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Abstract

The electron positron injector linac at KEK continues to deliver electrons up to 7 GeV and positrons up to 4 GeV
into four storage rings and a positron damping ring for elementary particle physics and photon science. It started the
simultaneous top-up injections in May 2019 into those four rings of SuperKEKB HER/LER, PF and PF-AR at various
beam properties. This injection scheme requires high-speed switching to match the complex parameters of these rings,
and all top-up injections have been successfully achieved for the first time. As the beam lifetime of the SuperKEKB rings
are less than ten minutes, this scheme is indispensable for the higher integrated luminosity. It also contributes to those
experiments with stable stored beams.
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Figure 1: Layout of KEK electron/positron accelerator

complex with beam properties from the injector linac to
four storage rings.
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Figure 2: Typical beam bunch arrangement in the damping
ring for two bunches of two pulses.
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Figure 3: Energy change with rf phases (red) from cre-
set phases (green) compensating energy spread at adjacent
units.
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HAizmay 2 LT, ABHBOY I N—E=y
INVF v L EFHL Y — %ﬁﬁé%élmm
MHz 7533 iht019U/a88+/@ 220D
z/%ﬂﬁﬁw%ﬁbf@%MLmﬁém 8Ev
F2NA NOIEHRSE, 23GHz DEIEIZ T Y 7 2
LTHEbnsd, 234 FDOW 131 bld, LRIVE
SOHSR, HEAEY OEXRIZHVWSN, H5 1
NA MIARY Fa—=RDERIZHWS NS, (X
VMIA—=FREENFNDEVRIZBWT, 2137
EEDEHER., HIHBEEDOREIIMHS Z e NTE 5,
24 IVIESIX, 328y bOEELIEDOIREDN T
BTHhO D, SfEBEITHEEIZE D, 1RV N7 O Yy
788 F /My hray s 440 ¥R T, HEE
F1O0aRUTTHsd, 1R FI—=FRiF1 31 b
BOT, 250 FBEIFERZXATHI LB, K
o9 B HIEIBSRE S 2SOV A BIZ BN AR RETH B

L. TEAEVLEDERTEKMIEEZEZSLI LD
ARER DT, ZTOHIIKERFHIRIZIT RS0,

HAEASHHE T EVG 1% VME EFERSIC I S T
W5H, EVR IZ VME, PXI. fAIAM FPGA 51— K
REDKENEHAI N T WS, EVG RN
AR RRD ¥ — LGEERHIE 2 i S &, T DR T
FYES 5 EVR BRI R S /- 85126 U 7= )

PASJ2020 WEOOPO01

EZR % IEHT 5 Z 2125,
42 Y—LE—F

ASHED 4 DDEFEY » 7 HER, LER. PF, PF-AR
WG U T, E—ATKIHARPRLRZDT, TNTNE
V—LE— RO, Hg 707 T LANONEIT—
K& TH -7 3 XF %M\, KBE, KBP, PFE, ARE
CIFATWS, RBHDOEDEZEHT 10 DY — A
E—KR&, ¥—2Z2MEbTr51 2 ba ol
EH%@Wéﬁé%—Pﬁ%éoE—A%—F@K\

XFXERBBOBEEBRCX A I /7@@7@ b))
I % 2OV AT ﬁifb HIfHEmE Iy — L€' —
N DD HIHELDES .

— DD — LNV AIZ—DDE —LE— KA
L. ZDZNFNIZH 10 DA Ry b a— RKaES
TEH, HIFIZIE—DFTD /NI AD#EDHD D IZIRD
V—LAE—RZERTEZIRY IR ES N,
IS —LDOEIZE T REEOHELILE
THARY A= FEPEOSND, FEAEDAAR
Y haA—=RIZZED EVR fHHEEEZREBELTCEZHD
HEIZHAINED, —EHDA XY b I3— RIZAGH
#vﬁ—ﬁ8®%%®%%ﬁﬁﬂﬁbM6o

FEFENET L5461, ANBEEKEZELTE—

A%@@¢5ﬁ§ﬁﬁ‘¥QMﬁ?5%%C&iLM$
ETRREBIZH DO — LNV ATHY, D7, EVG
HEMANT, EVG # 3 DHEL. —2IikekoE
Arva—Y YA B ERETRHEE L TH
AN %M’Fa‘é [20],
R U 7= Hl i E fE 2 BT 572D, K
EVG n+ﬁ*%f@7ﬂ7 N i@% f& D ’fn*ﬁl\ép
HEEDOM Lk EMEtoRM2 H 5, /2, Kiod
N7z XD TP RBEEEP LY EZEZ T VWL D HEKRE
KEHLTHD, BIERY—LAZ2ERIREZLT
WL TWBED, TEIIBRAK K ZEL 20
EEZTWVWS, IOIZFHMIO>VWTIEINETOR
BETHEINTEY, ThoDFLHEBMBULT
W72 & 720 21,

43 Y — LEER 2 AR B

U= LEERIZBWTIE, ARV =X PHE 7o
TLADPODE—LEDRUREDEREZ, 1P x
ovayv - RXR—=v\WST7a s AN EELEE
T EVG #EEIZ%E D, EVG BRI ERHENE 2
i+ arzrizn b,

IR E R IR & > TR E — L F— K &7
WHECEL L5122/ 2 8I2& D, Fig. 5D &>
Z—DDENEIIZH U T dH7=h b EEDRAAR 75
AFBPEFEIEL T, BEHXZTDS D -2
AR EBIET B 2AERIZLTWA Z &I
b, TXILF - — ARz >WToREN!
S, TNZENORBAH BRI L TEESES
Z iz b,

5. F&&b

X FXF USSR E 1T o 724, 2019 4E 5 H
5H»S 40V JEENY 7y T A ZBEL
2o TNTEFNDY v OEREERDZENITHAIHKIZ

\_.\__

-5-



Proceedings of the 17th Annual Meeting of Particle Accelerator Society of Japan
September 2 - 4, 2020, Online

PASJ2020 WEOOPO1

PF Eﬁz%t)\%‘f
suBE
Q?ﬁﬁ e T v
SuperKEKB LER A5t

BT (2.5GeV,0.2nC)

FF (3.5GeV, 10nC) f7EF (4GeV, 4nC)
ARV~ ﬂﬁﬂ BRT £ m—
A
\ T
SuperKEKB-HER A%
wo)
PF-AR ﬁS(%]‘J‘c)\E‘I BT (6.5GeV, 0.2nC)

Figure 5: Single injector linac behaves as four virtual accel-
erators (VAs) to inject their beams into four separate stor-
age rings.
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Figure 6: The experimental performance of SuperKEKB
was improved by 237% employing the simultaneous top-

up injections.
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