SLAC—PUB—7386August 1996STATUS AND RESULTS FROM THE NEXT LINEAR COLLIDER TESTACCELERATOR *R. D. Ruth, C. Adolphsen, S. Allison, M. Akemoto, R. Atkinson, W. Baumgartner, P. Bong, V. Brown, M. Browne, G.Caryotakis, R. Cassel, G. Cisneros, S. L. Clark, T. Constant, C. Corvin, T. Dean, J. Eichner, R. Fuller, S. Gold, J. Grippe, S.Hanna, H. Hoag, P. Holik, S. Holmes, R. Humphrey, R. Jones, K Ko, R. Koontz, N. Kroll, T.Lavine, G. A. Loew, R. Loewen,R. H. Miller, V. Nesterov, C. Nantista, J. M. Paterson, C. Pearson, R. Phillips, W. Pierce, R. Pope, T. Porter, J. Rifkin, W.Roster, M. Seidel, H. Smith, S. Smith, J. Spencer, N. Spencer, D. Sprehn, S. Tantawi, K. Thompson, A. Tillghman, A. Vlieks,V. Vylet, J. W. Wang, P. B. Wilson, Z. Wilson, E. Wright, D. Yeremian, J. Zelinski, C. ZomekStanford Linear Accelerator Center, Stanford, CA 94309AbstractThe design for the Next Linear Collider (NLC) at SLAC is based on two 11.4 GHz linacs operating at an unloadedacceleration gradient of 50 MV/m increasing to 85 MV/m as the energy is increased from 1/2 TeV to 1 TeV in thecenter of mass[1]. During the past several years there has been tremendous progress on the development of 11.4GHz (X-band) RF systems. These developments include klystrons which operate at the required power and pulselength, pulse compression systems that achieve a factor of four power multiplication and structures that are speciallydesigned to reduce long-range wakefields. Together with these developments, we have constructed a 1/2 GeV testaccelerator, the NLC Test Accelerator (NLCTA). The NLCTA will serve as a test bed as the design of the NLC isrefined. In addition to testing the RF system, the NLCTA is designed to address many questions related to thedynamics of the beam during acceleration, in particular the study of multibunch beam loading compensation andtransverse beam break-up. In this paper we present the status of the NLCTA and the results of initialcommissioning.Presented at the Eighteenth International Linac Conference,Geneva, Switzerland26-30 August 1996

* Work supported by Department of Energy contract DE—AC03—76SF00515.

STATUS AND RESULTS FROM THE NEXT LINEAR COLLIDER TEST ACCELERATOR*R. D. Ruth, C. Adolphsen, S. Allison, M. Akemoto, R. Atkinson, W. Baumgartner, P. Bong, V. Brown, M. Browne, G.Caryotakis, R. Cassel, G. Cisneros, S. L. Clark, T. Constant, C. Corvin, T. Dean, J. Eichner, R. Fuller, S. Gold, J. Grippe, S.Hanna, H. Hoag, P. Holik, S. Holmes, R. Humphrey, R. Jones, K Ko, R. Koontz, N. Kroll, T.Lavine, G. A. Loew, R. Loewen,R. H. Miller, V. Nesterov, C. Nantista, J. M. Paterson, C. Pearson, R. Phillips, W. Pierce, R. Pope, T. Porter, J. Rifkin, W.Roster, M. Seidel, H. Smith, S. Smith, J. Spencer, N. Spencer, D. Sprehn, S. Tantawi, K. Thompson, A. Tillghman, A. Vlieks,V. Vylet, J. W. Wang, P. B. Wilson, Z. Wilson, E. Wright, D. Yeremian, J. Zelinski, C. ZomekStanford Linear Accelerator Center, Stanford, CA 94309

* Work supported by Department of Energy contract DE-AC03-76SF00515.AbstractThe design for the Next Linear Collider (NLC) at SLAC isbased on two 11.4 GHz linacs operating at an unloadedacceleration gradient of 50 MV/m increasing to 85 MV/m asthe energy is increased from 1/2 TeV to 1 TeV in the center ofmass[1]. During the past several years there has beentremendous progress on the development of 11.4 GHz (X-band)RF systems. These developments include klystrons whichoperate at the requiredpower and pulse length, pulsecompression systems that achieve a factor of four powermultiplication and structures that are specially designed toreducelong-range wakefields. Together with thesedevelopments, we have constructed a 1/2 GeV test accelerator,the NLC Test Accelerator (NLCTA). The NLCTA will serveas a test bed as the design of the NLC is refined. In addition totesting the RF system, the NLCTA is designed to addressmany questions related to the dynamics of the beam duringacceleration, in particular the study of multibunch beamloading compensation and transverse beam break-up. In thispaper we present the status of the NLCTA and the results ofinitial commissioning.IntroductionThe Next Linear Collider Test Accelerator (NLCTA) is a42-meter-long beam line consisting consecutively, of aninjector, a chicane, a linac, and a spectrometer[2].The injector consists of a 150-keV griddedthermionic-cathode gun, two prebuncher cavities and two 0.9 m detunedaccelerator structures. The injector is surrounded by solenoidsto provide the necessary focusing. Downstream from theinjector we have a magnetic chicane for longitudinal phase-space manipulation, energy measurement and collimation.After the collimation, the average current injected into thelinac is comparable to the NLC specification, 1.0 nC/1.4 ns.The NLCTA linac when complete will consist of six 1.8-meter-long X-band accelerator sections which are designed tosuppress the long-range transverse wakefield. These sectionswill be powered by three 50-MW klystrons whose peak poweris quadrupled by SLED-II RF pulse compressors. This yieldsan unloaded acceleration gradient of 50 MV/m over 10.8 m sothat the maximum energy gain in the linac is 540 MeV. TheNLCTA RF system parameters are listed in Table 1.Downstream from the linac we have a magneticspectrometer that can horizontally momentum analyze thebunch train after acceleration. A vertical kicker magnet in thespectrometer will provide a method for separating the bunchesvertically so that the energy and energy spread can be measuredalong the bunch train. We can also measure the emittance inthe spectrometer and in the chicane.In the future we plan to increase the linac gradient to 85MV/m by installing six 75 MW klystrons as shown in Table2. We also plan to upgrade the injector in order to increase thebunch spacing and intensity, each by a factor of 16. This willpermit more detailed beam-dynamics studies on a train ofbunches similar to that required for the NLC.Table 1. NLCTA RF System ParametersParameterD e s i g n UpgradeLinac Energy540 MeV920 MeVActive Length10.8 m10.8mAcc. Gradient50 MeV85 MeVInj. Energy90 MeV90 MeVRF Freq.11.4 GHz11.4 GHzNo. of Klystrons47Klystron Power50 MW75 MWKlystron Pulse1.5 msec1.5 msecRF Compression4.04.0Structure Length1.8 m1.8 mKlystron StatusThe NLCTA (and NLC) specifications call for 50 MWklystrons operating with a 1.5 msec pulse length (1.2 msec forthe NLC). Thus far, the klystron development effort at SLAChas produced four klystrons that meet or exceed the NLCTAspecification[3]. Figure 2 shows the output power of thefourth in the series, XL-4. It is a very robust klystron with avery stable output power and can produce a 75 MW pulse 1.2msec long. Both XL-2 and XL-3 also produce more than therequired 50 MW, and all of the three klystrons have therequired bandwidth to work with the SLED-II compressionsystem. The XL-4 klystron has been installed on the NLCTAinjector modulator and is being used to power the initialcommissioning of the injector.

Several more klystrons of the XL-4 type will be producedfor the NLCTA. However, the development effort for NLCklystrons has been turned towards the development of aperiodic permanent magnet (PPM) focused klystron[4]. Thiseliminates the focusing solenoid from the klystron, reducingthe capital and operating cost significantly. The initial tests ofthe first PPM klystron have just been completed yielding upto 60 MW with about 60% efficiency. This klystron powerexceeds the 50 MW required for the 1/2 TeV NLC.