Measurements of the Internal Magnetic Field
Using the B-Stark Motional Stark Diagnostic on DIII-D
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We describe the design, performance and results from the B-Stark diagnostic system installed
on the DIII-D tokamak. This system is a version of a motional Stark effect (MSE) diagnostic
based on the relative line intensities and spacing of the Stark split D, emission from injected
neutral beams. We present a study of the performance of the diagnostic in measuring the
magnitude and direction of the internal magnetic field. We show that the B-Stark diagnostic
can make effective measurements over a range of plasma conditions. Measurements were
made with toroidal fields in the range 1.2-2.1 T, plasma currents in the range 0.5-2.0 MA,
densities between 1.7-9.0 x 10" m~, and neutral beam voltages between 50-81 keV. The
results are compared to values found using EFIT and the MSE polarimetry system on DIII-D,
showing good agreement. Calibration of the diagnostic is discussed, and we present results of
using an in-sifu beam into gas calibration to determine the viewing direction and the polari-
zation dependent transmission properties of the collection optics. We also present a com-
parison of two fitting models for the Stark spectrum. In the first model the level populations
of the n=3 state of the injected neutral deuterium are free parameters. In the second model we
use an atomic physics code, part of the ADAS package, to calculate these values. These
comparisons are used to quantify the validity of the ADAS model for B-Stark analysis.
Finally we discuss the potential of this diagnostic for use in future devices, such as ITER,
where this technique may have advantages over diagnostics based on MSE polarimetry. This
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