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Abstract

We have developed a machine-learning-based operation tuning scheme for the KEK e-/e+ injector linac (Linac), to
improve the injection efficiency. The tuning scheme is based on the various accelerator operation data (control parameters,
monitoring data and environmental data) of Linac. In this paper, we show the current status and the new results on the
research and development of the operation tuning scheme using the Deep Neural Network (DNN), using the Linac

operation data accumulated in 2018 to 2021.
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Figure 1: Accelerator placement at KEK.
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Figure 3: Injection efficiency (Q-ratio) for the Linac HER
beam (electron beam).
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Figure 2: Layout of Linac.
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Figure 4: Outline of dataset (2018/11-2021/06).
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Figure 5: Outline of dataset (Collected by period).
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Figure 6: Injection efficiencies (Q-ratios) of predicted by
DNN (orange) and actual (blue), for 2020/11/30-
2020/12/07 evaluation data. Vertical and horizontal axis
indicate injection efficiency and date, respectively.
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Figure 7: Injection efficiencies (Q-ratios) of predicted by
DNN (orange) and actual (blue), for 2021 June evaluation
data. DNN is trained using 2018 Nov-2021 May data.
Vertical and horizontal axis indicate injection efficiency
and date, respectively.
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Figure 8: Predicted injection efficiencies (Q-ratios) by
DNN with dataset (i) (blue), (ii) (orange), and (iii) (green),
and actual injection eff. (red), for 2021 June evaluation
data. Vertical and horizontal axis indicate injection
efficiency and date, respectively.
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Figure 9: VAE output (two-dimensional Latent variables)
from the 2018 Nov to 2021 June accelerator data. VAE is
trained using 2018 Nov to 2021 May data. The output
results are colored according to the injection efficiency (Q-
ratio) of the input accelerator data.
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Figure 10: Outline of dataset split.
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Figure 11: Predicted injection efficiencies (Q-ratios) by
DNN with the whole dataset (i) (blue) and divided data sets
(gray), for 2021 June evaluation data. Vertical and
horizontal axis indicate the injection efficiency and date,
respectively.
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Figure 12: Predicted injection efficiency (Q-ratio) by DNN
(vertical) vs accelerator parameter value (Steering magnet
current for sector 3) (horizontal). The predicted injection
efficiencies are obtained by DNN by varying the input
Steering magnet current for sector 3.
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