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Abstract  Hardware R&D on the C-band (5712 MHz) RF-system for the electron/positron linear collider started in 1996
at KEK. During two years R&D, we have developed 50-MW C-band klystrons (TOSHIBA E3746), the ""Smart Modulator",
a new-type rf-pulse compressor and a traveling-wave resonator (TWR). A C-band accelerating structure, which uses the
choke-mode cavity for HOM-damping and Matsumoto-coupler for symmetric power feed, is under development. The HOM
damping performance will be tested using short-bunched beams in the ASSET beam-line at SLAC in this year. Since the
C-band system is optimized to accelerate a high-current beam at high accelerating gradient > 35 MV/m, there are various
applications beside the linear collider project. For example, we can build an injector linac for a SR-ring within alimited site
length, and electron or positron beam sources for various physics experiments requiring higher beam-current. Since the
C-band components are compact, it is also suitable for industrial applications, such as the electron-beam radiotherapy
machine, or the compact non-destructive X-ray inspection system.
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C-band LINAC RF-SYSTEM LINEAR COLLIDER

As pOWED 1iNE

SMART MODULATOR

5712 MHz, /5 = 500 GeV FOR TWO LINACS

RE-SYSTEM i 1789 UNITS
MODULATORS +3560
KLYSTRONS 113560

ACC. STRUCTURES ;1 " 7120
ACTIVE LENGTH 1128 KM
WALL-PLUG POWER: + - 130 MW

235 KV
§ HV.pulse

HV INVERTER POWER SUPPLY
Kﬁ. 3
50 MW KLYSTRON

BEAM LOATING COMPENSATION USING PHASE -TO-ARPLITUDE MODULATION

RF-PULSE

COMPRESSOR =
WAVEGUIDE WR-187 Rectangular
LOSS ~5%

ACCELERATOR

GUTPUT RE-PGWER

31f4,afA=0.43~0.17, Vg: 3 , T = 0.! ACTIVE MOVER
ALIGNMENT TORELANCE : 8 ~ 30 um / STRUCTURE

1 C-band RF-System
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What makes the C-band system simple & reliable.

BWINRBREZEBLZLAEESL] LWHEHT
H5b,

Pulse Modulator
High reliabllity, good efficiency, simple

Tow PEN voltage : 47 KV
--> long life for

Parameters are for 500 GeV C.M. Energy case.
In 1 TeV upgrade case, we use 100 MW klystron and
fonger linacs by 3.5 km for each beams.

50 MW C-band Kiystron High Rellability
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Pul
Goaod efficlency, compact

Small Size $160 x L1000 mm
Good Efficlency > 70 %
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Ise Compressor

Standard Rectangular Waveguide Simple

Small Loss 0.03 dB/m
Loss = 5% for 8 meter

Low emittance dilution

Irls aperature <2a>=16 mm
Alignment torelance

/ > 30 pm/structure

Acc. Structure
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(2) RE 7XVADIEE VA « BV 2 L— ¥ (C-band
klystron HOE Y 2 L— ¥ BEHTHHH)
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WVANEIE 2.5pusec &b, TE FIATTHEHEEN
WADIEIZ, 25 L) ETFHD 2 ANDE 3.5 psec #2
BELhb,
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time-delay -> slow-wave -> narrow bandwidth
-> dispersion -> waveform distortion
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4. C-band Klystron @ B3
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A bW~ TOSHIBAE3746 2 5% B3, A4E 1998 4 4
BORERT, KERET 54 MW, B2 44% % Eif. 5
WZARE(19984E) D S IFER Y L / 1 FREA DAE R PPM
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FTTIRRIZEH I, BFHEOE—L37 2= 5 1L,
S-band klystron DEFNH A — IV LIz RERETTH D,
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Z® C-band BEHE LTI RWELRDLKREN
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EKEK EDFFITASY — M LA KEKIZFICT Yy Ea—
y - v3lab—varel RWESBAMRREHEE
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5. E3746Klystron 1 (£E 1.2 m)
2FRONBILEFEL

ZEB LT, RBRHEREELIIRT,

FREFPODLTH 1EFTLSHEOBBIIEIIL 72
ZliIPBETH o, THITRFED klystron BAFIZ L -
THRZIHEETFELR I CEFERED ) 7Ny 5012
ERINTOLEIROIREVEIIOERTH 55, C-
band FEEED klystron 25, £ D EHVEEBOZNIZLS
X, B ICREE R RSP WES KRELEHTSH S,

51X E3746 DN TH B, £E 1.2m &/MED 72
A5, 46 MW, 2.5 psec, 50 pps & V9 S-band klystron B
BT OKITI RF & ZEICHAE L 720

%3 RF B2 KEK OFRFEEEDOTATTILL 5
long-pillbox window # R L T\W5b, ThIZ L D EZEE
> T0B12 7 Iy I BATEOBREEIE IS 2
SN, REMEOERMEE 7 < LT A (ref.12), KRB D
BET L BIEMREE L 2o THBY., #ENESGH, O
ML LEOFEBRENSREVCEIRHHTH ), BEEL R
A B,

£ 1 E3746 OB R

E3746 #1 E3746 #2
Single Gap Output ~ TravelingWave

Output Peak Power 46.4 MW 53.9 MW
Power Efficiency 41.5% 43.9%
Pulse Width (usec) 2.5 psec 2.0 psec
Repetition Rate 50 pps 50 pps
Gun Voltage 351.2 kV 368.7 kV
Focusing Magnet Solenoide Solenoide
Focusing Power 6.38 kW 4.55 kW




4.2 F2H . mahEik, BEEL E3746Klystron 25

RIZaBR2 L 92, E3746 1 HHEOKINIC L o T, Hit
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B, %2 MoBEILEBRENICE DD o7z,

77 A4A MO DB ELA EIELIIENLOH
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BEFOEB T ANVF - 2RI, 7 ORICEHRT 5
WD B o AT BB ) 2 W (Traveling-wave output
structure) DEIFE 1T HF L L7z,

HEATHR D ZRZ VS A Y v M,
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{, BTOEB T ANT— 2RI~ 7 0FICE R
T&5b,

Q) BHOZEFNTETF - L20EBT AL F—2] D
HIOT, 1eVE) 0 ZREESNKL 2 ) BEEK
BAFEELIZ W,

G)RLEBETERO Y b A Y E—F VA3 <
THHEL, FU T M Fa—-TRE2RELTED, 208
B, BFE—20u—7 EHZfiE i ey, ¥—
LRI ) BEEREEHIETE %,

4) ETE L E— 2 OBRENTVO T, BT 6 K72
EROPLEHFMEAA/NE L D, / — AR disk il
WEPLABRIZ CEADEMBERBEOERELE 2
LoTWaY, BFPLRLEMMEAY v 7DD I3
EAERFY BNV L, BEREOADEFE — L % P HE
KELDIAEME R D, T DERKFEOLFFOEICILE
PRIz, TAVF—ERPEPETFLE-LDOKREI
E6% %%, bbb, ERUHOENE EIHK T
Y., BfEIEEER D,

GYE—n b hy TNT BEREIIFEFRBOBERE D/
2T, ZRE#E# L TRIAVY Lo/ — A
MEEE T, ¥ — AHR IS BEERELFILTE 5,

6 E3746 2 HHICHET L 75 7 0B A 20,

7 LTI S22l % F V> 72 C-band Klystron E3746
2EWORF PR E 7 T4 A bu Y BIEER

&C, HAZERICwVF IV EREZ V531, SLAC
(2> T Linear Collider ® X-band R&D D —5i & L TREE
SR TBY., HECHEZ->T50-70 MW 7 T AD X-
band klystron THILSH LWEII 2O TWE. L2 L.

(@) /8T A— & & Bl \ZBRENS D7 B fadt sk
PR LTWwWEWY (v Ea—% - Y 3Ialb—Ta v
% B\ C try-and-error TERET L TW53) |

(b) FHERBIRBEZ I3 L TD try-and-error |23V (b
F NV ZEREERPICHER LR TV) |

% EORENTR > THB Y, C-band R&D D—E & L TH
EICRIVFEVEROBESE ISR, ZOMELF R
THLZENEETHS LHWL7,

ZZCHBOEERNE LT

(@) SAMEKIC & D<=V F L VR FT L, Rt
FEEWLT 5,

(b) TE B 2T 2 RS L CRIROfE etk % 7] 58
TH01, EITEE- FE2EHTEIREO LIV 3
EBER, TNTHRBEHR SNDGEITIE, FmMiEE &
R\ IEE S 5 728 Choke-Mode Cavity DR % Bt
T%,

©) E— FOBHIPROED % 12— FERM,

SR 1 & B AT W EROEEHI OV TR, K
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VAYAE-FA R

X622 5HICERL 2B NERERT, 3 Ervo
n/2-mode #ITIHZERTH 5 (€ — ADFLET 5 BRICHEST
BEEHTS) o BAZRATHROFY) 7 b Fa—THEE
2 28 mm £ RKEL 1 BED 1.4ELRELVH Y, BRE
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TRAVELING WAVE TYPE OUTPUT CAVITY (n/2, 3 cavities)
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(Accuracy: ~0.01 °C)
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5. 2YVAEY 2 L — ¥ (Smart Modulator) D B %
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BAIEERBHOEY 2 L — 3 BFELSAF— F LT,
EEEME, mX M 7 Fy A%, KiMligbe B L7225
BeiTHIFE L

Fhao L LT, EROBFETEIMZIaR M EFHME L
D, POKRELEEELED CWAEEELRBROLWE»
LW Y oz £ T, #E PAL-POSTECH Hf %8 At
(Pohang Accelerator Laboratory)?® Prof. M. H. Cho & KEK
DOMAFEIZ L 5T 1993 FICHRESNZH L iR o /3
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DB eHNTE, BFAHBOEY 2
L — 5 BIROELE TH 5 Mr. Jong Seok Oh 7
1996 £9 H &Y 6 » A M KEK IZ##E L, Smart
Modulator D FAREFT & C-band RF-System £k
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14— KN 2P HEICEET 2720 DOUEDEETH 5,

C-bandklystron E3746 ® 2 S#ix, ZOBETRE®

10. Smart Modulator 1 5%, AWIIEDSELHFA
BEIR EEBRITR (AL DHEERSEE () . EF
DEKET - BWEE BEHWLZ) o BFTAICRR RV
SVFENA YN— S BFETH 5,

CHARGING VOLTAGE OF INVEF%TER H.V. POWER SUPPLY:
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6.1 Choke-Mode Cavity
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ROBESZE>T, BHHICF Yy 7 HEZIFTE—L D
IIv A% ThLTLEIEIMON TS,

INEHTELD, T4 REEOZEREECD &
ENCHAEFFETEGY LAZSE, T4 RIZL B
LAZLENTG VY RASETERZMNHRICT BRI LIL
LifffhbhT&72, LA L. Linear Collider CER SN 5
LIy VADRRERDLD X DIEBPITPAENTZD, b
THOENHEL WL ENBv, ST TROBEEL S
DI, ZRBEBRDSXFETD . REST — O It #i 7%
Tl ThHb, W TT—ERABOERTL, EEWE (22
fADEARE— FTM010) & RF 737 —% i LT 54T
EOERIZR-TBY, #Nb - A LOWHEERZ
BEBICEMM T AT B Tl v, L72d'5 T, Linear
Collider DBHZE Tl MW HAAMBIZ2 D7 4 1) A% iRIT T,
FRENFESTOO RE 787 — 2 MRICHRT 2 HEH

RF input

SLAC DESY

T
T’ Waveguide

15 Matsumoto-type @ double-feed couplero
SLAC, DESY-type & ¥,

i ?RF input ?RF input
Maglc -T s Magic-T
Coo

e shT& 7, FlZIL

(1) SLAC ® NLC &1 CTiE, TFHEO5I; (Magic-T)%&
AWT, WolZAAD~YA 70z 254, K45 EH
20074 AT B HERERE (K15 HR) |
(2) DESY @ SBLC &1 Cix.SLAC Otz L & & T,
FAEETHSFILAL ) 2oBEEELHVT ®
BOER22O0F7 A ) A b, 7 ulkzii+ a5 R
2RA (H15H) o BEEREZ/NET 272012, #HiK
EOREMHEE W)) T4 Y RAERIT TV,

X T 1993 4ED T & AR KA SBLC Bl OFF7EH 1
728 DESY % #f[fo SBLC D 7V — 7H'h & 9 E 5 A
& L7285 L\WiiE XA double-feed copler D I — )V FERBR
2o TCWAB LI AL & o7z, HEDICERENI X
FChh, TEMEENICLZh2 ) IcE#ELRT W

HZEZ BN TV, 2% [RIChREfLShTn
W] ERERIZD o h otz ) THDH, NICHBAIZ D
B A%, SLAC DikEF & K& v, $EELE VIV T
EawL, EEERRED SV,

% L CDESY#AEHICK 151K T 74 77 &2 Bnaon
%) Thhb, BErlL,

(1) J BB E % I TE R EE S 370

) 2TOFE—FIRDOT 4 1) A% ETFIZERIT 5,

B) TAVAED LOEM% nh 72178,

@) 2FBEOTAVADEE M4 I2VFEENRTTCTY 3
- M¥ 2,
MERLE—R, JENIRICRZ 205, EIXEBAMICIL
WHRTHLENZDTATTD “BZF" Thb, 2T
EH2THBEIILZ VW, FEATEILTATLIEZEZ N,
EobFELOBITTTT,

C-band HHEE Tk, J RIOEFEL D 7T EH% 2K
OFEMBEOMIZ 7 I 4 AMT & el e 8L, NE
L&D EBEE > TV D (H16) o

16 C-band Jl#% H Matsumoto-coupler.



7. C-band R&D NDEHEIZDWT

4#%13., C-band RF-System @ 1.1.= v b (JEE 4 &,
IRNVE—7 4~ 320 MeV)% KEK-B 7% & D AFHERIC7%
EBLCEFERICHERAL, 2oRBEMFMETIL L D
12, A OIEESFEFRIZ WL TR L ZFOMEE Vv 2
FAENBEELER L, ZORBROEHOO, €M
DT 4 DR 1272 & Fon,

L2aL)=7as4¥—ERMOFETH Y, Z2hh
BREOLDE L0 E D D, HROREFRIZ L4 E
HIZEBbDAKREN, > T, C-band ® R&D 1EdH <
FTHL)=TAIA Y% HIBECTRBH, £ THE
ENHME ZEOMERS CHRA L TWAEE RIS,
EOICHRET v TEFI o TWLOPBETHNEL L Do
Bl 21X, HEROMESRE *EL L CTHREEY) Y 7RO
AFEEE LCRRIBE Z WIS 5 L 2(1GeV,25 m)
C-band DIWHAVNE VEE &h L CETRIEESELT IV
INRT MTTBED, Tha Ny PRI EREREREE
. REOISAEZ SN E T, C-band DILEZEEZ AL
TOHIRELfHo T2 &, &HicliEZR LTV
FhidsEwicBEnE 4,

HEE

PRk Rz OB IL, T _TUTIFERLE S
A= H = BHDOT L DKE % TER BB L > TGERK
EEHbOTHY), TIITERLSEH-LET, EAR
) BABREEHRASH ., REZETF7/31 AFER (I
HEPME)  SEELANEMZETE Y A 7 & 8BERT.
HZEHHKRANSHE, KRIEEEFT, &tk ATC, £t
Fito

F 72, C-band 7V —TFIZEML TW7272nTw5b KEK
DAY 2T, FEOF L IEHLTET,

BEI

C-band System 4&fi&
[1] T. Shintake, et al., “C-band Linac RF System for e+e-
Linear Collider”, PAC95, KEK Preprint 95-49, 1995
[2] K. Yokoya, et al., “C-band Linear Collider with C.M.
Energy 500 GeV to 1 TeV”, EPAC96, KEK Preprint 96-68,
1996
[3] T. Shintake, et al., “C-band Main Linac RF System for
e+e- Linear Collider of 0.5 to 1.0 TeV C.M. Energy”,
LINAC96, KEK Preprint 96-122, 1996
[4] T. Shintake, et al., “C-band (5712Mhz) RF-System R&D
Status”, 22nd Linear Accelerator Meeting in Japan, Sendai,
Japan, September 9-11, 1997, KEK Preprint 97-124, 1997
[5]T. Shintake, et al., “C-band RF-System Development for
e+e- Linear Collider”, APC98, KEK Tsukuba, Japan, March
1998, KEK Preprint 98-30.

Klystron B{%

[6] T. Shintake, et al., “Development of C-band 50 MW
Pulse Klystron for e+e- Linear Collider”, PAC97, KEK
Preprint 97-47, 1997

[71H. Matsumoto, et al., “Operation of the C-band 50 MW
Klystron with Smart Modulator”, APC98, KEK Tsukuba,
Japan, March 1998, KEK Preprint 98-31.

[8] T. Shintake, “Klystron simulation and design using the
Field Charge Interaction (FCI) code”, Nucl. Instrum. Method
in Physics Research A 363 (1995) 83-89

Modulator Z 5 BE+R
[917. S. Oh, et al., “Efficiency Issue in C-band Klystron-
Modulator System for Linear Collider”, PAC97, KEK
Preprint 97-51, 1997
[10]].S. Oh, et al., “Efficiency Analysys of the First 111-
MW C-band Klystron-modulator for Linear Collider”,
APC98, KEK Tsukuba, Japan, March 1998, KEK Preprint
98-32.
[11] H. Baba, et al., “Pulsed Modulator for C-band
Klystron”, APC98, KEK Tsukuba, Japan, March 1998, KEK
Preprint 98-33.

Lob e b -y vy, BEREER
[12] H. Matsumoto, et al., “Development of C-
band(5712MHz) High Power Waveguide Components”,
PAC97, KEK Preprint 97-50, 1997

T B AR
[13] H. Matsumoto, et al., “C-band Choke-Mode
Accelerating Structure for the Linear Collider”, EPAC96,
KEK Preprint 96-70, 1996
[14] K. Kubo, et al., “Alignment Issues for C-band Linear
Collider”, EPAC96, KEK Preprint 96-66
[15]N. Akasaka, “Dark Current Simulation in High Gradient
Accelerating Structure”, EPAC96, KEK Preprint 96-65
[16] T. Shintake, “The Choke Mode Cavity”, Jpn. J. Appl.
Phys. Vol. 31 (1992) pp. L1567-L1570, Nov. 1992

RF pulse compressor Ff#
[17] T. Shintake, et al., “A New RF Pulse-Compressor
Using Multi-Cell Coupled-Cavity System”, EPAC96, KEK
Preprint 96-71, 1996
[18] T. Shintake, et al., “Development of C-band RF Pulse
Compression System for e+e- Linear Collider”, PAC97,
KEK Preprint 97-48, 1997



