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The National Spherical Torus Experiment (NSTX) is an advanced spherical tokamak facility with an exceptionally wide operating space, a high degree of facility flexibility, and unique diagnostic systems.  The main goals of NSTX are to demonstrate feasibility of achieving steady-state high performance plasmas for a compact Component Test Facility (CTF) and to support the research for ITER.  The NSTX plasmas can provide toroidal aspect ratio as low as 1.25. They are heated by up to 6 MW High-Harmonic Fast Waves (HHFW) and up to 7 MW of deuterium Neutral Beam Injection (NBI).  The NSTX experimental studies are now benefiting from measurements of the internal poloidal field using the 12 channel motional Stark effect (MSE) diagnostic for the first time in this high beta plasma regime.  With NBI heating, the confinement of both the thermal and non-thermal ions is extremely good and, in most operating regimes, the dominant thermal loss is through the electron channel.  However, in plasmas with a region of reversed magnetic shear in the core, improved electron confinement has been observed.  A tangential microwave scattering diagnostic has measured localized electron gyro-scale fluctuations in L-mode, H-mode and reversed-shear plasmas to assess their role in the electron transport.  The toroidal field has been extended to 5.5 kG routinely in 2006 (from 4.5 kG in 2005) yielding many important experimental results.  The confinement time trends in high power NSTX neutral beam heated discharges exhibit significant differences from those at conventional aspect ratio in that the scaling with toroidal magnetic field is stronger, while the scaling with plasma current is weaker.  The improvement of confinement with increasing toroidal field is due primarily to a reduction of the electron transport outside r/a~0.5.  The high harmonic fast wave (HHFW) heating efficiency improved with the toroidal magnetic field in all antenna phases.  These favorable toroidal field trends bode well for the future ST devices including CTF and ST power plant.  In the boundary physics area, a strong dependence of the divertor heat load and ELM behavior on the plasma triangularity was observed.  Gas injection into the private flux region also reduced the divertor heat flux by a factor of 3.  In 2006, a lithium evaporator was introduced to partially coat the plasma facing components with lithium to reduce the recycling of hydrogenic species.  The lithium coating resulted in reduced plasma density in both L-mode and H-mode plasmas.  Other promising signatures of the lithium application are the reduced D-alpha signal (an indication of reduced recycling), broader electron temperature profile, and greatly reduced oxygen levels in the plasma.  In some of the H-mode discharges, there was an increase in energy confinement time and reduced ohmic flux consumption.  In the area of energetic particles, NSTX is particularly well suited to investigate fast-ion driven instabilities and their influence on fast particle confinement, since the NBI-heated plasmas overlap the ITER dimensionless parameter regime for vfast/vAlfvén and fast(0)/tot(0). Losses of  5 – 10% of the energetic ions resulting from NBI are observed for multiple large TAE bursts, similar to the “sea-of-TAEs” predicted for ITER.
* Supported by U.S. Department of Energy Contract DE-AC02-76CH03073

