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Abstract
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Hundreds of thousands of tuning parameters must be optimized to match the operating conditions to obtain the best perfor-
mance from an accelerator. In the past, experts made decisions based on their experience on which tuning parameters contributed
the most to the performance and adjusted them sequentially. On the other hand, accelerator tuning approaches based on machine
learning, which has become much easier to handle, have been studied intensively in recent years. We have been developing a
beam-tuning tool based on Bayesian optimization to improve the efficiency of beam operation at the SuperKEKB accelerator. In
this conference, we will report the latest results of beam tests on the KEK injector, including positron beam yield maximization
and dispersion tuning as the first step of the development, and also explain the Bayesian optimization algorithm.
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Figure 1: Layout of the pulse steering magnets and beam position monitors at the KEK Linac.
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Figure 2: Peak hold values of the electron beam charge at each
trial. Panels (a) and (b) show the BoTorch and CMA-ES re-
sults, respectively.

3.2 ‘EBMD travel distance

Figure 3 Tlk, P74 TV EBIZEAE L TV B=
(travel distance) % /"9, TEHAEBM &I

D = E]q

—q(t—1)| Q)

- 182 -



Proceedings of the 20th Annual Meeting of Particle Accelerator Society of Japan
August 29 - September 1, 2023, Funabashi

TEXT 5, MABMEELZHNSI LT, ¥XOFJA1
TIAE CEMBEOZDVIERT B0, L IERP
P27 % 70 % HIW T & B, Figure 3 (a) i& BoTorch Dk
RTHD, EfRS5 ARIL enqueve EUIZHY L, TDA 3
ARTIE, 30-40 b T4 TIUMHE» SAEEMEN D L5
LTWBORan5, Zhs 3 KOFELRE Fig. 2 (a) D
MEREIKTS e, EREMIFIEFRAIELZNTA
T VAHE TR AL DSTE A D S BBRABIT L TV B EN
5375, Figure 2 (a) D 5 FEHRD A, TR &~ D H|
EDRE o L EEODNREON R YV RFEME . Fig. 3
(@) TIESS N4 TIVRHETHBRAREIBITLTL
%, —JiT. enqueue BEREZ W THIHIEZ R E L2 5
AROBHRTIX, 20 b T4 TALBETIIHEAEERED L
RIIECHrRFEFEFTH L, THNITHBEBERM T DNE
HAZEHEITTWEHEZFEERLTWD,

Figure 3 (b) I3 CMA-ES D T %, Enqueue &
D 1iH¥ enqueue U I AR TREBEMEAFIZ/NI W
ZEDFHD, (a) D BoTorch & [A%TH 5, CMA-ES
TIFAL TWZRWAY 300 b T A TV E TR U 727k Bk
%17 72%%. BoTorch & [FIRRIZ B KB M & (1L THEH
WEEZ B W Rl b Gl B TEeERE R 5 b,

300 300
—— Without enqueue —— Without enqueue
QZSO ————— Use enqueue QZSO ————— Use enqueue
;J’ 200 (a) BoTorch ;)’ 200 (b) CMA-ES -
2150 4 150
© °
T 100 T 100
3 e
E 50 T e S| E 50
oleZ=m 0
0 20 40 60 80 100 0 20 40 60 80 100
Trial Trial

Figure 3: Integrated charge over trials. Panels (a) and (b) show
the BoTorch and CMA-ES results, respectively.
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Figure 4: Importance of each input parameter averaged over
five runs. Panels (a) and (b) show the BoTorch and CMA-ES
results, respectively.
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Figure 5: The BoTorch result for the multiobjective optimiza-
tion on the maximum beam charge (vertical axis) and disper-
sion function (horizontal axis).
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Figure 6: Betatron oscillation coupling on the horizontal and
vertical coordinate influencing the vertical beam size (up-
per panel) followed by an increase in the specific luminosity
(lower panel).
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