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Abstract

For experiments on both elementary particle physics and synchrotron radiation science, the KEK electron/positron
injector linac provides up to 7 GeV electrons and 4 GeV positrons to four storage rings (SuperKEKB HER/LER, PF ring,
and PF-AR) by means of simultaneous top-up injection. Especially low emittance and high charge beams are
indispensable and must be injected stably against short beam lifetimes less than 10 minutes in the LER and HER. The
injector has been upgraded since FY2022 with large-aperture quadrupole magnets for optics matching, fast kickers for
beam orbit correction, and a high-precision beam diagnostics line. We report on the improvement of the injector beam

performance by using the new equipment.
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Table 1: Injection Beams Required for SuperKEKB

positron (LER) electron (HER)
Beam energy [GeV] 4.0 7.0
Normalized emittance [pum] 100/15 40/20
(horizontal/vertical)
Energy spread [%] 0.16 0.07
Bunch charge [nC] 4 4
Bunch number per pulse 2 2
Repetition rate (max) [Hz] 23 25
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Figure 1: Component layout of the KEK injector linac.
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Figure 2: Large-aperture pulsed quadrupole magnets at the
entrance and exit of J-ARC.

PASJ2025 THP004

e

yposition T3 8 e vbert Mg Lyasess -*"""“"M A e e, N
mm] 0 \
23 | s
<3
First touch to 4 nC at the linac end

6
o
e
s w.o. ML 25

o] .
[ A8 Jowecl c [ o | 2 [UR] [ 3 [ 4 ] 5 Je]

Figure 3: Orbits and charges of the positron beams
with/without the automatic control by machine-learning.
From top to bottom, they are the horizontal orbit, the
vertical orbit and the charge.
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Figure 4: History of the positron beam charges at the
positron capture section, the exit of the damping ring, the
linac end and the beam transport line to LER (BTp).
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Figure 5: Charge maximization process of the beam
charges by machine-learning.
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Figure 6: Positron charge maximization processes at the
primary electron charges of 3, 6 and 9 nC.
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Table 2: Electron-to-positron Charge Ratios

Primary electron charge [nC] Positron charge [nC] Ratio [%]

3.1 1.8 61
6.1 35 60
9.0 4.7 58
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Figure 7: Photo of the high-speed pulsed kicker magnet, its
electric diagram and the installed positions in the linac.
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Figure 8: 2" bunch vertical position adjusted by the high-
speed kicker (Top) and the HER beam-injection efficiency
(Bottom).
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Figure 9: Equipment layout and photos of the high-
resolution beam diagnostic line downstream of the linac.
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Figure 10: Wide-aperture screen monitor (SC_61 H1 in
Fig. 9) and measured beam profiles of the three operation
modes: HER injection mode (top), mode 1 (middle) and
mode 2 (bottom).
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Figure 11: Beam profile on the high-resolution screen
(SC_61_A3) before the beam dump.
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