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Abstract

In high-gradient accelerating components from DC to X-band accelerating structures, the vacuum breakdowns limit
the maximum accelerating voltage. We have studied the breakdown phenomena by using the high-power teststand of the
508.9-MHz accelerating cavity for the position damping ring of SuperKEKB. In the previous experiment, attaching mir-
ror chambers to the beam ports of the accelerating cavity, the breakdowns were directly observed by television cameras.
To investigate the detail of these phenomena, we updated the measurement setup to measure the breakdown current. At
the same time, we conducted PIC simulation study to reproduce the measurement results. In this paper, we describe the

experimental and simulational results.

1. RLHIC

EEREFEIE D, BEMEED) O X N FIEE
WKEZZL OIEMETIX, BERFOT L -7 X VB
FIZE D ERKOIEALSHIREZ T 2, 7L —7 XD
VIR, BHRNR S — VOB R S ERRNRIRR IR
BT 30w 8. B FEINF. 77 X~WE, BRIk
¥, REYEF OEBMEN 2 YEES (multi-physics)
THHe VI RTIEFICEMELRYERETHD VR
5, ZDFH, BETL— 7 Xy Uol#ET 2 ERSR
WIZDOVWTREEREITHI TV S b DDHE— 7 7
WWIEREMATORECODEIRTH %,

SuperKEKB RF 7L — 7 TlZ. SuperKEKB 58T &
¥y 7Y 7R 508.9 MHz JITEZEH [1] O KEH T
ZAPARY FERAWT, 7L—2XY YHEROBHIE
B&[2,3] Z1T>o T3, MEZEFAD L —LKR— MZ, 2
TN 2B T 272005 —%2BHL=F oo (3
F—F =) ZWMOAT. Uk b KEBRERTIC
RETHITVL—I XU VOTETLE S X T CHIEH
W32l (3l ZOEBRT. @iROMK
CRIfE ~10-100 pm) 23SZEIRAN 7 TRAH U 221 BE [ L 2 i 2%
BTV =7 XY URRAET DT OMER SN, T8
BIESE D S ARZEHTIX, &R T (F A 13RI fireball
LT 3) BT XY URHEDERFIERICKE -
TW3 Z DSR2,

£, fireball #REFRE L T2 7L -7 X0 VEHSR
B X DHELSERT 220G RMEEfTo 72, T L —
757‘7/0\_JZO’C%€E?5755(E'§E'§YJIL (TVv—o Xy &
W) ZHIETE B2 LS5, I 7—F 2 UNEHE LERRH
EmEHWENEEY b7y TEEELE, Zoky b
7y T TEREIToe 2AH, BEET LI XY V%
Bl ZRXHEERDESZIRZAS T Zuﬁwbto

Z DR L AifT LT, Particle-in-cell (PIC) & I 2L —
aviEA TV Ry VEBROBREbIRAL, HE
Ry IaL—va UEREHRTZ2Z2 T, 7L —

* yamaguc @post.kek.jp

IR TRELEETORIEMRRZHE L -,

ARWSEDIC & OWFLEIREIX. B FI5E FEZRhnEs
SuperKEKB JlIi# 85 THTERE & 72 o TV 2 EHEA L —
LHESEHSR (Sudden Beam Loss) [4] BB L TW3, Z
OBHZEDOFAERK E LT, ZHAD fireball KX 7 L —
2RV RBOBRRPE —La Y X—RTREL, o
YR —XRETWEIFEE, ZhDL—2%ElEs 2
ETHWE — AR ADRRETZ WS R (fireball IR
FSD PEHREN TV, L Z O fireball D
Wil E T EH e LT, fireball 12X 228 7L — 27 X'
VRS OFMNEEREMLT=, HL., 2024 4 5 A DI

(a) /Fireball (T~10*K)
.~100 um

Copper wall (T ~ 300 K)

~
} | I
=
l

(©) « Electric field
locally enhanced.

(d) - Electrons and copper ions
are emitted.

Figure 1: Schematic view of the fireball-triggered break-
down.
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F1gure 2 Acceleratlng cavity and high-power teststand
used for the breakdown study. (a) 508.9-MHz accelerating
cavity for the positron damping ring of the SuperKEKB,
(b) mirror chamber, and (c) high-power teststand where the
accelerating cavity was installed.
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Figure 3: Measurement setup. The paths of emitted electrons are shown with blue dashed lines.
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Figure 4: The oscilloscope snapshot for measured wave-
forms of RF pick-up and reflection signals and current
monitor signals. The sampling rate was 5 GHz.
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Figure 5: The amplitude and phase of the pick-up signal
and the current monitor signal for two breakdown events
where the discharge observed on (a) the downstream and
(b) the upstream endplate. The right figure shows the TV
camera snapshot when the breakdown occurred and the
discharge point was displayed with circles.
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Figure 6: Simulation model. (a) The overall view of the
model and (b) the emission position of particles.

PASJ2024 FROT06

vmﬁ¥®@%L§\mmAE\Tufifvm%mﬁ
ThHb, >Ial—arvlk BMHBEINZEF - A4
DAY LT, ERHEINL TRV 2 DDRT
X—=& DY BRTFORERRLIEET %
RDZVENDH DS, A, FIZID2DODRTX—X
EEZRBET I al—Yarr2iTu, BdEBROIIE
FERIGEW ARSI X =2 2HER L, 22T, AitEME
YIREIZOWTA — X —DBE 1T,
BRI FOMEESH TRILF—
i?‘ MEXNBET « 44> OIES = L X —
AEtEMECEED LREE RED 5, 5. MH
éh% FTEFEE N.. A4 8% N, EFoRHE
EE2 T, A A ouEE2 T e B, BHEh 3
*ﬁ?o)é\§+§§blﬁ‘}b;\:“ Kini,tot X
Kintgor = ohp(NoTo + NiT) @)
YEIZ, F UHliDA4 A2 OREDAEET BHE.
N.=Ni(=N)TH255
Kintior = Sk N(T. + ) 3)
B, —H, B2ETERELELLSIC, EEEOKTOD
OIHLER) = L — 1AM E R S N - BSG— oL
F—2RFEL T3 TTH2, 20D, Ko 138
BEEMG ALY —LDDIREIRZZ2ERVWEEX
5N, TL—27 XY FHAERD RF BERZZAERELT
AINF—IHET I, W2 THB, ZHWZ, HFF
BT L X — DM

KlIll tot ~o 2 J (4)

25,
75 ARERRE

RIZT 5 X< FHNEE T \2OWTHETT 5%, midL
@D, X 10 K o BEE LD 206, T > 108K
f@6o—ﬁ\im@u@ibm%f@&m

Z ZC. Fireball 12 & D SARMENIC LR IKD T = 7245
EOBGIHDY I 2L — a VER%E Fig. 7 10RT,
Ial—yarTld FoReERALIIEE 25 um
(fireball DEZEDOB L Z 1/4 1Y) oM & =,
MV/m D7 %%mmtﬁo%$®tbmﬂﬁfﬁ@<
BELBOY I 2L —Y 3 v EITo 2, MHEOTEMIZPE
0.5 um THD TV, ZOWKRDEGE., MHEOTERTIX
EIGDEF TR, ML ESD 40 f5IcHY 53
400 MV/m OEIGHFEET 5, ik DT o 72 KEHRER
DIEFRZEMF T, ZRMHKDO ¥ — 4K — F Ok b TR
K20 MV/m BEDOREE LS REL TWZEEZ LN
b, TD X DICARHEGEHRWIGFTT fireball 12 X
ng7®;5tﬂﬁ#%$?%tquwm®%ﬁ
BEGWFRET AN H 5, ZO X5 REBEGHPEFT
BIGFTCR AR B e, RFE 1 um IEX N7z
72T 1 keV Y DEFH = AN F—\CFETZ, %
RECHRETS, 10'KTH3, ZOILEEELT,
¥3Ial—>aryTid

10* <T <10"K (5)

- 159 -



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

PASJ2024 FROT06

" Metal surface

Figure 7: Simulated field enhancement effect caused by a
protrusion on a metal flat surface.
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Figure 8: PIC simulation results: (upper) the emission cur-
rent of copper ions and electrons, (center) cavity pick-up
signal, and (lower) the current monitor signals.
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