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Abstract

Four horizontal paint bump magnets and two vertical paint bump magnets are used for painting injections to produce a
high-intensity beam at J-PARC RCS. These paint bump power supplies are consisted of IGBT chopper units, and allowing
the required waveforms to be controlled with high precision less than 1%. By using software that automatically generates
input voltage (IV) patterns according to the characteristics of the power supply and direct manual adjustment of IV
patterns, the current deviation of the painting pattern (PP) is suppressed to less than £0.2%. The adjustment of a single
PP requires about one hour and several days and needed to adjust a total of 90 patterns for the six paint bump magnets.
Thus, a reduction in adjustment time is required. Therefore, by describing the nonlinear relationship between the
command voltage waveform and the output current waveform using a neural network (NN), making it possible to instantly
obtain the appropriate command voltage waveform for any output current waveform. In this presentation, we will report
on the configuration of the NN used, the training data, and the results of applying the command voltage waveforms
predicted by the NN into the actual system.
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Figure 1: Examples of decay waveforms and trapezoidal
waveforms for MLF and MR.
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Figure 2: Configuration of paint bump magnet power
supply.
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(1) Generation of training data
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(2) Learning with NN using training data
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Figure 3: Learning steps.
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Figure 4: Learning process of trapezoidal waveforms.
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(1) Prediction with a trained NN
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(2) Check the paint bump power supply output
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Figure 5: Verification procedure.
Beam injection (500 ps)
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Figure 6: Confirmation results for trapezoidal waveform.
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Figure 7: An example of NN input data (output current
waveform) has a protrusion exist at the location of the
circle mark.
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Figure 8: Learning process of decay waveforms.
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Beam injection (500 ps)
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Figure 9: Confirmation results of decay waveforms.
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Figure 10: The command voltage waveform predicted by
NN (Predict V) and the voltage waveform (Command V)
required to output the target current waveform.
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