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SPECIAL 50th ANNIVERSARY ISSUE
January 1,1992—December 31,1992
E. Brooks Shera
ABSTRACT
This special anniversary issue of the Physics Division progress report
presents a series of articles that describe the missions and projects of the past and
present Physics Division Leaders during their respective tenures. The report also
includes selected accounts of significant progress in research and development
achieved by Physics Division personnel during the period January 1. 1992,
through December 31, 1992, a general description of the goals and interests of
the Division, and a list of publications produced during this period. The report
represents the three main areas of experimental research and development in
which the Physics Division serves the needs of Los Alamos National Laboratory
and the nation in defense and basic sciences: (1) fundamental research in nuclear
and particle physics, condensed-matter physics, and biophysics: (2) laser physics
and applications, especially to high-density plasmas; and (3) defense physics,
including the development of diagnostic methods for weapons tests, weaponsrelated high energy-density physics, and other programs.
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Preface

Section One

Preface

Mission Statement

This year, we commemorate the Laboratory's 50 years of scientific research.
! In this special anniversary issue of the Physics Division progress report, past and
present Division Leaders recount the history of the Division in a series of articles
; that describe the missions and projects during their respective tenures. A second
'. section delineates our current diverse work.
The mission of the Physics Division is to further our understanding of the
physical world, to generate new technology in experimental physics, and to
establish a physics foundation for current and future Los Alamos programs.
The goals of the Physics Division are to
• provide the fundamental physics understanding supporting
Laboratory programs;
• investigate the basic properties of nuclear interactions, condensed matter,
high energy-density systems, and biological systems with a view toward
identifying technologies applicable to new Laboratory directions;
• identify and pursue new areas of physics research, especially those to
which the unique capabilities of the Laboratory may be applied;
• explore interdisciplinary areas of scientific endeavor to which physical
principles and the methods of experimental physics can make an
important contribution; and
• maintain strength in those disciplines that support the Laboratory
mission.
The Physics Division pursues its goals by
• establishing and maintaining a scientific environment that promotes
creativity, innovation, and technical excellence;
• undertaking research at the forefront of physics with emphasis on
long-term goals, high risks, and multidisciplinary approaches;
• fostering dialogue within the Division and the scientific community to
realize the synergistic benefits of our diverse research interests;
• encouraging the professional development of each member within the
Division; and
• conducting all of its activities in a manner that maintains a safe and
healthful workplace and protects the public and the natural environment.
The Physics Division nurtures modest-sized projects because of their intrinsic
scientific and technical interest to Los Alamos National Laboratory. Frequently,
these projects reach a level of development that attracts significant program
funding, which often results in the formation of new divisions. Six major
technical divisions presently operating at the Laboratory had their genesis in the
Physics Division. In addition, whole groups are moved in and out of the Physics
Division periodically. This mobility within the organization is retained and
encouraged because of its intrinsic value to the Laboratory. Our long-range
planning recognizes the role of the Physics Division as an innovator and
"incubator' for future technical directions at Los Alamos.
The organization of the Physics Division and the administrative functions of
the Division Office are illustrated in Fig. 1-1. Although administration is the
primary task of the Division Office, research is also carried out by Division
Office personnel. Details of the Division's staff and funding levels for fiscal year
1992 are presented in Appendix A. Publications, presentations, and patents are
listed in Appendix B.
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Section Two
A Reluctant Division Leader

"No! No! No! I won't do it!" I
shouted at Oppenheimer. who had just
offered me the job of heading the new
Research (R) Division at Los Alamos.
The year was 1944. and the
Laboratory was being reorganized
because of the discovery of the high rate
of spontaneous fission in plutonium. Bob
Bacher headed the old Experimental
Physics Division, which had been split
into two new divisions in August of that
year. One part became Gadget (G)
Division, which was to develop a
plutonium bomb based on Seth
Neddermyer's implosion ideas. The other
Robert R. Wilson, P-Division Leader
part became R Division, which would
(1944-1945).
consist of the remaining four groups from
the Experimental Physics Division: the Cyclotron Group (R-l). headed by me; the
Electrostatic Gioup (R-2). headed by John Williams: the D-D (DeuteriumDeuterium) Group (R-3), headed by John Manley; and the Radioactivity Group (R4), headed by Emilo Segre.
"Look, Oppie. Just pick one of the other three Group Leaders. They're all much
more senior than I am, and each would hate working for a young fella like me," I
explained.
"Not as easy as you think," responded Oppie. "I have already tried to pick, in
turn, each one of them, but in each case, the other two threatened to quit. So you.
Bob, are elected, fame de niieux."
"No, not me! I did not come here to be an administrator. Why don't you just
bite-the-bullet, chose one, and let the chips fall where they may," I responded.
"I thought I had done just that in selecting you," Oppie said weakly.
"Well, bite a different bullet then, because I came here to do physics and not to
become an administrator," I replied, looking him straight in the eye at the implied
criticism of him.
"Maybe we ought to think about it," Oppie sighed as he ambled away as only
Oppie could in his crazy, but characteristic, gait.
The next day. Enrico Fermi asked me to accompany him on a walk. He had
been sent by Oppie to talk me into the R-Di vision job.
"You're a fine friend," I said after hearing him out, "for I have been following
your example in turning it down. You would never do that sort of thing."
Fermi's eyes sparkled. "It's something you have to earn, and you're not Fermi
yet!"
He then went on to instruct me on how to avoid administrative duties.
Essentially, it came down to just saying no.
"Yeah, but how about all the technical work of the other groups. Wouldn't I
need to know about it in detail?" I asked.
I was, up to this point, doing a pretty good job of saying no to Fermi when
suddenly he volunteered to help me with the technical work. I was astounded. I could
hardly believe my ears. The idea of working with Feimi made it a whole new ball
game. I had worked with him on the reactor project at Columbia University, so I
knew what a valuable experience working and learning from Fermi could be—never
mind all the delightful fun of just being with him.
Fermi promised that he would be available whenever a problem came up. To
clinch our bargain, we agreed to meet together every Friday after lunch to discuss the
physics being done in the Division and also the physics that should be done. 1 was
ready at that point to sell my soul for this chance, but I still had a few conditions for
Oppenheimer. One was that I could continue as Group Leader of the Cyclotron
Group; another was that I not have a special office with a secretary. Finally. I
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insisted that each of the other Group Leaders ask me personally to take the job. Sure.
1 sold out—but then everyone has his price, and mine was a lew moments each week
with Fermi.
In any event, my life was little changed except for the delightful weekly
meetings with Fermi. Usually in our discussions, a student-teacher relationship
prevailed in which Fermi clarified the physics by simplifying it to a level 1 could
understand—he was a master at thai. Nor was it that 1 was completely unintelligent,
for perhaps 1 knew more about accelerators and particle detectors than he did. We
made a pretty good pair.
As Division Head. 1 gave the Group Leaders essentially free reign. Happily. I
had rever heard about people staying in channels because Oppie would usually go
directly to the person concerned. On the other hand, i would get several calls every
week from him about the practicality of experiments being considered for our
Division, as well as an ordering of the priorities for the whole project. I always had
the feeling of knowing too much rather than too little about what was going on at
Los Alamos.
One of my duties as a Division Head was to attend the weekly meetings of the
Administrative Board. We usually considered serious matters involving the project.
But on the light side. I recall that Joe Kennedy and 1 had dedicated ourselves to
making the life of the G-2 army security officer miserable. We would hit him both
coming and going. His security measures either grossly interfered with the work of
the project, or they seemed to us to be totally inadequate.
Once. I remember Kennedy giving this particular officer a hard time about not
providing enough surveillance. The officer remarked, "Joe. how do you know that
the little kid who followed you over here was not one of my agents?"
Kennedy looked at him coldly for a few moments and responded. "Yeah, if he's
your agent, he's your best agent."
Actually, the meetings were exciting for we were kept abreast of all sorts of
important information about the project, such as when and how much 2 ^U and
plutonium would be made available to us.
Sometime in March 1945. the nature of R Division changed dramatically. We
were given, in addition to what we were then doing, the responsibility for measuring
the nuclear phenomena resulting from the test explosion of the first atomic bomb.
This test was to be made in the Jornado del Muerto desert near Soceoro. New
Mexico. Philip Moon of the British Mission had already done some preliminary
design and construction. But time was running shon and not much was getting done,
so Oppie asked us to reconsider the whole problem about what experiments should
be conducted for the Trinity Test. We pitched in with gusto to do what could be done
in the three or four months remaining before the expected time of the test shot.
Fermi was particularly interested in this phase of the project. He and 1 used our
regular discussions as one way of satisfying his interest. Of course, he had many
other channels open to him. and I am sure he used them too.
As I recall, the members of our Division decided who would do what, not by
general meetings, but by meetings between me and the individual Group Leaders.
My procedure was simply to inform them of what had to be done and to ask them
what they wanted to do. After they had discussions within their groups, they came
back to me with a list of who would do what. I suppose there was a bit of pushing
and pulling, but somehow we easily came up with plans that covered all the
measurements that needed to be done, and then we made the equipment and installed
it in the desert. Writing this now, it sounds authoritarian and perhaps it was. But I
think not. for we were such a small Division (perhaps about 40 physicists) that we all
interacted frequently enough so that no formality was necessary—or so I thought.
My continued meetings with Fermi were pure pleasure—well, with one
exception. My usual function seemed to be to bring up problems that, to my great
satisfaction and admiration, Fermi elegantly solved without much participation on
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my part. Only occasionally, would I argue with Fermi's physics, and then with great
trepidation—he was just terribly good. I did learn a lot because he worked out what
he was doing in a very clear manner that I could easily follow. Yet being human, I
wanted to participate more in the physics process.
1 do remember once, though, when, to my great satisfaction, 1 caught him in an
egregious error. Then without remorse, I made him suffer for being right so much of
the time. This joyous occasion occurred when I had invented a device for measuring
the rate of increase of neutrons (the e-folding time) during the explosion of the
bomb. An electron-multiplier tube was to be used to measure the radiation as it
emerged from the detonation of the bomb. Fermi thought about this for a few
seconds, went through his calculations, and then informed me that it would not work.
"Too slow," he said with his usual confidence, "by a factor of hundreds
compared with the 10"8 second resolution you expect." I informed him that that must
be wrong. Again Fermi went through his calculations, this time out loud and slowly
for my benefit. "My dear Enrico, you are losing your grip. Perhaps its too
elementary," I said with an assurance that worried Fermi slightly. He made more
calculations, this time on a piece of paper, again with the wrong result. He had made
an error that I knew he was not likely to find. That put me for once in the "catbird
seat."
Fermi's error was due to our custom at Los Alamos of finding a particle's speed
at some energy by simply scaling up that of a thermal neutron. Fermi had been doing
this automatically over the past years, and he was not likely to break out of this
ingrained habit. I let him wallow in his misconception while I privately delighted at
his discomfort. Eventually, I asked him, to his embarrassment, if he had ever heard
that electrons were 1,800 times less massive than neutrons.
We tended at first to be somewhat casual about the Trinity Test. One day, John
Dewire and I were discussing possible electrical pick-up signals in the various
detectors being built. WV knew that the next day there would be a test explosion of
100 tons of TNT at the site of the future test. We asked ourselves whether or not we
could find out anything from the explosion. Well, no, we decided. But just seeing it
might be a valuable experience for us—or at least some fun. So on a whim, we
called Oppie's office to tell the guards at Trinity Site that we were on our way. Then
we put a portable electrical generator, a long coil of electric cable, and an
oscilloscope into a pick-up truck; stopped to tell our wives (we did not have
telephones in our private homes); and headed for Trinity Site some 200 miles to the
south. It was dark when we got there, and we had to talk our way into the site past
the guards. We were able to spend the night in the crude banacks at the base camp.
The next morning, we drove over to where about a dozen people were stacking a
huge pile of boxes of TNT. We joined in and helped stack boxes for awhile—
strangely, no one else seemed worried about dropping a box because, I gathered, a
detonator was required to start an explosion. But I was worried!
Soon, I had an idea for our experiment—simply to put the shorted end of our
cable deep into the pile and then run the cable several hundred feet away from the
pile to our oscilloscope and gasoline-powered generator. Not much of an experiment,
I must say, but it was better than stacking boxes of TNT! Of course we expected no
signal. That night, we found the explosion impressive. It even had a quality of
beauty. The next morning, we developed the photograph, which had automatically
been made of the scope trace. To our surprise, there were huge signals. We had to
understand the source of those signals, how much worse they would be in the
ambiance of an exploding atomic bomb a hundred times more powerful, and how we
should shield against them. This unexpected finding was a good example of the
value of laziness and fear.
Back at Los Alamos, significantly large amounts of separated 235\J began to
arrive from Tennessee. One experiment that 1 can recall was to measure the
multiplication of neutrons in a sphere of this material about 1 in. in diameter. Oppie
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insisted that the material be guarded all the time. For some reason, Fermi's personal
guard, John Baudino, was assigned to us. In fact, there were two identical spheres,
one of 235 U and the other of normal uranium. We were to make a comparison of the
two. I liked to amuse myself by switching the spheres around rapidly and then
asking Baudino which sphere was the one he was guarding. He would confess that
he did not know and would ask which one should he be guarding. I could tell
because the 235 U was warmer because of its greater radioactivity.
We wanted the measurements to go on all night, but we had to stop so that
Baudino could sleep. I had the idea that were I to be issued a pistol, then I could do
all the guarding myself—after all, I came from Wyoming where every red-blooded
boy learned to shoot before he could walk. Oppie agreed and asked security to issue
a pistol to me. My friend, Pier de Silva, agreed to do so, but he reasonably insisted
that I be checked out first on whether in fact I could safely use a pistol. This he did
by taking me to the firing range, pulling out a .38 Colt police revolver, and giving
me a lecture on its use.
"This little lever is the trigger. These little gadgets are cartridges and should be
put in these holes that spin around here. You line up the front of the gun with this
v-shaped hickey in back and with what you are shooting at. Here, I'll show you," de
Silva said. With that, he carefully fired six shots at a target.
"Now you do it," he said, loading the gun. I had learned in Wyoming to "roll" a
pistol in order to get a lot of shots off accurately and rapidly. That's just what I did.
Most of my shots were closer to the bull's eye than were his.
None of this fazed de Silva in the slightest. He repeated his earlier lecture in its
entirety, together with his demonstration. He finally wrote out a beginner's
certification and issued the revolver to me for the duration of the experiment. He had
put on a terrific show; not once did he crack a smile!
I took full advantage of the pistol to impress my friends with what a macho type
I was. I carried it, ostentatiously tucked into my belt, everywhere in the technical
area and spent no little time at all explaining to the military police why I had the gun;
eventually I had to shew them de Silva's authorization. When the experiment was
completed a week or so later, I was most reluctant to give it back. I am proud to this
day that the uranium spheres had not been stolen on my watch!
I became involved in a dispute with G Division that did not end well. As more
and more 235 U and plutonium was delivered to us toward the end of 1944,
measurements of assemblies close to criticality were started by the Critical
Assemblies Group of G Division. At first, these measurements involved small cubes
of uranium hydrides (such as UH10), which were stacked up into larger cubes until
criticality was approached. Later, less hydrogen was used, and the procedure became
more serious—more dangerous. The Critical Assemblies Group decided not to have
the elaborate safety devices that were used, for example, with cyclotrons. Instead,
they decided to depend on their wits alone. These physicists were the best and the
brightest of the project. So although I did not like their arguments, I could see that
there were good reasons for going ahead as they had decided. For instance, each
assembly might be quite different. After expressing my views forcibly, I subsided.
After all, they were not in my Division, and indeed it was none of my business—•
well, in a fashion.
A few months later, I became more involved because they wanted to use the fast
modulation of the cyclotron (neutron pulses of less than a tenth of a microsecond),
which was okay of course, I was the crew member whose turn it was to help the
single physicist who showed up. His equipment consisted of a small wooden table, a
single neutron counter, and boxes containing the small cubes of enriched uranium
hydride. I was impressed by the simplicity of the equipment, as advertised, "So
simple nothing could go wrong." Not quite. The physicist began stacking the
uranium cubes as I stood next to him and watched with considerable interest. It was
my first experience with a prompt neutron reactor approaching criticality, and I was
thrilled in expectation.
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After awhile, as the stack got quite large, I asked why the neutron counter was
not counting. I was assured that this was regular and that it would not start counting
j until we were closer to the critical point. Uncomfortably, I gave the neutron counter
' a hard going over and asked if the signal light on the high-voltage supply was
operative or if it was burned out—as was often the case. The voltage was indeed
turned off, so the neutron counter was not working. When the voltage was turned on,
the counter to my horror started blazing away. A few more cubes, and the stack
would have exceeded criticality and could well have become lethal.
j
I was outraged. This incident was my closest brush with death. The reason given
was that a wooden table instead of a metal table was being used for the first time, so
thermal neutrons were reducing the critical point. After chewing out the physicist for
his carelessness, I went to his Group Leader. Not satisfied, I complained to the
Division Leader. Still not satisfied, I flew into a fit of anger over the incident with
Oppenheimer. At the time, we were all hysterically busy. I was due back at Trinity
the next day. And I went there. Of course, I should have stayed at Los Alamos to
pursue the incident further—for if I had, I might have saved the lives of two people.
To this day, the incident is on my conscience.
The Trinity Test was soon upon us.
R Division had occupied the North
Bunker at 10,000 yards from the bomb
locality and had acquitted themselves
well, not that any credit was due to me,
but I still take great pride in them—
however, Trinity is a separate story.
Once we had seen the explosion in
all its grandeur and implied horror, we did
not need any of our measurements to
know that it was a success—they would
have been more meaningful had it failed.
I exulted with my colleagues in the
gratification we felt in a job that had taken
five long years of dedicated hard work. It
was an epiphany for all of us. For what
had been theoretical before had now
become all too real—but in a different
way for each one of us.
For me, the project was over. 1 could
hardly wait for John Manley to take over
the Division and to reorganize it into the
Physics Division that now bears little
The nuclear device, completely assembled except for the detonators, raised to
resemblance to the liny group we were
the top of a 100-ft tovser.
then.
Do I regret my fall from grace—from being a pure physicist to becoming an
administrator of sorts? No. If Paris were worth a mass as Henry IV had said, then
surely Fermi was worth my fall from grace.

'

10 Physics Division
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The discussion immediately below
generally follows the more detailed, but
still sketchy, report from the 40th
anniversary volume Project Y: The Los
Alamos Story. The primary emphasis is
on the transitional and evolutionary
scientific programs in the Physics (P)
Division immediately following the war
years.
During the wartime years 1943 to
1946, P Division, which was initially the
Research (R) Division, acquired and
generated responsibilities mainly in
nuclear physics and supported the
theoretical and calculational efforts to
Richard F. Taschek, P-Division
design nuclear devices that eventually led
Leader (1962-1970).
to field-use weapons—the Laboratory's
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 priority
and high sensitivity to the accuracy of the information. The requirements were fairly
well known, but the acquisition of data of known high accuracy was very difficult
for numerous reasons. Sources of "fast" neutrons were known from programs under
the Office of Scientific Research and Development at the University of Wisconsin,
University of Minnesota, University of Illinois, and elsewhere before the Manhattan
District was formed. The neutron energies available covered a good share of the
spectrum of neutrons emitted in the fission process. However, the "point" sources
were generally of low intensity. The 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 235 U and 239Pu 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 235 U, 238 U, 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.
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 neutrons
over wide ranges of energy simply by changing accelerator voltage.
The Cockcroft-Walton (CW) accelerator borrowed from the University of
Illinois had a peak voltage of about 300 k V and a large beam current. It was very
useful in producing monoenergetic neutrons from deuterons on deuterium targets—
2.5 MeV at 90° to the beam line and about 3.1 MeV at 0°. Late in 1945, beam and
target technologies had become sufficiently developed so that 14-MeV neutrons of
very great source strength could be produced by bombarding tritium-ice, or Zr(T),
targets with deuterons using the T(d,n)3He reaction, which has a very large cross
section at low energies.
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With the development of thin-window gas targets for either deuterium 01
tritium, the borrowed electrostatic accelerators from the University of Wisconsin
could be used with tritium targets to produce neutrons above 14 MeV to about
17 MeV. With deuterium in the targets, the neutron range was about 3 to 6 M;V
with the accelerators available. Because the Wisconsin "'Long Tank" had to be
returned to the university, a great gain from the tritium targets came from anoiiier
nuclear reaction. The T(p,n)3He reaction could produce a neutron energy range
paralleling the 7Li(p,n)7Be reaction used with the Long Tank's higher voltage The
"Short Tank," which stayed at Los Alamos, could now handle this need.
Considerable work, which did not reach fruition until almost 1950, was required to
produce an easily usable, reliable capability for these reactions. During this period,
another Short Tank was built to cover the work load because research involving
charged-particle reactions among the light nuclei was becoming a fairly sizable
program.
At this time, the cyclotron (borrowed from Harvard University) was not a useful
competitor to the linear machines in producing monoenergetic neutrons in the
fission-neutron energy range. It could, however, produce short, intense neutron
bursts with spectra ranging from fractional eV energies to around 10 MeV. These
intense bursts were particularly valuable for measurements in the thermal to lcwkeV energy ranges where the neutron time-of-flight technique could be used for
conducting nuclear structure experiments or for studying the behavior of neutrons as
a function of time in physically large assemblages, i.e., the so-called "integral"
experiments. Values of v, the average number of neutrons per fission, were
measured at the cyclotron for thermal (I to 40 eV) neutron fission and at the
electrostatic accelerators for 300-keV neutrons. Although these experiments
indicated no neutron energy dependence of the approximately measured value of 2.5
neutrons per fission, they were probably not very reliable (as shown in later
experiments).
One of the most difficult quantities to measure was the capture of fast neutrons
with the emission of one or more gamma rays, which resulted in a new isotope.
Although radiochemistry was the technique of choice and excellent for thenra J and
epithermal neutron energies, the experiments were difficult and had poor accuracy
for the weak sources of fast neutrons. Other techniques were even worse, and this
area of fast neutron physics remained unchanged u:itil much later.
The inelastic scattering of fast neutrons from .iuclei of interest results in an
energy loss of the scattered neutron; the energy loss of neutrons scattered from lighi
nuclei elastically is not included. The techniques were not yet well developed.
Although the cross-section measurements were needed, most of the methods tried
depended on the energy of the inelastically scattered neutron. This energy was
determined with a particle counter that had a reaction cross section with a desirable
energy dependence, for instance, approaching an ideal step function. The
measurements were set aside to await future development. Time-of-flight techniques
were beginning to be examined in detail as a result of advances in fast electronics
and multichannel-pulse analyzers.
Another measurement of great importance to the further development of nuclear
weapons was the energy spectrum of the neutrons emitted in the fission process. As
mentioned above for inelastic scattering, the key problem was how to determine the
energies of these neutrons. Fortunately, the sources of relatively pure fission
neutrons could be quite strong (as opposed to those from inelastic scattering).
Because of this great strength, special photographic emulsions developed in Hngland
could be used to record proton recoils from the fissionable source neutrons, which
could then be translated into a spectrum. This technique, which was developed early
by Hugh Richards, was pursued effectively by Louis Rosen with a cadre of welltrained plate readers. He used the method in the laboratory and for nuclear-weapons
tests.
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Because considerable emphasis had
been placed on the properties of devices
that produce fast neutrons, pulsed
neutrons, fission neutrons, and slow
neutrons, the development in Fermi (F)
Division of a low-power "Water Boiler"
must not be overlooked since it was
another intense source used in the
continued production of the data base for
neutron-physics research. During this
early period, the low-power Water Boiler
was built and used mainly to study the
technology, engineering, and other
properties of the reactor itself. This earlier
version established the design criteria for
the high-power version of the final Water
Boiler.
The Kellogg Years (1946-1962)
The Laboratory experienced rapid
changes following the end of the war.
particularly because most of the senior
scientists returned to their home
^le Water Boiler reactor, the world's first enriched uranium reactor, was used as
academic, industrial, or other positions.
" research tool during the development of the bomb.
Because many younger scientists also took positions in the "'outside world." these
losses after the war greatly affected the remaining staff at Lo.s Alamos. The uncertain
future of the Laboratory was widely discussed with speculations ranging from the
imminent total closure of the Laboratory to establishing it as a federal laboratory
with continuing military objectives. Other options, besides military, were also
considered. Staff recruitment became a primary1 objective, although there was some
concern that few outsiders would be interested in working at the Laboratory.
Rather quickly, beginning in August 1945. R Division under Robert Wilson was
joined by the Water Boiler side of F Division and became P Division under John
Manley (and briefly under John Williams). Manley brought in Jerry Kellogg from
Columbia University, who then became Division Leader in July 194?. Kellogg had
ju'.i finished major research on the quadrupole moment of the deiueron; he was a
highly desirable addition to the Laboratory. Kellojg assigned Alvin Graves, a senior
staff member, as his alternate. It was assumed that P-Division staff members would,
at least initially, round out and continue the work being done at the end of the war—
that is, finish some experiments, improve data in certain areas, and look to the future.
./. M. B. Kello^. P-Division Leader
More than any other activity in the Laboratory. P-Division's "directed" research
(1946-1962).
resembled basic research in academic institutions in the same or parallel subdivisions
of physics. Such research was also done in the Chemistry and Metallurgy (CM)
Division. The policy of "noncompailmentalization" at stall level in the Laboratory
led to excellent capabilities and accomplishments.
Early in 1946. Laboratory administration began to think seriously about moving
from Central Mesa to South Mesa across Los Alamos Canyon. This was to be a
gradual transfer, but some activities were already urgent, for instance, the work of
the Chemistry and Metallurgy Research (CMR) Division. Almost simultaneously, a
major improvement in the capability of an electrostatic accelerator, to be designed
and built in-house, was justified, approved, and undertaken because commercial
suppliers did not yet exist. A double-pressure region for this machine, designed by
Joe McKibben and his staff, was expected to provide maximum voltages in the 8- to
10-MV region. Funding for this large effort was at that lime readily obtained from
Congress and the United Stales Atomic Hnergy Commission (AKC). now the
Department of Energy (DOE).
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The continuing research programs in the elc -trostatie-aecelerator group and the
CW accelerator were combined administratively in Group P-3. and the new machine
design activity under McKibben became Group P-9. The CW group by this time had
produced very high source intensities of 14-MeV neutrons from the D-T reaction.
, Although the electrostatic and CW accelerators were at opposite ends of a long
• hallway, some of the detectors at the electrostatic accelerator received serious
i background radiation from the 14-MeV neutrons, which air scattered and were
directly incident on the instrumentation. This was particularly true for a largevolume scintillation counter that had very high sensitivity to neutrons, i.e., about
80% of the neutrons incident on it produced a signal. Several design options were
considered for reducing this background-radiation problem particularly because we
knew that we would be moving to South Mesa in the near future into a new building.
Thus, the intent was to build a long hall connecting the electrostatic and CW
accelerators, each of which would additionally have a high, thick concrete shield
wall between the accelerators and operating personnel. Background radiation at one
accelerator produced by the machine at the other end of the hall was also greatly
reduced by these high shield walls. By this time, the CW accelerator had reached
total source strengths of about 1014 n/s (neutrons per second), which at 1,000 ft from
the source would give about 10"* n/cm's if unshielded. A new CW machine was
purchased from a commercial vendor—instead of 300 kV, 500 kV was now
available.
These problems were mitigated by building the portion of the planned physics
building that would house two small electrostatic accelerators first; the move from
the old technical area was made in 1951. The new long hall was designed to
accommodate laboratories on one side and office space on the other; it was therefore
built more gradually. The cyclotron was located at the end of another hallway at
right angles to the one discussed above in an area of the building that is now the west
wing. The central core of this building is still occupied by P Division. This building
was constructed of reinforced concrete with thick walls to withstand a Hiroshimasize nuclear explosion! That type of construction was not followed for very long.
The new 8-M V electrostatic accelerator was under construction in an open area
about 300 m from the physics building where it still stands, and the new CMR
building was already finished and in use.
The realization that -ill of the physical and other steps taken were toward a
strong permanent scientific Laboratory produced a euphoric feeling among the staff.
This stimulated considerable creativity toward new concepts for experiments and
programs.
In P Division during the initial years of Keliogg's tenure, experimentalists were
urged to do, and began doing, more painstaking research using existing methods, and
they continuously developed new and better approaches to difficult measurements.
For example, P-Division staff members redesigned a large, liquid scintillation
counter originally conceived and built by the Health Research group, which used the
device to detect very low levels of radioactivity in humans. Fred Reines, Clyde
Cowan, and colleagues built a version of this whole-body counter to detect the
"elusive" neutrino. The electrostatic-accelerator staff meanwhile built a version that
could detect nearly all neutrons emitted by a single-fission event. This last effort
involved the counter referred to above, which was highly sensitive to background
radiation from natural sources and from the CW accelerator.
Because this huge counter's sensitivity was so large, fission produced by weak
primary fast neutron sources could be used to determine the average number v
(number of neutrons/fission) as a function of energy. Thus the old standing problem
of getting the energy dependence of v was solved. These experiments with the laigevolume scintillator were not simple and did require sophisticated electronics for
timed detection relative to pulsed neutron bursts.
An important event in P Division in late 1946 was the initially hesitant, but then
rapid and continuously controlled, declassification of much of P-Division research.
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The remainder of the Laboratory was not affected so quickly by this activity.
For P-Di vision staff, it was the beginning of the return to traditional scientific
communication via the American Physical Society's (APS) Physical Review
publication and other peer-reviewed publications. In 1947, several members of
P Division presented 10-minute papers at the Chicago meeting of the APS. In 1948, a
full-length paper appeared in the Physical Review on the 7Li(p,n)7Be neutron source.
Equally important, staff members began to attend scientific meetings, both domestic
and foreign, where the scientist-to-scientist exchanges opened doors that had been
closed for too long. Graduate students and new scientists who had recently earned
Ph.D.'s (especially from former members of the Laboratory) started very slowly to
be recommended to Los Alamos even though the very best were recommended to
academia first. Communication between former friends and colleagues was central to
this activity (the Old Boy's Club syndrome!) and very valuable to us.
Declassification did not come easily to Los Alamos work. In some cases, whole
subdisciplines of physics like the controlled-thermonuclear-reaction (CTR) research,
now known as magnetic fusion, remained classified. James Tuck's CTR concept
(referred to by co-workers as "Friar Tuck and the Sherwood Forest" project) for a
self-magnetic pinching effect in a plasma led to work on a prototype experimental
device to burn deuterium, called the "Perhapsatron." There was great interest in this
project at the Laboratory, and it was not hard to assemble a fine staff of innovative
scientists. All work in controlled fusion of light elements was classified until about
1956. Although administratively in P Division this research program was physically
separated from the nuclear-physics area, CTR became a distinguished program and
was well supported until recently.
Almost from the very beginning of the Los Alamos CTR program, emphasis
was in the direction of pulsed, very hot, high-density plasmas. This approach was
quite unique in the national program and not highly thought of in most of the other
laboratories. Yet the first true laboratory-produced thermonuclear fusion occurred at
Los Alamos. This story by Jim Phillips can be found in the 40th anniversary volume
Project Y: The Los Alamos Story.
Experiments using the theta (6) pinch approach culminated in the toroidal
Scyllac, which after about three years of full-scale research was killed because of the
high voltages required and the complexities of plasma stabilization. As more
sophisticated knowledge was acquired from experiment and theory during the 1970s,
a return to z-pinches led to the reversed-field pinch and later to compact toroids.
Some of these configurations also used 9 pinches, which were very successful in
producing very hot (a few million degrees), dense plasmas in the few millisecond
regime. Good support for the reversed-field pinch was obtained until about 1990
when a major cutback of the Los Alamos program and of most other national efforts
occurred.
Magnetic fusion is very likely the most difficult applied scientific and
technological problem that mankind has attempted to cany out to date. Its solution is
clearly of great importance to our need 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 "classicalsubject" 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
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Sherwood's linear machine. The openended quartz, tube was placed in the
compression coil between two rows of
capacitor banks. The two outside
banks (right) were used to energize the
magnetic mirrors. The curved sector
of Scyllac is shown just beyond the
wall. Consideration was given to th •
question as to whether a very long
Scyllac could compete with a toroidal
device.

Top view of the toroidal device, which
was called Scyllac, just as the torus
itself was finished.
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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
lor the politically correct one or two. In the case of the sodium-cooled, fast-fissionreactor 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
CCVproducing fossil fuels and misrepresented magnelic-fusion energy, are being
seriously hampered by politicians and others for iheir 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 oi atomic erergy
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 decade:; 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 lest 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 Wally Leland look on
such programs and carried them to successful conclusions; this story should soon be
written in full (unclassified) detail. As further and different P-Division work is
discussed below, brief comments will be made about whether and how these
activities had fit in with the primary responsibilities of the Laboratory.
Work on the 8-MeV electrostatic accelerator progressed continuously during
this period; construction began on South Mesa to house this accelerator and two
2.8-MeV electrostatic machines.
A strong electronic research and development group (P-1) had been established
by Darol Froman, continued by Ernie Titterlon, and followed by Bill Hane and John
Lamb. The work performed by this group was thought of as overhead or indirectcost service of great strength and versatility in Laboratory-wide use. In-house
electronics groups in divisions were frowned upon.
Fission Reactors
As discussed in the 40lh anniversary volume, ihe Water Boiler in its 25-kW
revised version became a "workhorse" for diagnostics and basic research for many
parts of the Laboratory. Clemeniine, a plutonium "fast" reactor (plutonium metal
fuel rods and mercury cooling) was built by Phil Morrison, Dave Hall, and staff.
This reactor helped scientists answer questions concerning such systems.
Between March 1949 and December 1952, Clementine was operated at a power
of 25 kW. In early 1950, the mercury coolant she tved contamination with alphaemitting products, probably plutonium and uranium. A uranium spacer rod found
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ruptured was believed to be the source of
plutonium emission (via breeding in the
uranium). Eventually, continued operation
for over a year produced enough
distortions and corrosion in the fuel-pot
area so that when alpha radiation was
again observed in the coolant in
December 1952, the reactor was shut
down. Disassembly was accomplished
with less than tolerance exposure and the
barely detectable escape of plutonium by
the summer of 1954, as related by Ed
Jurney. who was involved in this
operation.
The successes and limitations of the
25-kW Water Boiler and Clementine
encouraged thinking about whal would be
possible if a considerably higher-power
reactor could be obtained for the
Laboratory. An in-house project was
established to build a water-cooled,
uranium-enriched, fuel-element reactor of
about 5 MW. The design of the reactor
and fuel elements 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
Clementine's north face showing the enclosure for the mercuiy cooling system.
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 lest 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 Mot/, Bob
Carter, and W. D. Barfieid 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
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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 IM'Ho 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 are still used at the Omega West
Reactor Facility to obtain detailed knowledge of nuclear structure.
Under the direction of John Yarnell, a neutron diffraction spectrometer was set
up at one of the beam ports of the Omega West Reactor. One of the first experiments
performed with this apparatus was an attempt to explain some of the anomalous
properties of liquid helium II. Lev Landau"s theory proposed an energy versus
momentum excitation spectrum, which could be checked by observing the scattering
of neutrons with long wavelengths (about 4 A) from liquid helium. Neutrons
emerging from the reactor through a beryllium filter and collimator were incident on
the liquid helium target and then on the neutron spectrometer, which measured ihe
scattered neutron spectrum. The beryllium filler creates a spectrum of wavelengths
with a shaip threshold just below 4 A, rising to a wide band of longer wavelengths.
The longer-wavelength radiation was incident on the liquid-helium target, and the
scattered spectrum was measured at several temperatures.
The energy-momentum spectrum of the excitations in the liquid helium at 1.1 K
had a very close resemblance to Landau's theoretical spectrum, which was firs!
proposed in 1947. Landau was awarded the 1962 Nobel Prize in physics for his work
on liquid helium. The definitive Yarnell, Arnold, Bendt, and Kerr experimental
paper was received in 1958 and published in 1959. But before receiving his Nobel
Prize. Landau had lost his capabilities because of a very serious accident. He
accepted the prize in the hospital.
An outstanding series of experiments on the lattice dynamics of crystalline
substances using neutron inelastic scattering and the determination of crystal
structures in solids and of structure factors for liquids at very low temperatures were
performed from 1963 to the early 1970s.
One experiment of particular interest shows the impact of basic science on
technological problems. This experiment was a highly accurate measurement of the
amount of heat produced by the decays of fission products with short half-lives:
these decays control reactor shut-down temperatures and thereby the design and
safety of the system. The method used was to measure the heat produced in a 52-kg
copper block by the absorption of the radiation from the 2^\J foils, which had been
immersed in a high-thermal neutron tlux for a number of hours. The copper block
was held at a temperature of 4 K by liquid helium, which was evaporated by the
fission heat and used to accurately calculate this heat. Widely based physicists
should read the publications about this classic experiment. Reducing the temperature
of the copper block to about 4 K creates a quantum-mechanical effect that reduces
the heat capacity of the copper block by a large factor and thereby reduces the
thermal time constant to about 0.85 s. This finding resulted in a major correction
made to the American Nuclear Society's standard for short-period decay heat—a
standard that is used for, and has large implications in. the design and safety of lightwater-cooled reactors.
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The Los Alamos Cyclotron
In the new South Mesa home of P Division, space had been designed for the
betatron near the cyclotron. The betatron from M Division was transferred to
P Division under Bill Ogle and put in running condition, but no long-range program
was established after Ogle joined J Division (he later became its Division Leader).
The Harvard cyclotron in TA-1 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 "^U 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 routrons. In 1952, Tom Putnam measured the differential cross
section for scattering of 9.48-MeV protons by 4 He. This work was the last research
using the original cyclotron and at TA-1.
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 4 He
from 12 to 28 MeV. and eventually 3He from 9 to 27 MeV.
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:
• Polarized protons were produced by elastic scattering of alpha particles by
hydrogen (Louis Rosen and John Brolley).
• The endoergic reaction T + d —> 3He + n + n - 3 MeV was observed (John
Brolley, Louis Rosen, Stan Hall, and Leona Stewart).
• The thresholds of fission in 239 Pu. 233 U, 235 U, 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 235 U 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 systemalics 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, i2 Be,
and 22 F. In addition, the first observation was made of the ground state of the
7
He nuclear system, and its mass was determined through use of the
7
Li(t,3He)7He reaction (Dick Stokes, Phil Young, and others).
• Extensive studies of the fission process, like the dependence of fission-product
mass yield on angular momentum, were made (Bob Leachman).
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A Tale of Two Accelerators
Under the leadership of Darragh Nagle, an ad hoc group of interested staff
members studied the problem of high-current accelerators. Around 1955, they had
worked on a machine design for a high-energy accelerator, but this work was
dropped as wide interest mounted in the United States and elsewhere for mediumenergy accelerators with large beam currents. Joe Fowler had been a strong
proponent for moving P Division in this direction especially after attending an
international conference on variable-energy cyclotrons in 1962. A strong argument
for the accelerator finally decided upon was that the 800-MeV, 1-mA beam current
could be used to produce a very strong source of muons and pions at the target. This
alternative was particularly attractive to some Los Alamos experimentalists and to
nearly all outside scientists in academic circles who did not have home access to
such particles. Furthermore, the spallation neutrons, produced when the 800-MeV
protons were incident on almost any target with a high atomic number, made a very
intense pulsed-neutron source. Such a source was obviously of wide interest in the
Laboratory and was compatible with the objectives of the weapons program.
Detailed studies to detemiine which type of accelerator was most likely to succeed in
meeting both varieties of objectives settled on a radio-frequency, cavity-type linear
accelerator that produced a proton beam. This acce'^raior, which was later named
the Los Alamos Meson Physics Facility (LAMPF), was expected to meet the
800-MeV, 1-mA criterion without producing large amounts of radioactivity in the
device itself. Strong competition was expressed by other government-supported
laboratories, academic institutions, and private organizations. But after several
review panels made in-depth evaluations of competing proposals, the Los Alamos
proposal was approved.
Although the initiation of, and the early studies conducted on, the 800-MeV
LAMPF accelerator had been done by P Division and most of the initial staff came
out of P Division, LAMPF was intended to be a national research laboratory;
therefore, its charter was separate from that of the Laboratory's. Louis Rosen
became Director of LAMPF and remained so until the 1980s. During this period, he
established a fine "outside" user group that produced a large research output. In
addition, in-house research was performed by regular Laboratory full-time
employees.
A highly respected research program was carried out in nuclear physics, meson
physics, and the biosciences. Several specialized programs in neutron physics were
also carried out; these programs eventually led to two ancillary facilities—the
Weapons Neutron Research Facility and the Manuel Lujan, Jr.. Neutron Scattering
Center.
A few words should be mentioned about a second accelerator project that did
not achieve implementation of the theory and experimental effort expended at Los
Alamos. In the mid 1960s, physicists in the western countries began to bombard a
wide variety of target elements with "heavy ions." Heavy meant anything above
carbon nuclei. Heavy-ion physics became a branch of nuclear physics in its own
right. This new field was stimulated in part by the hypothesis that superheavy
nuclides might exist and have some very interesting properties. Various new
accelerators were conceived for heavy-ion acceleration to high energies. One of
these was a spiral-resonator device studied in detail 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.
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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 is 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
] ,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 ^n tne scattering of protons from tritium and deuterium. The reaction of
tritons bombarding tritium to give 4 He 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 impure gas was sent to
the chemists for purification and then stockpiled for re-issue.
About 26 scientific papers on fast-neutron physics and charged-particle
interactions among the lightest nuclei were published between 1947 and 1957. Most
of the charged-particle research was done with the new 2.7-MV Short Tank.
The original Short Tank, under the direction of Ben Diven, continued emphasis
on neutron cross sections and data that could be obtained by use of the large
scintillation tank detectors. One of the first experiments was to measure
"multiplicities" of neutrons emitted in fast-neutron fission of several fissile elements
and of the neutrons emitted by several nuclides, which fission spontaneously. The
probabilities of emitting 0 or 1 or 2 or 3, etc., neutrons per fission could be obtained,
and the incident-neutron energy dependence of the average number of neutrons per
fission was determined with excellent accuracy.
This experiment was followed by a more difficult investigation, namely to
obtain the capture to fission ratios for 235 U. The success of this experiment led to the
measurement of radiative-capture cross sections for fast neutrons. These were
measured using the scintillator-tank technique for 29 elements, including 238 U and
235
U at 7 neutron energies between 175 keV and 1 MeV. The last two experiments
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were done by Ben Diven, Jim Terrell, and Art Hemmendinger. The data obtained in
these early tank experiments are of such a quality that the wartime requirements
were more than fully satisfied.
Over a period of years, Ben Diven and collaborators also designed and
implemented experiments, which used the intense source of neutrons from
underground nuclear explosions to measure cross sections and other nuclear
parameters for the heavy elements, some of which were highly radioactive. The first
extensive measurements were done on the Petrel explosion in 1965, followed by
Persimmon in 1967 and Pommard in 1968. The results are reported in the published
literature. These data are of great value to both weapons and reactor design.
While much of the above research was going on, a systematic effort was being
applied to produce better methods of neutron-energy discrimination by means of
counters. In addition, improvements in fast electronics and pulse-height analyzers
led to the development of the neutron time-of-flight technique. Between these
methods, work at the new high-voltage Van de Graaff accelerator began to provide
good data on elastic and inelastic scattering on many elements, including the fissile
ones. The counter development was mainly done by Bob Allen, and the time-offlight systems were accomplished by Larry Cranberg. Colleagues also involved in
this activity were Bob Beyster, Martin Walt, Bob Day, and others. Inelasticscattering cross sections were also done using either spherical shells surrounding the
threshold detectors mentioned above or small fission counters. In-scPttering and outscattering canceled each other if the reaction was elastic, but inelastic scattering did
not register. Mission requirements and basic science again were mainly fulfilled.

Joe McKibben built this batterypowered spherical model for use
during lectures and demonstrations to
show the characteristics of polarized
particles.
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Upgrading the 8-MV Electrostatic Accelerator Capability
In the mid ) 960s, two developments, which influenced numerous research
directions, took piace at the 8-MV electrostatic accelerator. One of these was the
purchase of a tandem Van de Graaff accelerator from Hivoltage Engineering Co.
The accelerator was put in the basement of the existing building that housed the
8-MV machine; the accelerator could either be operated separately or coupled to the
8-MV machine. This opened an energy range of more than double that of the
existing accelerators. We also purchased an excellent magnetic-particle spectrometer
that was based on a design by Harold Enge at the Massachusetts Institute of
Technology. The spectrometer had veiy high energy resolution of nuclear-reaction
products in this range of energies.
The second development of major impact was the production by Joe McKibben
of a so-called Lamb Shift polarized-ion source. Although others had also made the
same or similar sources, the Los Alamos version was clearly superior and several
experimenters carried out detailed research on or with polarized light nuclei
accelerated through the tandem accelerator The successful tandem source stimulated
the development of polarized targets of 'H,, ? Ke, and 59 Co here and elsewhere.
(Note that each additional nuclear parameter that can be controlled experimentally
increases the capability of understanding the reaction dynamics.) The Los Alamos
staff that originally carried out the experiments in this exciting area included Joe
McKibben, Gerry Ohlsen, Paul Keaton, Jim Simmons, George Lawrence, John
Hopkins, John Gammel, Wally Leland, Bob Watt, Don Dodder, and George
Key worth. At the International Symposium on Polarization Phenomena in Nuclear
Reactions in 1970, 33 Los Alamos papers out of about 200 were presented by this
group.
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Monitoring Nuclear Weapons Explosions from Space and Space Physics
In 1957, Sputnik I created a great surge of interest in the new, rapidly
developing field of space science. P Division was called in briefly to help clarify
what caused damage to the solar cells of an early United States satellite. Following
this exposure, contact:) with interested staff from Sandia National Labor r.ories
(particularly Don Shuster) and the Air Force Space Systems Division (with the help
of Lew Allen) led to a joint seminar. The seminar produced proposals for
experiments, which would be mounted and flown on sounding rockets available at
the time. Because nuclear weapons had already been exploded in "near space," a
question arose as to whether or not such explosions could be detected far away from
Earth. This arises because the visible light emitted directly from an explosion is a
very small fraction of the weapon's total energy, and no other interactions occur with
the atmosphere at great distances. Obviously, instrumented satellites would have a
much better chance of detecting clandestine explosions if they were located well
outside of the atmosphere. A joint Advanced Research Projects Agency and AEC
program was started in 1962 to look at the options available. In addition to the Los
Alamos/Sandia cooperation, Lawrence Livermore National Laboratory and the
Aerospace Corporation participated in the discussions. After a lengthy analysis, the
Los Alamos approach of using fully instrumented satellites for the detection mission
with back-up instrumentation to greatly expand our basic understanding of the spacebackground environment was approved for the mission.
Interested staff members from Los Alamos were primarily the P-4 group from
the CW accelerator and others from different parts of P Division. This staff was well
acquainted with the methods used to detect neutrons, gamma rays, and x-rays and
had rather quickly designed detectors for measuring the radiation. They also
established the criteria for handling the data pulses and the transmission of
information back to Earth. The Sandia group was fully versed in encoding detector
pulses and in transmitting data back to Earth for reduction and analysis. Scientists
had already determined from Hie known background-radiation effects on the
detectors that the satellites should orbit the Earth at approximately 100,000 km from
the surface to have a sufficiently low background for data extraction. Thompson,
Ramo, and Woolridge (TRW) would build the satellite structure; the Air Force Space
Systems Division would perform the launch using Atlas Agena rockets.
The technical collaboration among Los Alamos, Sandia, and TRW was
excellent. Accomplishing the scientific objective required a large number
(thousands) of solid-state devices from Sandia for data acquisition and transmittal.
This degree of complexity had not yet been accomplished in the United States space
program at the time, and the predictions of the working lifetime of each satellite
varied from a few seconds to a few days. Sandia therefore used severe testing
methods to eliminate devices that did not meet the criteria, which had been
established.
In this same year (1962), a nuclear-weapons-test program was carried out at
high altitudes with rocket launches from Johnson Island. Many diagnostic
measurements were performed on Starfish, a large thermonuclear weapon.
Group P-4 proposed and carried out measurements that used a version of the neutron
counter and circuitry from the satellite program to detect neutrons from the Starfish
explosion at great distances. These measurements could not have been made unless
neutron sources and detectors were well above the atmosphere. Thus, these detectors
were launched on rockets from the Hawaiian Islands and from the California coast.
The California rockets did not acquire data because of launch failure, but the
Hawaiian detectors were able to measure the neutron time-of-flight spectrum from
Starfish with a baseline of about 1,000 km.

Progress Report 1992

Phvsics Division 23

Section Two
The initial launch in October
from Cape Canaveral put two of the Vela
satellites into the prescribed orbit of
HX).0OO km. Considering (he historically
early launch time, these satellites were
highly successful and immediately began
to provide data on cosmic-ray
backgrounds: solar dare; low-shock,
magnetic-field measurements: electron
and positive-ion populations: shock
waves in the space plasma: and other
phenomena. Above all. the reliability of
the whole satellite system, especially the
data-delivery capability, was fully tested
and found satisfactory.
Because the surveillance mission
required a minimum of >.ix satellites at the
orbital altitude being used, the second
pair was launched in July 1964 and the
third in July 1965. All were successful
and their lifetimes were fully compatible
with the mission. Each satellite had 10
x-ray detectors for fractional to few keV
Dick Bel'.cm, on the gantry of the Vela satellites, inspects a cosmic x-ray detector.
x-rays. 6 gamma-ray detectors to work in
the few 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 If)6 for the gamma-ray system, and about
3 x 1 (P 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 Ihe 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, whi:h 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 KlebesadeJ. 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 puise 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 UP km. Furthermore, there was a
delayed coincidence between ihe 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.
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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 and substance are
my own, and for these I apologize.
Richard F. Taschek
Physics Division Leader
1962-1970
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Changing Times in the
Physics Division:
A Perspective

Henry T, Mot: , P-Division Leader
(1971-1978).

26 Physics Division

Mike Moore, George Auchampaugh,
and I joined Ben Diven's group of
mavericks (P-3) in the fall of 1968. Each
of us came to P-3 with different
expectations but shared an overarching
common interest—fine structure in
nuclear reactions. Just a few months out
of Duke, 1 had been immersed in analogue
states; I was looking for the near-ideal
opportunity to use polarized targets and
beams of polarized neutrons to examine a
somewhat parallel phenomenon in
subthreshold fission. What we only barely
perceived at that time was that we were
experiencing the "last hurrah" of classical George A. Keyworth, II, P-Division
nuclear structure—at least as it had been
Leader (1978-1981).
for three decades. Our tools were the best,
including Ben Diven and Art Hemmendingers (W-8) cleverly conceived program
using small nuclear tests as intense pulsed-neutron sources. The challenge, and the
opportunity, was to look beyond the realm of cross sections and angular distributions
where the quest for new phenomena was gradually being replaced by new precision
and to envision how the powerful experimental techniques of nuclear physics could
be applied beyond nuclear structure.
When Ben Diven asked me to replace him as Group Leader of P-3 in 1974, he
had already developed a comprehensive program using time-of-flight techniques to
explore equations of state in exotic materials and at exotic pressures and
temperatures. This program helped us develop new working relationships with the
Field Test (J), Design Engineering (WX), and Theoretical (T) Divisions. P-3 was
developing into a weapons-physics group but with the tools of nuclear physics to
explore high energy-density matter. Moreover, the Weapons Neutron Research
(WNRj Facility was on (he horizon at the Los Alamos Meson Physics Facility
(LAMPF), the laser-fusion program was growing in the Laboratory, and the oil crisis
was leading Congress amok.
In 1978,1 joined Hank Motz in the Physics (P) Division Office. The dilemma
we faced was easy to describe: how to help guide the skills we had into new areas
that were becoming pan of a more diversified Los Alamos and yet of a sufficiently
fundamental nature to attract the best new graduates into the Laboratory. Group
P-4's discovery of gamma-ray bursts created great excitement and caused us to place
more emphasis on astrophysical theory and modeling. I was excited by the new
emerging questions regarding the fundamental properties of neutrinos. These
questions, which were prompted by theory and by "missing" solar neutrinos, arose
just as we needed a good test of the future role of P Division.
I envisioned P Division as having two roles in the Laboratory. One was to
possess the capability, and the will, to bring diverse skills and a new outlook to
solving problems, whether enduring dilemmas or new ones, that were of central
importance to the Laboratory's mission—principally, the design and testing of
nuclear weapons. The second role was to help maintain for the Laboratory a position
at the forefront of experimental science in the broadest possible sense. This balance
of mission-related and basic research not only captured for me Los Alamos" greatest
strength but also made P Division an extraordinary combination of people. The
principal challenge was elegantly captured by Harold Agnew in an informal talk to
Laboratory management upon the announcement of his retirement as Director of the
Laboratory. As I recall his meaning, if not the precise words, he told us that he had
seen his job as "looking to new times and sowing the seeds for Los Alamos" future.
Now with that done, it was time to do some careful weeding."
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Our challenge in P Division was not
only to support the "weeding" process but
also (and even more importantly) to
nurture the new plants and to keep
excellence as our overarching criterion for
judgment. With this perspective in mind
and with Laboratory organization
assuming a new measure of attention,
P Division gradually absorbed major parts
of Laser (L) Division's laser-fusion
program and J Division's nuclear-testing
diagnostics. Because the Space and
Astrophysics Program (P-4) was selfsustaining, it was established as a separate
division to make P Division manageable.
Our challenge then was to make the whole
a coherent research enterprise insulated as
much as possible from the increasingly
pervasive tendrils of bureaucratic
Washington while recognizing the
inevitable requirement for more
accountability. The fact that more
accountability was demanded was not the
question—that was clear when the Atomic
Energy Commission became the Energy
and Research Development
Administration and then the Department
of Energy. What was. and remains,
Ray Maesias and Harold Robinson make final adjustments in the high-current
unclear was to whom we would be
target at the Wi\!R Facility before the new facility was phased into operation.
accountable. My own conclusion, now
difficult to defend for its appearance of
insularity, is one I would still make today—to choose the relative ease of identifying
excellence in the conduct of scientific research in preference to the changing whims
of government organizations. In practice, of course, we did both. But I came to rely
more and more on the good counsel of proven judgment from people both internal
and external to the Laboratory. Peter Carruther's direction of T Division was one
important model. George Cowan's development of radiochemistry was anolher. The
addition of Herb Anderson and John Wheatley to P Division added much insight.
Outside reviewers, especially Luis Alvarez, became important sources of input to
me. And most of all, my relationship with Edward Teller did then, and continued
later, to make a big difference.
As perhaps the most complete scientist I have known. Edward has rare insight
into the blend of science and technology. He is as much at home with researchers in
neutrino physics as he is with designers of laser-fusion targets. His nearly unbound
interests range from history, philosophy, and music to foreign and defense policy. A
press article once labeled him a "monomaniac." Correcting that perception of
himself, he explained to me. "I said I am not a monomaniac: in fact. 1 have several
monomanias." Like every truly creative person, Edward makes errors. I have
benefited greatly from his insight and advice—the debt 1 owe him is not one I can
repay.
Edward is often at his best when he resorts to first principles. Anyone who
knows him is used to his way of initiating discussion. He would simply ask. "Whai
single thing interests you most?'' Once, when I responded by describing the debateover the neutrino rest mass, he thought for a moment, took up a large pad of paper,
and spent 8 hours developing a field-theoretical treatment of neutrinos. Only then did
he acknowledge this as a worthwhile interest.
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Inertia! fusion was a particularly
demanding area during my tenure in
P Division—one in which Hdward played
a major role. It tended to divide people
into two groups. One group saw inertial
fusion as a better path to fusion power
generation than magnetic confinement:
the other group saw it as a laboratory for
high energy-density physics. My own
interpretation was toward the latter, and I
had a kindred spirit from L Division in
Damon Giovanielli. who later became
one of my successors as P-Di vision
Leader. The two perspectives overlapped
of course, but the split led to a failure of
accountability. Bigger lasers were
justified on the basis of their proximity to
thai elusive goal of "break even." Yet the
physics was revealing itself as even more
complex—an old story in fusion research.
We sought to use Los Alamos
expertise in CO-, lasers to resolve the role
View of the 1981 experimental setup at LAMPF of Experiment 517, which
involved the measurement of spin correlation. The effort was a collaboration
of hot electrons and to study a regime of
between Texas A&M University; the University of California, Los Angeles;
energy and power densities that
Washington State University; and the Physics Division at Los Alamos. Brad
approached that in nuclear weapons. It
Tippens (center) worked on this effort for his Ph.D. thesis.
was good science, it offered an adjunct to
nuclear tests, and it could attract lop
minds to the Laboratory. Edward Teller helped in guiding this change in trend in
several ways. He contributed to the evaluation and design of important experiments,
and he strengthened our working relationship with Lawrence Livermore National
Laboratory. Furthermore, he acquainted me with people who helped us proceed.
After thirteen years. I left Los Alamos in 1981.1 had nothing but gratitude to
offer. As for my tenure in directing P Division, I counted as the one memorable
success the excellent people who joined us. I had just two regrets, however. I le/i
John Browne with a job only partially done, and I left Greg Canavan just a few
months after enticing him to Los Alamos. Their subsequent accomplishments
absolved me of responsibility but failed to remove my regrets.
George A. Keyworth, II
Physics Division Leader
1978-1981
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The period from 1981 to 1984 was an
exciting and challenging time for the
Physics (P) Division. I became Division
Leader in September 1981 after Jay
Keyworth left Los Alamus to become
President Reagan's Science Advisor. I
knew that Jay would be a tough act to
follow.
P Division had about 450 people in
1981. We had 15 groups covering plasma
physics, nuclear physics, optics, lowtemperature physics, materials science,
laser physics, weapons diagnostics,
computer systems, and mechanical
engineering. Support for the Division
John C. Browne, P-Division Leader
came
primarily from the nuclear weapons
(1981-1984).
program for weapons physics, from
experiments performed at the Nevada Test Site (NTS), and from the inertialconfinement-fusion (ICF) program. Other support was received from the Department
of Energy's (DOE) Office of Basic Energy Sciences (OBES) and the Office of High
Energy and Nuclear Physics. About 10% of the Division's support for our programs
came from Laboratory Directed Research and Development—then known as
Institutional Supporting Research and Development (ISRD).
I saw that the major mission of P Division was to provide the Laboratory with
state-of-the-art experimentation to help solve problems related the Laboratory's
programs. To accomplish this, I believed that we had to have outstanding physicists
performing research on the leading-edge questions of their fields. It was also
important for our people to understand the needs of the applied programs so that they
could make the best contributions possible. It appeared to me that there was a
strongly ingrained culture at Los Alamos that separated physicists into basic and
applied. I strove to get our staff to understand that they were simply physicists, not
basic or applied or worse, just diagnosticians. I felt that our staff could and should
have broad interests in problem solving, even if their main activities were focused
toward a particular problem area. I wanted our physicists to publish, to interact with
the international scientific community, and to be sought out for their expertise by
people throughout the Laboratory.
There were many exciting people and activities that I encountered during my
three years as P-Division Leader. For example, it was always a pleasure to interact
with John Wheatley who was in P-10. John was just beginning his work on natural
heat engines, which required few or no moving parts. He had a young postdoc at that
time, Greg Swift, who has continued this outstanding work after John's untimely
death. I remember one special trip that the three of us made to DOE/OBES to try to
extract more funds for John's research. On the way to Washington, John insisted that
I sit between Greg and him. He proceeded to give me a 5-hour lecture on the physics
of heat er,oi:ies. I learned more thermodynamics on that trip than in all my years in
graduate and undergraduate school. John also wanted to do a demonstration of his
acoustic engine concept in Germantown for Lou Ianiello, who was head of the
Division of Materials Science at the time. John needed some liquid nitrogen, which
he found nearby at the National Bureau of Standards Facility. He then showed up at
the DOE security entrance desk in Germantown with a dewar of liquid nitrogen,
which was spewing fumes. The DOE guards did not know how to react. John
volunteered to drink some if they thought it was a problem! We made it into the
building through John's persuasive powers. I am not sure we could do that today.
P Division made many excellent contributions to the nuclear weapons program
during this period. I was the head of the weapons physics program, and we were able
to work closely with the Applied Theoretical Physics (X) Division in planning and
performing a number of important experiments locally, e.g., the very low-energy
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John Wheatley (center), Greg Swift
(left), andAl Migliori inspect a liquidpropylene Stirling-cycle refrigerator
developed as pan of their program to
explore novel heat-engine physics and
technology.
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(d,t) measurements by Bill Jarmie and Ron Brown, and at NTS, e.g., the radiationflow measurements. We also were able to convince the DOE Defense Programs
Office that the construction of several beam lines at Brookhaven National
Laboratory's National Synchrotron Light Source should be supported. These beam
lines turned out to be valuable assets for P-Division's weapons activities and for our
materials-science efforts. In addition, P Division played a major role in early 1982 in
the formulation of the nuclear Strategic Defense Initiative activities. Our x-ray laser
program, which Tom Stratton headed for P Division, made several major
contributions to the national program, particularly as a result of our one underground
nuclear shot at NTS. The Prometheus program was also an important spin-off of
P-3's equation-of-state program that began in the 1970s under Ben Diven and then
reached fruition in the late 1970s and early 1980s through Sonny Ragan's hard work
and dedication (with X-Division support). We also helped Bill Hughes keep the
difficult start-up phases of the Perseid program alive. P-14 and P-15 also made many
outstanding technical improvements during this period, including the fiber-optics
efforts pioneered by Pete Lyons and the time-resolved PINEX measurements by
Nick King and others. Our measurement efforts paid off in important ways for the
weapons program to the point where my discussions with people from Lawrence
Livermore National Laboratory, including John Nuckolls, who was Associate
Director for physics at the time, convinced them that they had to put more emphasis
on experimental science to keep pace with us.
The ICF program presented the biggest challenge to me and many others in the
Division during this period. The definitive experiments on the interaction of 10-u.
light with a variety of targets, including hohlrauins, were carried out by Phil
Goldstone, Allan Hauer, and members of Group P-4, along with support from a
number of other groups, including P-2, P-14, and X-1. Sid Singer played a pivotal
role in developing Helios to the point that it was the most productive laser in the
national ICF program. George Spillman played a key role for P Division in
overseeing the technical review of all the'data and integrating it into a coherent
picture. His work showed evidence that long-wavelength lasers would not provide
the characteristics needed to meet ICF goals.
We also completed the construction of the large Anlares CO., laser during this
period. It was built as the follow-up of the Helios system. Through the efforts of Jorg
Jansen and his team, we were able to achieve 20 kJ of energy and do a variety of
experiments that continued to confirm the Helios results about long-wavelength
light. It was at this time that we started a small effort to develop the shortwavelength (0.25 |a) KrF laser as an alternative approach to the CO-, laser and to the
frequency-shifted Nd:YAG laser approach by Livermore. We got off to a good start
under Greg Canavan and Allan Hunter when they were able to achieve a 10-kJ shot
out of the large-scale amplifier that they built in under one year. Developing a true
demonstration of the KrF technology for fusion proved much harder than we had
anticipated. Our inability to produce key results during the period from 1983 to 1984
turned out to be prophetic of the problems that our KrF program would continue to
have in the late 1980s. This KrF program was probably my biggest disappointment
as P-Division Leader, and I learned a lot about organizational dynamics from that
experience. I wish that 1 had been able to provide stronger technical and personal
leadership to that effort. A spin-off of that effort, however, did lead to the Los
Alamos Bright Source program. Gottfried Schappert provided much of the key
scientific leadership to that effort, which still continues today.
The Proton Storage Ring (PSR) project was busily under way from 1981 to
1984. Under Richard Silver in Group P-8, we were attempting to build up our
expertise in neutron scattering so that we could take full advantage of the powerful
pulses that should be delivered by the PSR. It was an uphill battle because we had to
contend with the Argonne National Laboratory neutron-scattering facility, called the
Intense Pulsed Neutron Source. In spite of a strong recommendation from the
Brinkman National Academy of Science (NAS) panel on neutron scattering, we
were not well accepted. A second NAS panel under Fred Seitz and Dean Eastman
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was convened during this period to review the country's strategy for both neutron
and light sources. They reaffirmed that the Los Alamos PSR was the way to proceed
for pulsed-neutron sources, but they recommended that we build a new experimental
hall 10 accommodate a national-user community. We proceeded to formulate our
strategy to get a line-item construction project for a new experimental hall. I spent a
considerable amount of time and effct, including a testimony to the House Science
and Technology Committee, justifying this project to a lot of people. The project,
which we were finally successful in getting approved, resulted in the nice facilities
that are now found at the Manuel Lujan, Jr., Neutron Scattering Center (LANSCE).
This was one of my most rewarding activities during my tenure as P-Di vision
Leader. We were able to attract some excellent people to the neutron-scattering
program. These people helped us build the reputation and capabilities that led to
LANSCE and also provide a new life for the Los Alamos Meson Physics Facility as
the next-generation intense neutron source.
The period from 1981 to 1984 was also an exciting time for the nuclear-physics
efforts in P Division. We were able to attract Hamish Robertson and Tom Bowles to
begin a weak-interaction physics program that still rates as one the best today. The
tritium-beta-decay experiment, which began around 1981, was strongly supported by
our Director via ISRD. 1 was very proud to have been associated with the beginnings
of that experiment and even made a few minor technical contributions. The ultimate
accomplishments on the mass of the neutrino from this experiment were due to the
meticulous detailed analysis of all the possible systematic errors that could occur at
the 10-eV level. During this time, many other exciting efforts that contributed to an
already strong nuclear physics program in P Division were started by Ralph DeVries,
Joel Moss, and others. And the nuclear physics effort at the Weapons Neutron
Research Facility began to show promise under the leadership of Paul Lisowski,
Charlie Bowman, and others.
One of the risks that I took as P-Division Leader involved one of our nuclear
physicists, Ed Flynn, who came to me with a request to start a new effort outside his
area of expertise. Ed wanted to begin experimental activities in the field of
magnetoencephalography because of personal experiences and because of an
intellectual interest in the functions of the human brain. I used some discretionary
resources to help Ed get started with SQUID (Superconducting QUantum
Interference Device) technology needed to measure the minute magnetic fields that
emanate from the brain when neurons fire. This effort was taken in collaboration
with the Life Sciences (LS) Division and has resulted in a new Laboratory program
of which I am very proud. This embryonic effort paved the way for P Division to get
more deeply involved with biophysics.
There were many other exciting activities that I will not take the time to
mention, and 1 apologize to those outstanding scientists who carried them out. I
assure you that I have not forgotten them. Some of my most rewarding activities as
P-Division Leader were in the recruiting of outstanding people, most of whom are
still with us, and in my personal interactions with everyone in the Division. As
Division Leader, I learned a lot, I had a lot of fun, and I had a lot of support from the
best people in the Laboratory. I hope that I laid the groundwork for future Division
Leaders to carry on the outstanding traditions of P Division with respect to
experimental physics. P Division will be 50 years old this year. I am proud to have
been a part of its history.

View from the inside of the magnetic
spectrometer used for tritium-betadecay experiments at Los Alamos.

John C. Browne
Physics Division Leader
1981-1984
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Physics Division: Establishing
a Foundation of Defense and
Energy Concepts

A focused laser pulse from Bright
Source I ablates matter from an
aluminum target, producing hot
plasma. Bright Source I produced
extraordinary irradiances because of
its ultrashort pulselength of less than
I ps and its very small, focused spot
diameter of a few micrometers.
Electric fields created by this laser
pulse exceeded those binding electrons
to nuclei within atoms. Bright Source I
has now been replaced by Bright
Source II, which is being used to study
problems related to nonequilibrium
plasmas and nonlinear atomic physics.
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As I look back at my brief
stewardship of the Physics (P) Division, I
am struck by the strength of the people,
their dedication, and their confidence that
they could accomplish amazingly difficult
things. The Division was, and still is,
pervaded with a sense of "can do." I am
struck by the parade of new opportunities
and challenges at the time. I am struck by
the life cycles of experiments, projects,
and programs. There were few projects
that both started and ended while I was
the steward. Many projects were started
and many ended. But most of these
projects, although refocused and
Fred A. Morse, P-Division Leader
redirected at times, continued one step
(1984-1987).
after another—always moving. I am
struck by how much change was simply a part of life in the Division.
Well, if the bedrock of P Division was its people, its foundation was its mission.
Our mission then was to generate ideas, knowledge, and technology in critical areas
of physics in order to establish a foundation for both current and long-term defense
and energy concepts. I suspect that the Division mission is still much the same in
people's hearts, but today's wording is better.
The scaffold that held the Division together was, and still is, the diversity of
exciting projects. Not all of these projects made it to the big time, but each one
contributed ideas and knowledge to our understanding of physical processes.
Let's look back at some of these projects. The Los Alamos Bright Source 1
(LABS-I) was built. There were honest differences of opinion about contracting parts
of it out and about amplifier design, and both sides could argue in hindsight that they
were correct. In spite of this, LABS-I did get built on a shoe string, and it has been a
successful tool. Group P-14 led the effort to build four beam lines at Brookhaven
National Laboratory's National Synchrotron Light Source. Those involved will
remember that it too was not easy and needed more money and more staff, but it is a
project that they can be proud of.
The Weak Interactions Group (P-3) was started under Jay Keyworth and
continued under John Browne, me, and Damon Giovanielli. Group P-3 achieved a
2-o limit of less than 27 eV for the mass of the electron neutrino while 1 was in
P Division. Since then, they achieved less than 9 eV. This project, which was
accomplished by so few for so little, is an example of the dedication, perseverance,
and genius so often shown in the Division.
Antares was the centerpiece of the inertial-confinement-fusion (ICF) program,
which took a dramatic turn in that period. The Division achieved its construction
goal, and Antares operated successfully for several experiments. Long-wavelength
lasers had both vocal critics and physics working against it. Physics showed that
scaling with wave number was more important than power. Critics from many
laboratories were incensed that we continued as long as we did. Experimenters and
designers at Los Alamos had tried to beat the wavelength dependence with clever
target design and different energy-deposition concepts but did not achieve sufficient
success in the eyes of the sponsors. After several reviews (one I sponsored in the
Green Room), Antares was terminated by the program office. The ultraviolet KrF
program, begun under John Browne, became the centerpiece of the program. The
ultraviolet wavelength seemed very attractive.
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Work on gamma-ray lasers (grasers) was an interesting project too, but it was
eventually ended by lack of sponsor interest. I still do not know how much
likelihood of success there was. Many things worked out, but finding the right pump
for the lines identified only in theory was a formidable task.
The Nevada Test Site teams used a nuclear weapons test to provide neutrons for
a neutron-neutron (n-n) scattering measurement. This effort was extraordinary,
complete with its share of disappointments and successes.
The weapons groups continued spectacular development of high-speed
diagnostics: high-speed, high-sensitivity, and high-resolution streak cameras and
single-shot multiple image cameras. The fiber-optic technology, which was a "first"
then, is routine today.
A major controversy was created when P-1 found that a z-pinch plasma
produced a high-energy electron beam as a natural consequence of the pinch physics.
That sort of controversy is fun (the ones you win). Group P-l also produced recordsetting microwave power for Strategic Defense Initiative (SDI) programs before
there was an SDI. They worked closely with designers from the Applied Theoretical
Physics (X) Division and produced a remarkable knowledge base for virtual
cathodes and other geometries.
Work on a neutral-particle-beam ion injector was begun in P-7. This work led to
several important projects.
ICF experiments done at Rochester explored the power of LASNEX. The work
confirmed the code in much of the energy range but showed weakness at low
energies.
Rail guns were brought a long way before the fickle funding finger finally
proved fatal.
Laser sensing and detection of satellites was demonstrated. Antares was used as
part of these little-known experiments.
A pioject to measure the gravitational masses of H" and antiprotons was begun
with high hopes for quick measurement and program development.
Precision and detailed cross-section measurements for hydrogen, deuterium, and
tritium below the Coulomb barrier for fusion studies were completed. This effort
received a great deal of attention for its care and accuracy. The cross section for
7
Be(n,p)7Li from 0.03 to 300 eV was obtained. The Drell Yan experiment was
proposed.
Little-known programs in P Division in those years were the neutral particle
beam and an induction linear accelerator at Berkeley.
John Wheatley's influence and the transfer of solid-state physics to P-10
changed this group in dramatic ways. An early tech transfer from that group was the
transfer of people, ideas, and patents for magnetic refrigeration to Astronautics of
America, Inc., in Madison, Wisconsin. We didn't call it tech transfer then.
Magnetoencephalography, or MEG, struggled to prove its technology in a
basement screen room with a very small group in P Division.
A high-speed protein analyzer was developed using high-energy-physics wirechamber technology. Other technologies eventually by-passed this interesting
application of high-energy-physics techniques to biology, but it worked, and it
symbolized the cross-discipline interests in the Division.
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I have not mentioned the favorite projects of everyone, and 1 have necessarily
stayed away from the classified work. This lack of a complete list means that many
people may be offended by omission—I regret that. The ones i have chosen were not
selected by any rigorous method. The annual reports of the time were my principal
reminders. My memory is also tempered by how much attention 1 personally paid to
projects because too often they were in financial trouble.
During this time, organizational changes occurred too. 1 have mentioned the
termination of Antares. In time, the diminished laser program in P Division was
combined with other laser efforts to form the Chemical and Laser Sciences (CLS)
Division. Groups P-5, P-7, and P-16 went to CLS Division. P-12 went to the
Mechanical and Electronic Engineering Division. We merged parts of P-9 and P-8
and called the new entity the Manuel Lujan, Jr., Neutron Scattering Center. Group
P-4 was retained and its charter enlarged. Group P-10 was redirected and its staff
augmented. Many of the current Group Leaders were named during this period.
So, the three years that I served as Division Leader was a time of major change
in projects and organization. Yet P Division seemed not to dwell on the old but
rather concentrated on the new—to build new opportunities.
I was, and am, proud to have been associated with the people of such a Division.
1 cannot begin listing names of those to whom I am indebted for making the
organization tick—it was all of you.
Fred A. Morse
Physics Division Leader
1984-1987
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Since 1986, the key word at Los
Alamos has been change. The most
significant worldwide political changes in
the second half of the twentieth century
had a rather immediate impact on Los
Alamos and the Physics (P) Division.
The role that the Laboratory had in
ensuring a credible nuclear deterrent for
more than 40 years and the contribution
this made to avoiding global conflict
were recognized. With the end of the
immediate Cold War threat, it was time to
address topics that had previously
received less attention: environmental
remediation, more formal operations, and
Damon V. Giovanielli, P-Division
the definition of the size and structure of
Leader (19&7-present).
the nuclear weapons complex and the
Department of Energy (DOE) laboratory system for the future. This new focus led
to considerably increased management attention from government agencies and an
anticipated adjustment period (that continues in part today). The greatest challenge
was to lead the Division into and through this time to a new order while maintaining
the basic integrity of the Division's mission.
The mission of P Division remains to further our understanding of the physical
world, to generate new technology in experimental physics, and to establish a
physics foundation for current and future Los Alamos programs. We continue, and
will continue, to provide surroundings where outstanding scientists and technologists
feel comfortable to carry out research and technology development of the highest
quality.
Since 1987, P Division has had over 300 employees, plus about two dozen
postdoctoral fellows. In keeping with an expanding role in the education of young
physicists, the Division now has more than 70 student assistants. These students
come for varying amounts of time throughout the year. Typically, about a half dozen
do experimental work for their Ph.D. theses at any one time. However, nearly all of
them "invade" us for the summer, creating a great deal of energy and excitement and
lowering the average age in the Division by about five years almost instantaneously
on the first of June.
The modem trend of P-Division scientists traveling away from Los Alamos to
complete their experiments continued. Travel had become a great part of our
physicists' lives. Major activities were undertaken at CERN (the European highenergy physics research center), Fermilab, Brookhaven National Laboratory,
Lawrence Livermore National Laboratory, and even Baksan in Russia, as well as the
Nevada Test Site (NTS). Many other facilities were used as well. Physicists had
access to the best facilities in the world, but they had to travel to use them. It was
remarked that if everyone in P Division came home, we would have no place to put
them. Travel costs consumed about We of the total budget each year. Houses were
leased near CERN. Fermilab, and Livermore to save on hotel bills and to provide a
place for a meal after late-night experiments. P-Division physicists, as always,
learned to accommodate.
The Los Alamos Neutron Scattering Center (LANSCE) was dedicated to
Congressman Manuel Lujan, a long-time friend of the Laboratory. The construction
of a new scattering hall and office building at LANSCE was completed, new
instruments were designed and installed, and a vigorous user program was initiated.
LANSCE quickly established itself as a state-of-the-art facility contributing to the
understanding of the newly discovered high-temperature ceramic superconductors:
the structure of proteins; and, in collaboration with industry, the strain patterns in
manufactured parts. Funding from DOE increased along a promised curve, and
LANSCE was separated from P Division in 1989 to grow and prosper on its own.
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The involvement of other P-Di vision physicists, however, continued. LANSCE was
ihe latest in a long history of major experimental activities borne from P Division
over the decades and indicative of the Division's role of serving the Laboratory by
developing major new technical capabilities.
LANSCE is a moderated-spallation neutron facility used primarily for
materials-science investigations (because the neutron wavelengths match well with
interatomic spacing in materials). The facility is also used for structural biology and
low-energy neutron nuclear physics like the parity-violation experiment conducted
jointly by the Medium Energy Physics Division and P Division. Another spallation
target, the Weapons Neutron Research (WNR) Facility, is unmoderated and provides
pulses of neutrons at higher energies. Soon after LANSCE departed, P-17, a new
group centered around WNR, was formed. The paradigm that we have operated
under for many years, namely that applications of science to serve the nation are best
nurtured from a strong basic-science base, was exemplified by the design of neutronspallalion systems for radioactive waste transmutation and for tritium production for
the nuclear weapons complex. P-Division people (Charlie Bowman, Paul Lisowski.
Francesco Veneeri, and others) played leading roles in defining the target and system
concepts for these projects. Both systems are now gaining recognition, and we can
expect to see major Laboratory programs to develop them. The construction of
LANSCE and WNR was completed within the past five years: both facilities already
proved so successful that discussions of upgrades or larger replacement facilities are
under way for multiple uses in materials science, structural biology, neutron nuclear
physics, and lepton physics. These will greatly expand and transform the research at
the Los Alamos Meson Physics Facility.
P Division continued to make significant contributions to the undergroundnuclear-test program. Although the number of tests declined, the complexity of each
increased significantly. Essentially all prompt measurements of emissions from Los
Alamos nuclear explosives were made by P Division with ever increasing time and
space resolution. The process of developing the capability for improved resolution
continues. Multi-gigahertz time responses and fraction of a millimeter spatial
resolution, now common, provide much greater insight into the physics behavior of
nuclear explosives. The emphasis P Division places on having outstanding
physicists in applied-physics programs allowed us to provide leadership for the
Laboratory's nuclear-dirccted-energy programs. Combining knowledge of nuclear
processes with knowledge of other physics areas led to the development and
production of credible designs of directed-energy devices. During this time, the most
complex underground nuclear test ever was conducted by Los Alamos, and
P-Division physicists were responsible for producing nearly 100% data return from
more than 5,000 data channels on one experiment.
A sign of the extraordinary times in which we live was the acceptance by the
Soviet Union of CORRTEX, or hydrodynamic yield verification, as the technique of
choice for the verification of U.S.S.R. and United States compliance with the
Threshold Test Ban Treaty (this treaty limits the yields of underground nuclear tests
to 150 kt). CORRTEX was developed at Los Alamos under the leadership of Don
Eilers in P-15. After this acceptance, demonstration tests were conducted at the NTS
where Soviet scientists made independent measurements and at the Soviet
Semipalatinsk Test Site where American scientists also made independent
measurements. So it happened that the evening 1 was to present a 30-year service
award to Don, he and his colleagues were in Kazakhstan for the historic event.
Many of us walked to the Bradbury Science Museum after the awards ceremony to
listen via satellite to the countdown and to Don's commentary. Apparently, their
command and monitor trailer was only 4 km from ground zero. The excitement of
the team was evident as we heard them comment on the spectacular ground shock
produced by the detonation. The wave visibly exploded at the surface and lifted a
huge mound of surrounding earth momentarily skyward before it continued to
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rumble swiftly toward them. These two
tests, dubbed Joint Verification
Experiments, marked a dramatic turning
point in United States-Soviet relations in
1988. Since that time, other teams of
Soviet scientists have been hosted at NTS
as they made inspections and independent
hydrodynamic-yield-verification
measurements on our tests.
The decline in the number of United
States nuclear tests will require a better
understanding of the physics of nuclear
devices through more precise and detailed
measurements by P-Division physicists.
At the same time, and with many of the
same people, above-ground experiments
(AGEX) continue to gain importance at
facilities designed to simulate the various
aspects of behavior of nuclear devices.
After a number of years of limited
experimental work in inertialconfinement-fusion (ICF) target physics,
A break the United States preparations for the Joint Verification Experiment at
in 1990 the Laboratory, primarily
the location of their P-Division recording facility, I km from ground zero, on the
P-Division physicists (P-4), began a
Soviet Setnipalatinsk Underground Nuclear Test Site. To honor the historic event,
concerted effort to examine key issues in
Don Eilers presents the New Mexico state flag to Professor V. Mikhaxlov, now
the behavior of ICF targets. This work
Minister of Atomic Energy of the Russian Federation and General A. llyenko,
was characteristic of many P-Division
commander of the test site. Team members (from left to right) are Tom Sandoval
experiments. The measurements were
(EG&G Energy Measurements, Inc.); Barry Bailey (J-6); Tom McKown, Roger
(and continue to be) made away from Los Hill, and Don Eilers (P-I5); Horace Poteet (Sandia National Laboratories,
Alamos, in this case at the NOVA laser at Albuquerque); Keith Alrick (P-l5); Jim McNally (Arms Control and
Livermore. Within one year, excellent
Disarmament Agency); Larry Pirkl (EG&G Energy Measurements. Inc.);
results were being obtained, and the Los
Professor V. Mikhaylov, N. Voloshin, and General A. llyenko (U.S.S.R.); and Jack
Alamos position as leaders in ICF science Schendel (Sandia National Laboratories, Albuquerque).
was being re-established. Coupled with
outstanding theoretical calculations from the Applied Theoretical Physics (X)
Division, the understanding of ICF targets, particularly indirect-drive (x-ray coupled)
targets, was advanced rapidly. This endeavor was one more scientific enterprise that
Los Alamos and P Division could be proud of.
At the same time, P-Division experiments and X-Division calculations proved
the claim that ICF experiments were a useful part of the nuclear weapons program.
A fusion capsule did not have to be ignited to obtain information directly applicable
to the nuclear weapons program today. This X- and P-Di vision collaboration put
Los Alamos clearly in the lead in demonstrating the use of ICF in the nuclear
weapons program.
Other AGEX facilities continued to gain prominence in the nuclear weapons
program. P Division's fast capacitor bank, Pegasus, was upgraded to 4.5 MJ to drive
cylindrical foil implosions that not only generate x-rays but also approach the
radiation conditions existing in small nuclear devices. Physicists from groups who
regularly measure the behavior of nuclear explosions at NTS are now making
measurements at the Pegasus facility as well. P-1. a predominantly plasma- and
atomic-physics research group, developed and built Pegasus, and they operate and
use the facility with scientists from P-14. For a number of years, plasma-implosion
research was the largest activity in P-l. When a major funding reduction forced the
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dissolution of the Controlled Thermonuclear Reaction Division (which had
originally grown out of P Division more than two decades earlier). P Division
naturally absorbed many of the plasma-physics experimentalisls. Twenty-two
individuals were added to P-1, nearly doubling the size of the group; eight others
joined other P-Division groups. Again, P Division took the leading role in
experimental physics by supporting the national magnetic-fusion-energy (MFE)
program. The effort was considerably smaller than it had been in previous years at
Los Alamos, and our goal became to regrow a Los Alamos presence, through
P Division and the Theoretical (T) Division, in the main-line MFE program. The
MFE Office at DOE and the Plasma Physics Laboratory at Princeton endorsed this
goal and began to factor us into their future planning. This process continues today.
Perhaps in (he Mure, P Division will again be able to donate a revitalized. grow;ng
fusion-science activity to the Laboratory.
Another collaboration, this time with the Chemical and Laser Sciences (CLS)
Division, led to the development of Las Alamos Bright Source JI (LABS-II). the
highest brightness laser in the world. Within the focal spot of this laser, the electric
field exceeds 1 keV/A, which is far in excess of atomic fields for outer electrons.
Finally, we were able to examine atomic physics in the true high-field limit with
exciting new results. With high-flux synchrotrons, experimentation in atomic
physics saw a new vigor. Los Alamos expanded its reputation as leaders in atomicphysics research with the combination of LABS, the beam lines at the National
Synchrotron Light Source (NSLS) at Brookhaven (built and managed by P-14), and
new theoretical techniques developed by T Division.
P-4 and CLS-Division personnel jointly designed and built the TRIDENT glass
laser, once more giving Los Alamos an in-house laser capability for target
experiments (related to ICF physics) and diagnostics development. This project was
by no means the end of collaborations between P and CLS Divisions. Together they
developed an extraordinary capability in LIDAR (Light Detection And Ranging).
Although LIDAR was not a conceptually new technique, scientists in P and CLS
Divisions were able to incorporate modem controls, detectors, optics, lasers, and
data-handling and analysis systems to extend the applicability of LIDAR to many
new areas.
A small program to develop LIDAR technology in support of the Army's
drug-interdiction program led to a request in December 1990 for us to produce a
detection system for biological warfare agents that might be released against our
forces in the Persian Gulf War. A team of about 85 people, assembled in about one
week, began work on December 15. Led by Rich Joseph, Al Saxman (CLS
Division), and John Moses, the team began work on a brand new LIDAR system
that would be mounted in a C-130 aircraft and used to detect clouds of biological
agents that might be released by Iraqi forces. Scientists, technicians, and support
staff gave up holiday and vacation plans to work 18-hour days in a concerted effort
to have a tested apparatus ready to be used in the Persian Gulf by January 16. 1991.
The team worked superbly. A planning meeting each day determined the next day"s
activities; solutions to problems and the assignment of people who would solve them
were agreed upon. Each person was given the authority to do his part, and each
responded with remarkable energy. Often we would have to order someone to go
home to get some sleep. (A key to identifying who might be getting a bit too tired
was to talk to him and observe that when he looked at you he seemed to focus about
10 ft behind you.) The only hard rule I imposed was that no one was to come lo
work on Christmas Day. I think I was the only one who came in that day and then
only to be sure no one else did. (I decided we did not want this project to contribute
to a heightened divorce rale in Los Alamos.)
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The Laboratory was closed for much of the time that the project continued. No
matter, there were still dedicated people to procure the equipment we needed to buy
(within hours orders were placed); to supply badges to the Army and Air Force
visitors (Special Forces sergeants were trained as the operators of the apparatus); to
machine the optics and other parts; and to design, develop, and build all of the
apparatus. On January 4, 1991, a 8,700-lb L1DAR unit was shipped to Kirtland Air
Force Base in Albuquerque, New Mexico, and installed in the aircraft. The next day,
it was flown to a Yuma, Arizona, test range, where in five days it passed all tests
successfully. We were ready to go to the Persian Gulf ahead of time and on budget.
This was an outstanding display of the power of Los Alamos to respond to national
needs, and P Division played a major role. Amid many reminders of "the old days,"
this project made me as proud of Los Alamos as I have been in 20 years.
Since that time, LIDARs have been applied, by our team, to air-quality
measurements in Mexico City and Barcelona, Spain, as well as to basic
measurements of water vapor in California. Many more applications exist in
nonproliferation (of weapons of mass destruction) and in ballistic missile defense.
These applications are now being pursued as we continue to support the
Laboratory's programs with better technology.
Many of the people who worked on the "Christmas LIDAR" project had little or
no prior experience with LIDARs. Physicists who were working on basic-research
activities used the techniques they had developed for those projects to expand the
capabilities of the application at hand. The LIDAR project was a textbook example
of our oft-stated claim that maintaining a large and vigorous basic-research program
improves our capacity to do the best job on applied programs. Such was the case
when John Wilkerson and Frank McGirt developed the data-acquisition and display
system for the Christmas LIDAR. Their usual activities at the time were basic
research on solar-neutrino fluxes.
The weak-interaction team of Hamish Robertson, Tom Bowles, Peter Doe, and
John Wilkerson (along with many postdocs and students) distinguished themselves
in many ways. An important question had been: What is the dark matter in the
universe? Could it be neutrinos? Precisely measuring the end-point spectrum of the
electrons emitted by tritium during beta decay could lead to finding this mass if it
were large enough to resolve the cosmological difficulty. A Soviet experiment
indicated the electron neutrino had enough mass to close the universe. Seventeen
new experiments were begun around the world. P-Division's experiment was the
first to show conclusively that the Soviet experiment was incorrect and that the
electron-neutrino mass could not account for the missing mass of the universe. This
was a difficult experiment that took about eight years to complete. It was the
perseverance of the team and the Laboratory that paid off with a world-class result.
As the tritium experiment came to a close, the team was picking the next
experiments. There were many invitations; after all, this was recognized as one of
the best teams in the world in the area of weak interactions. Solar neutrino
experiments will, we hope, answer the question of whether electron neutrinos
emitted from the center of the Sun undergo oscillations to other neutrino flavors as
they travel out from the Sun's core—a process forbidden by the Standard Model of
Particle Theory. The team, in an unusual and welcome move, joined with the
U.S.S.R. Academy of Sciences to perform the Soviet-American Gallium Experiment
installed in a deep mine in the Caucasus mountains in southern Russia. Exciting
results from this experiment demonstrated that, indeed, the number of election
neutrinos reaching the Earth from the Sun is reduced. Results from the experiment
created an international sensation when first presented and led one DOE manager to
remark that the neutrino work of our team was the "best work in his (nuclear
physics) program." It also led to many memorable trips by P-Division scientists to
southern Russia. It was never especially easy to go to i>e neutrino laboratory, but as
the Soviet Union began to disintegrate, there was even some concern about having
enough food. Still, there was physics to be done.
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With strong indications that neutrino oscillations might indeed be occurring, the
P-Di vision team joined with 11 other institutions in Canada, the Unite i States, and
the United Kingdom to build the Sudbury Neutrino Observatory. (Dau-taking
activities will begin in a few years.) This experiment is expected to provide the
decisive answer.
A great deal of travel is also necessary by the high-energy physicists in the
Division and by those working on relativistic heavy-ion (quark-gluon alasma)
research. All of their experiments had to be done at CERN, Brookhaven, or
Fermilab. The construction of measurement instruments can be done in part at
Los Alamos, but our physicists must travel to other places for data-taking activities.
Our participation in Brookhaven Experiment E814 was to provide the full
coverage participant calorimeter. This experiment measured energy fliw from
14.6 GeV/nucleon in silicon-induced reactions on various targets. It was a fairly
large instrument weighing about 24 tons and made of plastic scintillate>r plates (over
7,000 of them), phototubes, and absorber material. Assembly of the device was done
at Los Alamos in the summer of 1988 by a team of students, technicians, and staff
scientists in an assembly line inside a pseudoclean room made of steel struts and
plastic sheets. (Clearly, the students chose the background music.) The instrument
was installed at Brookhaven, and it worked as expected. In the Helios relativistic
heavy-ion collaboration at CERN, P-Division scientists designed and built the
external spectrometer dial became an integral part of the experiment. Relativistic
heavy-ion experiments continue at CERN; we are looking ahead to when P Division
will play a significau' role in experiments at the Relativistic Heavy-Ion Collider,
which will be built at Brookhaven.
The Division's role in high-energy physics grew in stature, especially with two
very successful experiments at Fermilab. Quark and gluon structure in nuclei was
measured by dilepton production in Experiment E772. These experiments showed
that there is little modification of the antiquark sea in nuclei, thus contradicting
theoretical model predictions, which always delights experimental physicists.
Experiment E789 examines charm and beauty mesons, in particular the decay modes
of the D and B mesons. This experiment is exciting enough to attract the previous
director of Fermilab, Nobel Laureate Leon Lederman. as a collaborator. P-Division
physicists also collaborated in the preparation of proposals for both major
Superconducting Super Collider detectors and began research and development
efforts in support of those efforts.
The discovery of high-temperature ceramic superconductors greatly excited
condensed-matter physicists in the Division—although they were never really short
of exciting new directions. Photoemission spectroscopy done by Al Arko gave
significant new insights into the nature of the new superconductors and led to the
dedication of one of our NSLS beam lines to condensed-matter research. Work on
novel materials, heavy fermions, superconductors, and thermal physics maintained
the reputation of a very highly respected group of conden.sed-malter physicists.
Many applications grew out of their work as well. Al Migliori developed a resonantultrasound technique to measure the thermodynamic properties of high-temperature
superconductors. He then found that the technique had many uses in manufacturing
quality control and parts inspection. Eventually the techniques were patented and
licensed to an Albuquerque company—an excellent example of technology transfer
to the private sector. Greg Swift's thermoacoustic refrigerator was another example
of the kind of advanced technology developed at Los Alamos that has applications in
both military and private sectors. We all believe in the flow from basic physics to
applications to industry to profit. These are two examples, many others exist, and
many more will follow.
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In 1988, we formed a biophysics group (P-6). In August 1989, Chris Wood
joined the Division as the P-6 Group Leader. The major emphasis of the group is
neuroscience, wilh the single largest activity being the noninvasive measurement of
the function of the human brain using magnetoencephalography (MEG) and the
development of three-dimensional computational models of the human brain from
magnetic resonance imaging. The MEG effort was originally begun by Ed Flynn, a
noted nuclear physicist who took advantage of the broad scope of P-Division
activities to start a new technical direction for the Laboratory. A collaborative
program with the University of New Mexico and the Veterans Administration
Hospital in Albuquerque brought about the Rio Grande Neuroscience Alliance,
which is recognized as a major center for such research in the country.
I have noted only a few of the many research and technology developments of
the Division. There are many more of which we can be equally proud. I have
chosen to display the breadth of activity—we do state-of-the-art physics experiments
on quarks and gluons, nucleons, nuclei, plasmas, atoms, molecules, gases, liquids,
solids, macromolecules, the brain, and the Sun. From small to large, P Division
continues to contribute to basic research at the forefront of the fields. Applications
of the physics we learn and the technology we develop continue to present
opportunities that we seize. The contributions that P Division has made to the
programs and technical capabilities of the Laboratory are enormous. Now we can
look toward contributing to industrial development as well. All members of
P Division have a right to feel proud of themselves and their contributions and of
being a part of such an outstanding group of intelligent, creative, and dedicated
people. I know I am, and I look forward to P Division's next 50 years.
Damon V. Giovanielli
Physics Division Leader
1987-present
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P-l: High Energy-Density Physics
James Trainor, Group Lead< •»•
Larry Jones, Acting Group Leader

The mission of Group P-l is to establish a foundation of understanding of high
energy-density matter and to use this understanding to enhance the Laboratory's
programs in nuclear and conventional defense, fusion, and basic and applied
science. Group members are involved in projects to improve the fundamental
understanding of intense-laser/matter interactions; intense particle beams; highenergy plasma implosions and high-power radiation sources; and the physical
properties of plasmas ranging from cool, dense, strongly coupled plasmas to hot,
magnetized fusion plasmas. These studies are applied to a wide range of problems
that include fusion energy in tokamak devices, radiation-physics problems in nuclear
weapons, hypervelocity projectiles for advanced armaments, propulsion of advanced
space vehicles, materials processing, and x-ray lasers.

P-l studies a wide variety of experimental-plasma and atomic-physics problems,
ranging from basic research to applied science for the development of new
technologies and applications. The group was founded in 1979 to exploit new
developments in laser and pulsed-power technology for applications to physics
problems relevant to the nuclear weapons program. Today the group conducts
research relevant to weapons physics, fusion, space exploration, conventional
defense, industrial competitiveness, and basic research. Originally named the New
Initiatives Group, P-1 still retains much of the flavor of the initial group in that it
pursues projects that are conceptually new and usually of a high-risk nature.
Group members are studying the interaction of very intense, subpicosecond
laser pulses with matter. At intensities achievable on the LABS II (Los Alamos
Bright Source II) laser, electric fields within the laser focal spot may exceed I kV/A.
These laser intensities, which exceed 1019 W/cm2, are the highest measured
intensities yet produced by any laser.
Such high intensities and electric fields
produce extreme states of matter for a
number of important high energy-density
experiments. Our present experiments are
aimed at producing an intense x-ray
source to gain an understanding of the
extreme nonequiiibrium plasmas that
produce this x-ray emission. We are
investigating x-ray emission mechanisms,
including emission from highly stripped
high-Z ions, harmonic conversion, x-ray
production from solid targets, and the
development of an intense x-ray
flashlamp. Our highly efficient
conversion of laser energy into x-ray line
emission of ultrashort duration
(< 5 ps) led to the production of the
brightest keV x-ray source (exceeding
1015 W/cm2) yet produced in the
laboratory. Such sources can be used to
pump a laboratory x-ray laser, to generate
Doug Fulton performs a coarse alignment of the target in the Bright Source II
unusually strong shocks (> 1,000 Mb),
target chamber using a helium neon laser beam. Also shown is the filtered x-ray
and to study radiation processes relevant
detector array, the x-ray pinhole camera, and the target manipulator.
to nuclear weapons.
P-1 uses high-current, pulsed-power sources to produce high-energy imploding
plasmas. These sources include the 4.3-MJ Pegasus capacitor bank and explosive
pulsed-power facilities. These sources can generate electrical currents exceeding
107 A, which create implosions that produce intense bursts of x-rays that may
ultimately be used for weapons-physics and dense-plasma-physics studies. Our goal
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is to develop these applications by determining the appropriate pulsed-power drive
conditions, by understanding the plasma physics of rapidly imploding systems, and
by performing experiments to characterize and exploit the intense x-ray burst. Our
present Pegasus experiments have produced 80-kJ, 100-ns bursis of x-rays; an
extensive array of diagnostics have been used to characterize both the x-ray
emissions and the imploded plasmas that produced them. We are also developing a
fast, high-current opening switch to amplify the Pegasus electric power by a factor of
about 10. With this switch, called the plasma flow switch, we have demonstrated
such amplification factors into nonimploding loads. The success of experiments
planned this year to drive imploding loads with the plasma flow switch will be a
critical milestone toward generating x-ray bursts in the 1- to 10-MJ range using
advanced capacitor banks and explosive generators.
Another project, aimed at understanding the properties of hot, dense plasmas,
uses a hot-plasma discharge inside a nearly microscopic plasma channel. The goal is
to produce a well-characterized, homogeneous, dense plasma and to make accurate
transport and equation-of-state (EOS) measurements in a system in which plasma
ions are strongly coupled (i.e.. the Coulomb potential energy between ions exceeds
the thermal energy of each ion). These measurements are now testing new theories
of dense plasmas and will provide a valuable data base for many high energy-density
applications. Experiments this year have produced near-solid-density aluminum and
polyurelhane plasmas at temperatures above 20 eV. We now have the diagnostics in
place to measure plasma temperature, pressure, density, and electrical resistivity.
Preliminary measurements oi' EOS and resistivity are already characterizing the
strongly coupled plasma contributions to these quantities.
P-1 is involved in evaluating the stability of high-density z-pinches used to
generate intense x-ray pulses and fusion neutrons. In these experiments, ultrathin
cryogenic D, filaments are rapidly heated with megampere currents from our highvoltage driver, HDZP-II. The production of cryogenic D-, filaments is a unique
capability developed at Los Alamos. We are studying a number of physics issues,
including resistive stabilization, radiation collapse, and turbulent heating effects.
P-1 contributes to the National Magnetic Fusion Program through the
development of diagnostics for present and future tokamaks. The two components of
this effort are in fusion-product diagnostics and the development of an intense
diagnostic neutral beam. Our fusion-product diagnostic work focuses on burning
plasmas, especially in future large tokamaks where present designs for chargedparticle detectors will be insufficiently hardened to radiation and high temperature.
New detectors based upon Faraday cups or preradiation-damaged, solid-state
detectors are being evaluated. We are also examining techniques to improve the
spatial imaging of neutron emission and new designs for the spectroscopic
measurement of gamma rays produced through fusion processes. The group is
collaborating in ongoing fusion-product research at the Tokamak Fusion Test
Reactor (TFTR) at Princeton University to measure alpha-particle pressures using
neutron-activation techniques and to develop improved detectors for measuring socalled "lost" charged-fusion products. We are developing a prototype of an intenseneutral-beam source that will be used as a diagnostic probe on lokamaks to
determine thermalized alpha-particle distributions and ion temperatures. A high
beam intensity will be required for experiments involving large burning plasmas.
These experiments are planned for the International Thermonuclear Experimental
Reactor where presently spectroscopic techniques, which use a low-intensity, longpulse neutral beam, cannot produce the required signal. Our intense-neutral-beam
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source will accelerate protons ordeuterons using high-power, ion-diode technology
and gas-cell neutralization techniques. P-l is involved in the national physics design
of the proposed successor to the TFTR, the Steady Stale Advanced Tokamak
(SSAT). As members of the SSAT Project Physics Team. P-l stair are helping to
evaluate diagnostic strategies for the SSAT, construction of which will begin before
the end of this decade.
Our understanding of large, coaxial plasma guns allowed us to initiate research
in multi-megawatt electric ihmsters for space exploration. Electric propulsion offers
the advantage of high exhaust velocity (or specific impulse), which may enable
future space missions such as the robotic exploration "f the outer planets or the
piloted exploration of Mars. Through experiments at our Coaxial Thrusler
Experiment (CTX) Facility, we are investigating the properties of these large coaxial
plasma guns to infer ihe balance between radiative losses, electrode kisses, axially
directed kinetic energy, mass How, and thruster efficiency. An experimental
understanding of these phenomena, coupled with the modeling being done by T-15
and SST-7, is essential before the scaling of electric thrusters to mission dimension
can be evaluated.
P-l is developing new applications for plasmas in material processing. Two
plasma-processing techniques are being studied in our laboratories. An intense ionbeam source has been developed al our Anaconda accelerator lo produce large-area
dense plasmas that can be used to modify the surface of materials and lo synthesize
advanced materials. This technique offers several significant advantages over
conventional techniques. The first experiments, started at the end of 1991. were
designed to study the congruent deposition of complex stoichiomeiric ihin films.
We have now successfully produced large-area samples of 1 -2-3 high-iemperalure
superconductors. The second plasma-processing technique, plasma-source ion
implantation (PSII), uses a high-current plasma lo implant ions at energies above
50 keV. Modifying surfaces by the PSII method can potentially improve the
hardness of materials and make them essentially abrasion and corrosion resistant.
The PSII technique may possibility reduce processing costs significantly as
compared with conventional beam techniques. Our CTX Facility is being
configured to test the PSII technique at unprecedented high currents and sample
sizes; the first experiments are scheduled for fall 1992. To facilitate the development
of PSII, we are now establishing consortia with universities and industry where
applications of PSII may be of significant economic benefit.
P-1 explores the physics of hypervelocity launchers powered by the
electrothermal-chemical (ETC) process; we are currently performing experiments
that focus on the plasma-fluid interaction, which governs ETC gun performance.
Our effort is aimed al clarifying the interactions between instability formation,
pressure waves, and plasma-transport properties. The goal of this effort is lo
establish the feasibility of using ETC devices for advanced electric armaments.
Multiframe flash radiography, used by P-l researchers, has produced the first timeresolved sequence of two-dimensional images of an expanding ETC plasma. The
plasma dynamics are now being compared with sophisticated computational models
developed by T-3. P-l is also developing in situ projectile velocity diagnostics lor
rail-gun launchers developed by the Army. A new interferometer technique is now
being deployed al the Army's high-energy rail gun located at the United Stales Army
Research and Development Engineering Center in New Jersey.
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Group P-2 conducts a broadly based research program in nuclear and particle
physics that addresses issues of current interest in nuclear structure, the nuclear
EOS, and quantum chromodynamics. Current projects include approved and
ongoing experiments at the Fermi National Accelerator Laboratory, the European
laboratory for particle physics (CERN), Brookhaven National Laboratory, and the
Los Alamos Meson Physics Facility (LAMPF). The group also pursues a vigorous
research and development program in detector technology. The group's expertise
acquired in this field is applied to programmatic support for neutral-particle-beam
(NPB) efforts in strategic defense.

P-2: Medium-Energy Physics
Wayne Kinnison, Group Leader

A wide variety of experiments are presently under way. In the recently
completed experiment E772 at the Fermi National Accelerator Laboratory, group
members have measured the nuclear target dependence of lepton-pair production
from proton beams to understand how the quark and gluon structure in nuclei differs
from that of free nucleons. A high-speed, parallel-processing computer was
constructed and operated at Los Alamos for a timely analysis of the data. The first
measurement of the antiquark sea and its target dependence shows no enhancement
over what is observed for 2H targets. This result contradicts most current theoretical
models on that subject. In experiment E789 at the Fermi National Accelerator
Laboratory, group members are searching for two-body
decays of mesons and baryons containing bottom quarks to
elucidate the relevant details of quantum chromodynamics. A
major upgrade consisting of more than 10,000 channels of
solid-state, silicon-strip detectors has been added to the
experiment E772 detector for that purpose. The first data were
collected in 1990, and a major data-taking run was begun in
1991.
Group members are exploring the field of relativistic
heavy-ion physics. In their search for the formation of a
quark-gluon plasma, Group P-2 made some of the first
measurements of transverse energy flow and particle
production (with the highest-energy beams available in the
world). Group members will make even more detailed
measurements of inclusive particle production and twoparticle correlations to improve our understanding of the
space/time evolution of these reactions. For that effort, the
design and construction of an entirely new spectrometer has
been completed at CERN (NA44); the first data from that
experiment were reported in 1991. Group members are
currently examining the details of projectile fragmentation
and collective flow effects using a large lead-scintillator
calorimeter recently built by P-2 for experiment E814 at
Brookhaven National Laboratory.
In other experiments, group members have recently
completed a search for rare (forbidden) kaon decays, which, if
they exist, would have profound implications for the Standard
Model. The results from experiment E791 at Brookhaven
National Laboratory have set the most stringent upper limits
on these decays. In research projects conducted at LAMPF.
group members have been involved in studies dealing with
polarization transfer, eta meson production, and pion doubleScintillating fiber beam counter developed by Group P-2. The
charge exchange reactions.
instrument is presently being used as part of Experiment NA44
at the Super Proton Synchrotron accelerator at CERN. The
Los Alamos has recently joined the L3 experiment at the
1.5-mm-dkim fibers are clamped in two parallel planes. A
CERN Large Electron-Positron Collider. Members of P-2 are
involved in the current running of the L3 experiment and have sulfur beam (200 GeV/nucleon) passes through the Mylar
window on the black cylinder, which slides over the fiber
taken a lead role in planning the upgrade of that detector.
Other members of P-2 are involved in the GEM (gamma rays. axxemhlv.
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electrons, and muons) experiment proposal for the Superconducting Super Collider
(SSC). In a related effort, a major research and development program to develop a
silicon-tracking subsystem for research at the SSC has been initiated by another
collaboration working on the Solenoidal Detector Collaboration experiment for the
SSC. Groups P-2 and MEE-12 are responsible for the mechanical and cooling design
work for the entire silicon-tracking structure. The goal of all of these activities
(which is strongly supported by the Los Alamos directorate) is for Los Alamos to
play a major role in the SSC physics program.
Group P-2 is currently carrying out a number of programmatic efforts involving
the development of detectors. A project involving the sensing and imaging of an
NPB has successfully characterized the quality of NPBs at Argonne National
Laboratory. This experience is being used for the construction of a larger system at
Los Alamos.
P-3: Subatomic Research and
Applications
John Moses, Group Leader

P-3 is an experimental pin'sics group engaged in a number of research projects
in several areas of basic and applied physics. The group is active in the study of the
weak and gravitational interactions and in various programmatic efforts within the
Laboratory.
The weak interactions group in P-3 is active in several experiments in neutrino
physics. We are participants in SAGE, the Soviet American Gallium Experiment, a
collaboration with a large research group in Russia to measure the low-energy solarneutrino flux using a radiochemical gallium detector. This measurement is sensitive
to low-energy neutrinos generated by proton-proton fusion in the sun; this part of the
solar-neutrino flux is directly related to solar luminosity and thus is relatively
insensitive to the solar model. Results to date confirm that the flux is lower than
predicted from solar models and suggest that particle physics is responsible for the
solar-neutrino anomaly.
P-3's weak interactions group is part of the SNO collaboration, which involves
Canada, Great Britain, and the United States, to build and operate a neutrino
observatory based on a 1,000-tonne heavy-water detector. This detector will have
the capability of distinguishing between astrophysics and particle-physics solutions
to the solar-neutrino problem. This project has now been funded by the Canadian
and United States governments and will be located in a nickel mine in Sudbury,
Canada. P-3 is responsible for acquiring phototubes, for overseeing the construction
of the acrylic vessel to hold the heavy water, for developing detectors of weak
neutral-current neutrino interactions, and for developing the data-acquisition system.
We are collaborating on a triple-correlation experiment in neutron beta decay,
looking for violations of time-reversal symmetry, and attempting to detect evidence
of a 17,000-eV neutrino in nuclear beta decay.
Several members of P-3 are engaged in the Laboratory's effort to measure the
gravitational acceleration of antiprotons by timing their free fall in a drift tube. This
difficult experiment attempts to test quantum theories constructed to unify gravity
with the other known interactions, some of which indicate that antimatter might
interact differently under gravity than matter does. The Pbar collaboration has built a
Penning trap and beam line, has installed it at the Low-Energy Antiproton Ring at
CERN, and has begun trapping tests. At Los Alamos, a drift tube for the free-fall
measurement has been built and is being tested with ions of helium, neon, and
xenon.
P-3 has developed an imaging technique with relatively low spatial resolution
but very high time resolution. We have used this technique to image the behavior of
shock fronts in an underground nuclear test and in aboveground high-explosive tests.
We have explored the use of maximum entropy and other image-enhancement
techniques to improve the quality of these images. We are using microwave
techniques to measure shock and particle velocities produced by shocks in the
100-kbar range and are developing other techniques to support the Laboratory's
efforts in underground test verification.

4H Physics Division

Progress Report 1992

Section 3
In collaboration with members of CLS Division, P-3 is active in the use of
LIDAR (Light Detection And Ranging) in various projects involving remote sensing
in the atmosphere. LIDAR uses backscattered laser light to investigate chemicals
and particulates in the atmosphere. The collaboration has developed large-scale and
miniaturized truck-mounted LIDAR systems and airborne LIDAR systems. Among
numerous other applications, we used these systems to measure the spatial and
temporal water-\ apor concentration and water flux above irrigated fields and to carry
out extensive measurements of atmospheric aerosols as part of the MexicanAmerican Clean Air Initiative and the Barcelona Olympics Air Quality Project.
We are proposing to develop satellite-based LIDAR systems.
P-3 is also engaged in a programmatic data-acquisition and event-recognition
project using Macintosh computers and the CAMAC and VME interfaces. We have
developed object-oriented modular software, which proved useful for a number of
different applications within the Laboratory and elsewhere and will serve as the basis
of the SNO data-acquisition software.
We believe that part of our mission is to maintain a strong and flexible program
of research in basic and applied experimental physics. Thus, P-3 scientists are
involved in a number of small efforts. We participated in a CERN experiment on
neutral-meson spectroscopy. We are developing and building small Marx banks for
various pulsed-power applications. We are studying the overlap between nuclear
and atomic phenomena with laser technology. And, finally, we are building a
sensitive torsion balance to measure the Newtonian gravitational constant and to
investigate new techniques to study non-Newtonian aspects of gravity.

Group P-4 is responsible for planning and executing laser-target interaction
experiments covering a wide spectrum of interests, including laser fusion and
fundamental laser-matter interactions.

P-4: Laser-Matter Interaction and
Fusion Physics
Joseph Mack, Group Leader

The group's primary mandate is to understand the physics of laser-target
interactions through experiments performed at appropriate world-class facilities such
as NOVA (Lawrence Livermore National Laboratory), Mercury and TRIDENT (Los
Alamos), Omega (University of Rochester), and Helen (Atomic Weapons
Establishment, United Kingdom). Such experiments address physics issues
associated with inertia! confinement fusion (ICF) and other important aspects of
laser-matter interactions. Our scientific interests involve using the LABS to
investigate fundamental laser-matter interactions at extremely high laser intensities.
Our magnetic-fusion effort is providing a data-acquisition and archiving system
for the reversed-field pinch facility in Padova, Italy, and support of the Tritium
System Test Assembly. Other activities include data analysis and archiving of the
results of the now dismantled Los Alamos ZT-40M reverseri-field pinch.
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P-6: Biophysics
Charles Wood, Group Leader

The mission oj Group P-6 is to apply physics knowledge and techniques to an
increased understanding of important biological phenomena and, in turn, to use
biological phenomena to elucidate physical principles of complex phenomena.
Group members are engaged in biophysical research over a wide range of physical
scales: ultrasensitive detection and characterization of individual molecules using
laser fluorescence; the molecular basis of signal transduction in retinal
photoreceptors; biophysical changes in red blood cells in aging and their
implications for blood storage and transfusion; characterization of the structure and
dynamics of protein molecules and their implications for protein function;
development, validation, and application of noninvasive techniques for the
measurement of human-brain function; and development of three-dimensional
computational models of the human brain.

Group P-6 was founded in 1988 with the goal of exploiting the scientific and
technical resources of the Physics Division in the biosciences. The group has
strengthened existing biological projects within the Division and initiated new
bioscience efforts in a number of directions.
Members of P-6 and their collaborators have recently achieved a long-sought
goal of researchers in ultrasensitive detection—the detection of a single molecule in
a liquid. This task is difficult because the billions of solvent molecules that surround
the molecule of interest create a background from which the
faint signal from the single molecule must be extracted and
recognized. However, the effort is justified because biological
and chemical processes occur in liquids, and the ability to detect
a single molecule in such an environment provides a tool with
great potential for research and practical applications. The goal
of the detection research, which led to a new field, is to measure
spectroscopic properties of individual molecules. Such
spectroscopic measurements can be used to identify the presence
of a particular molecular species in an extremely dilute solution,
or it can be used to probe the local environment that surrounds
an individual molecule. The former ability promises a new level
of speed and sensitivity for medical diagnostics, whereas the
latter ability makes it possible to study properties of biological
systems that cannot be measured when lack of sensitivity
confines measurements to the determination of the average
properties of the a large ensemble of microenvironments. So
far, the spectroscopic properties measured at the single-molecule
level are emission spectra, fluorescence lifetime, and total
emission intensity. We are exploring applications of the new
technology both for basic research and for medical diagnostics.
P-6 work on retinal phototransduction stems from the
A Laue x-ray diffraction pattern from myoglobin at liquidobservation that the visual pigment rhodopsin, shared by man
helium temperature. A common model system for
biophysical studies, myoglobin is a protein found in muscles and all other vertebrates, is linked to the photoreceptor ion
channels via a G-protein (transducin), which modulates the rod
that serves to store oxygen until it is needed; it has a
enzyme cyclic-GMP phosphodiesterase. G-proteins are
brilliant red color, which makes "red meat" red. This
diffraction pattern was obtained by exposing a crystal of the guanine-nucleotide binding proteins that link cellular-signal
protein to the polychromatic x-ray beam obtained from a
receptors to amplifying-effector systems and thus participate in
synchrotron (the National Synchrotron Light Source at
the flow of information across the cell membrane. The
Brookhaven National Laboratory) for about 100 ms. A
G-proteins serve in many cell types as a locus for the function of
sequence of such diffraction patterns taken after the oxygen
an activated receptor that modulates nucleotide binding lo the
is knocked off the protein by a flash of laser light can show
G-protein and thereby modulates its function. Many neuronal
the "breathing " motions of the protein as it rebinds the
oxygen.
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and hormonal signals are dependent upon the participation of G-nucleotide binding
proteins; they can amplify, modulate, and communicate signals. There is evidence
that a single activated rod photon receptor (rhodopsin) can in turn activate more than
30,000 G-proteins within a very short time period. This is the molecular basis of
single-photon sensitivity. P-6 is studying two aspects of G-protein-dependent,
photon-based signal processing. The first relates to evidence for cooperation
between the G-protein and the active photon receptor, rhodopsin. The binding of the
first G-protein to rhodopsin facilitates the binding of the second by 2 orders of
magnitude. This positive cooperativity appears to be essential for the highly
sensitive, yet noise-free, operation of biological photon transducers. Group members
are also studying the role of rod protein phosphorylation in regulating rod sensitivity,
and especially signal amplification, in the dark adapted state.
P-6 studies of mammalian erythrocytes (red blood cells) are based on
biophysical relationships between the ratio of red-cell-membrane area and cytosolic
volume. This ratio and the intrinsic physical properties of red-cell membranes
reliably predict whether or not erythrocytes can traverse small capillary channels.
Refrigeration degrades red-cell-membrane area principally by peroxidative pathways
that culminate in the extrusion of vesiculated lipid. Refrigeration also attacks the
sodium transport apparatus via peroxidative pathways and, to a lesser extent, via
biochemical modifications of the gain control on the sodium pump. The
biochemical and biophysical basis of refrigeration-induced damage has been
characterized and effective countermeasures have been identified. Current work
focuses on the optimization of protective measures and empirical testing of their
efficacy by measuring erythrocyte survival in the transfusion recipient. The
conceptual and mechanistic homology between red-cell senescence in vivo and
refrigeration-induced damage is also an area of study. Finally, dramatic individual
differences in red-cell biophysical properties and Na+ pump activities have been
observed among genetically diverse populations of humans. The potential clinical
significance of these differences is being investigated.
The goals of P-6 studies of protein dynamics are to describe protein motion in
atomic detail and to understand the consequences of protein dynamics for protein
function. Our approach is to bring crystals of the CO-complex of the protein
myoglobin down to liquid-helium temperatures in a cryostat, photolyze the CO with
a flash of light, and observe the subsequent rebinding reaction with x-ray Laue
crystallography. We have constructed and tested a low-temperature Laue camera,
determined the freezing conditions for the CO crystal that maintain the high degree
of order required for Laue diffraction, and analyzed diffraction patterns obtained at
5 K. Our results show that under the right conditions protein crystals can be frozen
and still produce high-resolution (better than 1.9 A) Laue diffraction data.
The P-6 neuroscience effort focuses on the use of magnetoencephalography
(MEG) and magnetic resonance images (MRI) to develop a means of noninvasive
imaging of the human brain that combines structural and functional information at
high spatial and temporal resolution. MEG involves the use of Superconducting
QUantum Interference Devices (SQUIDs) to measure magnetic fields associated
with human brain activity. The magnetic fields of the brain (which are
approximately a billion times smaller than that of the Earth) require sensitive
magnetic sensors, magnetic shielding from the environment (currently implemented
as a shielded room), and advanced signal-enhancement and modeling techniques.
Because magnetic fields readily penetrate the skull, MEG offers the potential for
noninvasive measurement of brain function in much the same way that computed
tomography and MRI allow the noninvasive measurement of brain structure. MEG
has therefore generated considerable promise as a tool in basic neuroscience for
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functional mapping of the human brain, as a clinical tool for the assessment of
neurological and psychiatric disorders, and as a possible signal for use in the
development of neural prosthetics and human-machine interfaces and in other
applied contexts. Group members are engaged in projects to design improved
multichannel magnetic sensors, to develop more accurate mathematical models for
the electrical and magnetic signals from the brain, to validate MEG using known
current sources in computational and physical models of the brain, and to use MEG
to address important questions in basic neuroscience and in research on neurological
and psychiatric disorders. Many of these projects are conducted in collaboration
with the VA/LANL/UNM Center for MEG, a consortium that includes Los Alamos,
the University of New Mexico, and the Albuquerque Veterans Administration
Medical Center and is sponsored by the United States Department of Veterans
Affairs. In addition to MEG and MRI, a rapidly expanding variety of techniques
such as positron-emission tomography (PET) and single-photon-emission computed
tomography (SPECT) allow brain structure and function to be characterized over a
wide variety of scales. The P-6 Brain Mapping Project is part of a nationwide effort
to develop three-dimensional computational models of the brain in which a variety of
structural and functional information can be represented for storage, retrieval, and
analysis.

P-10: Condensed-Matter and
Thermal Physics
Joe Thompson, Acting Group Leader

Fundamental research on condensed matter is the primary focus of Group P-10.
The spectrum of materials studied ranges from liquids and superfluids to solids
exhibiting novel magnetic, superconducting, and nonlinear properties. Investigations
are carried out from ambient to extreme conditions of very low temperatures, very
high pressures, and magnetic fields.
Historically, P-10 has been known as the cryogenics group because of its focus
on expertise in low-temperature research. From its formation in late 1945, the group
has pioneered the use of very low temperatures and very high pressures to study a
range of physical phenomena. Though the group was created initially in the CMR
Division to study metals at low temperatures, its interests expanded with its
discovery in 1949 that 3 He could be liquefied. Not only did this open an entirely new
range of low temperatures accessible to experimentalists, it also disproved a
theoretical prediction that liquefaction of 3 He was impossible. This scientific and
technological breakthrough established the group's pre-eminence in low-temperature
research in the United States and produced pioneering discoveries of the properties
of liquid helium and hydrogen isotopes at ambient and high pressures. Throughout
its history, the group's expertise in cryogenics has been called upon to play major
roles in the Laboratory's weapons program, as well as the nation's space-exploration
and energy initiatives. The traditions of excellence in basic research and of service to
the Laboratory begun 47 years ago are reflected in the roles P-10 continues to play.
Although most of the group's research retains cryogenic aspects, the scope has
broadened to include a wider variety of research topics in condensed-matter and
thermal physics. One basic-research component in P-10 concentrates on the
discovery and characterization of novel materials, particularly those having strong
electron-electron correlations. This general class of materials includes hightemperature superconductors, heavy-electron systems, compounds based on C^
molecules, and materials showing valence fluctuations and metal-insulator behavior.
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The physics of these materials is studied using a broad range of techniques that
probe macroscopic and microscopic magnetic, electronic, structural, and phononic
properties. Materials are characterized macroscopically through
• low-temperature specific heat,
• temperature-dependent electrical resistance at ambient and high pressures,
• magnetoresistance and Hall coefficient measurements to 11 T,
• thermoelectric power, and
• static magnetic susceptibility.
Microscopic details are investigated by
• angle-resolved and -integrated photoemission spectroscopy, which probes
electronic structure near and below the Fermi energy;
• nuclear magnetic resonance, which measures the local electronic
susceptibility, local crystalline symmetry, and spin dynamics;
• muon-spin resonance, which senses very weak magnetic transitions;
• neutron and x-ray diffraction at ambient and high pressures, which give
detailed structural information, including stoichiometry, defect structure, static
and dynamic order/disorder, valence ordering, and site-specific Debye-Waller
factors;
• resonant ultrasound spectroscopy, which allows complete determination of
elastic properties;
• ambient and very high-pressure
Mossbauer spectroscopy, which
provides microscopic valence and
lattice-dynamic information; and
• ion-beam techniques, which use a
Van de Graaff accelerator to
determine the chemical composition
and structural integrity of a sample.
The thoroughness with which these
techniques characterize a material's
properties is essential for linking materials
science to microscopic understanding and
for bridging the gap between materials
synthesis and theory.
In addition, nonlinear dynamics and
chaos are investigated in model fluids, for
instance, ^He-superfluid 4 He mixtures.
The simultaneous application of a thermal
gradient and centrifugal force to the fluid
creates vortex structures that can be either
stable or produce turbulent convection,
depending on parameter values. These
model systems provide laboratory
examples of problems common to many
disciplines, for instance, dendritic growth
or directional solidification in materials
and fluid dynamics of atmospheric
circulation.
Photoelectron spectrometer. Monochromatic ultraviolet light is focused on a
sample in a high-vacuum environment. Electrons within the sample absorb the
light and obtain sufficient energy to leave the sample surface and pass into the
vacuum where their energy is analyzed, yielding information {ibout the electrons
in the material.
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Besides these basic research areas, four programs in P-IO. though fundamental,
have more applied goals. One project explores the design and development of novel
heat engines, using principles of thermoacoustics and working substances that range
from 3He-superfluid 4He mixtures to more conventional liquids near their critical
point. Important advantages of these approaches are the elimination of moving parts
and sliding seals in reciprocating engines, as well as the elimination of working
fluids harmful to the atmosphere. Another program involves the development of
cryogenic D-T targets for the national ICF program. The high starting density of
cryogenic fusion targets allows implosions to reach the desired final density with
lower drive energies. A number of outstanding physics and technology questions,
especially D-T thickness and density uniformity, are being addressed.
Nondestructive testing, based on resonant ultrasound inspection, is an applied
program that has developed out of basic research on elastic properties of materials.
This approach offers extreme sensitivity to defects, i.s very efficient relative to
conventional techniques, and has a number of potential applications of interest to the
Air Force and several industrial corporations. Finally, measurements of noise
produced by flux motion in high-temperature superconductors are being used to
improve our understanding of the current-carrying capacity of these materials and to
optimize them for technological applications.
The programs in P-10 often involve collaborations with a number of other
Laboratory organizations, including the Center for Materials Science, the Center for
Nonlinear Studies, the Superconducting Technology Center, and the Manuel Lujan.
Jr., Neutron Scattering Center (LANSCE). as well as T, MEE. MST. IT. and WX
Divisions. Extensive collaborations also exist with the University of California.
United Stales industrial laboratories, and other national laboratories.

P-14: Fast Transient
Plasma Measurements
Carl Ekdahl, Group Leader

The primary mission of Group P-14 is to conceive, execute, and analyze
experiments that further the mastery of nuclear-weapons science and engineering.
The group also uses its experimental-phxsics expertise to address pressing national
security problems for the Department of Defense, the intelligence community, and
other federal agencies.
To carry out its primary mission in the nuclear weapons program. P-14 will
execute 20 to 30 major physics experiments each year on underground tests or at
AGEX (aboveground experiment) facilities. These include 8 to 10 measurements of
nuclear-reaction history to benchmark nuclear-device performance. Except for some
high-altitude shots, these fundamental measurements have been made on every lest
since Trinity when they were done by Bruno Rossi (see the accompanying article
Fijfy Years of Reaction History).
Experiments by P-14 profit from traditional strengths—measurements of
gamma rays, x-rays, neutrons, and optical and electromagnetic phenomena.
Examples of underground experiments other than reaction history include gammaray and x-ray spectroscopy, time-resolved imaging, shock measurements, and
measurements related to directed-energy weapons. The group also does basicphysics experiments, such as EOS and opacity measurements, to advance ihe science
of nuclear weapons.
An increasing number of experiments are executed in the AGEX arena by P-14.
For instance, there are ongoing efforts at the Lawrence Livermore National
Laboratory NOVA laser, at the Sandia National Laboratories SATURN pulser. and
at the Los Alamos AGEX facilities. Examples of P-14 AGEXs include neutron timeof-flight (TOF), fusion-temperature measurements; x-ray spectroscopy; plasma
interferometry; and measurements of electric currents and magnetic fields generated
by capacitive and high-explosive-driven, pulsed-power generators. As in the
underground work, some AGEX endeavors are devoted to basic-physics
measuremenis of opacity and EOS.
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One of the strengths of the group is its knack for exploiting diverse and
extraordinary physical effects for experimental diagnostics, including Compton
scattering, transition and Cerenkov radiation, Faraday rotation, and the Kerr and
Pockels effects. Another is the development of state-of-the-art technologies for highbandwidth measurements by the P-14 Electro-optics and Electronics Section.
Examples of techniques pioneered and developed in P-14 include high-bandwidth,
fiber-optic analog data links based on interferometric electro-optic transducers;
ultrahigh-speed time interval meters with 10-ps resolution; high-speed optical
receivers; and ultrafast oscilloscopes. P-14 maintains its ability to execute
experiments at remote locations through the sophisticated mobile data-recording
stations of its High-Speed Transient Recording Section and through its extensive
inventory of modern recording instrumentation. Finally, its Data Analysis Section
supports the group's experimental efforts by providing computer-system support and
data-reduction and analysis services for the P-14 physicists.

Introduction
When a nuclear chain reaction was first thought possible, a theory of the
reaction was developed whereby the Greek letter alpha (a) was used to denote a
parameter that indicated the degree of criticality of a reacting assembly. If alpha
were negative, an incoming neutron might generate a nuclear fission, which would
lead to more fission reactions. But because most of the neutrons generated by the
process would escape, this "multiplication" process would eventually cease. If alpha
were zero, the number of fission reactions per second would remain the same; the
number of neutrons escaping would exactly balance the number generated—the
desired condition for a nuclear-power reactor. However, if alpha were positive, the
number of fission reactions per second would increase exponentially until so much
heat energy was produced that the reacting assembly would expand or melt and
would no longer be critical. This condition is required for a nuclear weapon—the
higher the value of alpha, the faster the chain reaction proceeds. If alpha could be
made large enough, enough energy would be generated before expansion to produce
an explosion.
The designer calculates alpha for a given configuration of materials in a
proposed nuclear weapon. Although the yield of this weapon measured on a test is
certainly an important number, it does not tell the designer how well the computer
model handles the details of the explosion. For these details, a measurement of alpha
is required.
In principle, alpha could be measured by placing a neutron detector in the
assembly and then measuring the rate of change of the neutron flux. In practice,
;
however, this procedure cannot be done because the presence of the detector would
change the performance of the weapon. Furthermore, the neutron (lux from a
distance is useless because a TOF "smear" wipes out the alpha information. It turns
out that each fission produces gamma rays in addition to neutrons and that the
neutrons also make gamma rays when they interact with the bomb material. The
gamma-ray intensity is proportional to the neutron intensity, and gamma rays do not
have a TOF smear.
Thus, measuring alpha boils down to observing the rate of rise of the prompt
gamma-ray flux from a distance. ("Prompt" gamma rays are distinguished from
"delayed" gamma rays in that the latter are produced by radioactive fission products
that have no relationship to alpha.)
Because of its importance, an alpha measurement has been conducted when
feasible on every United States nuclear test.
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Trinity
The first alpha measurement was done on the Trinity event by Bruno Rossi. In
those days, the only way to do this measurement was to apply the signal from a
gamma-ray detector to an oscilloscope and photograph the oscilloscope trace. The
trace would then be carefully read to obtain deflection as a function of time. The
slope of the signal, or the rate of rise, could then be calculated and a value for alpha
obtained. However, to obtain accurate values for the rate of rise, one had to record
the exponentially increasing signal with extraordinary precision in lime. Rossi hit
upon the technique of applying a radio-frequency sine wave to one set of deflecting
plates of the oscilloscope (one coordinate) and the signal to the other set of plates.
Thus, in his case, displacement along the x-axis represented signal amplitude, and
displacement up or down along the y-axis represented the "sine of the time." This
technique and some variations are still used today in alpha measurements;
oscilloscopes set up in this fashion are called "Rossis."
Alpha Responsibility
In the early days, responsibility to measure alpha rested with the Naval Research
Laboratory. During the fifties, J-13, a special group in J-Division (the Los Alamos
field test organization), provided measurements of alpha. When J-Division was
reorganized during the test moratorium from 1959 to mid 1961, J-13 was disbanded.
The alpha responsibility was briefly assigned to J-16 and then given to J-10. J-10
staff members also did optical measurements, including spectroscopy. Jn the spring
of 1966. J-10 was split, and the section that continued the alpha measurements was
designated J-14. Finally, in 1979 J-Division was disbanded and J-14 became P-14.
From the early days, EG&G Energy Measurements, Inc.. has provided specially built
oscilloscopes for the Rossi display, built gamma-ray detectors, and operated datarecording stations for the alpha physicists.
The term "alpha" is not very descriptive of the measurement. Therefore, a few
years ago, after some debate, the term "reaction history" was adopted to refer to the
alpha measurement. However, "alpha" is still used informally.
Atmospheric Testing
Measuring alpha can involve recording data over a range of 20 powers of 10 in
gamma-ray intensity. In practice, such an extreme range is rarely covered. A variety
of detectors of different sensitivities were developed for use in atmospheric testing.
All of these detectors were based on the same principle—a plastic scintillator, which
emits light in proportion to the intensity of incident gamma rays, is viewed by a
photoelectric detector that produces an electric current proportional to the light
intensity. This current is transmitted via coaxial cable to the recording oscilloscopes.
Sensitive detectors would have a large scintillator observed with a photomultiplier:
insensitive ones, a thin scinlillator disk with a photodiode. A set of detectors of
differing sensitivities would be set up at a given point to observe some desired range
of gamma-ray intensity. The experimenter could lake advantage of atmospheric
absorption of the gamma radiation and of the reduction in intensity of the radiation
with increasing distance from the zero point (i.e., inverse square law) to set up a
similar set of detectors at a different location to record a different range of intensity.
Some detectors were placed several hundred feet from the bomb.
The atmosphere scatters gamma rays. If some of this scattered radiation interacts
with the coaxial cable, it produces spurious "background" electrical currents. The
cables must therefore be shielded. At the Nevada Test Site (NTS), this was done by
burying the cables in trenches or by covering them with thick layers of sandbags. In
the Pacific test shots, the cables were shielded by running them under a sufficient
depth of water.
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Underground Testing
In September 1961, testing moved underground, and alpha measurements
became a whole new ball game. Although the experimenter no longer had to worry
about atmospheric scattering, scattering from nearby objects in the approximately
100-ft-long rack used to hold the detectors near the bomb was much worse. A major
problem, however, involved measuring the magnitude of the gamma radiation. In the
close-in underground environment, radiation was too intense for any of the existing
detectors. Early on, an aluminum pellet was placed in the gamma-ray beam; the
scattered radiation from this pellet was observed with a detector placed to the side.
Later, a piece of coaxial cable was found to be sufficiently insensitive to be useful as
a detector.
Eventually, a "Compton" detector, which consists of a thick tungsten plate
immersed in oil, was developed. The plate collects high-energy Compton electrons
generated in the oil by the gamma rays; electrons emitted from the back of the plate
are significantly reduced in number because the tungsten absorbs gamma rays. The
difference in the number of electrons collected and the number emitted creates an
electric current, which is conducted to the recording oscilloscopes via coaxial cable.
These detectors have proved to be extremely useful because of their ruggedness,
simple operation, and extraordinary dynamic range from a practical lower limit of
about I mA to a peak linear output of more than 100 A. (Linearity is very important
in any experiment in which the slope of the signal has to be measured.) Vacuum
Compton detectors are also used; these detectors, developed at the Lawrence
Livermore National Laboratory, have a thin, metal collector plate placed in a
vacuum.
Advancing Technology
As nuclear technology evolved, we needed to take data at ever increasing lime
resolution, which means ever increasing electrical bandwidth. Special highfrequency Compton detectors have been developed, and photoconducting detectors
with bandwidths of at least 5 GHz have been used in underground test shots when
appropriate. Exotic devices involving lasers, fiber optics, and rotating optical
polarization in crystals are being used routinely for some measurements.
Coaxial cables, which are typically about I km in length, have become a
limiting component in bandwidth. Cable compensation, which increases bandwidth
at the expense of dynamic range, has a practical upper limit of about 1 GHz. To
obtain higher bandwidth, some data are transmitted uphole via optical fibers
Only recently, electronic digitizers have become available with sufficient
bandwidth for our purposes. They are now gradually replacing oscilloscopes for data
recording. Their availability brings up the prospect of using digitizers downhole with
very short runs of cable to record the signals with very high bandwidth. The results
would then be sent at low bandwidth to an uphole computer during the few
milliseconds before shock waves destroy the digitizers.

Progress Report 1992

Physics Division

57

Section 3
P-1S: Neutron Measurements
Nicholas King , Group Leader

The conception, execution, and interpretation of weapons-physics experiments
at the NTS has formed a major pan of the work carried out by Group P-15. This
effort has been balanced by an ongoing fundamental research program in nuclear,
atomic, and plasma physics, as well as applied programs of significance to the
Laboratory's mission.

Successful designs for nuclear-test experiments require solving problems related
to the survival of experiments conducted in nuclear environments. In performing
such experiments, group members participate in the development and use of remotecontrolled instrumentation, including electro-optic equipment. This equipment
includes streak and fast-scan video cameras, image-data-capture systems, fiber-optic
data transmission, and megasample rate-digitizer and gigahertz oscilloscope datarecording systems. Such instrumentation
allows group members to focus on
precision hydrodynamic yield
determination (CORRTEX), absolute
nuclear-radiation-flux measurements,
spectroscopy measurements, the imaging
of nuclear radiation and optical sources in
the nanosecond time domain, and a
variety of temperature diagnostics. By
extensively interacting with numerous
electro-optics and electronics companies
through development contracts. P-15 is
provided with the necessary state-of-theart capabilities to address constantly
changing requirements in weaponsphysics experiments.
Because of P-15 \s expertise in
CORRTEX and hydrodynamic yield
modeling, an ongoing effort has been
devoted to providing the technical advise
for the negotiations conducted by the
United States for international nuclear
yield verification. This effort has
included defining and performing joint
A solid-state imager test station is in operation in P-15. The station is being used
verification experiments with Russian
to characterize commercially available solid-state imagers. This unique station
counterparts in both the United States and
can be used to test a wide variety of imagers at clock frequencies of up to
the Common Wealth of Independent
100 MHz. Kevin Albright (foreground) and Tom McDonald work on a multipart
States. This effort also included
English Electric Valve (EEV) imager that is being evaluated for possible use in a specification and implementation of antihigh-speed camera. EEV is a United Kingdom company.
intrusion devices for safeguarding
classified experimental signals.
To investigate nuclear, atomic, and plasma physics phenomena in a less hostile
environment, group members actively participate in basic and applied physics
experiments at Los Alamos and at a number of other national and international
laboratories and universities. These experiments permit P-15 to maintain contact
with evolving experimental techniques that may be of use for cross-disciplinary
programs. One such experiment involves the comparison of gravitational
acceleration of antiprotons in the Earth's gravitational field with that of particles of
normal matter. Neutron physics experiments are routinely performed at Los Alamos
and other accelerator facilities. Other areas of growing P-15 involvement are freeelectron-laser diagnostic measurements and experiments that will be performed on
the TRIDENT laser.
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P-15 is pursuing a limited theoretical program that involves energy coupling and
transfer for hydrodynamic yield determinations, electronuclear pjocesses. the threebody problem in few-nueleon physics, and quantum gravity models. These efforts
are linked to programmatic experiments or basic experimental research within P-15.
P-15 maintains a flexible computing capability within the group to support both
experimental and theoretical efforts. A sophisticated workstation network of
significant computing capabilities has grown. In-house computers, which include a
network of SUN and HP workstations, a
classified VAX 11/750. and numerous
PCs. have both classified and unclassified
links to the Central Computing Facility
(CCF) through the Laboratory's
Integrated Computer Network. The group
also uses the CCF with its Cray
computers.
Group P-15's present expertise in
ultrafast. intensified, fast optically
shuttered imaging systems is being
expanded to provide Los Alamos with
experimental capabilities in x-ray and
optical measurements for an evolving
biotechnology program, the ICF program.
and very high frame-rate-intensified
imaging for military applications.
Another area of emphasis will include
neutron and gamma-ray measurements at
the Los Alamos Ion Beam Facility (IBF).
explosive sites, and the Weapons Neutron
Research (WNR) Facility.
The Los Alamos IBF operations
Kevin Albright connects a lead to the header board for a CID Technologies, Inc..
group (formerly Group P-9) merged with
solid-state imager. which is being evaluated on the solid-state imager test station.
P-15 during 1992. The IBF produces
The test station includes optical-target projection equipment for determining and
general-purpose, precision ion beams for
analyzing
the contrast transfer and point-spread functions of imager responses.
a wide variety of users and experiments.
Resources at the facility include a vertical
Van de Graaff accelerator capable of operating at potentials up to 8 MV and an
HVEC model FN tandem Van de Graaff accelerator capable of operating at 11 MV.
The vertical accelerator provides extremely stable low-energy ion beams. Coupling
it to the FN tandem results in a unique, higher-energy, ion-beam source. Its
precision neutron- and ion-production capabilities are regularly used by P-15 to
calibrate detectors for use in underground nuclear diagnostics and to evaluate new
technologies for the detection of nuclear radiation. In an era of reduced nuclear
testing, using the IBF as a source of monoenergetic MeV neutrons and charged ions
with a broad energy range should permit the development of concepts for AGEXs
for the weapons program. The IBF's unique capabilities (such as triton beams that
generate monoenergetic neutrons) and versatility (such as pulsed beams) make it an
ideal facility for attacking a broad range of basic and applied scientific problems
relevant to Los Alamos programs that require an available source of charged ions,
gamma rays, and neutrons.
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P-17: Neutron and Nuclear Science
Paul Lisowski, Group Leader

Group P-17 operates and performs research at the WNR Facility at LAMPF.
The WNR Facility has both a high-intensity spallalion neutron source (Target-4) and
a low-intensity, low-return area (Targel-2) that allow direct access to the LAMPF
proton beam. The Target-4 source produces the highest flux of neutrons {from 1 to
800 MeV) in the world. In addition, P-17 has three beam lines at LANSCE for
nuclear-physics research using neutrons from thermal energy to about 100 keV.
Presently, there are six fully instrumented neutron (light paths forTOF research.
Some of the activities under way include a program to determine level densities
through the investigation of Uncharged particle) reactions from 1 to 50 MeV, gianl
resonance measurements using charge exchange, measurements of neutron elastic
scattering from 50 to 200 MeV, fast-neutron capture and gamma-ray production
experiments, fission-neutron-emission and fragment-correlation measurements to
200 MeV, neutron-proton bremsstrahlung experiments, and investigations of
detector performance for the underground nuclear tests at the NTS.
Protons with energies from 113 to 800 MeV are available for experiments
carried out at Target-2. This area is being used for radionuclide-production, for
decay-heating experiments for the Accelerator Production of Tritium Program, and
for studies of radiation damage and single-event-upset phenomena in electronics.
Group P-17 also operates ihree beam lines at LANSCE. an intense source of
neutrons from the thermal- to keV-energy range. Presently, P-17 has three major
activities under way at LANSCE. With collaborators from LAMPF, other Los
Alamos groups, and several universities, P-17 has developed a polarized neutron
beam using a polarized proton target; group members are using the beam to search
for parity violation as manifest in neutron-resonance phenomena. Later experiments
will expand the research to include a
search for time-reversal symmetry
violation. P-17's other major activities
involve measurements of (n.charged
particle) and (n,gamma) cross sections on
radioactive targets for programs in
nuclear astrophysics and defense and in
the development of a novel neutrontransmission technique for determining
dynamic material properties.

View of spiral stairs that lead to P-17's 60-m station on the LANSCE flight path
FP-5. This flight path was extended from 11 to 60 m by tunneling. The apparatus
at the bottom is a fission chamber used in cross-section measurements of
2
"Np(n,f), M"5U(n,f), and 2"'Pu(n,f).
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Physics Division Data, FY92
Physics Division Groups:
Principal Missions,
Budgets, and Sizes
High Energy-Density Physics (P-1)

Costs:
Staff Members:
Graded Employees:

S7.1 million
17.9 FTE
17.3 FTE

Medium-Energy Physics (P-2)

Costs:
Staff Members:
Graded Employees:

$4.0 million
17.9 FTE
5.1 FTE

Subatomic Research and
Applications (P-3)

Costs:
Staff Members:
Graded Employees:

$6.0 million
17.9 FTE
10.7 FTE

Laser-Matter Interaction and
Fusion Physics (P-4)

Costs:
Staff Members:
Graded Employees:

$4.9 million
13.3 FTE
10.7 FTE

Biophysics (P-6)

Costs:
Staff Members:
Graded Employees:

$3.! million
13.2 FTE
3.7 FTE

Condensed-Matter and Thermal
Physics (P-10)

Costs:
Staff Members:
Graded Employees:

$3.6 million
12.8 FTE
6.3 FTE

Fast Transient Plasma
Measurements (P-14)

Costs:
Staff Members:
Graded Employees:

$9.3 million
26.8 FTE
18.1 FTE

Neutron Measurements (P-15)

64 Physics Division

Costs: $13.0 million
Staff Members: 35.1 FTE
Graded Employees: 24.3 FTE

Progress Report 1W2

Appendix A
Costs:
Staff Members:
Graded Employees:

$3.2 million
11.6FTE
6.2 FTE

Neutron and Nuclear Science (P-17)

Costs:
Staff Members:
Graded Employees:

$1.5 million
6.0 FTE
0.0 FTE

Physics Division Office (P-DO)

Weapons
$24.6M 38.1%
Inertial Confinement
Fusion
$4.8M 7.4%
Miscellaneous
$3.6M 5.6%
Verification and Control
Technologies
$6.6M 10.2%
Reimbursable
$7.4M 11.5%
Office of Energy
Research
$8.7M 13.5%

Laboratory Directed
Research and Development
$8.9M 13.8%

Physics Division Costs, FY92
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Publications, Invited Talks,
Book Chapters, and Patents
Journal Articles
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Fragmentation Region in Proton-Nucleus and Nucleus-Nucleus Collisions."
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and Pb at Forward Angles," Physical Review C45, 293 (1992).
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Distributions in the Target Fragmentation Region in Proton-Nucleus and NucleusNucleus Collisions at High Energies," Zeiischriftfuer Physik C53, 183 (1992).
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R. Ecke, F. Zhong, and E. Knobloch, "Hopf Bifurcation with Broken Reflection
Symmetry in Rotating Rayleigh-Benard Convection," Europhysics Letters 19, 177
(1992).
Z. Fisk. P. C. Canfield, J. D. Thompson, and M. F. Hundley, "Ce3Bi4Pt3 and
Hybridization-Gap Physics," Journal of Alloys and Compounds 181. 369 (1992).
D. Fox, M. Rawool-Sullivan, J. Simon-Gillo, J. Sullivan, J. Sunier,
H. van Hecke et al., "Electromagnetic Dissociation of Relativistic 28Si into p+ 27 Al,"
Physical Review C 45, 2427 (1992).
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