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Abstract

We have estimated the critical parameters based on the explainable Al (XAI) algorithm to improve the accelerator
tuning performance, for the KEK electron-positron injector linac (Linac), which consists with ~O(1000) accelerator
components. We proceed the study with the following steps: 1) We build a machine learning model using a regression
neural network which predicts the beam transmittance or the beam loss, from inputs of the accelerator data including the
environment data; and 2) We apply the XAl algorithm to build the regression model to estimate the critical parameters to
improve the beam transmittance, or to reduce the beam loss. As for the XAl algorithm, we use SHAP in this study. In this
paper, we report the results of the SHAP application to the regression model constructed from the accumulated real KEK
Linac accelerator operation data.
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Figure 1: Accelerator plaeent at KEK.
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Figure 2: Layout of the KEK electron/positron injector linac.
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Figure 3: Beam transmittance (Q-ratios, vertical) vs date
(horizontal) for the regression NN prediction (orange), and
the real data (blue), for 2021/6/16-23 evaluation data.
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Figure 4: Beam transmittance (Q-ratios, vertical) vs date
(horizontal) for the regression NN prediction (orange), and
the real data (blue), for 2023/11/24-2021/11/30 evaluation
data.
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Figure 5: Beam-loss (beam-loss, vertical) vs date
(horizontal) for the regression NN prediction (orange),

and the real data (blue), for 2023/11/24-2021/11/30
evaluation data.
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Table 1: Critical Parameters for the SKB Beam
Transmittance Estimated by SHAP (Top Two:
Electromagnet and Environmental Parameters)
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Figure 6: Critical parameters for the SKB beam
transmittance predicted by SHAP. The top 13 out of 1232
parameters are shown.
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Figure 7: Location of the predicted critical parameters for
the SKB beam transmittance.
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Figure 8: Critical parameters for the SY3 beam
transmittance predicted by SHAP. The top 13 out of 1499
parameters are shown.
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Figure 9: Location of the predicted critical parameters for
the SY3 beam transmittance.
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Figure 10: Critical parameters for the SY3 beam loss
predicted by SHAP. The top 13 out of 1499 parameters are
shown.
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Figure 11: Location of the predicted critical parameters for
the SY3 beam loss.
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Figure 12: Correlation between beam transmittance and
electromagnet current value (left), and correlation between
SHAP value and electromagnet current value (right).
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Figure 13: Beam transmittance distributions for +5%
(blue) and -5% (orange) from the nominal-operation
magnet value, obtained by the beam study in July 6th-7th
in 2024.
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Figure 15: Beam loss distributions for +5% (blue) and -5%
(orange) from the nominal-operation magnet value,
obtained by the beam study in July 6th-7th in 2024.
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