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Shown above is one of the two hemispheres of
the "Crystal Ball," a new particle-detection sys-
tem that will be installed at SPEAR this summer.
The main element in this detector is a spherical
array of about 700 sodium iodide crystals, each
of which will be viewed by a phototube. The
Crystal Ball will be particularly well-suited to
the detection of photons and will thus comple-

ment the charged-particle-oriented Mark II.
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"These are the 10 toughest buyers in

America .. .chosen in a completely un-

scientific survey of distributor sales-

men. They were asked to name the one

buyer they can't flim-flam with sales

pitches, the one buyer they can't lead

down the garden path, and the one buyer

who knows what he wants, when he wants

it and when he wants to pay for it.

These 10 buyers take no guff!"

--Paul Hyman

Electronic Buyers' News

May 22, 1978

[Congratulations to Wilson Becker for

being chosen as one of "the 10 tough-

est buyers in America."]

bLjftu rJullVNn mueur

The new SLAC telephone directory is now

out. If you don't have a copy, you can get

one from Mary Ann Blackman in Room 237 in the

A&E Bldg. Be sure to throw away your old dir-

ectory to avoid dialing wrong numbers.

Putting out an entirely new directory is

a big job-which is why is has been reissued

only annually in the past. But with all the

changes going on these days, that's not often

enough. So we are now going to issue the

white and yellow pages--those with individual

phone extensions--more frequently, probably

every six months. The salmon- (or orange-)

colored pages with more general information

and fewer needed changes will be reissued when

it seems necessary. So it will be up to you

to save whatever you need.

Please notify Mary Ann Blackman at exten-

sion 2200 of any changes in the white and yel-

low pages. We welcome any suggestions or com-

^mhr. ^-nr Y rn in athe direcsorV

--George Owens & Herb Weidner

NEW MEDICAL HOTLINE

If you've had a medical examination at

SLAC, you've probably had an EKG (electrocard-

iogram), and you've seen the strip-chart re-

cording of the changes in electric potential

as your heart beats. If you don't understand

the meaning of it all, you're not alone. Even

experienced cardiologists disagree about the

interpretation in some cases. However, in the

hands of an expert, an EKG can be a great aid

in diagnosing heart ailments and malfunctions.

The SLAC Medical Department has a new gad-

get which uses the phone lines to transmit EKG

data to a recorder at a diagnostic service in

San Francisco, where cardiologists are avail-

able on a 24-hour basis to make a quick diag-

nosis. This technique is especially useful in

cases where pain or malfunction is fleeting

and infrequent, or where the EKG changes are

particularly subtle. SLAC Medical Dept.
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BILL COLLIER RETIRES

Bill Collier's tenure at SLAC is ending af-

ter more than 15 years service to the laboratory.

Bill joined SLAC in April 1963 and was among the

first to be involved in setting up the vital

utility systems at SLAC.

Ever since Bill has been responsible for

utility systems that helped keep us all comfort-

able, and that have kept the accelerator and re-

search equipment functioning. Many of Bill's

friends at SLAC first became acquanted with him

when they called extension 2291 to complain

about the heat, the cold, or a draft. One of

his greatest challenges has been to persuade the

man in the business suit and the woman at the

next desk in the miniskirt that they could both

be comfortable at a temperature of 70°F.

Bill began his working life in the coal

fields of Colorado. Learning to fire a steam

engine there led into a career as an operating

engineer. He followed this trade for many years

including those spent aboard a Merchant Marine

ship during World War II.

The increasing affluence of our society af-

ter the war led Bill into heating, ventilation

and air conditioning. His outstanding ability

in this field gained him positions with St.

Mary's Hospital, Foremost Dairies, the Santa

Clara Emporium, and finally SLAC. He has headed

up the Heating, Ventilating, Air Conditioning

and Conventional Utilities Group during most of

his years at SLAC.

With Bill's leaving, we are losing not just

a fellow worker but a good friend. We join to

wish him and his wife, Bernice, every happiness

in retirement. We hope that Bill will think

about us once in awhile as he travels the coun-

try in his trailer, or when he is fishing from

the front porch of his cabin at Clear Lake.

--C. J. Hale

SLAC ANNUAL RACE

We have received only a few comments on our

proposals for the SLAC Annual Race (May Beam

Line). One observation was that November 21,

the proposed race day, is the Wednesday before

Thanksgiving, not after. Cherrill Spencer had

the following comments:

"I was glad to see that you are considering

having a 100-yard dash as well as the longer

races, because I've always been a sprinter rath-

er than a distance runner, and I haven't had an

opportunity to run in a race in many years.

"I'm concerned as to how you'll arrange the

dash--its character as a race is not amenable

to a free and easy start as are the longer

races. Will you limit participation in the dash

so that people are not tripping over one anoth-

er? Will you have several heats and a final?

"I see no reason not to have men and women

running in the same race. I'm concerned only

that there are not so many people that some will

get flattened in the rush!!"

We'll adopt most of Cherrill's suggestions:

the way to handle a large number of sprinters

is with a long starting line, several heats,

and many timers.
--Annual Race Committee

JUNIOR ACHIEVERS: KOONTZ AND WILMUNDER

The children of two SLAC staff members were

recently honored by Junior Achievement of Santa

Clara Country, Inc. Ann Koontz (daughter of

Ron) and Aric Wilmunder (son of Alan) each be-

came Vice Presidents of the organization, and

each received Executive Awards and became Dele-

gates to the National Conference. Good going!

_ _I __ _�
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FAYE WOODFORD LEAVES SLAC

Faye Woodford will soon be leaving SLAC to

return to her childhood home in Portland, Oregon.

She and her future husband are planning to set-

tle there after a honeymoon in Hawaii.

Faye attended grade school in Portland, high

school in Corvallis, and for several years went

to Oregon State University. During her 25 years

of married life, she and her first husband, an

army man, travelled extensively. She has two

children, one grandchild, and another on the way.

After Faye's divorce, she worked for a time

in the Pentagon, and it was there that she met

a visitor from SLAC named Dan DeYoung. As a re-

sult of his encouragement, Faye submitted an ap-

plication to SLAC, and she eventually came to

work here in 1964.

Faye has had a varied career at SLAC, working

first with Jim Anglemyer and later Larry Womack.

She moved with Larry to the Purchasing Dept. in

1967, became Oscar Fleischer's secretary in 1969,

and Ralph Hashagen's secretary in 1977.

Faye's future husband, retired army Major

Louis P. Tormey, is a man whom Faye and her for-

mer husband had known for many years. After the

death of Mrs. Tormey, Major Tormey and Faye re-

newed their acquaintance via the Oregon State

Alumni News, and eventually romance blossomed.

Faye's happy state is strikingly parallel to

that of former SLAC'er Jean Paist, Faye's prede-

cessor as Ralph Hashagen's secretary, who also

left that position to marry an old friend. It

look's as though Ralph's chair ought to be sold

to the highest bidder.

We hope that Faye will remember her many

friends at SLAC during her future travels, or

while working at her easel. We will certainly

miss her cheerful presence here.

--Dorothy Ellison

BEAUTIFYING THE QUARK THEORY

[Reprinted from Science News, June 3, 1978]

The most massive subatomic particle yet

found by physicists is the upsilon [T], which

weighs in at about 9.5 billion electron-volts

(9.5 GeV). It was first discovered last summer

at the Fermi National Accelerator Laboratory in

Illinois .... Few laboratories in the world

are able to put that much energy at the dispos-

al of the forces that create new particles, so

there was and is a difficulty concerning con-

firming experiments. A number of independent

confirming experiments would be desirable, es-

pecially some confirmations in which the upsilon

is produced in different ways.

The Fermilab experiment struck very energet-

ic protons against atomic nuclei to produce the

upsilon. Another, very elegant, way of making

new particles is through the annihilation of

matter and antimatter in the collisions of el-

ectrons and positrons (anti-electrons). The el-

ectrons and positrons are energized in apparatus

called storage rings and then collided head on.

There are a few such installations around the

world, but none of them had the requisite energy

to make an upsilon. At the Deutsches Elektronen

Synchrotron (DESY) in Hamburg they decided to

push for it, and they have made it.

DESY possesses the electron-positron appar-

atus called DORIS (Doppel-Ring Speicher). DORIS

was designed to collide electrons of maximum

energy of 3.5 GeV with positrons of the same

maximum energy, making a maximum total energy

of 7 GeV. Modifications to the radiofrequency

units that accelerate the particles, the magnets

that bend and focus their paths, and their op-

erating procedure, yielded total energies up to

10 GeV.

The improvements were completed in April and

the upsilon search began. In the changed ar-

rangement DORIS operates as a single ring, rath-

er than a double ring. One bunch of electrons

and one bunch of positrons circulate (in oppo-

site directions) in a single ring and collide at

two "interaction points." So two detectors,

PLUTO and DASP, were set up. Success came

quickly enough so that Burton Richter of [SLAC]

could mention it in his talk .. . at the Amer-

ican Physical Society meeting in Washington at

the end of April. Now further data are avail-

able, and an announcement from DESY states that

the upsilon "has now been produced for the

first time in electron-positron collisions,

where it can be studied much better [than in

proton-nucleus collisions]."

The "PLUTO collaboration" .. .and the oper-

ators of DASP .. . are publishing separate pap-

ers in Physics Letters. This does not quite

amount to two independent experiments; it's

more like one and a half. But the detectors

I
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Larry Buss (front) is shown here with other HEEP crewmembers (left to right) Ron Seefred, Jim

(Catfish) Spitler, Don Farwell, Bruce MacGregor, Jim Weisert and John Gill. (Joe Faust photo.)

LARRY BUSS RETIRES

Larry Buss went to work at the Hansen Labs

at Stanford on January 1, 1954, where his first

assignment was in the Lab (HEPL) that Pief Pan-

ofsky then ran. Larry had obtained his basic

electronic training as a radio mechanic in the

U.S. Army Air Force in Europe during WWII, and

had worked at several other jobs before coming

to Stanford.

During his first two years at Hansen, Larry

took on the additional task of finishing his new

home. The combination was exhausting, and, per-

haps as a consequence, he contracted polio. He

returned to work at Hansen after almost a year

of convalescence, confined to a wheel chair.

After several years of intensive physical ther-

apy, Larry accepted the fact that he was stuck

with the wheel chair for life, and he got on

with the business of living with zest and good

cheer.

In 1964 he became the supervisor of the Han-

sen Lab electronic shop. During that time he

worked with Dr. Franz Bumiller on the develop-

ment of the first working nuclear magnetic res-

onance probe. Larry still builds these on spec-

ial order (if you need one, call him at home).

He remained in this position until 1976, when

the Lab's funding ran low and they were forced

to reduce staff. Larry was offered early re-

tirement but chose instead to come to work in

the High Energy Electronics Pool (HEEP) Labor-

atory at SLAC, where there was a need for his

skills. After two years of a very productive

and agreeable relationship with SLAC, Larry

reached retirement age and, on May 31, retired.

He and his "childhood sweetheart"--now his

wife of many years--are going to live in Tucson,

Arizona. We wish him every happiness in his

active retirement, but hope he doesn't forget

that he has an army of friends here at SLAC.

--Don Farwell
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SCIENTISTS SPEAK WITH "QUARKED" TONGUE

Leonard Nathan and William J. Brandt

[Reprinted from the December 1977 issue of

California Monthly, a publication of the

University of California Alumni Association]

In 1963, Cal Tech physicist Murray Gell-Mann

proposed the existence of a new basic particle.

This, in itself, was not so very startling,

though the proposed particle had some extremely

odd qualities and did promise to explain a lot

that had been troubling recent subatomic theory.

It was what the physicist decided to call the

new particle that was startling, if not down-

right revolutionary.

He might have gone to his Greek or Latin dic-

tionaries to find something that would have taken

its unobtrusive place in the sober tradition of

scientific terminology. He went instead to a

work of fiction--that vast dream book and philo-

logical funhouse, James Joyce's Finnegan's Wake.

It was there that he found the word "quark."

Quark was that sudden freshening of the wind

that presages lots more to come. Gell-Mann's

colleague, George Zweig, toying at the same time

with the same hypothesis, had proposed to name

the new discovery an "ace," which, furthermore,

he proposed to call, in combination, "deuces"

and "treys." Subsequent researchers have joined

the fun; quarks are variously identified as "up

quarks," "down quarks," "sideways" or "strange

quarks," and, more lately, "charmed quarks." We

have been promised particles bearing the names

"truth" and "beauty," and even one called "fun-

ny." More: there must be a particle to hold the

quarks together (they seem to consist of insep-

arable congregations), which has been called the

"gluon," not a Greek or Latin word, mind you,

but a kind of pig-English (glue-on) for that

which possesses stickiness.

Gell-Mann has started something, and it may

be hard to stop. It's as though Puck had popped

into the solemn precincts of physics and found

it to his liking. Quarks not only now come in

"flavors," they have "colors" too, each being

at any instant red, green or blue. And to bal-

ance things out--as nature must--there is for

each quark a negatively charged anti-quark with

its corresponding anti-colors: cyan, magenta and

yellow.

It's not that these odd (and still unseen)

particles actually possess the qualities their

names suggest. They are not flavorsome, color-

ful or sticky. They exude neither charm nor

strangeness. They are not inclined to go up,

down or sideways, and their civil rights are in

no way described by "infrared slavery" or "ultra-

violet freedom"--phrases belonging to one explan-

ation of their intense gregariousness. In fact,

these terms, taken together, are a haphazard and

arbitrary scramble.

Why quark and its capricious kin? Why this

clear violation of the austere decorum of normal

scientific christening? It seems that a sub-

stantial segment of the scientific community is

trying to tell us something.

In order to find out what that is, we must

back up a bit and examine the professed purposes

of traditional physics and of science in general.

Essentially, these were to get the basic facts

about the universe, to separate with perfect

neutrality the true from the untrue in the phe-

nomenal world. Mathematics and controlled ex-

periment were its instruments to this end. But,

also, it needed to define the basic stuff that

mathematics and experiment pointed to with names

free from any subjective bias.

With a splendid instinct for its own needs,

physics hit upon the perfect source for its nam-

ing--Greek and Latin dictionaries. These were

ideal, not because those languages were inher-

ently different from other languages, but be-

cause, for most people, they are very dead. We

simply do not hear the muted cries for context

of Greek and Latin words. When a particle is

named a "proton" (from the Greek proton, the

neuter form of protos or "first"), there is

nothing for the modern ear to attach to it ex-

cept the definition the physicist offers. Or

take the Greek words methy and hyle. To an an-

cient Athenian these would have had the complex

and rich referential possibilities of "spirit"

and "wood," but when they are hybridized in

scientific English as "methylene," the possib-

ilities subside to a single meaning. In such a

fashion, we seem to recover, at least in part,

a pristine simplicity in which every word refers

to its proper object, and only its proper object,

and every object has a proper name.

The beauty of the physicist's solution is

apparent if we look for a moment at a living

language like our own. We can think of the lan-

guage we use as a streamlined set of tools which

point toward objects or stand for definitions.

But this is far from the case. A noun or a verb

is the merest possibility of meaning crying out

for a context in which it can signify something

in particular. For example, the word "spring,"

taken in isolation, is only a suggestive poten-

tial. Will it, in a particular sentence, sig-

nify a gush of clear water in a meadow, a pan-

ther's sudden leap, April in England, a coil of

steel, or something no dictionary has anticipat-

ed? The world's largest lexicon greatly under-

rates the possible meanings of the least word

it contains.

Precisionists from time to time have lament-

ed this promiscuous characteristic of words.

They commonly protest the strain it puts on

young minds and universal brotherhood. But

often what they really want is a tidier world

than nature (and how could we do without the

ambiguities of that word?) has seen fit to pro-
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vide. Alas, it is a mistaken as well as an idle
lament. The very fluidity of words is what per-
mits language to grasp human experience and even
convey a sense of that experience to other minds.
We live in a dazzling and perplexing array of
sensation. Language must grasp and order that
array for us; but to do so, it needs a lot of
linguistic flexibility.

Science has generally had no use for this
language because it had no use for the experien-
ced reality to which it brings order. Science
as a whole is after that which is inherently or-

derly and predictable, and it wants language
which precisely indicates, every time, the parts
of the chicken. Physics especially has pursued
this lofty ideal.

And even more. Our superficial view of the
physicist ("just give me the facts, boys") al-

ways misses the better half, or maybe three-

quarters of his design on the world. The phys-
icist, at least until recently, has always known
what he expected to find way down there at the
bottom of reality: an order, an ultimately clear
and simple order. There might be layers and
layers of confusion on the way to it, but a
passionate belief in its reality and attainabil-
ity is what kept him going. "Elegance," he was
apt to call it in recent years. A universe
which was ultimately untidy was unthinkable.

But science's pursuit of the ultimate and
invisible reality at the heart of the universe--
mirrored in its search for the exact word that

would pin that piece of reality down--has proved,
especially in this century, disheartening. Each
time it looked as though an elegantly simple
theory of the atom, say, had been proposed,
something seemed to come up--chiefly a dismaying
complexity. The turning point was probably the

advent, early in this century, of the relativity
and quantum theories, especially the latter,

which introduced an element of pure chance into
atomic physics, a randomness which compromised,

to say the least, the sleek classicism of Ernest
Rutherford's model of the atom as a microscopic
solar system, a model that looked, at last, like
an ultimate version.

It is worth noting that the great scientist

largely responsible for distorting that version,

Niels Bohr, proposed that the problems with
Rutherford's microscopic solar system were oc-

casioned by electrons leaping, unaccountably,
from one orbital ring to another. He got the

word "leap" from that other theologian, Soren

Kierkegaard.

But faiths die hard. If the model of the
atom was unsatisfactory, perhaps the order the

physicist longed for was to be found in the sub-
atomic world, which has been a major focus of
concern for the last 20 years. Alas. Every il-
luminating simplicity was complicated almost im-
mediately by further findings. Particularly

monthly, of the discovery of new particles--
more than 100 of them to date. The subatomic
world was beginning to look like a mob scene out
of a Cecil B. DeMille movie.

The quark theory, in fact, was a response to
such complexity. Gell-Mann was trying to bring
some order to the chaos. He did so by arguing
for a class of ultimate and irreducible partic-
les belonging to the nucleus of the atom: the
class of quark, initially of three kinds, whose
properties in various combination would help to
explain the character of the hundred or so other
particles and bring them into an orderly relat-
ion to atomic theory in general.

But this was an assertion of order with a

difference, and the difference was specifically
that word quark. Quark calls attention to it-
self; even more, it calls attention to the re-
lationship between it and its inventor. It
says: "order, maybe; ultimate order, not very
likely." The fact that Gell-Mann described the

complex mathematical operation he used to devel-
op quark theory "The Eighfold Way"--from Budd-
hism--tells us the same thing. There are dis-
coveries to be made in physics, but we can no

longer expect the ultimate discovery, that sim-
ple, elegant order which was the object of the
pursuit from the beginning.

And it looks like the professor was a pro-
phet as well. The interest occasioned by his
new hypothesis led shortly to a fourth quark.
And, as we have seen, more seem to be coming
("truth," "beauty," and "funny," for three).
The theory has expanded and become increasingly

complicated in order to account for mysteries,
apparent contradictions, and new findings, and
has passed beyond the point where even the most
dedicated layman can follow it--deep into quan-

tum mechanics, Regge trajectories, non-Abelian

gauge theory, beyond Fermi-Dirac and Bose-

Einstein statistics--far past any pristine sim-
plicity or elegance. And perhaps it isn't even

true: the phenomena that quark theory "names"
remain stubbornly invisible.

A new scientific ethos is clearly struggling
to be born, one that goes beyond the solemn skep-
ticism of Niels Bohr. The older, traditional

ethos called for a sober, selfless hierophant;
the new one calls for a man who gets his whim-

sies mixed up with his calling, his subjective
life snaggled in his objectivity. His rhetoric

no longer makes the claim of canonical neutral-
ity; his new stance is that of one who declares
that his activity is serious, but not that ser-
ious. Play is part of it, and arbitrariness,

and personal taste. The new physicist concedes
with good humor that things down there in the
subatomic world are a bit weird, if not whimsic-
al, not because humans are not yet up to getting
at the truth, but because the nature of things
may be intrinsically strange. If, that is, the

dismaying have been the announcements, almost

7
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nature of things has anything to do with it.

Perhaps it is too early to say farewell to

the traditional physicist who came before us as

a smocked priest, whose ritual was pure because

of his sober impartiality. This austere figure

was the offspring of Isaac Newton, whose only

recognition of the hilarity loose in the world

was said to be the thin smile he gave to a lady

who once questioned the importance of mathemat-

ics. With the old-fashioned family doctor, the

traditional physicist has stood for a depend-

able security in a world that offers little

enough of that commodity.

But the new physicist is, for some anyway, a

welcome sight, a sign that science has become

fully aware of the human character of its activ-

ities and has accepted the possibility of its

ultimate fallibility. For those who find them-

selves more at home in a world where truth is

best spelled in small letters, the hunting of the

quark may be the most encouraging development in

science since Bohr revealed that electrons jump

for no evident reason other than to please them-

selves.

The new physicist may even be suggesting

that his theories are merely human constructs,

very much like the metaphors of poetry, which,

at their best, are also hints about a reality--

one beyond our power to deal with directly.

After all, it may take some quarkiness to know

a quark.

(Continued from page 4)

provided data, which, when interpreted by the

two groups, yielded identical values for the up-

silon's mass: 9.46 ±0.01 GeV.

The interpretation placed on the upsilon up

to now, namely that it is a bound state composed

of a new variety of quark and its complementary

antiquark, is supported by the DESY results.

Quarks are the objects out of which most of the

subatomic particles are believed to be built.

Nobody has yet seen direct evidence for a quark,

but there is enough indirect evidence for them

that their existence commands widespread res-

pect, and the particle physics game nowadays is

largely motivated by a desire to find out how

many quarks there are and whether they behave as

theory says they should.

Until the upsilon appeared, there was exper-

imental evidence for four kinds of quark. Each

is named for a particular property (quantum num-

ber) of particles it represents in the Shivaist-

ic dance of the combinations and recombinations

that builds up the individual kinds of partic-

les. The four are up, down, strange and charm-

ed. Theory right now envisions six, and to

those four it adds a t quark (prosaically called

"top," but the more philosophically inclined say

"truth") and a b quark ("bottom" or "beauty").

The DESY interpretation agrees with that of the

Fermilab discoveres in calling the upsilon a

bound state of b and anti-b, although in Hamburg

they say beauty, in Illinois bottom.

It isn't that they can't see the solution.

It is that they can't see the problem.

--G. K. Chesterton

When a distinguished but elderly scientist

states that something is possible, he is al-

most certainly right. When he states that

something is impossible, he is very probably

wrong. --Arthur C. Clarke

[From The Harvest of a Quiet Eye, a selection

of scientific quotations by Alan L. Mackay.]

In each of 7 houses there are 7 cats; each cat

kills 7 mice; each mouse would have eaten 7

hekat of grain. How much grain is saved by

the cats?
the cats? -Ahmose the Scribe (ca 1650 BC)

Learning in old age is writing on sand, but

learning in youth is engraving on stone.

--Arabian proverb

So, he was a great teacher. But what did he

publish? (An Israeli academic)

[From The Harvest of a Quiet Eye, a selection

of scientific quotations by Alan L. Mackay.]
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