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  Electron cyclotron (EC) wave is launched as electromagnetic wave propagating in vacuum, 

and hence the antenna can be installed outside of plasma. Heat load on the antenna is much 

lower than that of other radio frequency (RF) heating methods. Using continuous klystron or 

gyrotron, EC heating is suitable for steady state tokamak operations. In the QUEST spherical 

tokamak, 28 GHz-RF system, consisting of the gyrotron, polarizer and steering antenna, has 

been developed for EC heating and current drive. Multiple harmonics (2nd– 4th) are located 

simultaneously owing to the low aspect ratio. In the experiment using 28 GHz-RF beam 

injected from the low field side, plasma current is non-inductively ramped up and tokamak 

configuration is formed solely by EC heating. Note that hard X-ray whose the energy range of 

50-100 keV has been counted massively, energetic electrons are deeply related to the current 

ramp-up and drive.  

  Ray tracing analysis TASK/WR is applied to the case that 28 GHz-RF propagates in 

configuration of QUEST. Rays and absorptions of the EC waves differ significantly with or 

without the presence of energetic electrons. To consider the temperature even higher than 

reactor electrons, relativistic Maxwellian velocity distribution function is given. Oblique 

injection is effective to current drive in the experiment, and hence refractive index parallel to 

toroidal magnetic field is set as N// = 0.75 at R = 0.32 m in the calculation to replicate the 

experimental setup. Ratios of bulk and energetic electrons are 97 % and 3 %. Then, density 

and temperature of bulk electrons at the center are set as ne = 2 ´ 1018 m-3 and Te = 30 eV as 

observed in the experiment, respectively. When the energy of energetic electrons is Eee = 50 

keV, single pass power absorption of 28 GHz X-mode wave is Pabs » 27 %. As long as bulk 

electron is lower than Te = 100 eV, most of power goes to energetic electrons. The absorption 

occurs widely through a single-pass since effects of the 3rd and 4th harmonics are not 

ignorable. Comparison to GENRAY code and RT4 code would provide a benchmark for ray 

tracing analysis including the presence of extremely energetic electrons. 
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