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Abstract

SuperKEKB started beam collision operation in 2018 and the peak luminosity has exceeded twice that of the KEKB
record. The stored beam currents have been increased up to 1.5 A in the LER and 1.2 A in the HER while carefully
taking into account various hardware risks and other factors. The RF system does not currently limit the beam currents,
but will enter a new regime in the near future, aiming at the design currents of 3.6 A in the LER and 2.6 A in the
HER, which are twice those achieved at KEKB. Consequently, we studied the issues for the RF system for future beam
current increases: we evaluated the maximum beam currents allowed with the present RF system, as well as necessary
improvements for further increases aiming at the design beam currents. We discuss the issues from RF system-wide
perspective with specific points as: (1) beam power supply capacity, (2) performance of HOM dampers in the ARES and
SC cavities, and (3) measures for the stability issues of the accelerating mode under heavy beam loading.
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Figure 1: Layout of RF stations with the ARES and SC

cavities in the LER and HER of SuperKEKB.
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Table 1: RF-related Machine Parameters Achieved in KEKB and Those of the Design Values in SuperKEKB

KEKB (achieved)

SuperKEKB (design)

Parameter unit LER HER LER HER
Beam energy [GeV] 3.5 8.0 4.0 7.0
Beam current [A] 2.0 14 3.6 2.6

Total RF voltage [MV] 8 13~15 10~11 15
Radiation loss/turn [MV] 1.6 3.5 1.76 2.43
Total beam power [MW] 33 5.0 ~7 ~7
Cavity type ARES ARES / SCC ARES ARES / SCC
No. of cavities 20 12/8 22 8/8

No. of klystron stations 10 6(+1)/8 187 87 /8
RF operating voltage/cavity  [MV] 0.4 0.31/1.24 ~0.5 ~0.5/1.3~1.5

TTill date, partially increased to 16 (LER) and 6 (HER) for the ARES stations.

L\“C L1 EERANOHEZZaI vy a =y JBBRTET

587 L. HPIEHETHE X 117z SuperKEKB A% IC
&MERImRm?h%774xbn/z$®% X E T
LT3 (Table 1 i), KFEITHIHZR DR BKER D
Z < I1X KEKB 225 OHFHTH 208, Fizlcrd &L
LLRF ZFFE L [11]. 9 &fTD RF X 57— a Y TiEH
LTW3

3. MFRMUAEZBAICLSZE—LEFREL

LER 121X 1:2 B X O 1:1 #5k ARES @ 2 fH D, HER
IKIEXBITSCC HEDTIFMEDRF AT —> g rh
HELTWE, Zhbid, EHICEET 385 X —&
RHBRINDERT—RENENEFNRELR D, #ZT. 5‘%
5 &% A 7D RF RTF—3 a v OHEMEZHME S
5L, P—LBERPREEICINT Y ZRXE 22T, RF
VAT LAV - LB TE IR —FRA(LEE S,
KEKB ® HER 2B\ T3, SCC O ¥ — &Mz H
¥ LT ARES 1Zxf L T#J 10° MiAHZE % D) T 7225,
SuperKEKB D KE L — LAEILTIX Z OFIENTAIR
B, LTI, COFETERELY —LE R E
TRAETE 2%, EBINCHHEL 72,

HiROBERIED 25— a Y EZ. BRERBOIVAERE
HEWEP L. WEETHDORT— a v EiR» S

BAECHETES LS, RABEFEBLTEESI N,
LU, AfEcidax MIiflo@BRzEHRL, AR
T— a YT RERBRRKER. BIUREIE—24%
TERIC R/ NRE L BAIERR IR > TRHi§ 2,

3.1 FHmEHETTE

LMY — 20 & parasitic loss TR H 87 —D
IR E R AT — P, 794 AU H
J1%7 — Py, ZEtET 2B, ®RRT—>ar x4 S
HBONMMEEMGTER Y Uiz, SIEICHVWE AT X —%%
Table 2 IZ7R T, EHEERPYH —F 2L —XRLEDOKREN
IR TORER R Z T% ¥ LTz, £72. ZABIUKE
TR DI ERRNC L EER 2 TR DAY —Z2HUE L
720 VAZBIUT—IVOWDHBEEFT 0, &%
AR DEETERER M TOEIREHEL R X, 77
AR+ y H7=H ARES Tl Py < 800 kW, SCC &

Table 2: Parameters for the RF Power Calculation

ARES SccC
Klystron : Cavity 1:1 1:2 1:1
RF freq. (frf) [MHz] 508.9
Revolution (frey) [kHz] 99.4
R/Q 9] 15 93
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Figure 2: RF power delivered to beam as a function of
beam current with the present RF system in the LER. The
red (orange) lines show the 1:1 (1:2) stations. The dotted
(real) lines indicate the relative phase difference between
the 1:1 and 1:2 stations of 0 (11) degrees.
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Figure 3: RF power delivered to beam in the HER: (a)
with the present RF system, and (b) with two klystrons
added to make all ARES cavities into the 1:1 configuration.
The red, orange, and blue lines show the 1:1 ARES, 1:2
ARES, and SCC stations, respectively. The dotted lines in
(a) indicate without introducing the phase difference. The
real lines in (a) and (b) indicate with appropriate relative
phases introduced.
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Figure 4: Layout of ferrite HOM dampers in the SCC with
additional SiC dampers between the cavities.
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Table 3: ARES HOM Damper Handling Power Capability
in the LER of KEKB and SuperKEKB [9]

KEKB SuperKEKB
achieved design rating
Beam current [A] 1.6 3.6
No. of bunches 1293 2503
Bunch length [mm] 7 6
Loss factor [V/pC] 0.39% 0.44
HOM power / ARES [kW] 5.47 17
HOM power / WG [kW] 1.05 33 5.0
HOM power / Groove [kW] 0.3 0.93 1.2

TBased on calorimetric measurement.

Continuous power handling rating estimated from power tests.
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Figure 5: Schematic view of the LLRF system for Su-

perKEKB, while highlighting one SCC station (D11-A) in
the green colored part. The blue (red) colored region cor-
respond to the HER (LER) rf.
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