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I. INTRODUCTION AND BRIEF HISTORY OF CAUGE THEORIES

Parity violation has been well established in particle
physics for many years, since the 1950's where it was first
seen in beta decay processes. The strong and electromagnetic
forces are parity conserving, and the experimental evidence
that parity was violated in the weak processes came somewhat
as a surprise. Beta decay of radioactive nuclei occurred
through emission of both e+ and e_, requiring charged weak

-forces of both signs. Even though neutral weak forces had not
been observed it was conjectured that a neutral component of

h(l) in 1857, sug-

weak decays could also exist, and Zel'dovic
gested that parity violating effects may be observable in elec~-
tron scattering processes and in atomic spectra. These early
conjectures were the beginnings of what we now see as develop-
ment of the unified gauge theories of the weak and electromag-
- =metic interactions. The history of gauge theories tegins with

electromagnetism, where the force betwecen charged particles is
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understood in quantum field theory to be carried b§ a massiess
vector particle we call the photon. The long range of the
electromagnetic force makes it plainly visible in our every
day experience. The weak interactions exhibited both "weak-
ness' of strength and short range. Feynman and Gell-Man first

(2) -

proposed the V-A form of the weak interactioné, and the

possible similarity in structure to electromagnetism stirred
ideas that these two forces could be unified. The short range
of the weak force required that particles which mediate it be
massive. The massiveness of these particles, called W+ and W,
solved some, but not all, of the divergencies arising in cal-
culations of some processes. The possibility that weak and
electromagnetic forces could be explained by a simple triplet
of particles (W+, Y, W), had serious problems as a theory.

The strength of the couplings and the masses of the y and the
W's were quite different. Problems in the quantum field thecry
existed where certain processes weére not renormalizeable. DPer-
haps more importantly the photon exhibited only vector cou-
plings, but lacked the axial vector piece seen for the W's,
Parity violation, or lack of it for the photon, was evidence
that a simple triplet structure was insufficient to explain

both weak and electromagnetic forces.

Progress in quantum field theory was accompanied by early
attempts at model building. The extension to four vector bo-
gons, two of which were neutral, was discussed in. 1961 by
Glashow.(3) He suggested that mixing between the two neutral
bosons might be arranged to give a massless physical state
(the photon) and a massive neutral particle. Glashow's model
lacked a mass relationship or a mechanism to obtain heavy mass.

__Salam and Ward in 1964(introduced SU(2) x U(1l) as the under-
4)

lying group structure. It contained mixing of the photon-

neutral vector boson, but still had no means for generating
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mass. In 1967, through the mechanism of spontaneoﬁs symmetry
breaking, Weinberg introduced mass generation. He wrote down

1 (5)

a '"theory of leptons that achieved the needed theoretical
objectives. In the quantum field theory, a local gauge in-
variance leads to massless vector bosons as the carriers of

the force. A scalar doublet of particles wasﬁingrodd;ed which
ébupled to these particles and led to large masses desired.
Although these scalar particles represented an ad hoc assump-
tion, the resulting theory was constructed with a most economi-
cal structure, avoiding problems of earlier attempts. That

the theory was renormalizeable was assumed by Weinberg, but
soon shown to be so by t'Hooft in 1971.<6) Also in 1971 the
theory of leptons was extended to include the quarks by Glashow,
Iliopolous, and Miani.(7) The resulting form is referred to

as the "Weinberg-Salam', the "Salam-Weinberg', or just the

"standard" model of weak and electromagnetic interactions.

The model contains four massive vector bosons which couple
to the constituents of matter, leptons and quarks. Three of

the vector bosons are in a SU(2) triplet (W+, w°

, W) and the
fourth is a singlet, B®. The group structure is SU(2) x U(1).
The W's couple to ''weak isospin" of particles (a weak charge
analogous to electromagnetic charge) and the 8° couples to

-weak isospin and electric charge. The W’ and B are not the
physical particles. Certain linear combinations are identified

as the physical particles. One combination

Y = cosfy B® - oinew w° (1)

can be arranged to be massless and have vector couplings. It

is identified as the photon. The orthogonal combination

o _ . 0 o
— Z 31new B” + cosfy, W (2)
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is massive and is the mediator of a new force, the weak neutral
current. Thic latter combination led to the gauge theory pre-
diction of neutral currentcs. The mixing parameter, sinew, is

not specified, but mass relations in terms of it do exist:

37.4 GeV/sin?d _(3)

mw

W T

m mw/cosew =75 GeV/sin26w (4)

ZO

The standard model also specifies the weak isospin assignment

of the fundamental fermions:

leptons quarks
(ve) (vu> (vT) l <u> (:) (t)
T - T ! ' doublets
© ), W/ \T /L : ), /)y \P/y o
e W T, | w_, d' c,, s' t , b singlets
R R R I R’ R> "R’ R’ R> R

The neutral currents in SU{2) x U{1l) couple according to
T, - Q sin’6 (6)
3 W

where T3 = 1} for the doublets and 0 for the singlets. The
"L or Y"RY refer to left-handed or right-handed components of
the particles. The asymmetry between left and right-handed
particle assignments is disturbing, but appears to describe
_the structure of the weak interactions. The construction of
the theory does not explain this asymmetry, but simply makes
this choice, apparently on the grounds that this is the sim-
plest possibiiity. Nevertheless, equation 6 tellé us that
left and right-handed neutral current couplings will be dif-
ferent, and with this choice parity violation in the neutral
currents is introduced.

- Let me conclude the introduction with a list of the phys-

ical implications of the standard model. First, and most
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importaﬁtly, there is the existence of neutral currents. They
were first seen in 1973 in Gargamelle at CERN.(S) (The dis-
covery of neutral currents, coupled with the theoretical proof
by t'Hooft in 1971 that the theory was renormalizeable, popu-
larized gauge theories in general, and other medels quickly
sprang up. But by laté 1978 most of those had geen_aiscredited
by exéeriment.) A second prediction of the standard model is
the interference between weak and electromagnetic forces, and
this should be observed as parity violation in electron scat-
tering or atomic spectra, for example, and as parity wviolation
and charge asymmetries in e+e— annihilation. The interference
effects are typically small, but grow with increasing energy.
Finally, I mention briefly the prediction of the existence of
one or more scalar particles. The mass is not specified in
the model, and no scalar particles are yet known to exist.
Discovery of such particle or particles, however, would be

strong support for the mechanism of 'spontaneous symmetry break-

ing, an essential part in the theory.

II. PARITY VIOLATION IN THE QUARK-PARTON MODEL

Let me now turn to inelastic electron scattering, a pro-
cess we understand well, at least at the phenomonolegical level.
-Although parity violation effects can have a number of physical
manifestations, we consider here only one case, the cross-sec-

tion asymmetry for
e(polarized) + d(unpolarized) - e' + X, (7)

We will make the usual quark-parton model assumption that

scattering occurs from spin % constituents, and that we can

9
neglect the mass of the electron and quarks.( ) Consider the
“Bimplest hypothetical case where the electron scatters from a

free stationary quark, at a CMS angle 8 to the initial direction,
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Lorents trams form.

CMS ES> m L/\g

Lorentz transforming to the lab frame gives E'==EO/2 (1+ cos9).
Define a kinematic variable y = (EO - E')/Eo, which is the
fraction of the beam energy transferred to the quark, and in

terms of y
(1 + cosB) =1 - v, (8

The scattering amplitude consists of two parts, an electro-
magnetic part and a weak part:

e . -

€

EiL,R

A‘mp“ﬁ&c{c—: ~ ¥ -+ [

-
7 EZe G‘L,R

% %

where the sign of the electric charge is shown explicitly,

z, = + 1/3 or + 2/3 depending on the quark or antiquark consi-
dered, and gL,R(GL,R) are neutral current couplings for left
and right-handed electrons (or quarks). Since unpolarized
targets are used, we sum over two terms in the cress section

B —Zorresponding to opposite spin projections for the incoming

quark.
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A similar expression exists for OL.
asymmetry, defined as

is fbund to be

i i
Apne = 2 2 2
M zZ, e
Z i
- where g =1 (g (t) )
v(a) 2 ‘eRr e,
Gyay =% G O 6 (1
2
h(y) = 1_:‘_(}':—1)“5
1+ (1 -vy)
2
22 > = 1.79 x 1074 @2, Q% in (Gev/c)?
M_ e

The parity non-~conserving
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In the standard model, the neutral current couplings are

given by
¢t =1t -

L(R) 3L(R) ~ %1

L

, 2
gg = 0 + sin Gw

Real targets, like deuterons or protons, consist of a
mix of quarks, each with a momentum distributicn function

fi(x), where x is the usual scaling variable Q2/2Mv. In the

sinzﬁ

{gquarks)

(12)

(left~handed electron)

(right-handed electron)

spirit of deep inelastic scattering, each quark contributes

incoherently to the cross section by an amount fi(x).

For

the parity violating asymmetry the factor I fi(x) nmust be in-

serted in both the numerator and denominator of equation 10.

However, for isoscalar targets such as deuterium, fu(x)

i

i
in equation 10 (the x dependence drops out).

Taking free quarks for
targets we get the following
predictions for asymmetries,
shown in Figure 1. Here we
set sin26w = Y%, which simpli-
fies the expressions. (Experi-
mentally measured values are
near ¥%.) For the anti-quark
target asymmetries, relative
to its quark, zg and Gé change
sign, while Gi does not. This
means that asymmetries for u

—and u targets are equal, and

likewise for d and d targets.

(GeVre) 2

105A/Q2

-20

FREE QUARK TARGETS
sinfw=1/4

= f
; d
and only I must be inserted in the numerator and denominator

(%),

T T ]

T

T

T

T

£.0

333243
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In the parton model the deuteron censists of 3 u quarks, 3 d

"core" or "sea" of uu + dd + ss quark pairs.

quarks, and a
The amount of qq sea contribution does not significantly modify
predicted asymmetries; only the ss part of the quark sea affects
the values, and that part is expected to be s@al}.
Based on the standard model and the simple quark-parton
model of inelastic scattering, the conclusions are
(i) For isoscalar targets such as deuterons, APNC/Q2
is independent of x (fu(x) = fd(x))
(ii) We expect APNC/Q2 to be nearly independent of y,
since sin Gw = }; experimentally, and y-dependence
vanishes at that value.

(iii) We expect APN /Q2 to be insensitive to qa sea terms.

C
Let me take a brief look at another SU{2) x U(l) gauge
thecry model. Suppose there exists a heavy neutral particle,
call itCEo, which sits in a right-handed doublet with the elec-
tron, 2_ . This model, called the "hybrid" model, changes
the neutral current couplings of the electron, according to
equation 12. This model is also shown in Figure 1. Because

of the relation equation 12, measured asymmetries are sensi-

tive to the existence or non-existence of other particles not

" involved in the process! Our recent results strongly disfavor

the hybrid model.

ITI. EXPERIMENTAL TECHNIQUES AND RESULTS

I will describe here only the more important techniques

and the major results obtained at SLAC in 1978 for polarized

_e-d scattering. Many of the details will be omitted.

First and most important, we needed a polarized electron
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source for injection into the linear accelerator which had the
following properties:
(i) High beam intensity (up to 5 x 1011 e's/pulse, 120
pulses per szcond)
(ii) Good polarization. (~ 407%) . -
L -(i11i) Reversal of polarization, rapid and randomized from
one pulse to next
(iv) All other beam parameters not effected by reversal

of polarization

The principle of operation, photoemission from gallium
arsenide surfaces, was proposed by Ed Garwin (SLAC), Dan Pierce
(NBS) and H.C. Seigmann (ETH Zurich) in 1974. Development
of a suitable source at SLAC took about 3 years. Cross section
measurements were made by scattering accelerated beams of pola-
rized electrons in a 30 cm liquid deuterium target, and detect-
ing them in a magnetic spectrometer. The spectrometer contained
two electron counters, a gas Cerenkov counter and a lead glass
shower counter. TFigure 2 shows a schematic of the experiment.
Counting rates in the counters were very high (typically 1000
electrons per 1.5 usec pulse) so that fluxes of electrons,
rather than individual counters, were measured. We took the

anode current from the photo multiplier tubes in each counter

SLAC GUN
BEAM MONITORS
\\\\5 STANFORD BEAM S CURRENT
LINEAR | TRANSPORT ENERGY D, TARGET MBLLER
POLARIZED / ACCELERATOR SYSTEM POSITION <, POLARIMETER
ELECTRON ANGLE P 8
SOURCE \\\5 .
SPECTROMETER
P
4 COMPUTER .
!
— e T0 ELECTRONICS" / % HI

Figure 2
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as a measure of electron flux. FEach beam pulse provided a
cross section measurement when fluxes were normalized to inci-
dent beam charge obtained from beam toroid monitors.(lo) A
run consisted of a large number of pulses of randomiy mixed
+ and - polarizations. Ip our computer twc distributions of
the cross sections, onerfor beam pulses of right;hand;d‘elec—
ﬁfons and one for pulses of left-handed electrons. The experi-
ment consists in looking for a small relative shift in the
means of these two distributions. The asymmetry is independent
of the normalization used, so arbitrary cross section units
work well. Absolute calibration of the apparatus is unnecessary.
The method is essentially a difference measurement of two nearly
equal quantities. By averaging over sufficiently long runs,

the errors on the means

can be reduced to a R7 4+ pulses
level small enough to . ﬁHL
see weak interference N %
effects. The widths |
of the histograms re- % S .
flected the statisti-
cal counting, and <U}> _ Pukes
these were monitored T
carefully during the N
-experiment.

b, »—

g o>

An important factor in the experimental work lies in
the control of systematic effects as demonstrated by consis-

tency of data and null measurements contained in the data.

~ ~Systematic effects most likely arise from influence that re-

versals at the polarized source have on other beam parameters.

The important parameters (position and angle at the
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target, beam energy, intensity)'were monitored witﬂ a set of
devices positioned along the beam line to look for problems.
The monitoring system was based on resonant microwave cavities
which had a node placed on the beam axis. Displacements trans-
verse to the beam line induced signals proportional to the
current times the displacement. The high resolution obtained
(typically 10 um accuracy for a single pulse) resulted in po-
sition, angle and energy changes monitored to great sensitivity.
These beam monitoring measurements ruled out systematic prob-
lems related to beam parameter changes when polarization was

reversed.

The proof that parity violation exists lies in control
of electron spin. Polarized electrons are photoemitted when
one illuminates gallium arsenide surfaces with circularly pol-
arized 1light. Monochromatic light (X = 710 nm) from a pulsed
dye laser is linearly polarized in a Glan-Thompson calcite prism
and circularly polarized in a Pockels cell quarter wave plate.
Voltage, approximately * 2 kV, applied to the ring electrodes
drives the Pockels cell into * A/4 retardation. By reversing
the applied voltage, reversal of polarization is accomplished
rapidly and easily within the 8.3 msec spacing between beam
pulses. The pattern of + or - is randomized, and each beam
“pulse is tagged for the computer by the + or - Pockels cell

voltage.

Normally + or - 100% circular polarization gives + or -
longitudinal polarization. However, if the prism is rotated
by 90° about the laser beam axis, the fast and slow axes of
the Pockels cell are interchanged r=lative to the plane of
__linear polarization. In this orientation + voltage on the
Pockels cell gives - longitudinal polarization for the electron

beams. The experimental asymmetries are formed in our computer
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Rapid Reversal
{random)

Pockels Ce 1"
(circular polarizer)

Siow Reversal Colcite Prism
(rotated by 90°) \ AN (linear potarizer)

' / Mirror
Laser

Beam

- OPTICAL REVERSAL SCHEME 1aaaaz
Figure 3

according to the sign of Pockels cell voltage

_ o(v=t) - o(v=-)
exp o(v=t) + o(v=-)

(13)

and we would expect this asymmetry to change sign when the

o
prism is rotated to 90 . More generally, we expect

A =P A cos (2¢p)

exp e PNC (14)

where Pe is the magnitude of the electron beam polarization and
- '_APNC is the parity non-conserving asymmetry the theorist cal-

culates.
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Figure 4 shows the 2 10-4 ] : :
results fer each of the o Cerenkov Counter
e St -~
counters, the gas Cerenkov Shower Counter / b
’0-4 - / -
and the lead-glass shower /
counter, superimposed. a® ] Prism
N ‘ - Orientation
- <§ o} /q 90 (degrees)
The two counters serve /
as a consistency check. -107% |- / ]
/
They have different respon- ‘A{’
ses to backgrounds, dif- | | |
ferent physical processes * . 2mar
Figure 4

producing signals, and dif-

ferent electronics monitoring the fluxes. The only thing com-
mon to these counters is the electron signal, monitored simul-
taneously in both. That is, they count the same electrons

and are, therefore, statistically highly correlated.

The point at 45° is particularly important, since in this
configuration the source is producing unpolarized electrons.
Parity violating asymmetries must vanish, but systematic prob-
lems which mask or fake parity violation would still be present.
The 45° measurements are consistent with O as expected. The
agreement between gas Cerenkov and lead-glass shower counters
-strengthen the belief observed asymmetries arise from parity

violation.

Additional control of electron spin can occur because of
spin precession in the beam transport system. Due to the elec-
tron's anomalous magnetic moment, at relativistic energies the
spin will precess faster than momentum in the uniform magnetic

£1
__1eld by B -
o g-2

€

= e _.0... . 1
( 5 ) ebendr 3937 Gy " radians (15)

prec m
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By varying the beam energy, the spin of the eiectron at
the target changes relative to the spin at the source, and we
expect experimental asymmetries to vary according to

E
cos (s—mmot—) (16)

Aexp = F 3.237 GoV

\
exp e “PNC

where for these measurements the prism orientation is taken
into account. The results shown in Figure 5 are in good agree-
ment with this form. The point at 17.8 GeV is consistent with
zero as expected. This point has additional significance. The
spin orientation is transverse here. normal to the planre of
scatters and therefore transverse spin components as a possible

source of asymmetries is ruled out.

The g-~2 preces-

sion of the experimen-

T T I

tal asymmetries con- - § Gos Cerenkov Counter

¢ Lead Glass

stitutes the proof 10} Shower Counter

that the interaction

has a helicity depen- v RN ~ -
dent part, which is ° /A \
2 \ /
equivalent to parity e \ / .
. . . . \ /
vioclation in this re- B \
< / 8orec
action. The statement o O t y } 4 ¢
) Q 5w i 67 |/ 77 (rod)
that this arises from \ /
\
weak~electromagnetic B \ // n
\
interference is infer- v/
S ;
red, because these 10— ‘* N
measurements are in | | |
good agreement with 16.2 19.4 22.2
aer BEAM ENERGY  (GeV) 3o3144

models of weak-electro-
__magnetic interactions,

as we will sece.
Figure 5
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Data were also taken at different E'values for the
electron, corresponding to different y values, defined earlier.
The standard model predicts me y variation in A/Q2 for sinzew==k;
Our results are close te this value; the best fit for the data,
using the standard model and the simple quark-parton picture,
is sinzew = 0.224 * 0.020, Figure 6 shows the data piotted

égainst v values, and three different '"fits'". The first,
marked W-S, is the standard model for sinzew = 0.224,. A second
fit, marked "Model Independent' corresponds to the two-parameter
form
2 1- (-9
A/Q” = a; +ay, — 9 (17
1+ 1 -yv

which comes from the parton model independent of gauge theory

assumptions. The fit

parameters are a, = 0K T T T T
I o AN
9.7 + 2.6)x 107° ‘ S,
2 ~
(GeV/c)™ and a, = (4.9 * L
8.1) x 10°° (GeV/c)?, )
which agree with stan- § -t =
T e 4
dard model predictions. % O fanpentent 4 \k\
The best fit for the % "N
N
hybrid model is zlso a5 -
8 Egc i9.4 Cev '
shown. It has a poor o Egr 16.2 Gev
.2 . o Eg=22.20Gev
x~ and is strongly dis- . ' .
—200 [+R} 0.2 0.3 04

favored. - y o

Figure 6

IV. CONNECTIONS TO NEUTRINC SCATTERING,MEDIUM ENERGIES, AND
ATOMIC PHYSICS

o Qur results clearly show evidence for neutral currents
in electron scattering, but information on neutral current phe-

nomena also come from other processes.
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Figure 7 is a com-

Figure 7
pilation of measure- ? J L T T
, 2 SUMMARY CF MEASUREMENTS CF Sin?4,,
ments on sin ew taken 2
WEZIGHTED AVERAGE sin®8=022 % 002
from C. Baltay's talk
11 .23
at Tokyo last year.( ) ‘ ~ _
It shows values of e +d—e"+X
A . et «— (1979 Recult)
sin 6. from a variety

o ) o Vgt N =+ oo
of different reactions,

mostly neutrino scat-
o vt N-vl"b-'--
tering experiments.

Only one experiment, - - °
e v“+ N~—- VF:‘ N+w

the one from SLAC, is

{ ]
not with neutrino beanms, o VptN=y N
and of the eight neu~- o Ve p =y p
trino measurements only
~ Vot e = e
one comes from low
. (12) -~ -
energies. The ex— Preermamd vte - vF+ e
periments are all con- - e - -
oo Comd l'of [ Ve + e
sistent with the world
o 2 1 L 1 i i
average sin ew = 0.23 0 2 4 6 8 1.0
* 0.02. The conclusion sin2@

is that the original gauge theory of weak and electromagnetic

interactions works well!

Although our results taken together with neutrino neutral
current results constitute a great success for the standard
model, experiments must continue to challenge these basic ideas.
At SLAC we are searching for a source of nearly 100% polariza-
tion, which will open up new experimental possibilities, but
so far have not succeeded in that search. In the near future

_E understand gallium arsenide sources will exist at Mainz and

at the Bates lab at MIT. This opens up possibilities at medium

energies for neutral current work with nuclei, and I want to
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comment on a few points about connections between ocur work,

medium energies, and atomic physics.

The connection between high energy, medium energy, and
atomic spectra parity violation lies in the fundamental neutral
current couplings. Following the work of Bjorken, Sakurai,

T S (13)

Feinberg and others an effective parity violating coupling

can be defined (in Bjorken's notation)

- _ =~ |- | eu = ed =

3< G//:'[eYUYSQ (ﬁAV uy u + e,y dYud

+ ey e [.eu u u + eed u d) %
Eed eu ed
Av? fva’ fva
menoclogical parity violating couplings and u,d refer to up and

where the coefficients 823, are low energy pheno-
down quarks. This choice is a complete set of parity violating
couplings provided only vector and axial-vector forms are al-
lowed. This assumption stems from a strong theoretical bias
that pervades almost all discussions of neutral currents. Our
experimental results lend strong support to the V,A structure

of neutral currents, since S,P and T forms do nct lead to parity

violation.(lé)

These phenomenological couplings are the meeting grounds
for experiment and theory. Experiments measure these couplings
(usually linear combinations of them); theory predicts their

(15)

values. An equivalent set are defined by Sakurai and are
perhaps more éppropriate to experiments. They are the isovector
and isoscalar combinations, and correspond to linear combina-
tions of Bjorken's couplings. Using Bjorken's notation and

the parton model assumptions

2 _ _ 3G eu ed
AMQT = - gy (2 ey ray) T Qe

2
ed, {1-(1-y)*°
eu ’ X_El (19)

- o)
VA VA l 1+(1-y) ;
(intercept) 7 (slope)
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Only linear combinations are determined from our data,
and a complete separation of the fundamental couplings requires
new and different experimental measurements. SLAC e d data
cannot separate these coefficients, and possible furthevr data
would not help much. But at medjum energies and in atomic
physics, parity Violatibn is sensitive to differ;nt i&near
Véombinaéions of the e's, and results from these other processes
could serve to make the separations. This is the new informa-

tion that medium energies and atomic physics can provide.

A basic difference between high energy scattering and
medium energy and low energy neutral current phenomena is that

amplitudes add incoherently in deep inelastic scattering, but

are coherent at the lower energies. A simplification of form
in the deep inelastic occurs where scattering is calculated
as a simple sum over constituent quark targets. For elastic
scattering or low energies, final states are indistinguishable

and the fundamental processes must be added within the amplitude.

In the nuclei, nucleons tend tc form closed shells. Con-
stituent quarks will be paired, spins opposed. Using equations
11 and 12, cne can easily show that for a coherent sum over u
znd d quarks whose spins are opposed the hadronic axial vector

. neutral current couplings
GA will vanish, while the
corresponding vector cur-

rent coupling GV does not.

To the extent that nuclear o) ? ot
Z h o S L‘i.‘_

shells are closed, the ha- - T o —_— agr
-~ dy

dronic term GA will be zero

or small (compared to GV).

One usually sees that for

elastic scattering or in
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atomic physics parity violation only GV contributes. The
hydrogen nucleus is an exception where not all quarks are
paired. In deep inelastic scattering both GV and GA contri-
bute, and enter into the intercept and slope terms, respectively.
Sakurai's choice of parameters 4, é, Y, S correspond to
vector-isovector, axialvector-isovector, vector-isoscalar, and
axialvector-isoscalar couplings, respectively. Transitions
between nucleon states, which are  eigenstates of spin, parity
and isospin, can act as filters to preferentially select cur-
rents of the a, B, ;, S forms. Possible examples are discussed

by G. Feinberg.(16)

Measurement of a polarization asymmetry
in a AT = 0; 0+ to 0 nuclear transition would isolate the 8
contribution in weak neutral currents. It is predicted to be
0 in the standard model. Candidate levels in O16 exist, which
may make such a test possible. Elastic scattering from C12
(selects a) and a T = 1 state at 12.8 MeV in O16 (selects é)

are other possibilities. Whether these measurements are experi-

mentally feasible depends on details only the experimenters can

determine. Intensity and polarization of the electron beam,
cross section magnitude, backgrounds, signal to noise, and

systematic effects all must be considered and understood.

Parity violation in atomic physics can answer some of
these questions. The parity violation is observed through
circular dichroism effects, or rotation of linear polarization
in passing through metal vapors. As in clectron scattering
from nuclei, the coherence of amplitudes suppresses the hadronic
axial-vector contributions, and atomic physics parity violation
islrelated only to the "intercept" term in the elastic e d

_Pparity violation.

Optical rotation effects in atoms can be enhanced through
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(i) Use of heavy atoms; parity violating effects grow
as Z
(ii) Selection of transitions where parity conserving
amplitudes are suppressed

(iii) Working with nearly degenerate levels

Experiments with atomic bismuth levels

(20)

(17_19)and with

thallium have been reported. The experimental results are
contradictory at present, with two groups reporting null (or
nearly so) results, compatible with parity conservation, and
two groups reporting visible parity violation effects at the
level needed for the weak neutral currents. The experimental
situation is confused. Further complicating matters, the theory
is not very well understood. Small effects can have large
perturbations to parity violation calculations. We must await
further work in the atomic physics sector of parity violation
before these contradictions are going to be resolved. TFigures
8 and 9 summarize SLAC e d results in terms of the four neutral
current couplings. Both Bjorken's coefficients and Sakurai's
coefficients are shown. The intercept term a; leads to a band

on Figure 8. The slope parameter a, gives the stripe in Fig-

2
ure 9. Hypothetical e-nucleus results are shown for illustration
purposes only. The slope of these stripes is given by neutral
. current phenomenology; the widths are from experimental error,

here only hypothetical.

Atomic spectra parity violation measurements also contri-~
bute bands that fall on Figure 8 (but not on Figure 9), but
have not been shown. The present status of four reporting

groups is summarized in Table I.
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TABLE I. PARITY VIOLATION IN ATOMIC SPFECTRA

Experiment Atom T€?22i~ R=Im(§%) ’W—g Prggiction

- (nm)
Seattle ) Bi  875.7  (~2.5:2.7)x10°° (-10 to -18)x10 °
oxford 18 Bi 648 (+2.7+4.7)x10°°  (~13 to ~23)x10"°
Novosibirsk!?) Bi 648 (-19 + 5)x10‘8 (-13 to —23)x1o'8
Berkeley(zo) Th 292.7  (2.6%1.2)x10 > (0.7 to 1.6)x10 "

The future for neutral current phenomenology is brightest
at the new storage rings, PETRA and PEP now, and for the future
the p E collider at CERN and LEP. The prospects for measuring
indirect effects of the z° is good at high energies where the
effects are (relatively) large, and in the future the ultimate
prospect is the direct production of the z° and observation
through its many decay modes. However, there are ways in our
present laboratories to test for effects of the neutral cur-
rents. The effects are typically quite small, but we are limi-
ted only by our ingenuity. We have not yet observed the ZO,
and until that day comes we should continue to apply our experi-
-mental skills with the tools available to test these fundamental

concepts.
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