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Abstract

Due to the projected exhaustion of conventional fossil fuel reserves and concerns over green-

house gas emissions, the international research community has directed its focus on the

development of alternative electricity generation schemes from renewable energy sources,

which are reliable, e!cient and cost e"ective. Extensive research over the last half century

has proven the feasibility of nuclear fusion as an environmentally friendly, safe process with

almost inexhaustible fuel resources and a very high energy density. However, further ad-

vancement of controlled nuclear fusion to produce an economical reactor requires an even

greater understanding of the complex plasma environment, which can be provided by an

ever increasing number of sophisticated plasma physics diagnostics.

The electron temperature and density are two of the key plasma parameters that in-

dicate fusion performance. Thomson scattering (TS) has become a standard tool for the

measurement of these quantities in fusion plasmas. Electron Cyclotron Emission (ECE) has

been also established as a reliable diagnostic for electron temperature measurement in fusion

devices. In general, agreement between these two diagnostics has been within experimental

error limits. However, in some cases of high auxiliary heating with electron temperatures

exceeding 6 keV, systematic discrepancies between the temperature measurements have

been observed with temperatures measured by ECE being greater by approximately 15-

20%. Since temperatures up to 40 keV are predicted for ITER, the next step fusion device,

this issue has become a significant concern among the fusion community.

This thesis contributes to the resolution of the discrepancy observed at the JET tokamak

by analysing both diagnostics from theoretical and experimental viewpoints, with partic-

ular attention paid to the measurements of the LIDAR TS system. Suggested reasons

for the discrepancy include; inaccurate theory, calibration uncertainties and distortions to

the electron velocity distribution. To this end, an extensive study of Thomson scattering

theory was carried out to verify that the theoretical analysis performed by the LIDAR

system contains su!cient accuracy to apply for high temperature plasmas. The accuracy

of the LIDAR calibration was analysed and the corresponding e"ects of any inaccuracies

on the electron temperatures measurements were examined in detail. Furthermore, the



general agreement between ECE and TS electron temperature measurements was exam-

ined and correlations with the highlighted TS/ECE discrepancy discharges are described.

In this thesis, strong evidence is presented that the TS/ECE discrepancy is related to an

as of yet unexplained change in ECE spectral sensitivity during these plasma discharges.

In the final chapter, the capabilities of TS diagnostics to identify non-Maxwellian electron

velocity distributions from scattering signals using a number of di"erent techniques are dis-

cussed. Improvements to the design of TS diagnostics to potentially detect non-Maxwellian

distributions are also outlined. Although a direct correlation between the detection of a

non-Maxwellian velocity distribution and the appearance of an TS/ECE temperature dis-

agreement was not established, evidence is shown that only particular distortions to the

electron distribution could possibly explain the observed discrepancy if calibration errors

were to be ruled out.
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