R

XA9950839
EXP3/08

Alfvén Instabilities During ICRF Minority Heating in TFTR’

S. Bernabei, D. Darrow, E. D. Fredrickson, G. Y. Fu, J. C. Hosea, R. Majeski,
E. Mazzucato, C. K. Phillips, J. H. Rogers, G. Schilling, J. R. Wilson, S. Zweben
Princeton Plasma Physics Laboratory, P.O. Box 451, Princeton NJ. 08543

F. Zonca
Associazione EURATOM-ENEA,CRE 00044 Frascati, lialy

Instabilities in the Alfvén range of frequencies which are excited by energetic ions
produced by ICRF heating'? have the potential of interacting in turn with the energetic ion
transport™. We initiated a large data base study of the ICRF experiments on TFTR to
determine the characteristics of this interactive process and to discen the relative
importance of two distinct groups of excited Alfvén modes -- Toroidal Alfvén Eigenmodes
(TAE)® and Energetic Particle Modes (EPM)*¢ -- with respect to energetic ion heating and
confinement and consequently ICRF heating efficiency. We arrived at a picture in which
core modes (EPM) play a fundamental role in the energetic ion transport.
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The Alfvén spectrum can display two
groups of modes, as shown in Fig. 2: one “stationary” in the sense that the frequency
follows very closely the (n )'” dependence characteristic of Toroidal Alfvén Eigenmodes,
and another group whose frequency “chirps”. Both groups are usually made of several

modes with well defined toroidal numbers. The TAE modes are global modes that are
readily detected by the Mimov coils. The chirping modes, which have a lower rf power
threshold, have all the characteristics of Energetic Particle Modes (EPM). These modes can
be detected by the Mimov array almost exclusively in discharges with low g(a), but are
otherwise detected by microwave reflectometry as density fluctuations deep in the plasma'.

Strong evidence from the
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Fig. 2 Typical frequency spectrum from a Mirmov effect is observed when fast

probe preceding a monster sawtooth crash. particles expelled from inside g=1
by a giant sawtooth flow across the
Alfvén gap.

When the loss of fast particles from inside the g=1 surface becomes sufficiently
large, a giant sawtooth takes place. Previous theory suggests that sawtooth stabilization by
fast particles is lost when the beta of the energetic particles inside the q=1 surface drops
below a critical level. These experiments provide a direct mechanism for the loss of the fast
ion beta and subsequent collapse of the giant sawtooth. Furthermore, they point to a
potential threat to the confinement of alpha particles under reactor conditions if EPM modes
are generated.
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