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Abstract

We are promoting the application of Bayesian optimization to accelerator tuning. Bayesian optimization-based beam orbit
tuning has proven effective in reducing beam loss in the KEK injector and improving injection efficiency in the SuperKEKB
beam injection section. However, it has become apparent that during optimization, there are issues such as the objective param-
eter values being temporarily degraded or significant beam losses occurring that could cause the accelerator to stop operating.
Therefore, we are introducing objective-function-constrained Bayesian optimization to perform accelerator tuning while main-
taining the arbitrary measurement values above a certain threshold. In this presentation, we will report on the overview of
constrained Bayesian optimization and the results of beam tests conducted at the KEK electron-positron injector.
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Figure 2: Layout of KEK Linac. The four steering magnets used in this study are indicated by the purple boxes at the A-B

sectors.
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Figure 3: The optimization results for a length scale v = 0.5 and a threshold value h = 7nC. The horizontal and vertical
axes are the number of steps and the beam charge measured with BPMs, respectively. (Left) 5-run-by-run evolution of the

optimization. (Right) Boxplot of the beam charge at each step.
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Figure 4: The optimization results for a length scale v = 1.5 and a threshold value h = 7nC. (Left) 5-run-by-run evolution of
the optimization. (Right) Boxplot of the beam charge at each step.
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Figure 5: Maximum charge among five runs. Thresholds h are
5.0 (blue circles) and 7.0 (orange squares). Horizontal axis is
the length scales v = 0.5, 1.0, and 1.5.
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Figure 6: (Top) Average number of steps to reach the maxi-
mum charge for each run. (Bottom) Ratio of safety violating
steps relative to a total of 50 steps. Thresholds A are 5.0 (blue
circles) and 7.0 (orange squares). Horizontal axis is the length
scales v = 0.5, 1.0, and 1.5.
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Figure 7: Parameter importance on a length scale v = 0.5.
The rows and columns indicate the parameter name, and the
numerical value of each element above the diagonal compo-
nent indicates the importance.
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Figure 8: Parameter importance on a length scale v = 1.0.
The rows and columns indicate the parameter name, and the
numerical value of each element above the diagonal compo-
nent indicates the importance.
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Figure 9: Parameter importance on a length scale v = 1.5.
The rows and columns indicate the parameter name, and the
numerical value of each element above the diagonal compo-
nent indicates the importance.
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