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Abstract

A machine learning technique was applied to find the optimum values of main- and trim-coil currents for generating
an isochronous field and of initial RF phase for the RCNP AVF cyclotron. Acceleration conditions of a 65 MeV proton
beam such as an energy, a radial position and a beam phase were evaluated by a single-particle trajectory simulation using
OPAL-cycle. An evaluation function was defined by the conditions that a particle phase difference from a reference RF
phase was minimized after the 15th turns where isochronism should be maintained, and that an energy and a radial
position of an accelerated particle reached to more than 64 MeV and the region between 1.028 m and 1.032 m for beam
extraction, respectively. Iteration of the magnetic field calculation and the simulation of beam trajectory are driven by the
bayesian machine learning. the optimum solution of current values and initial RF phase were obtained within 800 trials
of parameter settings for minimization of the evaluation function.
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Figure 1: AVF cyclotron of Osaka University.
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Figure 4: Bayesian optimization process and transition of
optimization parameter and evaluation parameter.
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Figure 3: Interpolated Bz difference of main and trim coil ~ Figure 5: Beam distribution of RF phase difference by op-
between interpolated value and Opera3D. timization parameter.
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Figure 6: Beam distribution of Energy and orbit by opti-
mization parameter.
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Figure 7: Beam distribution of betatron oscillation, radius,
and orbit by optimization parameter.
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Table 1: First Optimization Parameter and Final Optimiza-
tion Parameter

2T X —R—DHFF 8 SN T = 31 oG - X4
X4 v aftLoEE 591.0 591.3 A
MY a4 1 OERME -493.4 -513.3 A
MY a4l 2 DEGRME -2.567 -2.745 A
FU LA L3 DEIRME -349.6 379.2 A
U LT A4 DERE -220.3 -228.1 A
Va4 L5 OEGRME -34.23 -31.59 A
VL4l 6 DEGRME -226.0 -229.1 A
MU LT AT OERE -163.2 -161.1 A
bV a4 8 DEGRE 141.3 -139.2 A
bV L4V 9 DEFRE -70.87 -76.71 A
FU a4l 10 DEFRE -197.0 -188.1 A
MV a4 11l OERE -64.88 -63.62 A
MU a4 12 OEFRE -69.25 -71.28 A
MY a4 13 OERME 176.1 159.3 A
MY LAl 14 OEFE -54.79 -50.89 A
MY aaAL 15 OEFE -1051 -1052 A
MY aaAL 16 DEFE 433.3 394.8 A
I RF iAH 45 9.0 degree
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