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Abstract

The commissioning operation of SuperKEKB (Phase-1) was performed from February to the end of June 2016. The
commissioning has been successfully done with the achievement of beam currents of 870 mA in an electron ring and
1010 mA in a positron ring. In the electron ring, eight superconducting accelerating cavities (SCC) are operating. SRF
system including cryogenics which were operated in KEKB are re-used for SuperKEKB. The two degraded cavities
recovered their performance by horizontal high pressure rinsing in a period of upgrade for SuperKEKB from July 2010.
Before commissioning operation, input coupler aging at room temperature were done in Nov. 2015 and the cavities were
cool down in Feb. 2016 for the first time in five years. During commissioning operation for four months, the SCC systems
were operated stably. Although renewed piezo actuators of the frequency tuners broke several times, the number of beam
aborts caused by SCC was only nine.

We are planning to install the additional SiC dampers to downstream of SCC modules as a measure against HOM
power more than twice the power of KEKB due to a design beam current of 2.6 A. The first set of SiC dampers will be
tested in Phase-2 beam commissioning operation. In this report, operation status of SCC in Phase-1 and development of
SiC damper will be presented.
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Figure 1: Cross-sectional drawing of the superconducting
cavity module of KEKB.
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Table 1: SCC-related Parameters in HER

Parameters KEKB SuperKEKB
(operation) (design)

Energy [GeV] 8.0 7.0

Beam current [A] 1.4 2.6

Number of bunches 1585 2500

Bunch length [mm] 6 5

Total beam power [MW] ~5 8.0

Total RF voltage [MV] 15.0 15.8

Number of SC cavities 8 8

Beam power [kW/cavity] 400 400

RF voltage [MV/cavity] 1.5 1.5

HOM power [kW/cavity] 16 37
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Table 2: HHPR Parameters

Water pressure 7 MPa

Nozzle Martensitic stainless steel,
$0.54 mm in dia., 6 holes
Driving speed 1 mm/sec.

Rotation speed 6 degrees/sec.

Rinsing time 15 min.
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Figure 2: Schematic view of Horizontal HPR system.
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Figure 3: Qo measurement results of degraded cavities
after HHPR. (a) CA-B03 was degraded at repair work. (b)
CA-B04 was degraded by vacuum trouble. The Qo values
of both cavities were recovered successfully. CA-B03 is
operating in Phase-1.

AT IO —071F 2015 4E 11 A9
WELTo, 1 B OZERTEIEIANFEIN B b/t E
BB ETANT TR SoT20, KRV =713 /12000
o toioh TDFEFT—IU 7 E Mk LTz, 2016 4 2
A2 E AL, 28— 7 %1T->7~, HHPR %
WREIE 2 F2h T2 2 ZEiRZBRVN T, 2010 A0 iE A {E
1EBHE 5 SO AITTH T3, «\UWA)—W;
EOREZIRNTT NI MFITHHEE T CT&lz, 28
=07 Tld, BERDJENNT T IV FEALT=25R
auﬁﬁﬁ%&ﬁé%ftﬁ%ot HEEFRNT,. 8 BF 6 B
DZENT 2 MV OZEELIZEZE LT, ﬂg ECH
% 1.5 MV 1. Tm“f@/ﬁ/ﬂfﬁﬁ? RFFTAZENT
&7, EHE P OMER NI ERLIZDITHLHATEN,
ZRARI TAF Y 2a— NI A ARE S Ic LD X
TR ENI ST 2 LI I I\ 3E TS o7,

Phase-1 D —A=m3v i a=71F LER 2>5BIES T,

HER 13 2016 4% 2 H 26 H5 RF ATV, JEFHIC
“*—A#ﬁa TRRINUTZ, SCC 1L, a3y ia= 7 Bk
VENERORD. 8 B 4 BOZEREE L
(detune) STz, Phase-1 OB EAICIXE TN AL
VN, B2 A ERR B A LT,
Phase-1 JEHzH | ZZ{HFDLDOE RN ETHE—LT

A—MZ 8 BEDOZEWTEEF 9 B(F=>F 5 (A, iE 4
[A]) Tdho7c, KEKB (B — A 1.1 A) JEKEO R~
L—r(0.1 8,7 H /8 2=l [6][AIFEEETHY , ikEL

TR EREE Th-oTz, T, ZTNHDORN Y7L, £
SFHEICE T HEHIR o — 0 T T A2 ENT
&5, —F . BH LI = T I F oo —Z Offufail 3
BREIZHIY, B 6 ABELTZ, HiL W=y 77 F 2
T —&%, RF On/Off IRFIZ BRI (249 100 mA DEFLEH
BIIESH, KEKB THEAL W=l il CGRVWVEE
BACIZTRNZ e oTe, ZOWMWEEE LA #ET S
7o Hilf#E % T L TV 5 Low Pass Filter (LPF) DE
ER A REL<TAH RIAN—DOHNEEEHIRT AL
DX RZ TR, SR DELN TS, HEfiEEORA
E’J&Jﬁici\?ﬁ’i%fﬂw ICEDBHE A= DT
M7 B B IZ Ve =Y B OB E ) NZ D
FEHETDHIL Jtéé?)l—/foc}: WEZBND, BIE,
TEHARE & [RRR O OB BT KD fil a5 Rk 2 52 it
Thd,

5. SiC & HOM #/\—DBHF

Figure 4 (27 =7 A N HOM # > 7 3—%7173", KEKB-
SCC DI=DRFEEINT-Z L /3—T, 7= IA NI AT
WZMEIC HIP ABIZTRERS S, R 4 mm ThD
[ ] — X DT 2 FANUL o= N2 D F - O

2580 SBP, LBP [ZEREIAL TS, Table 1 T/RL7-1#
D\ KEKB &ii (1.4 A, 1400 N2 F N F K 6 mm)
IZIE, — X THRK 16 kW O HOM 23U —Z IR L 7=,

Figure 4: A KEKB type LBP damper with 4-mm thickness
of ferrite, 300 mm, length of 150 mm.
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Figure 5: Calculation model of the SCC module. Bunched
beam comes from inlet port. Monitors of poynting vector
are set at SBP and LBP ferrite dampers, additional SiC
damper and both ends of beam pipes (inlet and outlet port).

Table 3: Summary of Equivalent Loss Factors (Eq.LF) and
HOM Loads at 2.6-A Beam Operation

Part SCC module With 240-mm SiC
Eq.LF HOM Eq.LF HOM
[V/pC] Load [V/pC] Load
[kW] [kW]
Inlet 0.05 1.3 0.05 1.4
Outlet 0.58 15.7 0.15 4.0
SBP damper  0.32 8.6 0.35 9.5
LBP damper  0.43 11.7 0.47 12.8
Total 1.38 37.4 1.02 27.7
SiC damper - - 0.97 26.1
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Figure 6: Equivalent loss factors of SiC damper (red) and
the emitted out to the next cavity (blue). The length of 240
mm is suitable for the practical condition.
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Table 4: Summary of Eq.LF and HOM Loads at 2.6-A
Beam Operation in Large Beam Pipe Model

Part Beam pipe of 200 mm dia.
Eq.LF [V/pC] HOM Load [kW]
Inlet 0.06 1.7
Outlet 0.25 6.7
SBP damper 0.37 9.9
LBP damper 0.46 12.3
Total 1.14 30.7

FEEROBHAGAEEZE L, 120 mm D SiC &2 78—2
BEMAADETRBETHILE LT, MERBRELT
FE&120 mm OFT AR LR —ZBUEL AT — KR
IRz, TOREER 12kW ORI T —ZZER L, £
TN SR AR L 7= 0 IR LR CH L E L TRT—
ZRINCTET,

ZORERAELEIZ, Figure 7 (2R SiC F'ahZ A7 4
V=2 BEEWELT, SICDE X120 mm., JEE 10 mm,
NEE 150 mm, #7425 220 mm ThHo, HHEIE, Pv
o NIAT DHBEIKT ¥ R NHY, TFF7—I1ZIDKES
ND, ZOTONEATE L 28— DA 30— R & i

-917 -



Proceedings of the 14th Annual Meeting of Particle Accelerator Society of Japan
August 1-3, 2017, Sapporo, Japan

PASJ2017 WEP037

L7z, 15 Limin. TWHH L2 O WU ST — D it R %
Figure 8 |77, W ALDF L 73—% 18 kW DI/
U —ZER LT, OFEY, 1 D SiC &/ —THRED
13D T =2 ATRETHY, +72~—T v nNdD
LWz 5, 18 kW WM B SiC F iR EE 135 & T 80°C
Tholo, ™A — RS OBEIRBIIC L AN R B
TIE, 7975 IR RENI2n-oT,

Figure 7: Prototype of SiC damper. The length of SiC is

120 mm. Two dampers will be installed to one SCC
module.
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Figure 8: High power RF test results of the prototype of
SiC dampers. The absorption powers of 18 kW were
achieved by both dampers under the water flow rate of 15
L/min.
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Figure 9: Two SiC dampers with beam ducts installed
downstream of one SCC module. Total SiC length is 240
mm.
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