arXiv:physics/0007044 14 Jul 2000

SLAC-PUB-84965 July 2000for the LCLS RF Photoinjector�M. Ferrario, P. R. Bolton b, J. E. Clendenin, D. H. Dowell, S. M. Gierman, M. E. Hernandez,D. Nguyen, D. T. Palmer, J. B. Rosenzweig, J. F. Schmerge, L. SerafinifbcBoeing Physical Sciences Research Center, Seattle, WA 98124, USAdLos Alamos National Laboratory , Los Alamos, NM 87545, USAUCLA, Dept. of Physics and Astronomy, Los Angeles, CA 90095, USAfof study, by of new working for aRF of by strength, shows region. If is occur, low (0.3 for 1 nC satisfied. of as aof is new studyway Gun

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

NEW DESIGN STUDY AND RELATED EXPERIMENTAL PROGRAMFOR THE LCLS RF PHOTOINJECTORM. Ferrario (INFN-LNF), P. R. Bolton (SLAC),J. E. Clendenin (SLAC), D. H. Dowell (BOEING), S. M. Gierman (SLAC), M. E. Hernandez (SLAC),D. Nguyen (LANL), D. T. Palmer (SLAC), J. B. Rosenzweig J. F. Schmerge (SLAC), L. Serafini the results of a by the to the LCLS that to the of a working a split RF photoinjector. the a beam: by the strength, the evolution shows aminimum in the region.

the waist the be to the booster exit at a lowlevel (0.3 mm-mrad for a 1 nC flat top bunch), to the that the invariant envelope matching conditions Structures or in a Long both as booster linac. A of the evolution as a function of position in the region to the computation to the position of the booster cavities.supporting The Light (LCLS) is (FEL) that will use the final 15of the SLAC 3-km linac the beam. of the LCLS in the 1.5 Angstrom on the availability of a 1-nC, 100-A at 160-MeV point with rms ~1 An is at Gun Test Facility (GTF) at SLAC to a brightness beam meeting the LCLS using an photoinjector [1]. The GTF uses a 1.6-cell gun jointly with UCLA exit. a shortit is by a SLAC 3-m section. A rms of 2.4 a 0.9 nC pulse with 10-ps FWHM length has at using a simulation using the multi-particle of - thermal not - the photoinjector if a uniform a temporal distribution is [4]. While this meets the LCLS it noor simulation studies have with the goal of aphotoinjector the LCLS that ano more than 0.8 with A NEW WORKING POINT FOR ASPLIT PHOTO-INJECTORA systematic PARMELA analysis of the GTF-like system be in [5]. high at the exit (140 MV/m), 35 field strength (0.3 T) a 1 nC uniform 10 ps long bunch with 1 mm In the analysis we will take these parameters as a starting point.to the investigation to the booster matching condition, takinga of The invariant to be a laminar waist,

¢ =s 0

, in a of the TW booster given by:

¢ = g s g20w IÎ

where Iois the While the by scanning strength an interesting the strength the shows a minimum in the region.For a given of the strength (0.31 T) waist the has its maximum m) as shown by the lines Figures 1 and 2.The using the working points on this feature of the emittance oscillation. The guess is thatif we locate the booster entrance at z 1.5 satisfy minimum to higher at a level, takingcompensation in the booster.

01234012Solenoid scan [0.26 T-0.33 T]01234012Solenoid scan [0.26 T-0.33 T]

3˚˚THE LCLS CASEAs a first natural the booster linac a 3 m long constant gradient S-band TW structure, in use SLAC since the 1960s. To satisfy the first the booster be at m, the laminar waist Since the rms spot size x=0.41 mm, the the slices is 96 the slice is 6.4 MeV, the of the TW booster is to be 35MV/m. To drive the beam out of the space resulting in an of 216 MeV in an 8 m long injector line, allowing a 0.5 mlong drift in between the two structures.As the minimum, 0.5 of the booster structures, Fig. 3, at m will this location as a position to at the injector exit). injection into the booster 12 is enough a rmsof the booster of 0.2 % as by the LCLS specifications, Figure 4. The of 96 A is slightly below the desired value.

012012302468Gun + 2 TW (SLAC) @35MV/m 12degbeam line.012302468Gun + 2 TW (SLAC) @35 MV/m 12deginjector beam line.0123012302468Gun+1TW embedded in a 3m long solenoid+1TWbeam line.resulting from this to match the to the booster the limit of reliable performance by the SLAC structure.

then to look a solution byfocusing of the This by means of a long the first structure. Setting the of the section to 25 MV/m, a scanning of the a working point with G. value, mm Fig. 5, fulfilling at the same time the 4˚˚PULSE RISE TIME AND THERMALEMITTANCE EFFECTSto a pulse rise time by means of PARMELA The results, seen in Fig. 6, show a very the working point up to a 1 pulse rise time,

01230Emittance evolution for different laser rise timesemit (ideal)emit (0.5 psec rise)

e

n

z (cm)

nth =( ) + ( )2 2

012012024682 TW + SOLENOID + THERMAL EMITTANCE (0.3 mmmrad)Figure 7: : Beam envelope and emittance, including 0.3 mm-J.F. et al., gun using length pulses,� 3614 (1999) 22.D.T. Palmer et al., of BNL/SLAC/UCLA 1.6 cell gun,� Proc. the 1997 Particle Accelerator Conf. (1997) 2687.M. et al., of spontaneous emission in the Phys. Rev. E 57 (1998) 6093.R. Alley et al., the LCLS injector�, Nucl. Instrum. and Meth. A, 429 (1999), 324.[5] D. T. Palmer, �The next generation photoinjector�, Thesis, Stanford University (1998).[6] M. Ferrario, A. Mosnier, L. Serafini, F. Tazzioli, J. Tessier, "Multi-bunch by loading in a standing wave structure", Part. Acc., (1996).L. Serafini, J. B. Rosenzweig, analysis intense relativistic beams in photoinjectors:a theory of compensation", Phys. Rev. E (1997) 7565.M. J. E. D. T. Palmer, J. Rosenzweig, L. Serafini, �HOMDYN Study For The RF Proc. of the ICFA on Physics of High UCLA, Nov., 1999, see also SLAC-PUB-8400.[9] UCLA version.[10] J. Clendenin et al., of thermal guns,� Proc. of the Int. Sym. on Visions in Tokyo, Oct. 11-15, 1999