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(1) to construct the 15
stage LC and fto starl the physics program: as
early’ asi possible.

(Z2)FManysdevices/ideashdeveloped fiorsC=tyand

canfbertised orroier ECaechnologiess

(3)" Mo bring spin=offi off ihe C-band’ LC
tiechnology! 1o 'oiher fields! of science and also 1o

industry.

X-ray and infrared-red’ free electron lasers (e.g. SCSS at
SPring8) Compact electron linacs for medical use and  for
sterilization.
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Design Principle of C-band

S-band linac was established 3 century ago. It is a
global-standard of the high energy electron linacs.

C-band frequency is only two times higher than S-band
Size of the structures: 5 of S-band

>>The accelerating structure fabrication and alignment
with well-established technologies of 90's.
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A d\/ﬁm‘ﬁgeg O”f C-band

-~ The design-of-a RE unit-is-simple

— Construction and operation are easy.

= Voltage of the klystron' gun (#3850 KV) same as SLAC5045.
2 hhe modulatorr HV=pulserlengih (S: 51 /sec):
Filling timer = 0251 isec, RESpulSe=i2o 5 isec

S e maximums elecirical field on hersurfaces of copper  caviiliy is
low (Z8OFMV/m):

iher structures straighiness s relaxed (50 ym).
— Reliability, Long term: stability can| be insured.

From the beginning of the design mass production is considered.
= Availability

Obvious trade-off : Lower acceleration gradient than X-band.
PAL/POSTECH KEK




The design is not just conservative, but

(@) Acceleratior structure with choke-mode cavities.

(b) Shoerii-size pulse compressor (SLED-LTT),
(E)FSmaripMoedtlaieridrivenisy ansnyerer =V apeweristupply:
(c) Digtle)2=f22el /02 Cotjo)2e

(2) B2dis) vostiion mloghias Wira Wi g o2 SUgdgzssio).

(7)) Ynlisz.¢ Fyoz Wayzegulcdz & veaauss) f e 2.

(c)) B2elig) Si22 iiafirof Wi o Comerfon las2e g2 diZidizi 2

The C-band CJ:)hysicis’rs worked ouf these ideas. Many of these inventions

are materialized by collaborations with industries.
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AC POWER LINE

SMART MODULATOR

=

HV INVERTER POWER SUPPLY—

50 MW KLYSTRON —i

3le

25us
COMPRESSOR 4%?

RF-PULSE

PFN
MODULE

WAVEGUIDE W?

WR-187 Rectangular
LOSS ~5%

GLC 500-GeV C.M. Energy (two linacs)

RF-SYSTEM:
MODULATORS:
KLYSTRONS:

ACC. STRUCTURES:
ACTIVE LENGTH:
WALL-PLUG POWER:

COMPRESS PuLsSE COMPRESSOR INPUT

& 100 MW, 2.5 us

TO STRUCTURES Moy

PHASE SHIFT

U

Q-MAGNET

3mf4, af3, = 0.13~0.17, vg=0.012-0.035c, r=60 MClim, TF=286 ns, 7=0.53
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ALIGNMENT TORELANCE : - 30 pm / STRUCTURE

QUTPUT RF-POWER

ACTIVE MOVER




C-band in the GLC Main Linac Tunnel

Active Length: S 96:::;26: i Can be
15.3 km for =il installed in the

two linacs at €T r 5 4 same funnel as
Sl S X = band

5001 GeV: G. M.

Accelerator
funnel

Klystron
gallery
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C-band
Klystron

Klystron
Modulator

RF Pulse
Compressor.

Accelerating
Structure

S0FMWS

2.9 lisec, 47 s

110" MW
100! pps

Elat Pulse
Gains 3

158'm
Choke-Mode

Life test >8000 hours:

Smart modulator=1
usingrinveriersHV.
charger:

Running fior klysiiron
life test:.

High power: test:
at KEK.

RErepefition
rate: 50 pps
(limited by HV
charging power:
SUPP'Y)

135 MW TT
u,ubé_-

|
|
3 — 7
A ~~ \
. 1 SO G U N
T T TTT(TT

Beam\acceleration
ai was
done att AlE=KEKS
with ' S=band model:
HOM damping
performance was
proved by ASSET-
SLAC test, 1998.




C-band 50 MW Klystron o) 2

TOSHIBA: MODEL-E3746

CHl > SV A lps =11.3 VS

! | o MW Measured data
| Ou‘r ut’ power: 55 MW

eam voltiage: 3695 KV.

M) current: SSivA

am perveance:

fma Cy: 34575

1.5 pA/VLE

—— 2 )| 2
L RF PULSE WIDTH 2.5 usec o® -
i_,___B_EP.ET.JIJ..QN.BAT-E---50 2 £ — t ¥ 45% " Operation
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—
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KEKB injector linac use a C-
band accelerating structure 200 250 300 350

PAT/&B‘SQM BEAM VOLTAGE [kV]




I o%

T Thyratron turm on
PFN charging voltage +

Charging voltage
| | Pedkipowerrouipiz 1M =MW
‘ —T—" Thverter owersppy Average) power: outpuiEs SO KW,

Hclr'gmg voltage: 47 kv
Flat: top pulse width: 2.5 ysec

Advantiages:
-Compact
-Use Inverter type charging power supply

-Low EMI noise level
PAL/POSTECH Daily use at C-band for >10,000@h«




Shanghai Light Source

Vo

45-MW, 3.5-usec]
50-pps /

/

M 1.00us A  -6.40V

2055 2004
1+ 3.48000s 20:14:19
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Circuit Diagram for Qil Filed
Modulator

Charging Voltage : 47 kV
Average power: 30 kW

In insulating oil Stored energy : 475 J

High Voltage — 18 cell PFN

HV proba
Power Suppl
ey Reverse —
Protection
Inverter (G} ATy AAA— T
DG PS

Thyratron
Switch

) r’:k"n '

+ 50 k¥ miax.
1.5 Amp.

Main Trig.
(pulse-transformer)
|

[
i .
5 PreTrige i
.

Discharge Resistor
Shunt Circuit

17 msac
- -—

W 47 kV CX1838
]
'a /
/ / | )
¥ |-

Thrme ) ﬁ{]u'[put o

3 ~

22 kY ||Ir-3_a_ U!-E\E_,n".

B2kA | i fron
¥ Y % Dde):

- = 25 U Sep

S — -390 kV
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[ 2d Compact Modulator

———C

1rt Modulator IT)

NICHICON modulator #1

‘Peak power: 111 MW

Criageflge) Voliedgzi 30 54Y ) —

233, w=igZe ollszel goyZe | T R s BRI W T dea T
- 80-g03. (fop 3C53) I o SRS
-3 907

5 (W) b () e () TP

Advantagess

-Very compact
-Low EMT noise level

- Free from the atmosphere condition (dusts,
humidity)

raL»dsow:icost (model-I x 2/3)

easured waveformes! for
beam voltage and current.




50 kV Inve

~ter Power Supply

TOSHIBA: Inverter power supply #1

Output voltage: 50 kV

Charge rate average: 30/ kJ/s
(peak: 37.5 kJ/s)

Average current: 1.5 A

Output voltage regulation: <=+0.5%
48 (W) x 45 (H) x 63 (D) [cm3]

SPECIFICATIONS
Output voltage: 0~50 kV
Average current: 1.5 A
Charge rate: 30 kJ/sec (average)
37.5 kJ/sec (peak)
Power factor: >857 (50 pps, full load)
Power: efficiency: >85% (full load)
e s

01 msecldw 3
G “ﬁ'ﬂﬁ“&f‘f‘"‘mzl
Measur'ed output voltage regulation

paLrosTecl/ery good voltage regulation: 0.14% (pxp)




PFN Adjustment Safe & Easy

PAL/PUS | ECH

L (coil) adjusfme
during the operatic

\
T |
.

Coil (adjustable inductance)
L (coil) = 290 ~ 580 nH

HV capacitor : Maxwell (General Atomic
C =22.3nF x 18
Viax = 50 kV KEK




in)the case of T
maintenance>>
(10 minutes)

HV input;

HV' output
410 coaxiall x 9 parallel

EOL clipper
Return protection

PAL/POSTUF & resister

Thyratron tube
(Inside)

Pulse Forming Network

PFN
( ) KEK




PAL/POSTECH

STRUCTURE LENGTH:
1.8 long

WUACCELERATIING GRADLENIT:

56 MV/m

" DARK CURRENT ENERGY:

100 MeV. (MAX.)
MONETIORS:

" FARADAY. CUP. &
PICO- AMPERE-METER
CURRENT MONELTOR
X-RAY' SURVEY METER
SCINTILATOR &
PHOTO-MULTIPLIER
PROFILE MONITOR &
VIDEO-CAMERA ey




mission Dark

[ J [ J [ d [ J
iile AlGEN A4 old

(2) Desorption of ions and
molecules by electron
bombardment

(3) Ionization by
electron impact

(4) back bombardment

(5) Emission of secondary

ions and electrons
CATHODE
I Dark current =

Enhancement effect of dark current (1) Primary field emission

by electron and ion impact on electrode + (2) Enhanced emission
PAL/POSTECH KEK




Reduction of Dark Current

(1) Mo exhibits low primary
field emission current

(2) The enhancement effect

due to bombardments is
weak for Ti

PAL/POSTECH
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Reduction of dark current
KEK




Summary of R&D for Linear
Collider

(1) We have been developing C-band main linac to construct and start
physics program at the 15t stage LC with a minimum R&D, so as to be
as concurrent as possible with LHC operation.

(2) The basic components (klystron, modulator, pulse compressor,
accelerator structure) are in principle ready for the 500 GeV LC.

- Industrial models ready for the klystron and the modulator.
- First high power test of rf compressor successful.

- 40 MV/m conventional C-band accelerating structure is being
used at KEKB injector. High power test of Choke-mode cavity
will be done at SPring8 in 2004.

- High power test of the full RF unit in 2006.

(3) Many novel devices based on new ideas have been developed, and
many of them can be used also for other LC technologies.

Since the Main Linac is a huge periodic system, Simplicity and
Reliability of a RF unit must be the key for easy construction
and stable operation.

PAL/POSTECH KEK




Possible Realistic
Application




C-band Tests at SPring8 Compact
SASE Source (SCSS)

Harima, Tol:yo 4

~"""xmsa| AP

Hyngu Prafectura

B e |
GardenC (ltami) Bus,*
..4"

Sl R | e  beam energy: 8 GeV
i | Storage ring: 1436 m
Photon beam line: 62

F From... http://www.spring8.or.jp




) Com prr"{‘ SASE Source

1
j 8

= ava a
={(7€V U = v

Electron Source  Main Accelerator

Undulator SASE-FEL X-ray User

—>

\WAYAYAVAYAYAYAY. 1)
A4

— T — ﬂ\

Low-Emittance  High-Gradient C-band In-Vacuum Undulator

Cowl Emitiances Injector ==

Short Saturation Length

500-kV pluses' DC gun

HighrGradient; — |_$hor'1' Accelerator Length

Acceleraterpand’ 35T MV/m) % 30im) =1 GeV (4 units)
35 MV/m x 180im = 6 GeV (24 units)

Short Period m—
Undulgife yacuum undulator

Lower Beam Energy and
Short Saturation Length

The first step, we will be to generate 60-nm FEL
from a 250-MeV beam energy by November 2005.

PAL/POSTECH




Beam Current 3 Amp at 1450 deg C
(using graphite heater)
Current Density > 40 A/cm?

PAL/POSTECH




Compact Infrared FEL

MODULATOR
POWER SUPPLY

20 MW, 10 psec, 100 pps

= _—

RF Undulator using
1 MW Ridge shape wave-guide

=]= GUN'
'@’ ; <5 MeV
12 MW 5 MW
{

1.5 m long, 20 MV/m
| =

A>4um

&
<
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Spare Slides




Possible Scenario for Hybrid
Scheme




Simulations of RF Compression Cavu’ry

—— electric field
> magnetic field =" -

Coupling cavit
Cavity 1 2 ychi‘ry 2

TEo5  TEos, 15
Q=90k Q=190k

_lafﬂ m— ’@"@ O ‘®1=®1'® '@ 9] '@ i®i '@ i9ile: ’95@.

x L YAV YAV ViVIViVLY

Lo e @"@-'@-'@"@"@-'@- .@,.@,.@,.@,.@,.@,.@,.@,
ALY ALY AL YAV LYV LY ALY,




Application of Invar metal to RF cavity

Copper Super-Invar

Thermall expansion g 16 % 10:6/:C g

coefficient:

Whermal conduc‘rivi'ryg 394 W/(me €) 13.5 W/(m¢: €) g
Eleciric conducTiviTyg INx10720'm 1no gOOd g

sStpersinver hermal frequency drifs;
at C-band

i\
\
\

| A
# lating 96 kHz/°C m /oc

or
. (Cooper cavity)
ng using HIP measured data
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High Power Test

igh: power. test done
I KEK in 2003.

awer multiple factor:

-)
>)

]

RF r'epe‘l'l‘rlon rate: 50 pps (I|m|1'ed ; :
by HV charging power supply) Ch et e T e g

pallMll-¥esy (350 MW) will be done at SPring8 in 2006. g,




P

Possible improvements

1) Upgrade of power multiplication factor 3=3.5

- Precise frequency tuning of 1s' cavity.

- Increase the mechanical strength for cavity end
plates at 15" cavities.

- Precise phase adjustment to reduce the reflection rf
power from the cavities.

2) Full power operation 135+350 MW

- The maximum surface electrical field gradients at the
coupling irises designed within 80 MV/m at rf output
power of 350 MW and 0.5 s.

- For the S-band SLED-I cavity at KEKB and ATF, it was
designed within 120 MV/m of surface gradient at 450
MW and 1.0 ps, and it is routinely in use in both facilities.

- We believe there will be no problem at 350 MW.

PAL/POSTECH KEK




Accelerator

Structures




Choke-Mode Acceleratii

= - et

— easy faprcation withra tuming maching

== Mode

Choke Mode Cavity
MC-Multilam spring
Wakefield Absorber Electro-platedCopper*
SiC Ring /
Choke Filter
Trapped
. Accelerating
N

-[HBEAM|

3




C-band Accelerati

.- O 0=
Choke-Mode Cavityf
o I 4 Full Scale Structure

£ " | 1.8 m long

Dual arises input couple

PAL/I Wed | Wl | -




A

Beam

- The first C-band accelerating structure (1-m long)
with a conventional disk-loaded type successfully
accelerated the beam in the KEKB injector linac at
the gradient of 40 MV/m in October 2003.

It is routinely in use at KEKB injector since after
the first operation.

Energy Gain by C-band unit

Field gradl ent=41.2 MWm (=39. 66 MeV/0.962 m}

Beam Energy (MeV)

180 240 300 360- 420
RF-phase (degree)

PAL/POSTECH




Roller Cam Mover
and

Support Stand




DEVIATIONS FROM REFERENCE

[1/1000 mm]

\ 1.8 m-long

\\“ \.Structure
/ A
///

\

a72

ller ca

—— Front; X-axis —-*—" Front Y-axis
—®—Rear X-axis ~ —— Rear Y-axis

MOVING DISTANCE AT CENTER AXIS [1/1000 mm]

This—mechanism-—is—designed-—to
support a load of up to 500 Kg,
while providing smooth motion, free
of hysteresis ati the micron level.
The new! roller’ cams: mover unit' is
comprised of two) roller’ cams, their
stepping) moiors  drivers, two linear
sliders) "andl suppori " frames. “We
used! 72! mm, diameiter: roller cams} 1o
provide’ ==1" mm\ ofi positioning area:

Two roller cams' units were used
o manipulate the dummy weight.
Each roller cams mover uniti can be
controlled individually to adjust for
any axis. A position repeatability of
around 0.1 ym within = 1 mm of
the adjustable area was obtained.

KEK




High-strength Concrete for Support Table

=
E- \: ‘I i

! | ] | T
: Hight-strength Copcrete:

| @b ]

E:}werﬂﬂ:mal I:;mcretiz

600

- N W & W
o 0 & O O
o O 0O o o

~~
©
o
i
~
(@)}
c
Y4
c
=
e
n
>
—
(@]

'_ . Alignment jig
Dry up time N =

- Low dray shrinking Diameter: 500 mm

- Flexible shape Length: 680 mm

- Massive (damp the vibration) Flatness at top: +=20 pm
PAL/PN5E6sTH KEK
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Klystron
and

Modulator




Changing ®
Controlling ye, AE/E

i | i | i i l i | i | k -Id:.
-1 075 05 025 0 025 05 075 |

Ao = 2. Optimum Bunch Length? In ( +

I, Sanuki ITEF M eeiag Feair K EK
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C+X hybrid optics (SAD)

(GLC Roadmap)

eca B e
AR AR (m)

200GeV +300GeV
+7.5Km

T8 |
] L-—d.—dl--m— g
1 P = i

L L= e ]

II Ill "l.ull-"_' I T B
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Main

Overall Parameter
C.M. Energy 210/0) GeV.
Nominal Luminosity. 14.1 x 1033

Beam) Current;
RC X bunches X pps

1.4 x 192 x 100

243 x 4.0° nm
Bunch' Length 0.2 mm

Spot! Size at IP (rms)

Bunchi Separation 1.4 nsec

Main Linac Parameter:

Main Linac Length 15.3 km
Number of RF Unit 2125 Units

Linac AC Power 240 MW

PAL/POSTECH

Klystron

50 MW, 2.5 lisec
Modulator 110" MW, 25T KY.
Efficiency, 50%

Klystron: Power

RESPulser Compressor:
Compression Gain x 3.3
Ef:ficiency 70%
Accelerating Struciure

3IMV/m (with beam),
42 MV/m (no: load)

MO/ m

Accelerating
Gradient:

Shunt-Impedance 54

Alignment Tolerance 50 pm




Main R&D items

C-band Klystron RF Pulse Accelerating
Klystron Modulator Compressor Structure

20 MW, 110 MW, Flat Pulse 1.8 m
2L5) [isec, 47 s 100 pps Gain: 3 Chioke=Mode

Bife tesi >6500Moetrs,; Sn:\ar"t. modulator=©L g long| cold! model Beamacceleration
0)4 usingrinverters =V ati was

charger: hhree=cell done att AlF=KEK,
Running! for klysiron cavity: with' S-band model:
lifertest. OK - s | | HOM damping

< ST || performance was
proved by ASSET-
SLAC test, 1998.




RF Pulse Compressor (low power model)

Cold-Model
pobinsiorn Wik i o) b eyt Main E{'.'iL‘f’aFi"’"“' Cavi1'y

(480 mm )

43270 |l 14402 ||

TEO,,15 o, 1 ¢ TEO.115
Q:190k |Q:90 Q:190k

WR-18T ( G-band )
47.55x 2215 mm
3.95-5.85GHe

PAL/POSTECH Mode Converter




PM-AM Modulation

b

Flat Pulse Generation by PM-AM Modulation

PhaseModulator S0MW Klystron
! f PM-AM
[vi v , A7

\ F2 J-/
Oversized g
Teorns 3dB Hybrid \J
Cavity —

__V1+v2 | 100MW 2.5psec
- Inpur |

Power |

e

T, Compressed

Power [\
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From 1987 to 1994 extensive high gradient tests were performed
at KEK using S-band structures, We learned that

 (1).The magnitude of dark current depends.on the cleanliness. of
the surface inside the structure.

(2) e maeximun electic field gradient depends ol e shiape. of
(e structures (especially the colplers).

(E)IVIICHESCORIC VEIESHANE 10
StrlciUreN s oneroite
[EESONS B therdarkecuient

—=—CLEAN STRUCTURE
—#—CONVENTIONAL 3TRUCTURE

—
=

F‘-“:';d' —~rELECTROFLATED $TRUCTURE

—=
=

—
=

(D EmpPICANIESHe]d o
SUlface dischargerat S-anad:
areunadr 20 MM/m:

—=
=

LVERL GE DA RK CURRENT
| fE2.5PULSE [ A4WT

-
]

—=
=

5.0 5.0 10
14E  [Mim] %107

IMVERS SURFACE ELECTRICAL GRADIENT
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Tihe klystrens and medulators should be tested successiully at the
Reminal 100N=Z epetiien ate.

s shieuldieadiiertiesuliNest e thelinaec St URIE WiIth e Eam: nisawill
cbdeKysSirens, Medulaiers, pulse compression sysienm, EERIEconiel and

several structuresin thelititrer envirenment.

SSATEWSmedulaterieirSESSialleacd\iesied att6oN=Z
—SANREean testheir e REURItWillNeerdeone ar SESSHn
SPHRG=8/1n 20006
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Requir

1)) Accelerating structure

= Forsingleswake filed: 25 imirms)

=Mechanical tolerance: 50Nm(max)

PAL/POSTECH




HOMI Damping by Cheke-Mode Cavity.
108 mileng, 91 Cells; CErsiruciure
ST/A-Moede

Brazing Bending

SIC ByliungStenWire-spiinek

DeUBle=iecd Couplers
HighEpeWeErtest Wil e w2004




High Gradient Test

KLYSTRON

IRENT MONITOR  PROFILE MONITOR
|

FARADAY CUP 45-deg. BENDING MAGNET
|| comprédssor

BEAM STOPPER (Fe)

SLIDING STAGE
X-RAY SURVEY METER

SCINTILATOR &
PHOTO MULTIPLIER




Traveling-wave Output
Structure

29 MV/m




Beam Emittance Measurement on SCSS

Beam Profile Emittance Profile

Time = 100 - el  Time=100

X:X1,Y: Y1
R DB EDS

Beam Energy : 200 keV Emittance (€nrws)

Peak Current : 0.5A Requirement : 2 t.mm.mrad @Undulator
Pulse Width  : 3 us

Repetition Rate : 10 Hz Experiment : 0.9 m.mm.mrad @Gun (preliminary)

PAL/POSTECH K. Togawa, T. Tanaka and T. Ohata at SPring-8




Pulsed High Voltage DC GUN

Currently RF-gun is promising for the
unpolarized electron gun, but DC-gun can also
be used for unpolarized electron gun.

o Treraionie e fs sizigle cinel foge) |,

s Hiehrtemperattirersimgle-cny/sial carhereroperaiesteuitersizslyiamne
leneHire( > 10000 eurS)

o Uniierm Eleciren DERSIH:

o Singlecrystal CeB6 cathode provide uniferm emissien density.
(veny low: slice remittance)

« Wide Range of Tuneability.

e Sub-harmonic buncher + buncher configuration enable one-by-one
tuning of beam parameter.

PAL/POSTECH KEK




Smart Modulator

Compact modular design
No de-Q'ing ( simple )
Inverter HV supply |

\

=

ooooooon
_ jnooooooo

Pulse Compressor

Small Size 160 x L1000 mm / N

High Efficiency >80 %

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

50 MW C-band Klystron

Large Beam Drift Tube Diameter : 16 mm
Lower Gun Voltage : 350 kV

Pulse Transformer

e
B

HV-Pulse length of 3 isec is best fit to
conventional pulse-transformer and PFN.

Standard Rectangular Waveguide

0 0.03 dB

U o 10 O

Iris aperture <2a>=16 mm

Alignment tolerance

3 1MV/ Acc. Structur / 50 um /structure
Beam Line




Measured Wakefi

Energy 1.2GeV  Used BPMs 20units |
Drivee’ InC Averaging 16 shots;point
Witnesse  InC Active Str.Length 1.791m]

Cjfset Ay 2mm

by
Lo

L)
o

L

2nd Bunch

B
g
3
)
Ny
=
>
=
2
3
=

0 1
distance(m)
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