1S L A C - P U B - 7 8 5 4 J u n e 1 9 9 8 P o l a r i z e d R F G u n s * J.E. ClendeninStanford Linear Accelerator Center, Stanford University, Stanford, CA 94309Abstract. RF guns employing photocathodes are now well established as viableelectron sources for accelerator applications. For high-energy accelerators, thedesirable properties of such sources include the relative ease of pulse formation(using the source laser system to establish the pulse shape and number) and alow transverse beam emittance, eliminating the need for rf chopping andbunching systems and reducing the demands on emittance-reducing dampingrings. However, most high-energy accelerators now require polarized electrons.Polarized electron beams can in principle be generated by substituting a III-Vsemiconductor, such as GaAs, for the traditional photocathode in a conventionalrf gun structure. In the past, the principal criterion for selection ofphotocathodes for rf guns has been the ability to maintain a reasonable quantumyield from the cathode over a relatively long operating period. It is well knownthat GaAs is significantly more sensitive to the vacuum environment than anyof the cathode types that have been used to date. However, advances in ourunderstanding of how to operate GaAs cathodes in hostile environmentscombined with similar advances in our ability to prepare gun structures that willsignificantly reduce dark current and rf breakdown lend credibility to theprospect of successfully operating an rf gun with an activated GaAs cathode.The status of research related to polarized rf guns is reviewed and the outline ofa future polarized rf source combining the best of what is known today ispresented.Invited presentation at the 8th Workshop onAdvanced Accelerator ConceptsBaltimore, MDJuly 5-11, 1998 * Work supported by the U.S. Department of Energy contract DE-AC03-76SF00515.

2Polarized RF Guns*J. E. ClendeninStanford Linear Accelerator Center,Stanford University, Stanford, CA 94309Abstract. RF guns employing photocathodes are now well established as viable electron sourcesfor accelerator applications. For high-energy accelerators, the desirable properties of such sourcesinclude the relative ease of pulse formation (using the source laser system to establish the pulseshape and number) and a low transverse beam emittance, eliminating the need for rf chopping andbunching systems and reducing the demands on emittance-reducing damping rings. However, mosthigh-energy accelerators now require polarized electrons. Polarized electron beams can in principlebe generated by substituting a III-V semiconductor, such as GaAs, for the traditional photocathodein a conventional rf gun structure. In the past, the principal criterion for selection of photocathodesfor rf guns has been the ability to maintain a reasonable quantum yield from the cathode over arelatively long operating period. It is well known that GaAs is significantly more sensitive to thevacuum environment than any of the cathode types that have been used to date. However, advancesin our understanding of how to operate GaAs cathodes in hostile environments combined withsimilar advances in our ability to prepare gun structures that will significantly reduce dark currentand rf breakdown lend credibility to the prospect of successfully operating an rf gun with anactivated GaAs cathode. The status of research related to polarized rf guns is reviewed and theoutline of a future polarized rf source combining the best of what is known today is presented.INTRODUCTIONSince their initial introduction in 1985 at LANL by Fraser, Sheffield, and Gray (1), rfphotoinjectors have made rapid progress. Because of the strong acceleration of thebeam in the first rf cavity, the effects of space charge are quickly reduced with the resultthat beams of up to several nanocoulombs per bunch can be readily produced with lowemittance. In addition, since the electrons emitted from the cathode generally followclosely the pulse shape of the optical source, pulse shaping is readily accomplished withthe optical beam, allowing single- and multi-bunch formation over a wide range ofparameters. These features have made rf photoinjectors popular for a variety ofapplications today including free electron lasers (2).Given the unique properties presented by photocathode rf guns, it was realized veryearly that such an electron source would be ideal for linear colliders if the beam couldbe polarized (3). Present collider designs typically require a fairly complex pulse trainwith a reasonably low emittance. RF guns for this purpose are already being used for * Work supported by Department of Energy contract DE-AC03-76SF00515.

3the TESLA Test Facility (TTF) at DESY and for both the drive and probe beams of theCLIC Test Facility (CTF) at CERN. However, the primary electron beam for collidersmust be polarized (4). Polarized electron sources for accelerators have also made rapidprogress. Since the introduction of the polarized source for the SLC at SLAC in 1992,the world�s first linear collider has operated exclusively with a polarized electron beam,resulting in >30,000 hours of beam time with >95% availability of the source (5). TheSLC source utilizes a dc-biased gun with a solid-state (GaAs or its derivatives)photocathode. Today, all linac-based polarized electron sources are of a similar design(6). The success of the SLC source is directly correlated with the achievement of anextremely good vacuum environment for the cathode, both during the cathode activation(which is done in a separate vacuum chamber) and during the source operation.Because of its high quantum efficiency (QE) in the visible, GaAs was actuallyconsidered as a possible cathode material for the first rf photoinjector (7) but rejectedbecause of multiple concerns. The concerns expressed at that time included thes e n s i t i v i t y o f G a A s t o t h e v a c u u m e n v i r o n m e n t a n d t h e e m i s s i o n t i m e o f t h e photoelectrons. Extensive discussion of using GaAs in an rf gun did not begin until1993 at the Workshop on High Intensity Electron Sources in Legnaro, Italy, where twopapers were presented with proposals for such a source based on the achievements ofboth rf guns and polarized dc guns (8). The Legnaro workshop was followed soon afterby SOURCES �94, organized by DESY to examine electron and positron sourcepossibilities for future linear colliders. At the time there was some excitementconcerning the possibility that a polarized rf gun might obviate the need for an e-damping ring for TESLA. However, the final recommendation of the relevant workinggroup was that the impact of lower emittance on the cost and performance of dampingrings needed further study (9).Assuming that a polarized rf gun could be successfully produced and operated, whatwould be its advantages compared to a dc polarized gun plus rf compressor? Theprincipal advantage is that an rf photoinjector produces an inherently lower beamemittance. While for a collider this emittance is not low enough to eliminate theelectron damping ring, it will certainly simplify both the damping ring and theintervening beam transport system. Because of the rapid acceleration to high energy,bunch shaping is much more feasible and can be used to further reduce the beamemittance. Since the transmission will be higher, the charge required to be extracted isreduced by up to a factor of two, mitigating the restrictions of the cathode charge limit(10). The QE will also be higher (due to the Schottky effect), reducing the demands onthe source laser system. Finally, beam-loading compensation is somewhat moreeffective and certainly more straightforward for an rf gun.ACTIVATED GaAs CATHODESGaAs is a direct-gap III-V semiconductor that crystallizes in the zincblende structure.The energy levels and transition probabilities in the vicinity of the G point are shown inFig. 1. At the band-gap minimum there is a two-fold degeneracy of the valence band(VB) maximum at which the heavy-hole (hh) and light-hole (lh) bands are mixed. The

4VB maximum has P3/2 symmetry while for the conduction band (CB) minimum it isS1/2. Therefore if circularly polarized light is used that is at least the energy of the bandgap, but less than the energy of the next lower VB, Eg+DSO, the electrons promoted tothe CB will be highly polarized. For bulk GaAs the polarization,

P N N N N

= -( ) +( )_{+ - + -}

,is limited to 50% as indicated by the figure. However it is possible to break thedegeneracy of the VB maximum sufficiently to promote electrons exclusively from thehigher of the hh or lh states, thus offering the possibility of up to 100% polarization.

Eg g SO< +( )D

t x

D D =^2_D »_{50l a » 0 7.}