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The Status and Plans of Three Parties

<JT-60>
Experiments on JT-60U were completed on 29 August 2008. A core objective of JT-60U experiments was to develop an advanced tokamak concept with high integrated performance for ITER and DEMO. Towards this goal, significant progress has been made on several issues in 2008 experiments. One of the most important challenges towards DEMO is long sustainment of high beta plasma exceeding the beta limit of free boundary plasma with no conducting wall. In this experimental campaign, it was found that decrease in toroidal plasma rotation velocity could bring about growth of Resistive Wall Mode (RWM) and then plasma disruption. It was also found that a newly found instability, Energetic particle driven Wall Mode (EWM), induced by perpendicular neutral beam injection could also trigger RWM. Based on these findings, operation scenario to drive plasma rotation in the direction of the plasma current has been developed by using tangential NB injection while keeping perpendicular NB power as low as possible. As a result, N ~ 3.0, which exceeds no-wall beta-limit, was successfully sustained for ~5 sec, which is significantly longer than resistive current diffusion time( >3R).
As for the development of steady-state operation scenario for the DEMO, we have been investigating Reversed Shear (RS) plasma with high confinement and high bootstrap current fraction (fBS). Since one of the issues in RS plasma is relatively low MHD stability limit, we tried to optimize the discharge keeping plasma boundary close to the conducting wall (rwall/rplasma~1.3) for stabilization of RWM. We successfully achieved the normalized beta of ~2.7, exceeding the no-wall beta limit (~2); operation region in RS has been significantly expanded to the region expected in future fusion power plants where fBS ~ 70-90% and the safety factor (q) ~5. In addition, the achieved plasma shows the high integrated performance which almost satisfies requirements in ITER Steady-State operation scenario; key parameters, such as the confinement improvement, the density normalized by Greenwald density, the fraction of radiation loss power and the fraction of non-inductively driven current, have the values to be required in ITER Steady-State operation scenario.

Furthermore, significant progress has been made on many issues, such feedback stabilization of neoclassical tearing mode, study on impact of plasma rotation, momentum transport, assessment of toroidal field ripple in ITER, scaling of edge pedestal width, development of supersonic molecular beam injection (SMBI), edge density and current density measurement with Li beam, improvement for NNB operation, fast power modulation of ECH, etc.. The SMBI system installed in JT-60U in collaboration with CEA-Cadarache under Large Tokamak IA was successfully operated after the completion of the test at Cadarache for improvement of the seal material inside the injector head. The successive density jumps associated with the SMBI pulses were observed, indicating high capability of the SMBI for the plasma control even in large tokamak devices. In achieving above-mentioned results, international and domestic collaborations were extremely effective, and lots of researchers, 19 from foreign institutes and more than 50 from Japanese universities and institutes, participated during the last two months of JT-60U experiments.
After the shutdown of JT-60U, the activities and the structure of JT-60 team have been substantially shifted towards modification to the superconducting device, JT-60SA, while the team also continues physics studies and plasma evaluations for JT-60SA, ITER and Demo based on existing JT-60U data. Objective of JT-60SA programme, which is promoted as one of joint programmes under Broader Approach (BA) agreement between Japan and EU and also a domestic core programme of tokamak development in Japan, is to contribute to ITER Project and also to technical preparations for the decision of DEMO construction, with enhanced performance in duration of plasma discharge, plasma shaping control, heat exhaust and particle control, stability control, and heating & current drive capabilities. According to the Integrated Design Report (IDR) approved in the 4th BA Steering Committee (December 2008), the first plasma is planned in the end of FY2015. Procurements of JT-60SA components are shared by Japan and EU. Existing infra-structure and equipments, such as heating & current drive systems, cooling facilities, power supplies, diagnostics etc., will be utilized as many as possible. The Integrated Project Team, consisting of the Project Team, JA Home Team and EU Home Team, was organized and is conducting the modification to JT-60SA. In accordance with provisional Work Programme 2007-2008, the procurement arrangements were launched between the Implementing Agencies, JAEA and F4E, for the supply of PF magnet conductor, a coil manufacture building, vacuum vessel and materials for in-vessel components in 2007 and 2008. The coil manufacture building and PF conductor manufacturing line have been completed in schedule.
<U.S.>
The scientific leadership of DOE has changed with the new administration. The new leadership includes:

· Dr. Stephen Chu, a Nobel Laureate, is the new Secretary of Energy

· Dr. Steve Koonin has been nominated as the Under Secretary for Science (replacing Dr. Raymond Orbach)

· Dr. William Brinkman has been nominated as the Director of Office of Science; (Dr. Patricia Dehmer is now Acting)

· Dr. Steve Eckstrand is the Acting Associate Director for Fusion Energy Sciences 

· Dr. Curt Bolton is the Acting Director of Research Division

· Dr. Erol Oktay is the Acting Director of ITER and International Division

· Dr. Ed Synakowski has been appointed as the new Associate Director for Fusion Energy Sciences (replacing Dr. Ray Fonck) as of June 7, 2009

The U.S. Fusion Energy Sciences (FES) program status and significant program activities since the last IFRC meeting in October 2008 are as follows:

· ITER continues to be the major program focus. With the funding provided in the FY 2009 budget, the U.S. has paid its share of IO budget that was in arrears in FY 2008. This previous budget problem has not been an obstacle in he U.S. meeting its commitments and obligations to the ITER agreement. The U.S. continues its scientific support for ITER design and R&D needs, and participates fully in the International Tokamak Physics Activity (ITPA).  

· The three major facilities (DIII-D, C-MOD, and NSTX) are planning to operate ~ 10-15 weeks this fiscal year.  Their Program Advisory Committees have met recently to provide guidance for their near term program plans. Detailed presentations on their highlights and plans are being provided by their program leaders. 

· The National Research Council of the Academy of Sciences recently finalized the publication of its review of  ‘Plan for U.S. Fusion Community Participation in the ITER Program (July 2008)’.

· The Fusion Simulation Program (FSP), which is a computational initiative led by FES with collaborative support from the Office of Advanced Scientific Computing Research (ASCR) is in its planning stages. It is aimed at the development of a world-leading, experimentally validated, predictive simulation capability for fusion plasmas in the regimes and geometries relevant for practical fusion energy.
· FES continues to support both the general plasma sciences program that is part of stewarding the field of plasma science and the joint program of research with the NNSA in High Energy Density Laboratory Plasmas (HEDLP) that was started in FY 2008. 

· A major community activity is being launched to develop a Long-Range (15-20 Yr) Strategic Plan for the U.S. FES program.  This Plan will include the program mission, vision, strategic goals and research activities that will guide the FES program during the next 15-20 year period.  OFES expects to complete the Strategic Overview Plan and begin the process of transmitting it to Congress to meet the March 1, 2009 due date.  This activity is a follow-on to the report issued by the Fusion Energy Sciences Advisory Committee (FESAC) on “Priorities, Gaps, and Opportunities: Towards a Long-Range Strategic Plan for MFE” in October 2007.  A community workshop (Research Needs Workshop-ReNeW) is scheduled for June 7-13, 2009 to provide input to such a plan, to be completed by March 2010, in the following five thematic areas:

· Achieving and understanding burning plasmas

· Creating predictable high performance steady-state plasmas 

· Taming the plasma-material interface

· Harnessing fusion power

· Optimizing the magnetic configuration

<EFDA-JET>

The last 12 months on JET have been a period of intense operations with the successful completion of the C20-C26 campaigns (9th April 08 to 7th April 09) comprising a total of 224 S/T days in two shift operation. Of those, 151 days were devoted to the scientific programme and 73 days to the commissioning of the new ITER-like ICRH antenna. The machine performance was very good, with reliable operation of the NB injection systems at high power. Other new hardware systems have been tested and exploited during the campaigns, including the high frequency pellet injector, the disruption mitigation valve and two TAE antenna arrays, as well as multiple enhanced diagnostics. In addition, major R&D activities and procurements related to components and buildings for enhancements to be installed on JET during 2009/10 (ITER-like Wall, neutral beam power upgrade, ...) have been undertaken and significant Fusion Technology Tasks conducted.

The scientific programme has had a strong ITER focus (High level commissioning of new systems and issues that could impact on the design of ITER components; preparation of integrated operating scenarios for ITER; and physics issues essential to the efficient exploitation of ITER). The development of ELM-resilient RF heating systems (3 dB Couplers and External Conjugate T for the A2 antennas; Internal Conjugate T for the ITER-like Antenna) has been a success with up to 8.5 MW RF coupled power achieved in ELMy H-mode. LH coupling was demonstrated at ITER-relevant power densities (24.1 MW/m2, scaled for 3.7 GHz). Cross-machine studies with JT-60U, DIII-D and ASDEX Upgrade addressed pedestal, toroidal field ripple and ITB comparisons. The influence of plasma shape and the use of heating during the current rise phase for ITER scenarios has been explored. Vessel forces and heat loads during disruptions were measured with the new Halo current sensors and wide angle IR camera. Different gas mixtures were tested with the disruption mitigation valve. In ITER baseline scenario studies, emphasis was given to the high current programme development, with plasma pulses operated up to 4.3MA at low triangularity. After significant effort, JET hybrid scenarios had a major breakthrough, achieving H98=1.3-1.4 at N ~3. Candidate scenarios for ITER SS operation at q95~5 were explored. A number of studies was carried out in preparation for the ITER-like wall: the power footprints of regular and large (> 0.6 MJ) ELMs were characterised with the newly installed divertor IR camera. Material migration and fuel retention were quantified in reference pulses to be later repeated with the ITER-like wall. Different methods for ELM amelioration (EFCCs, vertical kicks, pellets) were explored and compared in dedicated experiments. From the physics side, the ion temperature critical gradient length "threshold" for anomalous transport was determined and inward momentum pinch was measured.

Once more, the campaigns were characterised by a strong involvement from the European Associations (760 visits by 319 people from 21 countries; 65 ppy total; 47 working days per person on average) which was complemented by strong International (non-EU) collaborations (with the US, the Russian Federation and Japan, equivalent to 4.5ppy or 6 percent of staffing in 2008). A total of 51 ITPA ITER high priority coordinated experiments was targeted, requiring 45 percent of overall run-time. 
 





After a ten week intervention to carry out plasma control system upgrades for higher resilience against ELMs, an Experimental Campaign (C27) is foreseen for the period June-October 2009. For the longer-term JET programme, major R&D activities have been conducted and many procurement packages placed over the last year for enhancements to be installed from end-2009. These enhancements are of high scientific value and strategic importance (ITER-like combination of first wall materials (tungsten divertor and beryllium wall), NB Power Upgrade (35MW for 20s to allow scenario development at high current,  and density); upgraded and new diagnostics, and a programme of machine refurbishments). From early 2011, the experimental programme will focus on preparation of ITER operational scenarios at high power with acceptable plasma/wall interactions and optimization of ITER auxiliaries. Critical issues will be the minimisation of T-retention, material erosion and migration, mixed materials effects, melt layer behaviour, impurity control, and the development of ITER scenarios fully compatible with a Be/W material mix. A major challenge will be to accommodate up to 45MW of heating power with the ITER-like combination of first wall and divertor materials. In addition, feasibility studies for ELM control coils and ECRH on JET (~10MW) were established, with US and RF involvement.
Since 2000, 132 JET FT tasks have been launched (total resources ~21M€ (~2.7M€ in 2009)), concentrating on tritium in tokamaks, tritium process and waste management, plasma facing components, engineering, and neutronics and safety.
