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Abstract

Over the past decade, fusion research has showed the potential of being a main
candidate for energy production for future generations. Further advances
in improved fusion performance are therefore vital. This thesis focuses on
advanced fusion plasma scenarios and their diagnostic requirements. In
particular the design of a motional Stark effect (MSE) diagnostic at the MAST
spherical tokamak and the analysis of magneto-hydrodynamic mode feedback
control and pulsed poloidal current drive (PPCD) at the reversed field pinch
(RFP) experiment EXTRAP T2R are discussed.

The MSE diagnostic is important for the determination of the plasma
current profile, information that is necessary for studies in advanced
confinement scenarios like reversed shear profiles or current holes. The MAST
MSE system has two channels and selects the spectral components using 1Å
FWHM interference filters. The diagnostic has been commissioned during
the fall of 2006 and the results show the feasibility of the technique with rms-
noise ~0.5° using a time resolution of 1 ms. Investigations of mirror labyrinths
for the future ITER MSE diagnostic highlight the need for careful calibration
considerations.

Feedback control and PPCD are techniques for improved confinement.
Feedback control dramatically decreases impurity influx at the end of
discharges while transport in the bulk plasma is largely unaffected. During
PPCD the transport is seen to decrease and it is demonstrated that PPCD and
feedback control can be employed simultaneously.

New and innovative techniques for fusion spectroscopy are furthermore
described. This includes the use of correlations in line integrated signals to
determine ion emission profiles in poloidally symmetric environments. Good
agreement with other diagnostic methods is obtained. The assessment of
electron temperature profiles using measured differences between Thomson
scattering and vacuum ultra-violet spectroscopy is also shown.
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