The Story of Parity Violation at SLAC

This story is about
polarized electron beams
at SLAC and the role
Charlie played in bringing
them into being.

T've had to do a lot of
ARCHEOLOGY to find the
good stuff.....




A Model of Leptons
Steven Weinberg - 1967

The first to unify the weak and
electromagnetic forces, in 1967 Weinberg
wrote down the most general form for an
interaction for leptons, which included the
concept of mixing, mass generation, and
couplings to a heavy neutral gauge boson, the Z.

Steven Weinberg

The model assigned the electron and its neutrino to a left-handed
doublet, while the right-handed electron was alone as a singlet. The

neutral coupling that resulted was
- N2 - YA
9I‘T3I'q SIN“0O ,  4nd gr'T3r'q sin“®
Thus the left-handed and right-handed couplings were different.

This choice preserved the purely left-handed charged currents.

While in the neutral currents parity violation was predicted, but was not
maximal.



Zel'dovich - 1958

682 LETTERS TO THE EDITOR

PARITY NONCONSERVATION IN THE
FIRST ORDER IN THE WEAK-INTER-
ACTION CONSTANT IN ELECTRON

SCATTERING AND OTHER EFFECTS

Submitted to JETP editor December 25, 1958
dJ. Exptl. Theoret. Phys. (U.S.5.R.) 36, 964-9266
(March, 1959)
WE assume that besides the weak interaction
that causes beta decay,
g(PON) (¢~ Ov) + Herm. conj., (1)

there exists an Interaction
(2)

with g =~ 10™* and the operator O = ¥y (1 +iyg)
characteristic! of processes in which parity is not
conserved.*

Then in the scattering of electrons by protons
the interaction (2) will interfere with the Coulomb
scattering, and the nonconservation of parity will
appear in terms of the first order in the small
quantity g. Owing to this it becomes possible to
test the hypothesis used here experimentally and
to determine the sign of g.

The matrix element of the Coulomb scattering
is of the order of magnitude e¥/k?, where k is
the momentum transferred (h=c =1 ). Conse-
quently, the ratio of the interference ter—: to the
Coulomb term is of the order of gk%/e®. Substi-
tuting g = 107%/M%, where M is the mass of the
nucleon, we find that for k ~ M the parity non-
conservation effects can be of the order of 0.1 to
0.01 percent.

In the scattering of fast (~10° ev) Iongitudi=

ms through large angles by
unpular'lz.ed l.a.z—get nuclei it can be expected that
the cross-sections for right-hand and left-hand
electrons (i.e., for electrons with o+p >0 and
o+p < 0) can differ by'0i1 to 0.01 percent. Such
an effect is a specific test for an interaction not
conserving parity.

A magnetized iron plate can served as a source

not expect an appreciable polarization of the emerg-
ing electrons, since the chemical potential of the
electrons with spins parallel and antiparallel to
the magnetization is evidently the same.

The interaction (2) leads to a displacement of
the electron levels of different parities in the free
atom.

t sn‘atom the probability of the meta-
stable tra.nsitfon 25y — 18y, which appears on
account of the admixture of 2Py to the 28/,
still turns out to be even smaller that the transition
probability on account of the magnetic moment of
the electron, and is less than the probability of the
two-quantum transition 2S5 — 15 by a £actor of
more than 10' Flnally, : {
Mghe by any suhsta.nce not containing molecules
optically active in the ordinary sense of the words.
The rotation of the plane of polarization also occurs
because the weak interaction mixes atomic elec-
tronic states of different parity. A calculation of
the effect gives an expression of the form

-‘-F’ : .

| Mright — Miew :
~Ngla* jn) g'4s(0) idp(0) [(Ep — Es). (3)

where n is the index of refraction for circularly
polarized light; Ny ~ a~® is the number density of
the atoms; a is the linear dimension of an atom;
A is the wavelength of the light; |gg(0)| ~ 1/a¥2;
in |¢p(0)| there are nonvanishing “small com-
ponents” x, givenby x ~ (K/2mec)o grad ¢,

where ¢ are the “large components”; |gp (0)]| ~
(h/mc)a %2, so that
| Aright — Mlen | ~ (g [@?AEsp) (4 f mck) ~ 10720, 4)

Rotation of the plane of polarization by 1*Fadian
oceurs in a length of the order */10°% = 1W08iEm,
so that even in the first order’in g the effect.ob-

How plausible is the assumption that the inter-

antion (2 axisrte? Tat ne recard we™ as a Aanhlet



Trial Balloon - 1970

EXPERIMENTAL TEST FOR PARITY VIOLATING ADMIXTURE IN THE
PROTON ELECTROMAGNETIC CURRENT

Recent experimental evidence for CP violation in weak decays has lesd to
considerable testing of basic invariance principles in particle interactions.
A test for the invariance of the electromagnetic curreﬁt of the proton under
spatial inversion is proposed. It is emphasized that no direct experimental

tests of significance exist at this time, but that indirect experimental tests

as well as theoretical considerations, provide limits in the size of violation
to be expected. Access to precision high energy spectrometers and high intensity

electron beams make SLAC the ideal facility for performing this test,

BEAM TIME REQUESTED:
o - )
Two eme-week running periods, separated by 4-6 months; 180 pps at 11 GeV

in end station A; 8 GeV/c and 20 GeV/‘,Jspactrometers will be used simultaneously.

PERSONNEL:
Richard Taylor, Elliott Bloom, et. al., (SLAC); Charles Prescott (Santa Cruz);

Kirk McDonald (presently Caltech), M. Hzc'h-au- CQTAMFQ&.D)

(-

7

Early Photo of End Station A



Polarized Electrons come to SLAC

Fixed Target Experiment E80 proposed
1971

Vernon Hughes and collaborators propose a polarized
beam/polarized target experiment to validate the quark
model of the proton

" the SLAC - Yale experiment  E80 "

The polarized electrons were from a Li atomic beam
ionized by a UV flash lamp

E8O was the first of a highly successful Spin Structure
program at SLAC, CERN, DESY and elsewhere

Bill Ash, Dave Sherden and Jym Clendenin, Dave Coward,
and Paul Souder were some of your collaborators on E80

e e
W 3




E95 Proposal - 1972

SLAC Proposal [ 9

A

EXPERIMENTAL TEST FOR AN ELECTROMAGNETIC AXTAL-VECTOR CURRENT OF
HADRONS IN INELASTIC SCATTERING OF POLARIZED ELECTRONS

Experimenters: C.Y. Prescott (Spokesman); W. Atwood; E. Bloom;

H. DeStaebler; S. Stein; R. Taylor; D. Trines:
SLAC ~ Group A

and

D. Coward; D. Sherden: SLAC Spectrometer Facilities Group
and

G. Baum; R. Ehrlich; V. W. Hughes;

M.,Lubell; W. Raith; M., Zeller:

Yale University

120, an asymmetry of .O004 corresponds to a parity violation of .03 of a

maximal violation. This provides a good test of parity violation in
electromagnetism, but is not sufficiently sensitive to observe parity

violating effects arising from neutral weak currents.

L) The orientation of the electron spin relative to the momentum



End Station A Experiments

In 1972 E95 was proposed to look for
parity violation in inelastic scattering -
using the SLAC-YALE "PEGGY"“source
The source was too low in intensity, and
the proposal stated E95 was “insensitive
to the weak interactions”.

E95 ran in 1976 and published a limit in
1978

Ar<2x103at Q% = 1.2 GeV/c?

Even before E95 was underway, Charlie
Sinclair and I were discussing ways to

reach the weak level, as defined in the
Weinberg-Salam model.

We needed an intense polarized electron
source, and considered developing a

laser-driven Fano source using a cesium
vapor.

Bob Gould’s End Station A



Neutral Currents Discovered!

Gargamelle
CERN - 1973

Fig. 25.3. First bubble-chamber photograph of the neutral-current process

Charlie Baltay
Gargamelle finds one v, e- event!

(fwo more by 1976)

First Z° seen in UA1 in 1983



To

From

Search for a new source

Date: July 20, 1973

: pistribution

: Charlie Sinclair

SUBJECT: piscussion of PEGGY Status and a Possible

Alternative Polarized Electron Source.

A meeting was held on 18 July 1973 with D. Ccoward, E. Garwin, R. Miller,

R. Koontz, R. Neal, W. Pgnofsky, and G. Sinclair in attendance. The status
of the polarized electron source, PEGGY, presently in testing at Yale, was
reviewed, and the possibilities of an alternative source were discussed.

pave Coward reviewed the status of the PEGGY tests,. as obtained from
a phone conversation with Mike Lubell on 7/18. After an initial test in
May, when a yield of 5 x 107 electrons of unknown polarization/pulse was
Ahtained (a factor of 20 below design), a mirror misalignment was found

- S
C. Sinclair to Distribution N July 20, 1973
piscussion of PEGGY StatusS... ) Page 2

Roger Miller feels that a lower limit to the time between hardware arriwval

at SLAC and any possible accelerated beam is six weeks. The potential
pitfalls in this time estimate are too numerous to Llistc. Thus it was
universally agreed that SLAC must operate on the presumption Lhat there will

be no polarized e- beam in 1973.

Given the realities of the PEGGY situation, it is prudent to imagine
that PEGGY might not perform acceptably in the forseeable future, and
investigate possible alternative methods of obtaining a polarized electron
souUrce.

These possible alternatives include photo emission from Eu0 or field
emission from EuS covered W needles, as pointed ocut to Pief in "a memo from
W. Spicer. .

These solutions, like the Yale socource, involve a number of distinct
technical difficulties, and if it were decided to pursue one of these methods,
it would involve a sizeable commitment on SLAC's part. —Among the possible
problems with these sources, wWe noted the following:

L] hn it b mmnn e daminared he the larsze magnetic fields used. SLAC



E122 Letter of Intent - July 1974

Date:  July 26, 1974

To W. K. H. Panofsky
From Charles Sinclair, Charles Prescott
SUBJECT: INTENT TO SUBMIT PROPOSAL

For some time, now, we have been studying the possibilities
for observing parity violating O 7O terms in inelastic scattering
]
of polarized electrons off unpolarized targets. Such experiments,

: g : -4
if convincingly able to demonstrate asymmetries at the 10 level, are

both timely and of fundamental importance, Measurement of such small
asymmetries is an extremely difficult experimental task. Our studies
of the prospects for seeing such small effects have led us to two I)ifai?
conclusions.

First, proof of observation of parity violation requires
elimination of systematic effects, correlated to spin reversal, which
lead to false asymmetries. Checks must be carried out systematically
on=line and will require running times comparable to those of the

measurements of interest. Any proposal which counts individual electrons

implies, at SLAC's duty cycle, lengthy runs to obtain sufficient
X =4 A
statistical accuracy to reach the 10 level. A better approach is

-4
to achieve high counting rates for electrons so that 10 asymmetries
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E122 Letter of Intent - 1974

STANFORD UNIVERSITY

Stanford, Califc

November 1, 197k

1 Advisory C
George B.

ford Linear |

Chau

Dear Sirs:

We are preparing a second proposal

parity wviclation in e-p inelastic

scattering.

approved, there was little basis for predicting

ial -vector terms

8 but recent neutrino experiments

in the interaction,

from FMAL and CERN have demonstrated the existence of neutral current

effects which are widely believed to be those predicted by the Weinberg-

Salam model of weak and electromagnetic interactions. Observation of

in reactions not involwing neutrinos is an

avidence. It is our belief that the

important piece of experimental

small parity vi r asymmetries expected on the basis of Weinberg-

Salam models will not be cbservable using the present polarized electron
source, PEG cts which are correlated %o spin directior
contribute which mask real parity violating effects.
Experimental time must be provided for the investigation and elimination
of n reversal systematic effects. With the present PEGG) ntensity,

beam time regquired to study false asymmetries at the weak interaction

level is prohibitive.

To overcome the systematic and statistical limitations imposed on

us by the PEGGY source, we propose to develop and install a Fano-type
polarized electron scource driven by a dye laser. A prototype of this
source has operated successfully at Bonn University at a level of 3 x 10
ectrons/pulse. We believe state-of-the-art

10 . -
least 10 electrons per pulse. The polarization of

e reversad by rotation of a guarter-wave plate i

| B
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Q
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]
]
H
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we believe promises us a beam

ally free of spi

cts, since all eslectron optics ren

George Chadwick

where the statistical accuracy from a 200 hour run is

in Figure 1,
compared to weak neutral current effects and to the results expected from
E-95. The second part of the proposal will discuss a large solid angle
We will ask that no decision

be made on the second part of the proposal at this time.
to the PAC for consideration of further running time with a large solid

detector for inereasing counting rates.

We will return

angle detector at a later date when more information on experimental
conditions is in our hands.

Considerable interest in carrying out further parity violation
experiments has been expressed by members of the E-95 proposal, and we
expect to form a collaboration from the interested members of that
experiment.

y) - 2
Cleo b, 51 2ot

Charles Y. Prescott
SLAC |

d/bg /( E(-‘«u./;: *

Charles K. Sinclair
SLAC
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SueJecT:

CKS Appendix to the LOI

Dare: .October 31, 1974

 APPENDLX - Part I

: Charles Sinclair Gg

Summary of results achieved by the Bonn Fano Effect polarized electron source,
and expectations for what might be achieved at SLAC with a Famo source.

1.) Physics of the Fano Effect.

The Fano Effect1 is the production of longitudinally polarized electrons
by ionization of alkali metal atoms (except Lithium) with circularly polarized
light of wavelength near photoionization threshold.

The single valance electron of the alkali metals is in a nzs:”2 ground
state. When photoionized (electric dipole transition) the final state may be

either EZP or 62P1f2’ where € denotes a continuum state. In the wavelength

3/2
region near threshold, the matrix elements for tramsitions to these two states
cross zero, due to the strong cancelations between the S and P state wavefunctions.
Spin orbit coupling causes the two matrix elements to cross zero at somewhat
different wavelengths, thus making possible a region in which the signs of the
two matrix elements differ. This spin orbit effect makes it possible to effect
a cancellation such that circularly polarized photons of a particular wavelength
produce electrons with 100% longitudinal polarization.

In practice, the wavelength region over which substantial photoelectron
polarization is rather broad, some 200 E or so in Cesium, the most -practical
alkali metal for Fano Effect sources. Polarization reversal is effected by

changing the sense of the circularly polarized light, and thus can be done while.

leaving all electron optical conditions unchanged. This feature essentially




E122 Letter of Intent (cont.)

APPENDIX - Part 2 : A large solid angte detector for inelastic

electron scattering.

Successful parity violation experiments at low energy have-
incorporated a technique we wish to use. To obtain sufficient counting
rates so that weak parity violation effects can be seen, the flux or
current of scattered particles is measured, rather than counting
individual particles. To measure parity violation in electron scattering
at SLAC, we propose to reach 10-lF asymmetry levels in ~J4 1 hour of
beam time by installing a large solid angle gas Cerenkov detector in
End Station A. A sketch of the detector is givn in Figure 2. The
detector is basically a cone of revolution, subtending 4° £010° in the
lab. and segmented into 16 parts. The Cerenkov counter is filled with
atmospheric N, (
and can be made thin-walled. Light output is collected onto 16 photo-

diluted somewhat with He to raise it Cerenkov threshold)

multiplier tubes, whose output can be integrated and stored on a pulse-
to-pulse basis. The highly directional response of gas Cerenkov counter
rejects particles coming from directions other than those from the target.
The gas Cerenkov detector resides downstream of a magnet of moderate
fBdl which shields the detector from soft electrons which emanate from the

target.



The Promise of Gallium Arsenide
1974

Gallium Arsenide was well \/ &
known to have polarized internal
electrons when optically pumped

by circularly polarized light
(Ekimov and Sakarov, JETP Letters 13, 495 (1971))

Eg=152¢V

Ty

Pare A
e m mj=-3/2 A'_'nj:-r/g mi=+1f2\ mj=+3/2
P -
mj=-1/2 mj=+1/2

Bell and Spicer had shown /é\ P
that the conduction band

electrons could be photoemitted
by adding Cs-O monolayers to the
surface.

Ed Garwin knew of these works and
the need for a source at SLAC.




Gallium Arsenide proposed

Garwin, Pierce, and Siegmann
1974

Ed Garwin visited ETH Zurich in 1974, and
while there proposed to develop a polarized
electron source using gallium arsenide. The

first source was built and demonstrated by
Dan Pierce at ETH Zurich (now at NIST).

The density of electrons in GaAs is high,
promising large available currents. GaAs as a
source of polarized electrons appeared ideal
for SLAC, but first, the principles had to be
demonstrated.

Dan Pierce

E. L. Garwin



First GaAs Test =

Dan Pierce and Felix Meier were the
first to demonstrate photoemission
of polarized electrons from GaAs in
H. C. Siegmann’'s lab in ETH Zurich

Dan Pierce
PHYSICAL REVIEW B VOLUME 13, NUMBER 12 15 JUNE 1976

Photoemission of spin-polarized electrons from GaAs

Daniel T. Pierce* and Felix Meier
Laborarorium fiir Festkirperphysik, Eidgen&ssische Technische Hochschule, CH 8049, Ziirich, Switzerland
(Received 10 February 1976)

The spin polarization of electrons photoemitted from (110) GaAs by irradiating with circularly polarized light
of energy 1.5 < hw <3.6 ¢V was measured by Mott scattering. The GaAs surface was treated with cesium and
oxygen to obtain a negative electron affinity (NEA). The spectrum of spin polarization P(hw) exhibits a peak
(P = 40%) at threshold arising from transitions at ", and positive (P = 8%) and negative (P = —8%) peaks at
3.0 and 3.2 eV, respectively, arising from transitions at L (A). Anomalous behavior, consisting of a
depolarization at threshold and an increase and shift in the peak polarization to 54% at 1.7 eV, is attributed
to a small positive electron affinity (PEA) characteristic of some samples. Restriction of the photoelectron
emission angle by the PEA leads directly to the anomalously high P. Results of calculations show that P
cannot be increased above 50% for emission arising from transitions at T’ in NEA GaAs. Our detailed
interpretation of the spectra indicates how spin-polarized photoemission can be used to study the spin-

dependent aspects of electronic structure, The outstanding qualities of NEA GaAs as a source of spin-
polarized electrons are discussed and compared with other sources.

POLARIZATION (%)

10 20 30 40
PHOTON ENERGY (eV)

FIG. 6. Spectrum of spin polarization from GaAs +
CsOCs at T=10 K [the same sample and conditions as
curve (a) of Fig. 5] . Note the high value of P=40% at
threshold ¢iw~1.5 eV) and positive and negative peaks



Parity Violation

1974-1978

The prospect of a GaAs photoemission source for high beam
currents triggered a new proposal...which could test the
Weinberg-Salam model in the End Station. Charlie Sinclair
and I proposed such a test to the SLAC EPAC in 1974,

This experiment was E122.

The proposal received conditional approval and we went to
work on the source, with Ed Garwin and Roger Miller. That
occupied us for 4 years.

Ed Garwin Charlie Prescott Roger Miller



E122 Proposal

June 1975

SLAC Proposal E-122

A TEST OF PARITY VIOLATION IN THE INELASTIC SCATTERING
OF POLARIZED ELECTRONS AT THE LEVEL OF THE WEAK INTERACTION

EXPERIMENTERS: SLAC, Groups A and SFG: W. Ash; W. Atwood; R. Cottrell;

F3
H. DeStaebler; H. Pessard; C. Prescott ; L. Rochester;
*
D. Sherdenm; C. Sinclair ; R. Taylor
Yale University: M. Bergstrom; R. Ehrlich; V. Hughes; M. Lubell;

K. Kondo; N. Sasao; P Souder

University of Bielefeld: G. Baum; B. Raith, P. Schuler

* Spokesman

BEAM: Solid State Polarized Electron Source, (under development) -

4 10ll e/pulse (10 ma peak 1.6 usec), S0% polarized, 180 pps.

TARGET: 30 cm LDZ'

EQUIPMENT: 8 GeV/c and 20 GeV/c spectrometers, modified for high counting

rates; Counting House clectronics and computers.

RURNING TIME: 300 hours at 200 pps and 100 hours checkout at 30 pps
™7 100 hours at 19.42 GeV

100 hours at 16.18 GeV

100 hours at 17.80 GeV



POLARIZED ELECTRON GUN

Fig. 4. View of the SLAC GaAs gun, with electron bombardment heater

in place.
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CKS Memo - Jan 1976

Date:  January 6, 1976

To Joe Ballam
From C.K. Sinclair
SusJecT: Status of the new polarized electron source project.

‘wavelengths. Certain aspects of this source which would make it suitable for

This memo gives a brief overview of where we stand on the various aspects
of the new polarized source project. Our immediate goal is to demonstrate that
we can obtain large fluxes (ca. 10M/usec) of longitudinally polarized (ca. 50%)

electrons from illumination of GaAs with circularly polarized light of the proper

use as a SIAC injector are being deferred, pending & successful demonstration
of the principle.
The principal components, and their present status:

1.) Gun structures. Machining of all components for two complete assemblies

is done, and all vacuum hardware has been ordered. Most is here. The system to

cool the GaAs to TTOK has not been done, but will be quite simple. Only one

gun will be assembled for the initial studies.

2.) GaAs. A number of samples are on hand, and Garwin believes the problem
of preparing properly cleen surfaces is under control. The apparatus for cesiating Jt)e E33113111
the surfaces, part of the gun assemblies, is complete. We will want ultimately
to do optical measurements on the GaAs samples, as such measurements are fairly
straightforward, and correlate well with polarized photoelectron emission. We
are not yet set up to do these measurements, but most of the components are avai-
latle. :

3.) Beam line. Design is complete, and most components, including vacuum

pumps, are on hand, The one special megnet has been constructed, and is being



CKS Memo - September 1976

Date: 17 September, 1976

To : WKHP

From :Charlie Sinclair

SusiecT: Some remarks on the location for the new GaAs polarized electron source.

I would like to make several comments regarding the installation of the new
GaAs polarized electron source on the linac, partly concerning what I feel \A]B:I{I)
to be very reasonable estimates of costs and schedules, and partly in rebuttal

to Hughes' letter of September, which I feel does not fairly present the

issues. My points, too hastily written, are presented in sort of random order.

1.) Were there no consideration but my personal pleasure, a separate room for

the GaAs source would be much to my liking.

2.) I do not believe that the resolution of the question of a new room versus
location of both sources in the present tunnel should await your return from
China. Before an experimental program with the GaAs source can begin, we must
undergo set-up, shakedown, and injection studies. Roger estimates that injection
studies must begin by the end of the spring cycle, at the latest, for any reason-
able hope of operation in the fall of 1977. The original anticipation, after

the June 4th meeting, was that occupancy of the new room by the GaAs source would
be in early December. Any possibility of that is already far past, and the
presently discussed "time-early" dates are about February, were we to proceed
with the new room immediately. Waiting until nearly the end of October will
exacerbate this problem to what I feel is an intolerable level.

3.) The costs associated with the new room are substantial. To the present low
bid of $128K must be added: i) Plant engineering work to install lights, power,
air cooling, etc, estimated well in excess of $20K. Fred Hall has more precise
numbers. 1ii)A new injection line between the GaAs source and the linac. Roger
Miller has set aside $50K for this item, to include vacuum components, interlocking,

0 NG S . - » - T - ] . a - . o~ .



CKS Memo - November 1976

Darte: November 22, 1976

To : J. Ballam

From : Charlie Sinclair GJF;S:
e ————

Suject: Estimated capital equipment costs to finish a dual gun polarized electron
source, mated to the accelerator. )

This memo contains a list of equipment which we feel is required to complete
the dual gun gallium arsenide polarized electron sourge, and to completely
instrument it as installed at the injector. The items marked with a single
asterisk are currently in use on the present polarized source, PEGGY, and we
anticipate that these will not be available to us due to their continuing
development program. We have assumed, after talking with Roger Miller, that
accelerator physics will take over the load of installing the source on the
accelerator, and so with few exceptions do not include any components beyond
the point where the beam leaves the source. I have, however, included some
money for the required bending and focussing magnets, which we partially construct
in our own shops. A number of the items listed are currently in use, and are
borrowed from either Ed Garwin or the counting house (or, in the case of the
transit, from Wade Milner). These items are indicated by double asterisks.
In some instances, I feel that the items borrowed from the counting house can
be essentially permanently transferred to use with the new source. Ed Garwin

. . . .
Foale +ha+ i+ ie nmnamaccawmtr +A avans+lxr manlana 211 AF +ha wranimsne i+ame wa ana



To

From

SussecT:

Crisis looms in early 1977

Date: January 26, 1977

George Chadwick, PAC
Charles Prescott

CURRENT STATUS OF THE POLARIZED ELECTRON BEAM DEVELOPMENT FOR THE
E-122 PROPOSAL

Last month, we asked you to reserve time for E-122 before the
PAC. Development of the GaAs source for polarized electrons has
been underway, and progress has been steady and rapid. It appeared
at that time that successful operation of the source was imminent.
We are anxious to achieve second-stage approval for E-122 to facilitate
scheduling of the experiment. At this time, however, we have not
met our design goals and are yet unable to request for second-stage
approval.

In recent tests, we have achieved currents by photoemission from
a cesiated GaAs surface, using a dye laser of the appropriate wave
length, that are in excess of the 10ma peak current we stated as our
design goals. This represents a major milestone in the development
of the polarized electron beam. However, our measurements of the
polarization vielded numbers substantially below the 50% design goal.
The present cause or causes of the low polarization are unknown to
us but are likely to be related to the preparationm of the GaAs surface
or the treatment of the GaAs during the in situ heat cleaning and
cesiation process. We are actively undertaking steps to diagnose
the problems. The delays we are presently encountering are mostly of
a trivial nature having to do with changes in the vacuum system,
laser components. or test of other components of the system. We have
recently installed a bench setup for testing the cesiation of GaAs
wafers. This bench setup will allow us to quickly install, bake ocut,

and test new GaAs surfaces. Previously, the testing was being performed
in the gun structure of the source, and progress was slow, because
vacuum bakeout was a week long process. We are optimistiec that the

final hurdles will be made in the near future.

Therefore, I am asking you to cancel us from the PAC schedule
on January 29. I realize this will leave a hole in your schedule and
apologize for this. However, the PAC could preobably put the time to
better use on other matters, since they would take no action on E-122
yet. I hope these matters will be well sorted out for the next PAC
meeting. Please pass this information along to the PAC.



The SLAC Injector

SOLENOID LENS

RETRACTABLE JC-H'ZW. MANUAL  VILVE

Tﬂ' SCATTERING  CHAMBER
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Overall view of the SLAC polarized electron gun and
polarization analysis system.




Source Worksl!




Building the Experiment

Cerenkov counter




Building the Experiment




Building the Experiment




Building the Experiment




A Model of Leptons
Steve Weinberg - 1967

By 1977 many of the

issues of neutral currents v (e)
were being resolved in e "
neutrino scattering. But E

Parity is violated

one issue remained.... The or

assignment of the right-

handed electron into a 7, E°

singlet or a doublet. (E) ( . ) Parity is conserved
{ T

Parity violation
distinguished the two
choices.

Atomic Parity Violation to the rescue!!!!



1977 - The Drama Intensifies
Atomic Parity Violation lays an EGG

Two competing atomic physics groups eagerly pursue parity violation in bismuth vapor -
Washington and Oxford

They hold noisy debates in conferences and reports - among themselves on the one hand,
and with Weinberg and Salam on the other. They argued for the “hybrid" model which
predicted no parity violation. They published back-to-back null results in PRL....the
death knell for the W-S modell!!l
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Zh, Ekap. Teor, Fiz, 71, 1665 (1976) [Sov, Phys, JETP
fto be published)],

"L P, Grant, ¥, C, Pyper, and P, G, U, Sandacs, to
bo published,

5, Welnborg, Phys, Rev. Lett, 18, 1264 (1967),

"4, Salam, 1a FPracesdings of the Eighth Nobe! Sym=
postum, edited by Svartholm (Almkvist and Wiks
Stockholm, 1888),

e use the optieal convention that 4 pasitive rotation
appenes elockwian when looking toward the source,

"M, A, Bouchat and €, C. Bouchiat, Phys, Lett, 4B,
111 (1974,

"'€tallistonal broadening becomes noticeable for He

buffer gus pressures above 100 Tare, but fio observe
able ealliafonal enhancoment of the Integrated absorp-
ton of this M, line coours,

"3 onvenlent paramater 18 the mean number of ah-
sarption lengths of the his componenta at their peaks,

"*The contral dlp asaoclated with the Faradny effeot
diznppears in tho average over the transmitted laser
light for conditions of strong abserption as In Fig. 2f),

"*The average over the laser profile of any h-depen-
dent background rotation will change when the absorp-
tlon line alters the transmitted laser profile.

¥p, £, G, Baird ot al,, follwia Letter [Phys, Rev,
Lett, 38, 708 (1977),

Search for Parity- Nonconserving Optical Rotation in Atomic Bismuth

P. E. G. Baird, M. W, 8. M, Brimicombe, R. G, Hunt, G. J. Robarts,
P, G, H. Sandars, and D, N, Stacey
Clavendon Labovatory, Universily of Onford, Oxford, England
(Recelved 7 July 18771
We roport the results of a laser experiment to search for the parity-nonconse rving opti-
cal rotation in atomic bismuth, Wa work at wavalengths close to the 8d8=nm Ju 5/2=J
= 5/2 M, transition from the ground atate, We flnd & = ImiE,/M)) = (+ 2,72 4,1x 107", in
disagrooment with the theoretienl value g = = 30% 107" prodicted for this transition on the
basis of the Welnberg-Salam model of the wonk interactions comblaed with relativistic

central-fleld atomie theary,

We report the results of an experiment to
search for the parity-nonconserving (PNC) opti-
cal rotation'** in atomic bismuth which has been
predicted"* on the basis of the Weinberg-Salam*™

ing the different approaches employed.

Our apparatus i {llustrated schematieally in
Fig. 1. The Spactra-Physics 580A jet-stream dye
laser prodyces approximately 2 mW of light in a
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R, E, Tribble, J, D. Cossalrt, and R, A, Kenefick, (19751,

Phys. Rev. C 13, 2028 (1077, 1", H, Wapstra and K, Boa, Al Data Nuel, Data
‘1, €. Hardy, J, E, Ester], R, G, Sextro, and J, Corny,  Tables 19, 175 (1977,

Thys, Rev, € 3, 700 (1871, "E, G, Adelberger and D, P, Balamuth, Phys. Rev,
P, M, [ul\\';;m: C. van dor Loun, Nuel, Fhys, H, 2 1587 (1871,

111973), s, Fortler, H. Laurent, J. M. Malson, J. P, Scha-
'R, L. MeGrath, J, Cerny, J. C. Hardy, G, Goth, plca, and 7, Vernotta, Phys, Rev, C §, 378 (10721,
and A, Arima, Phys, Rev. C 1, 184 (1370), "%, Galés, M, Langevin, J, M, Maison, and J, Ver-

*1, C. Hardy and I, §, Towner, Nucl. Phiys, A234, 221 nette, C.R, Acad, Sel. 2718, 070 (1670},

Upper Limit on Parity- Nonconserving Optical Rotation in Atomic Bismuth

L, L, Lewis, J, H, Hollister, D. C. Sorelde, E. G. Lindahl, and E. N. Fortson
Depariment of Physies, Usivevsily of Washington, Sealtls, Waghington 98195
(Recelved 7 July 1977

We have soarched for optleal rotation near the 8757-1 magnetio-dipole absorption line
in atomie blsmuth vapor, The experiment {s sensitive to parity noneonservation In the
wenk neutral-current {nteraction botwaon eloctrons and nucleons In atoms, We find
R Im{E /) = (= 0,753,202 10°Y, which s considerably smaller than the value R = - 2.5
«10°7 obtained by central-flold ealculntions for this bizmuth Une uaing the Weinbarg=
Salim theory of poutral currents,

We present here results of an experiment In selected the J= | =J =] absorption Line at 8757 A
which we search for parity-nonconserving (PNC)  where there is no competing background absorp-
optieal ratation in atomic bismuth vapor."! We tion from Bi, moleeular bands to limit the usable

At SLAC, the laser-driven GaAs source works; Polarized
electrons are accelerated in December 1977.



The Rest of the Bismuth PV Story

Atomic Parity Violation in bismuth

still was unresolved. Novosibirsk had

announced observation of PV in
March 1978 (while we were running)
but in 1980 Moscow reported a null
result. Eventually the experiments
settled down and the theory seemed
to agree. Clear evidence didn't
emerge in the bismuth system. The
cesium work in the Commins group at
Berkeley cleaned up the issues best.

Today Colorado has done the best
atomic PV work with cesium, but
their results don't make it on most
S-T plots.
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E122 Prism Rotation
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E122 Announces Parity Violation

In June 1978, in the SLAC
Auditorium, E122
announced the evidence
for parity violation in
inelastic ep and ed
scattering. The statistical
significance exceeded 10
sigma. Consistency checks
and null texts were fully
satisfied.
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Harvard, then Trieste

IL PICCOLO

GIORNALE DI TRIESTE

LO HA AFFERMATO L'AMBASCIATORE AMERICANO GARDNER | PARLANO GLI ESPONENTI
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DECADIMENTO RADIOATTIVO E FORZE ELETTROMAGNETICHE

La teoria Salam-Weinberg
confermata dagli americani

L’importanza della scoperta viene paragonata a quella di Newton

Nell'ambito della sesta con-
ferenza sulla fisica delle par-

tord (California). Lo
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A test of electroweak unification

THE NEW YORK

[

wincing new support for a theory that
would unify two of nature's fundamental
forces.
Most nuclear ph sts familiar with
the work believe, partly as a result, that
¥ ¢ is J:rrwh.r than ever that
£ known farces will soon
ified by a commeon theory—a dream
shared by rt Einstein with many
otherscient
ed field !I-*o'-;.
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A Violatlon of “Parity®
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A Giant Step Toward Unified Field Theory

The use of field theory, which connects
forces to characteristics of space and de-
scribes them by means of equations with
geometrical content, is an old tradition in
physics. We speak of the earth as being in
the gravitational field of the sun. In school
maost people have seen the demonstration
of a magnetic field using iron filings; text-
books represent electric fields with bun-
dles of lines in the manner of Michael
Faraday.

This geometrizing tendency has yielded
many dividends from philosophy to prac-
tical technology. Among theoretical phys-
icists it has aroused the |

for left or right. This principle of space-re-
flection symmetry or parity was one of
three symmetry principles — the other
two are time-reversal symmetry and
symmetry of positive and negative electric
charges or matter and antimatter — that
all physical processes had to respect.

It is now known that for parity at least,
some respect it and some do not, Proc-
esses governed by the weak interaction
are particularly notorious for disrespect
to the principle of parity, and what is rele-
vant for the present case is that the formu-
lations of Weinberg and Salam increase

2
hope of a unified field theory —essentially
one description uniting all kinds of force.
At the moment there are four known kinds
of force (or interaction, as phym-:lsts pre-

the for such viol and
make them a likely means of testing whe-
ther this theory is a good description of
what's going on. The Weinberg-Salam for-
mulation provides a whole new class of

fer to say): gravity, elec and
the weak and strong interactions of the
subatomic domai

The modern unified field theory, often
called the Weinberg-Salam model after
Steven Weinberg of Harvard University
and Abdus Salam of Imperial College, Lon-
don, begins with the weak and electro-
magnetic interactions. An experiment
recently done at the Stanford Linear Ac-
celerator Center has confirmed some kev

weak-i ion processes, the neutral-
current processes.

A neutral-current process is one in
which two particles interact without ex-
changing a unit of electric charge. If a
neutrino strikes a proton and bounces off,
and the neutrino remains a neutrino and
the proton remains a proton, that's a
neutral-current interaction. (Before Wein-
berg and Salam the weak interaction had

only charged.cirrant interactinne thoea

g The ten-year-

old unified

8 field theory

§ of Weinberg
and Salam
(bottom)

gels an

experimental

shot in the arm.

other foree is the weak interaction. “That's
an assumptlon says Richard Taylor, one
of the exp but it's a pl

one. The weak interaction exists; nothing
else is known that might be causing the
effect. If it is the weak interaction, then it is
a neutral-current process, because no
charge is exchanged between the electron

and the nratan Sa it maoet

ha & nasteal



E122 resumed
running in the Fall
of 1978. This time
around, we shared
the beam with
SPEAR..we ran
during the stores,
and shut down
during the fills,
which were quick
and efficient due to
our control of the
beam.

We studied the y-
dependence...

E122 Models

10% A/Q? [(GeV/c)™2]

® Ep=19.4 Gev
A Ep=16.2 GeV
O Eg=22.2 GeV
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E122 Final Result

L.

The final E122 results were
published in

Physics Letters B

In 1979

105 a, (slope)

+10

: &l RS
10 10%g,
(intercept)

sin2@y, = 0.224:+0.020

(PL B84, 524 (1979))

Today’s values from global fits
gives
sin’@, = 0.2315610.00017

llllll



SEQUEL

Subsequently.........

SLAC went on to a series of spin structure
experiments for the proton, deuteron, and
He-3

and

To precision electroweak measurements
with polarized electrons at the Z-pole

Jefferson Lab has developed an extensive
program using polarized electrons as a
probe of the nucleon.....



So, advice as you look toward the future
A quote from a famous philosopher

" I don’t want to achieve immortality through my work...
I want to achieve 1t through not dying”’

Woody Allen
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