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Abstract lower than the existing-bandtubes. To keep theame

level of tube reliability or even better, wiaid two
Hardware R&D for theC-band (5712 MHz) RF poundaries.

system was started as a KEK research program fofehe €1) Gun Voltage

linear collider project in 1996[1]. In order to achieve 500 Use the same level or even lower gun voltage than the
GeV C.M. energy at the'e collision within 25 km site most reliable klystrons at S-band. We believe that in the
length, theC-bandsystemrequests 4080tubes of 50 pulsed poweklystrons, possibility of HVbreakdown in
MW pulse klystron, which drives the acceleratgrgdient gun region, oridler cavities and the output gap, is a
32 MV/m at the full beam current. The first 50 M¥&ss  sensitive function of the beam voltage. From the
klystron at C-bandwas designed and fabricatethamed experience on Toshiba E3712-klystron (80 MW, 375 kV),
Toshiba E3746). or SLAC 5045-klystron (50 MW, 350 kV), we chose the
gun voltage around 350 kV.
1 INTRODUCTION Lower voltagedesignneedshigher beam current. The

The €e linear collider is a large scale machine. In thgpower conversion efficiency tends to be lower in a higher
main linacs for 500GeV C.M. stage, we use more thanbeam current klystron due to the spabarge forceacting
8000 acceleratingstructures, 4000 klystronand pulse on bunch. We took the reliability issue as the first
modulators. Therefore, the system must meet the priority than the power efficiency in our design.

following demands. (2) Beam energy per puls¥I(r)
(1) High reliability. From a view point of theower handling in dube, it
(2) Lower construction cost. is reasonable tdimit the total beam injectiorenergy
(3) Simple. lower than a certaiamount. If a part of the highower
(4) Reasonable power efficiency. beam collides to thdrift-tube wall or an interaction gap,
(5) Easy to operate. and the power density is high enough, tepper material

Above list provides main guide-lineand boundary can be melted or vaporized,rigsulting in HV breakdown
conditions to our designwork. Among the design in the output gap or othdrigh-field regions. Since the
parameters, the choice of the drive rf frequency pragst  drift tube diameter scales as inverse of the rf frequency, the
important role concerning the total system performance a4 renergy scaling becomes
well as thehardwaredetails. Weproposed C-band as the VITOD? Dw™
best frequency[1]. Reasons are From the operationaxperience in S-barklystrons, we

(1) Fabrication tolerance of the accelerating structure feund the safety value foC-bandklystron as 300~400
not so tight. The straightnesslerance is 3Qum for 1.8 J/pulse. The HV pulse length to bpplied is3.5 psec,
m long structure. andthe power efficiency is 45 %the safety level of the

(2) RF pulse length to be generated from a klystron igeak power at C-band becomes 50 MW.
about 2.5~3.0usec. HV pulsepower supply for the Table-1 shows thedesign parameterand target
klystron is easy to generate this pulse lengtld we can performance.

use a conventional line-type modulator. Table-1. Main Parameter of E3746 klystron.
(3) Klystron can bemade as aextension of existing Parameter Unit
S-band klystrons. _ _ o Frequency 5712 MHz
The item (3) will bediscussed irthe next section in Output Power 50 MW
detail. Beam Voltage 350 kv
Beam Current 317 A
2 CHOICE OF MAIN PARAMETER Microperveance 15 AMAP
To do optimum design of a high-power klystron, we  Gain >50 B
scaled operating parameters ofthe existing S-band RF Pulse Width Max. 3 psec
klystrons to theC-band frequency. Generallgpeaking, Pulse Repetition 100 pps

design of the high-power klystron becomkarder at
higher frequency bands, and its power rating becomes
lower. C-band frequency is twice higher than S-bahnds
we have tolimit the design target othe outputpower
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3. ELECTRON GUN This klystron uses a solenoid focusing. Tperfect
To maintain a long lifetime, it is better teep the Brillouin field is 1.13 kG to focus the beam of 10 mm
maximum loading of theathodeemission lower than 10 diameter. To raintain beam stability we apply 2.6 kG
Alcm?. Assuming the power conversiefficiency as 45 Maximum at upstream, and 2.4 kG at downstream.

%, andgun voltage 350 kV, theequiredbeam current ] )
becomes 320 A. Therefore, the minimueguired cathode JTable-3  Drift-tube and Focusing Parameter

area is 32 cfyor a diameter of 64 mm. We use a cathodeParameter 1st~3r 4th~5
diameter of74.5 mm, then thewverage cathode loading d th
becomes a quite safe value of 6.3 Alcm — cavity cavity
Using the computer simulatiocode EGUN, the gun  Drift Diameter 2a 15 16.3 mm
Beam Diameter 2Rb 10 10* mm

geometry was optimized to obtain a laminar flow with
desired beam envelop.
The designed parameters alisted in Table-2. The

Wave Number ka 0.90 0.97
Bessel Function JO(ka) 0.81 0.78
Cutoff Frequency TE1l 5.86 5.39 GHz

maximum electric field is 22.1 kV/mm, which issame TMO1 765 7.04 GHz

level as that in S-band klystrons such as the SLAC 5045 TM11 12.2 11.22 GHz

or Toshiba E3712. Brillouin Field Bz 1.13 kG
In order to eliminate diode oscillation associatedvith Focusing Field Bz 2.6 2.4 kG

a high-Qresonance irthe small gaparoundthe cathode

element[2], we made the volume of the cylindrical pocket 5. INTERACTION CAVITIES AND BEAM
as small as possible. SIMULATION

E3746 is a five cavity klystron: the input, @ain

Table-2_Electron Gun Parameter cavities, the penultimatand the output cavity,whose

Parameter unit parameters ardisted in Table-4. To optimized those
Microperveance 1.5 HA/V 12 parameters, wasedFCl (Field Charge Interactiof+1/2
Cathode Diameter 74.5 mm PIC code). Example result of the simulation is shown in
Cathode Loading (average) 6.3 Alcm? Fig. 1. FClsaidthe expectedoutput power is49.1 MW
Type of Cathode Dispenser and the power efficiency is 44.3 %.
Scandate
Focused Beam Diameter 10 mm Table-4 Interaction Cavities
Beam Area Convergence 56:1 Type Frequency Q RIQ
Electric Field on Anode 22.1 kV/mm (MHz) Q)
on Whenelt 21.7 KVImm  “jnput Reentrant 5712 350  67.3
2nd Reentrant 5725 2000 62.5
3rd Nose-less[3] 5738 2000 57
4. DRIFT-TUBE AND BEAM FOCUSING 4th Nose-less 5847 2000 64.2

Larger size of thedrift-tube makes the electron gun Output__Nose-less 5712 27.5 9

design easier and focusing field lower, but it matt&awmer L oF
against spurious oscillation due to positieedbackoop __:UJ‘_K_ _H_
driven by propagating ottrapped modénside the drift-

tube. To chose the drift-tube diameter, we basicaigled
from S-band tube.

Table-3 summarizes the drift-tube parameter. We use
mm diameter atipstreamand 16.3 mm atdownstream.
The Bessel functiony,(ka) value is close tadl.0, which
means the interaction gagan keep goodoupling to the
beam][3].

As listed in the table, the TE11l cutdfequency at
downstream is lower than the operatifigquency. In
principle, TE11 modeloesnot interact with a beam in a 3
smooth beam pipe, but itan create amall coupling &g oo
impedance at &ransition of beam pipe or an interaction®
gap, which sometimes causes a parasitic oscillation in o

R (cm)

Wk (keV)

1000

[} S 16 15 20 25 39 33 48
high currentklystron. Toavoidthis type of oscillation, ) ) z (em B
an rf damper (small piece ofstainless-steel pipe) was F19- 2 FCI smjulatlon result IBeamVoIEage = 350 kv,
inserted at the beam pipe transition taper. BeamCurrent = 317 A, Drive Power = 250 W, Output

Power = 49.1 MW, Power Efficiency = 44.3 %).
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6. OUTPUT GAP

6.1 Output Gap Impedance

L

The output gap extracts the rf power from the beam, as{ " L
a reaction the beam is decelerated by the rf fieldmbge —1—-— &1+
the power efficiencymaximum, weneed to design the / ‘
output gap at thémpedancematching condition. From | ot

\
«

19.00

the equivalent circuit analysis, the optimumpedance is
given by

Zopt = (R/ Q)QL Slater's Method

Qext =27.6

Akasaka's Method
Vc — Vdeceleration (1) RIQ =79
- Impedance

B le M 2|wl R = (R/Q) Qext=2.18 kQ
Vyecaieration 1S the beamdecelerationvoltage, which is
usually close to the beam voltage:
Vgecderation = 0-8~0.9Vpe. |, is the rfcurrent on the
beam, which takes 1.5 or higher value ridiafore the 7 HIGH POWER TEST AND FUTURE R&D

output gapand it decaysnside the output gap. AS an  The high power test is scheduled in June 1997. For the
average, weassume I, =11~130pc. M is the phay¢ sten we will try to replace the output cavity by a 3-
coupling constant, in ourase M =0.62. Fromedq. (1), cell traveling wave output structure[5], in which tieid

the optimum impedance becomes 1.7 ~ XB Kogather gradient becomealmost half of the single gagesign.

with the FCI simulation, we decided thepedance at 2.2 Additionally, we use theChoke-ModeCavity[6] in the

kQ. traveling-wave output structure ttampall of the higher
order modes.

Fig. 2 Output Structure.

6.2 Output Structure Design
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