in L-mode plasmas.

In momentum transport study (TP-6.3), beam modulation experiments showed that i increases with i radially and locally, and both decrease as Ip is increased in JT-60U. A large database has been formed from a variety of JET discharges, showing a good correlation between MA and Mi, and effective Prandtl numbers typically around 0.4.
In core microinstabilities (ITG/TEM) study (TP-7), recent experiments on DIII-D have achieved plasma conditions in which the existence of different modes is predicted by codes and a full set of fluctuation measurements is obtained for each case, in the relevant wave number spectrum for these instabilities. No obvious shift in frequency due to a turbulence transition could be observed because the mode phase velocity, as predicted by dedicated theoretical modelling, is an order of magnitude smaller than the frequency shift due to the equilibrium radial electric field. These results are being compared with those previously obtained in other tokamaks, in particular AUG, T-10 and TEXTOR.

In study on rational q effects on ITB formation and expansion (TP-8.2), ITB formation experiment was performed with balanced NBI in DIII-D, where reduction of turbulent fluctuations and transient confinement improvement were observed near integer qmin but no ITB formation. Strong TAE modes and drop in core ion temperature, which had been observed in co-injection case, were absent in the balanced NBI case. Both rational-q and ExB shear are of importance for ITB formation. Studies to date have concentrated on discharges with weakly reversed shear. Physics of the ITB triggering mechanism needs to be investigated with both strongly reversed shear, and narrower regions of weak/zero shear. In MAST, the high-resolution CX measurements of Ti have been done with (r ~ (i ~ 1 cm. The ‘ITB like’ region forms in core on appearance of q = 3/2 surface in L-mode plasma. Location of ITB expands following q = 3/2 surface. Ion channel exhibits local maxima in (s/LTi close to low-order rational surfaces. Lower resolution of YAG TS system is unable to resolve such detail in (s/LTe.

In JT-60U/JET ITB similarity experiment (TP-8.3), the effect of TF ripple on the formation and performance of ITBs has been studied on JET for both reversed shear and low/weak shear discharges. The TF ripple was varied on a shot-to-shot basis: δ(0.08% - 0.62% - 0.82% - 1.0%. Large effect of TF ripple on toroidal rotation has been observed. The initial formation (trigger) of internal transport barriers was found to be unaffected by TF ripple. However, the performance of ITBs is reduced at larger TF ripples (i.e. lower toroidal rotation). 
Task 2: “Confinement and Data Base Modeling

The LTA report on confinement database and modeling consists of the description of reports on ITPA led activities in this area. Below are the major ITPA elements associated with this task agreement, spanning the period June 2007 – May 2008. 
CDB-2 Beta Scaling

DIII-D, NSTX and JET each performed additional beta scaling experiments in 2007. There are now confinement scaling trends that have been observed in studies on JET, DIII-D, JT-60U, AUG and NSTX ranging from a null beta dependence to a strong beta degradation. The difference in the confinement scaling as a function of  appears to be associated with shape through edge (pedestal) stability, which can affect, for instance, the character and severity of the ELMs in the scaling experiments. Theory and modelling show that core transport should be ~-independent for experiments, but a strong overall degradation of confinement with  could occur in lower triangularity plasmas, where electromagnetic instabilities (e.g., kinetic ballooning modes) are particularly important near the edge. Future work should focus on increased analysis of pedestal effects in existing experiments and consider 2-term scalings with more realistic pedestal models.

CDB-4 Scaling with Collisionality and Greenwald Fraction

Prior JET and C-Mod experiments showed that collisionality rather than Greenwald fraction was the key scaling parameter. An additional collisionality experiment at high beta_N requiring high ICRF power and effective cryopumping on C-Mod was proposed for 2007 but did not receive high enough priority to be performed during the experimental campaign this year.

CDB-6 Aspect Ratio Scaling

MAST expanded their H-mode operating space up to 1.2 MA and 3.2 MW in the double-null divertor configuration and found confinement scaling similar to that found in NSTX, namely weaker than linear scaling with plasma current and a strong toroidal field dependence compared to higher aspect ratio devices. Further analysis of NSTX rotation data in the H-mode database showed that the confinement times were not well ordered by either rotation in the core or at r/a = 0.5.

CDB-8 Rho* Scan to ITER

No experiments were performed in this area this year. The aim is to perform a rho* scan with collisionality, beta, q and plasma shape matched to the ITER baseline scenario. Both JET and C-Mod are considering experiments for 2008 but they have not been scheduled. C-Mod must obtain good density control through cryopumping to be able to reduce the collisionality to ITER levels.

CDB-9 Density Peaking Dependence on Collisionality

Past experiments on JET, AUG, C-MOD and JT-60U reported very similar behavior of density peaking increasing as collisionality decreases in H-mode discharges. Experiments this year on C-MOD H-modes clearly indicate an increase in density peaking with increasing q95 that exists over the entire collisionality range (0.3<eff <5).

JET studies performed in 2006-07 concentrated on identifying further dependencies for eff <0.5 in H-mode. There appear to be weak additional dependencies on the NBI source,  li and/or Ti/Te. These parameters are however correlated, precluding a definite statement on what the governing parameter(s) may be. The li (or q95) dependence in JET H-modes (if any) remains clearly below that observed in L-mode in most (if not all) devices, now including MAST. L-modes typically show little or no eff dependence. A clear q95 dependence in H-mode (in addition to the eff dependence) has however been reported from CMOD. Further analysis of such discharges exhibiting simultameously li (or q95) and eff dependencies may help in developing a unified picture for density peaking in both confinement modes.

Experiments on AUG and JET show that density peaking in helium plasmas exhibit the same collisionality dependence as seen in deuterium plasmas.

CDB-10 H-mode Power Threshold Hysteresis and Access to Good Confinement

This topic was identified as a new area of focus this year. The goal is to operate devices close to the H-mode threshold power in an ITER-like plasma shape and characterize the H-mode properties. Then increase density to ~ 0.8 times the Greenwald density while maintaining the heating power near the low density threshold value to assess and characterize any back transition which occurs. Proposals for experiments in this area were submitted late in 2007 by JET, DIII-D, AUG and TCV. Experiments are planned in JET (Nov. 08) and TCV (after Sep. 08).

CDB-11 L-H Threshold Power at Low Density

DIII-D, JET and JT-60U have observed that the minimum H-mode threshold power occurs at a density of about 2.5x1019 m-3 and rapidly increases below this density. The minimum Pth for C-Mod was found at 8-10x1019 m-3 at BT = 5.4T. Recent C-Mod experiments have explored the scaling of the L-H transition at low density and found that the low density limit was independent of plasma current and decreased nearly linearly with decreasing BT so that at 2.2 T the minimum threshold power was at a density of about 4x1019 m-3, closer to but not quite in agreement with the other devices.

CDB-12 H-mode operation in H and He

During ITER’s non-activation phase of experiments it will operate in H and is considering operation in He which may allow an L-H transition at lower threshold power than obtainable in H. Thus threshold power and characterization of H-mode confinement in H and He are of renewed interest for ITER. At the recent joint CDBM and TP meeting at ORNL it was proposed to create another focus area for this work. Joint experiments between AUG, DIII-D and JET were discussed with experiments planned on DIII-D (Jul 08), later in 2008 for AUG and in 2009 for JET.
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 considerable experimental progress on JT-60U and DIII-D using balanced NB injection. Previous measurements of the critical velocity below which the RWM becomes unstable, using n=1 magnetic braking, have been shown to be too high on DIII-D, probably due to the applied error field seeding locked mode growth. Furthermore, magnetic braking experiments suggest that even the lower rotation threshold obtained using balanced NB injection could still be caused by residual error fields. Detailed modelling using the MARS-F code shows strong sensitivity to the shape of the rotation profile - meaning RWM stability cannot be quantified in terms of the rotation at a given radius (e.g. q=2) - in agreement with results previously reported from NSTX. Detailed data on Residual Field Amplification (RFA) with travelling waves previously obtained in JET, allows direct theoretical comparison with equivalent DIII-D data (although presently there are issues in reconciling the JET data with MARS-F calculations).

Non-resonant Magnetic Braking

Most tokamaks with external error field coils have observed non-resonant magnetic braking e.g. on DIII-D and JET, and this appears to agree quantitatively with neoclassical toroidal viscosity theory in NSTX. It is evident that the braking can be quite significant and in view of the effect of plasma rotation on RWMs, NTMs and locked modes it is important to examine this effect. In 2007 a comparison experiment, using n=2 magnetic braking, between JET and C-Mod commenced and continued into 2008. The experiment is based on matched applied error field spectra in the two machines. In JET plasmas, braking of up to ~50% has been observed, but in C-Mod the braking, if any, was small. Also during 2007, MAST data on magnetic braking from n=2 applied fields was obtained; as in C-Mod, the braking was small and analysis to compare with theory for both MAST and C-Mod is ongoing. Experiments have commenced using the DED (Dynamic Ergodic Divertor) on TEXTOR. So far these experiments have been conducted using the m=3/n=1 configuration in both the direction resonant with the plasma field and in the non-resonant direction.

NTM physics 

Previously on DIII-D the co/counter-current NB balance was varied and it was found that reduced rotation, or more likely reduced rotation shear, lowers the threshold for 2/1 NTMs. New joint experiments conducted on NSTX, where n=3 braking was applied to vary rotation, confirm the effect in the extreme geometry of the spherical tokamak. Results from joint experiments on rotation effects on NTMs were reported in an invited talk at the 2007 APS DPP and will be reported in an ITER session at the 2008 IAEA Conference. New data has been obtained on JET for the critical below which the 2/1 NTM is unconditionally stable. This indicates an approximately linear scaling with * and a weak * dependence. On JT-60U suppression of growth of m/n=3/2 NTMs by central co-ECCD has been demonstrated. This suppression of growth occurs with IEC/Ip~0.1 and candidates for this suppression, which are still under investigation, include the current profile or sawtooth changes due to the ECCD.

Disruptions

Massive gas injection disruption mitigation experiments continued on ASDEX Upgrade, DIII-D, TEXTOR, C-Mod and Tore Supra. Results on using gas mixtures of a fast low-Z carrier gas (H2 or He) with a small fraction of high-Z radiation (e.g. argon) are promising in that the high-Z gas is entrained with the carrier minimising the overall response time of the gas injection, while achieving high mitigation effectiveness. DIII-D experiments continued on aspects of gas assimilation into the plasma volume. A real-time locked-mode detector was tested on C-Mod. A new concept for a fast valve, located in the vessel close to the plasma and actuated by air pressure has been developed for ASDEX Upgrade. This valve shows an extremely fast response of the plasma and high plasma cooling and fuelling efficiency.

Progress is being made empirically, and with numerical simulations, towards extrapolation of the massive gas injection disruption mitigation technique to ITER. Gas mixtures appear promising to maximize disruption mitigation efficiency. Experiments foreseen for JET should help elucidate mitigation issues with regards to size and energy of the initial plasma. Better quantification of the runaway loss mechanisms appears critical for extrapolation to disruption mitigation optimization on ITER.

With regard to future plans from June 2008 to May 2009, it is expected that joint experiments on Disruption Mitigation, Neoclassical Tearing Modes, Resistive Wall Modes and non-resonant magnetic braking will continue, together with the related exchanges of personnel.

Task 4: Edge and Pedestal Physics

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

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

No new experiments were carried out in this area for the period covered by this report. Preparation for new similarity experiments is ongoing, with new experiments planned for JT-60U in August 2008. In Autumn 2008, JET will also carry out new H-mode experiments with enhanced Toroidal Field ripple, and JT-60U similarity experiments could be part of this campaign. 

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

Experiments were carried out on MAST (July 2007) and NSTX (March 2008). Data of relevance to this experiment has also been collected on JET and Alcator C-MOD. Experiments on ASDEX Upgrade and MAST are scheduled for later in 2008. The MAST experiments in 2007 were unsuccessful because of difficulty in accessing H-mode in lower single Null (L-SN), close to double null (DN) in this particular shape. The same has been observed on NSTX, but was resolved by using a shape with an X-point closer to the target plates. Here the ELM behaviour changes between DN and L-SN from Type-I to Type-V. The pedestal data still awaits analysis. On C-MOD a reduction in pedestal density as well as the pedestal density width has been observed between L-SN and U-SN in the EDA H-mode. No improvement in confinement was observed in DN.

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

Data obtained on DIII-D during 2005 and on NSTX and MAST during 2006 and 2007. A good double-null shape match was obtained in all three machines, along with a heating power and density scan to obtain a range in electron collisionality e* and normalised ion gyroradius *. Specifically, ELMy H-modes were obtained in all three machines with e*~1 and *~0.015 matched at the outer mid-plane. To accomplish this, DIII-D was run at toroidal field on axis Bt0=0.52T. In DIII-D, the pedestal widths correspond to 6-8% of N, which is ~50-100% larger than typical pedestal widths at the nominal Bt0=2.1T. Edge stability analysis indicates the plasma in DIII-D was at the boundary for peeling/ballooning instabilities just before a Type-I ELM. In MAST, the pedestal widths measured on the inboard side correspond to 3-4% of N, which is typical of other experiments in MAST. The peak electron pressure gradients were comparable in DIII-D and MAST. The stability analysis in MAST indicates proximity to the ballooning stability boundary. Finally, analysis of the edge Thomson scattering data and peeling/ballooning stability is being completed for NSTX. The research was carried out through both on-site and remote participation of contacts at all three facilities.
PEP 10: Collaborative experiments between MAST and ASDEX Upgrade on the effect of pedestal parameters on ELM radial extent

Experiments carried out on AUG in July 2007 and MAST in May/June 2007 allowed the evolution of the filaments observed during Type-I ELMs on ASDEX Upgrade and MAST to be studied. On both devices it is observed that the filaments start rotating toroidally/poloidally with velocities close to that of the pedestal. The velocity then decreases as the filaments propagate radially. On AUG and MAST, the radial efflux due to Type-I ELMs has been measured for discharges at different IP, BT, ne and PNB. On both devices the ion saturation current e-folding lengths of the filaments show a weak, if any, dependence on the size of the ELM (WELM/Wped). On MAST, the measured radial velocities of the filaments also show a weak dependence on WELM/Wped.  
PEP 13: Comparison of small ELM regimes in JT-60U, ASDEX Upgrade and JET

No new results to report

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

Experiments have been performed on all three devices (C-MOD, MAST and NSTX). The data on MAST were taken in double null (DN) rather than lower single null (L-SN) configuration. On NSTX data was taken in both DN and L-SN. On MAST the small ELMs vanish at high ped and low collisionality, and the structure is distinctly different from Type-V ELMs observed on NSTX in L-SN. The small ELMs observed in NSTX in DN seem also to disappear at high ped. There seems to be no lower ped threshold for the small ELMs in DN. In L-SN both on C-MOD and NSTX the small ELMs appear only at high heating power (high ped), although on C-MOD this seems to be rather more a pedestal temperature effect than ped. Analysis is ongoing to determine whether the structure of the ELMs is similar in C-MOD and NSTX. On MAST further experiments are planned for 2008 to try to access type-V ELMs in L-SN
Task 5: SOL and Divertor Physics

The LTA report on confinement SOL and divertor physics consists of the description of reports on ITPA led activities in this area. Below are the major ITPA elements associated with this task agreement, spanning the period June 2007 – May 2008. 
D/T retention, recovery (DSOL-12, 13). In addition to direct ITPA activity, many members were involved in the ITER Design Review, specifically in ~a dozen ad hoc taskforces during the summer and fall of 2007 in response to a request from ITER DR Working Group No. 1 for expert input on their “Task 5”, which covered a range of wall and PFC materials questions. Substantial reports were tabled in September by the EU and US ad hoc taskforces. Iteration, refinement and a degree of convergence has occurred since, a process that continues. 

With regard to the present mix of PFC material, C+Be+W, it is not clear at this time whether the T retention will be dominated by C- or Be-codeposition. In either case, the 350g limit could be reached after several 100's (1000's) discharges, assuming tritium-rich (-lean) codeposits, e.g. T/Be ~ 0.1 (0.01) or T/C ~ 0.2 (0.02). The T-content of codeposits depends very strongly on their temperature. The non-saturation of hydrogenic retention in carbon (linear in ion fluence) was demonstrated in the new Tore-Supra dedicated long pulses over 2 weeks. The codeposition of D with Be appears to be more complicated, depending on the incident energy of deuterium, the Be deposition rate and the dependence on surface temperature. Recent results on thermo-oxidation (“O-baking”) recovery of hydrogen from C codeposits are encouraging: for JET tiles with Be/(Be+C) up to 60%, the D removal was independent of Be content and codeposit thickness, a contrast with findings for B-contaminated C-codeposits from DIII-D, where B was found to suppress the recovery process; it was estimated that if the ITER codeposits have similar structure and impurity content to the JET tiles, O-baking at ~350 C and >160 torr O2 pressure would remove >85% of the inherent D/T content within a day –  independent of codeposit thickness and Be content. 
Estimates were also made for the impact on T-retention if ITER went to all-W. For W, codeposition is unlikely to be significant because the absolute erosion rates are smaller than for low-Z PFCs. Long-known data for the uptake of hydrogen in W, based largely on laboratory ion beam measurements, also indicate rather modest rates of uptake. The recent Task 5 activity, however, brought focus to two mechanisms: (a) tritium trapping at damage sites created by 14 MeV neutrons, and (b) an as yet unexplained retention process driven by plasma pressure that may be responsible for the high uptake observed in C-Mod (which employs Mo, however, not W). The estimates for an all-W ITER presented by the EU and US taskforces were close, indicating that the 350 gram in-vessel T limit could be reached at between 2000-3000 discharges (based on neutron-induced trap creation estimates of 0.6% to 1%). The lack of data on 14 MeV damage of materials will make it challenging to refine estimates in the near future. The level of hydrogenic retention in (undamaged) tungsten generally is lower than for carbon based on the factor of 10 reduction in D retention (post-campaign analysis) in ASDEX-Upgrade following conversion to fully-W. While He+ impacting surfaces leads to nanostructure growth (up to ~ microns in depth) on W in a narrow range of surface temperatures, their importance for ITER T retention remains to be evaluated. 

ELMs (DSOL-1, 19). Wall and divertor loadings during transients continues to be a difficult subject to understand. Characteristics of ELMs incident on the outer limiter in ASDEX-Upgrade were inferred to be in the range 100 eV per electron-ion pair. New measurements of ELM erosion at the outer divertor of ASDEX Upgrade show that as the local temperature drops the between-ELM erosion also drops relative to that

occuring during ELMs (which is concentrated near the strike points). Increasing the

impurity level through impurity puffing may increase divertor radiation but also increases

erosion during ELMs. The current model of ICRF-enhanced sheaths, so-called sheath

rectification, were contradicted (C-Mod) in that the plasma potential increases

proportionally to PRF and potentials are generated even when the current loop is broken by insulating tiles. The ICRF-enhanced plasma potential has been observed to occur on flux tubes connected to the antenna as well as passing in front of the antenna.

Edge diagnsotics in ITER (Avila ITPA session): the ITER plans for diagnostic coverage of the main chamber, SOL and divertor were reviewed. During the meeting itself it was clear that several measurements were either not available or not well-specified (e.g. wall fluxes, injected gas, dust…). It was agreed that those diagnostics will be reviewed by the SOL/divertor group between meetings for spatial/measurement coverage and specifications. The gas injected during, and gas remaining, after a discharge were discussed at length and following the meeting. The group suggested that some method of H retention must be made during the H phase either through a small fraction of D injected, or through lowering the ambient levels of H in the chamber. Diagnostics for surface temperature measurements were reviewed and several laboratory developments of in-situ surface analysis (ion beam analysis and laser beam erosion/desorption) were presented.

The dust issue (Avila ITPA session). Dust is a very important issue for ITER and was discussed as part of the diagnostics session. Based on a lack of experimental data the IO is assuming that dust is generated at a rate equal to the erosion rate of all surfaces in the machine. The SOL/divertor group felt that the specification should be lower as evidenced by JT-60U results, which were more like 10% of the net surface erosion rate. It is hoped to  form a working group to obtain a better specification for the dust generation.

ITER H-phase (Avila ITPA session). A draft plan for the ITER H-phase was presented for comment by A. Loarte (for the IO). A number of assumptions of availability of the machine as well as diagnostic and heating systems were made together with a phased plan for bringing all of those systems up to full levels by staging the powers and plasma current levels at reduced pulse length (20-25s). It will be impossible to properly test the PFCs up to full power-handling capability and the ability to handle transients such as ELMs or disruptions at full levels. Nevertheless close attention will need to be paid to monitoring the various surfaces during the startup phase to determine if they fail at those lower power levels. A second aim during the H phase is to monitor the H retention. While ITER currently has no plan for this it is clear that one is needed and the SOL/divertor group plans to work closely with the ITER diagnostics group to agree on the proper diagnostics as well as a plan of measurement.

Task 6: Steady State Operation

The following joint experiments are coordinated by the SSO-TG:

SSO-1: 
Document performance boundaries for steady state target q-profile.

SSO-2.1: Qualifying hybrid scenario at ITER-relevant parameters.

SSO-2.2: MHD effects on q-profile for hybrid scenarios (joint with MHD-TG).

SSO-2.3: * dependence on transport and stability in hybrid scenarios (joint with TP-TG).
SSO-3: Qualify real-time profile control methods for hybrid and steady state scenarios.

SSO-PEP-1: Document the edge pedestal in advanced scenarios (joint with Pedestal-TG) 

SSO-5: Simulation and validation of ITER startup to achieve advanced scenarios.

SSO-6: Ability to obtain and predict off-axis NBCD.

Significant progress was made in the period June 2007 to May 2008 in view of steady state operation development and preparation of ITER operation. 
For the documentation of the performance boundaries for the proposed steady state target q-profile (SSO-1), DIII-D and JET were the most active in this area in 2007/2008. JET established stationary discharges with the prescribed parameters and carried out scans of the q profile primarily by changing the timing of the NBI onset and the current ramp rate. The maximum stationary beta varied inversely with qmin. New experiments in JET (2008) are continuing the documentation of the beta limits for advanced scenarios with qmin near 2. DIII-D demonstrated stationary operation consistent with Q=5 in ITER for more than a resistive time under conditions that project to full non-inductive operation. DIII-D reports that a key topic is simultaneous optimization of shape with respect to stability, confinement, and density control. In these discharges the optimum location of the ECCD was studied, for these experiments 5 gyrotrons now routinely available (>3 MW delivered). In JT-60U, fully non-inductive CD with relaxed j profile has been demonstrated in weak-shear regime maintaining qmin above 2 using off-axis LHCD in order to avoid NTM (m/n=3/2 and 2/1). High N=2.8 discharge sustained for 2s and high bootstrap fraction (fBS=0.9) discharge, both exceeding the no-wall limit were demonstrated. Operation at high N below and above the no-wall limit has been documented.

For the hybrid scenario (SSO-2.1, SSO-2.2 and SSO-2.3), experiments to study the physics of stability and beta limits in hybrid plasmas were performed. DIII-D has performed studies on the q-profile evolution and obtaining Te~Ti in hybrid discharges. Moreover, DIII-D has developed ITER demonstration discharges. New data on the access to hybrid with ITER-like current rise are now available. In JT-60U hybrid scenario experiments have obtained steady discharge at high beta. ASDEX Upgrade has shown a variation on improved H-mode (hybrid) confinement/performance with small changes in the q-profile. For 2008, ASDEX Upgrade has obtained hybrid operation in a full tungsten machine (without boronisation) matching stored energy levels of previous campaigns. In JET, detailed analyses of the hybrid scenario obtained in 2006-2007 were performed, there are no new data for 2008 as the campaign has only just started.

In order to prepare experiments under SSO-3 (“Qualify real-time profile control methods for hybrid and steady state scenarios”), a large database has been compiled detailing the real time control tools available for each experiment.

The documentation of the edge pedestal in hybrid scenarios (SSO-PEP-1) has made good progress. Dedicated power scans were performed at DIII-D to study the role of pedestal on global confinement in hybrid discharges. The plasma shape was also varied, by matching a low  ASDEX Upgrade shape in DIII-D at constant q95 and plasma density, so as to differentiate between shape and power variation of the pedestal. Experiments in ASDEX Upgrade in 2008 will complete these studies. The analysis of these experiments is in progress and publications including comparison with results from power scans in ASDEX Upgrade hybrids are in preparation.

On simulation and validation of ITER startup to achieve advanced scenarios (SSO-5): DIII-D, ASDEX Upgrade and JET carried out simulations of the ITER reference startup scenario. The main conclusions were very similar. The small bore startup facilitates rapid current penetration, as designed. However, this leads to current profiles that are marginal with respect to the ability of ITER poloidal coil set to control the vertical position. An alternative startup for ITER was proposed (larger plasma, early X-point formation) and tested successfully on DIII-D and JET, including feedback control of the internal inductance during the diverted phase of the current ramp up. For ITER relevant breakdown studies, Tore Supra, DIII-D and JET have performed new experiments at low loop voltage (matching ITER) and documenting the use of ECRH assist. The results obtained in this area play a significant role in the ITER Design Review discussions. In future, the focus should be on developing requirements for the ITER startup for access to advanced scenario operation and documenting the requirements for the ITER ramp-down phase.

On the ability to obtain and predict off-axis NBCD (SSO-6): The aim of these joint experiments is establish a good target discharge with no observable MHD activity (H-mode at relatively high q95). The neutral beam current drive is to be matched to the ITER case (vertical shift to achieve off-axis current drive). Experiments have been performed at DIII-D and ASDEX Upgrade in April 2008, and in May in JT-60U.

Concerning personnel exchange, in the area of SSO-1 significant remote participation to experiments was done. S. Ide (JA) and C. Challis (EU) visited DIII-D in July 2007. S. Ide, T. Suzuki (JA) and E. Joffrin (EU) participated remotely in DIII-D experiments, while J. Ferron, T. Luce, and M. Murakami (US) participated remotely in JET experiments. For the ITER current rise studies (SSO-5), G. Sips (EU) visited JET in April/May 2008, a Korean team visited IPP in May 2008, S. Ide and C. Challis visited DIII-D in July 2007. For the NBCD studies under SSO-6, C. Challis and J. Hobirk (EU) visited DIII-D (April 2008), J. Hobirk visited JT-60U in May 2008, and T. Suzuki participated remotely in DIII-D experiment.

Task 7: Tritium and Remote Handling Technologies

De-tritiation of plasma facing components at JET
Several activities have been launched in the EU related to in-situ de-tritiation. Apart from the flash lamp technique, laser de-tritiation is the most highly developed technique and in 2006 a laser de-tritiation system was used in the JET Beryllium Handling Facility (BeHF) to clean several tiles. All co-deposited layers were removed in one laser pass and almost all products obtained after treatment were dust. The efficiency of the treatment was confirmed using IBA analysis which showed the complete removal of the film with the fuel trapped in the co-deposited layer. No fuel diffusion was observed in the bulk material after laser de-tritiation. On a mock-up of the inner divertor tiles (3 and 4) the laser accessed and treated remote surfaces. In 2008, this activity continues with optimization of the laser for de-tritiation.

A small plasma torch was developed during 2006 and tested on laboratory samples. The torch operated with active gases such as Nitrogen, and the plasma plume allowed the sample surface temperature to be raised to more than 800°C. From the first trials, it appears that the removal rate is much lower than that for laser de-tritiation. However, the chemical processes induced by the torch could allow treatment within castellations. 

In the past year, a new system, called Inside Gap Plasma Generator (IGPG), has been developed and could be mounted on a robot to clean castellations using an RF Argon plasma. First trials have shown that the plasma penetrates the void and gaps and a layer of graphite coated on Stainless Steel is completely removed to a depth of 5mm in the castellation after 5 minutes of IGPG operation (Argon, P=27mbar, Pref=50W). It is proposed to use this IGPG and the plasma torch on real samples in the JET BeHF in 2009. The efficiency of the IGPG and the plasma torch will need to be checked via IBA measurements, as has been done for the laser and flash lamp techniques

In 2006-2007, the first results on JET of in-situ Laser Induced Breakdown Spectroscopy (LIBS) were obtained. With this technique it seems possible to obtain the chemical composition of co-deposited layers, including the concentration of T/D/H. However, in the first trials using the JET LIDAR laser characteristic spectroscopic lines were not observed. In 2008, the experiment is being improved to increase the laser fluence on the inner divertor tiles. Ex-situ calibrations are also needed. The concentration of the species in the layer can be extracted from optical spectra obtained during LIBS. This requires modelling activities which are supported by JET, together an with improvement of the LIBS system. In 2009, a tool needs to be designed and developed to allow the installation of a LIBS system on the JET Remote Handling boom for subsequent tests of the hardware in the JET Vacuum Vessel. 

In the frame of the ITER-like wall project on JET, activities devoted to the preparation of IR surface temperature measurements in a metal machine have been launched. Based on active IR measurements techniques, they have been assessed in 2007 in laboratory with trial samples. The implementation of the technique was also part of this assessment. In 2009, activity will be launched in order to select the most suitable technique for JET and ITER. An assessment of the implementation in JET including design drawings of such diagnostic will be included in this task.

Surface analysis of plasma facing components from JET
Modelling 13C transport resulting from the puffing of 13CH4 into the outer divertor on the last day prior to the 2004 shutdown has been completed and complemented by further experiments prior to the 2007 shutdown. Puffing was from the outer mid-plane into H-mode discharges. Analysis of a poloidal set of divertor tiles and selected tiles removed from the main chamber during the shutdown has already shown that some 13C has migrated to the inner divertor (Tile 1) whereas negligible 13C has been found in the outer divertor (Tile 8). The analysis will continue in 2008-9.

A set of W-coated tiles were exposed in JET during the 2005-7 Experimental Campaigns to check predicted lifetimes for coatings during the planned ITER-like wall experiment and removed for analysis during the 2007 shutdown. One of the load-bearing base divertor tiles, on which the outer strike point for high triangularity plasmas is situated, was coated with regions of differing W film thickness and the erosion during the 2005-7 campaigns was estimated. Coated tiles, placed where the ILW will use W-coated CFC tiles to protect from NB shine-through and re-ionisation, show no evidence of erosion due to NB effects. However, the 3m W coating was removed completely to a distance of 10mm into the scrape-off layer from the leading edge of an Inner Wall Guard Limiter (IWGL) tile placed near the mid-plane; this probably occurs when the plasma is in contact with the IWGL during plasma ramp-up. 

The analysis of mixed deposited materials is a major topic for ITER. JET provides a supply of Be-C mixed deposits, and in future will provide Be-W and Be-W-C films. During 2008 the Ion Micro-probe and XPS/AES have been tested using JET tile samples to see if they can provide data to augment that obtained from the existing analysis techniques such as IBA and SIMS. Sufficient promise has been shown to let the work continue in 2008-9. 

Marker layers have proven to be very useful in determining the extent of erosion/deposition. The pattern of erosion/deposition is likely to be changed considerably with the introduction of the ITER-like wall, which will have W coatings in the divertor and solid beryllium tiles in the main chamber. Each of these regions requires the development of new marker systems in order to measure the degree of erosion and the new locations for deposition (and tritium trapping). The development of marker coatings for Be substrates (using a Be coating on a nickel interlayer) has developed to the final testing stage, and a contract has been placed to develop a marker coating for the W-coated divertor tiles.

Surface analysis of plasma facing components from JT-60

In JT-60, erosion/deposition analyses of the plasma-facing wall have shown that in addition to long-range transport, the local carbon transport to the in-board divertor is also substantial. The total deposition and erosion rates in the divertor region were ~10x1020 C atoms/s and ~-6x1020 C atoms/s, respectively, whereas about 40% of the deposition in the divertor region should have originated from the main chamber wall. The highest hydrogen concentration in (H+D)/C ratio and the retention rate were found to be ~0.13 and 6x1019atoms/s, respectively. In the plasma-shadowed area beneath the divertor region at around 420 K, re-deposited layers of ~2µm thick were found with high hydrogen concentration of ~0.8 in (H+D)/C, which was nearly the same level as that observed in JET. Large deuterium retention was also observed at the main chamber walls which were covered with boron layers. Their (H+D)/C and H+D retention were ~0.16 and ~10x1022atoms/m2, respectively, for the vacuum vessel temperature of 570 K. Integrating the retention over the whole main chamber wall, results in a significant hydrogen inventory.

The transport of carbon generated on the outer divertor region has been investigated using the 13CH4 gas puffing in JT-60. On the surface of the inner and outer dome tiles, the 13C areal density rapidly decreased towards the dome-top. This result indicates the 13C flux to the dome-wing tiles surface decreases toward the dome top and/or the 13C deposited near the dome top is re-eroded. The poloidal distribution of the 13C areal density on the inner divertor tiles peaked a little outboard of the inner strike point. It might be caused by transport through the private flux region. In the outer divertor region, 13C was deposited only in the down-stream direction indicating 13C ion particles are transported down-stream by a plasma flow. To investigate carbon transport more closely, 13C deposition in the gap of the divertor and dome-wing tiles will be analysed.

Tungsten is considered as a suitable plasma facing material for fusion reactor components such as divertor baffles. Plasma purity should be acceptable with tungsten provided the energy of impinging particles is kept below the sputtering threshold of tungsten. However, blistering can occur at the tungsten surface, even if the ion energy is too low to create displacement damage such as vacancies. Tungsten blistering could lead to an instability in the plasma due to impurity release into the plasma core. For this reason, deuterium blistering in the surface region of tungsten has been studied by exposure to high flux (1022D+/m2s) and low energy (38eV/D) deuterium plasmas. For the tungsten samples exposed to the plasma up to 1027D/m2, the blistering and blister bursting were clearly observed. Preliminary position annihilation measurements indicated that the vacancy concentration in the near-surface region of tungsten increased after the deuterium plasma exposure.
Task 8: Others - Diagnostics and technical issues such as neutral beam technology

As part of the continuing PPPL/JAEA LTA collaboration to understand the physical processes which have limited the performance of the first generation of large negative ion sources, and to use this knowledge to improve the next generation for ITER and other large devices such as JT-60SA, Dr. Grisham made three trips of about two weeks to work with the JT-60U negative ion group, and also devoted a few days of another trip to Japan to this purpose.  This LTA collaboration was synergistic with tasks for the Heating and Current Drive ITER design review working group.

             During the past year of activity, a novel type of negative ion neutralizer was proposed using a supersonic lithium vapor jet which, if implemented on the ITER neutral beams or on beams for fusion power plants, would reduce the total gas load into the beamline by 75 -80%, resulting in an increase in run time between cryopanel regeneration of a factor of 4 - 5, and making steady state beam operation feasible with advanced pumping techniques that would not be practical with the current gas loads.  The lithium jet would also permit higher neutralization efficiencies, reduce the heat load on the accelerator, ion source, and beam duct, and would increase the electrical efficiency and total beam power by 15 - 20% or more.

            As part of the ITER design review, study in Japan focused on why the beamlet steering using aperture-offset steering failed to work as it was implemented in the JT-60U accelerator, and whether it could be made to work in the ITER accelerator using a different distribution of offsets.  This study is still underway, but appears to be yielding plausible results. 

         Studies also started this year on an idea that using a hollow beam would make it much easier to compress. This would have the added major advantage that it would make it practical to use a supercusp magnetic  filter (more recently called a tent filter) of the sort that was used on positive ion sources in the 1970's and 1980's, and which resulted in much more uniform plasmas than the filters used on the JAEA negative ion sources.  The disadvantage of the tent filter or supercusp filter is that the magnetic field reaches a null on the centerline of the source.  While not a problem in positive ion sources, this would result in large co-extracted electron currents in a negative ion accelerator. 


In parallel with the JAEA collaboration and ITER design activity under the LTA agreement, collaboration also continued on the NIFS NNBI system. 

