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The extended-MHD NIMROD code [C.R. Sovinec and J.R. King, J. Comput. Phys. 229, 5803
(2010)] is used to simulate the dynamics of an Edge Harmonic Oscillation (EHO) in the DIII-D [J.
L. Luxon, Nucl. Fusion 42, 614 (2002)] quiescent H-mode (QH-mode) discharge 163518. EHOs
observed in nonlinear MHD simulations have n = 1 and n = 2 as dominant modes akin the
DIII-D experiment. Kinetic equilibrium reconstructions during the time of the fully-developed
EHO include the effect of the MHD profile relaxation and are found to be below the stability
boundary. In the experiment, EHO is triggered at much earlier time when both the rotation
profiles and pressure profiles are different. The experimental equilibrium for the DIII-D discharge
163518 is modified to include two levels of instability drive by increasing the pressure gradients
in the H-mode pedestal by factors of 1.4 and 2. These changes in the plasma pressure profiles are
outside of experimental error bars, but they can introduce sufficient transport to relax the profiles
below stability boundary after EHO triggering similar to the experiment. In simulations, EHOs
with low-n dominant toroidal modes numbers are found for both equilbria. However, the levels of
density perturbations are found to be very different in two cases. The level of density perturbations
for the case with the weak instability drive remains below the experimental level and above the
experimental level for the case with the strong instability drive. The saturated temperature and
density profiles in the simulations are found above the experimental profiles for the case with the
weak instability drive and below for the case with the strong instability drive. In order to do a more
direct comparison of the simulation results with the experiment, a synthetic BES diagnostic is
used to compute cross-correlation and cross-power spectral densities associated with the simulated
density perturbations. The synthetic cross-power spectral density shows a transition from a double
to a single peak in frequency when the BES analysis shifts from near the LCFS towards the
steep gradient region of the pedestal. Difference between experimental and synthetic cross-power
spectral densities are explained by limitations in how the numerical simulations were developed. In
addition, we present the first results from a new synthetic PCI diagnostic developed for NIMROD.
Validation of density perturbation profiles using BES and PCI enables cross-comparison between
different synthetic diagnostic techniques and gives an opportunity to validate EHO model in
NIMROD in different tokamak regions. The BES and PCI synthetic diagnostics are included in a
new synthetic diagnostic package that called is called MaGnostics. The package provides a unified
approach to several categories of synthetic diagnostics including the diagnostics that utilizes the
point spread functions (PSFs) such as BES and CECE, line measurements such as soft X-ray and
interferometer, and magnetics such as Rogowski and Mirnov coils. We demonstrate how synthetic
diagnostics can be used to help form better numerical experiments.
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