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The physics of highly energetic particles in tokamaks and their associated Alfvén instabilities is an important issue of the fusion programme. Present-day STs, with low toroidal magnetic field, have typically super-Alfvénic NBI providing the possibility of studying these potentially dangerous instabilities and their influence on fast particle confinement. These instabilities are seen on MAST as discrete weakly-damped toroidal and elliptical Alfvén eigenmodes (TAEs and EAEs) with frequencies tracing in time the Alfven frequency f ~ B/n1/2, or as energetic particle modes (EPMs) whose frequencies sweep down in time faster than the equilibrium parameters change. Perturbative TAEs and EAEs in MAST were studied intensively recently, both theoretically and experimentally. Other types of modes, which we also classify as perturbative, are the BGK-type non-linear modes that start from the usual TAE frequency at low amplitude, but sweep in frequency then as the mode amplitude increases. In some discharges, these modes sweep both up and down. They are interpreted as ‘hole-clump’ instabilities. Modes that are not supported by thermal plasma alone and the presence of fast particles is essential for their very existence are Energetic Particle Modes (EPMs). These modes have not only their growth rate determined by the beam, but their eigenfrequency too (in contrast to AEs). The most clear evidence of the EPM existence on was found when fast~therm. The starting frequency of these modes may often be outside the TAE gap and their frequency evolution is determined by the balance between the energetic particle drive and continuum damping of EPM. Experimental results suggests that the core Alfvén instabilities weaken in both the mode amplitude and in number of unstable modes as therm increases. Interpretation of these data is given in terms of increased thermal ion Landau damping and the high-pressure effect on TAE existence. 
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One of the important issues addressed to ITER is investigation of the fast ion and -particle driven instabilities in burning plasmas. It is very important to develop non-magnetic diagnostics for quantitative measurements of the internal mode amplitude which will provide input information for simulations of fast particle losses due to EP driven modes. Recently a new method of measuring the internal AE amplitude from the frequency chirp speed has be proposed and implemented on MAST. Fig.1 shows good correlation of the frequency chirp and Mirnov coil signal. The frequency chirp speed can be also measured using other than magnetic diagnostics and detailed comparison will be presented. Experimental probing of Alfvén Eigenmodes can be performed using an external antenna to excite these modes without fast ions. This can significantly help both in separating the TAE and EPMs, and in expanding the measurements of AEs to higher mode numbers. This antenna is ready to be installed on MAST to allow unique measurements of AEs spectrum and damping as a function of t over the broad range of -values accessible.
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� Fig.1. Comparison of Mirnov coil signal amplitude (normalised on Ip) with mode amplitude estimated from sweep speed




















