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Gradient-driven gyrokinetic simulations have often been used to explain turbulence-driven
transport in present fusion devices. Furthermore, many present predictive codes are based on
the assumption that turbulence is gradient-driven. However, using the electrostatic global PIC
Gyrokinetic Tokamak Simulation (GTS) code [1], we found that global gradient-driven
gyrokinetic simulations are not able to explain observed electron thermal transport variation
in a set of NSTX L-mode plasmas. On the other hand, these global gradient-driven
gyrokinetic simulations provide decent agreement in the ion thermal transport for a set of
NSTX H-mode plasmas. Thus, identifying the regime of validity of the gradient-driven
assumption is essential for first-principle gyrokinetic simulations. This understanding will
help us more confidently predict the confinement performance of ITER and other future
magnetic confinement devices.

A fast response of electron-scale turbulence to auxiliary heating cessation was observed
in a set of RF-heated L-mode plasmas [2,3], where, following the cessation of RF heating
occurring in less than 200 ps, a reduction in electron-scale turbulence spectral power was
observed to occur on a time scale of 0.5-1 ms, much smaller than the energy confinement
time of about 10 ms. lon-scale gradient-driven global nonlinear gyrokinetic simulations were
found not to be able to explain the factor of 2 decrease in
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electron heat flux, Qeexp, from power balance analysis, in which Qg exp at t=465 ms is about a
factor of 2 higher than Qgexp t=482 ms. The GTS simulation result is consistent with linear
and nonlinear local electromagnetic gyrokinetic simulations (not shown), which show that the
observed equilibrium profile changes cannot explain the reduction in Q.. Thus we conclude
that global effects from profile variation, e.g. turbulence spreading, are not likely able to
explain the observed reduction in electron thermal transport. It is interesting that Qe grs at
t=465 and 482 ms are both in good agreement with Qe exp at t=482 ms (after the RF cessation)
but not with Qeexp at t=482 ms (with RF heating). These results imply that a nonlocal flux-
driven mechanism may be important for the observed electron thermal transport [4].
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In summary, global GTS simulations have been used to study NSTX L and H-mode
plasmas. Agreement and disagreement in thermal transport between simulation and
experiment have been observed, which shows that global gradient-driven gyrokinetic
simulations are insufficient in a set of NSTX RF-heated L-mode plasmas. Future experiments
on NSTX-U will help quantify the regime of validity of gradient-driven GTS simulations.
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