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Electrostatic and electromagnetic wave emissions at the electron plasma frequency and its harmonics are commonly observed in the electron foreshock region upstream of the Earth's bow shock. The general explanation for the presence of these waves is that an electron beam moving upstream from the bow shock as a result of solar wind reflection generates electrostatic Langmuir waves and then, through various possible wave-wave interactions, other wave emissions are generated.  To generate the electromagnetic waves and harmonics of the electron plasma frequency, different types of non-linear wave decay and modulational instabilities have been invoked.  Another possible way of generating these secondary wave emissions is mode conversion, which can occur in a plasma with a density gradient; such gradients are common in the solar wind.  In this study, plasma simulations will be used to examine the initial generation of the waves due to the electron beam and then the different types of wave-wave interactions that can occur due to non-linear wave processes and mode conversion in density gradients.  Both particle in cell and Vlasov simulations are used to address the problem. Results from the simulations will be compared with analytic theory and observations.


 

