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Abstract

We have developed and manufactured CW 1.2 MW high power water-load for the SuperKEKB, an electron-positron
double-ring collider at KEK. This water load is attached on the #3 port of circulator or #4 port of magic-T to protect a
klystron for reflected power from cavities in the waveguide system. The water-load used at the RF stations in the Fuji
and Nikko areas is a rectangular waveguide type, and all of them were manufactured at the time of construction of the
KEKB accelerator. At the time of construction of SuperKEKB, failure diagnosis conducted for all water-loads, and
based on the survey results, proceeded with maintenance while considering modifications to improve performance for
long-term operation. In order to secure the spare loads in the main ring, a total of 3 new water-loads were fabricated
from 2018 to 2021. The current development status such as problems that occurred during receiving inspection, regular
maintenance after fabrication and status of aged deterioration during long-term operation will be reported.

1. [EC®HIZ

SuperKEKB MIEZH[1]1EV > 7 TIEZEMN > 7 BI O
v — A7 R — MR AT ORI E 1B T4 AN
ZRETHILE AR —F 2L — & —5 3 R—FbL
<IX Magic-T % 4 A—NMIKEBEBHIHVA—F—1— %
HREL TN,

B, HXHIXD RF A7 —Yar TSN +—
K —u—RIIHERE R E R CHY | EHRI M H 3525k
28 KEKB JliE & OB RICHEIEIR LD TH D,
SuperKEKB 5% D72 2013 HFENHIOT 4 —F —
T— R AR UAR SVER A A L . O RE FIC
FDSEMRER D70 DWIEEED S ORTFEED T,
FV 7B T DT DT 2018 F-05 2021
RO 10 50124 e —REF 3 Ba i
TELTz, BUER O T ATUERER O SFIRFIZ TS AR LT[
SO R WERR 3 T D HARIR D e EBUE O B IR
EWET D,

2. RKEHMRAVA—5—0O—F
2.1 Ur—HF—u—RORHEI L ORER
SuperKEKB M2 CHAEH WO TWHKEH
T —H—ua—RDOINEE Fig. 1 | W (NETRIRDEE
X SECR[2], 3125 ROZE), Figure 1 FITRT
R B A 4 — 4 —r—R (X, KEKB &% I2dHi=b,
ZOEEDOTZDIZHIE SNz, BFE, 1.2 MW HO
VA —4F—a—RE D8 TR I/ T A AN B%E
HOTANAT =g AT TEM - ER STV D3 [4],
BRIT Sm RS BOEILIZE STz, 20728,

# kenw@post.kek.jp

S NI RSARER DR DT 728 BEILO L
VA —H—a—RORIENRLE LI ST, BT ORE R,
TERDYDEED 2.5 m FTHAREMM2ONIZA

T —RNRFERLTZ[2], ZDHEIT, SHIZEEORE W (1.5
m) [ R — 2 —— R 78 2012 4E(ZBR % -
SN, KEHXICGEHSILTWSB]L, $72.5 m &
DU F—H—u—RX, DI, D2 EFRMIZHDT ARA
Ty a Al Tl ST CRD, BLEND 40 F1FE
POELHAELREB 1.2 MW GBifi) O E 1184
HL TS,

Figure 1: High-power water-loads (Upper: Cylindrical-
waveguide type, bottom: rectangular waveguide type).
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Figure 2: Water leak happened from the joint point cause
by corrosion of metal seal.
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Figure 3: Comparison of damages dependent on the water
quality around metal seal checked after the KEKB
operation.

TV 7RI 5 TR Z B B2 2018 Fb
2021 AFIZHNT T, 12 SIS T p— 2 —
o—R 3 BEFHHBICEELZ A2 — L O Lk
THEEOREHEE) . WV TRAES O E B L OR
BV — )V DER + B A F R~ DBATE B BIITLRSTF
VEZEA T, ., FEL W5, EIETIE 2021 5
BRSPS L7, ZOEXDORIEIT D11 ICRES
Nieovxr—4—u—K 4 B 3 BThoTz, TOHD
2021c DIEHRIZT, ZORSFLIZ 3 BDOE 2 BICH#ER
D 1.2 MW I3RS E S EREE T (<100 kW)
2T, BRI BT 7V R0 B TR BB RN S
., Fe, BEU EOERRRDL G bE TRHSh,
BLR Tl LRI T A2 LT LS L. FERo
Tt 3 BDH6 2 REHLU TR LTZ, LINLZRRG,
D2 BIZBWTHEEDOEFTHNED, RO R 5

- 465 -



Proceedings of the 19th Annual Meeting of Particle Accelerator Society of Japan
October 18 - 21, 2022, Online (Kyushu University)

PASJ2022 TUP054

N ARELL EOIRRERE SRSz, 2ok, ié%é 1
‘*Uﬁﬁﬁbf&t#ﬂ%@fﬁu%&#fﬁﬂ Zonyk 3/
?“«TT,E: MEEALT-, el T, F—DANT1ES

2R, 770 P RRVOIRE FE BN DIV —REIREL .

BRI LTz, B RO RIK O &2 ORI
A HIEHRRE T # 0D 2022ab RO A ZARSFHIIC S hE 3
HELTZ, IMERFEORKEL THEA RIENEZHND
23 IRLGERLE L C, O BB B8kt 7 7 0 ¥ OB Uk
WEATHTEE, 7T PHPODIRIREIR L ~ UK
TFUIZE CIRE RO KMEB LI AR
DAEUT (BRIRE KO 77 Vil Cld a7 iR E J:ﬂ*
DRRENIEITE) . @QIRA 7K IR DIRA LR A A

ZLTCHEREFEL GEIRL TAZED 6(;:7]?'-%4\

tand 23ZEAL, AR, BEE N OE BRIV BB 5
MHEALT D, EEBDOHELEELIZ, )., [F—0Di&

RS MEIC B W TAaMIC EA 32 o iy KIEICZ 1L
MDEOLNIZZENFET NS, TR IS vz 2
WIENO G AT L, 2020 OEEEHIF T, D10-D D
P—Fa2l—F—5 3 F—MIEREINZTA—F—
0—RIZ T T EORE B E LD H—ay 73
MU, MEHIAH T 7oA B NREL T, WE L5
EMZT20, % B RRE LTS R, mER R Lk
VIMZ®HD RF 227N CHREN AL, BB
X5 RF AR B (N S T2 2 L] o T2, iR E
ERFICRAEZIC LD D LB AR VIO A5 F,
YN :Wﬁi‘ﬁﬁ%‘ﬂ%&é@ﬁ&%@ﬁﬂbﬂ\zoo

2021c DOIEHAHM ET?*”@% ZIC LD IRENR
[KC D4-A TR ESI - RS E R Y 4 — 42— —R
D5 JE P R L, SEARIEI R ~D KRV FE A LTz,
ZOxHNELT, D11 ORI B F 2 AL ion—
R (2019 A8) ZFFH LA L 72 (CYIRFIE, WA oD
BRIZHIRE KRB HDDOTIZARNOMEHERIL T =720,
ZOIH7 W LT2) A3, & R e 7 7T DO
BRI CO R IR BEANEFH LT, ZOLEIIZDRIA
DWIR DB NARATF LT ETEPE D BETIT A g
EZ . RINAROEERE LT ThHIZEZA, TTVH
DI KIENSHIE EF . KORLE/RR U fa->7,
ZDOEEDIREE(LORET% Fig. 4 (T7"7, ZOr—K
1L RF AJJREIZ @& B BB 7 7 ¥ ORI D EE
IRESRINSNTRY, WEET — T 277 U2
B ETEBIRNAT R AL T-b D TH D, Ei ., HIF
BIEEO E mICRESNZIRE L — (1 F)ICK
ERBEENDFAL TNDHIEIHD,

oy

O—FADAHES :~100kw

O LR
10/20 |LEATES0°C
03:29:31
@ 1LER
Flange’ 25 (1) FlangelBRECT) ig/;;ﬂ\_
1.LEA{E60°C _7\
- M e
__,NMJ-J’JMW Y = A
B g e f P | M-
¥ g . "V /«w‘-*‘"" -
A L] j/a [}
I L] L1
SRRIKACR (R FRHIAGKE () “&Wﬁim
Cond. 8

10:0011:00

2021%10A 208 0:00

Figure 4: History of temperature rise during operation.
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Table 1: List of the Water Loads to Survey Cause of
Abnormal Heating

No. Status and other
1 Testing to survey cause of abnormal heating.
538856-1 : Used at D11-B until early of 2021c
(Mar 2007) : Maintenance was done Sep 2021
: Abnormal heating appears in 2021c
: Countermeasure for abnormal heating was
carried out this high-power test.
: Back to D11-B before 2022ab
2 Acceptance testing after fabrication
568810 : Move to D11-D after this test.
(Dec 2021)
3) Testing to survey cause of abnormal heating.
565113 : Used at D4-A during early of 2021c
(Oct 2019) : Observed abnormal heating in this run

: Countermeasure for abnormal heating was
carried out this high-power test.
: Move to D10-T (Test station).

4 Testing to survey cause of abnormal heating.

563306 : Set to D11-B from early of 2021c¢
(Dec 2018) : Observed abnormal heating in this run
: High-power test was done, however a
water leak from metal seal was detected.
: Go to failure diagnosis.
: Go to repair (~ Mar 2023).
: High-power test is planning after repair.
4) Acceptance testing after repair
518552 : Used at D10-D until 2020c
(Aug 1998) : Repair was carried out at Jan 2022.
: Move to D2-ET (test station) after this test.
6) : Used at D11-D until 2021c¢
535025-2 : Maintenance was done Sep 2021
(Aug 2005) : Abnormal heating appears in 2021c
: Failure diagnosis without testing was done.
: Go to repair (~ Mar 2023).
: High-power test is planning after repair.
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Figure 5: Location of thermos-sensors on the water load
at high-power test.
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Figure 6: Temperature distribution on surface of the water
load.
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Figure 7: Amount of electric field level cause by RF
leakage measured by hazard-meter (Before and after).
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Figure 8: Measured temperature on the surface around
flanges of waveguide with RF window.
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Figure 9: Temperature on the surface around RF window
depend on the water quality at 100 kW load.
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