NLCTA INJECTOR EXPERIMENTAL RESULTS*A. D. Yeremian, C. Adolphsen, R. H. Miller, C. D. Nantista, J. W. WangStanford Linear Accelerator CenterStanford, California 94309AbstractThe purpose of the Next Linear Collider TestAccelerator (NLCTA) at SLAC is to integrate the newtechnologies of X-band accelerator structures and RFsystems for the Next Linear Collider (NLC), demonstratemultibunch beam-loading energy compensation andsuppression of higher-order deflecting modes, measure thetransverse components of the accelerating field, andmeasure the dark current generated by RF field emission inthe accelerator [1]. For beam loading R&D, an averagecurrent of about 1 A in a 120 ns long bunch train isrequired. The initial commissioning of the NLCTAinjector, as well as the rest of the accelerator have beenprogressing very well. The initial beam parameters arevery close to the requirement and we expect that injectorwill meet the specified requirements by the end of thissummer.1 INTRODUCTIONMuch of the NLC related R&D for X-band acceleratorsystems can be accomplished with a simple bunch train,with bunches one X-band period apart. Thus a simpleinjector with only X-band components was chosen for thefirst phase of NLCTA. The possibility of upgrading theinjector to produce the actual NLC bunch train format wastaken into consideration during the design of the simpleinjector. For example enough space was left in the tunnelfor additional beamline; magnet power supplies that wouldneed to run at higher current for the upgrade were installedfor the first phase. The fundamental frequency of theNLCTA as well as the NLC accelerator is 11.424 GHz. The NLCTA injector consists of a thermionic gun,two X-band standing wave prebunchers, and two X-bandtraveling wave accelerators, and diagnostics as shown infigure 1. The phase velocities of the first three cavities ofthe first accelerator are tapered from 0.6c to 0.9c toaccommodate the less than c speed of the electronsentering the accelerator. After the first few cavities theelectrons reach the speed of light. Following the injectoris a chicane which is currently set up to be isochronous.The profile monitor in the high dispersion region of thechicane is used to measure the beam energy spread fromthe injector. Current, beam position, profile, bunch

* Work supported by Department of Energy contractDE-AC03-76SF00515length, energy, energy spread, and emittance monitorsthroughout the injector allow for tuning and measurementof the necessary electron beam parameters. The injector was constructed based on simulationresults using PARMELA and SUPERFISH [2]. TheInjector has been producing 0.5 A, 120 ns long, 55 MeVelectron bunch trains routinely during the initialcommissioning of NLCTA. Very recently we have turnedthe current up to 1 A, but this report primarily addressesthe injector commissioning at 0.5 A current.2 BEAMLINE SETUPThe electrons are produced from a DC HV thermionicgun with a grided 2 cm2 cathode, operated at 10 Hz. Flattop electron pulses of up to 2 A, 20 to 130 ns variablelength, with a 5 ns rise and fall time electron pulses aregenerated from the gun by pulsing the grid. For a typicaloperations we have been generating 0.5 A, 120 ns pulsesat the gun. This pulse is bunched and chopped intobunches in every X-band period by the first prebuncher.The bunching is further enhanced by the secondprebuncher and the first 0.9 m buncher/accelerator section.The second 0.9 m section is used to further accelerate thebeam. One RF station, consisting of a single, 11.424 GHz,klystron and a SLED II [3] system powers bothprebunchers and the two 0.9 m accelerator sections.Independent phase and amplitude control is available foreach of the RF components in the injector [4]. Accordingto simulation predictions a gap voltage of 8 and 30 KV isrequired in the first and second X-band prebunchersrespectively for optimum bunching. The gradient in thetwo 0.9 m traveling wave sections should be about 50MeV/m including the beam loading compensation. Beamloading compensation is accomplished by introducing aramp in the leading 50 ns of the RF pulse until the beamloading reaches a steady state [5]. The plan is to conditionthe injector system to operate with 90 MW, 225 ns, RFpower available to each of the 0.9 m accelerating sections.Currently for steady operating conditions we run with155 MW, 225 ns RF power out of the SLED system.After accounting for losses in the rectangular wave guideand coupling of RF into the prebuncher systems, wecurrently have 65 MW available for the injectoraccelerating sections for routine operation. We have beenable to achieve the 90 MW requirement during processing

-0.100.10.20.30.40.50.6- 2 0 0 - 1 0 0 01 0 0 2 0 0 3 0 0 4 0 0 5 0 0

Gun Current

Pre-Chicane Current

Post-Chicane CurrentTime (ns.)

Figure 2. Electron beam current transmission from thegun to the exit of the chicane. The slope at the top of thecurrent pulse is actually a monitoring effect.The FWHM energy spread is 0.6 to 1%, twice as high asthe requirement. Inproved bunching energy spread isexpected after the full commissioning of the injector.With 65 MW available for each of the injectoraccelerating sections the expected electron beam energy atthe end of the injector is 70 MeV for 0.5 A beam,however, we measure 55 MeV. At the end of the firstaccelerator section the beam is ahead of the crest by about40 degrees, thus resulting in lower energy and largerenergy spread than we expected. To minimize the energyspread at the end of the injector we phase the beam behindthe RF wave crest in the second accelerator. This resultsin further reduction of energy out of the injector thanexpected from simulation. It is presently not clear whythe beam is 30 degrees more ahead of the RF wave crestthan expected from simulations. This problem can bestudied more carefully this summer once the injector isoperating at the design RF power level.The measured normalized rms emittance before andafter the chicane is 5 to 8 x 10-5 m-rad. This emittance isgood enough for beam loading compensation R&D at theNLCTA however we expect it will improve by about afactor of two after the full commissioning of the injector.4 SUMMARYThe initial commissioning results from the NLCTAinjector show that NLCTA will meet the NLC R&Drequirements it was designed for. The electron beam isvery close to meeting the initial design goals, and withfurther RF processing and commissioning scheduled forthis summer we expect to achieve these goals.Figure 3. Energy spread as measured on the high-dispersion screen in the chicane for a 120 ns, 0.5 A beamfrom the gun.5 ACKNOWLEDGEMENTSWe are grateful to the Mechanical Engineering,Microwave, Controls, Power Conversion, Fabrication andOperation groups for their diligence and persistentattention to detail that has contributed to the successfuloperation of the NLCTA injector.6 REFERENCES[1].R. Ruth et. al., " Test Accelerator for the NextLinear Collider", SLAC PUB - 6293, 1993.[2].A. D. Yeremian et. al., Next Linear Collider TestAccelerator Injector Design and Status", Proceedingsof LINAC 94, Tsukuba Japan, August 1994, p 89.[3].S. G. Tantawi, et. al., "The NLCTA PulseCompression and Transportation system",proceedings of EPAC 96, Barcellona Spain, 1996.[4].J. W. Wang, et. al., "RF System for the NLCTA",these proceedings.[5].C. Adolphsen, et. al., "Beam loading Compensationin the NLCTA", these proceedings.[6].R. F. Koontz and R. H. Miller, "NanosecondElectron Beam Generation and Instrumentation atSLAC", IEEE proceedings on Nuclear Science, Vol22 no. 3, June 1975, p1350.[7].C. D. Nantista, et. al., "Beam Current Monitors inthe NLCTA", These proceedings.[8].C. D. Nantista, et. al., "Beam Profile Monitors inthe NLCTA", These proceedings.[9]R. H. Miller, "Proposed Bunch Monitor", SLACTN-63-65, August, 1963