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Significant improvements in both normalized and absolute performance have been
obtained in the DIII–D and JET tokamaks by optimizing the current and pressure profiles.
These discharges produced the largest D-D neutron rates (Sn) in single-null plasmas in both
machines (Sn = 1.2 × 1016/s for DIII–D, 5.0 × 1016/s for JET). On DIII–D, βN = 4 and H = 4
have been achieved simultaneously. On JET, the normalized confinement improves
significantly (H ≈ 3); however, MHD modes limit the β to βN <~  2. The higher βN in DIII–D
provides hope that profile optimization can lead to further significant increase in JET
performance (Sn  ∝ β 2) and motivates this comparison.

The MHD behavior at the time of peak β is similar for the two machines. Equilibrium
reconstructions for both machines give monotonic q profiles with q(0) ~−  1 (corroborated on
both machines by the observation of m=1/n=1 bursts). In JET, discharges in which the edge
remains in L mode at the peak of β disrupt following the appearance of a rapidly growing n=1
internal mode. This is similar to the pressure-driven ideal mode observed in double-null
L–mode edge plasmas on DIII–D [1]. Both theoretical analysis and empirical evidence show
that the pressure peaking must be reduced to increase significantly the β limit. In both
machines this is accomplished by timing the H–mode transition. In DIII–D, β limit increases
nearly a factor of 2. The limiting mode in this case is similar to the “X-event” which limits
the performance in VH–modes (DIII–D) and hot-ion modes (JET). Stability analysis indicates
that both the large pressure gradient in the edge and the large current density contribute to the
instability drive. The difference in β limits between DIII–D and JET is not yet understood,
but it could arise from differences in the plasma shape, wall stabilization, or the plasma
response to the H–mode transition.

The confinement behavior of both machines is similar. A steep gradient forms most
noticeably in the ion temperature in the core, then moves toward the edge, resulting in
increasingly good confinement. In DIII–D discharges with an H–mode edge, the core and
edge regions of good confinement meet, and the ion transport is at or below neoclassical lev-
els. Quantitative comparisons show the E×B shearing rate exceeds the maximum linear
growth rate everywhere in the plasma. In JET, the transport barrier moves out to near the q =
2 surface, which is near the position where the β limiting instabilities are observed.
Comparison of the E×B shearing rate and the maximum linear growth rate for these dis-
charges is in progress.
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