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Abstract

The injector cryomodule for cERL is under developing at KEK. This cryomodule with three L-band 2-cell cavities
was constructed at June 2012. Three 2-cell cavities with five HOM couplers were fabricated at May 2011. The vertical
tests of these cavities were made from June 2011 to Mar 2012, and the rf feedthoughs with high thermal conductivity
for HOM coupler were also developed to achieve 12.5 MV/m operation at CW in cryomodule. The results of vertical
test of the 2-cell cavities with feedthrough of HOM coupler will be reported in this report.
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KEK TR 51TV 5 cERL Afas i
AR ZEIR S 2T 2 E 2 BILVZERM 3 Bl bl
IIAFTEY2a—NVEHWT, ETHTERLE
10 mA®D CW E— A% 5 MeV FBJE F THl4 5[1],
ZER BT 0 OIEEBEIRIL 7.5-12.5 MV/Im & 720 %
L35 ANSNT—13~30 kKW 725, TElEE K
I% 1300MHz, #E#EE— NI CW, EHEEE X 2K T
HDH, ANHEZEROEKE— FEEZR (LLF,
HOM coupler) (% TESLA style o [A]#i#% HOM coupler
EBRALEIENS Y TAFEY 2 — VIERRFED
HOM coupler J& D OFEEZ il 45 Z & 23R &
725 TNz, IEE — REMRFRIC IS 1T D R ENE AT
HOM coupler H& & HOM /XU —H ) L DO7=HD
T4 —RAL—To&5D, HOM coupler {22\ Tk
TESLA-like 22> HOM coupler % ~X— Z(Z RF &7
Z{T-TEY ., WNERIZ High Pass filter, 24 % 5%
i} % Z & T HOM coupler &RIZ i 5 3% 1 & (it &
12 £ CIE S, RF#E%E 14 & L7z[2], i —
L34 TG 5 O B HOM coupler Z 3535 L7
7'a k& A TER S KOV ZER O 72 THRIE D55
2011 £ 6 H OE&METHIEE Td 2 #EEsE R 12.5
MV/m TRIE & 72 23 EEFTIE HOM /XU — DY
HLUIZHWTWAS 7 f — RAL—IZRKRHILHICE] -
72[31.

INFETHEALTCELET 4 — FAL—3/ UL R
BTN TEboTHY . 7T REEK
BEMWnwiz N 7 ¢ — F2/L— (Kyocera N-R
type) TH D, WEIRE L OIMEIRE LT D8k
X Kovar, =4 787 75 L NEROBEAR HIEIX
WX THd, 74— RRL—DFAEZMHIT 57
DITIE, BEREEZ 1 E SO LERS L, WED
FEHE, PER, SNERITREVERE D B s D FERS
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KEOBEEHFRXOEETH D, BRAKEBEOME L
RF REHILZE L TRV, 7 44— KRR JL—ODiE
ERBRITEMZEN 3 B0 THRIE & RERICIT - 7,
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2. HOM coupler &7 4 — FRJIL—DHERK

HOM coupler OffRk A 1, 7 4 — KA /L—DF
ez 2R Y, £72. 74— FAL—OMEHERK
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£ 1 74— FAL—OMEH#EK

ELMETH D Z AP HI L, SEmIZ
X TFROFIETRERD T 4 — RAL—DFANE
K ORI EIT > 7o, FEBATEEIC X 0 A D
PHhH LT-a IMOBEL =377 T ok
{LZ BB I TIT D, TD%, =47 T 7T
BRITK U TR EE (5 40) 24T 5. (bL2RmfEE
#%. BiIER] (FM-20) % HW7=#Bideis ks L O8RS
WHEH 24TV, AL TETY U =2 b— AN TR
BT D,

F

Type Inner Outer Connection Pin
conductor | Conductor (Space) Type

Type 0 Kovar 1:Kovar Screw Female

Normal 2:Kovar (vacuum)

Type O Kovar 1:Kovar Screw Female

Modify 2:Kovar (In block)

Type 1 Mo 1:Kovar Brazing Female
2:Kovar (vacuum)

Type 2 Mo 1:Cu Brazing Female
2:SUS316L (vacuum)

Type 2 Mo 1:Cu Brazing Male

Modify 2:SUS316L (vacuum)

Type 0 Normal (& TESLA-like ZZ{ld (/<)L A i)
THEHESNTWZLDTHY, =4T7RT7 T %
WEK IR TR T2 A Th D, Do,
T 4= RA = = AT RT T S BN F AL
o EITOZENTEDS (K 3) [4], Type O
Modify IZPNER L =477 o T FOEATOR
fMzazAfryoyaroyr THRD, BEEEEOKES
Mo-bDThD, Type 1IFZFEAE Mo 2, #4
FiEEa HFICET LD TH D, Type 2 1EH
E{K%E Mo, A& FEEZa U, EEEEEEL
TWDE I ONERE RS, N 237 X%
SUS316L & LT\ %, Type 2 D N =37 Z &% A
AN LD D% Type 2 Modify & A TV,
F 2 ITHWIEE 42K IZBT D EMEIOBMRERE £
b, MACHIELIZT7 4 — FRALV—%07F,
7-. RF Y —7 V&8 LT, ImCHlExiToz L
ZA, Mo D A A OEEERIZIK 5 D K D 72fk
HARLONTZ, ZHUTBELZT R TDOT7 41— FX
N—IZR b Ted, BEIZIET 4 — RAL—0
AT oA A & LTe, RF 7 —7 VL ORI
U R—A K A 7D L-adapter 2 T d %,

72 MO BRE (5]

Mk ERE R [WI(m - K)]
I 42 K
& 401 840
SUS316L 16.7 0.26
Kovar 17 No data
= 53.7 27
T TT v 138 66
T 24 - 32 No data

3. T4—FRIL—DFRENE

74— RANLV—ORMUBL T EZ LD TICE LD D,
T4 — RANV—O=F T T T FEILRE DA
BB L ORYER: (g ofhid, 77 0 DREER) TR
ICAE LB ERET AN ERDH D, o, N
BRERORERIZ /N T 572012, NEKE
=FTT T ORI LR L a UM Ok
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Modify: with In block
in screw hole

3 : Type 0 Normal & Type 0 Modify

(b) Type 2 Modify
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HOM coupler & 7 ¢ — KA /L—DiitE LRSS X
N7 4 — KA V—Offit i 1R 2 73 5 72912,
FHg 3 2= (#3, #4. #5) BIOTo hFA4 7
zeii (#2) ZEDIzEE 4 ZZiREHAWT, &7 8 moD
72 THITE % 2010 422 & 2012 I H T THT o 72,
41 ZEROF MmN, ZERHE, Fa—=v7

Ze T BAE%, ~SL 7 EP (Electro polish : A& &
105 pm) | T =—/b, JEEEGRHEE, K& EP (5~30
um) . U AT, AL T, X—F 7 (100~
120°C, 48 FffH]) . 7= THIEDIATHER L7z, 7=,
BUEL D B DO TREBNICIXZZRN I O Y F A &
fToTEY ., ZERAMEREZHIRT 5 L 9 72 ST 209 K
Masdg i ST a . EORBEE, JRPTHAr B 12 X
HENMTON D, WEDOR., wERE T L
FE L., WiE%, K& EP OATETHIEE WS T
RERHALTWD6), ZERMIEIEH#H3 22RO MRE S
Ha BROT AV R« B — LA TEOEEEKRIGEIC
DWNWTITo T2, #3. #4. #5 ZEFAOE BT
DONWTE, I I9AFTESa— A~ VA F—LEN,
E— I EH S 572, 2K (EZE) OIREE
T 12995MHz+0.1MHz & 722 X O ITFHE L TW5,
F72. 7= CHIERIZIE HOM coupler (27 4 — R A
J—Z B0 A TIT 9 728, Notch filter g€ —
Rzt d 2T a—=r T ERAILERDH D, T 2—
=N ZE A T CTRIER A % v R~ 8, D £+
%I T 72, Wik (EZE) 2B 5 I#EE— Fo
JER e (1297.3 MHz) (2% LC, #EiE 23 &/T
DRI LT, X6 I FEERT,

(1) FMBHOM coupler®iituning (2) £ BIOHOM eouplerdiuning

Hj\iﬁjﬁmykﬂ

A ] Qprobe = Sx 10,

-

Pout (S21) ~ 80 dB
Amp: 1768 | Y

b a0
Dotune: Qext 10¢ - 10* |

Amp: 15dB =48
Canity 0o - 10000 J

1 room Temg Amp: 15dB x 4

[ain~ 10" ] A%

Pin

Target Qext value for HOM coupler > 2 x 107"
Qhom = 5% 10", 521 - .05 dB
@t =5x 10%, Pout (S21) - -75dB

I Amp: 17dB H WA NB’m J

[ mEz—rcsic ma RETRMENEEHEICNETS. |

6 : T — NiZxF9 2% HOM coupler ® %
42 T=CHlEDE®Y vT v

HOM coupler & B — 2L /3A FIIANY T LT ¥ 7y
NOAMANZ o DT80, 7 TA A EY 2 — LBk
TlE, =~ T U =L BERAOLTHEAIESN
B —J5, T CHE TIIMEZROED I 2K Of
WEN~NU U ATH7IZINTRY, Z0gE, 774
AV 2 — VEERIBIC S U THRAEISRESR RV, L
7Moo T, = CHIE (58202 He IZR-720k8E) T
HIEZER CTHD 125 MV/m DL E& R L T H I

EHTE2EEFEFVEHE Y, 20 Xk> G4,
CHECIA[7]D L 5 723k BRik s 2 WD & TH H 03,
Bk, KEK (3ZF D X972 v AT AZEFHFFL T2
W, Zhwx., ZmTHlEDEyY N7 v 7T, TX53
R 0SSR DEEZI TV RIEZE Y 3 TR E21T V.
ZORECTIHELFMEZFIRD BN ETHD &
x5, K7 ICHEEFERERROE Y T v 7%
KT, NI UADRKREBETAD7n—L— FEE=
11T 2 A WP G o [ [[72 R A AV (i ST )
2 B HOM coupler (7 4 — FA/L— B ST
W5 RF cable) O&ZzE~Y 7 AEHMAGH L, ZD
WHE CHERFTREZR BN ME LW E LTz, Z OB, &
HBRDNNVT R ETH T TIAF AKX v B
FoOET) (3kPa) ZHEFFL. 2>, 7E—L— %
HISR AR Y i/ (10 m¥hour LLF) & L. KES T
WX RO E RN MA T2, £2. 74— FX
Jb—& HOM coupler DSMERIZ | THI Y —~ L7
H—ZRELTEBY, 2K ~V 7 AL EH-> T
W5, B, 74— FAL—IZREBE L=V —~<T
YA =D L— RROBmfE L 60 mm? TH 5,
HOM coupler & 7 ¢ — K AL — DB I/ IR
B L7ZIREE ¥ —& HOM coupler @ Qext MZAL
MHBRH L7-, He HTIET 4 — RAL—DREE
S DOWEZLNBRHT A2 EIF# LS, 20
A, Qext DL EFERE=X —FHZ LTI/ T
L7774 — RAL—ZRETDHENTE D,
HEOTFNEE L TIE, 2K ~%mHEIFL,

O He HIZTHERFRTRER A RER ZNET D,

(TM010- = . TMO010- = /2)
@ HMERFRTRE I RER 22X — 7 LI2RE T~
U7 LAOHHEZ FiFTn<,
@ He IMZ THEFFRTREZR IR RER ZWET 5,

Pressure: < 3kPa
Flow: < 10 m3/hour|

Weld 3

Weld 1 Weld 2

He <2K
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4.3 MIERF

T CHIEDRER AR 312, FANRTA—FE2FKA
W29, X 8124 ¥ A 7D Qo-Eacc 1 —7 &R,
ABRIT Type 0 2B F 0, Type 1 ZHNTT 4 —
RZNV—DORELFEDOFMTZ L. Type 2 DFRBR DA

TiTo 72, HERBEPE DK 20 nano-ohm 43t B — A
INA 7D SUS M DFEEIZ L 5 D TH D,

Type 0 Modify TIXfiiH7e TR TH o725,
E. VA **H%F'ﬁ IRERpUGENR LI,
Type LIZBIT 501D 2 BORBRTIL, v 7o
brEB L ON=A 7 mIZk3 DI E 21731k
MEED I TR LTz, 1 BB IEEREERAR O KX
WA TR T, 2 BHIX=A4 7 FHE
PREALFAE LTz, 3 BIHIX, NEERESHO
UM OBRE L= 7 R OBATEE % 1AL
JEZAT -T2, = 7 F1H O LB GE R m?ﬁ@%%
R E Y, FREEHD (Rres) 1 X OV & £ AR
WENA LN, Zhnb= ﬁ77/7f@§ﬁ&
ORI PLICRELS TG TR 00n5, VD
SU —REEIZ DWW TR, R\ G IEITE T T

(=

—ETholz, NEEROMBIZEEIZ VY, TREERYIC
&ibf\_o
Type 2 Tix, Type 1 ® 3 [BIH AT > 7= KL S7

ExHWTT7 4 — RFAL— @Eﬁt%ﬁoto 3 [a]
{ToT-WTFHOREBRTH, 30 MVIm 28 2 5 &5k
Etxw174—wa—@&i/%iﬁ@éhﬁ
Mole, Flo, ~V U AKE D H7IRET

HOM coupler O ERDIRE FHIZX Y 30 MV/m

Test Feedthrough Eacc [MV/m] Eacc Max Rres Recovery time
Sustainable field at CW [MV/m] [nano- after quench
Inside Outside (F.E. onset) Ohm] at feedthrough
Lig. He Lig. He Cause of in Lig He
limitation
#2 cavity 4™ Type 0 18 13 42.6 (31) 38.0 ~ 15 min
Oct/14/2010 (Normal) Quench at feedthrough Quench at
feedthrough
#3 cavity 1% Type 0 30.3 25 30.3 (26) 31.1 ~2min
June/08/2011 (Modify) Quench at feedthrough | Quench by defect
#4 cavity 1% Type 1 12 5 20.3(No F.E.) 47.8 ~ 20 sec
20/Sep/2011 Quench at feedthrough Quench at
feedthrough
#5 cavity 1% Type 1 16.5 12 28.8 (28) 40.0 ~ 20 sec
04/0ct/2011 (Improved Quench at feedthrough Quench at
Surface treatment) feedthrough
#4 cavity 3" Type 1 20.5 7.5 26.7 (No F.E.) 344 ~ 20 sec
Dec/13/2011 (Remove Quench at feedthrough Quench at
a brazing (Reduce a area of feedthrough
material) thermal anchor)
#3 cavity 2™ Type 2 >33.4 31.9 33.4 (26) 34.6 Unknown
Nov/01/2011 Quench at HOM body Quench: Self No quench at
pulse Max field
#5 cavity 2™ Type 2 >30.6 28.2 30.6 (21) 36.6 Unknown
Nov/29/2011 Quench at HOM body Quench: Self No quench at
pulse Max field
#2 cavity 5" Type 2 >50.4 Not Meas. 50.4 (50) 27.4 Unknown
Mar/06/2012 (Male pin) Without quench. No quench at
RF power limit. Max field
H‘ THYEREDHIIR S 7z, #2 Z2i 2 W72 JllE T

ﬂiﬁéﬁr 50 MV/m Z R L., o, KER
Lkmf74—bxw—®7i/%iﬁ@éﬂﬁ
Mmolz, TOLE, 74— RAL—O=ATHT
T el i B R EMRE IR 7000 Alm TH 5D
CENEE LY AEDL L. (1BMVIm O L X5
2000 A/m) . Type2 ~RE L7z Z iz kv Ad7el &
H 8.5 [HFREMARENINGEIN-ZLITRD, F
7-. TESIRE 50.4 MVIm @ & X 2B LREENIZA
L7 EEIL BN /N T A — 2 IR 5 &
2127 Qe TH 5.

Vertical test result of cERL injector 2-cell cavities

1 i
E_=50.4MVim |
without Quench |
H_=2127 Oe

E,_[Mvim]

8 : Qo-Eacc H—7
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F T FEHEZER 3 B OEKIKEE

cERL 2-cell cavity (KEK) Cavity | Frequency (at 2K) | Eacc Max F.E. onset
Frequency 1300 MHz (Field flatness) [MV/m] [MV/m]
R/Q 204.0 #3 1299.533 MHz 33.4 26
G 287.8 (90.3 %)

Esp/Eacc 2.25 #4 1299.517 MHz 26.7 No emission
Hsp/Eacc [Qe/MV/m] 42.2 (99.4 %) at Max field
K (coupling) 1.94 #5 1299.427 MHz 306 21

L (effect.) 0.23 m/cavity (96.9 %)
Iris diameter 70 mm .
BP diameter 88 mm *= 7127 7/1’21‘{—‘/1%/1/«4’ VA N—LT BHH]
Other B A DR @’“{ﬂ@ﬂ%(kﬁi ExFE DD, WITNOZERE BIE
50 MV/m -> 2110 Oe ERTHDH 125MVIME T —/L RT3 v g L
LCEMLTWD, ZCHIERHCHEE LY 4 —F
—5. 74— F7\/1/»— CHOO A AT — R AN TRL AR TH D ZE D, Hif L

[:‘—‘AL i R (55 R S AL 7e

=PEiR3Y) I e

2, Wﬁfﬂ;ﬁ%mi/\x/\/ NE— RE@AT5 L
T17% %, HOM coupler ™ Notch filter /3> i

% 5MHz & %,

R 100 &5Lk5,

INAINY ]\Tg?)%) TM010-7'C/2 O)J_J{EZ
¥ n & — FiZxt LT 13 MHz {E&u\
coupler @ 7 /2 1Zx59 % Qext I&,
(RSN

Emn, HOM
e D Qo LiF

Watt 7b>[5i:5(+ Watt @ 7723 HOM coupler P )

EIEAMITI A, ﬁ

SNHZ LT, _ﬂ%:ﬂﬁﬁ L CIit e /) Rt & 5F
ﬁﬁifé‘é 7T T Fﬁimﬁﬁfﬁ%ﬁmké‘kﬂb
X 912 Qext 0)7W|:75>6I—J/£ L7z, 3 5 Z/8A
Rz ﬁ“é Qext & HOM | coupler B DO I)E S D
ErE b, K 6 rm‘f uﬁ%ﬁmﬁ%%i&&)é
Type 2 T 1 AH7-V 13 Watt (25MV/m OESNH
fir) DFEi ?'-57‘3 ﬂﬁfz HILD T ENGoT,
5 /NANRY RIZHT 5 Qext &R DAL
(f511)
TMglg' T TM010'7E/2
At 30 MV/m At 20 MV/m
Frequency 1299.956 1286.963
MHz MHz
Monitor Qext 3.8x 10" 25x 10"
Pout: 20 or 30 MV/m 0.623 [W] 0.425 [W]
HOM1 Qext 7.2x 10" 1.2 x 10%°
Pout: 20 or 30 MV/m 0.318 [W] 8.21 [W]
HOM?2 Qext 1.7 x 10¥ 2.9x 10"
Pout: 20 or 30 MV/m 0.013 [W] 3.57 [W]
HOM3 Qext 5.8 x 107 1.9 x 10"
Pout: 20 or 30 MV/m 0.004 [W] 5.57 [W]
HOM4 Qext 2.2x10% 2.1x 10"
Pout: 20 or 30 MV/m 0.010 [W] 4.88 [W]
HOMS Qext 3.8x10™ 1.5x 10"
Pout: 20 or 30 MV/m 0.0005 [W] 7.08 [W]
6 1 XA FHEORS R (e I ReE)

Feedthrough

Eacc, Output power /
feedthrough (In lig. He)

Type 0 Normal

11 MV/m, 3 [W]

Type 0 Modify

20 MV/m, 8 [W]

Type 2

25 MV/m, 13 [W]

@1@%% Type 2 Modify ~4 T saH L7z,

FLED - SEDTE

201246 Hiz7 74 j-:Eq\.\/‘:L‘—/I/Z))TDJE‘ZL/ B
B & OBEGi4 O 2012 4 12 HIZ High Power 5ER %
TELCTND, 774 4ED 2 —RIETITDILS
High Power RERDOFERIND . AEEAIRTZ, T2 THE
BBV 01T B M T - Tifes R Ol 75 D IE
Eé;éf%iog:@nﬂ##’% %, High Power 55 D& H 12
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