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Abstract

We report the results of a cyclotron tuning test using Bayesian optimization. Accelerators require the adjustment of
multiple parameters. Manual adjustments are time-consuming. In recent years, in the field of accelerator control, active
research has been conducted on automatic tuning methods using machine learning techniques such as deep learning and
Bayesian optimization. In this study, we used Bayesian optimization to determine search points and conducted tuning

tests using an AVF cyclotron for proton therapy.
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Figure 1: Tuning procedure in a demonstration test of
applying Bayesian optimization to cyclotron tuning.

- 490 -



Proceedings of the 22nd Annual Meeting of Particle Accelerator Society of Japan
August 6 - 8, 2025, Tokyo

Figure 2: Photograph of superconducting AVF cyclotron
SC230[2].

Figure 3: Schematic of the external harmonic coils (X-, Y-
EHCs) in SC230.

3.2 FAEEXtG:

Al BRI S 7akay SC230 &
KGR R BR A S L 7=, SC230 X, FIHN LT
D5 RRE R AR SIS THD[2, 3], A
%?élﬁ&iX/\°4’7/VTZ7§7~EH AVF A 7uharTHY,
2021 FICBAFE ST, Figure 2128C230 DEHE AT,
F%%fﬁ?‘*féﬁ IR R E L CHLRE S T R e m K HE D

B — AERAEERL CWD, £, B RRIEIRAIT AVF

| -“[
‘ .
i —

Mean and StDev

AF.

PASJ2025 THP009

YA r7uarar OFTHFE/NFAXTHD, FBEEL
THE— AR~ 2% AV BKIR G R IC X DA
BB AT REBRAL WD AL RERE B THD,

SC230 (2O TCHFE T RENRTA—ZL, §rET 7L
%7@ BIECN—F =y 7a /L OEFAERE . 20 LI E

WS, A lEl FHEERTA—ZIZOWNWTE, BE— A5 &
HL A/ N—F=v /a1l (X-EHCs. Y-EHCs) DE i fE

RAEXIRE U, IR E SN2 nbo=
/1’/1/ I AR D 1 RO N—F =y VW7 B, & A LS

H, WIBICED T &ML GRS HE) 2 EBL§5, BT
2 DDA LR T LEROJEIZ 4 BT 4 R
EXNT, ZNBEREIT DA oONTC, ki E
TEHELUWVBRE E e AESEDHILE TR, LS
%, X-EHCs, Y-EHCs |Z&~> T, B,, & 2 HANCoLK5H2E
T BN, KESTB, ZRAESEDLIENAHEIC
72%, Figure 3 (Z/—F=v7aA/L (X-EHCs, Y-EHCs)
DR EZ R UK AR~

1 RTA—HFHE O IR Tl X-EHCs D EFE,
2 T AL IO IR ERTIX, X-EHCs, Y-EHCs @
EIEZ RIS L, 5l X HINDHE — NEFAED i
WL DI N B bz, FREREIIENE
N 0~125 A THD,

4 R

4.1 1 \TA—FE

X-EHCs B OFHFEEAT 75 e Fig. 4 (-7, 4%
AT BN, BT 2 #0777 %R, EBDT
77N A T AR ERH Lo THEE S 72 4B 3k
(Mean) LEEHE(R 72 (StDeV) Z, F D77 715
(Acquisition Function) A7~ 9", 34T RIFEIZIB W T,
YRR CARE(R 2 DS BB F S, £ D&
KENRRE REL TRES NI, 3 TTEHEEBIZ, ~T
A—BKAFPEDER - BDNT2D | VR 22 /hE< e
STWVERF DR TED,

ZOFEICIRIT LRI TIEHIT 8 BIThHoT, NTA—

pe= =

-

\J

Mean and StDev

aVli

AF.

V2N

»
.

Figure 4: Sequential changes during Bayesian optimization for X-EHCs tuning: (Top) measured beam characteristics,
posterior mean, and uncertainty band of the Gaussian process as a function of X-EHCs current; (Bottom) acquisition

function guiding the next sampling point.
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Figure 5: Bayesian optimization progress for simultaneous
tuning of X-EHCs and Y-EHCs currents: (Left) posterior
mean of the Gaussian process, (Right) corresponding
standard deviation (uncertainty), shown for selected
iterations (n = 5, 10, 15, 20).
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