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The initial operation of TFTR with approximately equal power in the 
Tritium and Deuterium neutral beam injectors has resulted in the 
production of fusion power in excess of 9MW and central Pa > 0.25%. 
This P a  is within a factor of 2-3 of the P a  in projections of ITER 
performance. Effects of this a population on TAE modes, sawteeth and 
fishbone activity are being searched for. The D-T plasmas are also being 
studied for evidence of changes in MHD activity which might be attributed 
to the fast a population. This paper reports on the activity in the Alfvkn 
range of frequencies in the D-T plasmas and on detailed measurements of 
the MHD activity preceding major disruptions in D-D and D-T. 

Activitv in the A l f v h  RanPe of Freauencies 
A relatively broad (Sf/f = 15%) peak in the Mirnov spectrum in the 

AlfiCn range of frequencies is commonly observed in NBI heated plasmas. 
This feature also often appears following pellet injection into Ohmic 
plasmas. The integrated power in the mode is small, comparable to the 
weakest ICRF driven TAE modes. The frequency follows the previously 
derived scaling for ICRF driven TAE modes and NBI driven TAE modes at 
low (IT) toroidal field. There is no theoretical model as yet describing this 
instability, but the mode may either be driven by the beam ions at V A / V ~ ~ ~  
2 3 or they may represent some thermal level of excitation. The present 
analysis of the Mirnov data from a toroidal array of coils shows that these 
modes are axi-symmetric, Le., the toroidal mode number n = 0. The axi- 
symetric character may result from the non-linear coupling in a spectrum 
of TAE modes generating an n=O componentl. 

The presence of this thermal or NBI driven mode complicates the 
search for a driven modes in the AlfvCn range of frequency. A comparison 
of spectra from a D-only plasma, the previous record fusion power shot 
(73268) and a shot with 7.5MW of fusion power (76770) is shown in Figure 
1. The amplitude of the mode is significantly higher in shot 76770, 
however, many plasma parameters as well as the Pa profile were different. 
It is not clear whether the change in the mode amplitude reflects additional 
drive from the fusion a population or whether the change is due to 
differences in the plasma equilibrium parameters such as the pressure, 
density or temperature profiles. 
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The energetic tail ions from ICRF H-minority heating have been used 
to simulate a-driven TAE modes2. These studies provide an empirical basis 
for extrapolation to D-T operation on TFTR and to help benchmark the 
theoretical models. In the recent ICRF driven TAE mode studies, the 
toroidal mode numbers, n, can now be measured with a new array of 
Mirnov coils. A wide variety of toroidal mode numbers have been 
identified in these experiments. Typically, at the higher ICRF powers, one 
or more clusters of modes are seen. Analysis of the mode numbers find 
that the toroidal mode numbers of the individual peaks range from about 5 
to 9 at higher plasma currents (1.8MA, q(a)=6) and 1 to 3 for lower plasma 
currents (1.4MA, q(a)=8). In many cases two peaks at different frequencies 
will have the same toroidal mode number. The models suggest that the 
dominant damping mechanism for the TAE modes in TFTR DT plasmas is 
not ion Landau damping. The models presently predict that the damping 
on the slowing down distribution of the beam ions, and the profile of q, 
which affects the radial location of the mode and its interaction with the Pa 
profile, seem to be the most important parameters to vary in future 
experiments. 

MHD activitv in DT plasmas 
Low wavenumber (m=3-4) MHD and major and minor disruptions 

were expected to play a significant role in the TFTR D-T experiments. 
At the higher plasma currents (1.8 -2.0 MA) used for most of the D-T 
operation, the MHD activity is restricted to (m,n) = (4,3) or (5,4) modes 
or an internal (1,l)  fishbone-like mode. These modes have only a 
modest affect on confinement and plasma performance in contrast to 
the (3,2) and (2,l) MHD modes observed at lower plasma currents. The 
MHD activity in D-T plasmas was unchanged from that observed in D-D 
plasmas, with the exception of the fishbone-like modes. f i e  fishbones 
tended to have a larger amplitude in D-T plasmas than in comparable D-D 
plasmas. This might reflect the somewhat different pressure profiles or ion 
temperatures in the D-T plasmas or the presence of the fusion a population. 
The fishbone modes seen in TFTR are probably not driven by the trapped 
fast ion population (which is rather small with the tangential beam injection) 
but are more like the 'parallel fishbones' 'first observed on PBX3. The 
present theoretical models predict that the TFI'R fusion a population is 
about a factor of five below the threshold necessary to drive a-fishbones. 

JUaior and minor disruntions in the DT camDaign 
To reach the highest fusion powers and fusion-a densities it is 

necessary to operatre TFTR at the highest plasma current, toroidal field, 
beam power and with the best confinement. Even with Ip = 2.5MA and BT 
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= 5T, this will result in being near the p limit. Considerable experience in 
operation of TFTR near the P limit led to a very successful effort to avoid 
major disruptions while still providing many high performance plasmas in 
the D-T campaign. While several of the D-D setup shots suffered major or 
minor P-limit disruptions, there were no minor disruptions (X-events) in 
the TFTR D-T plasmas. However, two D-T shots did suffer major 
disruptions, including the highest performance (Pfusion >9 M W )  TFTR D-T 
plasma with 6.5M.J of stored energy. 

In the disruption of the highest performance shot and the four other 
major disruptions made since the start of the D-T campaign, moderate n 
ballooning mode was observed prior to the disruption. The fast Te  profile 
measurements from two toroidal locations separated by 1 268 has confirmed 
that the ballooning mode is toroidally localized. In Figure 2 the flux 
surface displacements are visible in the contours of electron temperature 
across the midplane vs. time. Approximately one period of a low frequency 
(1,l) mode can be seen. At the times when the m=l mode pushes the flux 
surfaces outward in major radius, a higher frequency (n-9) mode is seen. 
The mode appears in this figure as a toroidally localized burst moving 
toroidally (from one GPC to the other) and growing in amplitude. The 
distortions to the plasma caused by a large ideal mode are assumed to 
locally push the plasma over the ballooning mode stability boundary. The 
(m,n)=(l,l), plus the ballooning mode may cause or trigger the disruption. 

Wniversity of Wisconsin, Madison Wisconsin 
bOak Ridge National Laboratory, Oak Ridge TN 
*Supported by DOE contract No. DE-AC02-76-CHO-3073 

lD A Spong, B A Cameras, and C L Hedrick, Phys. Plasmas 1 (1994) 1503. 
2K L Wong, J R Wilson et al., Plasma Phys. Cont. Fusion 36 (1994) 879. 
3R Kaita, R B White, A W Morris, et al., Phys. Fluids B 2, (1990) 1584. 
4Y Nagayama, M. Yamada, et al., Phys. Fluids B 5 (1993) 2571. 

Fipure Caot i n  o 
Fig. 1 Mirnov coil spectra for D-T shots .with 6.2MW and 7.5MW of 

fusion power and a comparison D only shot. 

Fig. 2 Data from two ECE grating polychromators showing the toroidally 
localized ballooning mode P-limit disruption precursor. 
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