Status of JLC Accelerators DevelopmentYong Ho Chin, Toshiyasu Higo, and Junji UrakawaHigh Energy Accelerator Research Organization (KEK)Abstract. In this paper, we summarize the status of the JLC X-band linac development and ATF(Accelerator Test Facility) activity. The report on the C-band RF system development can befound in Ref.1.X-BAND MAIN LINACThe main X-band linac consists of klystrons, modulators, DLDS pulsecompression/delivery systems, and RF accelerating structures. The periodic permanentmagnet (PPM) klystrons are under development in the two-year/two-stage project withToshiba. The goal is to produce 50MW output power at 1.5 ms pulse length at the firstklystron and then to advance to 75MW at the second one. The first PPM klystron hasbeen tested since July 2000, and it outperforms its goal and all other (solenoid-focussed) X-band klystrons built at KEK. As for the modulator, the three-stage IGBTmodulator module was tested successfully and produced 6kV-2kA output pulse. KEKis developing the multi-mode 2x2 DLDS (Delay Line Distribution System) powerdistribution system, in which the stability of linearly polarized TE12 mode in a long(up to 160m) waveguide is the key for low loss power transport. The experiment wascarried out successfully in the ATF linac tunnel in collaboration with SLAC using aspecially installed 55m long waveguide. Details of these developments andmeasurement results are presented.KlystronsThe 1-TeV JLC (Japan e+e- Linear Collider) project [2] requires about 3200 (/linac)klystrons operating at 75 MW output power with 1.5 ms pulse length. PeriodicPermanent Magnet (PPM) klystrons are being developed to eliminate the expense andpower requirements of the focusing solenoids. KEK has begun a two-year project withToshiba to produce two PPM klystrons in two stages. The design parameters of thoseklystrons are shown in Table 1. The main emphasis of the Toshiba PPM-1 klystron isto test a new gun design and to study the design and manufacturing of the PPM circuit.The damping structure of parasitic modes was adapted by using the stainless steel andthe Monel as the tube and cavity materials and by tilting the output couplers slightly tobreak the symmetry in the output cavity. Figure 1 shows the Toshiba PPM-1 klystronbefore mounted on the test bench. The high power testing of the Toshiba PPM-1klystron was started in July 2000 and is still under way. Figure 2 shows the output

power as a function of the cathode voltage. Up to the date (November 9,2000), itachieved the maximum output power of 68MW at 514kV beam voltage (thecorresponding efficiency is 47%).No oscillation of parasitic mode was observed. The particle transmission was foundto be 100% when no RF signal is applied. At the design pulse length of 1.5 ms, theoutput power of 56MW was achieved so far. But, this is not the limit. Furtherconditioning of the windows would increase the maximum output power at 1.5 ms.From the measurement of the power gain, it was found that Toshiba fabricated the twogain cavities at wrong frequencies. This results in the loss of efficiency by about 3%.The re-testing of the PPM-1 klystron is currently under way after the wrongly madecavities were corrected and more robust Kazakov windows [3] were installed.TABLE1: Main parameters of the Toshiba PPM-1 and PPM-2 klystrons.Toshiba PPM-1Toshiba PPM-2Peak power (MW)>5075Beam voltage (kV)480 - 500480 - 500Micro-perveance0.80.8Efficiency (%)>5055Pulse length (ms)1.51.5Repetition rate (pps)50150Bandwidth (MHz)80 at -1 dB80 at -1 dBCooling of PPMAirWaterFIGURE 1: Toshiba PPM-1 klystron before mounted on the test bench.

FIGURE 2: Output power vs. cathode voltage at Toshiba PPM-1 klystronThe second PPM klystron is now in manufacturing. This klystron incorporatesexperience and knowledge gained from the design and testing of Toshiba PPM-1. Themain goals of the Toshiba PPM-2 are to manufacture a PPM klystron that meets thespecifications of the JLC project and to refine the design and manufacturing processfor future mass production. To meet these goals, the PPM-2 has the water-cooling toallow a higher repetition. The RF system was also improved for a higher efficiency.The high power testing is to start in April 2001.DLDS Pulse Compression and Distribution SystemIn the simplest DLDS (Delay Line Distribution System), illustrated in Fig.3, the RFpower from two klystrons with independent phasing is combined through a 3-dBcoupler. One output port of the 3-dB hybrid is connected, through low-loss waveguide,to a linac feed about one half of the compressed pulse width times the speed of lightupstream of the klystrons; the other port is connected to a local feed. The first half ofthe input RF pulse, of duration equal to the sum of the structure fills time and thebunch train time, is sent to the upstream feed through the delay. The second half of theRF pulse is fed into the linac close to the klystrons, without delay [4].The largest drawback of the original (single mode) DLDS is that it requires longwaveguides: a maximum of 17 waveguides run together inside the linac tunnel. Aconceptual improvement was proposed by SLAC to further reduce the length ofwaveguide system by multiplexing several low-loss RF modes in a same waveguide.Thus, the sub-pulses in the distribution waveguide are carried by different waveguidemodes so that they can be extracted at designated locations according to their modepatterns. Taking advantage of both the single mode and the multi-mode DLDS, a 2x2DLDS was proposed at KEK to deliver RF power to four RF clusters [5]. Its scheme is

010203040506070360380400420440460480500520Toshiba PPM-1 Klystron Perfomance (11/9/00)

Output Power (MW)

Efficiency (%)

Ouput Power (MW)

Efficiency (%)

illustrated in Fig.4. It consists of almost identical dual mode DLDS systems with longand short waveguide. Only two modes (TE01 and TE02 or TE12) are used in eachwaveguide to minimize the complication caused by handling of multi-modes in onewaveguide, while still providing some of the benefit of multi-mode operation byconsiderably reducing the total length of waveguide. The advantages of 2x2 DLDScan be summarized as (1) Cost saving: It reduces the total length of waveguide to 2/3of single mode DLDS. (2) High efficiency: The power loss is about 30% smaller thanthe SLAC 3+1 DLDS. (3) High expandability: It can be easily expanded to feed up to5-7 RF clusters. The last advantage is truly beneficial for cutting the construction costof LC if a long RF pulse (2-3 ms) is available from klystrons in the future.FIGURE 3: A schematic diagram of the simplest factor-2 DLDS.FIGURE 4: Schematic view of 2x2 DLDS.

Modulator

Phase switch

Reference line

structures

3dBcoupler

structures

Klystron#1 Klystron#2

Delay line

Beam direction

TE01-TE11 mode launcher

TE11->TE12 mode converter Load

TE11->TE01 mode converter

TE01 mode extractor

TE01 tap-off

RF structure

55 m 55 m

55 m

Waveguide (�4.75inch)

Klystrons

3dB coupler

RF Pulse

Beam direction

1.2.0212TE0212020212

HP 8510C Display/Processor

HP 8510C IF Detector

HP 8350 Sweep Oscillator

8514A S-Parameter Test Set

Transport Line, 55 meter of circular waveguide that has a diameter of 12.065 cm diameter

Mode Analyzer

Multi-mode Load

1-Watt Amplifier 20-dB Directional Coupler

54 meter of WR90 Rectangular waveguide

All Connections are made with a phase and amplitude stable cables

HP 8510 System Bus

Sweep In

Stop Sweep

Low Noise Amplifier

PC (Pentium based)

GPIB

Mode Launcher

This PC controls both the network analyzer and the mode analyzer. It is also used for data acquisition

Test Set RF Input

-101234567-10010203040506070-100001000200030004000

Output Voltage(kV)

Gate Volatge(V)Time(ns)Output Voltage

Gate Voltage(IGBT, 1st stage)

accelerating mode frequency deviates within a MHz because such dimensions as beamhole radius, "a", and accelerating cell radius, "b", are very well correlated by the helpof NC characteristics so that the frequency perturbations due to "a" and "b" canceleven partly to reduce the frequency sensitivity on dimensional error considerably. Inthis situation with a moderate controllability of frequency, we can make a feed-forward correction to the dimension of "b" in the later fabrication of disks based on theaverage frequency information of the early-made disks.Figure 10 shows the scattering of the p-mode frequencies of the dipole mode ofeach disk for RDDS1 structure. This frequency smoothness is essential to controllingthe dipole wake field. We found that the deviation of 0.6 MHz RMS is much less thanthe requirement of 3 MHz.

01020304050-2-1012Deviation of Fd1_pi mode from smooth curveNumber of disksResidual from 3rd-order polymonial fit [MHz]std = 0.62 MHzFIGURE 10: Each-disk frequency deviation from smooth fit.In Fig. 11 are shown the measured accelerating mode frequencies, the associatedintegrated phase slip along the structure and the feed-forwarded values in "2b". It isseen from the figure that the integrated phase slip was kept within 5 degrees showingthat the feed-forward method worked well. It is to be noted that this feed-forwardmechanism can compensate not only the machining error of precision lathe but alsothe errors in 3D geometries made by milling machine which is usually less accuratethan the precision lathe.FIGURE 11: Accelerating mode frequency.

-3

-2

-1

0

1

2

3

0 50 100 150 200

2b offset [micron] Freq. meas. &estim. [MHz] Integ. phase

2b offset as feed-forward [micron] Accelerating mode frequency error [MHz] Integrated phase error [degree]

Disk number

––– D

1.4.5.6.7.9.