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A new line of experiments on the DIII-D tokamak has achieved the first-time demonstration
of stationary ELM-free plasmas with simultaneous high 3, high confinement, and low rotation
conditions [1]. These experiments successfully combine the physics of quiescent H-mode (QH-
mode), with the neoclassical physics of 3D magnetic field-driven torque. QH-mode
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enables constant density operation without
edge localized modes (ELMs) at the maxi-
mum possible stable pedestal pressure. The
magnetic field-driven torque is used for tai-
loring the rotation profile such that the £ x B
shear near the edge is maintained, and in-
deed enhanced, even with no net injected neu-
tral beam torque and overall low levels of ro-
tation. Plasmas with an ITER-similar lower
single-null cross section shape and ITER-
equivalent values of the neutral beam injec-
tion (NBI) torque, have shown excellent con-
finement quality Hogy, = 1.3 at the ITER-
relevant values of By ~ 2, V;ed ~ 0.1, and

}’ed ~ 1% [2]. The neoclassical torque from
nonresonant n = 3 fields maintains significant
edge counter-/, rotation even when the net
NBI torque is co-I,, and provides a stabiliz-
ing effect on locked modes at high B, zero
NBI torque operation. Further, in preliminary
experiments using n = 3 fields only from a
coil outside the toroidal coil, QH-mode plas-
mas with low gg5 = 3.4 have reached values
of the normalized fusion performance G =
BnHso/q55 = 0.4, the desired value for Q =
10 operation in ITER.
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Figure 1: Demonstration of ELM-free
QH-mode operation sustained for 2 s at
By > 2 with constant density, excellent energy
confinement and counter-/, pedestal rotation
with co-I, NBI torque somewhat above the
ITER equivalent level.
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