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Abstract

In the SuperKEKB accelerator, sputter ion pumps (SIPs) and cold cathode gauges (CCGs) are used as main vacuum
pumps and vacuum gauges, respectively. These components are extensively used in large-scale vacuum systems due to
their high reliability. Typically, ion pumps receive 5-7 kV to the Penning cells inside the vessel, while CCGs receive 1-
3 kV to an inverted magnetron-type cell, through high-voltage feedthroughs. Under suboptimal conditions, such as high
humidity (low dew point) commonly found in environments like underground tunnels, these high-voltage feedthroughs
are prone to abnormal discharge due to creeping discharge and corrosion at the insulator brazing sections, potentially
leading to insulation breakdown or structural damage. To address these issues, we have conducted accelerated testing in
a laboratory setting, wherein commercially available and commonly used high-voltage feedthroughs (connectors) in SIPs
and CCGs are subjected to prolonged high-voltage application in high-humidity environments, aiming to investigate their
high-voltage characteristics and durability under such conditions.
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Table 1: Types of HV Feedthroughs used for our test and their applied voltages.

Figure 1: Symbols and outlooks of HV-feedthroughs for
our tests.
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Figure 2: Cross sections of HV-feedthroughs for test,
where the scale of radial direction (vertical direction) was
MHVE! doubled. The dotted lines and figures indicate surface
distance between central (green) and outer (gray)

conductors. Purple and pink materials represent ceramics
(& = 9.0) and polyaniline (& = 4.0), respectively. Radial
scale is doubled.
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Figure 3: Electric potentials between central and outer
conductors, where a voltage of 5 kV was applied to the
central conductors for each feedthrough. Radial scale is
doubled.
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Figure 4: Test stand for accelerated test, where (a) whole
view and (b) feedthroughs attached to test chamber.
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Figure 5: Histories of discharge currents (A_C, B_H, B, SHV, SHV-10kV, C), temperatures and humidities of inside air,
outside air, vacuum chamber (In, Out, Cha), and pressure of test chamber from 15 February to 15 March, 2024.

453 -



Proceedings of the 21st Annual Meeting of Particle Accelerator Society of Japan
July 31 - August 3, 2024, Yamagata

PASJ2024 WEP078

Table 2: Summary of discharge currents for each feedthrough during the test period, here red means breakdown. The CDs
(Creepage Distance) at cable side and feedthrough side are also presented for reference.

110 120 130 140 150 160 170 180 190 200 210 220 230 240 250

B CDI* (cable)[ CDI* (FT)
[mm] [mm] 0 10 20 30 40 50 60 70 80 90
5kV
AR 23 35 14+
A_CDE 23 35 14**
ACE (1) 23 35 14+
ACE(2) 23 35 14+
BR! 2 30
B HE 24 30
CE 30 18
SHVE (1) 14 18
SHVE(2) 14 18
SHV-10kVE! | 23 37
3kV
SHVE 14 18
MHVE (1) 13 13
MHVE (2) 13 13
MHVE (3) 13 13

*CDI:RE TR (Creepage Distance of Insulation)
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Figure 6: Damage of SHV-type feedthrough at cable
connection part.

Figure 7: Damage of C-type feedthrough inside of
connector part. Trace of discharge is found along
polyethylene and ceramics insulators.
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Figure 8: Damage of A-type feedthrough at insulator.
Traces of discharge is found on both the ceramics surfaces
of insulator and outer cylinder.
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Figure 9: Color changes and corrosion on ceramic insulator
and on cable connection piece of B_H-type.

DO HEBEN A3 KEL (Fig. 2) . Hor7alaix BEBEN MR-
Bl EEZ BN, NWEIOBFREIZENWREET
Hb, —F . B_H B TIIAMEGOBEED oG @i E o
KEDBEGARANT D20 | BRI OV AL FE D
R0, RERMEEN(10° Pa &) EHIM (233 H
M)k B9 12t 4L TV D(Table 2), FEBR . 5 R i
U AR AN AR BN TV D(Fig. 9), 7272, 77
AIARARNIETIZE AL TEH T, MigaiE T
STV, ZIVH 7 LISME L85 LD BERES R E W
HEEZBND, SEROWEE B E WA I BRI
WSROI THS,
42 3kVHINLZT

SHV #l}E, 3kV HINITH BB A D -<Y EHLT
VW23, 195 H B CHREfRIEE L 7=, MRS, S
kV HIFERL[REE, 7 —T A= 327 2 NS (DR
AR Tl oT=, 7272L. Fig. 6 IZALNAIEE L
BETII ) >, — 7. MHV BT, WEDLZA
BB TRIZ/NEW, MAV B4R B 2ME W 0
T 3 kV TOHRBREIT > TN, lHE TREMDr—
TIVOIR BT R E e 2N e 2O BB D =
DJFRIT LB, 1 {EH B O MHV HEERAY 102
A& o7z kf T, r— 7 W o — 2@ BicdL
BRI Z BT KB AT K LTZN, ZOHERE/2E
{BIF727>72(59 HM), ZDH%EHICHMZ RELize
ZA. 14 H B BETHEERNA ML Thd, K&
=T NVOBERGIR AR T T 555 TH D,

5. F&&H

SIP %> CCG 728 I HNBIV TS S B H AL 10
TR O i BB A S 12O T, SR EEBREE T TR
HERBREAT>TNVD, B T CIE, 22 OGRS
DE IR TH COMBIREE D IEZE N AL 0T KM OB
T L E 3 L i - O RO IR L AR A Y LD
Nizo A BIOEAGFIE, SHEARDTGFITHES | 112
oI E BB RS, RSB LTB A IS IR
DI THMER (M) EOMERAIE N E LTV LD
725 A TUiE SuperKEKB DR RV THEE L TVBN3,

PASJ2024 WEP078

ZORE ORI EBRI B THaia ik R TR S
T2H DO LRI TH -T2, BEAFDONEROIANEA T
HAN—EWOITHZE T, @B EEREE T T & HH
LTENMHATETCND (A CHL, A CDRY), 3BR Tl
BN L7203, BRI IARRBRIZE B LR
BCIIR WO TEE BIXRERWEIFFCES, TRD
a2 W B BCIIRIE R -T2, R E R
W72 B H BUCIIIR I LD @O O B AN R
IR TS, 72720 A BT ARD EAME SR &z
DZEMORMAKREL, FoBERLF D0, KRER
MERRARAR I IX =B E5 72, BEIIZIE B B 53
ATV ZFELTEY, ABRORALL THEZEITHD,
SHV #UX 5kV HIUINT D& —7 N EDHEGE 5y Tl
RO CHERRARIE L 7=, 3 kV TIXEERITHND
23 5 kV FIRTIFIC L2 &R R M i L I X B D7
572, SHV-10kV, MHV(3KV)iE5 D ELZA KX EIX
720, MHV A% SuperKEKB b /LN T CCG A
3kV ZEIRTLCHEHAL CTBY IZEACRHEIZAET TV
PRNDY, BT R FE RS R RV N E SOV S (SRS
L TR DI EDFERSNTWT, r—7 Ll xs 4
R THEIET HIEME W, AR THZD IR R .2 T
Wb, SEIOFEREZ I, BALEHERELR AR
Bz Y7 mEE A AR SR L QO E
Thd,

SE X

[1] Y. Suetsugu, K. Kanazawa, K. Shibata, T. Ishibashi, H.
Hisamatsu, M. Shirai, S. Terui, “Design and construction of
the SuperKEKB vacuum system”, Journal of Vacuum
Science & Technology A 30, 031602 (2012).
doi: 10.1116/1.3696683

[2] K. Shibata, Y. Suetsugu, T. Ishibashi, M. Shirai, S. Terui, K.
Kanazawa, H. Hisamatsu, “Vacuum system of positron
damping ring for SuperKEKB”, Journal of Vacuum Science
& Technology A 35, 03E106 (2017).
doi: 10.1116/1.4979009

[B] “MER AR T 27 BARNE S 2 AL # AR
(2018).

[4] “BZEREN T 07, AAREZE P ant il (2018).

[5] K. Shibata, “Vacuum”, Presented in 27th KEKB Accelerator
Review Committee, 26 March, 2024.
https://superkekb.kek.jp/event/135/contributions/734/att
achments/736/2362/vacuum_KEKBreview20230326.pdf

[6] LEEMME, B, MIFELT, AAERE, PHEIEF], N
if%E, “KAGRA FZEEEHR~D KEK NEHZHE o0&
A II”, Proc. 20th Annual Meeting of Particle Accelerator
Society of Japan (PASJ2023), Funabashi, Japan, Aug. - Sep.,
2023, pp. 708-711.
https://www.pasj.jp/web_publish/pasj2023/proceedings/P
DF/THP1/THP13.pdf

[7] N. Kimural, T. Uchiyama, S. Miyoki, Y. Tanimoto, Y. Saito,
“Impact of the 2024 Noto Peninsula Earthquake on the
Vacuum Equipment of KAGRA, the Large Cryogenic
Gravitational Wave Telescope”, Presented in OLAV-VI,
FNAL, USA, Apr 2024.
https://indico.fnal.gov/event/23500/sessions/7245/#2024
0417

- 455 -



	1. はじめに
	2. 試験用高電圧導入端子
	3. 試験装置
	4. 結果
	4.1 5 kV印加した端子
	4.2 3 kV印加した端子

	5. まとめ

