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The high harmonic fast wave (HHFW) is a promising candidate for heating ST plasmas, because it has good accessibility to the core even in high beta plasmas with high dielectric constants. In contrast to the low harmonic ICRF fast wave, which is used to heat conventional tokamak plasmas, HHFW is absorbed by electrons through electron Landau damping (ELD) and transit time damping (TTD). Although electron heating by HHFW has been demonstrated on NSTX, wave physics of HHFW in ST plasmas is not fully understood. 
In order to study wave physics, high power HHFW heating experiments were performed on TST-2. Up to 360 kW of RF power at 21 MHz was injected into plasmas with a plasma current of 50kA, toroidal field of 0.14 T and line averaged density of ~ 1x1019 m-3. The increment of core soft X-ray (> 1 keV) emission increased approximately linearly with RF power. Typically a doubling of soft X-ray emission from the plasma core was observed at power levels exceeding 100 kW, while there were no changes in the density or the radiated power. A clear evidence of electron heating was observed when HHFW with an appropriate wavenumber (toroidal mode number of 10, which corresponds to a parallel wavenumber of k|| = 15 m-1 at the antenna) was excited, consistent with absorption of HHFW power by ELD and TTD. 
The excited HHFW can be measured by RF magnetic probes located outside the plasma, and by a reflectometer which measures modulation of the reflected microwave from the wave induced density oscillation inside the plasma.  The frequency spectrum of the RF probe signal shows peaks downshifted from the injected pump wave frequency by multiples of the edge ion cyclotron frequency, believed to be generated by parametric decay. In addition, heavy scattering by density fluctuations is inferred from frequency broadening of the pump wave. The imaging reflectometer system has detected an oscillating density component at the injected RF frequency.  
Noninductive plasma initiation was achieved by injection of ECH power at 2.45 GHz in the presence of a vertical magnetic field with positive decay index.  Up to 0.4 kA of plasma current was produced by 4 kW of ECH. A doubling of the plasma current was achieved by additional injection of 21 MHz RF power at a power level of about 10 kW.












