S L A C - P U B - 7 6 1 9 A u g u s t 1 9 9 7 T h e S L A C P o l a r i z e d E l e c t r o n S o u r c e * J.E. Clendenin, R. Alley, J. Frisch, T. Kotseroglou, G. Mulhollan,D. Schultz, H. Tang, J. Turner, and A.D. YeremianStanford Linear Accelerator Center, Stanford University, Stanford, CA94309Abstract. Since 1992, the SLAC 3-km linac has operated exclusively withpolarized electrons. The polarizedelectron source is highly reliable,remotely operated and monitored, and able to produce a variety of electronbunch profiles for high-energy physics experiments. The source and itsoperating characteristics are described. Some implications drawn from theoperating experience are discussed.Invited presentation at the Seventh International Workshop on PolarizedGas Targets and Polarized BeamsUniversity of Illinois at Urbana-Champaign, ILAugust 18-22, 1997

* Work supported by the U.S. Department of Energy contract DE-AC03-76SF00515.

2T h e S L A C P o l a r i z e d E l e c t r o n S o u r c e * J.E. Clendenin, R. Alley, J. Frisch, T. Kotseroglou, G. Mulhollan,D. Schultz, H. Tang, J. Turner, and A.D. YeremianStanford Linear Accelerator Center, Stanford University, Stanford, CA 94309Abstract. Since 1992, the SLAC 3-km linac has operated exclusively with polarizedelectrons. The polarized electron source is highly reliable, remotely operated and monitored,and able to produce a variety of electron bunch profiles for high-energy physics experiments.The source and its operating characteristics are described. Some implications drawn from theoperating experience are discussed.I N T R O D U C T I O N Polarized electrons were first acceleratedto high energy in 19741 using theSLAC 3-km linac and a Li atomic-beamsource.2 The source had a relatively highpolarization, but the peak currents were low and the stability of the beam wasmarginal.Following a proposal first made in 1974,3 a polarized electron source4based on photoemission from GaAs was developed at SLAC and operatedsuccessfully for a high-energy experiment in 1978.Development of a high peak-current GaAs source matched to the needs of thefuture SLC was undertaken at SLAC in the early 1980s in parallel with research tofind higher-polarization photocathodes. The SLC requires two electron buncheseach with a chargein the linac of 5x1010 e- in singleS-band buckets, the twobunches separated by 60 ns and repeated at a rate of 120 Hz.Because of the high chargedensity, the source was designedto produce 2-nsbunches at >100 kV that would then be rf compressed and accelerated.The rfcompression is in two stages utilizing 2 cells at the 16th subharmonic followed by4 cells at S-band. Compression is completed in the first S-band accelerator section.Because capture plus transmission through this system is limited to about 70%,the gun has to be able to produce up to 1011 e- per 2-ns bunch.P H Y S I C S O F G a A s P H O T O C A T H O D E S Direct band-gap III-V semiconductors, with gaps on the order of 1.5 eV, havelong been known as efficient photoemitters into the infrared regime.5 When highlyp-doped, the Fermi level is near the valenceband maximum(VBM) while the

* Work supported by the U.S. Department of Energy contract DE-AC03-76SF00515.

3energy bands at the surface are bent downward by as much as half the band gapdue to the presence of positive charge at the surface. Using the technique of addingan alkali plus an oxide to the surface, the work function can be lowered from 4 eVto below the conduction band minimum(CBM) in the bulk, creatinga negativeelectron affinity (NEA) surface. Cesium is the most effective alkali,and at SLACNF3 is used as the oxidecarrier.The process of cleaningthe crystal surface andthen adding the alkali plus oxide is known as activating the surface.The quantum efficiency (QE) in the red for bulk (i.e., thick unstrained) GaAs isparticularly highbecause the optical absorption length and electron diffusionlength for doping concentrations in the mid-rangeof 1018 cm-3 are both on theorder of 1 mm at room temperature.Although bulk GaAs is an efficientphotoemitter, the polarization of thephotoemitted electrons is limited to 50%.As shown in Fig. 1(a), there is a two-folddegeneracyin the energy band at theVBM at G8. This band has a P3/2symmetry while the CBM at G6 has anS1/2 symmetry. Transitions betweenthese bands are governedby the Dmj =–1 selection rule. Because the transitionrates from the mj = –3/2 sub-states are 3times that from the –1/2 substates,illumination of the crystal with circularlypolarized light will preferentially fill oneof the 2 possible conduction band states.The conduction band electrons that thendiffuse to a negatively-biasedNEAsurface will be emitted into vacuum witha theoretical polarization (for the case ofleft-circularly polarized light) of

PNNNNe = - = -+ =+ -+ - 3 13 1 0 5.

.The measured polarizations from bulkGaAs using 100% polarized light varybetween 0.25 and very close to 0.5depending on the experimentalconditions.

EhEg< < +�Ł �łn DEhEg< < +�Ł �łn d

10x10-12

86420

Pressure (Torr)

50403020100Mass (u)

FIGURE 4. RGA spectrum of the gun vacuum during1997 operation.

7monitored and controlled from the SLC main control center via the SLC computercontrol program with oversight by system physicists. Routine maintenanceincludes changing the flashlamps every couple months.For fixed target experiments, a SLAC-built flashlamp-pumped Ti:sapphire lasersystem has been used.16 It has provided up to about 75 mJ at the cathode in a 1-2ms pulse or more recently, with improved reflectors, a similar energy wasprovided in a 200-300 ns pulse. The flashlamps for this system were changedevery 2 weeks to preclude any chance of lamp explosions.To monitor the QE of the photocathode during acceleratoroperations, an 833-nm cw diode laser, modulated at 1.5 Hz but gated off during beam time, is rigidlyattached to a vacuum window near the cathode as shown in Fig. 3. An optically-powered nanoammeter (at HV) transmits the current drawn from the cathode to alock-in amplifier via an optical fibre. The modulated signalis detected andcontinuously recorded by the SLC control system with appropriate conversionconstants for the diode laser power. This system is calibrated by a second diodelaser whose output can be substituted for the Ti:sapphire�s. Finally, the SLCcontrol system periodically runs the Ti:sapphire laser beam through its full energyrangeusing 20 acceleratorpulses in succession. For this, the cathode current ismeasured in the normal manner. The laser beam energy is monitored from pickofflight using calibrated photodiodes. The peak current is recorded online while allthe data is saved to an offline disk.O P E R A T I O N A L C H A R A C T E R I S T I C S The gun was originallybuilt without a load-lock chamber. This required thephotocathode to be inserted into the gun when it was at atmospheric pressure.The gun then had to be evacuated and baked before the cathode could be activatedand tested. Often following a bake the cathode could not be successfully activated.The original design called for the gun to be operated at 150 kV. The gun could beHV processed either before or after the cathode was initially activated, but theprocessing generallypoisoned the cathode requiringreactivation which in turnrequired addition processing, etc. No matter how much care was taken, this cyclewas only rarely broken by production of a fully processed and activated cathode.One such occasion was at the beginning of the 1992 SLC run.The load-lock, which was built during the 1992 SLC run, completely solved theproblem above, but also provided other benefits, including:a) Experienceat SLAC indicates that cathodes which undergo a complete gunbake do not activate as well as cathodes which are not baked.17 The SLAC load-lock system incorporates a cathode activation system. The load-lock/activation-chamber is itself initially baked after which it is continuously maintained under

8vacuum. Cathodes are introduced into the load-lockchambereither from air(requiring activation in the load-lock chamber) or from a portable vacuum chamber(if already activated, the cathode may only need to have a little Cs/NF3 added inthe load-lock chamber).When activated cathodes are introduced into a baked gunthat has already been HV processed, no additional HV processing is required.18With the addition of the load-locksystem, activations (but not cesiations) in thegun itself have been eliminated.b) Load-lock systems permit QE lifetimes to be longer. This is probably due tothe constantly-improving gun vacuum. The influence of vacuum on lifetime will bediscussed in more detail later. The gun presently in use for SLC has beenmaintainedunder continuous UHV conditions since the spring of 1993 and nowroutinely produces lifetimes in excess of 1000 h.c) When the gun is not backfilled, it needn�t be baked. This virtually eliminatesvacuum leaks once the gun is initially evacuated and successfully baked.Consequently the system reliability vastly improves.d) The benefits of electron scrubbing--from the beam and due to field emissionfrom vacuum components operated at HV--continuously accruein favor of bettervacuum and thus also of longer lifetimes.e) As a consequenceof longlifetimes, the cathodes can more readily beoperated with a QE that is close to the minimumneeded to produce the chargerequired by a givenexperiment. Sincethe polarization is weakly and inverselydependent on QE, this permits some slight improvement in average polarization.f) For experiments using polarized electron beams, it is important to know thebeam polarization. A constant polarization from the source--which requires aconstant QE, i.e., a longlifetime--canreduce the integrated error of polarizationmeasurements.The cathode is normally operated at 120 kV and 0…C. Immediately after acesiation the QE (833 nm) is typically 0.005. 19 At the polarization peak, which istypically at ~850 nm, the QE (120 kV) is approximately a factor of 2 lower. TheQE decreases with time. It can usually be restored to its original value by addingasmall amount of Cs (additional oxidenot necessary). For the SLAC source, thesecesiations are done discretely since the HV is first lowered to 1 kV, disrupting thebeam. If the cesium supply is turned off before (after) the peak in the photoyieldis reached, it is called an under- (over-) cesiation.The time in which the QE decreases by a factor of e is defined as the QElifetime. Lifetimes computed following each cesiation during the SLC 1994-95 runare shown in Fig. 5. The QE lifetimes are significantly longerwhen over-cesiationis employed. This is confirmedby the lifetimes associated with the maximumcharge.20

9Although the maximumchargethat can be extractedfrom a semiconductorphotocathode appears to beindependent of the thickness ofthe epilayer, for a givencathode it varies linearly withthe low-chargeQE (measurednear the band gap) up to thegun space-chargelimit. Life-times derived from measure-ments of maximumchargearealso displayed in Fig. 5. Themost likely reason themaximum-charge lifetimesappear to be longerthan thecorresponding QE lifetimes isthat at highQE the maximumchargeis depressed by thespace-chargelimit.For SLC, the QE is kept as low as possible since this slightly increases theaveragebeam polarization. During the SLC 1994-95 run, the cathode wastypically under-cesiated every 5 days with about 0.1 monolayer of cesium,21corresponding to an averageCs disposition rate of 1.4x108 atoms cm-2 s-1. Theminimumpartial pressure, Pmin, of an oxidizingbackgroundgas that would berequired if the added cesium is continuously oxidized by it alone is givenin Table1. The 1994 RGA pressures are also shown. Clearly O2 and CO2 cannot alone beresponsible for oxidizingthe added Cs. CO2 is also ruled out because it has beenfound not to permit complete restoration of the QE,22 and O2 is unlikely since theactivations at SLAC are made with NF3 and in a separate chamber.CO has beenfound to have little or no effect on the QE.22 Excluding the effect of H*, this leaveswater as the most likely oxidizerinthe SLAC source causingthe QE todecrease. Water moleculesarepresumably slowly scrubbed fromthe vacuum walls by a combinationof beam interception and fieldemission from components held atHV.Sincethe SLAC source isoperated above 100 kV, it is possible