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ABSTRACT 

The longitudinal polarization of the new Yale-SLAC polarized electron beam 

has been determined at laboratory energies between 6.47 and lg.40 GeV. Spin- 

dependent elastic electron-electron scattering (Mbller scattering) has been found 

to be a practical technique for polarization measurements at high energies. The 

results are consistent with the energy and angular dependence prediced by QED 

and with an energy-independent beam polarization of 0.76 5 o-(03. 
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Beams of polarized high energy electrons will provide unique 

information about the spin-dependent structure of the electromagnetic 

and weak hadron currents. 132 The first such beam has recentlp been 

accelerated from the Yale-SLAC polarized-electron source (PEGGY) 

to high energies and has been found to possess a reversible. 

energy-independent polarization of 0.76+0.03. The SLAC 8 GeV/c 

spectrometer 3 was used to detect the scattered electrons in a 

single arm Mplller scattering experiment in which both the electron 

target and incident beam were longitudinally polarized. The measured 

asymmetry A = (a++ - ott)/(ot+ + att), where at+ and utt are 

respectively the cross sections for beam and target spins anti- 

parallel and parallel, was used in conjunction with the known 

target polarization to determine the polarization of the incident 

high-energy electron beam. 

PEGGY, described in detail elsewhere,' produces longitudinallv 

polarized electrons by photoionization of a state-selected L16 

atomic beam, with the sense of polarization determined by the 

direction of a 200 G longitudinal magnetic field applied at the 

photoionization region. The photoelectrons, extracted at an 

energy of -70 keV, are transported to the SLAC injector. Measurements 

carried out by Mott scattering at 70 keV have shown that the 

polarization of the electrons leaving PEGGY is 0.8k0.1. 

After acceleration to high energy5 the beam is deflected 

by 24.5' Into the experimental area. This 24.5' magnetic bend 

causes the spin to precess relative to the momentum by an amount 

ga=yar(24.50/18@) h w ere y is the ratio of the electron energy to the 
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electron mass and a = (g-2)/2 Is the electron g-factor anomaly. 

If ea is restricted to multiples of a in order to maintain 

longitudinal polarization, the useful beam energies are restricted 

to multiples of E. = 3.237 GeV. Thus at 3.237 GeV the s,pin precesses 

by 7~ relative to the momentum; at 6.474 GeV,by 27r; etc. During 

this experiment the polarized beam delivered to the experimental 

area varied between 2 .x 10 7 and 7 x 107 e-/pulse at repetition 

rates up to 180 pulses/set. Since the completion of the experiment, 
.I 

modifications to PEGGY have led to an increased intensity of 8x10~ e-/@sc 

Mdller scattering, which has been used at much lower enerqies 

to determine the helicity of_electrons from beta-decay6 and muon 

decay'l, was chosen to determine the high-energy beam.polarizatlon 

because the cross section and analyzing power are large and the 

process Is purely quantum electrodynamic. Fig. 1 shows the 

Mdller asymmetry8 and laboratory cross section 9 at the representative 

incident beam energy of 9.712 GeV. It should be noted that for 

*this energy,a center-of-mass scattering angle (gc.,.) of 90°, where the 

asymmetry reaches a maximum of 7/g, corresponds to a laboratory 

angle of only 10 mr. Thus any MBller scattering apparatus must 

be able to separate physically the scattered electrons from the 

primary beam. 

The experimental arrangement is shown In Fig. 2. The Incident 

beam strikes a 0.025 mm thick Supermendur io target foil located 

8.2m upstream from the pivot about which the spectrometer rotates. 

The foil Is magnetized to saturation in a 90 G longitudinal magnetic 

field and is Inclined at 20' to the beam In order to provide a large 
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component of longitudinal polarization. Reversal of this 90 G 

field reverses the polarization of the target. The effective degree 

of electron spin polarization in the foil, measured by the emf 

induced In a pick-up coil during magnetization-reversal, is 

0.083+0.002. A C-magnet, located downstream from the spectrometer 

pivot, separates the Mdller scattered electrons from the primary 

beam. The electrons which enter the 8 GeV/c spectrometer are 

deflected through angles between 6' and 10' while the primary 

beam is deflected by less than 2' In the fringe field. The 

C-magnet is positioned so that the particles entering the spectrometer 

appear to originate from the center of the pivot at an angle es 

from the primary beam direction. Since the spectrometer normally 

views a target placed at this location, the spectrometer optics 

are unchanged from those applicable to a conventional high-energv 

experiment. The spectrometer determines the momentum,p, of 

particles to 0.2% in a 21-element scintillation-counter hodoscope; 

the angle 8, Is llketilse measured to 0.3 mr In a 55-element 

hodoscope. The vertical entrance aperture of the spectrometer 

(located l.gm from the pivot) Is limited to + 1 cm by a set of 

tungsten slits. 

Particle Identification Is. effected by means of a gas-filled 

threshold Cerenkov counter and a lead-Lucite shower counter. The 

two-body kinematics of Mdller scattering ensures a nearly linear 

relation between es and p for events within the small spectrometer 

acceptance. The background events, which arise mainly from 

radiative Coulomb scattering, are smoothly distributed In the 

(p, 8,) plane. Fig. 3 shows event frequency (corrected 
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for detector acceptance) versus AfJs, the deviation of es from 

that value expected from two-body kinematics. 

The experiment comprised a series of runs, each lasting 

about one hour, during which the sense of s0urc.e polarlzation 

was unchanged. The sign of the target polarization was reversed 

50 times during each run in a ++--... pattern of 100 Nminl-runs". 

The number of events in each mini-run was converted to a cross 

section by normalizing to the charge collected by a secondary- 

emission quantameter. These data were corrected for electronic 

(-0.2%) and computer (4.0%) deadtlmes and for ambiguities in the 

p or es hodoscones (-3%). The 25 measurements of the "real" 

asymmetry and the 50 measurements of a "false" asymmetry which 

were extracted from each run showed nearly ideal statistical 

behavior. 11 Non-Mdller backgrounds were dependent on kinematics 

and varied between 2% and 33% (see Table I). 

The raw asymmetries, typically 0.03, were converted to beam 

polarizations by dividing by the factor (1 - f) x Ak x PT where f 

is the fractional contamination of the data by the non-M$ller 

background, AM is the MBller asymmetry for fully polarized beam 

and target, and PT is the longitudinal component of the target 

polarization (PT = 0.083 x cos 20'). 

The results, uncorrected for small spin-dependent radiative 

effects, 12 are summarized in Table 1, and the longitudinal 

beam polarization is plotted as .function of beam energy in Fig. 4. 
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Over the energy range studied, 6.4'7-19.4 GeV, the data are 

consistent with lowest order QED predictions for M$ller Scattering 

and with a longitudinal beam polarization of magnitude 0.76*0.03, 

Independent of energy and the sense of source polarization. The 

uncertainty in the polarization is largely statistical with small 

contributions from uncertainties in the background correction and 

target polarization. Finally, it is interesting to note that the 

experimental data are shown in Fig. 4 are in excellent agreement 

(cl%) with the accepted value of the electron g-factor anomaly. 
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D. Constantino, R. Eisele, R. Koontz, E. Taylor, L. Trudell and 

the entire SLAC operations staff. We also wish to thank C.W. TU 
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TABLE I. Summary of polarization measurements. 'ea is the spin- 

momentum precession angle; Amax is the asymmetry expected for a 

fully polarized beam in the absence of non-M$ller backgrounds; 

A raw is the uncorrected asymmetry observed in the region indicated 

in Fig. 3b; f is the fractional contamination due to non-Mdller 

backgrounds; and P = A raw/p max(l-f)] is the longitudinal beam 

polarization averaged over both senses of source polarization. 

E(GeV) ea ec m Amax . . - f 

6.474 T 75.5O 0.0551 0.0286+0.0017 0.33 0.768io.051 

9.712 37~ 90' 0.0607 -0.0384~0.0016 0.19 -0.784~~033 

9.712 3T 120° 0.0402 -0.0233'0.0030 0.02 -0.588+0.07? 

11.331 3.5T 99O '0.0584 0.000~0.0028 0.15 0.01840.057 

lg.402 6~ 128.5' 0.0308 0.0224+0.0025 0.07 0.785kO.088 
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Figure Captions 

Fig. 1 The Mbller asymmetry and laboratory cross section plotted 

vs. laboratory angle for the representative incident energy 

of 9.712 GeV. 

Fig. 2 Schematic outline of the experimental arrangement. The 

heavy line shows the typical trajectory of a scattered electron. 

Note that the trajectory after bending in the C-magnet can 

be extrapolated (dotted line) through the spectrometer 

pivot point. The beam-line vacuum extends through the 
w. 

C-magnet. Q81 is the first quadrupole in the 8 GeV/c 

spectrometer; SEQ is a secondary-emission quantameter Used 

to monitor the beam. 

Fig. 3 Binned event frequency for a typical run (beam energy = lg.40 

GeV, Bc m . . = 128.5’) plotted vs Aas, the deviation of the 

measured es from the value predicted f.or e-e KitXXIatiCS. 

Bin width is 3 mr. The data have been corrected for the 

non-uniform acceptance in Ass. The region between the 

arrows was used to form the raw asymmetry listed in Table I. 

Fig. 4 The longitudinal component, P, of the beam polarization 

plotted versus TE/E~, the angle through which the spin 

precesses relative to the momentum during the 24.5' bend 

into the experimental area. E is the beam energy and 

EO 
= 3.237 GeV. The curve shown is a best fit to the data 

and' has an amplitude PO = 0.7650.03. 
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Fig. 4 


