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h Several experiments (PLT, DIVA, ERASMUS, TFR) have shown that the heating 
É mechanism of ICRF is dominated in Tokamaks by the presence of the ion-ion hybrid 
p layer. The first experimental evidence of this effect came from propagation studies : 
I a very strong damping was observed on magnetic probes since the hybrid layer was 
f inside the plasma [1]. Comparison with simple models which do not take into account 

boundary conditions have been undertaken [2,3]. Recently a new theoretical model 
[k] has been developped. Based on a plane, inhomogeneous, Hounded plasma, it shows 
that the radial structure of the fast wave and hence the loading impedance of the 
launching coil depends on the position of the hybrid layer with respect to the plasma 
boundaries. This result is obtained by solving the wave equation, in the cold plasma 
approximation. We present here, a série of experiments, performed in TFR. It confirms 
the validity of that model underlining thus the importance of radial eigenmodes, 
when the wave conversion layer is inside the plasma. 
Description of the R.F. set up 

The magnetosonic wave is excited by means of an all metal, V shaped con
ductor (40 cm long, 6 cm wide), equiped with an electrostatic screen. The coil is 
located 24 cm away from the plasma center, on the low field side of the torus. This 
antenna has been used previously in TFR [1]. 

„( The frequency, tuned at 60 MHz, is kept constant over all the experimental 
I conditions. The plasma characteristics were varied in a wide range of parameters 
1 (7 10 1 3 < ng(o) < 1.1 10 1 4cm" 3 ; 30 < B < 50 kG). In order to analyse the amplitude 
\ and the phase of the wave in the different conditions, two magnetic probes were 

located at a radius of 28 cm from the plasma center, on each side of the antenna, one 
port away, and were distant by 180° in the poloidal plane (fig.l). A magnetic probe 
located in the antenna, measured the RF current and gave the phase origin. Most 
measurements were made in a D-H plasma, for different isotopic compositions. We focus 
our attention on a density ratio n. /nd of 25%, measured by m?ss spectrometry, a few milliseconds after the end of the discharge. 
Discussion of the results 

The amplitude of the probe signal is a complex function of the magnt'.'c 
field and the density. Since the position of the hybrid layer weakly depends on the 
density, the maximum of the probe signal is indicative of the coupling and of the 
damping of the wave for the range of explored density during the shot. Fig. ?. shows 
a plot of the maximum amplitude of the R.F. signal on both probe as a function of the 
toroidal magnetic field for two isotopic concentrations: ^ery low concentration 



(less than 5%) and larger one (about 25%). As was first noticed in TFR in 1976 til, 
the latter case exhibits an asymmetry with respect to the magnetic field for which 
protons are resonant (39.4 kG) whereas this asymmetry does not exist in the former 
case. This effect was explained previously as an evidence for the occurrence of the 
ion-ion hybrid layer inside the plasma [2]. As observed earlier, toroidal eigen-
modes are excited for low and high magnetic fields (namely less than 35 kG or more 
than 50 kG, when the hybrid layer occurs for very low density). However the main 
feature of the present experiment is that a partial maximum is clearly observed for 
magnetic fields between 40 kG and 42 kG. Such a maximum suggests a change in the 
wave propagation. 

Phase measurements can give more information about the change in the wave 
propagation. Time evolution of the phase of one probe is shown for two different 
shots in the case of high proton concentration (fig.3). Curve a is for a magnetic 
field of 40 kG, curve b for a magnetic field of 42 kG. The latter is typical of 
toroidal eigenmodes excitation. Although the hybrid layer is located near the plasma 
center (r/? < 0.4), the wave generated by the antenna obviously undergoes multiple 
reflections before being damped. This confirms occurrence of the partial maximum 
in the wave amplitude. A qualitative explaination can be obtained from simple consi
derations. As it is now well known,the hybrid layer acts mainly as a reflector for 
a wave launched from the low field side [51- Thus, the plasma can be seen as two 
different cavities, weakly coupled through the hybrid layer. Our model explicits this 
situation. Fig.4 shows the radial variation of the electric field parallel to the 
current, computed for a monochromatic excitation (K is fixed to a given value). 
Curve a is characteristic of a cavity resonance : high value of the electric field, 
discontinuity due to the current sheet almost négligeable. The difference in ampli
tude between the low field side and the high field side of the hybrid layer corres
ponds to the coupling between the two cavities. Curve b shows that the wave excited 
in that case does not match resonant conditions of the high field side cavity. 
Then it does not correspond to a natural mode of the plasma. For the same antenna 
current, the value of the electric field is lowered by a factor 30 and the discon
tinuity due to the current sheet is no more négligeable. This makes explicit the 
importance of both the boundary conditions and the hybrid layer. The occurrence of 
toroidal eigenmodes is then a consequence of a very good reflection on the hybrid 
layer and a matching of the different boundary conditions. We have thus described 
correctly the occurrenceof toroidal eigenmodes. 

The model describ?s as well the partial maximum. One can compute the 
maximum amplitude one can reach for the experimental density variations. This leads 
to relative values of 1,2 and 0.2 for magnetic fields of respectively 38 kG, 40 kG 
and 45 kG. These figures are in good agreement with the experimental values, shown 
in fig.2. They are the consequence of the variation of the damping as well as the 
variation of the loading resistance. 
Conclusion 

These results demonstrate that the mode conversion is the main phenomenon 
which drives the propagation of the fast wave. The existence of radial eigenmodes 
excited between the hybrid layer and the wall is the major result. It can give rise, 
in some cases, to lower damping and then to toroidal eigenmodes. A more general 
conclusion than the latter is the modulation of the loading resistance of the coil 
with the density and the magnetic field, for an antenna on the low field side of the 
torus. This effect has obviously been observed in PLT [6]. 
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Fig. 1 : Experimental set up. The antenna (A) 
Ts located in port 6. The probe C is in 
port 5 on the outside, the probe B is in 
port 7 on the torus inside. 
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Fig. 2 : Maximum amplitude on the probes as 
a function of the toroidal magnetic field 
at the plasma center 

Full line : probe C 
Dotted line : probe B 
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35 A0 US 50 (KG) Fig. 3 : Typical evolution of the phase during 
'the RF pulse. The density varies with time 
from 7 101 3cm"3 to 10 1 4cm" 3. The hydrogen to 
deuterium ratio is fixed to 25* 

( a ) B = 40 kG 
(b) B. = 42 kG. This curve is typical of 

toroidal eigenmodes excitation. 
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Fig. 4 : Radial structure of the e lect r ic 
' f feTJ'parallel to the current for a given 
excitat ion (B = 42 kG). The electr ic f i e l d 
vanishes on the wal l . The antenna is located 
at r = + 2& cm 

-3 © K2 = 11.42 m" 1 ; n (o) = 7.5 10 I 3 cm 

The amplitude is divided by 20. The hybrid layer 
is located at r = - 5 cm 

@ Kz = 2 m"1 ; n j o ) - 11.5 J0 1 3 cm" 3 . 
The hybrid ïï.yer is located at r - - 7 c'\. 

In both casps, n./n^ - 0.' ;'LJ. 


