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DISCLAIMER
 This report was prepared as an account of work sponsored by an agency of the United States Government. Neither the United States Government nor any agency thereof? nor any of their employees, nmke any warranty? express or implied, or assumes any legal Liabili- ty or responsibility for the accuracy, completeness, or usefulness of any information, appa- ratus, product, or process disclosed, or represents that its use would not infringe privately owned rights. Reference herein to any specific commercial product, process, or service by trade name, trademark, manufacturer, or otherwise does not necessariiy comtitute or imply its endorsement, recommendation, or favoring by the United States Government or any agency thereof. The views and opinions of authors expressed herein do not necessar- ily state or reflect those of the United States Government or any agency thereof.

Page 3
						

Portions of this document may be iUegible in electronic image produe Images are produced fmm the best available original dOr?tnneXIt.

Page 4
						

Linear
 .
 Polarizer Laser
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 photocathode
 electron beam lo Linear Accelerator
 Figure 1: SLAC Polarized Electron Source
 A highly polarized electron beam is a key feature for the current physics prog1.a.m at SLAC [l]. Fixed target experiiiieiits in End Station A (ESA) study the collision of pohrized electrons with polarized nuclear ta.rgets to elucidate the spin structure of the iiucleoii and to provide a n iiiiportaiit test of QCD. Using the SLAC Lii1.ea.r Collider (SLC), collisioiis of pola.rized electrons with uiipola.rized positroils allow precise measurements of parit,?; violation in the 2-fermion coupliiigs and provide a very precise iiieasurement of the weal; mixing angle.
 Polarized electrons a.re produced [2] hy photoeiiiission froin a GaAs photocath- ode. For SLC opemtion, two Wd:YAG-pumpec~ Ti:sapphire lasers produce two 211s pulses separa.ted by about 6011s. One of these pulses is used to make electrons for collisions, a.nd the other one is used to make electrons for positron product,ioii.
 The laser is pola.rizecl wit.11 a 1inea.r polsriz.er arid two Pockels cells a,s s1101~i-i i n Figure 1. The a.xes of the 1ineii.i. polarizer and tlie PS Pocliels cell are a.long the q y axes; while tlie a.xes of the CP Pocliels cell are along u:v ( u , v axes are rotated by 45' with respect to 2, y). This coiifigura.tion can geiierak arbitra.ry ellipt.ica1 pola.riza.tioii, a.nd can coiiipensa,te for pha,se shifts i n the laser transport optics. The 1a.se.r circular pola,rizatioii, F'?, a.t the GaAs photocathode is well approxiiiia.t.ed 1)y
 ,), where l f c p and TfpS are the Pocliels cell
 voltages; l/x/4 is the Pockels cell quarterwave voltage; VTp and a,re phase shifts induced by the la,ser traiisport optics. To generate circular pola~ized light, one nominally operates the CP Poc1;els cell at, its quarterwive volt.a,ge and the PS c.ell a,t 0 Volts. Sinall correct.ions to these voltages a.rc needed to compensa.t~e for phase shifts in the tra.nspoi.t optics to t,he photoca.t.hode. A positive I-IV pulse on, the -CP ~ o c ~ i e l s cell produces oiie helici ty; while a, negative HV pulse prodikes the opposite helicity. The sign of this HV pulse is set 1)y a pseudo-random number geiiera.t.or, which upda.tes at 120 Hz (the electron beam pulse rate).
 The photoescitatioii of electrons in strained GaAs from the valence lxmd to the conduction baad is illustrated in Figure 2. The strain is induced by grolviiig a. thin 0.1 /mi layer of Ga.As on Ga,AsP: and this splits the degeneracy in the j=3/2 ixlence lmid by about, 50 me\/. Photoiis with positive helicity a.nd with energies grea.tvr than t:lie l m n c l ga.p energ;- of 1.43 e\/, but less tha.ll 1.45 e\/ esci t,e t .he triuisi t ion slloivl1 from the n a j = -3 /2 valctiice level to the n a j = - I / 2 coiiduct.ioii le\.el. Tl ic?
 estraclecl electrons from tlie G a A s ca.t.liocle l i a , ~ ~ the sa.iiie lielicit,?: as t lie i i ~ i c i d c i i t
 17Ps-5Ts . 7r PT = sin( "3: . ;)cos( v;: ircp-,r7&
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.
 photoiis since the?- have opposite direction to the incident photons (see Figure 1). In principle, one should achieve a11 electron beam polarization, Pe, of 100%. But i n practice, we only achieve 'Pe - SO%. The achieved value has been observed to depeiid on the photocathode quaiiturn efficiency (QE) and on the tliicliness of the strained layer. How t o achieve polarizations closer to 100% is an active research area [3].
 Two problems encountered with
 metry [5]. Charge Limit is a phe-
 tlie GaAs photoelectron source are Charge Limit [4] and Charge Asym-
 iioinenoii wherelij~ the iiist antaneous
 rnr - - 1 12 + 1/2
 T -
 p1iotoca.thode QE decrea.ses appre- ciahly clue to high iricideiit, light mi = - 312 * fluxes, a.nd t~liereby l i i i i i ts the mas- imuiii electron charge that can lie - - Y- extracted . Ex p er i iiie n t a.1 1y we fi lid t1ia.t the maximuiii extra.ctec1 cliarge is proportional to the QE a,t 101v incident light fluxes a.nd is independent of t.he masirnuin h e r power a,va.ilable. In practice, t,liis has not severely impacted tlie per- forii:a.iice of the polarized electroii source a.t SLAC, hut it, is an issue t.ha,t needs t'o lie a.clclresse(1 for photoca.thode electroii sources. The Charge Asymmetry problem results from sinall l i nea polarized coinponeiits in tlie h e r ileain and a. clepeiidence of the electron yield on the orieiita,tion of the linear polarization. For laser light which is 100% linear pola.rized, 10% variations i n the electron yield have heen ob- served depeiiding on tlie orieiita.tion of the linear light polarization. This effect results from anisotropies in the strain [51. Even light with P? = 99..5% has 10% li ii ea.r p ol a.r i za.t i on, and a.p p r eci a 131 e charge a.syiiiiii e t r i es b et ween the right a,n d left lieam pola.riza.t,ion states at tlic 1% level ca.ii result. In practice, this is an ea.sjr problem to fix liy monitoring the electron heam charge asymmetry and controlling the Poc lds cell yoltages to null t,he a.syininetry. For the SLAC source, \\'e control tlie PS Poclds cell volta.ge to n u l l the charge asymmetry in a feedlxxli loop. It is ea.sy to ma.inta.in the a.syiiimetry below IOw4 and the level of tlie a.vera.ge asymmetry is only limi t.ed hy t,l-ie sophistica.tion of the feedback algorit,fiiii a.nd the sta.tistica1 fluct.ua.tions in tlie electron charge.
 Two electron bunches are produced from the photoca,thode gun, which opera.tes a.t 120 kV. This high volta.ge is needed to increase the space charge limil current
 The gun is a. coiiiples device where high voltage arcing and poor \mxuiii can eas- ily destroy the photocathode QE. Additionally, the p1iotoca.thode requires careful prepa.ra.tion to a.chieve a. nega.ti\:e electron a.finity surface to produce a.n aclequa tc QE. A v-er:' la.rge effort was moiint.ec1 a.t SLAC to achieve a robust pliotocat.liodc electroii gun; det,a.ils of the gun design and operation can be found i n Referei~cc [23.
 A schematic of the SLC is sho~vn in Figure 3. Two electron I~unclies from the
 - - -112 +1/2 A E ~ ~ ~ ~ . ~ , ~ ~ ~ . 0.34 eV
 m,*-1/2 + 112
 Figure 2: Ga*s Elle1*gy Levels
 ca.pability of the gun ahove the 6 ainps of peak current needed for SLC oper a. t ' ,1011.
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photocathode gun are injected into the SLAC Linear Accelerator (Linac) where they are bunched and accelerated to 1.19 GeV. They are then kicked by a pulsed magiiet into tlie Linac-to-Ring (LTR) transfer line to be transported to the electron damping ring (DR). The DR stores the beam for 8ms to reduce the beam emittance. The Ring-to-Linac (RTL) transfer line transports the two bunches from the DR and a pulsed magiiet kic1;s them hack into the Linac.
 by a positron bunch which has been extracted from the positron DR. Three bunches are accelerated doivn the Linac. The trailing electron bunch is ac- celerated only to 30 GeV, and is sent to the positron
 These two bunches are preceded down the Linac Compton Polarimeter
 production target. Positrons in tlie energy range 2- 20 MeV are collected^ accelerated to 200 MeV, and transported to near the start of the Linac for traiis- port to tlie positron DR, where they are dainped for 16 ins. .4t tlie end of the Linac, the electron and positron energies a.re each 46.6 GeV. .4 magnet de- flects the electron (positron) 1miic1i into the nortli (south) collider a.rc for tra.nsport to the Iiitera,ct,ion Point (IF'). In the arc.s: t,he I~ea.ms lose a.bout 1 GeV i n eiierg); from synchrotron ra,ciia.tion so that the re- suitling center-of'-n.ia.ss collision energy is 91.2 GeV, which is chosen to nmtch the 2" ma.ss. The beam
 e-Spin vertical \
 Source
 energies are mea.surec1 with energy spectrometers
 The electron spin orienta.t.ion is longitudinal at the source a.nd reina.iiis 1ongit.udinal until the LTR Spin Rotati t>ra.nsfer line to the electron DR.. In the LTR, tlie Solenoids
 electron spin precesses by 450" 1.0 become tra,ns- Vertical
 solenoid. This solenoid rota.tes t.he electroil spin Spin RO
 t,o he vertica.1 i n the IIR. to prexi've the pola.riz,a,-
 with a n a.ccura.cy of 20 MeV. e+ Return Line
 e- Spin
 verse a.t the entrmce to the L,TR spin rota.tor Damping Rings
 Solenoid
 e-Spin Longitudinal Polarized e- Source
 tion. The spin orienta.tion is iwtical upon estrac- tion from the DR; it remains vert,ica.l during iiijec- zzronic
 Figure 3: The Polarized SLC tion into the Li1ia.c and during acceleration to 46.6 GeV down the Li1ia.c.
 rLinac
 1
 The SLC arc transports the electron beam from the Linac to the IP and is comprised of 23 a.chroina.ts, ea.& of which consists of 20 combined function magnets. At 46.6 Gel!, the spin precession i n each a.chromat is 10S5", wlijle the Ixtatron phase a.cl\:a.nce is 10SO". The SIX a.rc i s therefore opera.ting nea.r a. spin tune resomiice. A result of t.Iiis i s t.11a.t i.ertica1 1)etiI.troll oscilla.tioiis i n the hoi.izonta1 1)encls of the arc's achronints can came the 11ea.n-i pola.riza.tioii to rotate a.n:a.j. from vertical; this rot,at,ion is a. cumula.ti\:e effect i n successive achroma.ts. (The rotatior; of the vertical
 4
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spin component in a given acliroinat is simply due to the fact that.rotations in x and y do not coinmute, while the cumulative effect is due to the spin resonance.) The resulting spin component in the plane of the arc then precesses significantly.
 The arc's spin tune resonance, together with misalignments and complicated rolls in the arc, result in an inability to predict the spin transport through the arc. However, we have two good experimental techniques for orienting the spin longitudinally at the IP. First, using the RTL and Linac spin rotator solenoids one can orient the electron spin to lie along the 5, y, or z axis at the end of the Linac. The z-component of tlie arc's spin transport matrix can be inea.sured with the Compton polarimeter [SI, which measures the longitudinal electron polarization:
 c L P, = R,, . P," + Rzy . Py + R,, . P:
 The experimenta.1 procedure is referred to as a. 3-stat.e measurement, and is czccoin- plished Iiy measuring P: for ea.ch of z, y, or z spin orientatioiis at the end of the Lii1a.c. The a.rc spin rotation ina.trix elements R,,, Rzy , R,, are then determined. This is sufficient to determine the full rotation iimtris, which is described by three Euler a,ngles. The matrix R ca.11 lie inverted to determine t.he required spin orienta- tion at the end of the Li11a.c for the desired longituclina~l orientation a t the IP. This is a.chieved with ap1iropria.t.e set't ings of' the RTL, a.nd LINAC spin rotators.
 A second met~hocl to orient the spin longitudina~ll~~ at the IP talies ad\:a.ut,age of the a x ' s spin tune i'esonaace. .A pair of vertical betatron oscillations ('spin liunips'): ea.ch spanning ( a.chromats i n the la.st third of the arc, are introduced to r0tat.e t,he spin. The a.mp1itudes of t,l-iese spin bumps are empirically adjusted to a,chie\.e long~tuclinal pola.riza,tioii a t the IP. Thus, the two spin liumps can effectively replace the two spin rotators. For tlie 1992 SLD run, the spin rota,tor magnets were usecl to orient the electron heam pola,rization a.t the IP. But since 1993, spin bumps have Iieen usecl inst,ea.cl lieca,use the SLC is now colliding flat beams t,o a.chieve higher luiiiinosity and the spin rotators introduce unacceptable x-y coupling ['i-1.
 The Coniptoii pola,rimeter iiiea.sures the average electron beam polariza.tion, P,, \ ~ h i c h ca.n differ froin by a sinal1 amount from the luininosi ty-weiglit,ecl Iiea.m polar- iza.t,ioii; Pe(l + (). Tlie domiiiaiit effect, is a. chroma.tic one: the electron 1iea.m 1ia.s a finite energy spread n ( E ) ; the spiii orienta.t.ion of the electron bemi ha,s a n energy depeiidence Os( E); and chromatic aberrations in the final focus result i n a lumi- nosity dependence on lieam energy, L( E ) . The beam energy sprea.d is monitored by a.utoniatec1 wire scans at a high dispersion point. These are clone frequently since the energy distribution of the lieam can easily change. The dependence of the spin orienta.tion and luminosity on the lieam energy a.re more stable. During the 1994/.5 SLD run, 4 niea~~ireiiients of 8s(E) were made. Estima.tes of L ( E ) a.re ma.cle by 3 teclinic~ues: simula.tioiis of the filial focus optics, mea.suremeiits of I x a m spot.sizes versus energy, and 1neit.surenients of the Z boson produchon 1xte for of[- energj- pulses. These t,liree estima.t.ors give consistent. resulks, l ~ i t l i the measui.ctl cl a, t a. 11 a.v i iig son1 ew 11 a.t less en erg? depend en ce than the si m u 1 at, i OII s , We 11 se 011 r cletermina.tions of n.(E): Bs(E) and L( E) to estima.te t,he chroma.t.ic c.ont,KiIiutioli t o
 c
 5
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E . For the 1994/95 SLD run, we find this contribution to lie $0.0020 i: 0.0014. A n additional effect of similar magnitude arises froin the small precession of the elec- tron spin in the final focusing quadrupoles, which for the 1994/95 run contributed -0.0011 rt 0.0001 to E . We have also measured depolarization due to beam-beam effects and find this to be 0.000 f 0.001, consistent with theoretical predictions [SI. Combining these 3 effects, we find [ = +0.0009 f 0.0017 for the 1994/95 SLD run.
 The average luminosity-weighted electron beam polarization for the 1994/95 SLD run was (77.2 f 0.5)%. The SLD experiment is approved to continue running with a polarized electron beam through 199s. Additionally, there will be a fixed target experiment, E155, with polarjzed beam in the spring of 1997. Future running of SLD and ESA experiments i n parallel with B factory operation at SLAC are also being considered.
 [l] 14. \I’oods; -4IP Coriferencc P/oceedz/ays 343, ‘230 (199.5). (Proceedingb of SPIKS4)
 [2] R. Alley et al., N u d . Inst . .Wtlh. A365, 1 (199.5).
 [ 31 Esp criiii en t a1 and t h core t i c a1 d is cu ssi on s of m asi iilizi n g the elect ro 11 p ol ariz at ion €or S a A s photocathodes were held at the SPIN96 Pre-Syinposium ki’orkshop on polar- ized eledron sotirces m d lou. energy polwrinaeteiq see proceedings.
 [4] 14. Woods et al., J . Ai~pl. Pkys. 73, 8531 (1993); H. Tang et al., SLL4C-PUB-6.515 (1994).
 [ 5 ] R.A. Mair et al., Phy.5. Lett. A212, 231 (1996).
 [ 81 1 4 . \\:oocl s , S 1. -4 C- P li I? - 73 1 9 ( 19(3(i ) . coiit ri bu t ed to t liese proceetli 113 .
 [ 7 ] T. Limberg, 1’. Emma, and 11. ILossmanith. SL.4C-PUB-6210 (1933) .
 [SI I<. Yokoya, P. Chen, SLAC-PUB4692 (1958).
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