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Abstract

As of July 2025, the SuperKEKB accelerator — which collides 7 GeV electrons with 4 GeV positrons to copiously
produce particles such as B mesons and 7 leptons — continues to hold the world record for the highest instantaneous
luminosity. To achieve even higher luminosities, the accelerator is undergoing continuous upgrades and operation. Main-
taining such high luminosity necessitates sustaining high beam currents in the storage rings, which in turn depends
on efficient beam injection from the injector. In particular, maximizing injection efficiency, defined as the ratio of beam
current successfully accumulated in the ring to that extracted from the beam transport line, is crucial. In this study, we de-
veloped an automated injection tuning tool based on Bayesian optimization, a machine learning—driven approach, aimed
at improving injection efficiency. In test runs carried out between November and December 2024, this tool achieved an

injection efficiency improvement of up to 32%.
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Figure 1: An overview of the SuperKEKB accelerator [1]
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Figure 2: Schematic illustration of the injection system in
the vertical plane.
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Figure 3: Schematic illustration of the injection system in
the horizontal plane [4].
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Figure 4: Photograph of the magnets used for injection tun-
ing in this study.
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Figure 5: Conceptual illustration of the segmented region
optimization. The blue regions represent the parameter do-
mains for each run, which are redefined around the param-
eter set that achieved the highest injection efficiency in the
previous run.
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Figure 6: Conceptual illustration of the step-by-step func-
tion. The red and blue lines represent the parameter
changes before and after the implementation of the step-
by-step function, respectively.

» Time

3.3 RfEIRERIKEE

I PFERRISRE & 1d. JEEEIRUTN U TR D E AT
% LT, BUEMIE D © O FEEEAYT MR AU E R 23
BB KT IHEETH 5 [11,12], ZOMAERE
AT ZHHIE, step-by-step HREZHEAL TRTF X —&
PRELEPT EFEFEAEMLCLERLD, 1 b5
ATNBHTD DT RX—RZEACRZ D S, BBl
MZERS T/ TH %, Figure 7 1 FLFHEERREEEDHER
KTHH, ERITIE NI4TV LITNT R —RPKE

-65 -



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

PASJ2025 THO601

SEF) L., step-by-step FEREIC & 2 FFHERFRI D2 < R4
50, EXTIE N4 7 B0 OEEFR/NZ Wiz
WA 2 B3 2 2 2 AT E B,

Parameter 2
[ ]
[ ]
Parameter 2

Parameter 1 Parameter 1

Without proximal With proximal

Figure 7: Conceptual illustration of the proximal biasing
method. The figure shows the difference in parameter tra-
jectories with and without the proximal biasing method in
a two-dimensional parameter space.
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Figure 8: Injection efficiency measured over a 30-minute
period during which the beam conditions were kept con-
stant. The blue line indicates the injection efficiency, and
the orange line represents the 30-point moving median of
the injection efficiency.
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Figure 9: Optimization results from the test deployment between November 14 and December 25, 2024.
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