
A NEW INJECTOR FOR POLARIZED ELECTRONS AT ELSAW. HILLERT, M. GOWIN AND B. NEFFUniversity of Bonn, Physis Institute, Nussallee 12, 53115 Bonn, GermanyE-mail: hillert�physik.uni-bonn.deA pulsed 50 kV inverted gun of polarized eletrons, optimized for a reliable oper-ation for future experiments at the strether ring ELSA, was set into operation.Due to operation in spae harge limitation a urrent of 100 mA in a retangular1�s long eletron puls is produed. Using a Be-InGaAs/Be-AlGaAs superlattiephotoathode P = 80 % and QE = 0.2 % ould be obtained. The performane ofthe gun, the transfer line and the results of �rst measurements are desribed inthe following report.1 IntrodutionSoon experiments with irularly polarized photons (produed byBremsstrahlung of longitudinally polarized eletrons) will start at the ele-tron strether ELSA in Bonn1. To full�ll the demands of the experiments anew pulsed soure of polarized eletrons was developed. In order to enhanethe overall eÆieny it operates with a newly installed pulsed injetor linawhih requires an injetion energy of 50 keV, a pulse length of 1�s and arepetition rate of 50 Hz. The performane of the new injetion system will bepresented in the following paragraphs.2 The 50 kV GunA pulsed 50 kV inverted gun of polarized eletrons was set into operation. Aross setion of the gun is shown in �g.1. This setup allows for heat leaningand ativation of the photoathodes inside the hamber. By hanging theathode-anode distane the perveane of the gun is set to the desired value,allowing a spae harge limited operation over a wide range of urrents (see�g.2).The total preasure in the gun is about 1 � 10�11mbar, with partial pres-sures of the major poissoning gases (arbon dioxide and water vapor2) below1� 10�13mbar. To improve the gun vauum and onsequently the lifetime ofthe photoathodes heat leaning and ativation of the photoathodes are ar-ried out in a load-lok-system3; whih allows in addition to hange rystallswithout breaking the vauum of the gun.50-kV-inverted-gun: submitted to World Sienti� on August 29, 2000 1



Figure 1. Setup of the 50 kV gun.2.1 The LasersystemThe light soure is based on a tunable (700-900 nm) free running ashlamp-pumped 50 Hz Ti-Sapphire laser. The laser pulses (pulslength 10�s), whihshow the well known spiking phenoma typial for this sort of lasers, arehopped to 1�s (20 mJ energy/puls) by a pokels ell and a Glan-Thomson-prisma and fed via a 85 m long optial multimode �bre to the soure. Beforeeluminating the photoathodes the laserpuls has to pass a seond pokels ellto get irulary polarized laser light.A w beam of polarized eletrons of low intensity (typ. 100 pA), whih isneeded for the measurement of the beam polarization, is produed using aontinuos wave tunable (700-900 nm) Ti-Sapphire laser. This laser is pumpedby an argon vapor laser and an be fed into the �bre as well.2.2 Transfer LineIn order to ompensate for beam blow up aused by spae harge solenoidsand quadrupols were installed in the transfer line (see �g.3). To optimize theposition of these magnets the spae harge dominated beam transport wassimulated by numerial integration of the paraxial di�erential equation forelliptial beams. It turned out that a urrent of 100 mA an be transfered tothe lina without onsiderable beam losses (see �g.4).In order to deouple the ultrahigh vauum of the gun from higher pressures50-kV-inverted-gun: submitted to World Sienti� on August 29, 2000 2
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Figure 2. Simulated and observed spae harge limitation. The simulation, repre-sented by the lines, were arried out using the EGUN-ode4.downstream in the injetor (P = 10�7mbar), the transfer line is equippedwith ion getter, NEG and turbo moleular pumps. Two 90Æ magneti bendsprovide for additional isolation (see �g.3). The polarization of the beam ishanged from longitudinal to transverse by means of an eletrostati toroidalbending ondensor.To allow a preise measurement of the beam position, pro�le and intensityseveral monitor stations (wire sanners, romox sreens, faraday up) are in-stalled in the beamline. To measure the polarization of the polarized eletronbeam a polarimeter, based on Mott-sattering of polarized eletrons from thingold foils, was built up.2.3 First measurementsMaximum urrents of up to 180 mA ould be obtained from a 8 mm diameterBe-InGaAs/Be-AlGaAs superlattie photoathode5. Eletron emission ouldbe varied from 60 mA to 180 mA (see. �g.2) by hanging the athode-anode-distane. A retangular pulsstruture was obtained in all ases. The observedspae harge limitation di�er signi�antly from the alulated one whih maybe attributed to the di�erent emission properties of a (old) photoathodeand a (hot) thermioni athode, whih is not implemented in the EGUN odeso far.50-kV-inverted-gun: submitted to World Sienti� on August 29, 2000 3
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Figure 3. Setup of the transferline from the soure to the lina.

Figure 4. Simulation of the spae harge dominated beam transport from the soureto the lina. The horizontal and vertial extension of the beam is presented by theshaped solid lines. The position of the �-magnets (A1, A2), the bending onden-sor (D) and the monitor stations (Mon1-Mon6) are indiated. The hathed arearepresents the bounds of the geometrial aperture of the beamline.In �g.5 the wavelength dependane of polarization and quantum eÆieny,obtained from Mott-sattering o� thin gold foils, is presented. A maximumpolarization of P = 80 % is ahived at 830 nm, using a Be-InGaAs/Be-AlGaAssuperlattie photoathode. The orresponding quantum eÆieny was 0.2 %.The dark lifetime of the photoathode was found to be greater than 3000 h.After one week of operation no signi�ant degradiation of the photoathodeould be determinated by measuring the time dependent quantum eÆienyusing a wavelength of 830 nm. At 633 nm slightly higher values were observed.By arefully optimizing the fousing strengths of the beamline from the gunto the lina, a transmission lose to 100 % was reahed for 100 mA.50-kV-inverted-gun: submitted to World Sienti� on August 29, 2000 4
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Figure 5. Polarization and quantum eÆieny versus wavelength, obtained fromMott-sattering o� thin gold foils. The error bars represent only the statistialerror. A systemati error of 5 %, aused by an insuÆient knowledge of the e�etiveSherman funtion, has to be taken into onsideration for all data points.Polarized eletrons ould be suessfully aelerated to higher energies bymeans of an improved losed orbit orretion and additional orretions fordepolarizing resonanes using fast tune jumps quadrupoles. We observed apolarization of P � 72% up to energies of 2 GeV, whih dereases to P � 65%at 2.55 GeV and drops to 30 % at 3.2 GeV. An external urrent of 3 nA ouldbe delivered to the GDH-Tagger target.2.4 ConlusionsA 50 kV soure of polarized eletrons was suessfully set into operation.A polarization of P = 80 %, QE = 0.2 % and a urrent of 100 mA wereobtained. First operation experienes showed a reliable operation of the soureand indiate a high soure availability lose to 100%. Polarized eletrons weresuessfully aelerated to higher energies. The demands of GDH-experiment1ould already be full�lled for the omplete energie range of ELSA.50-kV-inverted-gun: submitted to World Sienti� on August 29, 2000 5
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