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Abstract

In recent years, accelerators have been implemented in the medical and industrial fields, but the difficulty of adjusting
and controlling the accelerator itself and the ion source has become an issue. Since it is difficult to assign a dedicated
operator to operate all accelerators, it is necessary for accelerators to be able to provide beams of a certain intensity and
quality in a short period of time and to be extremely easy to operate, no matter when or who adjusts them, in order for
them to be widely used in society. Therefore, we have developed a new tuning method using Bayesian optimization, a
type of machine learning, aiming at the advancement and automation of ion source tuning. In this experiment, 14
parameters of the beam transport line were adjusted. As a result, we achieved in 20 minutes more than 90% of the beam
intensity that took an experienced operator more than one hour to adjust, and achieved the same beam intensity as the

operator in one hour, showing that it was practical enough.
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Figure 1: Schematic of ion source and LEBT at RCNP.
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Table 1: Type of Magnets and Setting Value

Parameter Minimum Maximum 1 step
Q Magnet 3100 3600 50
Steerer (H) 400 900 50
Steerer (V) -600 -100 50
Solenoid 10000 10300 30
Q Magnet 1400 1600 20
Steerer (H) -1500 -800 70
Steerer (V) -600 100 70
Solenoid 9250 9350 10
Steerer (H) 1000 1300 30
Steerer (V) -1200 -600 60
Solenoid 8700 8900 20
Steerer (H) -150 150 30
Steerer (V) -700 0 70
Solenoid 10200 10600 40
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Table 2: Experimental conditions
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Figure 2: Maximum beam intensity in Experiment 1.
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Figure 3: Maximum beam intensity in Experiment 2.
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Figure 4: Transition of variables in Gaussian process
regression (measured values are about 10™7 to 107°).
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Figure 5: Transition of variables in Gaussian process
regression (measured values are about 1071 to 1).
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