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

SuperKEKB 1R ZZREICH | 5 @B E—

PASJ2025 THPO53

LERDIN

PRESENT SITUATION OF TRANSIENT BEAM LOADING
IN SuperKEKB ACCELERATION CAVITY

ANPRERAR *, BT ERET R, (L1220

Tetsuya Kobayashi

*, Tetsuo Abe, Takaaki Yamaguchi

High Energy Accelerator Research Organization (KEK)

Abstract

Transient beam loading (TBL) is one of the concerns for high current beam acceleration in SuperKEKB which is one of
the world highest luminosity ring colliders. Here, TBL means modulation of cavity voltage (V;) caused by consecutive empty
buckets in a bunch train; the empty-bucket interval is called a bunch gap or an abort gap for ramping-up of an abort kicker . The
V. phase modulation due to the bunch gap results bunch timing shift along the train. Furthermore, we have a special situation
using the ARES cavity. The ARES cavity has unique structure of a three-cavity system which is operated in 7/2 mode. The
bunch gap also excites the parasitic modes of 0 and m modes which make large and rapid phase change at the leading part of
the train; accordingly, luminosity deterioration will be concerned. Additionally, increase of power load to the parasitic mode
damper in the ARES cavity should be cared. In this paper, details about the transient beam loading issues and recent situations
in the SuperKEKB operation are reviewed. In the latest operation, the beam current of 1.7 A was achieved without relevant
problems, and the luminosity world record was successfully updated. For the design current of 3.6 A, the paper of evaluation
study has already published, and measures to mitigate the transient effect are also proposed in the paper. In recent study, we
obtained advanced findings about ARES cavity parameters for more actual simulation of the transient effect; new results of
comparison between the simulation and measurement are presented in this paper.
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Table 1: RF-Related Design Parameters for SuperKEKB

Paramter LER HER
Beam energy [GeV] 4.0 7.0
Beam current [A] (Ip) 3.6 2.6
Bunch gap length [%)] 2 2
Bunch length [mm] 6 5

RF freq. [MHz] (w:t/27) 508.876
Harmonic number (h) 5120
Revolution freq. [kHz] (frev) 99.4

Cavity type ARES  SCC/ARES
R/Q €] 15 93/15
Loaded Q [x10%] (QL) 2.4 7.0/2.0
Coupling factor () 43 -/5
Number of cavities 22 8/8
Total RF Volt. [MV] 10~11 15~16
RF volt./cav. [MV] (VL) 0.5 1.5/0.5
Wall loss/cav. [kW] (F;) 150 -/150
Beam power/cav. [kW] 460 400/600
Cav. detuning [kHz] (A f) -28 -44/-18
Number of kly. 18 8/8
Kly. power/cav. [kW] ~600  ~450/~800
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Figure 1: Illustration of ARES Cavity Structure.
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Figure 2: Illustration of transient beam loading (gap transient
effect) in an acceleration cavity voltage.
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Figure 3: Waveform example of phase change of an ARES
cavity voltage during the revolution period.

U (NHZED AIZERIZEL D)., TDOELDIE
(AV, Ap.) 1ZE—LEHR I, BX X v v FlE (R
&) Atg \ZHBIT 2 (At, H3ZEEA D filling time 77 12 AR
THAEWEE) [8,9], /o T, &NV FORMIAHE
(RA4IVT) BhLA VI TAHALTDHEZY, Z
DEADT ) TR D LN FHIZEEEAN AL
5227 %, $HIZ SuperKEKB T V) > 27 A3 JEX FiR

ThHH20, VI ) VT1DETEIERING, b
AT, ZOIEBFEDEHIZ. JF)PARCV =T v 7ilH

IF % 7SV A (chopped beam) 12 & B4k & (hndZe
Wize->Tit) £o~<EUTHETH B,

B2 SuperKEKB Tld, 7V AZE{EZFHL TS Z
AN U TRR DRI I B, ZDREF (T LV A
223 D @PER ¥ — LB DF]) % Fig. 3 12779, M
V- AR (23yyaz 79 1280571V
SO MEBLEE =X —FKOHIT, AHDRMZE
70y FLTW5, BEfliD 0 M5 L1 > DiEHIZ
YL, 2NNV F - Ty v THhoROX Yy 7T
G 1 AR OBEERT, FEMLBHIEMET, B
EyIalb—vaviERTHBE, ZORTHNRE LD
2, EE O AT — SR IZ AT, b LA 2 SEEEER
TRBTKEREPROENE, ZHIET LV AZEHD
HFEE—F (0,7 E—F) Oidicks£DTHS (C
ZER D Q MEIZS U THET %), SuperKEKB D FTE T
&% KEKB NEFEDEIERIZEWTH, B —AMHIZ
D& IENEABBIE N T WD, YiFEZED

-618 -



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

FRDHIEIZ R I N TP 572, D% SuperKEKB
DR D 72 D12 FHFDVFFE U 7 R I 2 L —
Yayv-a—Rizky, 7TURLERO 3 HEEGE R EE
$5Z2&T (Fig. 31ZmRT&52) ZDMHEIIHEL
XN, 0,m E— NEKRTH B Z & HAREIZ 72 - 7= [10],

Z DWENZLTRIEYL 7225 DX LER & HER D JE
SHFRMETH 5, HER TR T L AZERH & T scc (B
YILVE) DMEbNTWB72H, VY 7 2RkohEE
JEE&UTIX0,m E— FOFEIXHER TII/NMI W, —F
LER X7 VAZHDOATH 7=, LD 0,7 E—F
DHWERZTOFTEHEN, T VEBHRTIHERICIBIT
L) DMK (B4 IV TDXLV) BhLA Y
SEHEMIZBWTIERIZRELS B, £/, LA VIZ
Nol2Aa—72bEMY v 7 TIERER S, FOHRE.,
NIV VT DETDOAESLT, =54 - E—L%0H
DHBOHMNIRE — A0 AN LA REES BAX
N3, SuperKEKB TlxF / « AF—L L EEN S
HOEEFTREZRHALTWSEZEELHD—D2TH 5,
ZOMEIZH LT, YIalb—Yay s AXT 1 2T
W, RF VAT LTTELXHEEE L [10] TREL
720 ZAUZDWTIREI CTEBIZREN T 5,

4. THAVERICHITZEMRY T 1
4.1 FMRS SR & R

AHiTclz, T VERBIISEYIal—vay -
ART 4 OFER & HRE % R [10] (2D W TR
WNAT 3, YIalb—3Yay - I— RO M
PRz DWTIEATETIXEIZET 5 (CCHk [10] 228),
Figure 4 IZ NNV F - ¥+ FIZ X B MMHEE{ELDOY I 2
L—ya ViER%ZR T, X LER, HER DA MHZE L
(ZNZN Agrer, Agupr. HHR) B K 2 DA%
(Aduer — Adrer. EfR) 22X v v 7RI (L1 v
SEEE) IZ2oWwWT 7Ry PLTW3, BR2ABH LTH
LHEIPAD N LA VST, MOV F - F v T
(F ¥ v 78 2%) 1M T3, LER 17 L AZEHD &,
HER (&7 L A Z2{H & SCC DAFHZA Iz DWT Y v 7
LR TERK (vectorsum) UL TW53, (MHZELIZIRIEZE
fEEEEL, ¥— LIk U TEDNRAMEELEZ LT,

8.0
>
6.0 2% bunch gap
Leading bunch
4.0 (Start of collision)

2.0

0.0

End of
(End of collision)

Phase Shift [deg]

|
oy
2.0 .
Vo
\ | | = —LERPhase Shit
-4.0 Vo e HER Phase Shift
\ 7 = Phase Difference btwn LER & HER
~
-6.0 !
-0.5 0 0.5 1
Time [us]

Figure 4: Simulation result of beam phase shift due to bunch
gap for the design current.
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Figure 5: Optimization parameters for proposed mitigation
method of the gap transient effect.
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Figure 6: Simulation result of optimization for the mitigation
method shown in Fig. 5.
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Figure 7: V. phase transient of an ARES Cavity (left)
and a SCC (right) of HER for the maximum luminosity in
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Figure 9: Waveform example of measured C-damper pickup
amplitude (solid blue line) and the simulation results (dashed
lines) for a case of single gap in a train.
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