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In the cold plasma approximation, there are no perpendicularly propagating waves above the lower hybrid resonance
frequency. However, unusual waves with an integer multiple of the lower hybrid resonance frequency have been recently ob-
served in the Earth’s magnetosphere [Huang et al., 2020, JGR]. These unusual waves propagate perpendicular to the magnetic
field with linear polarization. Hereafter, we call these waves the harmonic lower hybrid waves. The excitation mechanism
of the harmonic lower hybrid waves has not been fully understood because energetic ions, which can excite the lower hybrid
wave, have not been found in the observation.

Using one-dimensional, electromagnetic, particle-in-cell simulations, we report the excitation mechanism and development
of the harmonic lower hybrid waves driven by energetic ions. We investigate the parameter dependence, such as the ratio of
the electron plasma frequency to the electron cyclotron frequency, on the development of the harmonic lower hybrid waves.
We also compare the simulation results with the observation to discuss the condition where the harmonic lower hybrid waves
are excited.


