A PROPOSED INJECTOR FOR THE LCLS LINAC*A. D. Yeremian, V. K. Bharadwaj, P. Emma, R. H. Miller,D. T. Palmer, M. D. WoodleyStanford Linear Accelerator CenterStanford, California 94309AbstractThe Linac Coherent Light Source (LCLS) will use thelast portion of the SLAC accelerator as a driver for a shortwavelength FEL. The injector must produce 1-nC, 3-psrms electron bunches at a repetition rate of up to 120 Hzwith a normalized rms emittance of about 1 mm-mrad.The injector design takes advantage of the photocathode rfgun technology developed since its conception in the mid1980’s [1], in particular the S-band rf gun developed bythe SLAC/BNL/UCLA collaboration [2], and emittancecompensation techniques developed in the last decade[3,4]. The injector beamline has been designed using theSUPERFISH, POISSON, PARMELA, andTRANSPORT codes in a consistent way to simulate thebeam from the gun up to the entrance of the mainaccelerator linac where the beam energy is 150 MeV.PARMELA simulations indicate that at 150 MeV, spacecharge effects are negligible.1 BEAMLINEThe injector beamline for LCLS consists of a 1.6 cellS-band photocathode rf gun, 4 SLAC type 3 m S-bandconstant gradient traveling wave accelerator sections,emittance compensation solenoids at the gun (afteraccelerator section 2 and after accelerator section 3), a 14ßachromatic, isochronous translation bend system (dog-leg)into the main linac, and instrumentation for beamdiagnostics as shown in Fig. 1.The rf distribution system is also shown in Fig. 1.Two un-SLEDed 5045 klystrons will be used: one topower the gun and the first two accelerator sections andthe other for the last two accelerator sections. High powerrf attenuators and phase shifters will allow independentcontrol of the rf power, phase and amplitude for the gunand each of the first two accelerating sections.Many diagnostics have been designed into the injectorto characterize the beam and to aid in tuning the injector.In the drift section from the gun to the first acceleratorthere will be a beam position monitor (BPM) a currentmonitor, and a profile screen/Faraday cup pop-in device. Amask in the laser beam into the photocathode can be usedto produce beamlets in various patterns to study emittancetrends from the gun, or just as a tuning aid to optimizethe steering. After each accelerator section there is a BPM,

* Work supported by Department of Energy contractDE-AC03-76SF00515a current monitor, and a screen. After the secondaccelerator section there is a bunch length monitor whichis an x-band cavity outside the beamline near a ceramicgap in the beamline [5]. While this monitor will notcharacterize the longitudinal bunch profile, it will be auseful tuning aid to minimize the bunch length.A full transverse emittance diagnostic section isincluded prior to the dog-leg which consists of four wire-scanners [6] separated by 45ß of x and y betatron phaseadvance. The matched input beam produces an x and y rmsbeam size of 67 mm at each wire. A fifth wire scanner inthe dog-leg allows the energy spread measurement.Emittance and energy scrapers are also planned in thisregion.2 SIMULATIONEmittance growth and compensation in the LCLSinjector from the gun to the end of the fourth acceleratorsection has been thoroughly studied using PARMELAsimulations. The electric field map of the rf gun wasobtained with SUPERFISH and directly used inPARMELA. SUPERFISH was used to simulate the fieldsin the traveling wave accelerator sections and spaceharmonics were calculated for use in PARMELA. The rffields were assumed to be cylindrically symmetric. Muchcare has been taken to symmetrize the dominant dipole rffields in the gun [2] thus assuming cylindrical symmetryin the rf fields is not unreasonable.A magnetic field map for the solenoid magnets at thegun was produced using POISSON and passed toPARMELA. Single coils were used to represent magneticfields from solenoids between accelerator sections.Space charge effects were included assuming cylindricalsymmetry. For these simulations, the thermal emittanceat the cathode and the emittance growth due to multipoleelectric fields were ignored. The magnetic and electricfields in the gun and the accelerator region were optimizedto minimize the emittance at 150 MeV at which point thenormalized emittance is virtually constant.The peak electric field in the gun is 150 MV/m at thecathode and the laser is injected at 23 degrees ahead of therf crest. In the first and second accelerator sections thecentroid of the beam is about 5 degrees ahead of the crestand the gradient is 7 MV/m. This introduces about a 1.5%energy spread for the full beam at the exit of the secondaccelerator but helps slightly in emittance compensation.This energy spread is removed by the third acceleratorsection by phasing the rf such that the beam arrives