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IMPROVEMENT ON BEAM INJECTION BY THE UPGRADE OF KEK
ELECTRON/POSITRON INJECTOR LINAC
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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 [pm] 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.
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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 HI 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.

DIKFFF EHENITE — LN TTE % Ffo T2 — A A
R RXNX—PENVOEENEEINIZHDEL TH
HEND (4.6 mm TTRAX—HLE0 0.1%I2HHY), —
75 E—LAOFEEFMNIET A A= a faREar
DT, ZOBBEMB DI = — G I T8 5N
BEHNCE — LA XA OB B G 2B 50124 H
Thbd,

ZIVETO HER b — A AFHEER T, —FFICE —
AT 2—=0 T EATo THINT R e 8 DA 1T T
E—AMEREDY B R B L T, AR EZE(LSE
BHI=0121F, AFE —LOVERER B2 ITL . @ fEls
ROMENRDH D, HTE — LW 71 TOBLIZ EFL
SHTC, B —ADT R NF =Ry H U AR KA
I OFFFEIZIE LT,

4. FEOH

KEK & 7-B% - A4231% SuperKEKB HER/LER,
PF U7, PF-AR ~h 77 v 7 AGH#EELREFT > TUND,
SuperKEKB DU 7126 LT, i gt s fR=Iv &



AINORKEMDREE — LA FEBSEDH280, 4 4
HETARBROT 7L —RBEITHR Thb, KO
ZOVANURRERG A, e R B A VAR Y T — | B
MRFE LD — AHE B R S, B —2EHR I ZE A
STz, BE AR CII T B A SR =R 2 X0
ANH IR TR R R R LD 4 nC B — LB DS ERS
Ny 2 N FIEERIZEBW T, @l —I12k b5 2 N
VU F OIEE ST A E DAL ST TEX DX,
HER ~ODOb — A AF N R E S ES NI, FriakSih
FEBEEY —LAZT /I BW T, B —LAD 7 1
T ARV —]LH07N HER AFHEI0EEL T
HETEDLINTIRoT2T20, A1, B — L0 E O F
EPRL R ST FAL T,

Bt

PF 66T, SuperKEKB, Belle 11 [ Z#E> 524
TEANEHN 2L ET, AHEREARZEY 7o
WP H B L O AT I L0 | BFFe A HERE+ D2 L0
TEEL, o, ZZEEB W AT L —EA(BK) HEix
BANIZED BN AR ZREER IS L OMRSFHERFESE
IR =L E T,

S5 3

[1] K. Furukawa et al., “Advanced acceleration mode switching
for simultaneous top-up injection at KEK electron/positron
injector linac”, PASJ2020, Matsuyama (Online meeting),
Japan, Sep. 2020, pp. 1-6.

[2] Y. Ohnishi et al., “Recent progress of SuperKEKB project
and future prospect”, IPAC2023, Venice, Italy, May 2023,
pp. 1339-1342.

(3] HAITERA, FARIA K, Belle IT EBRIC L HHELIRZ R D
WIRE R ), AA LSRR8 77, 2022, pp. 745-750.

[4] K. Furukawa et al., “SuperKEKB injector improvement
plan at KEK electron positron injector linac”, PASJ2021,
QST-Takasaki (Online meeting), Japan, Aug. 2021, pp.
320-324.

[5] H. Ego et al., “Upgrade status of KEK electron/positron
injector linac for improvement on beam injection to
SuperKEKB”, PASJ2024, Yamagata, Japan, Jul.-Aug. 2024,
pp. 608-612.

(6] w I AR, B, EFEF AHHT L—T
[KEK E1E 1 ARHROZ BNFEKN 7T 7 A
G, AANESR A6 NEeR ), 21 % 3 5, 2024, pp.
198 -207.

[7] T. Natsui, “Development of new pulse driver for high power
pulsed magnet”, LINAC2024, Chicago, USA, Aug. 2024,
pp. 418-420.

[8] K. Yokoyama et al, “Pulsed magnets at KEK
electron/positron injector linac”, PASJ2022, Kyushu
University (Online meeting), Japan, Oct. 2022, pp. 1029-
1033.

[9] T. Natsui et al., “Upgrade of KEK electron/positron injector
linac using pulsed magnets and machine learning”,
IPAC2025, Taipei, Taiwan, Jun. 2025, pp. 1651-1655.

[10]Y. Enomoto et al., “A new flux concentrator made of Cu alloy
for the SuperKEKB positron source”, PASJ2021, QST-
Takasaki (Online meeting), Japan, Aug. 2021, pp. 211-215.

[11] F. Miyahara et al., “The current status and performance
evaluation of the positron generation of KEK injector linac”,
PASJ2024, Yamagata, Japan, Jul.-Aug. 2024, THP090.

[12] C.Mitsuda et al, “Adaptive development of ceramics
chamber with integrated pulsed magnet for future light
source in KEK-PF”, Proc. 18th Annual Meeting of Particle
Accelerator Society of Japan (PASJ2021), QST-Takasaki
(Online meeting), Japan, Aug. 2021, pp. 631-635.

[13] K. Yokoyama et al., “Pulsed bending magnet for the beam
diagnostic line at KEK electron/positron injector linac”,
PASJ2024, Yamagata, Japan, Jul.-Aug. 2024, FRP057.



