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ABSTRACT

Parity won-conservation has been observed in the inelastic scattering
of lorzitudinally polarized electrons from an unpolarized deuterfum
targer at 19,4 and 22,2 GeV. We find an asymmetry A = (o ~ oM (o + o)
- (-9,5 % 1.6) x 10_5 QZ, qz in (CoV/:)z, f~r values of Qz near 1.4, The
statigtical and systematic errors are each about 9 percent of the measured
asymnetry. This result is consistent with predictions from the standard
Weinberg-Salam SU(2) x U(1) model. Using the simple quark-parton model of

the nucleon, we ohtain ni.nzeu = 0,20 & 0,03,
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1. INTRODUCTION

=
Z

The interest in parity non—comgervation has been with us since the

fifties, when those cffects were first d d in veak 1
charged P The of the Weinberg~Salam
5U(2) » U(l) gauge thenry of weak and el 'y and

uwore recently a wide variety of alternative gauge theorles has again
raiged the issue of parity non-comservation, this time in conmection
with the weak ncutval currents. The measurement of parity violating

effects in el 1 and in 1 d

serves to discriminate between the gauge theory models that have come
into existenre, Several years ago at SLAC, motivated primarily by the
implicotions of the gauge theory ideas, a program was undertaken to

develop the neceesary experimental tools for investigating parity violat-

ing eff in Inelastic el

ing, a proceas thoroughly investigated 1ly and p ly quite
well updorstood phenomenologically, was a netural place to look for parity
violation. Pavity violation, observed as a helicity dependent term in

the cross section, doea mot arise frow electromagnotic processes even in

higher order, and thus is a unique of non~el 1.
procosses, presumubly the weak interactions, To mepsure helicity depen~
dent effects in the cross section required developmont af an intense

polarized electron soutce. The performance parameters of euch a source

and the y ded of the were dictated by the
smallness of the anticipated paricy violating effecte. These effects

arise from interference between weak and electromagnecic amplitudes, and

b
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are expected from quite general argumenta to be in the order of
GFQZI(ZE na) vhere GF 18 the Permi coupling constant, a is the fine

structure constant, and Qz ie the f = fer-squared, For

inelastic scattering at SLAC, the expected parity violaliry nffects in
the cross gection are around 10—6(22, Qz in (Gevlc)z. CGange theory pre-
dictions incloded the possibility that the effects could be even smaller,
or zero. In order te achieve a significant test of gauge theories, the
parity violating asymmetry

A= oy = o)/ (og + ) eV
where "n‘"l.) is the cross gection for +(-) helicity of the incident beam,

had to be measured to ag accuvacy of

pa< 107’ @

The then-existing techniques used in inelastic scattering cxperiments
did not provide monitoring or coutrol of experimeatal parameters at the
level of semsitivity we requitred. The experimental programs uudertabken

sevoral years ago had as ite objective the devel of heam

#ad counting techniques capable of achleving semsitivity sufficient for
these measurementa. Before deacribing these techniques, a discussion must

bogin with an d of the of exper: 1 exrors.

(a) Statistical errors: The ecatistical crrors om an asymmetry is

8A = LVEF ¥ T, vhere N¥, N~ are the of d 4 e

electrons for * helicity beams. rhue we needed to detect wore than 1010

electrons to obtain sufficient etariscicsl accuraey. 1t is cercain that

the y of the can be no better than the statistleal

accuracy. To achicvu these large nuumber of el

| ¢ 8 polarized elect: source of high intenmeity and a detector of
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large acceptance. The existing spectrometers were t6o limited in aperture,

80 a special ap of large vas using
out of existing specrrometers.

Data were token at 120 pulses per second. At this rate only .107
pulses per day were obtained. To achieve 1010 couats in & 24 hour day
required counting at 103 counts por pulse (at SLAC, pulses are only 1.5
usec long). These counting rates are too high to be handled by conventional
electronic logic. Ia 11, the hnd of £lux is de-

scribed, vhich achieved for ug the objective of high counting rate mea-
surements.

(b) Systematic errors: Our systematic errore ceme in part from
imperfect monitoring or control of beam parsmeters. The measurement of
the parity violating asymmetry, Eq. (1), is obtained by a comparison of
scattering for a + helicity beam to that for a - helicity beam, To permit
a meaningful comparison required that the + helicity and ~ helicity beams
be identical in all other vespects. Section 1V drscribes the beam
mmitoring system we developed to determine the degree to which beam

di€E Saall in » angle, enargy or other

poraneters vhich are corralated wich the + or — helieity could generate
apparent parity violating sffects. The bean monitoring system vas developed

af such 3

to give us 2

(c) Drifta: The measured croas section values are subject to

changes csugded by external or int~:rnal inf: in the 1
used. However, drifts in goine or calibratione do mot affect an apymmetry

measurement, Bq. (1), provided the cross sectione g g, can be measured
o

simul ly. We h suck: a a by providing a oource which
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can be reversed betveen beam pulses B.3 millisceonds apart. Driftg which
are slow compar~4 to the beam pulse spaci: 3 will be averaged inte bath
UR,L measuraments more or less equally.

The polarized electron source, described in Section III, had capa-
bility of the electron helicity being reversed between beam pulses. We
chose a randomized pattern of helicity. The reason for randomization
was to avoid all patterns of a fixed mature, which could lead to A3ff1-

culties if periodic components in the signals or beam paramcters exist.

A that of Sy and o,, are unbiased
with respect to all signals periodic in time.
(d) Backgrounds: Background counts can lead to bimges or evrers

in the measured asymmetries. For us the main source of background were

P produced and el produced n ‘s entering the spectromater accept-

ances in momentun and angle. Prior to taking data studies were mede of

background counts in the d. The technique of flux

d d in Section II p the use of ional h of

background diecrimination by electronic means. We chose kinematic points
where backgrounds are small compared to electron signals. Asysmetries
in the background coumto were messured and shown to be negligible.

The philesophy of these measurcaents could be described as hgving
two parts. First, the sources of crrore were monitored and controlled
to a level that was small compared to the parity violoting asymmetrics
meagured. Secondly, the data that were taken offered a number of internal
consistency checks that could be made. Section V describes the consistoncy
checks and the data obtained, In Scetion VI the measured parity violating

asymmetries are compared with predictions from gauge theortes,



1I. FLUX COUNTING

Before discussing the technique of flux counting, a general daserip-
tion of the experiment is useful. Figure 1 shows the vardous components
in a highly schematic form. The two-mile accelerator is collapsed into
the 2mall box labelled "LINAC". Elcctrons could be injected into the
linac froh either the usual SLAC gun, providing unpolarized eleetrons
from a thermionic cathode, or from the polarized eleectron source, which
has a GaAs crystal cathode. Accelerated electrons passed through a beam
transport system after leaving the linac, where the beam parameters were
monitored. The most important of these were energy, current, position
and angle at the target, A minicomputer (an LSI-11) monitored these
parameters, and adjusted beam line magnete to stabilize position and
angle of the besm on the target, and acjusted RF phase of two spare
klystrone to etabilize besu emergy. The beam of electrons passed through
a 1iquid Dy target, 30 cm {n length, of the circulating type which waa

able to handle the high beam intensities delivered te it, Polarizaticn

of the beam was in (Section IV) ueing epin-
d 4 ip polarized el polarized elascic
(Méller ing). To make tbese polarization meaguremants,

the l1quid Dy target wus (vemotely) moved out of the beam,

Inelastic of polarized from unpolari d

was decected at 4° in a spectrometer. This proceas had beem studied

earlier at this sngle using unpolarized el and 8 iderabl

amount of experimental inforrition was .avnuable."' For the majority of
tha data the beam energy was 19.4 GeV and the secondary scattered electron

energy wes 14.5 GeV, The spectrometer consisted of two bending elements
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end a quad.vole, constructed from magnets teken from the 8 GeV/c and

20 GeV/e end-gtation epectrometers. These wera arranged downetream and
below the target to detect electroms which scattered at 4° down from the
‘target. The sngular acceptances were AQ = $7.5 mrad and 4¢ = 216.6 mrad,
Two counters were placed behind the spectramcter to detect the scattered
elactrons. The first was an atmospheric gaseous N; Ceremkov counter (€).
The counter was 3.35 meters long with horizontal and vertical aperturers

of 70 cm each. At the end of the counter, a spherical mirror collected

Cerenkov light and foeused it onta the p h of a ph iplier

tube placed off ixis. Electrons passed out of the Cerenkov counter and

into @ aecond elect ing of 9Xg thick lead glass (TA)
with an aperture of 88 cm (horizoncal) by 52 cm (vertical). Cerenkov
light produced in the lead glass was viewed by an array of 4 photomulti-
pliers.

A six inch thick wall of leed bricke was placed behind the counters

to the don of electron sh Juced and el

produced 'R, u'a and K'e will penetrate or develop hadronic cascades in
this wall. Behind the wall was located a third counter (consisting aleo
of lead glaas) to detect thuse penetrating particles. The pv- . ose »f

this third counter was to measure the amount of the background parcicles,

aml to wonitor the asymmetry associated with them. The v backgrounds were

a pmall part of the electron eignal ( to app y 14X in
the TA counter), but even small de could be 1 if they
showed » large Yy, Wa d these i 1 1

throughout the experiment, and messurs! the contribution to be nepligibly
esmall (lees then 1% correction to the final asymmetties, snd conslstent

with gero).
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Figure 2 showe the experimental cross section dependence an the

Al
spectrometer B . The 1a super d. It

is intcended to be quite broed to emh the ng rate, One

of this design 1s the finite acceptance at the elastic peak. ZThe contzi-
bution to the courting rate from the elastic peak (about 3X) and the
4(1238) resonance (obout 2%) 18 not cemsidered serious because the

asymetries from theso states are to be the same

as Irom inelastic g, The cross ion for 2 's

(1 's and K 's are tncluded) is stown on the same oceale as e ‘s; the

kg rates as the is lowered.

Flux s a8 h ped for this to permit
measurements of igelastically scattered electrons at the high counting
rates in tlis exporiment. For the gas Cerenkov counter, electrons which

enter its aperture, preduce Cerenkov light that was collected by a

spharical mirror and d ento a 1tiplier p di The

anode current is gent to electranic circuitry, vhere for each baam pulse

2t 1 integrated, digitized and read by the computer, This mignal (VLUX)

is proportional to the flux of the . We

a quantity proporticnol to the scatterad cross section (averaged over the
acceptance) by uorualizing to the ineident charge, Q, delivered to the
target, For cach besm pulse 1, we form a cross seection (unice are

arbitrary)
o} = FLUR/Q . 3)

vhere + and - refer to the beam helieity.

Extensive tests of procedures were performed using unpolarized

el from the 1 SLAC gun. First it was necessary to



egtablish linearity of the clectronics. Docs the system measure the same
cross section us the value of Q delivered to che target incrcases?
Figure 3 shows the measured cross secilon values, in arbitrary units,
for Q from 1/2 te 15 x mm electrons per pitlse. Linearity of the
electronics appcared good to a few tenths of a percent, for this ranje
of current, but only after careful attention to details of elcetronieca
and photomltipliers.

Hext we estsblished a calibracion of the detector at very low beam

currents, whare conventicnal electronics apd conventional techaiques

can be used. By =zasuriug the bYean at the low and high counting
rates, we could estimate to good accuracy thé trates at high beam enrrents,
Since unpolarized gun beam 16 being vsed for these tests, we arbitrarily
assigned + and -'s to tha bean pulses using a random number generator.

We collected distributions of o: for a sample of beam pulses, for a
variety of values of . We cxpect the distributions to have mean values,
{a), as shown in Fig. 3, and relative root-mesn-square vidtha, 4c/{a),
which scale as llﬁl', reflecting the statistical counting fluctuations
from pulae to pulse. We plot 40/{c) versus 1//Q in Fig. 4. The data
points, shown as triangles, cam be compared with the solid line, which is
the expected values based on the calibration of the counting rate a: low
besn currents. FPlgure 4 shows that the fluctuations from pulse to pulse
in the flux counting are in good agreement with statistical counting

fluetuations, At the highest currents (lowest point in Fig, 4) the pulse

to pulse f are y 0.03,

to Rm

rate greater than 1000 detected electrons per pulse.
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We performed a series of runs from one to three hours in iength,

For these tuns we furmed an cxpeximental asymmetyy

{a*) - g7

L = 4)
exP {qt) + {o7)
using the means of the distributions (u:). The error on Ae:p wag
caleulated from the errors ou the means
8o®) = Ao (rms widrL) /G o)

vhere the number of beanm pulses, n:, wad for these runs quite large.
Pigure S shows the values of Aexpl(l’a) for a sequence of 26 xruns. The
asymmetries were scaled by ll(l"). ¥, taken to be 0.4, to compare to

later s taken with poleri bean.,

The asymmetry averaged for theee 26 wvuns % (~2.5 2 2.2) = 10'5.
If we plot for each run the deviation of Aw/(res from zero, divided by
the error, we obtain the distribution shown In Pig. 6. The expected shape
is a gaussian curve of umit width. The data shov a standard deviation
of 1,02 £ 0,13, consistent wicth the expected shepe. ‘nﬁa result lends
us to believe that the errors are properly calculated, and that the

techniques uged for flux cau be 1lied to cl

at ths level of 107>,
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III. POLARIZED ELECTRON SOURCE

The polarized electron source is shown schomatically in Fig. 7. The
principle by which this source is 1

of 1 foally
polarized electrons from & galliym armenide crystal using cin:uluiy
polarized li.gh:.z The possibility that this process could provida intense
beams of polarized electrons vas first suggested in 1974 by B Garwin, of
SLAC, aud D. Plerce’ and H. C. Sicguamn of EIR Zirich. The developmenc
of such 3 source to be an injector for the SLAC linmc was undertaken at
that time hy Ed Gorvin, C. Simclair, R. Miller snd me.’

The gource was driven by a flash lamp pumped dye laser operating
near 710 am vavelength. Thn flash lamp was pulged at 120 pulges per

seeond, synchronized to rhe SLAC linac running st the same rate. Pulses

of p el » app ly 1.5 psec i: length and up to 300
nd1l in

Yy, were 1 from the -65 KeV potential to
grourd and were transported to the SLAC linmac by a series of lemses gnd
d.c. magnets. The longitudinal polarization of electrons leaving the
GaAs cathode are pepligibly depolarized in the tramsport system. Beam
intensities of 1 x 1011 to &4 x m“ olectrome per pulse were accelersted
and delivered to the target. Loss of polarization in the linac was like~-

vise 1igible, as d in earlier tesu.s

Circular polarization of the laser pump light is achieved in optical
polarizera consisting of two clements. These are shown in Pig. 7, and
again in detail in Fig. 8. Laser 1ight was Eirst polarized linearly in
a calcite prism. Circularly polarization was achicved in a Pockels cell,
a uniaxial erystal which exhibics a birefringence linear in the applied

electric field, It is cylindrical in shape with ring electrodes around
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its once. A high voltage pulse, either positive or nepative,
is applied prior to esch beam pulse. Reversing the sign of the high
voltago reversed the helicity of the photons, which in turn reversed the

helicity of the photoemitted electroms. The ls veroe dene d

on a pulge to pulse basis to minimize the effects of drifts on the

P and ded changing the y

with any periadic ch of beam

The asign of the Pockels call voltage was sent to the exporimental
copputer prior ta cach besm pulse. This allowed ue to form our basic

experinental quantity:

o(V+) - o(V-
Aexp * SO F o%‘?—% ©

Throughout the experiment the experimental » Aup, is

rolative to the Pockels cell voltage.
The calcite prisn vas mounted in a rorateble holder; the plane of
linear polarization could he rotated by 45° or 90° velative to ite 0°

positicn., Rotation of the linear polarization by 90° reveraed the halicity

of the photons. In general rotation by a3 angle .P causea the net belicity
to vary by cos ZQP. Since the expevimental apymmetry, Eq. (6), is measured

yelative Lo the Pockels cell voltage, we expect to find the relation

o(V+) - g (V-
Ay ™ M = B A con (20 m

vhere |P°| 15 tane mensured beam polarization (sround 0.40), and A 16 the

phyaics asymmetry arising from parity violating effects, defined by Bq. (7).

The totation of the plana of linear poli fon ded a

which could parity o related to helicity of the

bean from systomatic effects which could arisa due to perturbations
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of other beam parameters when the Pockels cell voltage was reversed. Ig
Sectiom V the asymmetries measured at 0°, 45° and 90° orientations of the

calcite prism are discussed.

IV, BEAM MONITORING®
A primary objective of the experimental techniquea was to eliminate
eources of systemati-~ errors to the extent that correctioms to the data
were unnecessary. To deterwine the aize of the zyatemstic errors,

fog of beza vhich could affect measurcd eross section

values vas . The e

™ were polar
(sign and magnitude), energy, beam current, beam position and angle at
the target.

{a) Polarizstion: TFigure 5 shows a perepective view of the targat,

magnec, and d used for beam pol
The by which was d was the elasti

seattering of polarized bamm electrons by polarized target electrams,
The target wes a thin foll of g highly permeable alloy of irem (Super-
mendur). An exteraelly applied magnetic field saturated the material,

providing s target with a kmown fraction (7.8%) of the olectrons polarized

aloag the beam d 1 Elaetic ing of by elcstrons

(Méller scattaring) is a simple QED and the d 4s of the
apin-dependen. parc 16 a etraight forward first ordor QED calculation.
We measured the asymmetry

o =0

A e ®
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where cp(ua) 1g the cross gection for Méller scattering with the beam

clectron spin parallel (anti-parallel) to the target electron spin. For
relativistic scattering, at 90° in the e-s center-of-mass, we expected a
100% incident polarization to give a value of AH = 0.057, This value ie
the result of the QED calculation (7/9) multiplied by the average target

polarization (0.078) and the alignment at 20° to rhe.bius Girection’

(cos 20°).
ed el vere & in a proportionsl wire chamber
d shower d N of brass and tungsten. The bins
were sap d by 4 wn, d the lab angle horizontally
from 3 mrad to 10 mrad into 24 bins. vas di Lcally;

elastically scattered electrons fall in a nearly vertical stripe vhich
crossed the center of the hodoscope. At the high rates we encountered,
single electron counting was not possible. We measurad inscead thes flux of

electrona, using ideas descrided in 11. The for each hod

wire was integrated and digirired for each beam pulse, We divided by the
incident beam charge Q to obrain for each bin and for each bean pulse

a croas section ¢ 13 (Lt" beanm pulse, j"' bin, unice arbitrary). We formed
the bin-by-bin asymatry Ay, using sll the bess pulses for ‘s run. Pigure 10
ahows the results of a typical run, The top figure shows tbe average

cross section ”"p + a‘)/z] for the 24 bin hodoscope. A clear peak in

tbe center is the e-e scattering peak. This peak site on a background
signal vhich 1g largest in the lowar bins correaponding to swall anglee

of geatter. This background comes primarily from the radiacive tall of
elastic Coulemp scattering off the iron nucleus. The lower part of Fig. 10

chous the sgymmetyy for each bin. The peak asymmetry occurs in the middle
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bins, and corresponds to & bemm polarization of 35% for this run. The
asymmetry for the bins below the elasntic peak ig non-zerc because of the
rudlative tail for a-e sentter'ng contributer counts in this reglon.

of beam poleri

values Tequires s subtraction of these

backgrouna gignals, and uncertainties in the d leads to

ties in the measured polarization values, Pe. We have assigned a 10.02

uncertainty ga P, which comep from the y of the back, d sub-

This y contributed the largest part of the systematic
error on the parity violatlon asymmetry, 5% of A/Q°.

(b) Beam position: Pigure 1) il the of

the beam line. The heart of the beam monitoring system was ¢ Tesonant
microwave cavity with a node which was placed on the beam m:.° Beam
pulses passing through the node induced no signals in the cavity. Beam
pulses displaced from the node would induce signals propurtional to the

product of the beam currant times the displacement. Using phase-

e el both the sign and the amplitude of the

signals were measured, 3y normalizing to the besm current, wdasured

s the displ pulse by pulse was digitized and

atored on tape aleng with other information for each pulse.

Two position s were placed 2 metore before
the liquid deuteriuu target, one co hord displ
the other sensitive to ieal displ These devi provided
mulee to pulec of beam d aver the pulse,

with vesolutions betcer chan 10 um. The pulse to pules jitter, arising
fram instabilities in accelerator pulsed components, was typieally 0 ym

to 150 ym, varying somewhst with conditions from time to time.




- 16 -

(c) Boaw angle: The mgle of the beam was measured by & secomd

fAet of rwo ve.onant at position vlaced SO meters upstream

of the target. The mensured horizontal and vertical displacenents ot

this 1 with ion from the 1 at the target pro-
vided measurements of the angle of the beam. The system hod a resolution
better than 0.3 uradians, and pulse to pulse jitter of 1 to 3 wradians
was typical.

{d) Beam current: Beam was d in two noR=

intercepting beam roroid miton.’ RBeam pulsea induce an impulse In
secondary turng on the ferrite toroids. The signals, proportional to

the change delivered, were digitized each beam pulse and atored along

with other The ds have an btetter than
12, and praovide the atandard charge per pulse used to norgslize the
signals from the flux counting and beam monitoring instrurents. The
second tocoid monitor served as an independent check on the validity of
the main toroid.

(e) Euergy: UDoam encrgy wae measured with a microwave resomant
cavity by measuring d'splacement of the beam at a location in the beanm
trangport system vhere energy was dispersed. The sensitivity of the
system was 30,01X from pulse to pulse,

A second vedundant energy monitoring syetem was constructed from
two microwave cavities whomse gnti-nodes were piaced on the beam axis,

ons before the bumm transport eystem and one after. The path lengch for

orbits gh the port aystem with g euergy,

leading to a phase diffarence between the two microwave cavities which

depends on energy. We monitored the phasa difference, averaged over
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each pulse. Calibration of the system was dome by introducing g known
phase shift into one side of the phase detector. The rescolution of this
system exceeded 0.0l% per pulse, and the results, which served as a
check on the first cnergy wonitor, were in good agreement with the -ther
cechnique.

(f) Microprocecsor feedback: In addition to recording the beam
.paﬂnetcta for cach pulee, these parameters were mopitored with a micro~
computer system, When errors were detected, indiceting that the beam was
drifting away from null values, corrections were applied to beam line
elements to return the values to zero. Beam position and beam angle were
controlled by adjusting small d.c. magnets before the target. Emergy was
coutrelled by adjusting the phase of two accelerator klystrons away from
the null value of 90°; forward from 90° the klystrons could add encrgy;
toward 180°, the klystrona subtracted energy.

The important rcle the beam monitoring played in the experiment was
the determinotion of tho eguality {or inequality) of bean pareasters
between + and ~ helicities, Differences in + and - beam position can
lead to grasured asymmetries through geometric effects; enorgy differences
could enter through the cross eection dependence, and current imbalances

could ] ies through el ie non-linearities.

1 es of the to these imbalmnces were wmado

through several techniques; calculation of geometric effecis thruigh
Monte Carlo work, and estiwmation of posicion angle and energy dependence
from known eross section formulae. Sensitivity to current imbalances were
messured. These resulte are sumarized in Table I. The parameters quoted

are the differences betwean + ard - nelicity beama. The €irst c¢olum
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suomarizes the imbalence which leads to & 1 x 1070 asymmetry. The second
column shows the megsured imbalance for the combined data. Wa treat these
results ag correctioms to the asymmetries, but in addition iperease the
systematic errors by ‘he same emsunt. This procedure reflects the pre-

lioinary nature of our errors; the d of C efTors

should improve with further stuwdy of the present and future data.

V. TER DATA
This part vill describe the data {n somg derail. The techniques of

flux commting, in i, and

describad iz Section 11X, give |;l the basic experimeatal asymmetry, Au .
defined by Eq. (6). This experimental quantity, formed in the computer
uging the rapid randon reversals of helicity, is stable even in the

presence af deifcs la The exp PP Ta adit o the

rapid polarizatiocr reversals using the Pockels cell, two other methods for
reversing beam helicity were available to ua. They were:
{1) Rotation of the plsne of linear polarization, befora the
Pockels cell, by rotating the ealcite prism in its moumt.

(2) Pr sion of the elect spin rel o fts 4 fon,

due to the rlectron anomolous magnetic moment ("g-2 procession”),
by taking data at different beam energies.
These two mothoss serve as consistency checks on our procedutes
the experimental asymmetries should follow the expected chaages if eources
of systematic errors ave negligibla. In particular, each method con:caine

null points where asymmetries are expected to vanieh, and any non-zeto
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meagutements can arise only from eystesatic effects. Thus the momsure-

ments can place limite on eystemtiic errors, Sndcpemdent of the results
btained from beam data,

Wc :aks duta with the calcite prism st at three discrete orieatations:
(a) Priem at 0°. producing + (-) helicity electroms for + (-)
Pockels cell voltage;
(b) Prism at 45°, produciug unpolarized electrous for either
sign of Pockels cell vo tage; and
(c) Prigm at 90°, producing ~ (+) helicity eleciicae for + (-)
Pockels «cll volcage.

We expect to see the cos 120,) 4 for the V]

P

agymmetry of Eq. 7).

Figure 12 shows the rcsults at 19.4 6./ for I[Pel obtasned in

ABV
the shower countes. For the 45° point, we ueed a value 0.37 for IPel.
In addition, the rosulte of the uapolarized gun beam date described in
Section II, are showm, uging the same valuc for III‘]. The dashed curve
18 the expected cos (zov) forn, fit to the 0° and 93" roints, The 2*
and 90° asymmotrics are equal and opposito within errors, and the 43°
point s consletear with zere, as expected, The errar~ show are
statistical only, No syer~matic¢ corrections have been applied to these
data.

FPigure 13 . ows in detail the thirteea runs which constitute the
45° data potnt, There are two quections of intcrest; first, whet ia tho
average valua of these aeymmetries, and eccond hav* we asaigned che orrors
praperly? Tho sverage value, (1.0 & 3,0) » 10_5, 16 shoxn in Fip. 12.

The second question ia answered by locking at th¢ deviation frowm eero


http://conai6lc.it

~ 20 -

telative to the assigned errors. Figure 14 ghaws the standard deviarion
ahout the mean. The solid curvo is a gaussian of unit width. The

thirteen nums exhibit a d fon of 0.67 + 0,13,

The sequence of 44 runu which resulted in the 0° and $0° points of
Fig. 12 13 shown in Fig. 15. The prism was rotated from J° to 90° and
then back every rew runs. Tr~ ¥° runs are shown ae solid points; the 30°
Tung as open gyints. The runp sre typically 1 to 3 hours in length. By
changing the siga of the asyrmetries measured with the prism coriented at
$0*, we can ask the sace twd questions as above. The avorage value of
-5

the asymmetries is (-14.9 £ 1,5) x 10 ~, and the distriburion adout this

wean is gshown in Fig. 16. The stendard deviation of the 24 runs is

1.060 % 0.12, with the exp gaussim curve of unit widch.

Thie discribution shows cthat the errors d are s and furch

®»ore, that #he asymmetries observed are distributed throughout our data,
rather than heing associated with a few spurfous runs.

Thege results, cummarized by Fig. 12, in two null

which are surisfied wichin atatiotical accuracy, and two consistency
checks which are satisf.ctory. Thu nvll measurements are the zero
aoyamctries obtained vith unpolarized electrons from the SLAC gun and
from the (unpolarized) CaAs source, and the consistency checks ara the
two data points at 0° and 90°, which are equal snd opposite, and the
standard deviations of the dats in Pigs. 1% and 16, which are con.istent
wich tho expected normal distribution.

These data descrived in Figs, 12 and 16 wore obtained from the
ghouer counter. An additional check on the validiry of the daca io seen

in Fig. 17, vhere results for the gas Cerenkov counter ars shown. The
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are from flux counting wmeasurements
mzd2 on this courier. This counter is not statfstically indepeudent,
since the same :dectvons detected in this countar pass through and are

counted in the shower counter, but this counter has independent electronics,

and quite di. 1y to ible sources of ba<kgrounds.
Thue, we conclude that the measured asymmetries do not arise from am
artifact of electronics or {rom upkmown background couuts of some kind,
Reversels of beam helicity can be achieved by the g-2 preceasion of
the polarized elcctrons. At 19,4 GeV the helicity of the beam -t the
target wae positive for posicive Pockels cell voltage. HEowever, the
helieity depended on heam enexgy, owing to the anocwolous magn:tic moment
of the electron, aud the 24.5° deflection of the beam passing through the

trensport magnets. Tha spin [Tecesses rvelative to the beanm directiom by

By g2 o Ep{GeV.
®prec me( 7 ) "bma = “5.237 * Tedisms 12
where LN 19 the mass and g is the gyromagnetic ratio of the electron.

For the experimental asymmetcy We expect

Ay = |p¢| Awa cos [Eg._(g_'%l u] (10}
T :e IT gives the kinematic parameters for the data taken =t four
bean etieFgico. The asymmetrice ltcwlllfelt)2 are shown iw T1g. 18 for the
ehowet counter and Fig, 19 for the Cerenkov counter. In these figures
we plot Amq’/h’ull)z bucouso at di.ferent beom emergles, the average Qz
for the scattering var‘es. We expect A to grow linearly in 02,8 and the
quantity plotted to show the cos %?—;T dependence. The point at By = 17.8

GeV pravides s third null cest for this experiment. At this enorgy,
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electrons ore transveTuvely polardzed as they pass through the target,
and 8symmetrics from highly relstivistic transvergely polarized electrons

are expected to vanish. The of the

P ia such thar
the transverse polorization is pormal to the scattering plane of the
electrons for Bg = 17.8 GeV. Thu data point measured here, consistent

wvith zero 'y, gives al evidence that the measured

asyzmatries do not arisc from transverse components of the spin.
Figures 18 and 19 eonziitute the P that

the ob d 1ies are d with el spin. Wo

effects or influence the gource may have on the beam parameters can mimic
the g-2 precesaion whi-h arise from the ancmolous msgnetic moment of the
electTon gnd besn CTANSPOTt Beowetry.

Rased on :he rosults ghown in Fige. )7, 17, 18 and 19, we concluds

chat parity vislation exists in thia To the

we exclude che loveat energy poinf, because it containe fairly etrong
elastic and resonance contributions and 12 the lowest Qz poiat, where the
aucleon model, used £6r deep inelastic scattering, ie least likely to
apply. The data point at 19.4 GeV and 22,2 GeV (vith ite #1g changed)
are colbtne;i to give

NQ? = (9.5 ¢ 1.6) x 1070 (Gev/e)? (deurcrium), an

The aign implies nepative heljcity clectrons have & greater probubility

for scactering than Jo positive helicity electrons. The quoted errvor {8
derived from a statfstical error of 0,86 x 107 gdded lineariy to

estinated systematic uncertainties of 5% in the value of P | and of 3.32

from asymmetrica in besm p The 0"~ d contribu.ed lrss
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than 0.1 % 10~ to A/QZ, but normaliration correctimme of 2% for v
backgromd and 3% for Tadistive corrections were wade.

Vi. IMPLICATIONS FOR GAUGE THEORIES
. The trigh degree of interest in parity fon in the weak 1]

currents, arises from the ability of such ef! to

different gauge theory models. The experimental obsarvation of existence

of 1 » ginally d in 1973 by the Cargamelle
collaboration st .9 has to be considered & r:ajor success for the gemersl
1deas of gauge theories which praposed to unify the weak and electro-
magnetic interactions into one farce of nature, Experimental information

on the detailed nature of neutral currente was weager in tha folloving

aeveral years, In the ab of £ a number of
wodels were Parity in the 1 18
a central issua b 1y effects arige that can

be related to neutral current coupling constants., Neutrino cross section

are in ple unsbla to ddstinguish between parity violat—
ing models md wore complex gauge theories which preserve parity invsriance
in the underly d while exy the 13

crose iom dif as a of comparing left handed neutrinos

with right handed anti-neutrinos. This is seen in a class of gauge
theory models (the left-right symsecric models) vhere the meutral currents
arve explained by the eacliange of two or more neutral heavy boscns. 1In the

case of neutrino scattering the single photon exchange is abaent.
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The couplings are vector-vector for one gnd axial vector-axial vector
for the other; the relative signe chumge from mevtrino ro snti-neutrino,
but parity is conserved. These andels predict no pariry violaticn for
electromagnetic processes, such as the one reported here. The popularity
of thess modole bae been enbanced, of course, by the reported absence of

parity o in atomfe bi h.10-11 The results of this expericent

appear to eontrajict the ateatc biwwd : results end almost cartainly
exclyde thoge left-right symmetric models which have parity conserved.
The issue of parity viclatica in atoms is unresolved, and is being

The simplest gauge theories are these based on tha SU(2) * U(1l) gauge
group. The original form, ths Weinberg-Salam (W-S) model of the weak
intoractions, bhas the left handad electron and quarks assigned to wesk
igospin doublets, while the right handed quarks and electrons are
singleca. Prediction of pavity violation in inelastic scattering of
electrons (and muona) can be made, but raquires the imovledge of tha
hadronic vertex. Predictions have been made by a aumber of lu:llnn."z'u
The veual assumption 18 to treat the aucleon in the siwple Qquark-~parton
mdnl.“ The scattering $s taken n3 an incoherent piocess off 3 valence

quarks only (fox aix q ). The

are spacified in this model by the aixing parsmeter, llnzew, whare DH i
the Weinberg angle, and by the weak isos, 2 assigement for the u,d quarks
apd for che electrons. The predicted asymmetries have the form
net & 16 (e, ) a2)
v

a5y G +bhiy) sy G an
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where y = v/Eg 16 the £ 1 emergy fer to the had: and

h(y) = Q1 - (l-y)z)/ a+ (l-y)z). The asymuetries arise fram vector-

axial vector cross products between elecrrons and hadron coupling eemstants.
The hadron terms comc from sums over quark constituenta. Following the
argumests of Cahn and Gilman, 1f we take the left handed weak isospin
assignments as dstermined to be doublets, and ‘take all possible right

handed ns (either doubl or ginglets) there are B posgible

SU(2) x UQ1) "mciicls” or predicted asymmetries. These are showp in Fig. 21,
as & function of amze“. for y = 0,21, the only value for which we have
data. The moasured asymmetry is shown on the right margin, and the eross-
barched region corresponds to the upper and lower extremes of the erxvor
vars, Three of the models, those with the electron in a doublet along

with one or both quarks aesigned to right handed doublets, are immediataly
excluded. Two more models, (b“)B and (b“)R (dt)R, can be also excluded
because they require large values of si.nze +» inconsistent with neutrioo data.
A sixth model, (‘I:)R 18 a good agreement with our data, but fails a more de-
tailad study of neutrino ruults.m Only two models remain of the original
eight. One of thzse has the electron assigned to a doublet, (z':)n. while
the other is the origins) Weinberg-Sulam wmodel. Pigure 22 shows these two
models in detsll. The y-dependsnce im shown for the W-5 model (80lid liues)
md for the "mixed” or "hybrid" model (dashed lines) for values of o!.nzﬂu
ehown. The megsured asymmetry has inncr crror bars which are statistical
only, and outer errors which are obtained by adding the systematic errors

linearl*. The agreement with the W-5 model is satisfactory, provided

s1a%

o ® 0-20 £ 0,03 (¢0H
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while agreement with the hybrid model is questionable, requiring a valua

of sinze“ < 0, The hybrid model gives 4 predicted asymmetry which is 3

froa the value if li.nzo © 1/4,
Near the end of the available runuing tiue, we took a limitad smount

of data at 19.4 GeV using a liquid hvdrogen target. The result wvas
AIQE = (9.7 2 2.7) = 107 (©ev/e)"? Qrydrogen), as

This result is shova in Fig. 23, again wich the W-S and hybrid models also

showa, The proton target is trested as two u and one d quark compared

to the equal mix for d 1 and a8 are d to be

slightly smaller. Our result is conaistent witldn errora with this

expectation and with the result obtaiped from deuterium.
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TABLE I

SYSTEMATIC ERRORS SUMMARIZED

{a) Beam Monitoring - Deuteriun target runs

Parameter

D Sl P

Units Measured Difference
) )
0/0 (.5 ¢ .28) x 107¢
ma (2.2 % ,4) x 1073
™ (-8.9 = 3.3) x 1072
ey (~.65 £ 1.8) x 1072
yrad 372 .7 x 1073
urad (.54 .9) x 107

{b) Besm Monitoring - Hydrogen target runs

‘ﬂolol-l"r 021

o/0 2.4+ .44) % 107
na (.9 £ 1.3) x 107
™ (2.7 1 2.5) x 10~7
wo 2.8 + 1.8) » 2072
yrad (1.5 .59) x 1072
yrad -3.0 £ .75) x 1073

Corzectson to a/”

-.37 = 107

-.03
+.04
-.02
.00
+.01
-.37 % 107

3

+.50 x 1070

+0.4
-.05
-2
.0
+.03
+.50 x 107

(¢) Polarization determination - *5% of AIQ2 added to error.

-6z -



TABLE II
Beam 82 Quantities
Energy Angle = aged Over
2

Ey opmc e Q y
=) (rad) (6ev) (cevic)?

16,18 5.0 v 12.5 1.05 .18
17.80 55" 13.5 1,25 29
19.42 6.0 1 14.5 1.46 W21
22.20 6.9 1 17.0 1.9t 2l
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FIGURE CAPTIONS

A achematic overview of the experiment. The two-mile accelerator
(LINAC) is fed electrons from either the unpolarized SLAC gun or
polarized electrons from the gallium arscofde source. Beam mondtor—

ing of position, angle, curremt, energy und polarization meacure

errors. D of el red by a 30 em
Lliquid deuterium target {= done fn a spectrometer lnstrumented

with a gas Cerenkov counter and a lead glass shower counter.

A P of el in shown super d on exper: 1 eross
section valued, weasuted in earlier work (Ref 1), Nogative n cross

section is also shown,

Linearicy test of gaa in flux

wode. Cross section, measured {n arbitrary uaite, is independent

of besn curreat delivered to target.

Belative width for cross section values taken from measured distribu-
tions using flux counting techniques, is 1/4, where Q 1s the charge
per pulse delivered to the target. The points 1lie on the solid line,
obtained by calibration at very low beam currents, where single par~
ticle counting works well. The ggreement shows that £lux counting

exhibite the statistieal fluctunstions expecked,

Measured asymuetyies, Aa'plll’al, for 26 runs using the unpolarised
gun bean.

Standard deviations About zero for the 26 runs using the unpolarized
gun beam, The solid curve 18 the expected ghape, a aormal curve of

unit width.
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A schematic view of the gallium arsenide polarized electron source.
Polarized glectrons are photoemitted from the GaAs erystal using
eircularly polarized laser light. Electrons accelerate From -65 KV
rotential, are deflected out of the laser beam and tranaported to

the infector.

A detalled view of the laser pol ing optics. A ecalcite primm
first lincarly polarizes the light. A Pockels cell cireularly po-
larizes the light to $100% for iV applied to its ving electrodes.
The experimental asymeetiies are formed from beam pulsea of + and
= V. Rotation of tha calcite prism through an angle 4p about the

axie of the bemn should the 1 7 by

cos 10',.

The Mdller spectromater, torget, and detector shovm in a perspective
wvicw, Forvard ecattered electrons are deflected in the magnetic
field while bean particles psss through the center of a septum and

are undeflected. A proportional wire chamber hodoacops of 24 bins

4 1

Typical Méller cross section and asymmetries for the 24 bins, In-
creasing bin pumber corresponds to increasing lab sagle. The elastie

e-¢ peak etands io the ceater above a background. The size of

y d Js to P, & 35 $2% for this run. Meamure~

weats were wade at full beam intensity,
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A schematic layout of besm monitoring 3

cuvities placed on the deam line form the position semsora for the

syatem. £ and 1 p and angle are wamitored at

the end of tha accelerator and before the targec. Current toroids

msonitor charge delivered to the targot. Energy momitors were obtsined

from two a L] at the center of the transport
1ine, aud a phase detector attached to cavities before and after the

bezn P system. A d error signals and

feedback corrections to beam line magnets and to accelerator klyetrons

to stabillze position, angle, mnd cnergy.

Experimental asymeetries, divided by |Pg|, for the lead glass shower
counter, for the three prism oriencacfons 0°, 45°, and 90°, The
dotted line is the expected cos %, curve, normalized to 0° and 90°,

The 4 with the larized gun beanm is also shown.

Expard 1 divided by |Pg|, for 13 runs takea at a

pricm orientation of 45°.

Scandord deviations about mean for 13 ruae with priss at 45°,

es, divided by |P,), for 44 runs raken at ©°
and 90° prisa orientation.

Standard deviatioms sbout mean for 44 runs taken at 0° and 90° prism
orientation, The signs of asymmetries <i 90° have been changed.

Bxp 1

1es, d by |Pg|, for tha gas Cerenkov counter,

for the three prism orientations. These data should be compared with

the data f~r the lead glaas shower counter, Pigure 12,
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P divided by |l’e|QI. for lead glass shower
counter, at four beam energles. Thc dotted curve chows the modulation
of the asymmetry expected from the g-2 prerssion of the electrom spin

in the 24%° beud of the beam trauaport.

Experimental asymetrica, divided by |P,[Q2, for tha gas Cerenkov
counter, at the four besw energles. The vesults for this counter

should be compared to those for the shower counter, Pigure 18.

SU(2) * U(1) gauge theory wodel predictions for sindy, for e
deutorium target at y = 0.21. The experimental result is shown on
the right hand margin. The croas hatched area covers the experimmtal
linits, Eight SU(2) x U(l) models are labelled by the right haunded
doublets ag in Ref, 17.

The y~dependence for the deuterium target asymmetry AIQz for two
SU(2) x U(1) wodels and for values of sinfy, shown. The two models

d ars the Wetnberg-Salas model (solid curves) and
the bybrid model which assigna the right hended elactron to a doubler

with an X uesized heavy lepton (d. ). Our data

poiat 1e ghown at y = 0,21 vith inner error bars (scatistical only)

and outer error bars (syatematic errors added to etatistical ervors).

The y-d d for target ies for the eame case

described in Pigure 21, The model predictions differ slightly because
of the different wix of quarks. The data point has larger errors than
the deuterjun case becsuse of lower counting rates (fewer target

3, ) snd ing time for this point.
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