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Organization The discussion immediately below generally follows the
Division, Groups, more detailed, but still sketchy, report from the 40th
Committees, anniversary volume Project Y: The Los Alamos Story. The
Charts primary emphasis is on the transitional and evolutionary
scientific programs in the Physics (P) Division
Science immediately following the war years.
Research ,
Highlights,Applied During the wartime years 1943 to 1946, P Division, which
Physics, Physics was initially the Research (R) Division, acquired and -
Resources generated responsibilities mainly in nuclear physics and \&\
supported the theoretical and calculational efforts to design .
Facilities nuclear devices that eventually led to field-use weapons—the Laboratory’s
Milagro mission. But the data base in many areas of science was poorly known or absent.
Theoreticians and designers understood, however, that certain data have high
Publications priority and high sensitivity to the accuracy of the information. The requirements
Progress Report, were fairly well known, but the acquisition of data of known high accuracy was
Journal Articles, very difficult for numerous reasons. Sources of “Cast” neutrons were known
. from programs under the Office of Scientific Research and Development at the
Industrial University of Wisconsin, University of Minnesota, University of Illinois, and
Partnerships elsewhere before the Manhattan District was formed. The neutron energies
. available covered a good share of the spectrum of neutrons emitted in the fission
Re‘"e"!’ process. However, the “point” sources were generally of low intensity. The
Committee neutron flux measurements were primitive, and knowledge of the accuracy was

difficult to obtain. During this period, methods were developed to measure the
cross sections for the fission of 235U and 23% from some tens of keV to about 3
MeV accurately enough for early calculations. At about the same time, the fission
neutron spectrum could be measured by nuclear emulsion and other techniques
and applied experimentally.

In addition to determining the fission cross sections of 235U, 238U, and 239pu as
a function of neutron energy, data were also required on the scattering of
neutrons from heavy metals. These metals were being considered as possible
reflectors for the fissile weapons assemblies. Lengthy measurements were made
at several incident neutron energies on cylindrical slabs of different thicknesses
to include effects of angular distributions and inelastic scattering. This effort
resulted in somewhat “integral” phenomenological data needed for design
purposes.

[ I

Data of the kind mentioned above were most directly obtained by the use of
electrostatic accelerators, which could bombard target elements of lithium or
deuterium with protons or deuterons, respectively, to give monoenergetic
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. solutieris clearly of great importance to our nwe for a clean, safe, and
inexhaustible energy source. Most of the Western nations and the U.S.S.R.
established one or more laboratories primarily devoted to researching the subject.
During the “classical-subject” period, the United States pursued several
approaches to find a solution to the problem primarily in its AEC laboratories,
each of which had its own set of subapproaches. Strong competition in methods
of heating, containment, and stability of plasma developed within individual
laboratories and with outside national and international laboratories. In our
country, budget control (initially by objective evaluation of programs) began to
shift toward management from Washington, D.C., with time/accomplishment
(milestone) charts, which were patently unrealistic. These charts were so
unrealistically short in time that the accomplished knowledge was left far behind.
The political response to this was the beginning of budgetary cutbacks and
limitations, which merely exacerbated the real difficulties experienced by the
scientists. Somehow, the lessons from the fast-fission-reactor-program debacle
were not known, or they were ignored or shoved under the rug. The results are
similar—a shutdown of promising ongoing programs in all DOE-supported
laboratories except for the politically correct one or two. In the case of the
sodium-cooled, fast-fission-reactor program, all but one effort was killed, and
then the sodium-cooled reactor decayed away on the banks of the Clinch River (a
tributary of the Tennessee River) for want of viable alternatives or innovative
scientists. The fission reactors, which now should be providing the transitional
electrical energy source between CO2-producing fossil fuels and misrepresented
magnetic-fusion energy, are being seriously hampered by politicians and others
for their own ends.

A marker event of great consequence to the scientific community as a whole and
especially to those working in nuclear-energy programs was the First Conference
on the Peaceful Uses of Nuclear Power held in Geneva, Switzerland, in 1955.
This conference was initiated by the United Nations General Assembly for the
purpose of “exploring means of developing the peaceful uses of atomic energy
through international cooperation.” Several members of the Laboratory (and P
Division) attended this meeting; some of our people presented papers. This
conference introduced our staff to other scientists and other research centers, to
new ideas, and to the birth of the International Atomic Energy Agency. The
excitement on the international scale was tremendous, and although it did not all
lead to what one might have hoped, the desire was there. Unfortunately, the will
was weak under national political pressures.

It is impossible to discuss all of the events of the 1950s and 1960s in a fashion
that would do these decades justice. A quick overview of some of the activities
will indicate something of the dynamism of this period. A few programs will be
discussed in fuller detail.

A strong point should be made that P-Division personnel always considered
themselves available for the work on the programmatic side of the Laboratory,
particularly for nuclear-weapons tests. For these programs, P-Division scientists
would curtail or drop their ongoing activities in long-term research to design and
build detectors or other devices for diagnostic field measurements, which they
would then carry out on test shots primarily at the nuclear test sites in the Pacific
islands. The tradition for this had already begun before Trinity and continued
thereafter. Greater responsibilities were also acquired by individuals who worked
on the first thermonuclear-weapon experiment and the later full-scale devices,
which led rather quickly to specific weapons. Harold Agnew, Ben Diven, and
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abousw™MW. The design of the reactor and fua:lements was based on the
Materials Test Reactor (MTR); the fabricated fuel elements were supplied by
Oak Ridge National Laboratory. The new reactor became critical in 1956 and ran
first at 800 kW for about one year, then at 5 MW for several years, and finally at
8 MW after more cooling capability was added. Known as the Omega West
Reactor because of its location, it has been used for outstandingly worthwhile
research and development.

Unfortunately, not all of the research done with the Omega West Reactor can be
reported herein. In addition to P-2, P-Division’s in-house scientific group,
research and development staff from other divisions brought some of their
problems to the reactor for resolution. The accelerators, which produced
excellent results in general, were also used by other groups when needed. One of
the most continuous users of the Omega West Reactor was J Division, the
nuclear test division, for obtaining radioactive debris irradiations as needed for
determining nuclear yields of the explosive devices detonated at the Nevada Test
Site or in the Pacific islands.

Jerry Kellogg, who had provided wise leadership to P Division beginning in
1946, suffered a heart attack in the fall of 1958. He returned to active control of
the Division in 1959, but unfortunately another attack of the same malady caused
him to withdraw from P-Division activities; he became Research Advisor of the
CTR program. I had been alternate Division Leader since January 1959 and,
subsequently, became Division Leader in September 1962 with Louis Rosen as
the alternate.

One of the outstanding scientific programs initiated in 1962 by Hank Motz, Bob
Carter, and W. D. Barfield at the Omega West Reactor Facility was the
measurement of gamma rays produced in thermal-neutron capture by beryllium
and nitrogen. Neutrons inside of the Omega West Reactor shield fell upon a
beryllium or nitrogen target where some were captured, and characteristic gamma
rays were emitted. Some of these gamma rays passed down a collimator to a
magnetic Compton spectrometer where a thin foil scattered gamma rays and
produced recoil electrons. Coincidences of scattered gamma rays and electrons
identify particular incident gamma rays. A magnetic field in the spectrometer
allows energy measurements of a gamma-ray line to be made via the ejected
electrons. Although the understanding of the design and use of this spectrometer
is far more complex than can be related here, two points need to be made. First,
the spectrometer requires a high flux of gamma rays. Second, obtaining a high
flux of gamma rays requires a high-intensity neutron source—that is, a fairly
high-power nuclear reactor such as the Omega West Reactor. If these criteria are
satisfied, high energy resolution can be obtained (for instance, 0.3% at 10 MeV
for the Omega West Reactor spectrometer). The initial experiments were
performed with beryllium and nitrogen because of the relative simplicity of the
gamma-ray spectra of these light nuclei. Gamma-ray spectra are then used to
deduce energy-level diagrams for compound nuclei formed in neutron capture.

A classic paper published in 1967 on the energy levels of 166Ho was the result of
an international collaboration of groups from Los Alamos, Germany (two
groups), Denmark, California, Florida, and Sweden. The work was done in part at
the home institutions and during visits to other institutions. At Los Alamos,
gamma-ray spectra were obtained slowly by using the Compton spectrometer
method and considerably faster by a pair spectrometer with a Ge(Li) detector.
These methods of obtaining energy levels of nuclei were so successful that they
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The Harvard cyclotron in TA-l had been left in rather bad condition at the end of
the war. It was put back into running condition by Joe Fowler and others and
could accelerate protons to 9 MeV. In 1951, John Brolley, Stan Hall, and others
published a paper on short-period activities from fission products of 235U using
the intense source of broad-spectrum neutrons from protons on beryllium. A
second paper by John Brolley, Jim Coon, and Joe Fowler reports on neutron-
proton scattering at 27-MeV neutrons. In 1952, Tom Putnam measured the
differential cross section for scattering of 9.48-MeV protons by 4He. This work
was the last research using the original cyclotron and at TA-I.

In late 1952, Keith Boyer and Dick Stokes led a program to convert this
accelerator (which is now in the P-Division building at SM40) to a variable-
energy cyclotron by installing electric coils to compensate for saturation effects
in the radial magnetic-field slope. Thomas shims improved beam focusing at
small radii in the magnetic-field gap. The first beam was obtained near the end of
1954, and experimental research programs were begun in 1955. Protons could
now be accelerated from 3 to 9 MeV, deuterons from 6 to 14 MeV, doubly
charged 4He from 12 to 28 MeV, and eventually 3He from 9 to 27 Me V.

Sixty-eight publications that covered a wide range of nuclear physics were
published between 1956 and 1966. Only a few of these can be touched upon in
this article:

e Polarized protons were produced by elastic scattering of alpha particles by
hydrogen (Louis Rosen and John Brolley).

e The endoergic reaction T+ d £ 3He + n +n - 3 MeV was observed (John
Brolley, Louis Rosen, Stan Hall, and Leona Stewart).

e The thresholds of fission in 239Pu, 233U, 235U, and 238U were measured
by using the (d,p) stripping reaction (John Northrop, Dick Stokes, and
Keith Boyer). The (d,p) reaction introduces a neutron into the target
nucleus, and the neutron energy can be determined from the energy of the
observed proton. By measuring the energy spectrum of protons in
coincidence with fission events, fission thresholds can be determined. The
unique feature of these experiments allowed a first determination of fission
thresholds for thermally fissionable targets such as 235U and 239pu. When
tritium beams became available from the tandem electrostatic accelerator,
the (t,p) reaction was used to study the fission process by adding two
neutrons to the target nucleus.

Polarized protons were scattered by various complex nuclei (Louis Rosen,
John Brolley, Judy Gursky, and Leona Stewart).

(3He,alpha) and (3He, T) reactions and their theoretical interpretations were
done (Al Blair and Harvey Wegner).

To characterize the ground- and excited-state systematics of light nuclei,
cyclotron and tandem beams were used to produce reactions such as (d,p),
(t,p), and (t,3He). Many new states were observed in nuclei such as 9Li,
12Be, and 22F. In addition, the first observation was made of the ground
state of the 7He nuclear system, and its mass was determined through use
of the 7Li(t,3He)7He reaction (Dick Stokes, Phil Young, and others).
Extensive studies of the fission process, like the dependence of fission-
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v thescwwais a spiral-resonator device studied in Jail by Dick Stokes, Tom
Tombrello, Phil Bendt, Bruce Erkkila, and others. The Director and staff
members of the Max Planck Institute for Nuclear Physics in Heidelberg,
Germany, became aware of these spiral-resonator developments, and they visited
Los Alamos to gather information. As a result, a highly versatile heavy-ion
research facility was constructed in Heidelberg. This facility uses many spiral
resonators to accelerate ions from a commercially built tandem facility.

The Electrostatic and Cockcroft-Walton Accelerators

Before and during the early 1950s (under stimulus from the very active
thermonuclear-weapons program), research on the very light nuclei using the two
2.8-MV electrostatic accelerators and the new 500-kV CW accelerator was
emphasized. British scientists (particularly Egon Bretscher, Tony French, and
Mike Poole) used a low-voltage accelerator to bombard heavy-ice targets with
tritons to measure low-energy cross sections of D(t,n)4He and of other related
cross sections. These measurements had to be discontinued for a period after the
war.

In the interest of the programmatic need for better understanding and accuracy of
these cross sections, James Tuck (Group Leader), Jim Phillips, Emory Stovall,
George Sawyer, and Wayne Arnold carried out definitive measurements below
100 keV and to 19 keV. In this case, deuterons were accelerated onto a thin gas
target of tritium as a basic change from the earlier experiment. This experiment 1s
an outstanding example of the care and attention used to obtain “absolute”
results—indeed a classic example of such measurements. The range of deuteron
energies covered was from 120 keV down to about 10 keV (actually to 7.5 keV).

Different techniques were used in an experiment (conducted earlier than the one
mentioned above) on the old 2.8-MeV electrostatic accelerator. This particular
experiment covered the energies from 80-keV tritons (roughly 53-keV deuterons)
to 1,200-keV tritons—the range now thoroughly covers the resonance. These
measurements are not of as high accuracy as those made by Tuck and his staff,
but the cross sections of both experiments are within error limits in the
overlapping regions. The electrostatic-accelerator research was conducted by
Harold Argo, Harold Agnew, Art Hemmendinger, Wally Leland, and me.

While these experiments were going on, the new CW machine began to produce
very high fluxes of 14-MeV neutrons; research was done on the scattering of
these neutrons from hydrogen and deuterium and on the determination of the
limits of fission taking place in heavy elements in general. The new electrostatic
accelerator concentrated on the scattering of protons from tritium and deuterium.
The reaction of tritons bombarding tritium to give 4He and two neutrons was also
studied.

The acceleration of tritons had achieved a reasonably routine state by the middle
of the decade. Ninety percent tritium was introduced into the ion source of the
electrostatic machine. The ions formed could be accelerated to energies lying
between a few hundred kV and an upper limit between 2.5 and 3 MeV. Tritium
gas not converted to ions (namely most of it) was collected outside the
accelerator by a pumping system consisting of a Swedish high-speed molecular
pump followed by push-pull Toepler pumps, which put the gas into a collection
tank. After several passes of the tritium through the acceleration cycle, the rather
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X-Taywewo gamma-ray detectors to work in the J hundred to few thousand keV,
and 2 neutron counters sensitive for neutrons of energies of a few keV to 16
MeV. Detection capability of the x-ray system for a 1-Mt explosion was about 3
x 108 km, 3 x 106 for the gamma-ray system, and about 3 x 105 km for the
neutron detectors—about one-quarter the distance to the moon.

During the long lifetime of the satellites, new information was discovered about
the Sun’s behavior and its effects on the space environment, but the most
scientifically interesting observations were in the astrophysical regime. In
reviewing old data tapes for short-lived events, scientists observed pulses in the
gamma-ray detectors of a fractional second to a few seconds in duration, which
were produced by gamma rays of energies in the hundreds of keV. Such hard
gamma rays and other data clearly indicated a galactic origin, which in turn
implied high total-energy content of the event. Although there are several
tentative explanations for this phenomenon, no fully satisfactory hypothesis or
theory exists to date.

The original observations were made by Ray Klebesadel, and since that time,
research has also been done by Ian Strong, Harold Argo, and Sam Bame. The
design of the orbital distribution of the satellites for optimum surveillance
produced corroborative support for observation by a single satellite. The pulse
intensities at one side of the orbit and the directly opposite side were large
enough to trigger both detectors, which were separated by about 3 x 105 km.
Furthermore, there was a delayed coincidence between the two detectors, which
indicated the general direction from which the gamma-ray pulse came!

Although the Vela program changed direction in recent years, its now enlarged
responsibilities in the area of surveillance have made it a valuable program for
national defense.

One cannot but be impressed by the obvious synergism apparent in the Vela
program. The background of the staff in nuclear-radiation detection and
measurement as applied to nuclear weapons explosions was necessary for design
parameters in response to the different sizes and yields of weapons. The breadth
of knowledge of the staff about astrophysics and space technology allowed for
the quick and successful response to the mission requirements. The coupling of
the basic research on space environment to the applied mission was anticipated as
a necessary step. This all-important project might have failed without the final
data provided through both basic research and applied science.

During the 1950s and 1960s, Los Alamos became an outstanding national center
of scientific research and development and took its place among the very best of
the famous international laboratories. P Division participated in this desirable
development with an outstanding staff widely respected in academic circles,
other United States laboratories, and scientific institutions in Canada and Europe.

I have attempted to identify the scientists who carried out the research that made
Los Alamos famous. Unfortunately, the length of the article resulted in many
omissions of which I am aware, both in subject matter and in acknowledgments.
Therefore, I wish now to say that I recognize the contributions of most of the
total scientific and technical support staff in P Division during the period in
which I too was involved. I had help in putting together this report from many of
the leaders of the programs and experiments, but errors and blunders of science
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