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Classification of shocklets using convolutional neural network
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In the foreshock region of the earth's bow shock, various plasma waves are generated due to the interaction between
the solar wind plasma and the plasma beam streaming back from the shock. One of the most eminent types of the waves
is the so-called shocklet, a large amplitude nonlinearly steepened magnetosonic wave sometimes accompanied by a
high-frequency whistler-mode precursor on the steepened wavefront. Despite their importance in the foreshock physics
and nonlinear wave theories, there remain a number of unsolved issues on the shocklets, including the fundamental
question of their definition.

With this background in mind, we conducted research using the convolutional neural network (CNN) to find how
accurately the shocklets and non-shocklets can be correctly identified. We use the derivative nonlinear Schrodinger
equation (DNLS), a nonlinear equation that models time evolution of quasi-parallel Alfven waves, to produce a large
amount of model-shocklet dataset. Then we phase shuffle these data to create the same amount of non-shocklet dataset.
Using them as the training data for the CNN, we check how accurately it can separate the two different datasets. We
will present the details of the study and the results and analysis of waveforms that let the CNN misjudge.
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