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 In the Large Helical Device (LHD), stair-like 
frequency chirping in radio frequency radiations in 
the frequency range of the lower hybrid resonance 
frequencyωLH was observed when the LHD plasma 
is initiated by almost simultaneous injections of the 
electron cyclotron wave and the tangential neutral 
beam [1].  The energetic ions produced by 
tangential neutral beam injection (NBI) have low 
pitch angles, where the pitch angle means the angle 
between the magnetic field and the energetic ion 
beam.  In order to study the mechanism of the 
frequency chirping, nonlinear evolution of 
instabilities driven by energetic ions with low pitch 
angles has been analyzed by means of a one-
dimensional electromagnetic particle code which 
simulates self-consistently the full ion and electron 
dynamics and evolution of electromagnetic fields.  
The simulation has shown that when the plasma 
density and ωLH increase with time, the stair-like 
frequency chirping with the riser Ωi, where Ωi is 
the ion cyclotron frequency, appears in the frequency 
range of ωLH.  The frequency chirping observed in 
the simulation has characteristics similar to the 
frequency chirping observed in the RF radiations at 
the plasma start-up phase of the LHD experiments. 
The chirping is caused by the coupling between the 
ion cyclotron harmonic waves excited by the 
energetic ions and the bulk-ion Bernstein mode with 
frequencies near ωLH. 
 Although the simulation can qualitatively explain 
the LHD experimental results, we have some 
unresolved problems. For example, we have not 
clarified the condition for the frequency chirping to 
appear. According to the experimental results, the 
frequency chirping caused by the tangential NBI are 
not observed when the electron cyclotron waves are 
not injected into the plasma. Also, the frequency 
chirping disappears when the plasma density 

becomes large.  In order to show the condition for 
the frequency chirping, we have to investigate the 
condition for the ion cyclotron waves with 
frequencies near ωLH to be strongly excited by the 
energetic ions with low pitch angles.  In this 
presentation, we study, using particle simulations, 
the dependence of the ion cyclotron wave 
instabilities near ωLH on parameters such as the ion-
to-electron temperature ratio, the plasma density, 
and the velocity distribution of energetic ions.  
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