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Abstract

One of the most challenging problems facing the fusion research community today is

improving the confinement of energy and fuel within the magnetically confined plasma.

The confinement of the plasma is degraded by anomalous transport which is thought

to be caused by instabilities in the plasma. Under certain conditions a plasma can

develop a region of reduced transport, and hence high confinement, in the plasma

core. This region is known as an internal transport barrier (ITB). In recent years

ITBs have become a subject of great interest among fusion researchers. This is due to

their potential, firstly for providing a solution for plasma confinement and secondly, for

improving the theoretical understanding of plasma turbulence and transport.

In this thesis an extensive study of the ITBs in the ASDEX Upgrade tokamak is pre-

sented. The behavior of ITB plasmas is examined both experimentally and analytically,

so that all clues as to the underlying theory can be appreciated. A description of the ion

temperature gradient (ITG) instability is given. The behavior of the ITB is examined

and this is compared with the evolution of the safety factor (q) profile. The q profile is

recovered using the CLISTE equilibrium code.

The e!ect of possible turbulence suppression mechanisms on ITB formation and

sustainment is examined experimentally. These include the density gradient, the E "B

flow shear and the Shafranov shift. These e!ects are also studied analytically using the

gyro-kinetic linear stability code, GS2, along with the e!ect of various plasma shaping

parameters. The dependency of the ITG growth rate on these parameters is examined.

Also in this thesis ITB discharges are examined using the GLF23 model in the ASTRA

transport simulation code. The ability of the model to predict ITB behavior is

investigated as are the mechanisms which lead to ITB formation and sustainment.
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