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Plasmas in the high-confinement mode, or “H-mode”, play an important role in tokamak and ST fusion energy research. Not only do they achieve better confinement of the plasma energy but the radial profiles of the plasma pressure develop a characteristic “pedestal” in the H-mode, which produces both higher stability limits and larger fractions of the plasma current driven by the bootstrap effect. H-mode plasmas are routinely produced and studied in the National Spherical Torus Experiment (NSTX). However, in recent NSTX experiments[1], a second transition from the H-mode has been observed, in which the plasma temperature and density in the edge pedestal transiently increase further, producing even higher confinement. Figure 1 shows an example of such a transition to an enhanced H-mode (red-dashed line) which occurs after the normal L-H mode transition (black dashed line) following a global magnetohydrodynamic (MHD) perturbation at t=0.17 sec. The timing of the second transition is tied to the global MHD perturbation and does not appear to depend on whether the plasma current is ramping or not. The energy confinement time obtained was transiently up to ~ 3 x ITER-89P scaling; in comparison, typical H-mode discharges in NSTX exhibit 1.6-2 * ITER-89P scaling. The electron density (ne), electron temperature (Te), and ion temperature (Ti) increase dramatically during the enhanced H-mode phase, as shown in Figure 2, which plots those profiles relative to the magnetic separatrix at the outer midplane. Figure 2 also shows the increase in the widths of the steep gradient regions in each of these profiles. This enhanced H-mode has produced high temperatures in the range 500-600 eV at the top of the edge pedestal, creating a plasma with very low collisionality *~ 0.1 in the pedestal, for the first time in a spherical tokamak, and approaching the design value ~ 0.08 for the International Thermonuclear Experimental Reactor. For reference, the lowest edge * ~ 0.5 in normal NSTX H-mode discharges. The edge poloidal rotation velocity actually decreased during the enhanced H-mode phase, but a high edge radial electric field gradient was maintained by the plasma pressure gradient. We note that these discharges exhibit certain similarities with an enhanced H-mode regime known as VH-mode from the DIII-D tokamak.

The enhanced H-mode phase was terminated when the N (the ratio of the plasma pressure to magnetic field pressure, normalized by the Troyon scaling) exceeded about 4.5%·m·T/MA. This is below the normal NSTX stability limit of N ~ 6.5%·m·T/MA. In these enhanced H-mode discharges, the current density was measured to be close to zero over the central 20cm of the plasma, which could have lead to the low N limit. The next set of experiments will try to lengthen the duration of the enhanced H-mode phase, partly by modifying the current density profile to restore higher stability limits.

The present work is carried out by the NSTX National Research Team. More detail will be presented as an invited paper at the 2005 Annual Meeting of APS DPP by David Gates (PPPL).

[1] R. Maingi, et. al., “Observation of an H-mode with Enhanced Confinement in the National Spherical Torus Experiment”, to be submitted to Phys. Rev. Letts.
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Figure 2 – profile change of (a) electron density (ne); (b) electron temperature (Te); and (c) ion temperature (Ti). Ne was increased mainly inside of the edge region, whereas the “pedestal” Te and Ti were increased substantially during the enhanced H-mode phase, and the width of the steep gradient region was also increased.
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Figure 1 – temporal evolution of (a) plasma current (Ip) and neutral beam heating power (PNBI); (b) plasma stored energy (WMHD); and (c) divertor Balmer-alpha series emission (D). The L-H mode transition occurred at t~0.125 sec, and the second transition to an enhanced H-mode occurred at t~0.17 sec, following the large global MHD perturbation observed on D.
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