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PREFACE

"The whole world knows," said a student of the contemporary Ameri-
can scene, '"that we Americans have the highest standard of living, and
that we owe it to our superlative capacity to extract tangible benefits
from what were once only the unrealized dreams of Europefs pure science
.+ « « +» While others thought out the theories of nuclear physics, we
built the first atomic bomb."*

No one would really quarrel with this statement as an accurate
representation of the American's traditional approach to science, Amer-
icans are painfully practical. And they do have a "superlative capacity"
to put science to work, Nor can it be disputed that they contributed
little or nothing to the flowering of twentieth century science. But
surely, in a contemporary context, the statement needs revision. Ameri-
csus may still be practical, but they no longer rely upon the rest of
the world for the foundations upon which to build their machines. Today
they are spending more time, energy, and money in the pursuit of pure
science than any other people on =arth, And in the attainment of scien-
tific excellence, they are second to none. This little volume on the
nuclear physics program of the Air Force Office of Scientific Research
gerves, 1f nothing else, as a remindsr of the cxtert to which the pur-
suit of science has permeated the American scene, including, what must
seem to socme people as *he unlikeliest of places, the military estab-
1{shment.

Of course, the Air Force is not seeking scientific knowledge merely
for the sake of knowledge. It is seeking, rather, knowledge which will
one day extend the range of military technology. No field of knowledge
has contributed more in the recent past to extending this range than

nuclear physics.

%
Gerald Sykes, The )idden Remnant (New York: Harper & Brothers,
1962), 2.
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In any work of this kind, communication with the resder who lacks
a sciencific background always preserts a problem, It was the intention
of the authors to make most of the material intelligible to the non-spe-
cialist, while at the same time doing no material violence to the sub-
ject matter., The authors freely admit, however, that they fell a little
short of striking such a balance at all times, Most of Chapter VI will
not be intelligible to the non-specialist, The same holds true for a
few other scatteréd passages,

The following members and former members of the Nuclear Physics
Division, AFOSR, read several versions of ths manuscript in whole or in
part and made numerous valuable suggestions: Colonel Joseph E, Duval,
Chief, Nuclear Physics Division (1961-1963), Lt, Col. Charles K. Reed,
Chief, Nuclear Physics Division (1957-1961), Mr. Ray R. Heer, Jr., Major
Albert W, Harrison, Jr., and Mr, Doran W, Padgett. These individuals
also gave freely of their time in supplying documentation and answering
questicns posed to them by the authors. Bui, of covrse, it goes without
saying that, despite this assistance, any errors of fact and interpreta-

tion are the responsibility of the authors.

Nick A. Komons

David Bushnell

Historical Division

Office of Aerospace Research
August 1963
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Chapter 1

INTRODUCTION

Among the myriad scientific areas and sub-areas supported by the Air
Force Office of Scientific Research (AFOSR), the field of nuclear physics
is surely one of the most evciting. Its range is enormous, extending
into the vast reaches of space and into the remotest depths of clementary
matter, As age goes, it is a relatively new field of inquiry, born dur~
ing the early decades of this century; yet it jg wrestling with some of
the oldest problems and concepts known to science -- elementarity, symme-
try, force. While it is one of the purest of the basic sciences, it has
in our time made the most dramati contributions to technological prog-
resz. In consequence, it is that area of science most often in the pub-
lic's eye. But because of its uncommon approach to the nature of things,
it is perhaps that area of science whose real character is most cften
misunderstood by the public at large. A fit subject for the purest aca-
demic, it has become the concern of government. Lauded for its contribu-
tions to the enrichment of iife, it has provided the means by which man-
kind can obliterate itself. It is, in sum, a subject of many parts, The
experience of AFOSR in supporting research in this area of modern science

will be the concern of this narrative.

IT

"The world is now without mysteries," proclaimed the French chemist,
Marcelin Berthelot, in 1885, reflecting the self-assurance of nineteenth
century science. "We supposed that nearly everything of importance about
physics was known," said Alfred North Whitehead, as he recalled the con-
fident days of his youth. At a time when cther branches of knowledge
were reeling before the onslaughts of Darwin, Marx, and Freud, the phys-
ical sciences complacently took cover under the classical wings of Eu-

clidean geometry and Newtonian mechanics. True, a few detalls here and
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there required pursuit; but the essentials would never suffer modifica-
tion. They were irmutable. Little did Whitehead, Berthelot, and com-
pany suspect what manner of vicissitude and what magnitude of change lay
in store with the dawn of the twentieth century.1

Even before the nineteenth cuntury was up, the classical picture of
the atom as an indivisible particle was coming under revision as a re-
sult of J. J. Thomson's discoverr of the electron in 1897. Then, swift-
ly and with suddenness, came Planck's announcement of the quantum theory
in 1900, Einstein's first paper on relativity in 1905, Rutherford's dis-
covery of the atomic nucleus in 1911, and, in the next decade, the de-
velopment of wave mechanics. Hereafter there would follow a concerted
and rapid penetration into nature's depths. A new, exciting, and revo-

lutionary scientific era had been ushered 1n.2
Despite a startling srries of successes, the new physics, unlike the

classical, never managed to reach a plateau of self-contentment. There
was confidence enough, to be sure, that answers could be had; but there
was little faith that a given answer was the ultimate one. In 1924, Max
Born, the German theoretical physicist, wrote a book on atomic theory.
All he knew on the subject was contained within its covers. Yet Born
designater, the book, Volume I -- s0 certain was he that he would ulti-
mately devote another volume to 2 second and as yet unborn atomic theory
that would overthrow the first., Immutability had been abandoned. So,
too, had the hope for completeness. Indeed, while man's probes into na-
ture yielded many answers, they seemed to raise even more questions,

The result, by mid-century, was that physics was a growing, fertile

field of study, ever conquering new frontiers, yet ever on the edge of

lMiliE Capek, The Philosophical Impact of Contemporary Physics
(Princeton: D. Van Nostrand, 1961), xiii-xiv; Dialogues of Alfred North
Whitehead (New York: New American Library, 1960), 12; Cecil J. Schneer,
The Search “or Order (New York: Harper & Brothers, 1960), 288-98; Harry
Massey, The New Age in Physics (New York: Harper & Brothers, 1960), 17.
2A. d'Abro, The Rise of the New Physics (2 vole,; New York: Dover
Publications, 1951), II, passim.
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even newer ones. Moreover, wnile there appeared to be no end to the
ilow of new data, there seemed to be a growing difficulty iu assimila-
tion, Conceptually, the new physics was half-starved. Not since the
1920s, when de Broglie reconciled the existence of both particle and
wave and Schr8dinger and Heisenberg iritroduced quantum mechanics, had
a significant conceptual scheme, explaining a great many events, been
formulated. There seemed but one thing to do. To push ever deeper, to
gather ever more data, and to hope fcr the simple, elegant concept to
come.

Meanwhile, the increase in scientific knowledge was generating a
tremendous impact on a soclal, political, and technological scale.
Rocketry, automation, nuclear power, space exploration -- all spoke of
a coming new world order. And organized society, hungry for the fruits
and power that science might give it, had a comparable impact upon the
scientific community -- nourishing it, clothing it, giving it whatever
it nzeded to carry on its work. Naturally, government was the one organ
rich enough and interested enough to make the greatesi monetary contri-
bution toward this work. And the Atomic Energy Commission, the National
Science Foundation, and the National Aeronautics and Space Administra-
tion were specifically established to make such contributions. But, of
cuurse, with the growing military significance of science -- more evi-
dent in so many ways in World War II -- the military would not be un-
interested. It was not by accident that in the immediate postwar period
the Office of Naval Research manifested a greater interest in the fron-
tiers of physics than any other government agency. The Air Force's in-
terest in science was to come shortly thereafter. Thus it is that the

present : reration, far from feeling that 'the world is now without mys-

3Banesh Hoffmaan, The Strange Story of the Quantum (New York:
Dover Publications, 1959), 7Z; Shneer, op. cit., pp. 288-98; Edward U.
Condon, "Sixty Years of Ouantum Physics,”" Bulletin of the Philosophical
Soclety of Washington, Vol., 16 (1962), 83-1(2,




teries," actually spends millions in unrsveling a seemingly endless se-

ries of myoteriel.a

ASee for example, National Science Foundation, Federal Organization
for Scientific Activities, 1962 (Washington: Govermment Printing Of-
fice, 1963).




Chapter II
THE AIR FORCE AND NUCLEAR PHYSICS

The Air Force's interest in basic research in nuclear physics dates
back to even before the creation of a separate agency within the Air
Force devoted entirely to basic research -- components of the now de-
funct Air Materiel Command having let contracts on the subject during
the late 1940s. When AFOSR was founded in 1951, a largé portion of
these contracts were ultimately transferred to that organization.1
With this tranafer virtually all of the Air Force's basic research in
nuclear physics was sponiored by AFOSR. This would remain the case to
the present day.

That the Air Force should have engaged in the support of basic re-
search in nuclear physics, which had no apparent or immediate applica-
tion to Air Force problems, may szem strange indeed, Actually, at the
time a full-scale program was launched, it even appeared strange to a
good many people in the Air Force.2 But to others, as the following
statement from a passage of a 1956 project documentation reveals, the

need for such endeavors was real:

1Ltr., Robert M., Linsmayer to W, F, Libby, 11 March 1949, MSS;
itr., W, F, Libby to Col, Oliver Haywood, 13 August 1952, MSS; 1tr.,
Capt. Seymour Shwiller, Physics Division, OSR, to W, F, Libby, 25 Sep~-
tember 1952, MSS; R & D Project Card (RDB Form lA) Project No, R-357-
20-3, 27 June 1952, Strictly speaking, AFOSR was established only in
1955, but much the same organization had previously existed (1951-1955)
as the Office of Scientific Research (OSR), a staff section in Headquar-
ters Air Research and Development Command, To avoid the inconvenience
of repeatedly shifting back ani forth between two 3imilar but not iden-
tical designations, the compound abbreviation, AFOSR, will be used
throughout this study =-- even when it would be technically more accu-
rate to use OSR,

2For a brief discussion of the genesis and the motives behind the
creation of AFOSR see chapter 2 of ancsther OAR study, Nick A, Komons,
A Decade of Chemical Research (0AR-7, May 1962), See also, in general,
Office of Aerospace Research Chronology (0OAR-8, August 1962),




In designing vehicles for operation through and beyond the
Earth's atmosphere, a whole rew area of problems arises.
Among these are aerodynamic heating on re-entry into the
Earth's atmosphere, meteoric penetration of the missile skin,
behavior of electronic equipment in high radiation densities,
proviaion of auxiliary and propulsive power sources for oper-
ation over extended periods of rime. To propel such vehicles
grestly improved and radically advanced power plants employ-
ing new types of high energy fueis, including solar energy
and nuclear energy, must be investigated, This project will
be devot..d to various resea;ches aimed at obtaining che need-
ed fundamental infcrmation.

A somewhat more emphatic, but less specific, exposition was given
by a member of AFOSR's present Nuclear Physics Division:

T . is taken as axiomatic that development of the Air Force
vapability requires close association with advances in funda-
mental research within the U. S. and abroad. The required
degree of association cannot be achieved if the [Department
of Defense] isolates itself from active support of nuclear
physics research aud attempts to merely draw upon the avail-
able published litersture. Understanding of what 1is goin&
on requires far more than access to published literature.

In cther words, science will have a definite bearing on the Air Force's
future capabilities, and the only way that the Air Force can be fully
awvare of significant developments in nuclear physics is to have a nu-
clear physics program of its own. So went the argument.

The program's beginnings were modest encigh, the same being the
case for AFOSR's entire basic research program. AFCSR's budget in the
early 19508 stayed around the six million dollar mark, and nuclear phy-
sics took from $250 to $400 thousand each year. Under the organization-
al set-up at the time, nuclear physics was graced with no separate divi-
sion or office of its own, being simply part of the Physics Division,
which served as a sort of catch~all for most of the sub-areas in physics.

In 1957, however, a separate Nuclear Physics Divisior was established,

>RDB Project Card (DD Form 613) Project No. 3750, 22 April 1956, p. 1.

4Ray Heer, Jr., "Justification of the AFOSR Nuclear Physics Program,"
9 November 1960, MSS; but see also RDT&E Project Card (DD Form 613) Pro-
ject No. 9750, 16 January 1961, pp. 1-3.




falling under an expanded Directorate of Physical Sciences., Heading
the new division was Major (mow Lt, Col.) Charles K, Reed, who had
come upon the scene that same year, Dr, William J, Otting headed the
Physics Directorate.5

It was at about the time that the Division was created that the
program itself began to pick up steam, From a total of 25 contracts
in 1956, the Division had 53 active projects three years later. More-
over, its actual monetary resources began to climb even more sharply,
By fiscal rear 1957, the original budget of $250 thousand for nuclear
physics research had quintupled; and the following fiscal year -~ the
year of Sputnik I -- the budget took an increase of over 100 percent
to a total of $2.8 million. The Division's budget reached its all-
time high of $3.4 million during fiscal year 1959, but only to drop
to $2.5 million the next time around. From here on out, however, its
budget would remain around the three million dollar mark. Since its
organization, the Division has spent in the neighbsrhood of $20 mil-
lion on basic research in nuclear physics.6

As for the nuclear physics program itself, its broad outlines
have remained rather constant over the years., In 1952, the principal
areas of interest were set down as elementary particlee, nuclear
structure, and cosmic radiation. At first, tle program was mainly
experimental; before long, however, it encompassed theoretical stud-
1es as well. Because of overlapping concepts, the Division made oc-
casional excursions into relativity and gravity research, But, for
the most part, e} :mentary particles, nuclear structure, and cosmic

radiation remained the hard core of AFOSR's nuclear physics program.7

5R & D Project Card (RDB Form lA) Project No. R-357-20, 5 May
1952, p. 1; Physics Division Research Program as of 1 January 1954;
Physics Division Researci Program as of 15 October 1955; Trends in the
Nuclear Physics Program, Future Plans and Recent Accomplishments,
1959, MSS; Ray R. Heer, Jr., personal interview with N, A, Komons, 6
March 1963.

6Budget figures for fiscal years 1957 through 1963 were supplied
by the Assistant for Plans & Programs Division, AFOSR.

7R & D Project Card (RDB Form 1A) Project No. R-357-20, 5 May
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The ushering in of the new physics, while in great measure due to
the endowments uf fresh minds and fresh approaches, was essentisally a
collaborative effort between the physicist on the one side and the tooule
of an advancing technology on the other, In no field is this more evi-
dent thau in the field of experimental high energy physics.s

To undecstand the critical role played by technology, one need only
be reminded that the atomic nucleus, the largest entity that the high
energy physicist deals with, 1s but a speck of matter with a diameter
no more than a few ten-trillionths of a centimeter. Elementary matter
is, therefore, uttcrly and hopelessly invisible, beth to the naked and
to the aided eye. "That it is possible to peer within this speck of
matter," exclaimed one experimentai physicist, 'is one of the most im-
pressive feats of modern physics."9

Of course, physicists do not actually "peer" within elementary mat-
ter, What they do is devise indirect approaches which can compensate
for their inability to see. Ernest Rutherford, for example, who is
chiefly responsible for the modern atomic model, was merely able to
imagine what an atom looked like by constructing a model that accounted

1952, pp. 1-2; 1ltr., Maj. Michael Zubnn, Acting Assistant for Research,
OSR, to Lt. Col., Lowell B, Smith, Chief, Projects Division, Deputy for
Development, ARDC, 30 July 1952, MSS; Heer, personal interview with N,
A. Komons, 6 March 1963; Trends in the Nuclear Physics Program, 1959,
MSS; AFOSR, First Annual Report: 1956, pp. 67-71; Ray R. Heer, Jr.,
"Justification of the AFOSR Nuclear Science Research Program," 9 Novem-
ber 1960, MSS; AFOSR, Scientific Mission and Operational Management of
the Air Torce Office of Scientific Research . . , Fiscal Year 1959, p.
45; Lt, Col, Charles K. Reed, Presentation to the Physics Advisory Com-
mittee, ca, 1961, MSS.

QAlfred North Whitehead, Science in the Modern World (New York:
Mentor Books, 1956),116; Paul Roman, Theory of Elementary Particles (Am-
sterdam: North-Holland Publishing Co., 1961), 2,

9Robert R. Wilson and Raphael Littauer, Accelerators: Machines of
Nuclear Physics (Garden City, N, Y.: Doubleday Anchor, 1960), 22-23;
Robert Hofstadter, "The Atomic Nucleus," Scientific American, Vol. 195
(July 1956), 7.




for his experimental results. His approach was to bombard a nuclear
target, say, a thin gsheet of gold foil, with a stream of alpha parti-
cles. Behind the foil he placed a photographic plate. After collid-
ing with the foil, the particles hit the plate and were recorded there
as dark spots. From the pattern created by the scattered particles as
they bounced off the target and onto the plate, Rutherford could infer
the structure of the target and the kind of events that took place ar
a result of the collisions. Essertially the same approach is used by
today's physicists in order to compensate for their inability to cee.10
But before particle scattering experiments reached their present stage
of developwent, more than a few technical probliur- had to be dealt with.
According to quantum theory, euergy exists in discrete units (quan-
ta), and physical systems can absorb energy only in such units. The en-
ergy levels of these quanta vary all along the spectrum. In other words,
a quantum of light emitted from one part of the spectrum has a different
energy level than a quantum emitted from another part. Quantum theory
further states that a specific unit of energy is required to excite a
particular physical system. For exumple, if one thousand electron volts
(Kev) are required to excite a given system, this energy must come in
one discrete package, not one electron volt at a time., (Physical sys-
tems the size of an atom will not accept energy in indefinitely small
portions.) In the Rutherford study cited above, alprs particles of one
to ten Kev were required to demonstrate that the atom was composed of a
dense nucleus and a cloud of planetary electrons, When we move intou the
realm of the nuclear physicist, even higher energies are required. In
order to excite the atomic nucleus and show thar it is made up of pro-
tons and neutrons, particle beams of one million to 160 million electron
volts (Mev) are needed. And even hizher energies, sometimes more than

one billion electron volts (Bev), are needed to examine the structure of

10Isaac Asimov, Inside the Atom (New York: Abelard-Schuman, 1958),
27; George Gamow, The Atom and Its Nucleus (Englewood Cliffs, N. J.:
Prentice-Hall, 1961), 25-29; Wilson and Littauer, op. cit., pp. 50-52,
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the individual nucleons and other elementary particles., Thus, &8s the
physicist goes down to smaller and smaller particles, he 18 forced Yo go
to higher and higher energies.11 And herein lies the chief problem: how
does one generate ever increasing energies?

If physicists had been satisfied with the energies that natural ra-
dioactive sources such as radium and cobalt are capable of imparting,
the field of nuclear physics would scarcely exist. These natural sources
simply do not possess sufficient energy to yield the kind of detailed
data sought by modern nuclear structure and elementary particle physi-
cists, Of course, cosmic rays, another natural source of radiation,
possess as much energy as the nuclear physicist will probably ever need;
however, the cosmic ray flux is low at any energy end decreases as ener-
gy increases, Thus, neither will this source of ratural radiation fur-
nish the nuclear physfcist with all the detailed data he is after.

Since nature was not obliging enough to furnish man with a versatile and
readily available high energy source, man was forced to devise artifi-
cial sources of his own.12 This he did between 1926 and 1933, develop-
ing machines that accelerated beams of high energy protons and electrons
and directed them at targets of atomic nuclei. 2y 1939, the cyclotron
at the University of California was accelersting particles to an energy
of 25 Mev -- twice the energy of the most energetic naturally emitted
alpha particle., Shortly after World War II, as a result of the discov-
ery of the principle of phase stakility, man took his last major hurdle
in the technology of particle accelerator development, and from here on

out the sky seemed to be the limit in high energy particle production.13

11V. F. Welsskopf, "Elementary Particles,” in Recent Advances in
Science (New York: New York University Press, 1956), 115-36,

12Wilson and Littauer, op, cit., p. 52; Atomic Energy Commission,
A Ten Year Preview of High Encrgy Physics in the United States: Detail-
ed Backup for Report of Ad Hoz Panel of the President's Science Advisory
Committee to the Atomic Energy Commission, December 1960, p. III-l,
hereinafter cited as Ten Year Preview.

13

Edwin M, McMillan, "Particle Accelerators,”" in Experimental Nu-




L,

11

Needless to say, beginning with this discovery, activity in the high
energy field increased by leaps and bounds,

The trouble now became not one of technology ~-- although with each
substantial jump in energy there were still technological hurdles to
overcome ~- but one of economics. High energy accelerators cost mil-
lions to construct. To this high initial expenditure must be added the
continuing costs of operation and resaarch -- costs that duplicate the
initial investment every tvo years or so. Even the richest of univers-
ities could afford neither to tuild nor operate some of the proposed
ator snashers, Under the circumstances, it was inevitable that high
energy physics, like so many other segments of scciety, should turm to

government for assistance. Govermment seemed to be the one remaining

entity with the necessary financial resources to do the job.la
And, in the immediate postwar era, govermment did do the job.

Money disbursed by federal agencies was responsible for the construction

of most of the cyclotrons, synchrotrons, and bevatrons across the na-

tion. Moreaover, federal agencies paid for much of the bill for the ac-

tual experiments performed with these machines. In roughly one decade,

= v )

clear Physics (3 vols.: New York: John Wiley & Sons, 1959), III, 639-

} lsaac Asimov, Intelligent Man's Guide to Science (2 vols.; New
York: Basic Books, 1961), I, 245-46; Wilson and Littauer, op. cit., pp.
52«67, 117-27; Edwara L. Ginzton and William Kirk, "The Two-Mile Elec-
tron Accelerator,'" Scientific American, Vol, 205 (November 1961), 49.

A word about the principle of phase stability. At 25 Mev protons con-
tained so much energy that their mass actually increased, causing them
to lag and fall out of phase. (The effect had been predicted by Albert
Einstein as early as 1905.) As a result, it appeared that man had
reached the upper limit to which he was capable of accelerating parti-
cles. But in 1945, Edwin M, McMillan of the University of California
and Vladimir I, Veksler, a Russian physicist, independently hit upon the
idea of synchronizing the increase in mass of the particles with the
frequency of the alternations of the electric field, It proved to be
the way out., For this work McMillan and Veksler were awarded the Atoms
for Peace Award in 1963, The New York Times, 31 July 1963.

14Ten Year Preview, p. III-1l; National Science Foundation, Report
of the Advisory Panel on High Energy Accelerators to the National Science
Foundation, 25 October 1956, p. 2; AFOSR, Projections, 1962, pp. 13, 14,
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1946 through 1956, federal ageuncies poured in excess of $100 million in-
to high energy physics. More =-- a great deal more -- was to come. Not
unexpectedly, in good part through the efforts of these agencies, the
United States assumed a commanding lead in the field of high evergy phys-
ics in the immediate postwar peri.od.ls

III

While the Atomic Energy Commission (AEC) was far and away the great-
est contributor to high erergy physics, it was by no means the pioneer
in the field, Perhaps not toc surprisingly, a military agency, the Of-
fice of Naval Research (ONR), was the first federal agency to tap the
high energy field. Im 1945, two years before the AEC came forth with a
high energy program, ONR had a host of high energy projects under con-
tract.16 From that day forward, the military services have to one de-
gree or another been in the high energy business.

AFOSR was somevhat late in getting a high energy program on the
road. Indeed, it was two years after the founding of AFOSR that the Air
Force entered into a apecific contract in this field, The reasons for
this delay were quite obvious. With only $250 thousand allotted yearly
to all of nuclear physics, a project or two in high energy would have
taken nearly all of the nuclear physics budget. But when the purse
strings were finally loosened, AFOSR took advantage of its opportuni-
ties. In May 1953, it extended a contract to Stanford University in
support of Robert Hofstadter's electron scattering studies. In doing
80, AFOSR was following the lead of the Office of Naval Research, which
was already giving partial support to fHofstadter and to the operation of

lsAtomic Energy Commission, A Review of the Status of the High En-

ergy Accelerator Fileld: Report of the Interagency Scientific Staff to
the National Policy Council on High Energy Physics, 15 September 1958,
pp. 2-3, table 1, hereinafter cited as AEC, Status of High Energy.

167p44., p. 3.




Stanford's linesr accelerator, the machire which Hofstadter would use for
his ltud1e3.17 The Hofstadter contract, which began at an annual level
of $42 thousand and rose to $200 thousand in {iscal year 1956, consti-
tuted AFOSR's sole high energy study for a period of three years.ls
Moreover, it was the only "on-site' project in this field ever sponsored
by the organization. The reasons were once again economic. AFOSR cculd
not afford to pay for expensive accelerator time.

Beginning with fiscal year 1957, AFOSR adopted an expedient which
partially solved the problem. This was to support the user o7 an accel-
erator site rathber than the site itself, This so-called userd program
("the poor man's Bev progrem,” is how one member of the Nuclear Physics
Division described it) obviated any necessity of paying for the use and
maintenance of an acceler=tor. What it paid for, other than the sala-
ries of the investigators, was the cost of reducing and evaluating data,
And in this respect it fulfilled a very real need, for it permmitted in-
vestigators from institutions without accelerators to take advantage of
the nation's far-flung, but highly concentrated, accelerator reaources.19

The first users group to be supported was that of Aihud Pevsner of
The Johns Hopkins University. The contract went into effect in July
1956 and was concerned with the investigation of new particles and their
interactions with protons and neutrons. Later that year, the first Fu-
ropean contract in high energy physics was awarded, to Professor Kai
Siegbahn's experimental group at the University of Uppsala, Sweden.

This was followed, in March 1957, by a contract with M,I.,T. The program
was rounded out the following fall when the Nuclear Emulsion Group of

cr————

17Robert Hofstadter, "Proposal for Continuation of Research on
Electron Scattering and Nuclear Structure,'” August 1963, p. 1, MSS.

18Nuclear Physics Division, "Nuclear Physics Division Research Pro-
gram as of 1 July 1960," MSS.

19Heer, personal interview with N, A, Komons, 6 March 1963; Lt, Col.
Charles K. Reed, "Briefing on the Nuclear Sciences Program," n.d., ca.
1960, MSS.
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the University of Chicago received AFOSR's support. A few other pro-
jects, less costly and less significant than those men:ioned, were pick-
ed up before fiscal year 1958 was cut, By this time, AFOSR was spending
at an annual rate of $626 thousand on high energy physics. All told, it
was a program which cotcentrated on a half-dozen or so spectacular stud-
ses and made no pretense to covering the field.zo

While it was no doubt true that AFOSR was making good use of its
somewhat meager high energy funds, AFOSR's progran was not gbove criti-
cism. 1Its main drawback was its incompleteness -- incompleteness from
the standpoint of contact with the techniques, the people, and the data
of high energy physics. There was, in particular, a very limited asso-
ciation with the challenging field beyond the 1 Bev energy range. And
from the standpoint of facilities, the Air Force had contributed not one
cent toward the construction of high energy accelerators.21

Merely because the Air Force was not doing all that it might have
been doing in an area of basic research was nct in itself sufficient
reason for alarm among the scientific community, especially since the
area of research in question was one in which the United States enjoyed
a clear-cut lead in thc mid-1950s. But AFOSR's high energy program was
not the only federal high energy program that left something to be de-
sired. Indeed, most of the criticism that AFOSR was subject to applied
equally well to the entire Defense Department and the National Science
Foundation, And this fact, when coupled with increasing competition
from abroad, did cause considerable concern among the members of the

American scientific community,

20Directorate of Physical Sciences, '"Nuclear Physics Division Re-
search Program as of 30 June 1957," MSS; Nuclear Physics Division, "Nu-
clear Physics Division Research Program as of 1 July 1960," MSS; R & D
Project Card (DD Form 613-1) Project No. 3750, 1 April 1958, pp. 10-32,
2]‘A.FOSR, Scientific Mission and Operational Management of the Air
Force Office of Scientific Research , . . Fiscal Year 1959, pp. 45-50;
Minutes of Meeting of the AFOSR Physical Sciences Advisory Committee,
2 December 1960; Department of Defense, Status Report and Summary of
Present Funding Procedures of the DCD Contract Research Program in
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Although, in 1958, the United States possessed 60 percent of the
world's supply of high energy accelerators, there were never enocugh ac-
celerators to go around. Evena with accelerators at American sites run-
ning around the clock, a rapidly accumulating backlog of important ex-
periments awaited its turn on the machines., The situation was particu-
larly acute in the multi-Bev range. In the Middle West, for example,
there was not a single multi-Bev accelerator to take advantage of the
rich human resources of that region. Moreover, as late as 1958, no ac-
celerator in the United States was capable of producing all the known
particle-antiparticle pairs.22

Meanvhile, the early and rather substantial lead that the United
States hac taken in this field was becoming more éifficult to maintain.
The most disturbiug signs were coming out of the Soviet Union, which was
apparently making a serious effort for leadership in the field. In 1957,
at Dubna, the Russians had in fact unveiled a !0 Bev synchrotron, the
most powerful accelerator up to that time. Although the AEC had even
larger accelerators under construction during this period, American
physicists were unable to explore energy regions comperable to those
explored by their Russian counterparts for a span of about two years.
Fortunately, in 1959. the European Committee for Nuclear Research (C,.E,
R.N,.) completed the construction of its $30 million, 24 Bev alternating-
gradient synchrotron, and the western world was not without access to a
machine in this criticsl high energy range.23

Of course, with two keenly competitive societies contending, it was
to be expected that leadership in a variety of endeavors would seesaw

from one to another with considerable irequency. Given all this, how-

Basic Nuclear Physics, 3 January 1956, passim, hereinafter cited as DOD,
Nuclear Physics.

22Nationa1 Scionce Foundation, Report of the Advisory Pamel on High
Energy Accelerators, 25 October 1956, pp. 1, 4; AEC, Status of High En-
ergy, pp. 2, 12, 14; DOD, Nuclear Physics, passim.
23DOD, Nuclear Physiecs, passim; NSF, High Energy Accelerators, p. 1;
Asimov, Intelligent Man's Cuide, I, 247-48.




16

ever, it was not a time to stand pat, The Soviets, it was known, were
not beyond concentrating a great deal of their resources in endeavers
which they considered particularly important; and it was feared that
they were doing this very thing in high energy physics. Indeed, the
Russians were at that moment planning a 50 Bev synchrotron, What par-
ticularly piqued some officials, especially in the Depaftment of Defense,
was that the Scviet Union's temporary possession of the most powerful ac-
celerator need not have been. As one Defense Pepartment report put it,
"The Russian lead clearly demonstrates the danger of a policy which con-
templates: our doing substantially less than ideas and people make us
capable of doing."z4

A good deal of the blame for this state of affairs was rightly oz
wrongly heaped upon the AEC. One charge was that the agency was taking
an inflexible approach to the construction of new sites. For example,
the AEC had set a figure of five million dollars as the upper limit for
the cost of each new acceleratcr. This policy, finally abandoned in the
late fifties, meant that the size and intensity of accelerators was be-
ing limited out of economic rather than scientific considerations. There
was also a feeling in some quarters that the AEC was taking excessively
long to approve proposals., It required the agency three years to approve
the construction of the Cambridge electron accelerator. Other proposals
waited equally long for approval.25

But the mairn line of fire was directed not at the AEC -- after all,
between 1956 and 1958, the agency spent on an average $22 million annual-
17 on high energy physics -- but at the National Science Foundation and
the Department of Defense. Actually, even before matters had come to a
head, the National Science Foundation's Advisory Panel on High Energy

2l"NSF‘, High Enexav Accelerators, p. 1; DOD, Nuclear Physics, psassim.

The Russians ultimately broke ground for a 70 Bev synchroton in 1962.
Translation of article, "Into the Depths of Matter, into the Secrets of
Neture," Pravda, 27 April 1962,

ZSDOD, Nuclear Physics, passim.
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Physics, in three successive reports, issued between 1954 sad 1958, had
warned of things to come and recomiended increased support for high en-
ergy physics by both the Foundation and the military services. Despite
these recommendations, sustained support from the NSF was the exception
rather than the rule. The Navy, moreover, after getting into the field
with both feet, began to tail off in its support, dropping from $4 mil-
lion yearly in 1946 to $1.6 million a decade later, The Amy's Office
of Ordnance Rescarch stayed completely out of the field. AFOSR's pro-
gram, on the other hand, while it had the virtue of stability and sus-
tained growth, was modest to a fault.26

One of the first groups to pass judgment on the AFOSR program was
a committee of scientists brought together by Theodore von Kdrmdn under
the auspices of the National Academy of Sciences (NAS) at the behest of
the Air Research and Development Command (ARDC) for the specific purpose
of assessing the Air Force's research and development prograus. The
committee, known as the NAS-ARDC Study Group, released its report on the
general sciences in 1958; one of its more emphatic recommendations was
for increased AFOSR support of high energy physics. The recommended
support, moreover, was in both research and construction., ("It would be
highly appropriate,'" said the report, "to have the financing of one of
the large accelerators now being planned in the country be entirely a
responsibility of the Air Force.")27

Then the group went on to touch on a point which, for the next five
years, was to be the main theme of the dialogue on high energy physics:
"It is the opinion of the committes that it would be a serious mistake
if the field associated with particle energies abeve one billion elec-

tron volts were delegated entirely to the Atomic Energy Commission as is

26AEC, Status of High Energy, p. 4, table 1. The NS: vreports were

dated 2 May 1954; 10-12 September 1956; 7-8 August 1958,

27NASqARDC Study Group, A Report by the Committee on General Scien-

ces (National Academy of Sciences/National Research Council, 1958), v,
2, 20.
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the trend at presem:.“28 In other words, this was not merely a question
of more support, but also of more diversified sources of support:. It was
a matter w.ich would cause more than passing concern among government and
university scientista. ‘that disturbed the scientific conmunity was the
possibility that the AEC might become "the scie authority on what is and
ien't a good idea." Pstently, no intellectual endeavor could afford to
rely on a single arbiter, Nor could the militery. As a member of
APOSR’s Huclear Physics Division summed it up, ''the AEC . . . 1is in no
better position to anticipate and satisfy military requirements in the
Nuclear Sciences than is NASA to satisfy Air Porce requirements in aero-
lpace."29

This matter of diversified sources of supgort was importaxt in one
other respect. Quit:z understandably, the AEC had fallen into the habit
of concentrating the great hulk of its support on AEC-owned installa-
tions such as Brookhaven and Argonne. This meant that a large part of
the research support going to universities -- if in fact there was to be
serious support of high energy physics at “hese institutions -- had to
come from other sources, In the past, the Novy had done much to correct
the imbalance by throwing the weight of its support to universities,
But nothing resembling baianced support had as yet been struck, With no
high epergy installatiors of its own to worry about, AFOSR readily per-
ceived that it was at universities that its support was most needed and
whevre it could do the most good -- provided, of course, that the funds
vere forthcaning.3o

In Avgust 1938, the dialogue shifted from the sidelines to the cen-
ter of the stage. That month, the President's Science Advisory Committee

—mp—

2Brp44., p. 20.

29“1111'am E. Wright, "A Memorandum Describing the Adverse Effects

of the Present FY 1961 Budget Figure," 21 September 1959, MSS; Ray R,
Aeer, Jr., "Justification of the AFOSR Nuclear Science Research Program,"
9 November 1960, MSS.

30Ree<’t, "Briefing on Nuclear Sciences Program,' ca., 1960, MSS,
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and the AEC's General Advisory Committee jointly recommended increased
Defense Department support. In addition, they came forth with a specif-
ic recommendation that the construction of a proposed two-mile-long, 45
Bev linear accelerator at Stanford University become the responsibility
of the Department of Defense =- meai.. ONR and AFOSR. Eight months
later, in April 1959, James R. Killian, Jr., President Eisenhower's Spe-
cial Assistant for Science and Technology, echoed the same recommenda-
tions.31

Then, in June, the Executive Branch made its decision -~ but it was
not in favor of the Defense Departwent. At a basic research symposium,
held in New York City, the President himself announced that che Stanford
proposal would be the responsibility of the AEC.32 Despite this setback,
the advocates of a Defense Department construction program, primarily the
President's Science Advisory Committee, the AEC's General Advisory Com~-
mittee, and the Defense Science Board, kept plugging away. It was all
in vain, and in December 1960, Charies K. Reed, the head of the Nuclear
Physics Division, could announce to a meeting of AFOSR's Physical Scien-
ces Advisory Committee that '"the only possible Air Force participation
[in high epergy physics]is through users’ programs."33 As events soon
proved, even this participation would be strictly limited.

By the end of 1960, AFOSR*s high energy budget had undergone a

steady, 1f painfully slow, rise, but nothing on a scale to permit the

31Heer, "Justification of the AFOSR Nuclear Science Research Pron-
gram," 9 November 1960, MSS; AEC, Status of High Energy, p. 10; Science,
Vol. 129 (12 June 1959), 1583, The SAC/GAC .eport was to the Killian
Committee and was entitled, "U. S. Policy and Actions in Bigh Energy
Physics." Charles K. Reed, Presentation to Physics Advisory Committee,
23 January 1959,

32Dwight D. Eisenhower, "Science: Handmaiden of Freedom," in Dael
Wolfle (ed.), Symposium on Basic Research (Washington: American Asso-
ciation for the Advancement of Science, 1939), 133-42; Science, Vol. 129
(12 June 1¢{59), 1583 & Vol. 130 (21 August 1959), 416; Washingtor. Post,
27 Septembe.” 1961,
33M1nutes of the Meeting of the AFO)SR Physical Sciences Advisory
Committee, 2 December 1960, MSS.
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organization to undertake the support of significant new projects. That
year, at its annual meeting, AFOSR's Physical Sciences Advisory Commit-
tee deplored '"the difficulty of justifying nuclear physics research with-
in the Air Force."34 Two weeks after this lament, a joint panel of the
President's Science Advisory Committee and the AEC's General Advisory
Committee, which had beea prepsa~ing for the Congress a detziled study on
the steztus of high energy physics in the United States, joined the issue
ouce again, In the strongest possible terms, the panel urged AFOSR, ONK,
and the NSF to increase their researvch participation.35 The report said
in part:

High energy physics constitutes a national program which does
not fail logically into the mission of a single agency. We
believe that diverse support of this field through the Atomic
Energy Commission, the Department of Defense (the Office of
Naval Research and the [Air Force] Office of Scientific Re~
search), and the National Science Foundation is especially
useful both to high energy physics and toc the agencies con-
cerned . . . . For diverse support to be successful, it is
necessary that the fraction contributed by the agencies [ONR,
AFOSR, and NSF] which now carry a smaller part of the program
should be 1nc§gased or at least maintained as the program ex~-
pands , . . .

In the spring of 1961, the Defense Science Board, headed by Dr.
Robert W, Cairns, endorsed the substance cf these recommendations and
asked that, as & minimun requirement, every effort be made '"to prevent
the present DOD program from deteriorating in quality or shrinking in
scope."37 Just as things seemed to be picking up, the Basic Science

34Nuc1ear Physics Division, "Research Program as of 22 November
1961," MSS3 Minutes of the Meeting of the AFOSR Physical Sciences Advi-
sory Committee, 2 December 1960, MSS. ’
3sAgenda of the 33rd Meeting of the Coordinating Committee on Scien-
ce of the Office of the Director of Defense Research and Engineering, 28 :
February 1962, MSS,

36:p14. '

37Ibld.; "Extract from the Defense Science Board Meeting of 2§ April
1961," enclosure to ltr., William E. Wright, "Discussion of Some Present
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Panel of the Air Force's Scientific Advisory Board dashed cold water
on the hoped for expansion, Meeting in June 1961, the panel recommended
that the Air Force decrease its relative emphasis on high energy and in-
crease instead its support of solid state physics. "If one [report)
should cancel the effect of the other, as sometimes happens in Washing-
ton," wrote Dr., Lloyd Wood, Otting's successor at the helm of the Phys-
ics Directorste, to Professor Leonard I. Schiff, tiie Chairman of AFOSR's
Physical Sciences Advisory Committee, "we then need not be concel:ned!"38
But there was concern, for, even though the prospect that high en-
ergy physics would be sacrificed in favor of s>1id state did not materi-
alize, neither was AFOSR's high energy budget expanded. A particularly
acute situation arose at the end of fiscal year 1961, when the AFC part-
ed company with ONR and AFOSR in the joint support of the Stanford Mark
III accelerator, leaving the military agencies to take up the slack,
AFOSR, however, had to beg off sharing the burden on a fifty-fifty ba-
sis, and the Navy was forced to fill the vacuum, including a request for
emergency funds, Leonard Schiff went so far as to take up AFOSR's plight
with Joseph V. Charyk, Under Secretary of the Air Force, and Dr. Knox
Millsaps, AFOSR's Executive Director, took it up with Dr. Brockway Mc=-
Millan, Assistant Secretary of the Air Force for Research and Develop-
ment, In the end, these efforts bore little, if any, fruit for Al"OSR.39

Problems of the DOD Basic Research Program in Elementary Particle Phys-
ics," to Lt, Col. C. K., Reed, 24 March 1961, MSS; memo, T.t. Col, Charles
K. Reed, "Discussion of Tentative FY 62 Budget Allocation," to Dr. Llcjy3
Wood, 12 May 1961, MSS.

38 er., Lloyd A. Wood to Professor L. I. Schiff, 7 July 1961, MSS.

39"Discussion of Some Present Problems of the DOD Basic Research
Program in Elementary Particle Physics," enclosure to ltr., William E,
Wright to C. K. Reed, 24 March 1961, MSS; Minutes of Meeting of the AFOSR
Physics Advisory Committee, 14 & 15 September 1961, MSS; draft of ltr.,
Randal M. Robertson, Chairman, Technical Committee on High Energy Phys-
ics, to Dr, George B. Kistiakowsky, Chairman, Federal Council for Science
and Technology, 11 February 1960, MSS; ltr,, William S, Rodney to Dr.
Knox Millsaps, 18 October 1961, MSS; ltr.,, L., I. Schiff to Joseph V.
Charyk, 29 September 1961, MSS; ltr., Knox Millsaps to Brockway McMillan,
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Meanwhile, however, the over-all effort to beef up high energy
physics across the nation was bearing fruit, and the United States was
attaining a position in the field that was in no danger of being chal-
lenged from any quarter. As far as research dollars were concerned,
the AEC made the most spectacular gains. During fiscal year 1961, this
agency had a high energy budget of no less than $87 million. Moreover,
the Navy had succeeded in surpassing its all-time high of four million
dollars set in the late 1940s. AFOSR, too, reached an all-time high,
with a budget around the one million-dollar mark., By fiscal year 1963,
the federal high energy accelerator progrem was running at an annual
level of $175 million.ao

But, as these figures clearly indicate, the trend was not toward
more diversity of support; indeed, if anything, the new budgets aggra-
vated, rather than alleviated, the imbalance, During fiscal year 1956,
the AEC had 84 percent of the total federal budget for high energy;
three years later it had 90 percent; the following year its share sur-
passed even this totzl, The difficulties attendant on expanded partic-
ipation by the Defense Department in general and the Air Force in par-
ticular in a field widely believed to be the special province of the AEC

were not easily, if at all, overcome,

v

Strictly speaking, cosmic radiation studies are just as much a form
of high-energy physics as is the work conducted with multi-Bev particle
accelerators. Indeed, as mentioned previously, the energies present in

the cosmic-ray flux far exceed any that are yet attainable with terres-

15 November 1961, MSS; ltr., Maj. Gen. Daniel E, Hooks to L, I. Schiff,
14 March 1962, MSS,

4OCha:t, "High Energy Accelerator Physics: Financial History and
Current Support by Agencies,”" enclosure to "A Summary of the 14 December
1960 Report of the PSAC-GAC Panel on High Energy Accelerator Physics";
Scientific American, Vol. 209 (July 1963), 64-65.
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trial accelerators, and data on the reactions between cosmic radiation
and the earth's atmosphere thus provide a wealth of basic knowledge on
the nature of matter and energy. However, cosmic rays are also studied
as one of the envirommental factors influencing the succass of manned
and unmanned flight operations at high altitude and in space.

When AFOSR drew up its project R-357-20, Nuclear Physics, back in
the first half of 1952, the inclusion of cosmic-ray studies was justi-
fied in the following terms in thz project documentation:

Cosmic radiation i# a source of extremely high energy
particles which are almost impossible to duplicate in the
laboratory. A study of these ultra-high energy particles
will provide clues to the nature of nuclear forces and will
improve our knowledge of the radiation present in the upper
atmosphere, which is essential for the successful performance
of personnel and equipment at high altitudes 41

Commic radiation research, along with the rest of the AFOSR nuclear phys-
ics program, subsequently became part of the catch-all Project 3750, Pro-
pulsion Sciences -- which was indicative of the prevailing officlal e. -
phasis on energy questions as distinct from space emr:l.r:omnent.42 Within
a few months after the launching of the first man-msle satellite, how-
ever, all this changed. Cosmic rad.ation was transferred to a new Pro-
ject 9774, Research in Space Enviromment (later renamed simply Environ-
rnental Research), of which it became one distinct research task. The
purpose of cosmic-ray studies was now specifically related to astronau-
tics: "to increase our understanding of the nature of matter and to ul-
timately put this understanding to work to help man attain efficient and

a3

safe space flight. The new project was funded in the geophysics

41 & D Project Card (RDB Form 1A), Project R-257-20, 5 May 1952,
p. 1. Some of the task documentation for specific contractual efforts
conducted under this project did make specific reference to the "possi-
bility of travel outside of the earth's atmosphere" (R & D Project Card,
Project 357-20-2, 20 May 1952, p. 2).

42R & D Project Card (DD Form 613), Task 37506, Physical Research
in Propulsion Sciences, 4 April 1956, pp. 22-24,

438 & D Project Card, Project 9774, 1 April 1958, p. 6.
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(804A) program area. On the other hand, the cosmic-ray task continued
to be adninistered by the AFOSR Nuclear Physics Division, and in partic-
ular by Mr. Ray R, Heer, Jr,,who was placed in charge of this efiort
when he came to work for AFOSR in 1955 and nursed it from a level of
four contracts totalling $135,000 in August of that year to 13 contracts
and grants totalling $568,000 at the end of June 1‘362.44

The post-Sputnik envirommental emphasis did not, of course, mean
that the old concern with the nature of matter and energy was now wholly
forgotten. It did mean that cosmic-ray research was taking on a slight-
ly more "applied" flavor, at least from the Air Force standpoint, regard-
less of whether the potential applications were or were not of interest
to the investigators themselves. As stated in a January 1961 presenta-
tion:

The motivation of the majority of the groups engaged in
cosmic ray research has not chinged, They are still perform-
ing their studies in a quest for basic knowledge; it is simply
fortultous for the Air Force thst the knowledge which has be-
come vital to the space program was already being sought.
This 18 not unusual, however, and, in fact, is probably the
beat reason for support of basic research by the Air Force.

45

The most obvious applications of cosmic-ray data were to be found in two
areas: in the analysis of radiation hazards to men and equipment in
space flight, and in devising ways to cope with radiation-induced or
-related disturbances of long-rangs communications. However, this cer-
tainly did not exhaust the list., And, despite all changes in project
names and official emphasis, there has been no change in the essential

approach of AFOSR-sponsored cosmic radiation research, which includes

44Interview with Mr. Ray R. Heer, Jr., Nuclear Physics Division,
AFOSR, by Dr., David Bushnell, OAR Historian, 25 September 1962; "AFOSR
Cosmic Ray Program, Administrative Information 1955 Thru 1962," chart
prepared by Mr. Heer,

4SRay R, Heer, Jr., "804A Research on Geophysics, 9774 Environment
Research, 37665 Cosmic Ray Research," 31 January 1961 presentation to
AFRD, p. 1.




recording of cosmic-ray events both at ground stations and at altituda,
detailed analysis of the observational data, and related theoreticai
studies., It has not included experimental exposures of biologicul spe~
cimens to cosmic radiation, such as some other Air Force agencies have

conducted.

v

With the problems of high energy physics getting the undivided at-
tention of so many people in govermment during the late 1950s, it was
inevitable that someone would finally conclude that other areas of nu-
clear physics were not getting their just due, Actually, there was 1lit-
tle to complain about when it came to AFOSR's cosmic ray program, which
was perhaps the finest in the Department of Defense. But, by the summer
of 1961, some voices were uttering a few minor plaints on behalf of low
energy {or more appropriately nuclear structure) physics.

Perhaps it 18 overdrawing it a bit, but it might well be said that
the misfortunes of low energy physics stemmed in part from the good for-
tunes of high energy physics. Beceuse it worked on the frontiers of
science and because to many it appeared to hold the ultimate answers,
high energy physics attracted wide attention and consequently the lion's
share of govermment support. On the other hand, nuclear structure phys-
ics appeared to be involved in necessary but tedious detail. It lacked,
in other words, the glamour and allure of high energy; and this fact was
definitely reflected on the account sheet.46 Accordingly, in August
1961, the staff of the National Science Foundation issued a report de-
lineating these and other problems and warned that "if this country is
to reassert its leadership and restore to low energy nuclear physics
some of its original spirit of adventure, it will be necessary for the
Federal government to initiate and maintain more active programs of sup~

port in this area."47

46Nationa1 Science Foundation, "The Problem of Support Emphasis for
Low Energy Nuclear Physics,' August 1961, MSS.

47 1b1d.,
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That experimental nuclear structure physics had decreased in jmpor-
tance relative to the rest of AFOSR's program in nuclear physics was un-
deniable. For example, during fiscal year 1954, nuclear structure rep-
resented, in terms of active projects, 66 percent of the nuclear physics
program. Its dominance in terms of annual rate of expenditure was com-
parable. Eight years later, at the time that the National Science Foun-
dation issued its report, nuclear structure represented 23 percent of
the program in terms of active contracts and 24 percent in terms of an-
nual rate of expenditure, In seeking an explanation for this, it should
be remembered that nuclear structure's decline was relative and not ab-
solute. Moreover, the 24 percent of annual rate of expenditure figure
was indicative of the fact that nuclear structure, being as it was one
of four areas (high energy, structure, cosmic radiation, theory) in the
program, was drawing very close to one-quarter, or its fair share, of
the Division's funds. It might also be added that until fiscal year
1961, experimental nuclear structure physics maintained a consistent
lead in the number of active contracts.48

On the entire federal level, during fiscal year 1961, the govern~-
ment had contributed something on the order of $30 million to the low
energy field. Of this, $12.6 million had gone to universities; the rest
had been expended mostly by the AEC at its own installations.49 In com-
parison, high energy physics was attracting four times as much support.
Moreover, between 1957 and 1961, the percentage of the total federal ba-
sic research budget devoted to nuclear structure dropped from six per-

cent to three percent. Certainly, when one takes into account the over-

48Physics Division, "Physic3 Division Research Program as of 1 Jan-
uary 1954," MSS; Nuclear Physics Division, "Nuclear Physics Research
Program as of 1 July 1960," MSS; Minutes of the kcating or the AFOSR
Physics Advisory Committee, 24 April 1960, MSS,

49"Approx1mate Federal Support in Nuclear Structure Physics,” 4ncl.
to ltr., C. Eugene Hunting, NSF, to Lt. Col. Joseph Duval, 12 October
1961, MSS.
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all federal record, no one could accusz AFOSR of not sufficiently appre-~
ciating the importance of nuclear structure physics.

Of course, there was no thought by atiyone to briig the low energy
total in line with that of high energy -- low energy being a less costly
affair. What the National Science Foundation was really warning against
was that with most of the excitement in physics centering arcund nigh
energy there was some danger that an important matter svch as nuclear
structure physics might be lost in the shuffle., Some of the things that
the NSF feared most, mainly that nuclear structure was losing its pro-
fessional allure, were in fact in the process of being remedied through
a natural process. The creation of more sophisticated low energy accel-
erators, such as the Tandem Van de Graaff, which permitted the taking of
nuclear measurements with an increditle degree of accura=y, did much to
stimulate the field, as did such significant discoveries as the Moss-
bauer effect., In any event, the NSF felt it best to establish a panel
of experts to look into the field; and, in the summer of 1961, the Foun-
dation did just that, setting up its Advisory Panel on Nuclear Structure
Physics.so

The panel was composed of working nuclear structure physicists from
the nation's universities, but it was assisted to a certain degree by
government liaison representatives, who were invited to attend one of
the panel's meetings, Colonel Joseph E. Duval, Colonel Reed's successor
as the Nuclear Physics Division's chief, was picked as AFOSR's liaison
reprezentative to the panel. By March 1960, the panel's work was done
and its report issued.51

The chief note struck by the panel, besides the inevitable recom-
mendation for more federal funds, was for diversified sources of sup-
port; and in this respect the problems facing nuclear structurc were a

repetition of the problems that faced high energy. It is too early as

50.NSF, "The Problem of Support Emphasis of LENP,'" August 1961,

51Ltr3., J. Howard McMillen, Program Director for Physics, NSF, to
Dr. Knox Millsaps, 19 July 1961; Dr. Lloyd Wood to J. Howard McMillen,
1 August 1961, MSS.
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yet to appraise the effect of the panel's recommendations on the federal
program in general and AYOSR's program in particular, but if the exper-
ience of the various high enezgy panels is to serve as a guide, they
will probably have very little effect on the latter.sz Indeed, the fu-
ture of low energy physics in the Air For.. appears to be no brighter
than that of high energy. The trouble again is rising costs.53 During
the late 1950s, AFOSR was able to take on two large on-site research
pregrams in this area -- one at the Washington University uf St. Louis,
another at Florida State University. At present, the cost of these two
projects is running over half a million dollars a year. An additional
project or two such as these to go along with the expensive projects in
high energy and cosmic radiation, and AFOSR's budget for nuclear physics
would be well taken care of., It had always been AFOSR's intention to
sponso: a qualitative rather than a quantitative program; but it had

never been its intention to become quite sc¢ narrowly selective,

VI

Even as early as 1958 the Nuclear Physics Division was coming to the
conclusion that it was being priced out of the experimental field. As
Colonel Reed, along with Dr, Otting, began to give the problem more
thought, it became evident that the program would have to undergo some
realignment.54 The most obvious solution, and the one which Reed favor-
ed, was to place increasing emphasis on theoretical studies. Supporting
such studies had certain definite advantages. For one thing, they were
cheap. With a sum of money that would amount tr. only a fraction of the

cost of one on-site high energy study, AFOSR could diversify its program

52Nationa1 Science Foundation, Rescarch Trends, 1962-1967: Nuclear
Structure Physics (National Science Foundation, 1962), passim.

53Lt. Col. Charles K, Reed, personal interview with N, A, Komons,

15 March 19€3,

S41b1d,
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considerably and at the same time increase its contact with the impor-
tant problems in nuclear pavsfcs. There were other reasons dictating
such a course, and at this early date they were even more compelling
than the financial. Neglected by other government agencies, theoreti-
cal nuclear physics was in need of help. This meant, in turn, thzt
some of the best theoretical physicists in the world would be available
to AFOSR.55

It did not take much cf an effort to double, triple, or even quad-
ruple the theoretical program. In 1954, the program had begun rather
inauepiciously with one contract totaling a mere four thousand dollars.
By the time Reed came on the scene, in 1957, there were six contracts
financed at an annual rate of $120 thousand. In three yeers time a mem-
ber of the Nuclear Physics Division could inform a prospective contrac-
tor that "our theoretical program is the fastest growing program we
have . . . ." And well he might, for in that year, 1960, the program
had 21 active projects and was costing the Division in the neighborhood
of $820 thousand annually. It had by this time outstripped the other
three program areas in the number of active projects and stood sscond
only to experimental high energy in its annual rate of expenditurea.56

The growth of the theoretical program did not necessarily progress
at random or without design. The new emphasis on theory, as mentioned
previously, was in a zense AFOSR's way of maintaining broad contact with
nuclear physics in the face of restrictad budgets and rising costs.
This could not be done, however, by supporting theoriste who were large-
ly isolated from the activities of the mcre important accelerator <~ites,
If AFOSR was unable to participate very actively in supporting the ac-
tual experiments at these sites, then it would sponsor theoretical phys-

)

55Major Charles K. Reed, '"Theoretical Nuclear Physics," presenta-
tion to AFOSR Physical Sciences Advisory Committee, ca. 1958, MSS.

56Physics Division, "Physics Division Research Program as of 1 Jan-

uary 1954," MSS; Reed, "Presentation, 1961," MSS; ltr., Ray R, Heer, Jr.,
to Fmmett L. Hudspeth, 25 March 1960, MSS,
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f-lats vho had firsthand access to tha data gathered at these sites.57

The first project of this sort sponsored by AFOSR was actually entered
into in 1952 with Stanford University, where a group of theoretical phys-
icists, headed by Leonard 1. Schiff, played a prominent role in inter-
preting the data coming froz ihe Mark IIT linac and suggested experiments
to Hofstadter and others. 5o well was AFOSR pleased with the results of
this project that ‘t+ played a key role, in 1958, in the founding of the
Stanford Institute of Theoretical Fhysics -- an outgrowth of the origi-
nal Schiff group. Today, AFOSR sponsors the Institute's entire effoxt
in theoretical phyzics, whether it be in elementary particle theory,
relativity, or gravity research., When the two-milc linear accelerator
ultimately comes into operation, the Institute is expected to perform
the seme tacks for this machine as it now does for the Mark III.58

In zdditior tos S.anford, AFOSR reached into Harvard for another
theoretical group in order to take advantage of the 6 Bev synchrotron
on that campus., At Princeton, Profeasor Mazvin Goldberger, who had ac-
cess to the data of the 3 Dev Penn-Princeton proton accelerator, was
brought under AFOSR support in 1958. 1In 1960, the Division extended a
grant to the Institute for Advanced Study, Princetcn, headed by J. Rob-
ert Oppenheimer, where year in year out the world's most renowned theo-
reticians come to do independent work. A no less impressive list was
garnered by AFOSR in Europe: Abdus Salam, the Imperial College of Sci-
ence and Technology, London; John Hamilton, University College, Londonj
Walter Thirring, the Univers ty of Vienna; Maurice Levy, the University
of Paris; H. J. Lipkin, Weizaiunn Institute of Science, Rehovoth, Israel.

57Reed, "Briefing on Muclear Sciences Program," ca. 1960, MSS; Heer,
personal interview with N, 2. Komons, 6 March 1963; Reed, personal inter-
view with N. A. Komons, 15 March 1963,

SsL. I. Schiff, "Quarterl!y Progress Report No. 1, Contract AF 18
(600)=545," 3 March 1953, MSS; Reed, "Briefing on Nuclear Sciences Pro-
gram," ca. 1960, MSS; Heer, personal interview with N. A. Komons, 6
March 1963; ltr,, Mel White, Chaief, Information Services, AFOSR, to Capt.
Carol Williems, ARDC, 18 November 1958, MSS; AFOSR, Prcjections, 1962,

p. 16.
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In the case of the European theoreticians, all of them worked {atimately
with experimentalists at the 28 Bev accelerator at C.E.R.N.59

When AFOSR first began considering an increased emphasis on theo-
retical studies, there was no thought given to a major recasting of the
Division's program areas. The failure of the effort to increase the
Defense Department's participation in high emergy physics and the in-
creasing costs of low energy physics, however, prompted AFOSR to think
anew about its role in the nuclear physics field, No definite course
of action has been decided upon as yet, but the indications are that
unless there is a substantial, but eatirely unexpected, rise in the Nu-
clear Physics Division budget a good many of the more expensive experi-
mentol projects in high energy and nuclear structure will be dropped.
The program will then be recast, with major reliance placed upon theo-

retical efforts.6o

59RDT & E Project Card Continuation (DD Form 613c) Project No. 9750,
23 January 1961, pp. 32-53.

6oCharles K. Reed, personal interview with N, A, Komons, 15 March
1963.




Chapter III
EXPERIMENTAL HIGH ENERGY PHYSICS

The dominant task of science throughout its history has been a
search for unifying concepts., Implicit in this search is the unswerv-
ing faith of the individual scientist that rature, beneath a deceptive
facade of chaos, is orderly, bLeautiful, and harmmonious., It is a faith
neither original nor exclusive with science. Being essentially an ex-
pression of aesthetic and cultural values, it has been propounded in one
form or another in art, literature, and philosophy, and received what
was perhaps its noblest artistic expression in the simple, symmetrical
temples of the ancient Greeks. Yet, as unscientific as this faith may
seem, it has formed the touchstone of science from the very beginning.
And it will probably continue to do so for as long as science exists,
for, like all matters devolving from within, it will not be easily over-
thzown by the mere appearance of things., "If nature were not beautiful,"
said Henri Poincaré, striking a chord usually reserved for the poet, "it
would not be worth knowing, and 1if nature were not worth knowing, life
would not be worth living." "[It] is more important to have beauty in
one's equations,”" P, A. M. Dirac advised his fellow physicists, "than to
have them fit experiment." Thus, the search for order, beauty, and har-
mony goes on.

Perhaps the strangest and most chaotic area of modern science -- ome

which has repeatedly eluded the application of unifying concepts -- is

——

yAbdua Salam, "Elementary Partic.es," in Arthur Garratt (ed.), Pen-
guin Science Survey 1961 (2 vols.; Baltimore: Penguin Books, 1961), I,
31; Murray Gell-Mann and E. P, Rosenbaum, "Elementary Particles," Scien-~
tific American, Vol, 197 (July 1957), 72; Schneer, op. cit., pp. 13-20;
Philip P. Wiener and Aaron Noland (eds.), Roots of Scientific Thought
(New York: Basic Books, 1957), vy Hoffmenn, op. cit., p. 268; Roman,
op. cit., p. 6; Poincaré quoted in Vernme H, Booth, Physical Science
(New York: MacMillan Company, 1962), 151-52; P, A, M, Dirac, "The Evo-
lution of the Physicist's Picture of Nature," Scientific Americanm, Vol.
208 (May, 1963), 47.
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that of elementary particle phyeics, Some thirty years ago, the world
of elementary particles, ichabited caly by photons, electrons, protons
and neutrons, was orderly, harmonious, and, as many believed, essential-
ly complete. What wes essentially complete, however, was only the theo-
ry of th» atom, with rearly all its properties capable of being deduced
by mathematics in terms of the motions of negatively charged electrons
around positively charged nuclei. But as the new high energy machines
permitted physicists to probe deeper into the atom's core, events were
fourd which could not be explained by the familiar electromagnetic the-
orems: the forces between nucleons seemed to lie out of the realm of
Coulomh's Law. To make matters worse, a bewildering host of new parti-
cles began to appear, turning the initial excitement of discovery into
a kind of anguish. Pions, muons, ksaons, lambdas, sigmas, rhos -- & ver-
tible nuclear zoo with anywhere from sixteen to thirty-six members, de-
pending upon one ‘s point of view., It was difficult enough to keep up
with this confusing jumble, but even more difficult now was determiring
what constituted "elementarity." That the new particles differed mark-
edly from the old was plain encugh. Created in particle collisions dur-
ing scattering experiments, many of them lived but a fraction of s bil-
lionth of a second. While the existence of some could be accounted for,
others fitted nowhere in the scheme of things, and the word "strangeness"
passed into the vocabulary of physics. Needless to say, the simple and
orderly velationship that existed between tue old particles was nowhere
to be found in the new.2

Thus, the questions that the new discoveries posed were as numerous
as they were immense, and high energy physicists seemed to h-ve their
work cut out for them for a long time to come. What, after all, were
the truly elementary constituents of matter? What simple and orderly re-
lationship existed between these particles? Moreover, were there more

elementary particles to be found?

26e114ﬂann and Rosenbaum, op. cit., passim; R. D. Hill, "Resonance
Particles," Scientific American, Vol. 208 (January 1963), 39; Hoffmann,

op. cit., p. 268; Roman, op. cit., p. 2.
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These and like questions were in the air in 1951, when Stanford
University unveiled its new linear accelerator, the so-c: Lled Mark III.
Three years in the building, the machine was capable of accelerating
electrons at an energy level cf hundreds of millions of electron volts.
What made the Mark III particularly distinctive was that it accelerated
electrons rather than protons. P=stons had indeed been accelerated to
such energies, and while they proved very useful in a great many ways,
they did not tell very much about the structure of nucleons. The force
between nucleons, besides being the strongest force in nature, is one
which man knew very little about., But electromagnetism -- the force
between electrons and nucleons -- is something which science had under-
stood for many years. Thus, the Stanford accelerator held out the very
distinct possibility that the nucleons themselves would soon be prohed.

To Robert Hofstadter, a young experimental physicist who had but
recently arrived on the Stanford campus, this was truly an exciting
prospect. Armed with a small grant from the Research Corporation, Hof-
stadter selected a few asgociates and began thinking about ways to at-
tack the nucleus and its conatituents.3 His efforts would land him a
Nobel Prize ten years later.

The experimental procedure finally worked out by Hofstadter was
about as simple in principle as that employed by Rutherford half a cen-
tury before. The basic idea was to bombard nuclei with electrons and
observe how the electrons scattered, The Mark III accelerator, however,
vequired much more sophisticated experimental apparatus than Ruther-

ford's simple alpha ray emitter. In the first stage, 8o to speak, the

3Wolfgang Panofsky, "The Linear Accelerator," Scientific American,
Vol. 191 (October 1954), 40-44; L, I, Schiff, transcript of statement
submitted to the Research Subcommittee of the Joint Committee on Atomic
Energy, 13 February 1958, MSS; Robert Hofstadter, ''Proposal for Research
on Electron Scattering and Nuclear Structure," September 1952, MSS; Rob-
ert Hofstadter, "The Atomic Nucleus," Scientific American, Vol., 195
(July 1956), 58, 61.
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high-energy electrons accelerated by the Mark III were passed through
a magnetic field. Here they were sorted according to their momentum,
and those electrons possessing the required energy (135 Mev) were pas-
sed through a narrow slit, directed against the target material, and
there scattered in all directions. Finally, another magnet, equipped
to handle energies up to 135 Mev, sorted out the scattered electrons
once again, accepting those close to 130 Mev, which had been deflectad
as a result of elastic scattering, and rejecting all others. Ultimate-
ly, the accepted electrons were fed into a Cerenkov counter.4

The heart of this scattering method was that electrons would be de-
flected at particular angles, depending upon the structure of the nu-
cleus. If a nucleus was tightly packed, there wculd be a considerable
amount of scattering at large angles; if the nuclesus was diffused or
smeared out, backward deflection would be reduced in favor of forward
scattering. In this way, Hofstadter expected to get some idea of the
interior structure of nuclel and nucleo=e.

By the time Hofstadter had his apparatus set up and in working or-
der -- a job that took approximately two years =-- more monetary aid was
coming his way. The Office of Naval Research had paid for his apparatus,
as it had paid for the linear accelerator itself, and was about to defray
part of the costs for running his experiments. Then, in 1953, AFOSR a-
greed to firence a portion of the experimental costs under contract.

The Atomic Energy Commission also entered the picture, and for a time
these three agencies shared the costs of the project equally -- and well
they might, for they ran to approximately one million dollars annually.
The AEC finally dropped out of the picture in 1961. AFOSR has retained
its connection with the project to this day.6

4Robert Hofstadter, "Electron Scattering and Nuciear Structure"
(AFOSR TR 57-34a), pp. 40-53; Hofstadter, "Atomic Hucleus," pp. 60-61.

‘Ibid.

6Ltr., Williar E. Wright, Nuclear Physics Branch, ONR, to William
J. Otting, 18 January 1957, MSS; R & D Project Card (DD Form 613) Pro-
ject No, 3760, & April 1956, p. 12,
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By early 1953, the scattering program got under way. For the first
two years or 8o the main concentration was on heavy nuclei. Gold, tan-
talum, lead, and the nuclel of other heavy elements were fired upon with
electrons. From this the group graduated to lighter nuclei, hydrogen,
deuterium, and helium, but with an eye not just on the nucleus but also
on the individual nucleons themselves: the proton and the neutron,
Eventually a larger spectrometer, with an enormous, D-shaped, 45-ton
magnet capable of analyzing electrons accelerated to 550 Mev, was built,
and even deeper probes were made. Periodically, while Hofstadter and
his associates were busy making their measurements, a group of theoret-
ical physicists from Stanford's Institute of Theoretical Physics were
invited to construct theoretical curves for various nuclear models,

"The agreement between the experimental and theoretical curves," Hof-
stadter said later, "[was] nothing short of astonishing." But even more
astonishing was the fact that such results were arrived at experiment-
ally.’

The nuclear model which Hofstadter ultimately constructed was dif-
ferent in many important ways from earlier models, especially those con-
structed from data gathered from nucleon-nucleon interactions, Hofstad-
ter's nucleus was blurred or smeared out at the edges. it had a "skin"
of considerable thickness, ope which constituted a region of decreasing
density towards the outer edge. This thickness was found to be constant
for nueclei between calcium and uranium., Moreover, the nucleus possessed
a relatively uniform charge distribution, which tapered off gradually

from the center to the outer edge.8

7Hofstadter, "Proposal for Continuation of Research on Electron
Scattering and Nuclear Structure," August 1953, MSS; Hofstadter, "Atomic
Nucleus," pp. 63-64; R, Hofstadter, H. R, Fechter, and J. A, McIntyre,
"Scattering of High Energy Electrons and the Method of Nuclear Recoil,"
Physical Review, Vol, 91 (16 July 1953), 422-23,

8l{ofstadter, "Proposal for Continuation of Research on Electron
Scattering and Nuclear Structure,' September 1955, MSS; R. Hofstadter,
H. R, Fechter, and J. A. McIntyre, '"High-Energy Electron Scattering and
Nuclear Structure Determinations,' Physical Review, Vol. 95 (15 November
1953), 978-89.
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All along, physicists had been observing the scattering patterns
of high energy protons and had gotten thz Impression that the nucleus
had a rather sharp boundary. What was r:ally happening here, as Hof-
stadter explained, was that the proton, since 1% was capable of inter-
acting effectively only with the outer layers of the nucleus, was send-
ing back nuclear diffraction data that did not represent an interaction
with the entire nuclear volume, The electron, however, free of the mud-
dling effects of nucleon-nucleon reactions, peered into the entire nu-
cleus, as it were. As Hofstadter had expected, the electron was proving
to be an effective probe.9

The proton and the neutron proved to be surprisingly similar struc-
tures; indeed, as some theoretical physicists had suspected for some
years, the proton and the .1eutron were really two different aspects of
the same entity -~ the nucleon. Both were equal in magnetic size. Each
was made up of a fog-like :loud of mesons, Each increased in density
towards an apparent hard-c)re center. And each had a diameter of ap=~
proximately one forty-thousands of a billionth of an inch, The only
difference betwzen ther. -- a difference known for many years -- was
their charge. In the ~d4se of the proton, the charged mesonic clouds
added together; in the case of the neutron, they cancelled out.lo

"The history of physics shows,'" said Robert Hofstacdter, striking
the theme of his Nobel lecture, ''that whenever experimental techniques
advance to the extent that matter, as then kﬁown, can be zi.alyzed by re-
liable . . . methods into its ‘elemental' parts, newer and more powerful
studies subsequently show that the 'elementary particles' have a struc-
ture themselves, Indeed this structure may be quite complex, so that

the elegant idea of elementarity must be abandoned."11 This was the

9Hofstadter, Fechter, and McIntyre, "High-Energy Electron Scatter-
irg," 986-87.

10Robert Hofstadter, "Structure of Nuclei and Nucleons," Science,
Vol. 136 (22 June 1962), 1013-22; Hofstadter, '"Quarterly Progress Re-
port on Res:arch on Electron Scattering," January 1956, MSS; Hofstadter,

"Atomic Nucleus," passim.

11}iofstadter, "Structure of Nuclei and Nucleons," p. 1013,
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case with the atom at the turn of the century, when Thomson and Ruther-
ford found it to be discontinuous. And it now appears to be the case
with the nucleon. Once believed to be a simple, indivisible particle,

it 1s now but another complex physical body. Elementarity is an eli.sive,
if persistent, idea.

IIX

J. Robert Oppenheimer once noted that if a particular scientific
inquiry is well conceived it will not merely come up with a new answer,
but with something far more valuable: a new question. 'Out of such
questions, and their progeny," he continued, "the growth of science and
the growth of practice both arise.“12 Robert Hofstadter's investigation
of the nucleon was just such an inquiry, raising questions as it answer-
ed them and sending physicists on the road to new discoveries, One ex-~
perimental physicist to travel that road was Aihud Pevsner of The Johns
Hopkins University.

The high energy group at Hopkins had been gathered together in mid-
1956. 1Ite beginnings, in contrast to the Stanford group, were modest,
With no accelerator site of their own and with no other equipment to
speak of, they were forced to journey from one end of the country to the
other in order to run off any sort of experiment. But they did h-ve the
financial support of AFOSR -- $100 thousand annually -- and this saw
them through. Pevsner's primary interest at the start was investigating
the properties of the many newly discovered particles. After working
for a year or so on emulsion stacks that had been exposed to high energy
kaons at the Berkeley bevatron, Pevsner's group turned its attention in
1957 to the helium bubble chamber -~ a device constructed by a group
headed by Professor Martin Block of Duke Universiiy. The bubble chamber
studies, conducted both at the Brookhaven National Laboratory and the
University of California, launched the group in many directions: parity
of the K-meson; decay asymmetries of the lambda; parity violation in

12J. Robert Oppenheimer, ''The Need for New Knowledge," in Wolfle
(ed.), op. cit., p. 7.




i e i e e

39

strong interactions; hyperfragment rates, bindings, decays, and life-

times. By late 1960 and early 1961, however, Pevsn-r's interest was
turning increasingly to the discovery of new particles.

There was really nothing new in the notion that still more elemen-
tary particles existed; theoretical physicists, particularly Heisenberg
in Germany and Gell-Mann and Szkurai in the United States, had in fact
been predicting the existence of such particles all through the 1950s.
Intensifying this kind of speculation, and actually sending Pevsner on
tha trail of a new particle, were Hofstadter's electron scattering stud-
ies.14 These experiments, it will be recalled, indicated that the mag-
netic properties of nucleons were not concentrated at a point, but dis-
tributed over a finite space., This discovery did not fit very satisfac-
torily with the then prevailing theories of the proton and neutron.
These theories were based on the concept firat expounded in 1935 by a
Japanese theoretical physicist, Hideki Yukawa, that protons and neutrons
bound themselves together in the nucleus by continually emitting and re-
absorbing virtual pions. It was originally believed that the pions in
this emission=-absorption process were non-interacting. But in order to
account for the unexpected charge distribution of the nucleon, physi-
cists were now forced to conclude that the emitted pions did indeed in-
teract, It was postulated that a pair of pions, while out on the nu-
cleon cloud, were strongly attracted to each other, and formed what is
known as a resonance. This pion interaction or resonance did in fact
explain the charge distribution of the proton and neutron, but it raised
as many questions as it answered. For example, were the two interacting

plons merely two pions or were they really an elementary particle that

B —

13.Aihud Pevsner, "Final Report on Air Force Contract 18 (603)-143,"

7 June 1963, MSS; ltrs,, Pevsner to Ray R, Heer, Jr., 27 July 1959, MSS;
Pevsner to William Rodney, Nuclear Physics Division, AFOSR, 13 January
1961, MSS,

14Ltr., Pevsner to Ray Heer, 28 March 1962, MSS: R, D, Hill, '"Reeo-
nance Particles," Scientific American, Vol. 208 (January 1963), 44,
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broke down into two pions? It was this kind of questioning that spurred
on the quest.15

How does one go about looking for a new particle? How indeed do
physicists differentiate one particle from another? Difference in mass
is, of course, an obvious way, as is difference in lifetime, But it
would be two other characteristics of particles -- angular momentum and
isotopic spin -- that would play a particularly key rcle in the identi-
fication of pion-pion resonances. Angular momentum 18 a basic quantity
associated with the spin and orbital motion of a particle or a group of
particles. Discrete values of angular momentum are designated by quan-
tum numbers such as +1, +%, o, -%, -1. Plus refers to spin in one direc-
tion, minus to ancther direction. Isotopic spin, despite its name, has
nothing to do with momentum, It is based, rather, upon the concept that
the neutron and the proton are different charge states of the same par-~
ticle, the nucleon. From the nucleon, the concept of isotopic spin is
expanded to other particles; and quantum numbers are aesigned which cate-
gorize these particles' charge state. To the physicist, these quantum
numbc:rs for angular momentum and isotopic spin have a deep significance,
for the probability of various interactions between particles is very
much dependent on them. And it was with the use of these numbers that
phyeicists began calculating the possible interactions pions could take
part in that would account for the nucleon's charge distribution.16

In June 1957, Yoichiro Nambu of the Enrico Fermi Institute for Nu-
clear Studies took a stab at the problem., He not only suggested whrat
kind of resonance physicists should look for, but also predicted that
the resonance was likely to be a genuine elementary particle. The par-

ticular particle that Nambu had in mind would decay into two pions, would

15Abdus Salam, "Elementary Particles," in Arthur Garratt (ed.), Pen- c

guin Science Survey 1961 (2 vols.; Baltimore: Penguin Books, 1961), I,
43-45; H11l, op. cit., p. 44; ltr., Pevsner to Heer, 28 March 1962, MSS;
Murray Gell-Mann and E, P, Rosenbaum, 'Elementary Particles,'" Scientific
American, Vol, 197 (July 1957), 77-79.

16

Hill, op. cit., pp. 41-42; 1ltr., Pevsner to Heer, 28 March 1962,
MSS.
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have an isotopic spin of zero, and a mass of two to thres times that of
an ordinary pion.17 Two years later, William R. Frazer and José R. Ful-
co, both of the Lawrence Radiatior Laboratory at Berkeley, suggested a
slightly different particle. A bit heavier thsn Nambu's particle, it
had a rest mass equivalent to an energy of approximately 600 Mev, an
isotopic spin of 1, and an angular momentum of 1. Like Nambu's parti-
cle, however, it was to decay into two pions. These suggestions and
others gave experimental physicists a good basis to go on.18
In June 1961, exactly four years after Nambu's original suggestion,
the first pion-pion resonance was tracked down -- the rno. But it was
closer to the particle predicted by Frazer ind Fulco than that by Nambu.
Indeed, its isotopic spin, its angular momentum, and decay mode were in
perfect agreement with their prediction. But at 760 Mev, the particle
appeared to be a bit overweight. This, at least, was Pevsner's feeling.
Thus, it was still uncertain that the rho was the particle responsible
for Hofstadter's experimental results.19
Meanwhile, other physicists, particularly a