A parametric study of the numerical simulation of triggered VLF emissions
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Using a well established Vlasov Hybrid Simulation code the numerical simulation of triggered VLF emissions has been undertaken by Nunn and co workers. Emissions have been successfully modelled at a wide variety of locations in the magnetosphere, namely at L=10 on the Geotail satellite, at L=3 for NAA triggered emissions at L=4.2 for Siple triggered emissions and emissions observed at Halley Bay and at L=5 for emissions observed at SGO. The code reproduces many features of triggered emissions, namely the production of risers, fallers, hooks and oscillating tones with sweep rates as observed. Certain features however are not well reproduced, namely the saturation process and the slow exponential growth phase as noted on Siple key down transmissions.

One of the problems in simulating TE’s is the lack of detailed knowledge of some of the required parameters. Where modelling has been done on the basis of satellite data, such as the Geotail simulations, wave amplitude L shell no and electron density are reliably known. However modelling of ground observations involves some guesswork as to what pertinent parameters are.

In this work we consider Siple triggered VLF emissions and systematically model TE’s varying each parameter in turn. The important parameters are linear equatorial growth rate, pulse input magnitude and length, and ambient electron density. Two other parameters may be described as system parameters, namely simulation bandwidth and wave saturation amplitude (which controls degree of resonant particle nonlinearity). Of course it is difficult to explore 6 dimensional parameter space in full. We effectively make a number of sweeps through parameter space in order to determine its morphology. The main output parameters of interest are (a) whether triggering occurs (b) Form of the emission i.e. riser, faller, upward hook downward hook and (c) frequency sweep rate magnitude. The latter is of particular interest as up to now it has not been clear what determines this quantity.

The main results are that fallers tend to arise in ‘weak’ situations, and that strong growth also gives rise to fallers or hooks or oscillating tones. Otherwise the riser is the dominant emission produced. Most significantly it has been determined that the dominant controller of sweep rate, for both risers and fallers is cold plasma density. This is simply because Ne scales the time and spatial scales of the entire process! This conclusion is strongly supported by simulations of chorus, where the large sweep rates ~10kHz/s observed are directly due to the low plasma densities (<10/cc).

This parametric study has given considerable insight into the physics of triggered emissions and also knowledge of what key parameters should actually be.
