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Abstract

We are developing a new RF gun for SuperKEKB. We are upgrading KEKB to SuperKEKB now. High charge low
emittance electron and positron beams are required for SuperKEKB. We will generate 7.0 GeV electron beam at 5 nC 20
mm-mrad by J-linac. In this linac, a photo cathode S-band RF gun will be used as the electron beam source. For this
reason, we are developing an advanced RF gun. Now, we are testing a Disk and Washer (DAW) type RF gun. Its photo
cathode material is LaBg or IrsCe. Normally, LaBg or IrsCe are used as a thermionic cathode, but they are suitable for
long-life photo cathode operation. This gun has a strong focusing field at the cathode and the acceleration field
distribution also has a focusing effect. We obtained 4.8 nC beam charge with the DAW type RF gun and IrsCe cathode.

SuperKEKB AE ERMET I » & X RF gun BA%

1. [FL®IZ 2. DAW %! RF gun M&%3

BIfE, KEK Tli& SuperKEKB (Z[f)i} 7= ik g4k
DT v 7T L— RFPTHiTWS. SuperKEKB T
FIEFICEINVI )T 4 2GR v &2
A XV AT I v I T R—=F 2 —Dib & B—
LAFEMOPOBEZ B, 2K LT, BT HE
FAREIEIR VISR T L EmdEn - R v & v
2 EBRD BN D.

%1 BFBETIOROBND T A—X
A7 [nC] T 3 v & A[mm-mrad]
BT 1t05 300 to 20
b E A lto4 2100to 6

% 27T, 5nC T 10 mm-mrad %)% & &Mk
Sy HUADT 4 MY — R RF gun OFAFENED
LB TWhA. ZORF gun 3% < N6 Tns 1.6
cell D Hfifh A 221 Tld7e <, Disk and Washer (DAW)
BozEfzBRA L TS, BE, KEK AN O
3287 X —TiZZ®D DAW BID 7 4 b Y — K RF
gun ORBEILZ T2 > TW5. B Y — ROMEIX
HEFITLEDD le-d EWVEWETEIEE SO IsCe
ZHEALTVWS. L= NAYAG O 4 1%
266 nm % 30 psec DLV ABETHH LT\ 5.

INETOE—LAEZT £ —IZHBWT, RFgun
5 4.8 nC OEMIEAEZ M L, AFEO 5L £
TIX44nC DE—2EHEIZK LTS, Fiz, =
Ry FUAOHEEL Q AFx v LEEFEKLTND
0, L YPRIBIROLEME B — A A XRERE
ORED B EMICHIE T DITIEE > TV,

F£72, 2012 FEFKE D A1l B X —TH LWEG
? RF gun b T 2 FETHS. ZDRF guniE2
DOMANE LT EEEZEREZ S H, B — A0 b3 T
BT L 2 5 N E R 2 R AT 28 LW 7 o
RFgun Th 5.

# takuya.natsui@kek.jp

DAW TN ZEiA O &EIT i < Moo TE 72
N, F OREE ORI T8 L S 2 5 il & s
LB EERBNIFEFE I D72, L LITFEDE
W 2 — RO @ AL & 3 Tk TH ik o
m_EC DAW BUNLEZEROEZRL S AIEEIZ 22 > TV
5.

HH O RF gun Tl L TOBMKNIFE SO,
WIS R FMICd Z FmicbiE<, E—2ADIUR
NEEL L, FETHIC RF ENRELLTLED.
IO XD RUEKD RF gun OREZ TR T DG
& LT DAW B 7Ei 2 BR% L7=. DAW BI04 o
KA 7Tl B IZ =R oM HEET 572
D EATEEOMS O — LA FIZTX, E—A
DINKELRZIEY 5 <, F7= Transit Time Factor %
INEL TE DO E—AL05 R RF OAAHDZEAL
Mz oisd. B Y — R DAW ! RF gun 13,
HOREERL R FEL M HIZBH¥E LBEICEFERTICRR &
LCERAEEIDY, NZICEEM T4+ D
V— F~DHBRFHZITo7-. E—by Izl —
vaizky, ZohEZERIE Alternative Phase
Focus (APF)IZ LD E—ARKIZ L Y B — A% A X%
INELREDZ L TENC % 6 mm ¢DFMNE— L3 A
T N EBREGIN R L T 100 % B TE S LD
FERE/TND.

HERK RF gun o OHBAIX, Y — FfHET
EHRBL A RESHRALN—RF ¥ —JIC L AR E A
M BEIETLEZATHD. ELTFITIE —t&
NOIETRDZ OBV FOLOETRATS Z
EMTE. K222 d RFgun @ SUPERFISH T®
2 WRICEMS R FE R A, £, M3 OFEN
S BVl EE R 2R T

E—ANE S I 2 L—3 3 12iE General Particle

- 922 -



Tracer (GPT) X CST PS % U i=. ZEHICIZEIC
GPT W, RZICV=—27 74— /L Kb EDT
Ral—yarE{TH57=H CST ZHWE. Y —
R~AH & D L—H UL AT 30 psec DHIE /L
AxBELZ. E—2FRI1F6 mm ¢ ODE—L3AF
FHEHEFITHNE—LTHD. £, =TI v X
Z X HEEME O 10 mm-mrad LA F OB - 72, 28R
~DOFARF & /J1X 4.0 MW T 3.4 MeV O B — AT
BH. INHE—LANRT A—FORREMEREE 2T
FEO.

e, 1

f_LLﬁ—ﬁc—‘ 5 e
X2 DAW type RF gun 2 /)’271: Eﬁ&%ﬁrﬁfi%

Input power 2.2 MW
100

ol [
2f [

g 0r j f
§ o= \ /

P Lo/ /

20 VS \/

0 20 40 60 802 - 100 120 140 160 180
B4 3 il b S RS R
F2 E—ANRTRA—FHERRE
TIvH A B — LA X(c) N F (o)
6 mm-mrad 1.2 mm 8 psec

FT7 4 b Y —FE L TCIEYB O EERIC
KNI D728, ERas - SRS L D Rkt
BaAbERo LaBy 1 VY — F& % o & LT
WLz, 7 b Y— ROBFHRL HFamiTriixi
RIZH Y, —ixA7 Cs,Te IZBTFEIERN BN Ham
ﬁﬁ<,it*%%ﬁ$EﬁV~F?ﬁ%ﬁﬁEm
NEFBRNPIEF IR, LaBg 126 O HFIC
D, +okhFmlBETHIREEDER. é%
IrsCe &9 LaBg & bbit U TEFBEEMNEL, FHm
HEVWEIZOWTHRHME L7z, Z OfER, BifEIX
IsCe ZEHTHICE - TN S,

3. RFgunA YR k—JL

Z @ RF gun X KEK ANfaetf 3-2 & 7 % —CREfF
DE—LTA VORICEEL, ROnbE—LA%A
HLR R~ %y MZXoTC, BBFEE—ALT AV
WZAMSED. BE— AT A4 v OEAERILN 4127
TEBVTHDH. ZOE—LT A OMAETEF
E— AT A X LT 26.56° (arctanl/2)iZ7e > T
D, ¥YrArE& Im EEEFF->TND. £7,
Gun 25 3E4E L7- B — A% Solenoid FEFIZ K-> ThH
HREFATE—AIZ L, 1 m g CEInEEZ1TS.
FOHBET LYy FCE—LZEIEZEL TR Rv S

Iy bEBLEFEE—L T4 VICEES. BINEA
DONEE 1L S-band OHEITIE T, 10 MeV F Thill
?é.ﬁ%ﬁ%ﬁiﬁﬁﬁ,@nf@l*w¥~x
Ty RRREWEDIZZDEERR~T Ry b
%ﬁbfbiokl‘/?/xﬂ#m_M<&of
LEIEOTHD. o, VI A U TAUTFIEMi%
179 LANR=ZAF ¥ —VORENKREL, =IvH
VANHEARKLTLEY ZEbbholD T, BIE,
TITATONCTEMITR 2o TR0,
5MM5ER L7z DAW Y RF gun OFETH 5.

Flz, 32 ITREINTERDODARE—LT A %K
6 12~

2100 205&@12(
) | ) 1 0 | -] | &0 | mne | 100, 290
| T Trj
&
[ Gun } e ACC —
® h - ¥
1 30_.| |_ 170 mT 1miNERE 2022"‘

M6 32C0 AR ARE— AT A

4, E—LART 44—

DAW % RF gun [Z8BW\Tix 2011 £k 5 B — A
AAT 4 —%BBL TS, ZUDIET Y — FHE
\Z LaBg Z#fEH L7223, T 1.2 nC OFELM LT
%hfmwt F7=, LaBgiIL—HY 7V —=2 7%

Thlnwe\BIHIEMETL, /2, HELLTWD
J:b\o MELH -7, 22T, 2012 EnHED
V— KME% IrsCe IZRV X7, IrsCe 1ZL—H 7

- 923 -



V== T 5iThb ELETIIRNMETTHZ L
B2 <, MEME L LaBg (Tl TR - 7.

F77, BB — R~ L —F S ITEEICALL
LTWER, BETFREEBESTED 60 EHMNLO
AFHCHI 0 B 2 7=, Z i kv & RII s A
L.

—HIX Nd:YAG DEERL—F2MEHLTED,
30 psec ® SESAM % f#~7= 52 MHz DE— K12 v 7
IR A RF ICAMSETWS. ZORERNSD
NN AETIOVHL, LD £79 v aT 7 alA
Ao CHElE L BBO fdh 2~ T 4 f5&Eii &1
DHLTW5b. 30psec ® 266 nm R T4ml DL —
PN F—FFERLTND

AR OE— LT A O%ETIE, BPM (2 X
D EMEA T L7, fiE T 4.40C O E— Ak

R LTWwWad (K7) . £/, RF gun fFiro
BMATi%ﬁ48m3®$ﬁ#ﬁMéﬂka i)

V— R 51%IEIE 5 nC OBMBEELER LT-&E
ZTW5.

o o)
Abow
|
[
|
1

o )
Ll el

v

jee s cfons ~jos s ~fou s | mwiet |
| St e
INAWEEE O W e T

| BPEAS Corvunt G181, 180 B[ 101, B35 | Gmo-q 230, 808]

X 7

e w SUE e g E W set vt |

o ook bold {G0ms) ruston |

AFtEo v — Aﬁkﬁmsmwmﬁ@mﬁ%

Fz, Q AX ¥ YEICL A= I v ¥ U AMEET
VW, FOREHE, 66 mm-mrad &\ O ENE SN,
727 L, A7 VU—VF=FIZEE 1 mm OT VI F
WHMERANTEY, E—AY A ZARKEX LT
LEZ LR, L—WRIRSO RF & ORBEEOM
JE T Y — L7 Pulse to pulse TEETHRIENH 5.
CHHDOFKNTT I v ¥ v ADIEMARRIEICIZE -
TWRWnEZEZ TIN5,

e=0.259, £,=066.127 [mm mrad]
1.2e-005

" Measurement
fita(x-b)"+c

1e-005

8e-006 |

6e-006 |

B.‘:‘lm‘j']

VA

015 02 025 03 035 04 045 05 055
Ki[m"|

B8 QAF¥rdbE—ARIERFE

4e-006 |

2e-006 |

4. #FRFgun

DAW D RF gun (KT I v ¥ U A — L& FAE
SHDHZ LT TEANRE—LZRLF—N 3.4 MeV
IR, ZOH%OE— AREICHE S eV, Ei
DAW DN v v FRE L AN—2F ¥ — T
X —20RHMKE <, gun 25T E—
LI RBAEZRF-oTLED.

DX IR EESELT. RF gun & L CHELLE
TR Y A R v 7V RF gun ZBR¥ELTCW5. =
Wx, 2 50E BRI 72 YA KA > 7 23R
DOIGEZER %2 —> Ol FIZEE L, n20MFHZED
RF 27 4 —FRT5. ZOXH2T5E, BE—Lahn
DX 2 DOEIEWD, (HEEZFF>TNWDHDT, &
T2t —oDOMEITIRICR 2 5. ZDZERO 3 kT
W2 9IZ/RT. ZDRF gun 285 KEK ASH%s
A1 X —CRBRTETHD.

X9  Hri-lZi%it L= RF gun O ZERIR
5. F&H
SuperKEKB (2 CEEMIET I v ¥ > 2D RF

gun DBIFZEITR->TW5. Ir5Ce 20 Y — FE
& LT NdYAG L —H ARk a2 EVWE T4
Ry varyIETns. BifE, DAW % RF gun Ok
BRAIEITHR AT, 5nCIEWEMBAEZERL TS
£7-, WICEMRE’Y RF gun % B L CHEERIEITIR
DY A KB 7V RF gun HEIRFTHD. Zh
1% 5nC T 5.5 mm-mrad, 11 MeV O&E 1 B — L34 7

Lkt TH Y, BERERT O DAW gun =L
XF—NEL RBEAZ ST E—LTHDEVI HE
WE LR FHI 2TV, b Al B2 ¥ —T
B RF gun XA E—LRET 4 —%Z L5 FE
THb.

[1] T.Natsui, et al., “High Charge Low Emittance RF Gun for
SuperKEKB”, Proceedings of IPAC2012, New Orleans,
Louisiana, USA, May20-25, 2012

[2] M.Yoshida, et al, “SuperKEKB Injector Upgrade for High
Charge and Low Emittance Electron Beam”, Proceedings of
IPAC2012, New Orleans, Louisiana, USA, May20-25,
2012

- 924 -





