
The polarized eletron beam at ELSAM. Ho�manna, W. v. Drahenfelsa, F. Frommbergera, M. Gowina,K. Helbingb, W. Hillerta, D. Husmanna, J. Keila, T. Mihelb,J. Naumannb, T. Speknerb, G. ZeitlerbaPhysikalishes Institut der Universit�at Bonn, Nussallee 12, D-53115 Bonn, Germany;bPhysikalishes Institut der Universit�at Erlangen-N�urnberg, Erwin-Rommel-Str. 1, D-91058Erlangen, Germany;Abstrat.The future medium energy physis program at the eletron strether aeleratorELSA of Bonn University mainly relies on experiments using polarized eletrons in theenergy range from 1 to 3.2 GeV.To provide a polarized beam with high polarization and suÆient intensity a ded-iated soure has been developed and set into operation. To prevent depolarizationduring aeleration in the irular aelerators several depolarizing resonanes have tobe orreted for. Intrinsi resonanes are ompensated using two pulsed betatron tunejump quadrupoles. The inuene of imperfetion resonanes is suessfully reduedapplying a dynami losed orbit orretion in ombination with an empirial harmoniorretion on the energy ramp.In order to minimize beam depolarization, both types of resonanes and the orre-tion tehniques have been studied in detail. It turned out that the polarization in ELSAan be onserved up to 2.5 GeV and partially up to 3.2 GeV whih is demonstrated bymeasurements using a M�ller polarimeter installed in the external GDH1-beamline.I INTRODUCTIONAt ELSA [1℄ external �xed target experiments with longitudinally polarized ele-trons or irularly polarized photons (produed by Bremsstrahlung) are arried out.The �rst one is the GDH experiment, whih just has started with data aquisition.Beause self polarization of the beam by Sokolov-Ternov e�et an not be used dueto the operation mode of ELSA, a polarized eletron soure is used. The polarizedeletron beam is preaelerated in a lina and a fast yling booster (50 Hz). Afterinjetion into the main ring further aeleration up to 3.5 GeV is possible (Fig. 1).1) The GDH ollaboration is named after the authors of the so-alled Drell-Hearn-Gerasimovsum rule.
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FIGURE 1. The ELSA faility at Bonn University.II THE POLARIZED ELECTRON SOURCEA pulsed low energy beam of polarized eletrons is produed in a newly developedpolarized eletron gun [2℄. In order to enhane the overall eÆieny it operateswith a new pulsed injetor lina whih requires an injetion energy of 50 keV, apulse length of 1 �s and a repetition rate of 50 Hz [3℄. The inverted high voltagestruture of the gun permits to vary the distane between athode and anode andallows to adjust the perveane of the gun. For medium energy experiments, thegun is operated in spae harge limitation, emitting a peak urrent of 100 mA inretangular 1 �s long eletron pulses. Using a Be-InGaAs/Be-AlGaAs superlattiephotoathode [4℄ a polarization of 80 % and a orresponding quantum eÆienyof 0.4 % was obtained. The photoathode lifetime during operation is higher than3000 hours [5℄.III DEPOLARIZING RESONANCESIn ELSA depolarization is aused mainly by intrinsi and imperfetion reso-nanes [6℄. The spin originally oriented nearly perpendiular to the aeleratorplane preesses around the diretion of the magneti �eld in the bending magnets.During irulation of the partiles in the synhrotron only the polarization ompo-nent parallel to the guiding �eld is onserved while the other omponents are lost.Horizontal magneti �elds ause polarization loss in the ase of a resonane withthe spin preession frequeny. Imperfetion resonanes are aused by losed orbitdisplaements in the fousing quadrupoles. Intrinsi resonanes are driven by the



vertial betatron motion of the eletrons, haraterized by the vertial betatrontune Qz.The depolarization aused by linear rossing of an isolated resonane is quanti�edby the Froissart-Stora-Formula [7℄PfPi = 2e��j�j22� � 1 ; (1)where � is the resonane strength and � the rossing speed. Small polarizationlosses an be obtained for a small resonane strength � or a high rossing speed(� = _a� _Qz!0 for intrinsi resonanes). In this formula the inuene of synhrotronosillations and radiation is negleted. To take these e�ets into aount we usea modi�ed Froissart-Stora-Formula whih essentially desribes the depolarizationafter independently rossing of a depolarizing resonane and the two �rst ordersynhrotron satellites:PfPi = �2e��j�j22� � 1��2e��j�sj22� � 1�2 ; (2)where �s is the resonane strength of the �rst order synhrotron satellites.Spin traking studies show that this desription is suÆient to explain the behav-ior of depolarization at resonanes at higher energies in ELSA. Espeially a totalspin ip (PfPi = �1) an not be observed in ELSA at energies higher than 1.6 GeV.Three tehniques are used to avoid depolarization: Intrinsi resonanes arerossed fast with help of two pulsed betatron tune jump quadrupoles whihshift the vertial betatron tune. The strengths of imperfetion resonanes mustbe redued to avoid depolarization. This is done with a dynami orretion ofthe losed orbit during the energy ramp. For further redution of the remainingresonane strengths harmoni orretions are applied.A Tune jumpsFor intrinsi resonanes a high resonane rossing speed an be ahieved by fastshifting the vertial betatron tune Qz using pulsed quadrupoles. Before rossing theresonane, the vertial betatron tune is shifted fast by the tune jump quadrupoles.The tune jump system at ELSA onsists of two quadrupoles whih an be pulsedup to 500 A in 4{14 �s [11{13℄. This orresponds to a tune shift of �Qz = 0:1.The vertial betatron tune is shifted bak to its original value within 4 to 20 msbefore the next resonane is rossed.B Closed orbit orretionThe losed orbit is measured with a BPM system onsisting of 28 monitor sta-tions. After orretion with 19 vertial and 21 horizontal orretor magnets the
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Feb 2000FIGURE 2. Ahieved polarization in ELSA. The blak arrows indiate the energies of intrinsiresonanes (Qz = 4:431), the gray ones the position of the imperfetion resonanes.remaining horizontal and vertial distortions (determining the depolarization) aresmaller than 0.2 mm (rms) [8{10℄.The losed orbit is measured and orreted at the energies of the imperfetionresonanes. Between these energies a linear interpolation of all orretor kik anglesis done. With this interpolation a dynami losed orbit orretion during the energyramp is ahieved. After this orretion most of the imperfetion resonanes beomeso weak that no signi�ant depolarization is observed.C Harmoni orretionA further redution of the strength of eah imperfetion resonane an beahieved by harmoni orretion. The losed orbit harmonis relevant for a singleresonane are orreted by modifying the vertial losed orbit. For eah resonanetwo modulation parameters have to be found empirially by measurements of thepolarization of the extrated beam.IV THE GDH-M�LLER POLARIMETERAll polarization measurements were performed with the GDH-M�ller polarime-ter in the external beamline [14℄. This two-arm polarimeter onsists of a targetsystem, a spetrometer dipole magnet and a detetor system. The target systemis omposed of several hangeable polarized foils with di�erent orientations of themagnetization relative to the eletron beam whih enable the measurement of allthree vetor omponents of the eletron beam polarization. Both M�ller satteredeletrons are energy separated in the dipole magnet and are identi�ed in oinidenein the detetor system.
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