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Science in the Age of Accelerators™!
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Private Science, Public Science

Accelerators have brought the particle physicist to work and live in

three worlds: the private world of science, the public world of science, and -

" the world of large accelerators. Our private world is our apparatus, our
~data, our theories, our colleagues, our journals, our meetings, and above
all our understanding of elementary particles. There are more intimate

" areas in that private world, the childhood toys and dreams that led us
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into physics. There is a connection between building huge accelerators
and Erector sets and Meccanos and ham radios. There is a connection,
sometimes a painful one, between childhood reading about lone science
heros: Pasteur, Madame Cﬁrie, Einstein; and then growing up to be part

of a group building or using a huge accelerator.

The public world of science is how society sees us, how we want to be
seen in newspapers and on TV, how we interact with governments, and
most important, how governments support science. Since the 1940’s most
of us in basic research have not been able to avoid the public world, even if
we wanted to stay in our private world. Public money is needed to study
agriculture as well as atoms, libidos as well as leptons. If the apparatus
is table size, if the laboratory is room size, with a little obliqueness the
dependence on public money can be ignored. The builders and users
of large accelerators, of large telescopes, of space rockets and satellites

cannot ignore their dependence.

At the Spring, 1987 Meeting! of the American Physical Society I
used many slides and two screens to visually trace the intertwining of
‘the private and public worlds of science with the coming of the age of
particle accelerators. I was not trying to do the history or sociology or
politics of accelerators. Rather I was illustrating some of the themes laid
out historically in Fig. 1. ‘(During my talk, Fig. 1 was always projected,
here the reader will have to refer back to it). '

There is not space here for all the pictures I used; I retain the un-
familiar images. The reader knows the familiar ones: Rutherford in the
Cavendish Laboratory standing under a sign reading “TALK SOFTLY
PLEASE”? or Livingston and Lawrence in front of the 37-inch cyclotron.?
These and other familiar images I used came from Refs. 2, 3, and 4, of
which the most entrancing is The Particle Ezplosion by Close, Marten
and Sutton.?
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Before Accelerators

Before accelerators, J. J. Thomson’s cathode ray tube apparatus
(Fig. 2) was cbmpletely in the physicist’s private world. The ideal ap-
paratus, needing only a table and a glassblower, to identify the electron.
Not so easy. Thomson writes, “It was only when the vacuum was a good
one that the deflection [of the cathode rays] took place.” Vacuum prob-
lems ninety years ago. In the same article Thomson asks “ ...what are
these particles? Are they atoms, or molecules, or matter in a still finer

state of subdivision?”
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Fig. 2. From J. J. Thomson, Phil. Mag. 44, 293 (1897).

Society with a capital S (High Society in Fig. 1) was interested in
physics as culture and intellectual diversion. To the rest of society physics
was hidden, remote. The submarine telegraphic cable (Fig. 3) is my

Fig. 3. Laying the Dover-to-Calais submarine cable in 1850.



metaphor. The public interest is in the enterprise and danger in laying
the cable; it is in the wonder of connecting islands and continents. A
great engineering feat. Hidden in all this is our physicist hero, Kelvin,
and his theory of telegraphic signaling® and his idea of a stranded cable.

It is not pure science, but it is great engineering feats which catch
the interest and enthusiasm of masses of people in the nineteenth and
twentieth centuries: the Atlantic Cable, railroads, large steamships, great
bridges (Figs. 4 and 5), great dams. Scientific apparatus can also be
great engineering structures. First came the large telescopes, then space
rockets and satéllites, now huge particle colliders. I will return to this
idea later because particle colliders as engineering feats can have special

affection from the public and special support from governments. This

brings benefits and dangers to particle physics.

Fig. 4. The Forth Bridge, near Edinburgh, Scotland, completed in 1890. The first
large bridge using the cantilever and central girder principle.
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Fig-5. The Brooklyn Bridge, New York, U.S.A., completed in 1883. One of the
first large suspension bridges.

It is not pure science, but it is new and visible technology which
catches the interest and enthusiasm of masses of people. From the Great
Exhibition of 1851 — the Crystal Palace —in London (Fig. 6) to the
Trylon and Perisphere of the 1939 New York Worlds Fair (Fig. 6), new
and future technology has brought the crowds. The Great Exhibition was
arranged in four departments: Raw Materials, Machinery, Manufacturers,
and Fine Arts. Science is buried inrtechnology.® Worlds Fairs fail these |

days because we are so immediately immersed in new technology.

In North America, Edison was and still is the great symbol of new
and visible technology. During the reign of Edison, our private physics
world moved on with Maxwell and Hertz and Lorentz and Planck, but
Edison was a thousand times more famous. Only Einstein crossed the

- —fame barrier out of our private world. His name stretched across the
private and public worlds of physics (Fig. 1).
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Fig.6. Two Worlds Fairs: Above: The
Great Exhibition of 1851 in London

usually called the Crystal Palace. Right:

- The Trylon and Perisphere of the 1939
New York Worlds Fair. From a
colored postcard.




The End of the Amateur

In the last decades of the nineteenth century, a new gulf appeared
between the private and public worlds of science. As sciences developed
amateurs could no longer contribute or even fully understand. The usual
example is the ninth edition of the Encyclopedia Britannica (1889), the
last edition whose physics articles were useful to the professional and -
to the amateur. After that we have our Handbuch der Physik, and the
encyclopedias stay with the public world.

An example I like is The English Mechanic, a combined do-it-yourself
and amateur scientist magazine (Fig. 7). Building a steam car is an im-
pressive hobby, but the inside contents of The English Mechanic are more
impressive. In this issue there is a summary of a lecture by Dewar on
liquid and solid hydrogen; a note on the Curie’s work on induced radioac-
tivity; the positions of two new variable stars are given; and there are
dozens of queries from readers on subjects ranging from using ammonia

for renovating felt hats to using the formula

27
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There are no amateur science magazines or amateurs like that today.
Except.in astronomy. That lucky science has its subject in full view,
still has crucial contributions from amateurs, and has apparatus which
are also engineering feats. A hundred years ago telescopes were already

impressive structures (Fig. 8).



Tosi ot Tuol, ENGLISHT MECHANIC ANXD WoORLD OF SCIENCE: No. 1aul. aol

The Eualish  MAlechanic
ANDTDWOLT D o =~ TENCE AN ALT
FROSOEY T N b

HOW TO BUILD A STEAM
CARRIAGE. II
P T s W

Cuee e o e b

ISR TSR P
oo thet e we i
Bl consistent with
osted cnibinns b
(RS BRI SR INUR PR
cratiks. e

HINUITIZF L IRNE
that the steam distd
e otnpdishid by peans of baluniecd Jistons
Vabvess steoan T solmitted to the vabve
st detworn the two piston-rings on the
valves The stean lap ad Jead are theres
fore an the dnside, and the exlaust Tapom
the wutside_of the rings. Tu the posation
shown on the deft-hand side of Fig, 1t
top stemmn-port ds Just open to steam by the
atcant of lead given the valve: the Tower
peat o~ open to exhanst.  The exhanst stean
fraw the Jower port passes through the |
hewn in the body of the -

~eapes through the top cover of
. which is serewed tooreceive
the exhanst-pipe. The exhatist from the top
1ottt will s directly to the pipe screwal
mto the cover. By making the inside edges
of the valye-rimes the stonm side, the valve- !
rond preking is not exposed to the live steam
vt Tt o thnv liangt sy

Fig. 8. Left: The 1864, 80 cm diam-
eter, reflecting. telescope of Foucault
at Marseilles incorporating the inno-
vations of a silver-on-glass surface and
a parabolic figure. Above: The last of
the great refracting telescopes, the 40
inch diameter at the Yerkes Observa-
tory, installed in 1897.



Thé Thirties and Forties

“The 1930’s and 1940’s represent the childhood of the age of acceler-
ators in two ways. First, there are the early accelerators and their in-
ventors: cyclotrons and betatrons and linear accelerators; Cockcroft and
Walton and Lawrence and Van de Graff and Wideroe. Familiar names
and images. Second, the thirties and forties were the childhood years of
the physicists who have since dominated the building and use of large
accelerators. That generation is retiring, or will soon retire, from the

private world of science. What were our images of physics?

I think our images were quite different from the childhood images of
physicists born after the Bomb or Sputnik or the Moonwalk. Before the
bomb, physics was a very, very small and private world. In the thirties
in the United States the most visible new technology and the public sci-
ence was chemistry represented by the slogan of the Dupont Company —
“Better Things for Better Living Through Chemistry”. We, at least the
accelerator builders and experimenters, came to physics mostly indirectly
through Erector sets and Meccanos (Figs. 9 and 10) and ham radio. Our
reading was the science and hobby magazines (Fig. 11) which were com-
pounded of futuristic technology, science projects usually too complicated
for our skill or pocket money (Fig. 12), and occasional perpetual motion
(Fig. 13). Popular science magazines have degenerated since the nine-
teenth’éentury, there was no perpetual motion in the E'nglish Mechanic

because the editors knew the first law of thermodynamics.

We knew about a few physics greats: Kepler, Newton, Madame Curie
if we went to the movies, and, of course, Einstein. But not Bohr or
Schrodinger or Fermi or Michelson or Hahn and Strassman. These were
great engineering projects going on in the thirties. Boulder Dam (Fig. 14),
huge battleships, ocean liners, the China Clipper, and the Twentieth
Century Limited entranced us. But we knew that wasn’t science. Physics
and chemistry and biology and astronomy were science; the problem was,

“Could you make a living doing science?”

10
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Physics Leaves Its Private World

-After World War II the public discovered physics or rather discovered
physicists. Not many physicists and not much physics, mostly it was the
atom bomb and the hydrogen bomb and nuclear reactors and a little
radar that caught the public. But this was enough for all of physics to
cross the Rubicon into the public world of science: public interest, public

scrutiny, public money.

There was only modest public interest or public scrutiny because we
were still not associated with the new technologies and feats of engi-
neering: superhighways, jumbo jets, Sputnik, and an astronaut walking
on the-moon. The newspapers and TV talked of rocket scientists but we
knew they meant rocket engineers. Then the transistor appeared, and the

newspapers and TV said that the transistor is physics. We had arrived.
" The images are familiar now and I move quickly.

With the building of the Cosmotron and the Bevatron, with the con-
struction of large alternating gradient synchrotrons, with the establish-
ment of CERN, DESY, the Rutherford Laboratory, SLAC, (Fig. 15),
Fermilab (Fig. 16), government support begins to flow steadily into the
world of accelerators (Fig. 1). The builders and users of accelerators now

live in three worlds.

We*iparticle physicists are not alone in the necessity of lviving in three
worlds. The same thing happens to space science, to plasma physics, and
eventually to material science with its need for high intensity neutron
and photon sources. Only the astronomers stay lucky — still able to get
some of their telescopes from the world of private wealth. Although not

the Hubble Space Telescope.

With public money, following the accelerator pioneers of the thirties
and forties, following the dreams started with Erector sets and Modern

Mechaniz, we found there were two kinds of neutrinos (now three) and
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the proton was made of quarks. We found the v /J particles, the 7 heavy
lepton, the heavy b quark, the gluon that carries the strong force, and
the W* and Z° that carry the weak force. It has been a splendid, an
amazing, twenty-five years. I'm sorry that these discoveries have been
given the awful and dull name “standard model”. We have come so far

in answering Thomson’s question “ ...or matter in a still finer form of

subdivision?”, our work deserves a better name.

Fig. 15. A view of SLAC showing the new Collider Hall for the SLC in the lower
left corner. Photograph by Joe Faust.
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Fig. 16. A view of Fermilab showing the experimental areas and Accelerator Com-
plex, from the 1986 Annual Report of the Fermi National Accelerator Laboratory.
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Large Particle Colliders: v
New Physics, New Technology, Great Engineering Feats

As we plunged forward in our private world of quarks and leptons
and intermediate bosons, 6ur accelerator world moved closer and closer
to the public world of scienée, and began to spill over into the industrial
world (Fig. 1). In the past, connections between the accelerator world -
and the industrial world were fitful. We hungrily used some of their new
technology — solid state electronics and computers. The passing from
electron-positron storage rings to synchrotron light sources has begun to
provide important applied research tools to industry. But mostly we kept
to ourselves, except for the civil construction involved in building accel-
erators and accelerator laboratories: SLAC (Fig. 15), Fermilab (Fig. 16),
and LEP (Fig. 17).

LEP Ring

Positrons Electrons

. 7
(

)

i

\
\

9 Kilometers

6-84 4638A8B0

- Pig. 17. Left: The LEP electron-positron collider under construction at CERN.
Upper Right: The cave for the DELPHI experiment. Lower Right: The cave for
the L3 experiment. It is interesting to observe the similarities between these photo-
graphic images and the Boulder Dam tunnel in Fig. 14. The photographs are from
the CERN Courier, December 1986.
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We can no longer keep to ourselves, as accelerators get bigger the
civil construction to be done by the industrial world grows bigger. We
might still build our own accelerator technical components, but we now
have obligations to use industry for the sake of industrial development

and for the sale of national economies.

We can no longer keep to ourselves. We need the spiritual and cultural
and financial support of the public world of science. The public can
provide that support because they continue to be interested and excited
by great engineering feats, and that is what our accelerators have become.
New and visible technology also interest the public. Our new technology
is still esoteric: superconducting magnets (Fig. 18) and linear colliders
(Figs. 19 and 20), but it is futuristic technology, and that is interesting
to lots of people. There is also a fascination with the contrast between,
on one side, the very small objects we study and the precision of some
of our devices and, on the other side, the huge size of our tunnels and

interaction regions and detectors.

» As a demonstration my final two images (Fig. 21) are from a news-
paper. Not the New York Times or the Washington Post, but the San

‘Francisco Examiner?

—— a newspaper with an average mixture of national
affairs, crime, local politics, and sports in its pages. The science reporter
was given the space to do this article because the editors knew that large
accelerators are news. Accelerators are news primarily because they are
great engineering achievements, secondly because they incorporate highly
visible new technology, thirdly, and this is a distant third, because we use
them to learn more about the fundamental nature of matter. This is my

thesis and my conclusion.

18



Fig. 18. A cross section of the su-
perconducting magnet coil used in the
Tevatron proton-antiproton collider.
__ From the 1986 Annual Report of the

Fermi National Accelerator Laboratory.
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i Examiner grapmcs
The Superconducting Super Collider won't be built in the Bay
Area. But to visualize its size, imagine 52 miles of tube circling the
northern tip of San Francisco, out into the Pacific, down below
Moss Beach and San Mateo and over to the shores of Oakland.
Price: more than $5 billion. t wil work by launching two beams of
protons in opposite directions at close to the speed of light. They
will collide head-on in chambers, one enlarged at right, to create P
even smaller particles.

Fig. 21. Figures from articles in the
San Francisco Examiner of April 19,
1987. The captions are from the arti-
cles.
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Examiner graphics

— : Stages in the structure of matter, from virus to

- quark. The characteristic sizes are given in
meters. It is unknown if quarks have a

measurable extent, with some internal structure,

or if they are truly elementary, pointlike objects.
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I end with two warnin_gs. The engineering images in this talk were of
successful buildings and machines, there were no pictures of the Tacoma
Narfows bridge, of the Challenger, of Chernobyl. If we are to build and
use successfully the huge new accelerators, we must follow the principles
of good engineering as well as good physics. We must know our technol-
ogy well, we must design carefully — better we must overdesign, we must
construct for strength and reliability and durability. If we can’t get the
public support to build our accelerators truly and well, we had better be
honest with the public and tell them we can’t do it. We must not fail

with the huge accelerators we propose.

My second warning comes from the private world of science — in
that dark country where we cannot know what is ahead in the physics
of elementary particles. When Roebling designed the Brooklyn Bridge
in the 1870’s, he could promise that the bridge would take people from
Brooklyn to Manhattan and back. It still does. We cannot promise that
the next accelerator will take us to the Higgs particle or to the theory of

everything or to the next heavy lepton, or even to the top quark.

It is difficult to avoid promises when science gets discussed and dis-
played in newspapers, on TV, and in government hearings, Witness the
new high-temperature superconductors (Fig. 1). However if the promises
of these superconductors are not kept, the public world will soon forget.
There will be little harm to material sciences or solid state physics. If

our huge accelerators fail, our promises will not be so easily forgotten.
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