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ABSTRACT

This report provides selected accounts of significant progress in research and
development achieved by Physics Division personnel during the period January 1,
1991, through December 31, 1991. It also provides a general description of the
goals and interests of the Division, very brief descriptions of projects in 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, weapons-
related high energy-density physics, and other programs.
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Introduction

Mission Statement 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 forefronts 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 Divi-
sion; 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 pres-
ently 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 is illustrated in Fig. I-1. Details of the
Division's staff and funding levels for fiscal year 1991 are presented in Appendix A.
Publications, presentations, and patents are listed in Appendix B. The remainder of
this progress report consists of group descriptions, project highlights, and project
descriptions.
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Group Descriptions

The administrative functions of the Physics Division Office are shown in
Fig. J-1. Although administration is the primary task of the Division Office,
research is also carried out by Division Office personnel.

P-DO: Physics Division Office
Damon Giovanielli. Division Leader

The mission of Group P-1 is to establish a foundation of understanding of high
energy-density matter and to use this understanding to enhance the Laboratory's
programs in weapons, fusion, and basic physics. Group members are involved in
project* that include intense-laserlmatter interactions: properties of intense particle
beams and their interaction with matter and radiation fields: diagnostics develop-
ment for magnetic fusion energy: properties of hot, dense plasmas; high-energy
radiation sources produced by plasma implosions: very high power outputs from
pulsed-power systems: applications of plasmas to space propulsion and material
processing: and the attainment of high energy density with Inpervelocity projectiles.

P-1: High Energy-Density Physics
James Trainor. Group Leader
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Introduction

P-1 studies a wide variety of experimental plasma and atomic physics problems
ranging from basic research to applied science for the development of new technolo-
gies and applications. Group members are studying the interaction of very intense,
subpicosecond laser pulses with matter. At intensities now achievable on the LABS-
II (Los Alamos Bright Source) laser, electric fields within the laser focal spot may
exceed I k V/A. Such high fields produce extreme states of matter for a number of
important high energy-density experiments. Present experiments are aimed at
producing an intense x-ray source. Methods we are investigating include emission
from highly stripped high-Z ions, harmonic conversion, x-ray production from solid
targets, and the development of an intense x-ray flashlamp. Highly efficient conver-
sion of laser energy into x-ray line emission of ultrashort duration (< 5 ps) has been
demonstrated and may, for example, have application to pumping a laboratory x-ray
laser.

P-I also uses high-current, pulsed-power sources to produce high-energy
imploding plasmas. These sources include the Pegasus capacitor bank and
M Division's explosive pulsed-power facilities. Such sources are capable of generat-
ing electrical currents exceeding 107 A. When such implosions occur, intense bursts
of x-rays are produced; these x-rays may ultimately be used for weapons physics and
dense-plasma physics studies. Our goal is to develop these applications by determin-
ing the appropriate pulsed-power drive conditions, understanding the plasma physics
of rapidly imploding systems, and performing experiments to characterize and
exploit the intense x-ray burst. Another project, aimed at understanding the proper-
ties of hot, dense plasmas, uses a hot plasma discharge inside a nearly microscopic
vacuum channel. The goal here is to produce well-characterized, homogeneous,
dense plasmas and to make accurate transport and equation-of-state (EOS) measure-
ments in a system in which plasma ions are strongly coupled. These measurements
will test new theories of dense plasmas and provide a valuable data base for many
high energy-density applications.

P-l is also involved in evaluating the stability of high-density z-pinches for the
generation of intense x-ray pulses and fusion neutrons. These experiments employ
the rapid heating of ultrathin, cryogenic deuterium filaments with megampere
currents using our high-voltage driver, called HDZP-II. We are studying physics
issues such as resistive stabilization, radiation collapse, and turbulent heating effects.

P-l contributes to the national magnetic fusion program through the develop-
ment 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 charged-particle
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 spatial imaging of
neutron emission and new design for fusion gamma spectroscopy. The group is also
collaborating in ongoing fusion-product research at the Tokamak Fusion Test
Reactor at Princeton University. The emphasis in this work is on alpha-particle
pressure measurements using nuclear-activation techniques and improvement of lost
charged-fusion-product detectors. We are developing a prototype of an intense-
neutral-beam source that will be used as a diagnostic probe on tokamaks to deter-
mine thermalized alpha-particle distributions and ion temperatures. High beam
intensity is required for these measurements in future large-burning-plasma experi-
ments such as the International Thermonuclear Experimental Reactor where present
low-intensity, long-pulse, neutral-beam spectroscopic techniques are not adequate to
produce the required signal. Our intense-neutral-beam source will accelerate protons
or deuterons using high-power, ion-diode technology and gas-cell neutralization
techniques.

Based on our understanding of large coaxial plasma $uns. we have initiated
research in multi-megawatt electric thrusters for space exploration. Electric propul-
sion offers the advantage of high exhaust velocity (or specific impulse), which may
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enable future space missions such as robotic exploration of the outer planets or
piloted exploration of Mars. Through experiments at our Coaxial Thruster Experi-
ment (CTX) Facility, we are investigating the properties of these large coaxial
plasma guns to infer the balance between radiative losses, electrode losses, axially
directed kinetic energy, mass flow, and thruster efficiency. An understanding of
these phenomena, coupled with the modeling being done by T-15 and SST-7, is
essential to evaluate the scaling of electric thrusters to mission dimension.

P-l is developing new applications for plasmas in material processing. Two
plasma-processing techniques are being studied in our laboratories. An intense ion-
beam source has been developed at our Anaconda accelerator to produce large-area
dense plasmas for material surface modification and synthesis of 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 congru-
ent deposition of complex, stoichiometric thin films. The second plasma-processing
technique, plasma-source ion implantation (PSII), uses a high-current plasma to
achieve conformal implantation of ions at energies above 50 keV. The modification
of surfaces by ion implantation has potential advantages of improved hardness,

abrasion resistance, and corrosion resistance. The PSII technique offers the possibil-
ity of greatly reducing processing costs compared with conventional beam tech-
niques. Our CTX Facility is being configured to test PSII at unprecedented high
currents and sample sizes. 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 also explores the physics of hypervelocity launchers powered by the
electrothermal-chemical process (ETC) and is performing experiments that focus on
the plasma-fluid interaction, which governs ETC gun performance. Our effort is
aimed at clarifying the interactions between instability formation, pressure waves,
and plasma-transport properties. The goal is to establish the feasibility of these
devices for useful high energy-density applications.

Bill Waganaar of P-l prepares the
Anaconda interaction chamber for an
ion-beam, plasma-processing
experiment.

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

Annual Report 1991 Physics Division 5
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Aerial view of the LEP Storage Ring
at CERN. Los Alamos is involved in
the L3 experiment, which is one of
four major experiments on the LEP
Storage Ring.

A wide variety of experiments are presently under way. In the recently com-
pleted 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 con-

structed 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 two-particle 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 com-
pleted 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, wouid 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 double-charge exchange
reactions.

Los Alamos has recently joined the L3 experiment at the CERN Large Electron-
Positron Collider. Members of P-2 are involved in the current running of the L3
experiment and iiuve taken a lead role in planning the upgrade of that detector. Other
members of P-2 are involved in the GEM (gamma rays, electrons, and muons)
experiment proposal for the Superconducting Super Collider (SSC). In a related
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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 is an experimental physics 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 most prominent experiment in the field of weak-interaction physics in P-3
is an attempt to determine, or limit, the mass of the electron antineutrino by a careful
measurement of the shape of the endpoint of molecular tritium. This measurement
has established an upper limit of 9.4 eV for the neutrino mass at the 95% confidence
level and is nearing completion. We are engaged in a collaboration with a large
research group in the Soviet Union to measure the low-energy solar neutrino flux
using a gallium radiochemicai detector. This measurement is sensitive to low-energy
neutrinos generated by proton burning; this part of the flux is direclly related to the
solar luminosity and thus is relatively insensitive to the solar model. Preliminary data
suggest an unexpectedly low flux. P-3's weak-interaction group is part of the SNO
collaboration (involving Canada, the United States, and the United Kingdom) to
build and operate a neutrino observatory based on a 1,000-tonne, heavy-water
detector. This detector will be able to distinguish between astrophysics and particle-
physics solutions to the solar-neutrino problem. This project, which has been funded
by Canada and the United States, will be located in a nickel mine in Sudbury,
Canada.

Members of P-3 are investigating neutral meson spectroscopy in an experiment
conducted at CERN. Several candidates for glueball states have been seen, as well as
an exotic state that, because of its quantum numbers, cannot be a quark/antiquark
state. The simplest interpretations for this state is that either it is a two-quark/two-
antiquark state or a two-quark/gluon state. Both glueballs and exotics are states
predicted by quantum chromodynamics, but neither have been conclusively seen by
experiment.

Several members of P-3 are engaged in
the Laboratory's effort to measure the
gravitational acceleration of antipro*ons 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. B 4 , . ^ ^ ^ ^ ^ ^ M ^ H H K.
Group P-3 has built a Penning trap and beam
line to study techniques for trapping antipro-
tons and has begun a systematic study of
patch effects in drift tubes. The experiment
has been approved for the Low-Energy
Antiproton Ring at CERN.

P-3: Subatomic Research and
Applications
John Moses, Group Leader

Donald Martinez of P-3
installs one of the four
experimental packages in
the Lubbock underground
nuclear test shot at the
Nevada Test Site.
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Gabe Luther ofP-3 and Barry
Warthen ofEG&G Energy
Measurements, Inc., prepare a high-
explosive shot involving a microwave
interferometer detector (inset), which
measures both shock and particle
velocity simultaneously.

Other P-3 scientists are building a sensitive torsion balance to measure the
Newtonian gravitational constant and to investigate new techniques to study non-
Newtonian aspects of gravity. Along with collaborators from P-14 and elsewhere in
the Laboratory, P-3 is conducting experiments using conventional and nuclear
explosives to measure material behavior at extreme temperature and pressure. The
group's interests include EOS measurements up to tens of megabars, the measure-
ment of shock and material velocities using fiber-optic and microwave techniques,
and imaging with relatively low spatial resolution but very high time resolution.

Group P-3 has a small effort under way to use lasers to study the overlap
between nuclear and atomic phenomena. Group members are conducting experi-
ments using the LABS to excite nuclear isomers by laser excitation of the electrons
of an atom. The group is also interested in developing single-atom detection
techniques.

In collaboration with members of CLS Division, P-3 has an effort for remote
sensing of the atmosphere using a light detection and ranging technique known as
Lidar (which is based on backscattered laser light) to investigate chemicals and
particulates in the atmosphere. The collaboration has measured the spatial and
temporal water-vapor concentration and water flux above the ground/atmosphere
interface, has developed truck-based and airborne Lidar systems, and has carried out
extensive measurements of atmospheric aerosols as part of the Mexican-American
Clean Air Initiative.

P-3 is also engaged in a programmatic data-acquisition and event-recognition
project using Macintosh computers and the CAMAC and VME interfaces. The
software produced as a result of this effort should be useful for a number of different
applications within the Laboratory and elsewhere.

8 Physics Division Annual Report 1991
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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 at extremely high laser intensities.

The group's primary mandate is to understand the physics of laser-target
interactions through experiments performed at appropriate world-class facilities as
NOVA (Lawrence Livermore National Laboratory), Mercury and TRIDENT (Los
Alamos), Omega (University of Rochester), and Helen (Atomic Weapons Establish-
ment, 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 funda-
mental laser-matter interactions at extremely high laser intensities.

Group P-6 is pursuing research in a number of biophysics areas, including
advanced methods ofDNA sequencing, the molecular basis of signal transduction
in photoreceptors, biophysical changes in red blood cells in aging and their
implications for blood storage and transfusion, 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 images (MRl).

The advanced DNA-sequencing project is part of a worldwide effort that has the
ultimate goal of determining the entire nucleotide base sequence of the human
genome. The magnitude of this task is apparent when one considers that there are
three billion bases in the human chromosomes and current sequencing rates are a
few hundred to a few thousand bases per person per day. Group members are
developing a sequencing technique that can approach a rate of 1,000 bases per
second. The technique is based on ultrasensitive (single-molecule) detection of
fluorescently labeled bases that are sequentially cleaved from a long (50-kb), single
fragment of DNA. The development involved a collaboration of physicists, life
scientists, chemists, enzymologists, and laser scientists.

Biophysical and biochemical studies of signal transduction in vertebrate
photoreceptors are focused on identifying the molecular events responsible for
transducing photon capture by photoreceptor disc membranes into signals that can be
transmitted to the central nervous system. Investigations of the biophysical proper-
ties of red blood cells have produced important insights into mechanisms responsible
for the aging of such cells, as well as for blood storage and transfusion.

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, a magnetically shielded room,
and advanced signal-enhancement techniques. Because magnetic fields readily
penetrate the skull, MEG offers the potential for the 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 consider-
able promise in basic neuroscience as a tool for the 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 activity of the brain, to
validate MEG using known current sources in computational and physical models of
the head, and to use MEG to address important questions in basic neuroscience and
in research on neurological and psychiatric disorders.

In addition to MRI and MEG, a rapidly expanding variety of techniques such as
positron-emission tomography and singie-photon-emission computed tomography
allow brain structure and function to be characterized over a wide range of scales.

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

P-6: Biophysics
Charles Wood, Group Leader
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P-9: Los Alamos Ion-Beam Facility
Larry Rowton, Group Leader

The brain topology project involves the development of three-dimensional computa-
tional models to integrate the rapidly expanding body of structural and functional
information into a common computational framework.

The Jon-Beam Facility (IBF), run by Group P-9, produces general-purpose,
precision ion beams for 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 over 11 MV. Eight full-time staff members and occasional
part-time staff members and summer students maintain and operate the
accelerators and upgrade the equipment. Scientific teams from within the
Laboratory and from industry, academia, and other national laboratories use the
IBF.

The two accelerators at the IBF have provided positive ions from protons at
energies from 0.25 to 32 MeV to heavy ions at energies to 150 MeV and have been
used to accelerate clumps of matter (femtograms to picograms) at velocities over 100
km/s. Specialized equipment on the tandem can provide the only source of polarized
tritons in the world, and a buncher system allows users to generate subnanosecond
pulses of the hydrogen isotopes at rates to a few megahertz.

The versatility of the acceleration facility has led to a wide variety of user
projects. Some recent work includes studies of the single-event upset (SEU, or the
changing of a "bit" of information in an integrated circuit by a single ionizing
particle), radiation damage, detector calibrations, and "cosmic dust" or hypervelocity
particles. Other facility capabilities include atomic mass spectrometry (AMS),
Rutherford backscattering (RBS), proton-induced x-ray emission (PIXE), and
standard low-energy nuclear physics. Normal nuclear reactions include elastic
scattering, inelastic scattering, neutron production for secondary reactions, and high
spin excitation. PIXE can be used to analyze the elemental composition of samples
for elements heavier than sodium. With careful sample preparation, one can obtain
measurements that are accurate to the parts-per-billion level. RBS measures the
composition of lighter elements. AMS can measure Be'°/Be9 (or C l4/C12, AI27/A126,
etc.) to a part in 1010 levels; this allows users to measure the age of samples that have
decayed for multiple half-lives. Industrial users and other national laboratories are
especially interested in SEU and radiation-damage studies because integrated circuits
for military or space applications must be constructed to withstand large doses of
radiation. Many satellite-based particle detectors are calibrated at the IBF to make
sure that they are sensitive to the energies and masses that they are designed to
detect.

On-going programs to enhance the facility include buncher improvements,
terminal-voltage upgrades, ion-source upgrades, the addition of high-energy electron
capabilities, and a move toward expert system automation. Because the detector
calibration program needs shorter bunch times, P-9 is developing a superbuncher
system with an 80% beam capture and pulses that are less than 100 ps long. Long-
term, terminal-upgrade programs target 12 MV on the tandem accelerator and
11 MV on the vertical accelerator. Because of requests for higher beam currents, P-9
has purchased a new high-current, heavy-ion source for the tandem accelerator and
has proposed a new ion-source deck for improved beam optics. In addition, overall
efficiency requires the continuous use of modern computer technology to monitor
and control the operation of the machines, and new computer capabilities allow
flexible and powerful safety systems.
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Fundamental research on condensed matter is the primary focus of Group
P-IO. 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
particular expertise and capabilities in research at very low temperatures. Although
most of the research retains cryogenic aspects, the mission of P-10 has broadened to
include a wider variety of research topics in condensed matter. 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 high-temperature superconductors, heavy-
electron systems, compounds based on C^ molecules, and materials showing
valence fluctuations and soiitonic or metal-insulator behavior. Principal techniques
used in these studies are thermal and electrical transport, nuclear-magnetic and
muon-spin resonances, x-ray and ultraviolet photoemission spectroscopies, resonant
ultrasound, Mossbauer spectroscopy, neutron and anomalous x-ray diffractions,
ultralow temperatures, ion beams, high magnetic fields, and very high pressures. In
addition, a strong nonlinear-dynamics component of the basic research effort focuses
on convective processes in model fluid systems. Overall, P-10 collaborates fre-
quently with the Center for Materials Science; the Center for Nonlinear Studies; the
Exploratory Research and Development Center; T Division; MEE Division; MST
Division; IT Division; the Manuel Lujan, Jr., Neutron Scattering Ceiuer (LANSCE);
and other P-Division groups.

Three important programs in P-10, although basic in nature, have more applied
or product-oriented goals. One of these projects explores the design and develop-
ment of novel heat engines, using principles of thermoacoustics and working
substances that range from superfluids to propylene and possibly liquid CO,. These
refrigerators are being developed for industrial and military applications. Another
applied program is aimed at improv-
ing the efficiency of ICF processes
through the design of novel cryogenic
fuel targets. P-10 is also developing
nondestructive testing capabilities
using resonant ultrasound spectros-
copy to characterize fractures and
defects in materials and components.
Finally, we are studying the fluctua-
tions in electrical noise produced by
flux motion in high-temperature
superconductors to better understand
how to optimize their current-carrying
capacity for future applications.

The mission of Group P-14 is to conceive, design, execute, and analyze
experiments for the nuclear weapons program and, to a lesser extent, to selectively
address national security problems for the Department of Defense and other federal
agencies. The emphasis is on electromagnetics. Experiments are routinely per-
formed to detect and analyze photons throughout the electromagnetic spectrum,
from radio frequencies to gamma-ray energies. These experiments are frequently
conducted in the harsh, close-in nuclear environment, and many of them require
high resolution in space, energy, and time.

The group is organized into three physics sections: X-ray Measurements,
Gamma-ray Measurements, and Special Measurements. These are strongly sup-
ported by three technical sections: Electro-optic and Electronics Engineering, High-
Speed Transient Recording, and Data Analysis.

P-10: Condensed-Matter and
Thermal Physics

\ Joe Thompson, Acting Group Leader

Alex Lacerda (left) and Joe Thompson
of P-10 attach a high-pressure cell to
the bottom of a dilution refrigerator.
The refrigerator uses a mixture of 3He
and 4He to attain temperatures
approaching 10 mK. At these low
temperatures, electronic correlations
responsible for the novel ground states
in heavy-electron materials can be
explored as they respond to extremes
in high pressures and magnetic fields.

P-14: Fast Transient Plasma
Measurements
Carl Ekdahl, Group Leader
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P-15: Neutron Measurements
Nicholas King, Group Leader

During any given year, P-14 will execute 20 to 30 experiments in the nuclear
weapons program on underground tests or at AGEX (above-ground experiments)
facilities. These will include 8 to 10 reaction-history measurements of the leakage of
gamma emission from a nuclear device. These measurements are fundamental
benchmarks of device performance and have been made on ever)' test since Trinity,
when the measurement was performed by Bruno Rossi. Other experiments include
gamma-ray and x-ray spectroscopy, radiation-flow measurements, and measurements
related to nuclear directed-energy weapons. The group also performs experiments
such as EOS and opacity measurements to expand the body of knowledge in nuclear
weapons science. One of the strengths of the group is the exploitation of diverse and
unusual physical effects for experimental diagnostics, including Compton scattering,
Cherenkov radiation, transition radiation, Faraday rotation, the Kerr effect, and
Pockels effect.

The Electro-optic and Electronics Section develops the advanced technology
needed to uphold the group leadership in high-bandwidth measurements and
recordings. Examples of techniques developed in this section include a high-
bandwidth, fiber-optic data link using electro-optic detectors; an ultrahigh-spoed
time-interval meter with 10-ps time resolution; high-speed optical receivers; znd
ultrafast oscilloscopes. The group maintains its ability to execute experiments at
remote facilities through the sophisticated mobile data-recording stations of its High-
Speed Transient Recording Section and through an extensive inventory of modem
recording instrumentation. Finally, the Data Analysis Section supports the group's
experimental efforts by providing computer-system support and data-reduciior. and
analysis services for the physicists.

The conception, execution, and interpretation of weapons-physics experiments
at the Nevada Test Site form a major part of the work carried out by Group P-15.

Successful designs require solving problems related to the survival of experi-
ments conducted in nuclear environments. In performing such experiments, group
members participate in the development and use of remote-controlled instrumenta-
tion, including streak and fast-scan video cameras, image-data-capture systems,
fiber-optic data transmission, and megasample rate-digitizer and gigahertz oscillo-
scope data-recording 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-the-art capabilities to address the constantly changing require-
ments in weapons-physics experiments.

A significant recent effort within P-15 has been devoted to preparing much of
the technical input to the negotiations by the United States for international nuclear
yield verification. This effort has included carrying out joint verification experiments
with Soviet counterparts in both the United States and the Soviet Union.

To investigate complex 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 interna-
tional laboratories and universities. One such experiment involves the comparison of
gravitational acceleration of antiprotons in the Earth's gravitational field with thai of
particles of normal matter. Other areas of P-15 involvement are free-electron-laser
diagnostic measurements and experiments relevant to the NPB program.

P- 35 is pursuing limited theoretical efforts that involve energy coupling and
transfer for hydrodynamic yieid determinations, electronuclear processes, the three-
body problem in few-nucleon physics, and quantum gravity models. These efforts
are linked to programmatic experiments or basic experimental research interests
within P-15. P-15 maintains a flexible computing capability within ihe group to
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support both experimental and theoretical efforts. Heavy use is made of the
Laboratory's Central Computing Facility (CCF), primarily with the CRAY comput-
ers. Links to these machines and access to the extensive data storage and output
capabilities of the CCF are available to the group through the Laboratory's Integrated
Computer Network. Several in-house minicomputer systems are also supported,
including a stand-alone PDP 11/34, a network of SUN work stations, and a classified
VAX-11/750 connected to the Laboratory's secure XNET-distributed processor
network known as P-15VAX.

Group P-15's present expertise in ultrafast, intensified imaging systems will be
expanded to provide Los Alamos with experimental capabilities in x-ray and optical
measurements for the ICF program, as well as very high frame-rate-intensified
imaging for military applications. Another area of emphasis will include neutron and
gamma-ray measurements at the IBF and the Weapons Neutron Research (WNR)
Facility.

Group P'-17operates and performs research at the WNR Facility atLAMPF.
The WNR Facility has both a high-intensity spoliation neutron source (Targel-4) and
a low-intensity, low-return area (Target-2) that allow direct access to the LAMPF
proton beam. The Target-4 source produces the highest flux of neutrons (i.e., from I
to 800 MeV) in the world. In addition, P-l 7 has three beam lines at LANSCE for
nuclear physics research using neutrons from, thermal to about 100 keV.

Presently, there are five fully instrumented neutron flight paths for time-of-flight
research. A few of the activities under way include a program to determine level
densities through the investigation of (n.charged particle) reactions from 1 to 5 MeV,
measurements of Gamow-Teller strength distributions in s-p shell nuclei from 50 to
300 MeV, fast-neutron capture and gamma-ray production experiments, fission
cross-section measurements for neutrons from 1 to 400 MeV, and experimental
investigations of detector performance for the underground nuclear tests at the
Nevada Test Site.

Protons with energies from 113 to 800 MeV are used for experiments at the
WNR Facility, which are carried out in Target-2. This area is being used for (p,xn)
angular distribution measurements to investigate pre-equilibrium neutron emission;
for (p,xy) measurements to benchmark calculations of cosmic-ray-initiated, thermal-
neutron production for the Mars mission; and for studies of radiation damage and
SEU phenomena in electronics.

Group P-l7 also operates three beam lines at LANSCE, an intense source of
neutrons from the thermal to kiloelectron-volt range. Presently, P-l7 has two major
activities under way at LANSCE. With collaborators from the AT Division, Group
P-2, and several universities, P-l7 has developed a polarized neutron beam using a
polarized proton target. This collaboration is searching for parity violation as
manifested in neutron resonance phenomena and will expand the research to include
a search for time-reversal symmetry violation. P-17's second major activity involves
measuring (n.charged particle) and (n,y) cross sections on radioactive targets for
programs in nuclear astrophysics and defense. Because LANSCE can produce high-
intensity beams and has a low duty factor, these measurements have an advantage in
figure of merit (flux/duty factor) of more than 3 orders of magnitude over any other
facility in the world.

P-17: Neutron and Nuclear Science
Paul Lisowski, Croup Leader
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Fig. 1. A simplified version of the ion-
extraction diode for our intense
diagnostic neutral-beam source. Ions
from a plasma, formed at the anode,
are accelerated through the cathode
region to produce an intense ion beam.
Magnet coils help confine associated
high-energy electrons and enhance the
ion-beam current. Extracted ions are
transported to an adjacent gas
neutralize!4 where the ions are
efficiently converted to neutral atoms.

Development of an Intense Diagnostic
Neutral Beam for Burning Fusion
Plasmas
D. J. Rej, I. Henins (P-l), Collaborators from Cornell University
and the University of Wisconsin

Neutral particle beams are a valuable fusion diagnostic probe for measuring a
variety of plasma parameters, including ion temperature, impurity content, current-
density profiles, and confined-alpha-particle and energy distributions. For next-
generation tokamaks, such as the International Thermonuclear Experimental
Reactor (ITER), thermonuclear ignition will be approached in a large, burning
plasma. However, present technology involving low-current, long-pulse particle
beams will prove inadequate because much higher beam intensities than those
previously achieved are needed to penetrate larger, higher-density plasmas and
provide acceptable signal intensities against a large bremsstrahlung-radiation
background.

ITER, a multinationally developed tokamak aimed at establishing the physics
and technology data base for designing a demonstration fusion power plant, will
have a major plasma radius of 6 m with peak plasma temperatures exceeding
10 keV (about 108 K) at ion densities above 1020 m"3. Calculations show that a
conventional 1-MW beam of 100-keV neutral hydrogen atoms will penetrate to a
depth of only about 0.5 m in this plasma. As one attempts to increase the plasma
penetration by using much higher particle energies (e.g., 500 keV or higher), the
strength of the charge-exchange interaction (critical for several parameter measure-
ments discussed below) decreases significantly, thus reducing the signal intensity
below detection thresholds. The optimum neutral beam for ITER requires high
power (about 1 GW) and relatively low particle energies (approximately 100 keV
for protons and 200 keV for deuterons) that are well beyond the realm of conven-
tional neutral-beam technologies.

To address this problem, we are developing a short-pulse, intense diagnostic
neutral beam using pulsed-power-driven, ion-diode technology. In our prototype
device, protons or deuterons will be accelerated to energies up to 120 keV and then
extracted and propagated through a gas cell where they are converted to neutrals. A
simplified version of the ion-extraction diode is shown in Fig. 1. Here an annular
ion beam is accelerated by applying a pulsed high voltage across an axial gap
between the anode and cathode. A radial magnetic field is applied in the gap by
energizing two or more concentric coils. This is needed to confine high-energy
electrons within the gap and thus enhance ion current densities. This geometry
provides convenient beam transport into adjacent interaction chambers.

We are studying two candidate ion sources. The first and most simple is a
proton source involving the flashover of a dielectric material attached to a metallic
anode. The anode plasma is created by the bombardment of the dielectric by
energetic electrons, which are accelerated from the cathode and diffuse across the
magnetic field. Although it is easy to implement, the flashover anode is undesirable
for tokamak applications because its surface degrades with repetitive use and
because it generates impurities that may contaminate the tokamak plasma. Al-
though we will employ the flashover anode for initial shakedown experiments, we
will eventually move to a more appealing ion-source concept that is reproducible,
pure, and capable of thousands of shots. This concept, developed at Cornell
University, involves a high-density sheet of gas injected supersonically in front of a
fast pancake-magnet coil. The magnet is pulsed tc inductively break down the gas
and propel this plasma into the anode plane of the diode.

Neutral hydrogen atoms will be produced by interacting the extracted ion beam
with a puff-gas charge of H2 in an exchange cell. A number of potentially deleteri-
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ous phenomena, such as plasma instabilities driven by the intense ion beam, must be
averted in the design of this cell. Another potential concern is the rapid decrease of
neutral conversion efficiency with increasing ion energy. However, for reasonable
cell dimensions, we expect to maintain high conversion efficiencies up to the 100-
keV energy level.

The pulsed-power driver for the ion-beam diode, shown in Fig. 2, is a 120-kV,
125-kJ capacitor bank configured to power a magnetized diode with an area of
300 cm2.

Measuring ion temperatures using charge-exchange recombination spectros-
copy (so-called CHERS) is a principal application of the diagnostic neutral beam. In
the CHERS technique, a fully stripped, low-Z impurity ion in the plasma interacts
with a neutral hydrogen (or deuterium) atom through the charge-exchange recombi-
nation reaction, which ionizes the hydrogen atom and leaves the impurity ion in an
excited state. The impurity ion subsequently decays through photon emission.
Analysis of the line profiles associated with this emission yields the ion temperature.
Although this analysis is somewhat complicated, the CHERS process offers distinct
advantages over other techniques for ion-temperature measurement, such as Doppler
broadening of impurity line emissions and analysis of fast neuirals produced in the
plasma core. Because the CHERS emissions for low-Z atoms tend to occur in the
visible or ultraviolet portion of the spectrum, in iitu detection is possible with
hardened fiber-optic coupling to the spectrometer. The collimation provided by the
beam and fibers also provides excellent spatial resolution within the plasma.

Once we have completed the optimization and characterization of the neutral
beam (including beam current, energy, uniformity, purity, and divergence), we will
field an intense diagnostic neutral beam at an existing tokamak. The most likely test
will be a CHERS ion-temperature measurement on a fusion plasma.

Fig. 2. Bob Kasik ofP-l prepares the
vacuum system for the ion-beam
chamber. Pulsed power from the 125-
kJ capacitor bank enters from the rear
of this chamber to power the ion diode.
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Measurement of Charm and Beauty
Mesons at Fermilab
P. L. McGaughey, J. G. Boissevain, T. A. Carey, D. Jansen, J. S.
Kapustinsky, D. W. Lane, M. J. Leitch, J. W. Lillberg, J.-C. Peng,
W. E. Sondheim (P-2), J. M. Moss (P-DO), Collaborators from
Abilene Christian University, the University of Chicago, Fermi
National Accelerator Laboratory, the University of Illinois at
Chicago, Lawrence Berkeley Laboratory, Northern Illinois
University, the University of South Carolina, and the Institute of
Phvsics at Taiwan

Until the early 1970s, the basic building blocks of the atomic nucleus were
believed to be the proton and neutron. But experiments that measured the inelastic
scattering of electrons on nuclei began to show evidence for two even smaller
constituents of these nucleons, later named the up and down quarks. Since that time,
five quarks have been discovered, including up, down, strange, charm, and beauty
quarks. The theory of quantum chromodynamics has been developed to describe the
properties of quarks and the force propagator between them, namely the gluon. The
existence of a sixth quark (the top), which has not yet been discovered, has been
predicted by this theory. Particles formed by combining quarks include mesons,
which consist of two quarks, and baryons, which contain three quarks.

Much of the current research in particle physics is focused upon the study of
particles containing charm and beauty quarks, which are the heaviest known quarks.
We are collaborating on an experiment (E789) at the Fermi National Accelerator
Laboratory to measure the decays of neutral mesons containing either charm (D
mesons) or beauty quarks {B mesons). One goal is to measure the two-body decay
channels of neutral B mesons to charmless states such as two pi mesons. The
probability of these charmless decays is directly related to the K-M matrix element
Vuh Observation of these decays would provide a reliable determination of Vuh.
E789 is expected to record a large number of inclusive B-decay events such as
B —> J/yrX. These events would provide independent information on B lifetimes
and production cross sections. We expect that there will be good sensitivity to a
variety of rare decay processes, such as B -»(i+jr.

The experiment can also detect D-meson decays. The large D-meson production
cross sections and the large branching ratio of D -» Kn imply a very favorable rate
for detecting such decays. The characteristics of D-meson production, such as the.vF

and Pt dependence and the production cross sections, can be well determined. The
relative branching ratio of D -WTTT/ D -> KK can also be measured accurately.
Furthermore, many rare decay modes of the D can be searched for with excellent
sensitivity. Finally, E789 can study the nuclear dependence of D-meson and
charmonium (such as J/i//) production in proton-nucleus collisions. Interest in these
measurements is motivated by the nuclear effects observed in recent results from our
previous experiment (E772) on J/yr suppression.

The major apparatus used in E789 is a two-arm magnetic spectrometer. This
device, which was designed to detect a pair of oppositely charged particles, provides
excellent mass resolution and high-rate capability. An 800-GeV proton beam strikes
a nuclear target and produces charm and beauty mesons, which then decay within
about 1 ps. A vertex spectrometer measures the distance the meson travels before
decaying. The decay particles are bent around the beam dump contained inside a
15-m magnet, which sweeps away uninteresting particles. A series of drift chambers
and another magnet are used to determine the momentum of each of the decay
particles. A ring-imaging Cherenkov (RICH) detector can be used to identify pions,
kaons, and protons. Electrons are identified by the electron calorimeter downstream
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of the RICH detector. Detectors placed beyond the calorimeters and hadron absorb-
ers provide clear identification of muons.

Improvements to the spectrometer, including the installation of 16 planes of
silicon-strip detectors, refurbishment of the RICH detector, and upgrades of the
trigger-processor and data-acquisition systems, were made to prepare for data taking,
which began in August 1991. The excellent vertex determination from the silicon-
microstrip detectors will facilitate the separation of B or D decay events from the
background events originating in the target. Improvements to the trigger-processor
and data-acquisition systems provide more than a factor of 10 improvement in the
data-taking capability of the spectrometer.

Data for large samples of events were taken for both charm and beauty decays.
The charm data are estimated to contain about 10.000 two-body decays from gold
and beryllium targets. We can therefore obtain a useful measurement of the nuclear
dependence of D production. Fig. 3 shows the dihadron mass spectrum from a
preliminary analysis of a small subset of the data. The
D —>KK peak is clearly visible. We expect to achieve
an accuracy of better than 10% in the nuclear depen-
dence of charm production once all data are analyzed.
Limits for rare decays to dileptons should be about
0.5 x 10"5.

Our beauty data were collected at a spectrometer
setting that simultaneously optimized sensitivity for
B ->J/y/and forB0 —> dihadrons. These data should
provide some 100 reconstructible B —> Jl y/ events.
Fig. 4 shows the dimuon mass spectrum from a
preliminary analysis of a few percent of the beauty-
data sample. The J/\f/ peak is evident at about the
expected level, confirming our estimated sensitivity. A
detailed study of the vertex distributions of these Jly/
events is under way tn lock iotB -^JlytX events. The
upper limit for *• jch dihadronic 6° decay mode is
estimated a* i.Ox 10"4(assuming that no dihadronic
decays are observed) with similar limits for other rare
decays.

Fin. 3. Diiuidron mass spectrum
obtained from a preliminary analysis of
the E789 beryllium data. The peak at
1.86 Ge\'k2 corresponds u>D—>Kn
events.
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Fig. 5. Comparison of latent-energy
fluxes calculated from Lidar spatial
and temporal spectra with those de-
rived from standard micrometeoro-
Iogical instruments for June 28,1990,
as a function of time of day during the
MAC-V experiment. Conventional
instrument comparisons are the high
and low measurements made in the
field at the times indicated.

CM

E

UJ

100
0

-100
-200
-300
-400
-500

: -600
-700
-800
-900

-1000
-1100
-1200

Low Micromet. Flux

High Micromet. Flux

i Lidar HOT. Scan Flux

£ Lidar Spatial Flux

1 Lidar Temporal Flux

250 500 750 1000

The Application of a Scanning, Water
Raman-Lidar as a Probe of the
Atmospheric Boundary Layer
W. E. Eichinger, D. B. Holtkamp, D. I. Cooper (P-3), C. R. Quick,
Jr., J. J. Tiee, F. Archuleta, R. Martinez, D. Hof(CLS-4)

The interaction between the Earth's surface and the lower atmosphere is
intimately involved with the development of the local climate. This interaction is
poorly understood and not incorporated in global climate models (GCMs). To
understand these interactions, one must study atmospheric processes over large
areas. Conventional measurements use point sensors from which results cannot be
extrapolated over large areas; these sensors are inappropriate for use in complex
terrain or varied vegetation where the assumptions of horizontal homogeneity and
constant statistical properties (stationarity) cannot be made. These conditions,
however, may have the greatest impact on local climate. We have been working on
the development of a scanning, water Raman-Lidar (Light Detection And Ranging)
and on techniques for analyzing the data it produces. A Lidar of this type is an ideal
tool for studying spatial atmospheric properties. It is a noninvasive technique that
can rapidly measure the water-vapor concentration over relatively large areas with
high spatial resolution. The capability to map water-vapor concentration allows us to
measure and visualize turbulent structures and microscale processes in the inner
region of the boundary layer.

The mobile, truck-mounted Raman-Lidar system used for these measurements
was built at Los Alamos and is totally self-contained. The system includes its own
analysis and control computers and electric power generator, and it uses an excimer
laser at 248 nm as the light source. Raman-scattered light from atmospheric nitrogen
at 263 nm and from water vapor at 273 nm is collected in a telescope and digitized.
The ratio of the water-vapor signal to that of the nitrogen is proportional to the
absolute concentration of water vapor in the atmosphere. By rapidly scanning a
given region, we can make a map of the water-vapor concentration.

Techniques developed for Lidar analysis have made the Lidar a very powerful
instrument. Two methods for flux computation have been developed. The first uses
the fact that the water-vapor concentration in the vertical direction follows a logarith-
mic profile when corrected for atmospheric stability. The slope of this profile is
directly proportional to the flux of water vapor, which also corresponds to a flux of
latent energy. The second method employs inertial-dissipation techniques in which

Lidar-derived spatial and temporal power
spectra are used to determine the flux.
Figure 5 is a comparison of Lidar-derived
fluxes with those from conventional point
instruments. A unique aspect of Lidar-
derived fluxes is that they can be deter-
mined almost 100 times faster than with
conventional instruments and can be range
resolved.

The size and distribution of the
turbulent structures were evaluated using
variogram analyses. A variogram is a
measure of the average variance of
measurements separated by a given
distance, called the "lag." A series of

1250 1500 1750 2000 2250 2500 variograms derived from the Lidar data are

Time of Day shown in Fig. 6. The shapes of the
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variograms give information about the distribution and sizes of the turbulent
structures. A fitted Gaussian model for the structure size describes the shape
reasonably well; the results are shown as smooth
lines. The variance becomes uniform for lags
between the 10- and 20-m range; 50% of the change
occurs at lags of approximately 5 m. This size is
consistent with characteristic lengths calculated
from the integral of the autocorrelation function of
spatial Lidar data, which gives lengths ranging from
3 to 7 m. These distances can be used to describe
the regions of relative homogeneity and thus define
the characteristic scale of turbulence.

One interesting area of current work concerns
the stability-correction functions of the Monin-
Obukhov (M-O) Similarity theory, which is used in
GCMs to incorporate the effects of the boundary
layer by relating fluxes to vertical gradients. When
buoyant parcels of air are present, the M-O theory
must be corrected to include convection. Determining these correction functions is
difficult because they require many vertical measurements within the boundary
layer. A large number of parameterizations have been formulated, but it is custom-
ary to use the Businger-Dyer stability functions 0. Recently, this parameterization
has been challenged for the unstable case. The new formulation varies considerably
(i.e. by a factor of 2 or more for <|> > 2) from the Businger-Dyer formulation.
Vertical Lidar scans acquire a large
number of data points that can be used
to determine the vertical gradient and
thus the stability-correction functions.
Calculations of the water-vapor
stability function were made, and the
results were averaged over a wide
range of values of £, the characteristic
M-O scale length. An uncertainty can
be calculated at each value of £ (as
shown in Fig. 7) because of the large
number of measurements (tens of
thousands). The values conform closer
to the Businger-Dyer formulation than
to that of Kader and Yaglom for the
range of values measured. Work is
continuing to extend the data set to
larger values of £ and for stable
atmospheric conditions.

The analysis techniques described here are just a few of many. We have
demonstrated that Lidars can be used to determine many of the fundamental
atmospheric parameters used in micrometeorological research. The ability to
measme these parameters nearly simultaneously over large areas with high spatial
and temporal resolution offers a unique means of examining classical assumptions of
meteorology and provides valuable input to traditional studies.

20 25
Lag(m)

Fig. 6. Variograms of Lidar-derived
water concentrations from various
times on June 28,1990, during the
MAC-V experiment. The solid lines
represent a Gaussian distribution of
structure sizes fitted to the data.

• Lidar Average Value
Businger-Dyer
Kader-Yaglom
Uncertainty Interval

Fig. 7. Comparison of Lidar-derived,
stability-correction fimctions with the
traditional Businger-Dyer
parameterization and with the newer
Kader and Yaglom parameterization.
The error bars represent the standard
deviations of the measurements. The
small error bars on the largest values
of<j> are indicative of a limited number
of measurements and not necessarily of
decreased uncertainty.
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Physics Division Plays an Essential
Role in the Redirected Inertial
Confinement Fusion Program
J. M. Mack (P-4)

Fig. 8. Los AlamoslNOVA
experimental program elements.

The NOVA Technical Contract (NTC) identifies critical target physics issues
and solutions for the indirect-drive approach to inertial confinement fusion (ICF).
Indirect-drive targets consist of a spherical capsule placed within a cavity (hohlraum)
flooded by secondary x-ray sources produced by laser interaction with interior cavity
walls. ICF requires an energetic and symmetric capsule implosion; experimental
results must be scalable to targets of future interest through theoretical modeling.
The NTC is comp ised of two principal elements: (1) the hohlraum-plasma-physics
(HLP) program, which addresses all related interior-cavity physics issues, and (2) the
hydrodynamically equivalent physics (HEP) program, which addresses capsule
physics issues associated with implosion and bum. Successful completion of the
target-physics milestones in the NTC will provide confidence in preparation for an
ignition demonstration on an appropriate new facility. To accomplish such an
ambitious program within a three- to four-year period, Los Alamos and Lawrence
Livermore National Laboratory (LLNL) have created a focused and complementary
technical effort. Our short-term experimental program is one of active leadership
and collaboration toward the achievement of the NTC objectives. Primary elements
of the Los Alamos experiments in the target-physics program are indicated in Fig. 8.

The primary goal of our drive-symmetry-physics program is to demonstrate an
understanding and control of processes affecting capsule implosion symmetry.
Implosion symmetry is being investigated via x-ray diagnostics that are state-of-the-
art, two-dimensional imaging systems extensively developed by P-4 and LLNL.
From these and similar diagnostics, we are rapidly establishing a technical base of
implosion sensitivities related to important driver parameters, plasma conditions,

LANL Experiment Campaigns

Drive Symmetry
Physics

Hohlraum Plasma
Dynamics

Implosion
Hydrodynamics

Laser
Enirance-Hole

Physics

target fabrication, and hydrodynamics. The information from
this technical base is allowing us to expand experimental campaigns at NOVA to
include laser-pointing sensitivity, pulse-shaping effects, and high-velocity shell
backlighting. Measurement, understanding, and control of drive symmetry perme-
ates much of the HEP program. As such, our program element will be critical in
assessing the overall viability of the indirect-drive concept.
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The program on hohlraum plasma dynamics represents our most recent effort as
part of the NTC Results from past NOVA hohlrauin experiments have called into
question our ability to control stimulated Brillouin scattering (SBS) and stimulated
Raman scattering (SRS) reflectivity levels at ignition laser parameters. The major
thrust of our program is the improved measurement of SBS and SRS in Ion -• scale-
length plasmas relevant to indirect drive. The tendency of these (and other) plasma
instabilities to produce deleterious effects on hohlraum energy balance are being
quantified and the impact to the overall program established. Exploding foils and
wires are being used to generate long scale-length plasmas for open-geometry
experiments. The resulting experimental data base will be used to guide the
interpretation of more complex, fully integrated experiments on the NOVA ten-
beam system. In addition to experiments on the NOVA two- and ten-beam systems,
others are scheduled at Los Alamos on the new TRIDENT glass laser (100 J. 50-mm
spot, 100-ps pulse), which will be operational in late J992. In a related effort, we are
planning to use parametrically generated light for time-resolved tracking of density
gradients. This program element wili provide critical information in our understand-
ing of the coupling of interior plasma physics to implosion dynamics.

The program on laser entrance-hole physics is designed to enhance our under-
standing of diagnostic- and entrance-hole dynamics. The processes associated with
intense laser light entering hohlraums are highly coupled and very complex.
Quantification of such processes requires an extensive series of experiments to study
radiation-driven hydrodynamics in a large parameter space. This program element
has progressed rapidly to the point of providing design information and code
verification. The next phase, studying detailed plasma physics within the dynamic
entrance-hole region, is under way.

Our implosion-hydrodynamics program will initially investigate cylindrical
target implosions—a diagnostically more accessible convergent geometry for
studying various fluid instabilities. The development of a capability for micron
spatial resolution and picosecond time resolution remains a key issue for many
hydrodynamic studies. Los Alamos and LLNL scientists are now striving to
overcome these obstacles.

In the course of our experimental program, state-of-the-art diagnostic develop-
ment will be driven by the needs of the program elements mentioned above.
However, scientists in P-14 are also involved in designing, constructing, and
implementing on NOVA a unique diagnostic instrument that measures ion tempera-
ture. The instrument is based on a single-hit-neutron, time-of-flight method and
consists of a 960-channel photomultiplier array arranged geometrically and elec-
tronically to yield time responses of 1 to 2 ns to cover 5e(7) to 5e(9) deuterium-
deuterium reaction neutrons and to achieve a temperature resolution of about 1 KeV.

A balanced and essential ICF experimental effort has evolved at Los Alamos.
Over the next several years, we will provide answers to key questions regarding the
feasibility of the indirect-drive ICF concept.
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Advanced Superconducting Sensors and
Current Reconstruction Techniques for
Functional Brain Imaging
E. R. Flynn, J. S. George, W. C. Overton, Jr., D. B. van Hulsteyn,
C. C. Wood (P-6), P. S. Lewis (MEE-3)
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Fig. 9. A comparison of the axial
gradiometer with the imaging-swface
gradiometer. Both give the same
response in the planar-geometry case.
The axial gradiometer is used in
almost all existing biomagnetic sensor
systems for reduction of background
magnetic fields.

Fig. JO. Conceptual drawing of a large
array system for nueromagnetic
measurements of the human brain. The
system is in a dewar of liquid helium.
The superconducting surface is on top
of the hemisperical cap, and the coils
are on the bottom. The brim around the
cap is for additional shielding.

The development of superconducting magnetic sensors has made possible the
measurement of magnetic fields generated by active neurons in the human brain.
Because such fields readily penetrate the skull and scalp, magnetoencephalography
(MEG) offers the potential for noninvasive measurement of brain function. MEG
has consiaerable promise as a tool in basic neuroscience for functional mapping of
the human brain and as a clinical tool for the assessment of neurological and
psychiatric disorders. At present there are two major scientific and technical chal-
lenges that limit widespread application of MEG techniques: (1) the need for large-

array, low-noise sensor systems at reasonable cost and
(2) the need for suitable theory and computer algorithms
for transforming the measured MEG signal into a
distribution of currents in the brain. Efforts are under
way to address both of these problems as part of the P-6
Biomagnetism Program and the VA/LANL/UNM
Center for Magnetoencephalography.

We have made a major advance in neuromagnetic
sensor design that promises to provide large sensor
arrays at reasonable cost Our approach involves the
use of a superconducting shell as an imaging surface to
provide a virtual gradiometer sensor. Figure 9 illus-
trates the simple concepts behind the approach, which
has been awarded a U.S. Patent. The technique
promises a much simpler manufacturing process and a
more compact design than conventional wire-wound
gradiometers. The use of a single coil improves
detection efficiency by a factor of 1.5, and the supercon-
ducting surface provides significant screening against
external magnetic noise.

With the support of the National Institutes of Health, we are beginning construc-
tion of a 130-sensor system covering a 150° region of the head. Measurement times

for scanning human subjects
will be reduced from hours
to minutes. Figure 10 is a
schematic illustration of the
new sensor design. All
sensor coils will be fabri-
cated on the coil surface by
photolithography. The
superconducting surface will
be deposited under vacuum
by evaporation. Each coil
will be connected to an
individual Superconducting
QUantum Interference
Device (SQUID) for

magnetic flux to voltage conversion. Calculations indicate that the screening
efficiency against background magnetic noise as a result of the superconducting

Source

Coa Surface
(93-130 Sensors)
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Imagtng Surface
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/ Extension js)
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surface and gradiometer action is approximately 20 million to 1, which minimizes
the need for an expensive shielded room. The designs of superconducting surfaces
are being refined using finite-element techniques to maximize screening efficiency
and to minimize edge effects. An example of field patterns in the vicinity of the
superconducting surface is shown in Fig. 11, where a brim has been added to the
hemisphere to increase screening against background fields.

The localization of current sources in the brain from measurements at the head
surface requires the solution of an ill-posed inverse problem—that is, the determina-
tion of the number, location, spatial configurations, and time courses of the neuronal
currents that give rise to the magnetic field. Two general approaches toward such a
solution are now being evaluated: (1) multiple-source, spatial-temporal modeling
strategies and (2) current reconstruction or imaging procedures that estimate a
distribution of currents throughout a specified source volume.

Spatial-temporal modeling uses the entire spatial-temporal matrix of data to
reconstruct the time-varying magnitude of a small number of dipole sources. We
recently adapted an algorithm called Multiple Signal Classification (MUSIC) to
decompose the multidimensional data space into signal and noise components and to
scan systematically the three-dimensional volume of the brain for locations that best
account for the observed signal matrix. Figure 12 is an example of an anatomically
constrained MUSIC scan applied to data from a visual-evoked-response experiment.
These analyses demonstrated a striate source, an inferior parietal source, an extrastri-
ate occipital source, and an ipsi lateral
occipito-temporal source, each activated
asynchronously.

Distributed current reconstruction
algorithms are also being developed and
evaluated at Los Alamos. Linear
superposition makes it possible to calculate
fields resulting from an arbitrary distribution
of currents as a linear combination over a
basis matrix that defines the relationship
between unit current elements at established
locations in the head volume and each
element of the sensor array. We have shown
that minimum-norm estimates based on the
pseudoinverse of the basis matrix can be
improved significantly by using anatomical
information, derived from magnetic
resonance imaging (MRI), to constrain the
reconstruction volume. A hierarchical linear
estimation technique in which the recon-
struction grid is progressively refined in
regions of high current density is also useful

for identifying and characterizing multiple, discrete sources. However, these
strategies alone do not solve problems associated with the pseudoinverse, including
a numerical bias toward diffuse and superficial current distributions. We have ex-
plored a range of alternative modeling strategies, including the use of conjugate
gradient search procedures with nonlinear regularizers and applications of parallel,
direct search algorithms. A new algorithm employing basis-matrix-normalization
procedures with the application of an iterative Bayesian-weighting strategy appears
to hold considerable promise for solving problems observed with other reconstruc-
tion algorithms. We have implemented certain reconstruction algorithms on Cray
and CM2 supercomputers; the use of supercomputers is essential to test the feasibil-
ity of some of the more computationally intensive strategies for solving the neuro-
magnetic inverse problem.

I Fig. 11. Finite-element calculations of
the screening effect of a super-
conducting cap in a uniform magnetic
field.

Fig. 12. MUSIC estimates of cortical
currents evoked by visual stimulation.
Current estimates were limited to the
region of cortex defined by segmentation
of three-dimensional MRI data.
Estimated currents are illustrated by the
grey scale fi-om a middletone (low
current) to white. Other anatomical
structures are illustrated in darker greys
superimposed on a silhouette derived
from the complete volume.
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Resonant Ultrasound Spectroscopy
A. Migliori (P-10)

Resonant ultrasound spectroscopy (RUS), a nondestructive testing technique
used to search for flaws without damaging the object under examination, is emerging
as a powerful tool for basic research in solid-state physics, as a unique diagnostic
tool for materials science, and as a new probe for precise identification of objects
applicable to quality assurance, national defense, and aircraft safety. RUS can also be
used to find flaws in solid objects that resonate mechanically. The object under test
can be any size from the head of a pin to a steel bridge. The basic principle is to use
resonance information to construct a pattern applicable to the object. When a flaw is
present, the pattern changes. Because the resonances can be excited from any point
on the object but provide information about the entire object, there are many
circumstances where only resonance ultrasound can find the flaw.

In the RUS technique, continuous ultrasound fills the entire test object. The
object resonates like a bell. A flaw, a crack, or a tolerance error shifts and damps the
resonances and can be detected by comparing the object's "fingerprint," a plot
derived from the resonances, with a fingerprint obtained from a "good" object. If a
good reference fingerprint is unobtainable, a variation of the technique can produce a
fingerprint that reveals cracks. The object is coated with a liquid, such as a volatile

The resonant ultrasonic inspection
technique is used to find flaws, cracks,
and tolerance errors in rigid objects by
comparing the acoustic signature of an
object with either an earlier signature
of the object or the signature of a
reference or "good" object. When a
flaw is present, the signature appears
altered. The computer screen shows
two superimposed signatures—one
from a good test object, (he other from
a flawed test object.

RN9I0O9-0O1

solvent or a wax, and then the liquid is removed from the surface. Cracks retain the
liquid, and the resonance patterns reflect the difference in stiffness between the
liquid-filled cracks and the rest of the object. Any solid object that rings when struck,
from the nose wheel of a fighter plane to liquid storage tanks, is a candidate for such
testing because, unlike conventional ultrasound testing, this technique is not limited
by the object's size or shape.
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For basic research, RUS enables us to determine elastic constants of anisotropic
materials with high precision in a single measurement. Because elastic constants
connect directly to second-order phase transitions, including such important ones as
structural, magnetic, and superconducting transitions, their measurement can be of
fundamental interest. In addition, only elasticity, thermal expansion, and specific heat
exhibit discontinuities at such transitions. Moreover, because only elasticity contains
the full tensor nature of the solid, elastic shifts are crucial to the study of such
systems as high-temperature superconductivity. However, the determination of all
elastic constants in small, single crystals has been nearly impossible until RUS was
developed into a usabie tool at Los Alamos.

We have used RUS recently to determine the elastic moduli of La, g6Sr0 l4CuO4

single crystals throughout the entire region between room temperature and the
structural phase transition at 223 K. The shear stiffness in the Cu-0 planes decreases
dramatically in this regime. Thus, we can calculate the anharmonicity associated with
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one of the optical vibrational modes. This anharmonicity was large—a result that
proved important in our attempt to determine the strength of electron-phonon
coupling. This particular parameter is used to determine the superconducting
transition temperature.

In addition, we have used information obtained from measurements of all the
other moduli in this material to show that a simple tetragonal description of the solid
is inadequate to explain the phonon dynamics. In Fig. 13, we show the resonance
spectrum taken from a single crystal of La, 86Sr() 14CuO4 using RUS.
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Fig. 14. Beam lines X8C andXSA
during a recent experiment. The large
horizontal pipe on the left is the X8C
beam pipe, which terminates in a room
(hutch) where an experiment may be
performed. The apparatus in the center
is a calibration end station for the data
in Fig. 17. The X8A monochromator is
located at the extreme right.

Fig. 15. Reflectivity of a
molybdenum mirror at
11.7°, showing the
"energy cutoff" around
170 eV and a deep
minimum caused by
anomalous dispersion at
the Mil absorption edge
(about 230 eV).

Los Alamos Synchrotron Radiation
Facilities at the National Synchrotron
Light Source
R. L. Blake, R. J. Bartlett, R. G. Hockaday, G. ldzorek (P-14),
A. J. Arko, J. J. Joyce (P-10), R. H. Day (P-DO), F. D. Midland
(MEE-12), W. J. Trela (P-17)

102

When electrons are accelerated on a curved path, they emit a broad spectrum of
radiation extending from radio waves to x-rays. If a synchrotron ring is used to store
electrons on a closed, curved path after accelerating them to speeds very close to the
speed of light, the radiation extends to x-ray wavelengths and is called "synchrotron
radiation." Like a searchlight, the radiation is beamed in the direction of motion of
the electrons; hence, it emerges tangent to the curved path. Calculations and mea-
surements reveal that the polarization, brightness, and angular divergence of the
beam all depend on the energy chosen for observation from the continuous spectrum
emitted. The small angular divergence and very high brightness are properties that
make synchrotron radiation so important for many areas of science.

While P-Division scientists were measuring photocathode emission efficiencies
using the synchrotron at the National Bureau of Standards in the late 1970s, they
realized that the more powerful synchrotrons being planned as national facilities

would provide opportunities for measurements never before possible.
Proposals to the Department of Energy (DOE) and the National Synchrotron
Light Source (NSLS) led to DOE funding for the construction of beam lines
for such experiments. A driving motivation for the development of these beam
lines was to calibrate diagnostic systems for experiments at the Nevada Test
Site (NTS). Los Alamos was responsible for the design of three general-
purpose beam lines, which covered a total energy range from 30 eV to 30
keV. One beam line included two end stations for x-ray absorption fine
structure and diffractometer experiments. P Division supported a transition
period from construction to operation (1988 to 1991). Meanwhile, a synchro-
tron user's group was assembled from Los Alamos and Sandia National
Laboratories to ensure that beam lines would meet the widest possible range
of scientific needs. An overview of two beam lines is shown in Fig. 14.

A continuing need exists for improved measurements of optical constants of
atoms, molecules, and solids in the range 10 to 1,000 eV. Using all Los Alamos

beam lines and our
precision refleciometer,
we are deriving the real
and imaginary parts of
atomic-scattering factors
from measurements of
mirror reflectivities as a
function of energy and
angle. We can take
advantage of Los
Alamos expertise in
materials science and
materials handling to
make appropriate
samples of many
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accurate measurements of mirror samples
on the two higher-energy beam lines to
determine the density and surface-
roughness parameter of our mirror-
sample surface. Then we go to the low-
energy beam lines where atomic con-
stants are poorly known and measure
reflectivities versus angle and energy.
Figure 15 shows reflectivity versus
energy at a fixed angle of 11.7° for a
sample of molybdenum metal. The
decrease in reflectivity around 170 eV
and a deep minimum near 230 eV arise
from the real and imaginary part of the
scattering factor. Synchrotron measure-
ments are especially valuable because the
optical constants can be derived continu-
ously through the regions of anomalous
dispersion associated with the imaginary
part.

Another application of the Los Alamos
beam lines is the study of electron correla-
tions in atomic systems (see Research
Highlight "Multiple Ionization in Atomic
Systems by Single Photons," 1990 Physics
Division Progress Report, pp. 30-31).
These measurements determine the
significance of electron-electron interactions in the photoionization process. The
double-photoionization cross section can also be extracted from the data (e.g., Fig.
16 shows the double-photoionization cross section for neon). The cross-section data
are important in many areas, including astrophysics, upper-atmospheric photochem-
istry, plasma physics, and weapons physics.

From 1986 to 1991,37 calibration projects were conducted on
the beam lines. During 1991, progress was made in the calibration
program when we implemented a real-time, absolute calibration
procedure. Results are shown in Fig. 17 for a system-level calibra-
tion of an experiment used on the Lubbock underground test shot at
the NTS. For comparison, the solid line is what would be used if we
just measured the detector and calculated the remaining component
efficiencies in the system. In this case, the difference is fortunately
not large, but in other cases it could be much larger. We reiterate that
such system-level calibrations with continuous energy coverage
were the the primary justification for building the Los Alamos beam
lines at NSLS.

The mos' widely accepted model for heavy-electron materials,
the single-impurity Anderson model, has been used extensively by a
number of theorists. Our synchrotron measurements, shown in Fig.
18, raise serious doubts about application of the Anderson model.

Fig. 18. The sharp feature atE = 0 in the YbAl3 spectrum has been
interpreted as the Kondo resonance resulting from the heavy-
electron state. We, on the other hand, fit the YbAl3 valence bands
with Voight functions to subtract background and surface features.
The resulting 4f spectrum is compared with a similar spectrum in
LuAl3 (inset), which is known to consist of only simple core levels.
The two are identical, thus indicating only core-level structure in
YbAl3.

Fig. 16. Double-photo-
ionization cross section of
neon from threshold to
650 eV.

Fig. 17. The system-level
calibration of an NTS
experiment package (points
with error bars) compared with
a model calculation (solid line)
when only one component of
the system has been measured.
We were limited to the model
calculation before the
synchrotron beam lines became
operational.

-2 -1 0
Energy Relative to EF
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Advanced Neutron Imaging and Neutron
Spectroscopy Measurements at the
Nevada Test Site
N. S. P. King, F. H. Cverna, R. C. Haight, M. S. Moore,
G. L. Morgan, A. W. Obst, M. L. Stelts, S. M. Sterbenz,
R. B. Walton, M. D. Wilke (P-J5), Collaborators from
EG&G Energy Measurements, Inc.

Neutrons produced by fission and fusion reactions in a nuclear explosion serve
as unique probes of the temporal and spatial history of the nuclear reactivity. Fission
neutrons are emitted with a continuous spectrum that peaks at about 2 MeV, whereas
fusion neutrons from deuterium-deuterium or deuterium-tritium reactions at low
temperatures are initially nearly monoenergetic with energies of 2.5 and 14.1 MeV,
respectively. In either case, these fast neutrons have great penetrating power. The
advanced instruments and techniques (Fig. 19) described in this article are designed
to take advantage of the properties of energetic neutrons in studies of the dynamics
of nuclear explosions throughout the reacting materials. These techniques will be
described in an increasing degree of complexity.

The spatially integrated neutron-emission spectrum is studied via the NUEX
(NeUtron Experiment) in which neutrons, incident on a CH, foil, knock out protons
that are subsequently detected in Faraday cups or by solid-state detectors. This type
of measurement has been refined over many years, and now an absolute accuracy of
the neutron-emission spectrum of 7% is possible. The data therefore offer stringent
tests of calculations of device performance. More recently, photoconductive detec-
tors such as gallium arsenide and indium phosphide have been used to significantly
extend the sensitivity and time response of this technique. These detectors have time
responses well under 1 ns.

Spatial information can be obtained with NUEX detectors by placing suitable
collimation in the line of sight. One type of collimation yields the split-field-of-view
NUEX where emission spectra from regions of the device, which are nominally
identical, can be compared. Symmetry, or lack of it, in the dynamics of the reactions
can then be inferred.

Much higher spatial resolution of the neutron-emission spectra is afforded by
PINEX (PInhole Neutron Experiments). A small pinhole, typically 0.3 mm in
diameter and long enough to be effective in attenuating neutrons, is placed in the line
of sight. A neutron image is then formed in the same way a pinhole camera creates
an image. Radiation-to-light converters, or "fluors," transform the neutron radiation
into a visible image, which is viewed by video cameras. In the last few years,
advances have been made in the construction of pinholes, in fluors (which are now
available with time responses near 1 ns), in optical transfer systems to relay the
visible light to the video cameras, and in the cameras themselves. New, very dense
materials such as platinum indium alloys are used for high-performance pinholes.
Optical transfer systems of high efficiency are now used routinely to transport light
over 10 to 20 m. And we have developed a number of camera systems, from
vidicons to charge-coupled-device (CCD) cameras, to meet the different demands of
sensitivity, dynamic range, and insensitivity to radiation. A standard diagnostic is the
time-integrated PINEX, or TIP.

PINEX experiments can yield energy- or time-dependent information if the
fluor has a fast time response and if the video camera is equipped with a fast (1 ns)
electro-optic shutter. If the fluor is placed far from the explosive, images can be
obtained for different neutron energies because of the differences in flight times. On
the other hand, if the fluor is close to the device, then time-resolved PINEX (TRP)
images of the neutron emission can be captured. In the TRP, a long optical transfer
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system of high efficiency is required so that the image can be registered and trans-
mitted uphole before shock waves destroy the cameras.

More information on the emitted neutrons comes from magnetic spectrometers
coupled to streak or reticon cameras. Incident neutrons knock out recoil protons from
a CH, converter foil located at the entrance to the spectrometer. For recoil protons
knocked out at 0°, the proton energy is the same as the incident neutron energy.
After energy analysis by the spectrometer, the proton signal in each energy channel
is converted to light, which is transported through fiber optics to the recording
cameras. Spatial imaging in one dimension is also possible with this scheme. As a
result, we obtain data with excellent resolution in both time and energy and with
some spatial information. Recent improvements in this technique include the
development of broad-range magnetic spectrometers, photoconductive detectors and
fluors located at the focal plane, and high-resolution streak camera systems.

Gamma rays, which are emitted from nuclear explosions, can also be studied
with many of the techniques used in neutron measurements. NUEX detectors are
sensitive to gamma rays; the signals produced indicate the level of gamma-ray
emission. PINEX experiments are used to image gamma rays either by a gating-
time method or by the use of neutron-insensitive fluors. Gamma-ray spectroscopy is
performed with gamma-to-electron converters and magnetic spectrometers similar to
those used in neutron spectroscopy.

The recent progress in neutron technology has proceeded parallel to the
development of gamma-ray diagnostics. The ultimate benefit comes with obtaining
both neutron and gamma-ray data. Comparing the two sets of data helps us reach a
deeper understanding of the dynamics of these complex nuclear events.

Fig. 19. Typical arrangement of
neutron diagnostics in an NTS event.
The nuclear explosive is located at 0 m.
Detectors close to the device, such as
the TRPfluor, indicate the time history
of neutron emission. More distantly
located detectors give information on
neutron energies by time of flight.
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Giant Resonances in the 40Ca(n,p)
Reaction
/ . L. Ullmann, A. Ling, B. K. Park (P-17), D. S. Sorenson, R. C.
Haight (P-15), Collaborators from Ohio University, Duke
University, and the University of California, Davis

Some of the most fundamental modes of excitation of the atomic nucleus are the
giant resonances. These "normal modes" of excitation involve a large fraction of the
individual nucleons in a nucleus in which the nucleons vibrate in unison. The
nucleus as a whole can then be considered to vibrate much like a bell when struck.
Unlike a bell, which sounds a single note with overtones, the nucleus has many
modes, each with its own overtones. For instance, a nucleus has modes whereby the
neutrons and protons vibrate in phase (isoscalar mode) and modes whereby the
neutrons and protons vibrate out of phase (isovector mode). The nucleus also has
modes whereby nucleons of all spins vibrate in phase (nonspin mode) and modes
whereby nucleons of "spin up" vibrate out of phase with nucleons of "spin down"
(spin mode). The simplest mode is called the isoscalar-breathing mode—all nucleons
participate in a unison in-and-out compressional vibration.

The energy needed to excite these vibrations and their magnitude can be
calculated by various nuclear models. The simplest model is basically a macro-
scopic, vibrating liquid-drop model in which gross properties of the nucleus are
considered. More sophisticated models are used to calculate in detail the behavior of
individual nucleons in different nuclear shells. Measurements of the energy and
magnitude of the different modes then serve as sensitive tests of the physics in the
underlying nuclear models.

If all modes of the nucleus were excited at once, sorting them out and identify-
ing them would be difficult. However, using charge-exchange reactions, such as the
(n,p) or (p,n) reactions, allows us to excite only the isovector modes. The spin modes
can be identified by complicated measurements of the incoming and outgoing spin of
the projectile, but we will infer the spin nature by using a special property of the
nuclear force. In the (n,p) or (p,n) reaction near 200 to 300 MeV, only isovector-spin
excitation modes are observed, whereas near 50 MeV isovector-nonspin modes are
predominantly excited. In between, the excitations are of a mixed nature. By
comparing the modes that become excited at 50 MeV with those excited at 200
MeV, we can infer the spin nature of the nuclear excitations.

To make use of this energy dependence, we conducted the experiment at the
Weapons Neutron Research Facility white neutron source at the Los Alamos Meson
Physics Facility. This f-ource provides an intense beam of neutrons with a continuous
energy distribution (hence the term "white") from 1 to 800 MeV. The energy of the
incident neutrons was measured by timing (heir flight over a 90-m flight path. As the
neutrons interacted with the target nucleus in an (n,p) reaction, we detected the
outgoing proton and measured its energy. The energy of the outgoing proton allows
us to determine the excitation energy of the different states excited in the reaction.
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Figure 20 shows the nuclear response surface for the "wCa(n,p) reaction at a
scattering angle of 7°. The plot shows that cross section, or reaction probability, as
a function of the excitation energy (Ex) and the beam energy (En). The broad peak
marked GDR (giant dipole resonance) corresponds to a normal isovector-nonspin
mode, whereas the bump marked GSDR (giant spin dipole resonance) corresponds
to an isovector-spin excitation mode. It can be seen that the GDR becomes less
distinct with increasing beam energy, whereas the GSDR grows.

A more quantitative analysis of this data shows that the cross section of the
GSDR mode is only about 20% of that predicted by the simplest nuclear-shell
model calculation, which assumes that only one particle is excited out of the target
ground state. The observed cross section also occurs at a higher excitation energy
than predicted. More complex calculations, which would include two-particle
excitations, are expected to both shift the energy and decrease the cross section.
These calculations may therefore provide a better description of the data. In fact,
fitting the data becomes a way of measuring the amount of two-particle excitations
required in the calculation.

GSDR

Fig. 20. The 40Ca(n,p) response
surface at 7°. The energy of the neutron
beam is shown along the right axis; the
excitation energy of the nucleus is
shown along the left axis. The vertical
scale is a cross section or reaction
probability. The states marked GDR
and GSDR are discussed in the text.
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Project Descriptions

P-DO: Physics Division Office

P-l: High Energy-Density
Physics

Thermal-Neutron-Capture Gamma-Ray Spectroscopy
E. T. Jurney [(505) 672-1691], J. E. Lynn (P-DO), J. W. Starner (INC-5)

For many years, the internal target-neutron-capture facility at the Omega West
Reactor has produced high-quality, exceptionally low-background gamma-ray data.
We continue to operate the facility with emphasis on low- to moderate-mass target
nuclei that have energy level spacing commensurate with our energy resolution. J. E.
Lynn contributes valuable theoretical insight into the capture process itself. A by-
product of this work is the compilation of an updated library of gamma energies and
intensities that will be useful in practical material-analysis applications.

Plasma-Flow-Switch Experiments on Pegasus
B. G. Anderson [(505) 667-5060], R. R. Bartsch, J. C. Cochrane, F. S. Garcia,
M. Garcia, J. S. Ladish, P. H. Y. Lee, J. V. Parker, G. M. Sandoval (P-l),
H. Oona (M-6), H. W. Kruse, P. R. Forman, R. E. Hooker, Jr., L. J. Tabaca
(P-14)

We continue to conduct plasma-flow-switch studies on Pegasus at the 6-MA
level. The plasma flow switch carries current down a coaxial transmission line via a
plasma annulus, which is propelled by its own J x B force. This isolates the load,
located downstream of the plasma flow switch, from the current until the arrival of
the switch plasma. The switch plasma then crosses a load slot and transfers current to
a load located in the slot. Earlier results showed full transport of bank current to the
load region but incomplete delivery of current to a load. Roughly, a
4-MA current was delivered to a dummy load; less was delivered to an implosion
load (typically a 2,500-A-thick aluminum foil, 2 cm high and 10 cm in diameter).
We attempted to reduce plasma in the power-flow channel from interacting with
sources other than the plasma flow switch by improving the current joints and using
gold-coated copper as wall material. Current diagnostics, added in the load region,
observed a predicted plasma layer bridging the load slot. In collaboration with Group
X-5, a plasma trap was developed to reduce the plasma carried across the load slot.
This modification gave complete switching into a dummy load. Shots are now in
progress to test the effectiveness of this modification in switching current into an
implosion load.

Fusion-Product Diagnostics for Magnetic Fusion Devices
C. W. Barnes [(505) 665-5687], M. G. Tuszewski (P-l), R. E. Chrien (P-14)

This program has just begun to develop novel and improved fusion-product
diagnostics for use in the magnetic fusion program for increased understanding of
burning plasmas. We are drawing on the experience and expertise of researchers at
Los Alamos involved in nuclear physics, weapons tests, verification programs, and
magnetic and inertia] confinement fusion (ICF) to produce innovative diagnostic
systems that can significantly impact the physics understanding of future tokamak
experiments. Past and present designs for charged fusion-product detectors are insuf-
ficiently radiation and temperature hardened for use on future large tokamaks; new
detectors based on Faraday cups or preradiation-damaged solid-state detectors are
being considered as replacements. Improvements in the spatial imaging of the neu-
tron emission are being studied, and new designs for fusion gamma spectroscopy
have been investigated. The absolute calibration of fusion-product detectors and the
ability to compare measurements made at different laboratories are important prob-
lems. We participated in the first neutron calibration at the JT-60U tokamak at the
Naka Fusion Establishment in Japan. We are developing a portable transfer detector,
which can be used on different devices, for use as a calibration standard.
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Fusion Research on the Tokamak Fusion Test Reactor
C. W. Barnes [(505) 665-5687], M. G. Tuszewski, K. F. Schoenberg (P-l)

The Tokamak Fusion Test Reactor (TFTR) at the Princeton Plasma Physics
Laboratory, one of the pre-eminent magnetic-fusion experiments in the world, fea-
tures high fusion-product reaction rates (nearly 1017 reactions/s in deuterium opera-
tion) in multi-keV temperature plasmas. In 1993, two years of experiments will begin
on the TFTR using tritium as the fusion fuel with an increasing emphasis on the
physics of fusion products and burning-plasma transport. We have collaborated in
two primary diagnostic areas: (1) using nuclear activation techniques to provide
increased accuracy of the total source strength of the fusion products (in particular,
the alpha-particle pressure, which determines all the other physics of the deuterium-
tritium burning plasma) and (2) improving lost charged-fusion-product detectors and
providing an absolute calibration of their detection efficiency using the Ion Beam
Facility at Los Alamos. We are continuing collaboration on physics studies of fast-
ion transport, neutral-beam deposition, and the effects of magnetohydrodynamic
instabilities on charged fusion-product losses. We are also involved in experiments
that compare the transport between discharges of different isotopes of hydrogen;
these investigations will eventually lead to future experiments involving tritium on
the TFTR.

Measurement of the Electrical Resistivity of Strongly Coupled Plasmas
J. F. Benage, Jr. [(505) 667-8900], S. E. Limey, L. A. Jones, R. J. Trainor, Jr. (P-l)

Strongly coupled plasmas are characterized by the parameter T, which is defined
as the ratio of the average coulomb energy between particles to their temperature.
When T > 1, the plasma is considered strongly coupled. Studying these plasmas is
important for two reasons: (1) there are many theoretical approaches to describing the
properties of these piasmas but very little data to test the theory, and (2) many appli-
cations, including nuclear weapons, require a knowledge of the properties of strongly
coupled plasmas. Because modeling of these applications requires a knowledge of the
properties of plasmas in the strong-coupled regime, untested theories are often used
to determine these properties. The goal of our experiment is to measure the electrical
resistivity of a strongly coupled plasma and compare our results with theory. This
past year, we completed experiments on polyurethane plasmas produced in a capil-
lary discharge. These experiments produced plasmas with T ~ 0.7. The results of our
measurements indicated that the electrical resistivity of this plasma is twice that pre-
dicted by most theories in this regime. This discrepancy has important implications
for all programs that use Sesame tables. We completed our first experiment on heat-
ing a metal wire, which is tamped by an insulator, to plasma conditions. With the
continuation of these experiments, we expect to measure not only the electrical resis-
tivity of metal plasmas but also their equations of state (EOS).

Temporal Measurements of Picosecond Kilovolt X-rays
D. E. Casperson [(505) 667-1475], R. C. Davis (P-l), Collaborators from the
University of Utah

One of the goals of the Los Alamos Bright Source (LABS) laser program is to
generate and characterize a flash x-ray source produced by the interaction of
subpicosecond ultraviolet laser pulses with solid targets. Measurements of the con-
version efficiency for generating hydrogen- and helium-like aluminum x-rays
(> 1 keV) have been made. However, the temporal characteristics of these x-ray

pulses are not well known because the x-ray streak cameras we use have a temporal
resolution of, at best, a few picoseconds resulting from the limitations of finite-thick-
ness photocathodcs. Determination of the risetime and pulse width of th«se x-rays is
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necessary to evaluate their potential as a pumping source for soft x-ray lasing
schemes. We are developing a new technique for subpicosecond temporal measure-
ments of kilovolt x-rays generated in thin-foil targets. This technique is an x-ray/
ultraviolet correlation method in which the incident laser pulse is beam split into two
components, one of which is focused onto a thin foil coated with aluminum such that
hydrogen- and helium-like aluminum x-rays (above the k-edge of sodium) are pro-
duced. The other component provides a synchronized ultraviolet probe capable of
photoionizing neutral sodium atoms. By overlapping the ultraviolet and x-ray pulses
in sodium vapor and applying standard autocorrelation techniques, the time-inte-
grated 3 to 2 radiation from Na+2 ions becomes a measure of the overlap, and the
temporal shape of the x-ray pulse can be mapped out. Theoretically, the temporal
resolution of this method is limited only by the risetime of the incident ultraviolet
laser pulse, which in the case of the Bright Source laser is less than 100 fs. In prac-
tice, geometrical effects in the overlapping beams, and averages over shot-to-shot

i fluctuations will degrade the resolution. However, this method should provide im-
provement over conventional streak-camera measurements.

Upgrade of the Pegasus Pulsed Power Facility
/ . C. Cochrane [(505) 667-1227], B. G. Anderson, R. R. Bartsch, R. Gribble,
G. M. Sandoval (P-J). I. R. Undemuth (X-l), A. E. Greene (X-5)

We are upgrading Pegasus by replacing the present capacitors with higher en-
ergy-density capacitors. A series fuse is required to limit voltage reversal on the
capacitors, energy dissipation in the load hardware, and impulse loading on the trans-
mission line. The new capacitors store 30 kJ of energy at 50 kV compared with the
present energy storage of 10 kJ per capacitor at 60 kV. At a given charge voltage of
less than 50 kV, this upgrade effectively quadruples the stored energy of Pegasus.
The upgrade will also include a new lower-inductance power flow channel and a
larger vacuum chamber mounted to the transmission line instead of the power flow
channel. A new vacuum chamber will allow us to permanently mount diagnostics
without disconnecting them from the chamber after each shot. The upgraded facility
will be used to develop an x-ray source for the weapons-physics program.

Interaction of Dense Plasma with a Combustible Fluid
H. A. Davis [(505) 667-8373], R. R. Bartsch (P-J), B. A. Kashiwa, N. T. Padial
<T-3)

The object of this work is to understand, through direct observation and com-
puter modeling, the interaction of a dense plasma with a combustible liquid. This
poorly understood phenomena is the central issue in the development of a new elec-
tric-gun concept by the Army, Navy, and Defense Nuclear Agency. This year, we
have designed and built experimental hardware and completed the first experiments
on the evolution of the boundary between an inert liquid and high-density plasma.
The plasma is formed by exploding a 0.3- to 0.5-mm-diam wire with a capacitor
bank delivering 10 kJ to the load in 0.5 (is. The interaction of the expanding dense
plasma with the surrounding water has been studied primarily through x-ray imaging
and measurements of load voltage, load current, and fluid pressure. Observations
show that the boundary between the fluids is unstable to axial breakup and that large-
amplitude pressure waves are produced. Two-dimensional fluid computer modeling
shows that in the absence of pressure waves the boundary is stable when an initial
axial perturbation is imposed. However, in the presence of pressure waves, the initial
perturbation grows, thus producing instability as observed in the experiments.
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X-ray Production Using High-Irradianee Lasers
R. D. Fulton [(505) 667-2652]. G. A. Kyrala. K. A. Stetler, J. A. Smdebaker (P-I),
J. A. Cobble (P-4)

LABS-II is a high-brightness excimer laser (approximately 5 x I0 ' s W/cnr at
308 nm) that can produce electric fields in excess of atomic fields within its focal
region. The production ui these fields opens up a new regime of atomic and plasma
physics for study. We have demonstrated conversion efficiencies of a few percent
for incident laser light into a narrow band of x-rays. This work, which was done with
solid aluminum targets, produced about 1015 W/cm2of 1.5- to 2-keV x-rays in the
hydrogen- and helium-like resonance lines of aluminum (Z = 13). The observed
constant conversion efficiency with increasing irradiance makes the construction of
an x-ray flashlamp to test inner-shell x-ray laser schemes plausible in the near future.
Work on LABS-H is aimed at understanding the x-ray emission characteristics of
higher-Z targets. We are beginning with titanium and will extend the work to copper
(Z = 29). This requires x-ray spectrographs functioning at 1 to 10 keV and above. If
the experiment with copper is successful, we will have produced a narrow-band
source of about 9-keV x-rays of an extraordinarily high brightness of about
1015W/cm2.

Conceptual Design of the Atlas Above Ground Experiment Facility
R. J. Grihhle [(505) 665-1877] (P-l)

Atlas operation will provide a test-bed for the development of pulsed-power
technology at energy levels significantly greater than that of Pegasus II. the possible
implementation of the 100-MJ Hercules system, and the development of a pulsed-
power energy source for above ground experiments (AGEXs) at higher energies than
those achievable by Pegasus H. The Atlas device will be able to store about 25 MJ of
electric current for use in AGEXs. The conceptual design for Atlas includes low-
cost, space-efficient, very high energy-density capacitors in a circuit of near-critical
damping to limit capacitor-voltage reversal, system-fault currents, and energy dissi-
pated in the experimental area after the experiment is completed. Extreme reliability
is necessary if Atlas, and especially Hercules, is to succeed. An increase in switch
reliability by more than a factor of 1,000 over conventional methods is possible by
using the large ZTH generator and inductive energy store for pulse charging the
capacitors. Duplicating this unique capability elsewhere would almost double the
cost of a Hercules facility.

Interaction of High-Irradiance Lasers with Atoms
G. Kyrala [(505) 667-7649], E. K. Wahlin, R. D. Fulton. L. A. Jones (P-l).
G. T. Schappert (P-DO). D. E. Casperson (SST-10)

We are investigating the interaction of the LABS-II laser with different atoms.
The laser energy is absorbed by multiphoton ionization of the atom and its ions. We
are interested in measuring the dependence of the ionization rate on the laser irradi-
ance and in comparing the absolute ionization rate of these single atoms with the
theoretical calculations and models. We are particularly interested in the high-irradi-
ance behavior of the ionization rate, as well as the thres! _id irradiance for which
each ionization stage appears. Careful measurements of the experimental parameters
are being made so that we can accurately measure absolute rates and thresholds.
Currently, we have observed lithium-like ions of neon at an irradiance greater than 4
x 10!i( W/cm2 using f/3.7 optics. With our new f/1.2 optics, we expect to reach an
order-of-magnitude higher irradiance and hence higher ionization stages.

Annual Report 1991 Phvsics Division 3



Project Descriptions

Development of an Intense Diagnostic Neutral Beam for the International
Thermonuclear Energy Reactor Tokamak
D. J. Rej [(505) 665-1883], 1. Henins, R. J. Kasik (P-l)

A unique, extremely high-intensity, pulsed neutral beam is being developed for
use as a diagnostic to measure thermalized alpha-particle distributions and ion tem-
peratures in large magnetically confined fusion plasmas. Although neutral-beam
spectroscopy has recently emerged as one of the most powerful nonperturbative
plasma-diagnostic techniques, conventional low-current, long-pulse beam technol-
ogy will be insufficient in providing the detector intensities required in future burn-
ing devices (e.g., the International Thermonuclear Energy Reactor tokamak) because
of larger beam attenuation and higher bremsstrahlung-radiation background in these
large, high-density plasmas. To obtain sufficient signals, we are developing an in-
tense diagnostic neutral beam, which may offer substantial improvements in beam-
current density of up to 3 orders of magnitude over conventional technologies. Pro-
tons or deuterons will be accelerated to energies of up to 120 keV using high-power,
magnetically insulated ion-diode technology developed for the ICF program. Ions
are extracted and propagated through a gas cell where they are converted to neutrals.
Most of the design, construction, and installation of a prototype test stand is com-
pleted. This work includes the main pulsed-power, vacuum, interlock, computer-
control, and data-acquisition systems.

Material Processing with Intense, Pulsed Ion Beams
D. J. Rej [(505) 665-1883], R. R. Bartsch, H. A. Davis, W. J. Waganaar (P-l),
R. J. Faehl (X-5), R. E. Muenchausen (ERDC)

An intense, pulsed light-ion beam accelerator (up to 1.2-MeV energy, 100-kA
current, and 1-ms pulse width) has been developed for the cost-effective processing
of advanced materials. Although successful pilot programs have been established
abroad, our program is the first U.S. effort to exploit intense ion-beam technology
for materials processing. The Anaconda Marx generator output is connected directly
to a magnetically insulated ion diode through an oil-vacuum interface. The diode has
been designed for optimum electron control and ion-current density with the aid of
2.5-dimensional particle-in-cell simulations. Upcoming processing experiments will
study the congruent deposition of complex, stochiometric, polycrystalline thin films.
The intense ion-beam technique offers significant advantages over conventional
pulsed-laser deposition techniques, including high efficiency, low cost, and high
throughput suitable for bulk processing; better coupling with target materials; and
dramatically reduced paniculate contamination (splashing) of films. In collaboration
with the Los Alamos High-Temperature Superconducting Pilot Center, we will con-
duct experiments on deposition of high-Tc copper-oxide superconducting ceramic
films.

Plasma-Source Ion Implantation
D. J. Rej [(505) 665-1883] (P-l), M. Nastasi (MST-7), W. R. Reass (AT-5)

Ion implantation is a well-developed technology used for a variety of high
value-added commercial products (e.g., in the production of high-strength, corro-
sion-resistant, or low-friction material surfaces). More widespread applications of
implantation are limited because conventional methods, which use line-of-sight
processing with low-current accelerators developed for the semiconductor industry,
are too expensive, too complicated, and too slow. During 1991, a small interdiscipli-
nary group of plasma physicists, material scientists, and high-voltage engineers was
formed at Los Alamos in collaboration with faculty from the University of Wiscon-
sin to investigate an innovative materials-synthesis process known as plasma-source
ion implantation (PSII). In PSII, materials are immersed inside a plasma and biased
to large, negative voltages. An electrostatic sheath forms around the material and.

40 Physics Division Annual Report 199]



Project Descriptions

subsequently, ions are accelerated and implanted. Preliminary studies indicated that
the P-l coaxial thruster experiment (CTX) could be inexpensively modified into a
PSII pilot plant, thereby enabling ion implantation of large, complicated parts at rates
more than 10 times higher than the best achieved elsewhere to date. Future activity
will focus on preparing this large-scale experiment.

Coaxial-Plasma-Thruster Research for Multi-megawatt Electric Propulsion
K. F. Schoenberg [(505) 667-1512], 1. Henins, J. Garcia (P-l), R. Moses (SST-7),
R. Genvin (T-15)

We have initiated research in the development of a multi-megawatt electric
thruster that uses the technology of large, coaxial plasma guns. Multi-megawatt
electric propulsion is presently under consideration as a technology for advanced
space transportation. The high exhaust velocity or specific impulse achievable by
electric propulsion greatly facilitates future space missions, including robotic explo-
ration of the outer planets and piloted exploration of Mars. Scoping studies have
shown that nozzle-based coaxial plasma guns constitute potential, attractive, high-
performance electric thruster systems that are both compact and robust. Coaxial
plasma thrusters use an electromagnetic acceleration mechanism to drive thrust.
However, the ability of the coaxial plasma gun to ideally operate as a magnetofluid
accelerator allows for potentially high-efficiency operation at the high power levels
required for advanced propulsion. Central to this high performance is the beneficial
use of a coaxial magnetic nozzle. We are currently using the CTX Facility to investi-
gate the basic properties of a large, unoptimized coaxial plasma gun with tungsten-
coated electrodes. The gun has been operated in a quasi steady-state mode over a
power range that spans relevance to advanced propulsion (5 MW to several hundred
MW). The experiments are being used to infer global power balance, including esti-
mates of radiative losses, electrode losses, axially directed kinetic energy, mass flow,
and thruster efficiency. This experimental research projects relatively efficient multi-
megawatt performance with a favorable scaling in thrust per unit power as a function
of the radial gun dimensions.

Neutron Production from High-Density Deuterium z-Pinches
D. W. Sadder [(505) 665-1492], J. S. Shlachter, R. A. Riley, F. Venneri,
D. J. Rodriguez, O. F. Garcia (P-l)

The ZEBRA program uses the HDZP-H Pulsed Power Facility in P-l to drive
approximately I MA in 100 ns through an initially cryogenic deuterium fiber with a
radius of 10 to 20 (im. The fiber closes the 5-cm electrode gap in a vacuum chamber
and is essentially an inductive load; therefore, high voltages are used to achieve the
desired current rise rate. Models indicate that a quasi-equilibrium condition might be
reached with this current waveform, balancing the pressure from the self-generated
azimuthal field with the plasma pressure. The goal is to heat a plasma column ohmi-
cally to fusion temperatures while retaining near-solid density. Preliminary experi-
ments have detected approximately 1010 neutrons per shot and x-ray emission char-
acteristic of a non-Maxwellian tail. Instabilities have been observed using a short
pulse interferometer; these structures have the appearance of m = 0 sausage modes
that appear to grow on an Alfven time scale but were predicted to be stabilized by
resistive effects. A model that hypothesizes anomalous heating through an instability
process, which converts field energy into plasma energy, is now being examined.
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P-2: Medium-Energy Physics

42 Physics Division

Radiation Collapse in a z-Pinch Plasma
F. J. Wysocki [(505) 667-6543), J. S. Shiachter, D. W. Scudder,
D.J. Rodriguez (P-l)

For a z-pinch plasma carrying sufficient axial current so that the radiation losses
exceed the input heating power, the plasma column may, as predicted, collapse to an
ultrasmall radius and an ultrahigh density, limited only by additional physical pro-
cesses like opacity or even electron degeneracy. The collapse is driven by a mag-
netic-field pressure produced by the axial current, which cannot be balanced by the
internal pressure of the plasma. This experimental effort has been undertaken to test
the validity of the proposed radiation-collapse scenario using two independent P-l
facilities: (I) a pulsed-power machine called HDZP-II used in the ZEBRA program
and (2) a stabilized dense-plasma focus being constructed specifically for this
project. In deuterium pinches, the collapse conditions are met when the current is
greater than 1.5 MA. This so-called Pease-Braginskii current is reduced for high-Z
plasmas where radiation is more efficient. Initial experiments conducted in neon and
argon plasmas will place us easily in the collapse regime. Optical, x-ray, and electri-
cal diagnostics will be used to monitor the plasma dynamics.

Calorimetric Measurement of Energy Flow in Heavy-Ion Collisions at
14.6 GeV/nucleon
D. Fox [(505) 667-2760], J. G. Boissevain, B. V. Jacak, W. E. Sondheim,
J. P. Sullivan, H. W. van Hecke (P-2), Collaborators from Texas A&M University

We designed and constructed a compact lead-scintillator calorimeter with novel
read-out via wavelength-shifting optical fiber. The performance of this calorimeter,
installed as part of experiment E814 at Brookhaven National Laboratory, has been
studied by exposing it to beams of pions, protons, muons, and electrons from 1.5- to
6.8-GeV/c momentum. The data serve to calibrate the detector response and are used
to study the shower characteristics of particles in a momentum range lower than
previously studied with calorimetry. We now have a Monte Carlo code that provides
a fast deposition of the shower energy for particles in this momentum range; the code
allows correction of energy-flow measurements in heavy-ion collisions. Heavy-ion
data were taken with the calorimeter in stand-alone mode in 1989 and integrated
with the rest of experiment E814 in 1990. The spectra of the transverse energy from
14.6-GeV/nucleon silicon beams on several targets and the angular distribution of
the transverse energy have been measured. Corrections for detector response and
energy leakage from the back and sides of the device have recently been completed.

Characterization of a Neutral Particle Beam for the Ground Test Accelerator
Project
R. C. Hammock [(505) 667-1763], J. W. Lillberg, R. J. McKee, J. E. Simmons,
J. H. Torrez, J. F. Trujillo (P-2), V. H. Holmes, R. B. Walton (P-15), R. W. Slice
(MEE-3), R. L. Barber, J. E. Hinckley, B. G. Smith (MEE-12)

Our team is responsible for measuring the properties of the expanded neutral
particle beam (NPB) to be produced by the Ground Test Accelerator, which is in an
advanced stage of construction at Los Alamos. For this task, we will employ the
pinhole method. Working closely with MEE-3 and MEE-12, we have designed a
large-scale vacuum enclosure for the accelerated H" beam with two major functions.
The pinhole plate station with low-duty-factor beam stop is located on the upstream
end. Here the incoming H' beam, about 40 cm in diameter, will be converted into a
rectilinear array of 1 -mm-diam outgoing neutral beamlets. The detector chamber will
be located downstream at a distance of 30 in. It will contain two advanced imaging
systems based on charged-coupled devices (CCDs). The image data will be pro-
cessed on-line by computer to provide information about the beam on an individual
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pulse basis. The principle of the method wa? successfully demonstrated at the
Argonne linear accelerator several years ago. Our experimental method allows preci-
sion measurements of steering focus, geometric aberrations, chromatic aberrations,
microscopic divergence, and momentum spread.

Search for Very Rare Decays of the Kt

W. W. Kinnison [(505) 667-1381], R. J. McKee, Jr.. H.-J. Ziock (P-2).
D. M. Lee (MP-5), G. W. Hair, E. C. Milner (MP-4), G. H. Sanders (ADR)

The decay KL—> jue is forbidden by the separate conservation of the additive
quantum numbers associated with electron- and muon-type leptons. Observation of
this decay would provide evidence for interactions outside the Standard Model of
electroweak interactions, and the absence of this decay in very sensitive searches
rules out various alternative theories and extensions to the Standard Model. The
processes KL—»fi/j and KL—> ee are permitted in the Standard Mode.', but they are
highly suppressed, flavor-changing, neutral-current decays. We searched for these
decays in the recently completed experiment (E791) conducted at Brookhaven Na-
tional Laboratory. Final analysis of the data taken during our 1990 run gave us a new
upper branching ratio limit of 8.5 x 10"" (90% confidence level) for the reaction
KL—> /ie. We also have a new value for the branching ratio of KL—> /Jpi of 6.96 ±
0.40 (statistical) + 0.22 (systematic) x 10"9, and for the branching ratio for KL-» ee,
we have a new limit of 8.03 x 10"". We collected approximately 3 times the exist-
ing data in 1990. Simple dimensional arguments show that our sensitivity will probe
mass scales on the order of 100 TeV/c2 for new particles that might mediate the
KL-» jit reaction. This is well above the mass range that can be directly obtained by
even the Superconducting Super Collider (SSC).

Research and Development of a Silicon Tracking System
H.-J. Ziock 1(505) 667-7265], K. Holzscheiter, J. S. Kapustinsky, W. W. Kinnison,
A. Palounek (P-2), W. O. E. Miller, G. Dransfield, M. Gamble, J. Hanlon
R. Michaud, T. C. Thompson (MEE-12), R. Reid (MEE-13), W. F. Sommer, Jr.
(MP-5)

A subsystem proposal to investigate the use and construction of large silicon-
detector systems, which will do central tracking in SSC experiments, was approved
by the SSC Laboratory. Los Alamos, a major collaborator in that effort, has the
responsibility for the design of the mechanical support and service structures for
those s> stems. The structures, which will be approximately 1 m in diameter and 5 m
in length, require an overall position stability of 5 //m for periods of several years in
a very hostile environment. The services to be supplied include > 10 kW of electrical
power and removal of the generated heat while keeping the entire structure isother-
mal at 0°C. All of this must must be done using an absolutely minimal amount of
material. The project is a highly interactive one between physicists and engineers. To
ensure the system will be capable of meeting its physics performance goals, we are
performing Monte Carlo simulations of the system's design and performance and its
triggering capabilities. We are also studying the effects of radiation damage to its
components.

Tests of the Radiation Hardness of Very-Large-Scale Integrated Circuits and
Silicon Detectors Under Neutron and Proton Irradiation
H.-J. Ziock 1(505) 667-7265], K. Hohscheiter, J. S. Kapustinsky, W. W. Kinnison,
A. Palounek (P-2), W. F. Sommer, Jr., P. Ferguson (MP-5)

The next generation of colliding-beam accelerators, such as the SSC and the
Relativistic Heavy Ion Collider (RHIC), will require vertex detector systems that
have to survive large radiation doses (up to 1014 neutrons/cm- and several
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megaradians from charged particles) over the experiment lifetimes. Both the detec-
tors and their associated front-end electronics will be exposed to those high radiation
fields. We are using the neutral- and charged-particle beams at the Los Alamos Me-
son Physics Facility (LAMPF) to study the radiation resistance of standard and ra-
diation-hardened, very-large-scale integrated circuits and silicon detectors produced
by various commercial vendors. The information obtained from these experiments is
used to design more radiation-tolerant devices. Sufficient radiation tolerance of the
detectors and electronics is a fundamental issue for SSC and RHIC experiments.

P-3: Subatomic Research and
Applications

Neutral Meson Spectroscopy at the CERN Super Proton Synchrotron
D. M. Aide 1(505) 667-9428], T. A. Lopez (P-3), E. A. Knapp (MP-DO)

The NA12/2 group completed a successful 90-day data-taking period in the
summer of 1991. During that time, we measured centrally produced neutral meson
M° in the reaction pp-*ppM° with 450-GeV/c incident protons at the CERN (the
European laboratory for particle physics) Super Proton Synchrotron. The neutral
meson is measured through its decay into multiphoton final states. This reaction is
sensitive to the production of neutral mesons whose constituents are gluons (particles
similar to photons), which mediate the strong interaction. These states are of great
interest because all currently known mesons are believed to be composed only of
quark/antiquark pairs. However, most theories of the strong interaction predict that
gluonic states should also exist. In addition, the group spent time analyzing data from
the central-production reaction taken from 1986 to 1990. Furthermore, we analyzed
the neutral meson in the charge-exchange reaction irp-* M°n with both 38- and
100-GeV/c incident pions. Continuing analysis of this reaction confirms the first
unambiguous observation of a meson that is not a quark/antiquark pair. The simplest
explanations for this state are that its valence constituents are two pairs of quark/
antiquaries or that they are a gluon with one quark/antiquark pair. Evidence from our
data support the first hypothesis over the second. Our analysis of fhe central-produc-
tion reaction reconfirms the existence of the scalar state, /0(1590), which we believe
is a gluonic state. In addition, these data indicate the existence of a new tensor state,
/2(2180), another candidate for a gluonic state. The ratio of masses of these two
states is about 1.4, which is about the ratio currently predicted by lattice quantum-
chromodynamics calculations of the ratio of the first excited state to the ground state
for states composed of two valence gluons.

Linear Depolarization Lidar Measurements of Dugway Clouds
P. Dyer [(505) 667-3987], W. E. Eichinger, D. B. Holtkamp (P-3)

Measuring the linear polarization properties of scattered light provides informa-
tion about the shape of the scattering particles. For a 180° scattering, the linear polar-
ization of the incident photon will be conserved for a spherical particle but not for a
spheroidal or irregularly shaped particle. In the Dugway Proving Grounds measure-
ments, 1.06-nm laser light from the P-3 Lidar system, which was alternately polar-
ized parallel or perpendicular to a polarizer in front of the detector, was scattered
from clouds of dry and wet bacillus globiggi (BG), water, three kinds of dust, and
red phosphorus smoke. The distances of the clouds from the Lidar van ranged from
600 m to 3 km. A large range of depolarizations (ratios of the perpendicular to the
parallel signals) was observed. A nonzero value (between 0 and 1) indicates
nonspherical particles or, in the case of dense clouds, multiple-scattering effects.
Depolarization resulting from multiple scattering increased with cloud density (in
several cases by a factor of 2). For thicker clouds, interesting structure in the depolar-
ization as a function of distance into the clouds was also observed. In the zero-den-
sity limit, depolarizations ranging from 2.5 to 32% were observed. Red phosphorus
smoke had the smallest depolarization; native dust stirred up by a car had the largest
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depolarization. Wet and dry BG had significantly different depolarizations (30%
versus 18%). The feasibility of aiding particle identification by linear depolarization
measurements was thus demonstrated.

Imaging with Sparse Detector Arrays
G. G. Luther [(505) 667-3178], G. Nickel, C. E. Ragan (P-3)

A high-speed, low-resolution imaging system with 19 detectors in a hexagonal
array (previously used with conventional explosives) was fielded on the Lubbock
event at the Nevada Test Site (NTS) to obtain a set of time-dependent images (with
10-ns resolution) of the brightness of a free surface following the arrival of a strong
shock. Interpolation techniques were used to obtain smoothed images for each
frame, and these frames were then used to produce a movie covering about 4.5 ms.
Because the fields of view (FOV) of adjacent detectors overlap, images of higher
resolution than that of the detector spacing can be inferred using a statistical tech-
nique called maximum entropy (ME). We have explored the literature of this field
and tested various numerical methods. A broad understanding of the various meth-
ods is necessary to ensure reliable image reconstruction; results to date are encourag-
ing, but additional tests are needed before the technique can be used to produce a
final high-resolution movie. Programs have been tested on both personal computers
and on the Cray supercomputers. These simple, cheap imaging systems together
with the ME technique should be helpful in understanding a variety of complex
hydrodynamical problems.

The Sudbury Neutrino Observatory
R. G. H. Robertson [(505) 667-1346], T. J. Bowles, B. T. Cleveland, P. J. Doe,
S. R. Elliott, A. F. McGirt, Jr., T. C. Spencer, J. F. Wilkerson (P-3), M. M. Fowler,
D. A. Vieira, J. B. Wilhelmy, J. M. Wouters (INC-11), Collaborators from Canada,
the United Kingdom, and the United States

The Sudbury Neutrino Observatory (SNO) is a 1,000-tonne, heavy-water
Cherenkov detector that will be used to detect solar and supernova neutrinos with
energies down to 5 MeV. The detector will use part of Canada's substantial reserves
of heavy water and will be located at the 2,070-m depth of the International Nickel
Corporation nickel mine at Creighton, near Sudbury, Ontario. The SNO will be able
to detect neutrinos of all flavors from the sun and distinguish them from electron
neutrinos. With this information, we will be able to decide whether the long-standing
solar neutrino problem is a manifestation of neutrino oscillations (which may occur
if neutrinos have mass) or is due to inadequacies in astrophysical theory. Los
Alamos is responsible for the neutral-current detectors, the photomultiplier tubes,
research and development on the acrylic vessel, and the data-acquisition system. The
detector is scheduled to begin operation in 1995.

Tritium Beta Decay
R. G. H. Robertson [(505) 667-1346], T. J. Bowles, D. L. Wark,
J. F. Wilkerson (P-3), G. J. Stephenson (P-DO), J. L. Friar (T-5), Collaborator
from Lawrence Livermore National Laboratory

The tritium-beta-decay experiment at Los Alamos is designed to measure the
mass of the electron antineutrino by a careful investigation of the beta spectrum of
tritium in gaseous form. The apparatus consists of a high-luminosity toroidal mag-
netic spectrometer coupled to a recirculating gas source in a superconducting sole-
noid. The use of molecular tritium allows a clear-cut interpretation of the decay data
because theoretical calculations of molecular excitations associated with the decay of
this simple molecule are highly reliable. In the past year, new data have been taken,
and tests of instrumental resolution, energy loss, and energy dependence of the appa-
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ratus efficiency have been made. A new upper limit of 9.3 eV on the antineutrino
mass at the 95% confidence level has been set. This result is in strong contradiction
to the claim made by a group in Moscow at the Institute for Theoretical and Experi-
mental Physics that the mass is between 17 and 40 eV and shows that electron neu-
trinos and antineutrinos do not bind the universe gravitationally.

P-4: Laser-Matter Interaction
and Fusion Physics

P-6: Biophysics

The TRIDENT Glass Laser System
R. G. Watt [(505) 665-2310] (P-4)

A nominal 100-J, 100-ps neodymium glass laser is being integrated into the ICF
program at Los Alamos. The TRIDENT laser facility will provide a tool for the Los
Alamos ICF and weapons programs in the study of laser-driven physics issues and
for diagnostic development. The laser will produce pulses between 0.1 and 1 ns in its
initial configuration with energies of approximately 50 J and 200 J, respectively, at
537 nm in each of two main drive beams. A third beam capable of approximately 50
J at 1,053 nm will be available for use as a backlighter, and a low-energy pickoff will
be available for use as an optical probe for schlieren or holographic imaging. The
standard complement of target diagnostics usually seen in ICF experimental opera-
tions is available, including x-ray streak, fast-gated x-ray framing, and time-inte-
grated x-ray pinhole cameras; optical-streak and framing cameras; x-ray and optical
spectrometers; filtered x-ray diode arrays; and several channels of x-ray sensitive
photoconductive detectors. Calorimetry and fast (60-ps risetime) photodiode moni-
toring of the laser beams will be provided at the target chamber. A six-inch manipu-
lator (SIM) on the local target chamber has been developed. The SIM has identical
mechanical and electrical characteristics to those on the NOVA target chamber. This
manipulator will allow fielding of any SIM-based NOVA diagnostic package on the
TRIDENT system for integrated testing. This capability will allow new development
of diagnostics for the mainline ICF program without dependence on the already-
stressed NOVA shot schedule. The front-end laser, which will be operational at the
1-J level in 1992, will be used to check out a new, fast-gated x-ray imaging camera
being constructed by Los Alamos for use on the NOVA laser.

Paths of Activation Identified in the Human Visual Cortex
C. J. Aine [(505) 665-2551] (P-6)

A long-term goal of neuromagnetic studies of human vision is the noninvasive
characterization of the functional organization of the visual cortex. This characteriza-
tion can be accomplished by applying inverse fitting procedures to externally mea-
sured magnetic fields and locating the solutions on appropriate magnetic resonance
images (MRIs) of each subject's brain. Much is known about a monkey's visual
cortex through invasive means; these studies have examined responses cf single
neurons to different types of stimuli by the implantation of electrodes into various
regions of the brain. The monkey studies have shown two distinct paths of activation
associated with processing: (1) stimulus features, including color, texture, and form,
and (2) the location of the stimulus in the visual field. We are currently conducting
two experiments that focus on processing color and location in the visual field (cen-
tral versus peripheral and upper versus lower fields). A preliminary analysis of the
data suggests that two different paths of visual processing do exist in the human
brain. One path of activation, from striate to parietal regions, is activated quite early
in time (< 110 ms) when stimuli are presented in the periphery (12°). Another dis-
tinct path, from striate to inferior temporal regions, is activated early in time
(< 110 ms) when stimulus features, such as color, are manipulated. Manipulating
stimulus parameters modifies the relative timing of the two primary paths of
activation.
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G-Protein Dependent Signal Transduction
M. W. Bitensky 1(505) 667-9420}. T. Yoshida, B. M. Willardson (P-6)

G-proteins are guanine-nucleotide binding proteins that link cellular-signal
receptors to amplifying-effector systems and thus participate in the flow of informa-
tion across the cell membrane. The G-proteins serve as a locus for the function of an
activated receptor that modulates nucleotide binding to the G-protein and thereby
modulates its function. The importance of G-proteins can readily be understood by
considering the ubiquity of G-protein function in signal deconvolution. Such diverse
functions include smelling, tasting, and seeing. The deconvolution of a major class
of neuronal and hormonal signals is dependent upon the participation of G-nucle-
otide binding proteins. G-proteins can amplify, modulate, and communicate signals.
There is evidence that a single activated 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. We are studying two aspects of G-
protein-dependent, photon-based signal deconvolution. 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 3 orders of magnitude. We are also studying the appearance and the function of a
nonnucleotide, occupied G-protein that appears to accumulate in dark-adapted rods.

• The latter might facilitate single-quantum detection.

Prolonged Survival of Mammalian Erythrocytes in Transfusion Recipients
M. W. Bitensky [(505) 667-9420], M. C. Trent, T. Yoshida (P-6), M. Dembo (T-10)

Our studies of erythrocytes are based on biophysical relationships between the
ratio of red-cell-membrane area and cytosolic volume. We have demonstrated that
this ratio and the intrinsic physical properties of the red-cell membrane reliably pre-
dict whether or not erythrocytes can traverse small capillary channels. Refrigeration
degrades red-cell-membrane area principally by peroxidative pathways that culmi-
nate in the extrusion of vesiculated lipid. Refrigeration also attacks the sodium trans-
port apparatus via peroxidative pathways and, to a lesser extent, via biochemical
modifications of the gain control on the sodium pump. The biochemical and bio-
physical basis of refrigeration-induced damage has been characterized and effective
countermeasures have been identified. Current work focuses on the optimization of
piu'ective measures and empirical testing of their efficacy by measuring erythrocyte
S I T ival in the transfusion recipient. The conceptual and mechanistic homology
between red-cell senescence and refrigeration-induced damage is also an area of
study.

Electromagnetic Stimulation of the Brain
L. Heller [(505) 665-3057), E. R. Flynn, D. B. van Hulsteyn, J. D. Lewine (P-6)

During the past decade, interest in the possibility of stimulating brain activity
using extracranial current sources has increased. To accomplish this task, we must be
able to calculate the electric field produced inside the brain by a variety of external
currents; we have derived some useful formulas for doing this. Furthermore, we
proved that a three-dimensional local maximum of the electric-field strength inside
the brain cannot be produced at frequencies generally proposed for extracranial
stimulation of the brain using any superposition of external sources. Nevertheless, it
may be possible to achieve greater two-dimensional focusing and shaping of the
electric field than is presently available. We are performing computer calculations
toward this end. For the special case of a system with spherically symmetric conduc-
tivity, we derived a simple analytic formula for the electric field resulting from an
external magnetic dipole. This formula is independent of the conductivity profile and
therefore embraces spherical models with any number of shells. This explains the
insensitivity to the skull's conductivity that has been described in numerical studies.
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We also obtained analytic formulas for the electric field resulting from an electric
dipole and surface electrodes for the case of a sphere of constant conductivity.

Magnetic Fields Generated by Human Somatosensory Cortex
/ . D. Lewine [(505) 665-1781], C. C. Wood (P-6)

We are using magnetoencephalography (MEG) to characterize the topographic
organization of the human somatosensory cortex. Our emphasis is on defining the
specific brain regions responsible for processing information relevant to tactile
stimulations of the digits of the hand and electrical stimulation of the median, tibial,
and trigerninal nerves (which supply the hand, foot, and face, respectively). Our
results indicate that distinct brain regions located along the posterior bank of the
central sulcus are responsible for the processing of information from different re-
gions on the body surface. Analyses of conditions where multiple digits are stimu-
lated simultaneously indicate that spatiotemporal modeling algorithms such as MU-
SIC are capable of disentangling the overlapping activities of multiple generators and
that there is an undersummation of the activity elicited by stimulation of each digit
alone. This latter observation suggests the existence of somatosensory interactions
between cortical sites generating the recorded signals or at earlier sites along the
afferent pathway or both. With colleagues at the Center for Magnetoencephalogra-
phy of the Veteran's Administration Medical Center in Albuquerque, we are begin-
ning to examine these issues in subjects with brain damage, spinal-cord injury, or
limb or digit amputations to assess the extent to which these disruptions led to a re-
organization of the nervous system.

Neurophysiological Analyses of Cognitive Functions
J. D. Lewine [(505) 665-1781], D. L. Arthur (P-6)

The goal of this work is to use behavioral and noninvasive physiological tech-
niques to elucidate the neural and psychological substrates of complex cognitive
abilities. Sophisticated behavioral paradigms are drawn from the literature in experi-
mental cognitive psychology and are combined with physiological techniques in-
volving the measurement of stimulus-evoked electromagnetic activity. Areas of
major interest include memory and language. Mnemonic studies focus on under-
standing the differences between short- and long-term mnemonic abilities. Language
studies focus on attempts to define which cerebral hemisphere is mainly responsible
for the processing and generation of language. Future studies will focus on age-
related breakdowns in cognitive processing and individual differences in informa-
tion-processing abilities.

Neurophysiological Basis of Magnetoencephalography
J. D. Lewine [(505) 665-1781], C. C. Wood (P-6)

The goal of this project is to validate MEG source-localization techniques using
preparations in which the characteristics of known current sources can be indepen-
dently determined and systematically manipulated. Controlled activation of the so-
matosensory cortex of anesthetized monkeys is being used to investigate the sensitiv-
ity of surface magnetic fields to variations in the number, location, configuration,
extent, and time course of neuronal current sources. These studies fill the gap be-
tween the evaluation of MEG source-localization techniques using mathematical and
computer simulations and MEG studies in human subjects in which the exact charac-
teristics of actual current sources are unknown. In addition to somatosensory investi-
gations with anesthetized animals, we are beginning to examine visual information
processing in monkeys that are tasked with discriminating red and green lights.
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Sing'e-Molecule Spectroscopy
E. B. Shera [(505) 667-3228], A. Castro (P-6), S. A. Soper (CLS-2).
Collaborator from the University ofTenne.^.e Space institute

We have extended our recent experiments on the detection of single-fluorescent
?no<ecules in solution to the exploration of spectroscopy at the single-molecule level.
As a first step, we have developed a technique that can efficiently distinguish be-
tween two species of dye molecules on the basis of differences in their emission
spectra. We have also demonstrated that another spectroscopic property, fluores-
cence lifetime, can be accurately determined at the single-molecule level. The capa-
bility for performing spectroscopic measurements on individual fluorescent mol-
ecules has a range of applications in chemical and biochemical studies. To the extent
that spectroscopic properties are modified by the immediate environment of a mol-
ecule, we can obtain information about that microenvironment. Data collected by
observing individual molecules can reveal features that are not evident in the average
behavior of a group. For example, measurement of the average quantum yield of a
group of chromophores of which one in fifty is bound to a quencher cannot reveal
the underlying statistics of the quenching, whereas this information is readily acces-
sible using single-molecule spectroscopy. Phenomena that occur in microscopic-
sized samples and that involve only a few molecules can also be studied. The present
spectroscopic techniques provide tools for studying chemical and biological interac-
tions that are inaccessible to macroscopic methods.

Spatial Discrimination of Multiple Neuromagnetic Sources Evoked by
Separate and Simultaneous Presentation of Visual Stimuli
S. Supek [(505) 665-3057], C. J. Aim (P-6)

The objective of this study was to characterize the superposition of human neu-
romagnetic responses and the resolution of sources when responses evoked by single
visual stimuli are compared with responses evoked by the simultaneous presentation
of paired stimuli. Difference-of-Gaussian stimuli were presented to three different
field positions located 2.5° to the right of the vertical meridian and either 2.5°, 8.5°,
or 12° below the horizontal meridian. The stimuli were presented separately or in
simultaneous pairs. Neuromagnetic sources were identified by applying multiple-
dipole models to instantaneous field distributions generated at 10-ms intervals. For
two subjects, three distinct cortical regions, striate (primary visual cortex),
occipitoparietal, and inferior temporal, were active during the first 170-ms post-
stimulus for all three single presentations of stimuli. Analysis of the data evoked by
the simultaneous presentation of stimuli suggests that initial responses (< 160 ms)
reflect superposition. The number of sources identified for paired stimuli was equal
to the sum of the sources identified in the single-presentation data; although, some of
the estimated source parameters differed from those identified in the single- presen-
tation data. However, without a priori knowledge of the source locations identified
ir. the single-presentation data, the minimum adequate number of identified sources
in the simultaneous data would be smaller than expected by summation and would
therefore reflect an inability to resolve sources that are too close and simultaneously
active.

Anatomical Constraints for Neuromagnetic Source Models
C. C. Wood [(505) 665-2545], D. M. Ranken, L. Kaplan, J. S. George (P-6),
L. Heller (T-5/P-6), P. S. Lewis (MEE-3)

The goal of neuromagnetic recording techniques is high-resolution mapping of
human brain activity. This goal requires the solution of an ill-posed inverse prob-
lem—determination of the number, location, spatial configuration, strength, and time
course of the neuronal currents that give rise to the magnetic field distribution at the
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P-10: Condensed-Matter and
Thermal Physics

head surface. To help resolve ambiguities in source modeling, we have used struc-
tural information derived from MRIs to investigate alternative strategies for con-
straining the locations of allowable sources. One strategy uses proximity to the local
cortical surface to generate an error term that is incorporated into a standard
nonlinear-least-squares, error-minimization algorithm. Another strategy makes use
of the fact that surface magnetic fields are a nonlinear function of source location but
a linear function of source orientation and strength. Field distributions may therefore
be expressed as linear combinations over a basis-matrix representation of the prob-
lem, and anatomical constraints can be combined with pseudoinverse procedures
such as minimum-norm, lead-field expansion to increase the anatomical realism of
such reconstruction procedures.

Brain Topology Project: Integrated Computational Models for Brain
Structure and Function
C. C. Wood 1(505) 665-2545], J. S. George (P-6)

A fundamental challenge in contemporary neuroscience is the need to map brain
function onto brain structure. Such a mapping is essential for understanding the
functional organization of the normal brain and the relationship between abnormali-
ties in brain structure (e.g., brain lesions, abnormal neuronal circuitry, neurochemical
imbalances) and behavioral and psychological disorders (e.g., Alzheimer's disease,
Parkinson's disease, schizophrenia). The brain topology project is an outgrowth of
P-6 work to develop three-dimensional volumetric models of the human brain for
use in MEG source localization. Such models apply to a number of invasive and
noninvasive techniques for assessing brain organization over a wide range of scales.
Project goals include the development of flexible and extensible data structures and
algorithms to accommodate a range of structural and functional information (e.g.,
MRI, MEG, positron-emission tomography, single-photon-emission-computed
tomography), implementation of procedures for reconciliation of different coordinate
systems and reference frames, development of improved-image-processing and
anatomical-segmentation techniques, implementation of two- and three-dimensional
mapping functions for unfolding the cortex according to topological criteria, and
investigation of strategies for using anatomical information to constrain electric- and
magnetic-source reconstruction algorithms.

Photoemission Spectroscopy Using Synchrotron Radiation
A. J. Arko [(505) 665-0758], J. J. Joyce, R. I. R. Blyth, P. C. Canfield,
J. D. Thompson (P-10), Z. Fisk (CMS), R. J. Bartlett (P-14)

We are using angle-resolved photoemission spectroscopy to study the electronic
structure of two important classes of compounds—high-Tc superconductors and
heavy-fermion systems. Photoemission measurements yield information about the
nature and energy position of the electronic states in a material. Angle-resolved
measurements can actually map out the energy versus momentum dispersion. We
have developed what we believe is one of the world's most sensitive spectrometers
(capable of better than 20-meV resolution) with which we can accurately study the
line shapes of high-Tc spectra in the presence of a superconducting gap. The same
high resolution also allows us to study heavy-fermion systems in which a narrow
resonance at the Fermi energy is believed responsible for the unusual behavior of
these systems. Understanding the origin and role of this resonance is important fora
microscopic interpretation of heavy-fermion phenomena.
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Nonlinear Thermal Physics
R. E. Ecke 1(505) 667-6733], F. Zhong (P-W), T. S. Sullivan (P-10/CNLS)

We are exploring general properties of nonlinear systems in model fluid experi-
ments. Nonlinear dynamics and chaos are investigated in a small cell of liquid 3He-
superfluid 4He forced to convect by the application of a vertical temperature gradi-
ent. The formation of patterns and the dynamic mechanisms for the selection of
pattern wavelengths are studied in large cells with many convection rolls. Rotation
about a vertical axis imposes Coriolis and centrifugal forces on the thermally con-
vecting fluid and strongly influences the pattern dynamics. Localized vortex struc-
tures can form into a stable lattice and then destabilize as the heating is increased,
thereby producing turbulent convection. These model systems provide laboratory
examples of general problems in many disciplines, including materials science (e.g.,
dendritic growth, directional solidification) and geophysical fluid dynamics (e.g.,
thermal convection plus rotation controls atmospheric circulation).

Novel Materials
Z. Fisk 1(505) 665-0892] (CMS), P. C. Canfield, J. D. Thompson (P-10)

In the physics of metallic conductors, much interest centers on materials in
which electron-electron correlation effects are large. In such systems, one can find
heavy-fermion compounds, various kinds of magnetic materials, and all the materials
classed with high-Tc oxides. The properties of such materials are of both fundamen-
tal and applied importance. We investigate the physics of such materials by varying
the parameters of the materials (e.g., stoichiometry, elemental composition). The
search for new materials with structures related to those with known, interesting
properties can enhance these properties and can provide insight into their micro-
scopic origins.

Magnetic Resonance
P. C. Hammel [(505) 665-0759], R. H. Heffner, A. P. Reyes (P-10)

The magnetic resonance program in P-10 involves the use of nuclear-resonance
techniques and muon-spin rotation. The nuclear-resonance techniques measure the
strength of interactions at nuclear sites in a solid. Because the resonance frequencies
of different chemical constituents at a given crystalline site, or of a given constituent
at different sites, are not the same, these techniques provide very specific micro-
scopic information. The nuclear-resonance frequency will shift in response to the
hyperfine field of electronic spins, allowing a microscopic measurement of local
electronic susceptibility. Additionally, the frequency shifts will reflect the local crys-
talline symmetry, thus allowing a probe of microscopic structure. Electronic fluctua-
tions cause nuclear spin-lattice relaxation. Thus, we may probe dynamic properties
of the local environment as well. Unlike nuclear-resonance techniques, muon-spin
resonance is sensitive to magnetic behavior at interstitial sites in a solid lattice. Spin-
polarized muons are implanted by an accelerator, and the decay of the polarization is
detected by measuring the spatial asymmetry of the emitted positron coming from
the weak, parity-violating decay of the muon. Our most recent studies involve the
novel superconducting and magnetic properties of heavy-electron system5'.

Inertial Confinement Fusion Program
J. K. Hoffer [(505) 667-4049] (P-10), L. R. Foreman (MST-7)

We are convinced that cryogenics will play a vital role in the future of the na-
tional ICF program. The high starting density of fusion fuel afforded by cryogenic
condensation allows one to carry out target implosions along a lower adiabat, which
results in the desired final density with lower drive energies. The confinement of the
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cryogenic D-T fuel to a discrete, uniform, high-density solid shell, which occurs
naturally below 19 K because of the "beta-layering" phenomenon, will result in an
additional substantial gain in implosion efficiency. However, outstanding uncertain-
ties as to the exact layer thickness uniformity and density homogeneity of the beta-
layer D-T shell must first be resolved. Furthermore, the interior surface of the D-T
solid shell must be sufficiently smooth to prevent undesired instabilities during the
laser-driven implosion. We are actively investigating these topics using a variety of
physical techniques, including optics, ultrasonics, and neutron scattering.

Flux Noise Characterization of High-Tc Superconductors
M. F. Hundley [(505) 667-4129], J. D. Thompson (P-10), M. P. Maley (ERDCIP-10)

Our goal is to understand the physical mechanisms involved in both flux motion
and flux pinning in high-temperature superconductors. We hope to improve our
understanding by measuring the frequency-dependent voltage noise produced when
an applied current forces high-Tc materials into their dissipative regime. The ampli-
tude; the frequency; and the magnetic-field, electric-field, and temperature depen-
dencies of the incoherent, low-amplitude flux noise are all fundamental functions of
the physical processes involved in flux pinning. A detailed study of these physical
dependencies allows us to better understand the unique superconducting state exhib-
ited by the highly anisotropic high-Tc materials and to further Los Alamos efforts
toward improving their potential for use in technological applications.

Neutron and X-ray Scattering Studies of High-Tc and Heavy-Fermkm
Materials
G. H. Kwei [(505) 667-8840], S. Bellinge (P-10)

Techniques involving x-ray and neutron scattering collectively constitute an
extremely powerful probe of high-Tc superconductors and heavy fermions. The
objectives of this research program are to take advantage of these techniques to
elucidate the role that crystal and electronic structures play in their behavior. For
superconducting materials, major areas of interest include oxygen stoichiometry and
defect structure, cation ordering, copper valence, static and dynamic disordering, and
the morphology of the different phases. The basic approach is to use neutron and x-
ray (both conventional and anomalous) scattering techniques (singly or jointly) to
study the structures of superconducting materials. Structural problems include struc-
tural characterization, studies of oxygen stoichiometry and cation ordering, and the
study of changes in the structure with temperature, pressure, composition, and pro-
cessing conditions. The techniques used include x-ray and neutron powder diffrac-
tion, single-crystal neutron diffraction, small-angle neutron diffraction, and inelastic
neutron scattering. For heavy fermions, we have been concerned primarily with
neutron diffraction studies of structural phase transitions and magnetic ordering. We
are now embarking on a program to investigate valence transitions in heavy-fermion
systems by using anomalous x-ray scattering, which probes the local electronic struc-
ture of these systems.

Resonant Ultrasound Spectroscopy of High-Tc Materials
A. Migliori [(505) 667-2515] (P-10), Z. Fisk (CMS), W. M. Visscher (T-ll)

We have developed resonant ultrasound spectroscopy as a fundamental thermo-
dynamic and transport probe for use with single crystals too small to be studied using
any other ultrasound technique. Our system and software permit a signal-to-noise
ratio 6 orders of magnitude better than that of previous resonance techniques used to
probe the elassic properties of solids. This technique is being applied to study un-
usual elastic behavior in high-temperature superconductors and related materials.
The improved accuracy has enabled us to accurately track attenuation effects in
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metal hydrides and in metallic glasses down to 4 K and to re-examine the
La, xSrxCuO4 structural phase transition for which we developed specific predictions
for the behavior of all the moduli and then measured them. Nondestructive testing,
using the technique of resonant ultrasound, offers a number of potential applications
that are of interest to the Air Force and several industrial corporations.

Novel Heat Engines and Heat Pumps
G. W. Swift [(505) 665-0640] (P-10)

We are exploring novel heat-engine technology by establishing basic physical
and design principles through experimentation and analysis. The program includes
the use of liquids near the critical point as working fluids in heat engines and heat
pumps as an alternative to Freon-based air conditions, refrigerators, etc.; the use of
acoustic technology to eliminate moving parts and sliding seals in reciprocating heat
engines and heat pumps; and the use of 3He-superfluid 4He mixtures as working
fluids in zero-gravity sub-Kelvin cryocoolers.

Mossbauer Spectroscopy
R. D. Taylor 1(505) 667-4729] (P-10)

The Mossbauer Effect is a nuclear physics tool that allows detailed studies of
solid-state properties at a microscopic level. These properties include valence, mag-
netism, phase transitions, mixed phases, and lattice dynamics. By using diamond-
anvil-cell techniques, we are performing Mossbauer Effect experiments on selected
systems at hydrostatic pressures to 500 kbar at temperatures to 0.02 K. Recent work
has centered on pressure-induced transitions, such as molecular crystal-metallic-
amorphous transformations and metallic and magnetic transformations in the Mott
insulators—Nil2, Col,, and Fel2. The Mossbauer Effect is also providing unique
information on local environment changes with doping and with oxygenation in a
number of high-temperature superconducting materials.

Ion-Beam Materials Laboratory
J. R. Tesmer [(505) 667-6370] (P-10)

The Ion-Beam Materials Laboratory is a facility for characterizing and modify-
ing materials with ion beams. Rutherford backscattering and ion-beam channeling
are two popular techniques used by Laboratory researchers to characterize thin films,
such as epitaxially grown layers and high-Tc thin-film superconductors. Other
projects include radiation-damage research and a wide range of tribiological studies.
We also have programs in the areas of microbeam analysis by particle-induced x-ray
emission and nuclear-resonance gamma-ray absorption. The Ion-Beam Materials
Laboratory is operated by P-10 and is sponsored by the Center of Materials Science.
Users come from within and outside the Laboratory.

Materials Under Extreme Conditions
/ . D. Thompson [(505) 667-6416], R. Movshovich, A. Lacerda (P-10), Z. Fisk (CMS)

We seek to understand the basic physical processes in solids as their electronic
properties are modified by extreme conditions of high pressures, magnetic fields, and
low temperatures. Under these extreme conditions, changes described as localized/
delocalized transitions occur. These transitions play a prominent role in heavy-elec-
tron materials and novel superconductors, such as those based on CuO2 and C^.
Changes in physical properties can be studied without perturbing the lattice periodic-
ity and chemical purity, which is important because both types of perturbations can
mask the significant effects. By establishing the nature of changes induced by ex-

Annual Report 1991 Phvsics Division 55



Project Descriptions

P-14: Fast Transient Plasma
Measurements

treme conditions, we can frequently deduce the physics intrinsic to the unperturbed
ground state.

Thermodynamk/Transport Properties of Correlated Electron Systems
J. D. Thompson [(505) 667-6416], M. F. Hundley, G. Spam, A. Lacerda,
R. Movshovich (P-10), Z. Fisk (CMS)

Our objective is to reveal the essential physics of correlated electron systems by
investigating their thermodynamic, transport, and magnetic properties. Such knowl-
edge is required to guide the development of new materials, to assess the relationship
between new and established materials, and to assess the reasonableness for further
in-depth microscopic studies. This research focuses on heavy-electron compounds
and superconductors based on CuO2 and C^ and related materials as prototypes of
correlated electron systems. It is an integral part of the process linking materials
science to microscopic understanding, and it bridges the gap between sample prepa-
ration and theory.

Electron Correlation in Atomic Systems
R. J. Bartlett [(505) 667-5923], P. J. Walsh (P-14)

We are studying multiple ionization in helium and neon using synchrotron ra-
diation and a time-of-flight (TOF) ion spectrometer to determine the importance of
electron correlation in these systems. We have measured the ratio of double ioniza-
tion to single ionization for these gases, and the results are in reasonable agreement
with literature values. For helium, the measurements extended from threshold to
about 560 eV. The ratio does not reach a plateau in this energy range as predicted. It
reaches a maximum value near 200 eV and decreases thereafter. Helium is of par-
ticular interest because of its simplicity, the fact that double ionization is due to cor-
relation effects, and the possibility of abinitio calculations. The branching ratio for
neon has also been measured from threshold to near the K-edge. The ratio ap-
proaches a plateau value of about 14% at 300 eV and maintains this value to just
below the K-edge. The partial ionization cross sections for the first three ionization
states have also been measured across the K-edge region. A Rydberg series is seen
approaching the edge. Auger decay, which takes place at the edge, may be an effec-
tive means of determining the edge energy.

Precision Spectroscopy Program
R. L. Blake [(505) 667-7369 or (516) 282-2838], M. P. Hockaday (P-14),
M. D. Wilke, N. S. P. King (P-15), Collaborators from New Mexico State University

Since 1983, P-14 and P-15 have been involved in a precision spectroscopy
program. Results from the Correo and Panchuela events at the NTS showed the
value of high-resolution atomic spectroscopy in diagnostics of hot plasmas created
by these events. We are developing a state-of-the-art, precision, double-crystal spec-
trometer to improve the accuracy of XUV (soft x-rays) atomic spectra throughout the
periodic table as part of our support of the NTS program. This spectrometer will
function as a vacuum- or air-operated instrument with automated scanning and pa-
rameter optimization. It can provide (from a single instrument with crystals refer-
enced to a silicon standard) a consistent set of the inner-shell atomic spectra of all
elements with an accuracy of 1 ppm. Improved-accuracy spectral tables will benefit
several physical sciences whenever calibration standards are needed. The instrument
is being prepared for operation by colleagues and students at New Mexico State
University. This year, the instrument was assembled and automated through a per-
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sonal computer. Preliminary alignments were done to define the final alignment
techniques.

Synchrotron Activities
R. L. Blake [(505) 667-7369 or (516) 282-2838], R. G. Hockaday, G. Idzorek (P-14),
Collaborators from Lawrence Berkeley Laboratory and the Smithsonian
Astrophysical Obsen>atory

Four endeavors were pursued on the four Los Alamos x-ray beam lines, at the
National Synchrotron Light Source: (1) beam-line development, (2) beam-line char-
acterization, (3) calibration-program measurements, and (4) research on the optical
constants of materials. Beam-line development included the construction and assem-
bly of beam-line U3A, mechanical and electrical improvements to the beam lines
and associated hardware, installation of a differential pumping station on X8A, and
additions to the beam-line software for expanded applications. Beam-line character-
ization involved measuring the flux, harmonic content, and scattered light from the
X8A, X8C, and U3C beam lines. Upon studying the properties of the first mirrors on
beam lines U3A and U3C, we found some defocusing problems and
inhomogeneities on both beams lines. Nevertheless, these optics perform as well as
comparable optics at other facilities. Two sets of calibration measurements were
carried out on beam lines X8A and X8C over the energy range 2 to 20 keV. During
the second set, we succeeded in implementing a real-time calibration capability in
which a standard ion-chamber detector, or calibrated detector, provides the absolute
flux measurements for any detector or experimental system downstream. The new
real-time system has already obtained calibrations of detectors that agree, within a
few percent, with conventional calibrations from EG&G Energy Measurements, Inc.
Optical-constants research involved two projects: (1) extracting optical constants y
and P from measured mirror reflectivities (samples included gold, nickel, molybde-
num, aluminum, carbon, and SiO2) and (2) directly measuring the absorption con-
stant p for evaporated samples of aluminum, magnesium, sodium, and lithium in the
sub-keV range.

Construction of an Ion-Temperature Diagnostic for the NOVA Inertial
Confinement Fusion Facility
R. E. Chrien [(505) 667-1674] (P-14), Collaborator from EG&G Energy
Measurements, Inc.

We are constructing an ion-temperature diagnostic for the NOVA ICF Facility
at Lawrence Livermore National Laboratory (LLNL). The diagnostic, which should
be capable of determining T, in both d-d and low-yield d-t targets, is based on the
measurement of the neutron arrival-time distribution with an array of 960
scintillator-photomultiplier detectors operated in the single-hit mode. Each detector
will be capable of measuring a single, neutron arrival time with about a 1-ns time
resolution. The arrival-time distribution will be constructed from the results of 200
or more detector measurements. The diagnostic will be located outside the NOVA
target hall at a distance of 30 m from the target. The dynamic range must cover
neutron yields from 5 x 107 to above 109. This range requires interchangeable
scintillators to adjust the neutron sensitivity. The timing electronics for each channel
will consist of a discriminator and a multiple-hit, time-to-digital converter. Gated
charge-sensitive, analog-to-digital converters will also be used for recording the
pulse-height distribution of the recoil-proton scintillations. The diagnostic is sched-
uled for installation on NOVA in May 1992.
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Development of Fiber-Optic Faraday Current Sensors
P. R. Forman [(505) 665-5815], L. D. Looney, H. W. Kruse, L. J. Tabaka (P-14)

Measurement of current on experiments with the Trailmaster program continue
to provide valuable, reliable data for evaluating the operation of electrical generators.
We anticipate that the number of fiber current sensors will have grown to eight on
the upcoming Procyon shot. A sensor configuration that minimizes any necessary
adjustments in the field will be produced to ensure that the data will be obtained as
the number of channels grows. The first step is to employ a diode laser (670 ran)
with a polarization-maintaining pigtail. This laser combined with a small battery-
operated power supply allows the pigtail to be directly fused to the sensing fiber,
thus avoiding any corruption of the polarization in the input leads and eliminating
any optical adjustments. The output of the fiber sensor is fed directly to a compact
(5-cm x 2.5-cm x 3-cm) polarization analyzer, which consists of prealigned lenses, a
half-wave plate, a beamsplitter, and polarizers. All fibers are connected to this device
with Radiall connectors, and the only field adjustment required is the initial optimi-
zation of these fibers for the maximum transmission of light. The half-wave plate
allows polarization adjustment to establish recording levels on the digitizers. The
output of this device consists of two multimode optical fibers, which carry the
quadrature signal of the desired polarization changes.

Interferometric Radiation Detection Based on Kramers-Kronig Relation
P. R. Forman [(505) 665-5815], F. C. Jahoda, R. Kelley (P-14), Collaborator
from EG&G Energy Measurements, Inc.

We are attempting to determine if useful radiation detectors can be constructed
based on a measurement of the change in the real part of the index of refraction of an
optical fiber when it is exposed to damaging radiation. This technique is to be con-
trasted with the more conventional method of observing the attenuation of light (a
change in the imaginary component of the index of refraction). The Kramers-Kronig
relation states that, in a dispersive medium, a change in the imaginary component
must be accompanied by a change in the real component. Observation of the change
in the real component offers distinct advantages: (1) attentuation is measured as an
exponential decrease in intensity, whereas phase change is more precisely measur-
able in units of laser wavelength; (2) as the working-laser wavelength moves away
from specific absorption maximum, the attenuation decreases as the square of the
difference frequency, whereas the real part of the index of refraction decreases only
linearly; and (3) a conventional approach to detection of radiation is to observe the
weak light emitted when radiation excites a fluor in the medium. Strong signals are
obtained from the onset when interferometry is used to observe induced phase
changes. Initial observations of 1/200 fringe at 1.3 \un were made when 57 cm of
single-mode Corning fiber was subjected to 18 rads of MeV electrons. The goal is to
heavily dope a fiber or an optical element with an extremely fast optical fluor and
observe this medium in an interferometer at 1.3 \ixn to obtain fast response while
maintaining the dispersionless transmittal of the data by operating in the near
infrared.

Fast-Transient Data Recording Experiments at the Nevada Test Site
/ . A. Garcia [(505) 667-4287], G. D. Allied, D. E. Bartram, T. Peterson (P-14),
Collaborators from EG&G Energy Measurements, Inc.

Group P-14 provided fast-transient data recording support for a series of under-
ground nuclear test shots at the NTS, including the Bexar, Floydsda, Hoya, and
Lubbock events. Recording instrumentation used for a number of experiments on
the Bexar event included high-bandwidth oscilloscopes, high-speed digital scopes,
and medium-speed digitizers. The Bexar event also included the first use of the
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Novell Based Local Area Network and removable hard-disk system for data archival
in a recording-station environment. This unique system is an efficient and reliable
method for storing large quantities of data. On the Floydada event, 52 fiber channels
were used to transmit data via 52 HE01R optical receivers (one receiver per chan-
nel). The data was recorded on 104 Tektronix 7103 oscilloscopes. Before the shot,
laser light was pumped downhole and distributed onto the fiber channels to provide
us with a dry run and common timing signals. The Lubbock event required three
detectors using four modular crystals and a large variety of recording equipment
(KR-32s, Tektronix 7103s, HP5411 Is, Tektronix 7250 scanconverters, and
Tektronix SCD5000 scanconverters) for a number of experiments, including an EOS
investigation and x-ray detection.

Mid-Z to High-Z Opacity Research
M. Y. Hockaday [(505) 667-0070], T. A. Ortiz (P-14), M. D. Wilke (P-15),
B. H. Wilde, R. McFee (X-2), J. Keady (T4), Collaborators from Lawrence
Livermore National Laboratory

We have begun a study of the continuum opacity of mid-Z and high-Z elements
at indirect-drive temperatures on the NOVA laser at LLNL. The continuum opacity
is measured using the method of point-projection spectroscopy. The measurements
employ a curved crystal spectrometer and a short-pulsed (200-ps) point backlighter
used to determine the transmission in the 2.2- to 4.2-keV spectral region. This re-
search compliments a program at LLNL aimed at studying the bound-bound opacity
of mid-Z elements. To date, we have obtained data on silver and plan to begin our
investigation of high-Z elements soon.

Heated X-ray FJuorescer Studies
R. G. Hockaday [(505) 667-5748], E. W. Bennett (P-14), W. Matuska (X-5)

The x-ray filter fluorescer has been a workhorse diagnostic for us in determining
the temperature of a hot, transient black-body source. The diagnostic package con-
sists of a stack of fluorescers—foils of different materials exposed to the source
being measured. Each fluorescer absorbs x-rays of a different energy (mainly just
above its K-edge) and re-emits characteristic K-line x-rays that are seen by a filtered
detector to the side, out of view of the source. Although the filter-fluorescer channels
are carefully calibrated, fluorescers that must be placed close to the source become
heated and ionized, thus changing their cross sections and the resulting detector
responses. Consequently, in an add-on experiment at the Saturn x-ray source at
Sandia National Laboratories, we studied this heating effect using carbon fluoresc-
ers, which are generally the lightest elements in a package and therefore the closest
to the source. In this experiment, several identical foils were placed at varying dis-
tances from the x-ray source; we measured the response at each position. In theory, if
the detector's response did not change in proportion to the x-ray intensity (i.e., the
inverse of the distance squared), there was an effect from the heating on the fluores-
cence emission. Some degradation in the response of the hot foils was observed; the
magnitude of this degradation is in rough agreement with our calculations, but sev-
eral experimental uncertainties remain and must be resolved before we have defini-
tive results.

Electromagnetic Wave Propagation in Tunnels
R. E. Kelly [(505) 667-6492] (P-14)

A theoretical analysis pertaining to the propagation of an electromagnetic wave
through tunnels of the type at the NTS has been completed. Although waveguide
modes are predicted, the dominant one is that of a transverse electromagnetic mode
characteristic of a typical transmission line. The tunnels act as large, leaky coaxial
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cables with no cut-off wavelength. The actual situation is more complicated because
several isolated conductors are involved, and both attenuation and phase velocity
depend upon conductor placement.

Grounding Phenomena
R. E. Kelly [(505) 667-6492] (P-14)

An extended study on electrical grounding has been made with emphasis on fast
pulses (time domain) or wide-range frequency coverage (frequency domain) for NTS
applications. Voltage and impedance are not unique in time-dependent fields and are
misleading concepts at high frequency. Conventional resistors, inductors, and capaci-
tors lose their identities with increasing frequency. A ground is a reservoir of charge
and does not necessarily have any relation to zero potential. The concept of a ground
becomes obscure as frequency increases and for fast pulses. Single-point grounding
is valid only for low frequencies. Earth grounds must have leads, which are short and
are as wide as possible. Specific recommendations do not always conform to tradi-
tional, established practice at the NTS.

Hydrogen Diffusion in Optical Fibers
R. E. Kelly [(505) 667-6492] (P-14)

Although molecular hydrogen tends to increase steady-state absorption in opti-
cal fibers, fast-transient absorption resulting from ionizing radiation may be reduced
by prediffusion of hydrogen into the fiber. Hydrogen may form a covalent bond with
nonbridging oxygen hole centers. Hydrogen seems to mitigate trapped holes in Si-O
bonds and electrons in oxygen vacancies. Both increased temperature and, to a lesser
extent, increased pressure enhance the hydrogen diffusion. A calculation predicts
that for typical fibers at 50°C above room temperature, the diffusion time is about 82
hours for near saturation.

Superconducting Transmission Line
R. E. Kelly [(505) 667-6492] (P-14)

A mathematical solution for a superconducting strip line has been completed.
The analysis is based on Bardeen-Cooper-Schrieffer (BCS) theory and therefore
does not necessarily apply to high-temperature superconductors. Maxwell's equa-
tions were applied to two thick parallel plates. Anomalous skin effects, as well as
displacement current inside the plates, were ignored. The surface impedance was
established in general and for various special cases. The propagation vector, whose
real and imaginary parts are related to attenuation and phase velocity, was then cal-
culated.

Radiation Effects in Hydrogen-treated Fibers
L. D. Looney [(505) 667-2494] (P-14), P. B. Lyons (ADDRA)

We are continuing to study the effects of radiation on fiber optics and related
components to improve the quality of data from detectors and transmitters in high-
radiation environments. The best fibers we have seen so far have a large hydroxyl
ion (OH') component. To improve the radiation resistance of such fibers, we ex-
posed two sets of eight fibers, all drawn from the same preform, to high-pressure
hydrogen for a time period long enough to permit diffusion into the glass. Then we
irradiated the fibers with a ^ C o source to fix the hydrogen in place. A week later, we
gave them a ^Co gamma-ray dose of 10 krad and measured the optical transmission.
We found a factor of 8 improvement over the best previous results; however, we are
continuing the studies to learn whether the improvement is permanent.
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Fast Charge-Coupled-Devise Read-out System
G. L. Stradling ((505) 667-8334] (P-14), Collaborators from EG&G Energy
Measurements, Inc.

P-14 is in the process of developing a downhole read-out system for cathode-ray
tube phosphors in NTS underground experiments. The 1-ms read-out time of this
system is based on a multiport CCD chip that we developed through EG&G Energy
Measurements, Inc., Los Alamos Operations. We should be able to read
oscillography, streak, and framing instruments. The current CCD chip format for
Rossi oscillography is 1,024 x 256 pixels with other configurations possible on the
same basic design. The chip is of an interline design, which allows on-chip
shuttering, fast clearing of background-induced noise, bloom control, and fast-frame
transfer. In addition, this design should be resistant to smearing from late-time
emission from the phosphors. A multiport read-out structure will allow us to
simultaneously read the image through 16 channels and get the image uphole in 1
ms. The image will be transferred uphole using commercial fiber-optic data links in
parallel. The modular design of the electronics of this system will allow CCD chips
of different formats to be used with the same basic electronics.

Fiber-Optic Magnetic Field and Current Diagnostics
L R. Veeser [(505) 667-7741], P. J. Rodriguez (P-14)

As part of a program to develop diagnostics for use in harsh environments, we
collaborated with M Division to develop the CN-III, an extremely high-energy,
explosive-driven, magnetic-flux compression generator. Our contribution was to
measure the performance of the generator using fiber-optic diagnostics. Fluxes were
large enough to damage the Rogowski loops and B-dot probes traditionally used for
such measurements. We tested a Faraday-rotation current sensor, a fiber-optic
Sagnac interferometer (also used to sense the current), and a zinc selenium crystal in
which the Faraday rotation measured the magnetic field. This experiment was the
first high-flux test of the zinc selenium crystal. The current diagnostics recorded just
over 160 MA—a record. The optical fiber carrying light to the magnetic-field sensor
broke from the motion of the generator at a field of 760 kG when the current was at
139 MA, which indicated that the flux reached a peak of 875 kG.

High-Pressure, Equation-oi-State Research
L. R. Veeser 1(505) 667-7741], M. Y. Hockaday, P. J. Rodriguez (P-14),
W. A. Teasdale (P-3), B. I. Bennett (T-l), R. J. Young (X-3)

We are continuing two sets of experiments to measure EOS parameters of met-
als at pressures between 10 and 100 Mbar. On a recent underground nuclear test, we
fielded several actinide samples to measure their shock velocities relative to molyb-
denum at pressures of 80 and 100 Mbar. Data analysis is just beginning. Meanwhile,
we are investigating the flatness and pressures of shock waves generated in a target
at the NOVA laser at LLNL. Preliminary results are acceptable; we are now concen- |
trating on equipment upgrades before proceeding. !
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P-15: Neutron Measurements Characterization and Use of a Fast Fluor for Time-resolved Imaging
Experiments
R. C. Haight [(505) 667-2829], F. H. Cverna (P-15), Collaborators from EG&G
Energy Measurements, Inc.

For time-resolved imaging of radiation with nanosecond shutter times, a fast
radiation-to-light converter (fluor) is required. We have characterized a fast liquid
fluor custom-made by coworkers at EG&G Energy Measurements, Inc. This fluor is
significantly faster than conventional plastic fluors, and yet it is nearly as bright. Its
decay time is approximately 1.3 ns. This fluor was used for the first time in a time-
resolved PINEX (PInhole Neutron Experiment) at the NTS.

Neutron Activation Studies
R. C. Haight [(505) 667-2829] (P-15), Collaborators from Argonne National
Laboratory, the University of Vienna, and the Japan Atomic Energy Research
Institute

Neutron activation is used to determine neutron fluence in fission and fusion
energy systems. In weapons diagnostics, it is referred to as radiochemistry. In fission
reactors, neutron activation is the principal method used for determining neutron
fluence and neutron spectra. These reactions also lead to induced radioactivity in
structural elements and therefore to the problem of radioactive waste management.
We concentrate on the "difficult region" of neutron energies from 8 to 13 MeV, a
region that is accessible through the H(t,n) neutron source reaction uniquely avail-
able at the Los Alamos Ion-Beam Facility. By measuring activation cross sections
for 58Ni(n,p)58Co, ̂ NKn.p^Co, and93Nb(n,2n)92mNb, we have been able to resolve
several discrepancies in the literature.

(n,alpha) Reaction Studies
R. C. Haight [(505) 667-2829], S. M. Sterbenz, T. M. Lee (P-15), Collaborators
fi'om Ohio University, the National Institute of Standards and Technology, and the
University of Vienna

Neutron-induced reactions thar result in charged particles are important for basic
neutron physics and for applications in neutron heating of materials, radiation dam-
age, biological dose, and neutron detector response. For complex target nuclei, al-
pha-particle production cross sections, angular distributions and emission spectra can
be used to test nuclear models of particle evaporation, as well as pre-equilibrium
particle emission. To this end, we have obtained data on targets of aluminum and
iron using the white neutron source at the Weapons Neutron Research Facility
(WNR/LAMPF) from threshold to over 30 MeV. In addition, we are investigating
(n,alpha) reactions on oxygen because of their importance in understanding the bio-
logical dose from fast neutrons.

A Feasibility Study of Orbital Neut-al-Particle-Beam Detection
R. J. Hughes [(505) 667-3876] (P-15), W. B. Cottingame (SST-8)

Because of neutralizer inefficiency, an NPB emits protons, as well as the neutral
hydrogen beam. In the NPB's orbit around the Earth, these protons could become
trapped in Earth's magnetic field; they could sustain lifetimes of up to several years.
If these protons could be detected, they would provide a means for monitoring and
detecting the operation of an NPB in Earth's orbit. Furthermore, because the NPB
will emit the protons in a well-collimated beam with a small energy spread, the pro-
tons could carry information about the NPB properties. We have completed a feasi-
bility study of the detectability of these protons. We have found that even a modest
NPB would be detectable through its emitted protons after only a few minutes.
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Feynman's Proof of the Maxwell Equations
R. J. Hughes [(505) 667-3876] (P-15)

A proof by Feynman—the only consistent interaction for a nonrelativistic par-
ticle has the form of the Lorentz force with fields that obey two of Maxwell's equa-
tions—was recently put on recoid. 1 have found that this remarkable result is a re-
flection of the fact that the "gauge" structure of modern dynamical theories is
intrinsic to the Lagrangian and action principle formulation rather than a limitation
of particle interactions to electromagnetic ones. Other examples of particle interac-
tions with a similar "gauge" structure include motion in a noninertial frame and
motion in a gravitational field. Feynman's argument also shows that, in general, the
equations of motion determine the quantum mechanical commutation relations.
Furthermore, the argument can be carried over to relativistic mechanics and field
theory.

Tests of Fundamental Symmetries with Trapped Antimatter
R. J. Hughes [(505) 667-3876], M. H. Hohscheiter (P-15)

Recent developments in the trapping of charged and neutral particles suggest
that significant improvements in the precision of spectroscopic measurements on
such systems can be anticipated. The application of these techniques to trapped
antiprotons, positrons, and ultimately antihydrogen atoms would allow new, high-
precision tests of the CPT (charge conjugation, parity, time-reversal) symmetry
between matter and antimatter, and the weak equivalence principle (WEP) with
antiparticles. The simplest expression of WEP, which has been tested with very high
precision for matter and forms the experimental foundation of modern theories of
gravity, is that all objects experience equal gravitational accelerations in the same
gravitational field. However, another aspect of WEP is that the rates of "clocks"
depend on their locations in the gravitational field. The cyclotron frequencies of
positrons or antiprotons in a magnetic field or the "sharp" transition frequencies that
could be measured in antihydrogen are examples of clocks in this sense. We have
found that a very high-precision test of WEP for antimatter could be deduced from a
comparison of the 1S-2S transitions in hydrogen and antihydrogen and, to a lower
precision, from proton-antiproton or electron-positron cyclotron frequency compari-
sons.

Airborne Mine Detection and Surveillance
N. S. P. King [(505) 667-4415], G. J. Yates, K. L. Albright (P-15), Collaborators
from Lawrence Berkeley Laboratory andEG&G Energy Measurements, Inc., Santa
Barbara Operations

The Airborne Mine Detection and Surveillance (AMDAS) program was initi-
ated under the sponsorship of the Naval Coastal Systems Center (NCSC) in response
to requirements from the Marine Corps. The objective of the AMDAS program was
to develop a system to identify mine fields in the beach area of potential landing
zones. The concept is to fly a camera system carried by a low-flying, high-speed
aircraft along the beach area to image the beach and shallow-water area at a rate
commensurate with the speed of the aircraft (approximately 500 knots). The image
data would be transmitted to a data-capture and analysis station at a remote location
(e.g., aboard a ship) where the data would be analyzed with recognition algorithms
to determine the presence of a mine field. P-15 was tasked with using the PINEX-
imaging technology, originally developed for the underground-testing (UGT) pro-
gram, to develop a high-repetition-rate, intensified, gated, CCD imaging camera for
AMDAS. Our goal was to develop a prototype camera with pixel read-out rates of
up to 100 megapixel/s with a CCD array size of at least 256 x 256 and an image
intensifier capable of generating repetitive optical gates of 5 to 10 ns at framing rates
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up to 5 KHz. The preliminary design of such a camera was completed, and a 2.2-
KHz (50 megapixel/s) prototype version (one-fourth of the total camera image) was
demonstrated to NCSC under the AMDAS program. The design (referred to as the
ICCD-GY-5) was based on the GY-2 CCD camera, which was designed for the
UGT program. A high-strip-current, microchannel-plate (MCP) image intensifier
(MCPII) with high-speed shuttering technology, also developed for the UGT pro-
gram, was fiber optically coupled to the GY-2 CCD camera for intensification and
gating. Together, the GY-2 CCD camera and the MCPII form the ICCD-GY-5 cam-
era.

Mine Detection Laser Technology
N. S. P. King [(505) 667-4415], G. J. Yates, K. L. Albright, T. E. McDonald (P-J5),
Collaborators from Lawrence Berkeley Laboratory and EG&G Energy
Measurements, Inc., Santa Barbara Operations

In August 1991, the AMDAS program, which was a mine detection program,
was terminated, and the Mine Detection Laser Technology (MDLT) program, an
alternate technology assessment program, was begun. This MDLT program in-
volved an assessment of existing technology to identify limitations of key compo-
nents in the proposed aerial-mine-detection system. P-15's portion of the system
required improvements in the speed of the CCD sensor and in the resolution and
repetition-rate capabilities of the gated intensifier. The GY-5 camera uses a Loral/
Fairchild CCD222 that was designed for standard TV video operation of approxi-
mately 5.5 megapixel/s. However, the CCD222 was tested for maximum operating
speed and was successfully operated at a pixel read-out rate of 50 megapixel/s. Loral
CCD designers indicated that the speed of the CCD222 was limited by the band-
width of the on-chip floating-gate output amplifier. Increased clocking rates to about
70 megapixel/s appear possible before other rate-limiting effects would dominate.
This higher rate would be obtained by redesigning the output amplifier to achieve as
high a bandwidth as practical with the approximately ten-year-old technology that is
employed in the manufacture of this sensor. Loral sensor designers speculated that
by using the most current technology available for sensor manufacture, a new sensor
that could achieve pixel read-out rates of 230 megapixel/s by increasing clocking
speed and multiporting could be designed. Loral is developing formal proposals and
cost estimates for the two options, an upgraded higher bandwidth CCD222, and a
newly designed high-speed sensor that has the potential for multiple ports. Gated-
intensifier improvements are in three areas: (1) stripline geometry of gate interface
for improved gate-pulse injection, (2) higher strip current and smaller pitch MCPs,
and (3) short-persistence phosphors such as P-46, P-47, and P-48.

Electron Beam Source for In Situ Testing of Image Intensifier Components
N. S. P. King [(505) 667-4415], K. L. Albright, G. J. Yates, S. A. Jaramillo,
S. M. Sterbenz, W. A. Decker (P-15), Collaborators from EG&G Energy
Measurements, Inc., Woburn Operations

P-15 has designed and constructed a 0- to 20-keV focused, gated, and scanned
electron source for the purpose of testing MCP and phosphor components of image
intensifiers. The electron gun, which is based on focus-projection-scan (FPS) tech-
nology for vidicon-diode guns, provides up to 20 |iA of current. We are in the pro-
cess of acquiring a more powerful gun, which will provide up to 2 mA of current.
The beam can be swept across a 30-miI aperture using internal electrostatic-deflec-
tion plates and allows the interrogation of components with 100-ps pulses of elec-
trons, or it can be used as a steady-state source. Phosphor samples are introduced via
a side port and are brought into the beam by a slide mechanism housed in a long
bellows once the side port has been evacuated. MCP electron multipliers are intro-
duced by opening the top of the chamber and attaching the MCP to a holder provid-
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ing power and signal connections. A Faraday cup is used to record beam diagnostics
such as pulse risetime and charge. Initial tests, conducted on a P-11 phosphor
sample viewed externally by a CCD camera, indicated that the beam uniformity is
good and that the scanning circuitry functions correctly. Several samples of different
phosphors, including P-20, P-31, P-46, P-47, and P-48, will be tested in late FY92.

A Multifunction Video Synchronization Generator
C. G. Peterson [(505) 665-1368], V. H. Holmes (P-J5)

Video cameras often do not come equipped with outputs of the synchronization
waveforms necessary for the coincident triggering of transient events. We con-
structed a trigger generator that incorporates a readily available synchronization
separator chip to extract the desired waveforms from the video output. In situations
where only a video signal is available, this device is particularly useful for event
triggering, oscilloscope triggering, digitizing triggering, and multiple-camera
genlocking. The unit also generates the XY ramps required for video-data display.
Timing waveforms needed to make soak measurements on vidicon tubes can also be
generated. Precisely generating long delays in relation to video timing signals allows
the strobe to fire at any time during the video field. By varying the strobe timing to
data deposition points, we can construct a curve for soak time.

Circular Format Zig-Zag Scanning of Vidicon Tubes
C. G. Peterson [(505) 665-1368], C. M. Simmons (P-15)

In our ongoing effort to increase camera read-out speed, we have developed a
nonconventional vidicon-tube scanning technique. Because all vidicon targets are
round, acquiring a full view requires overscanning with a conventional square format
scan, which results in 22% of the video frame time wasted. Furthermore, conven-
tional scanning employs horizontal flyback, which is typically 10% of the total frame
time. Our nonconventional scanning technique scans a circle rather than a square and
eliminates flyback time by reading both directions horizontally. Test results show a
frame-time reduction of about 30% with no loss of resolution or dynamic range and
no increased video-bandwidth requirements.

High-Speed Focus Projection and Scan Vidicon Camera
G. J. Yates [(505) 667-7529], R. A. Gallegos, M. H. Barton (P-15), Collaborator
from Xedar Corporation

A new high-speed, high-resolution, electrostatic-deflection vidicon camera for
use with high-definition, electron-gun (diode) FPS vidicons has been developed.
The new camera is a third-generation design that evolved from technology transfer
and collaboration between Los Alamos and Xedar Corporation. The camera features
surface-mount technology for analog-video preamplifiers and application-specific,
integrated-circuit programmable logic devices for timing and sync circuitry. The
camera can be asynchronously reset to record time-phased synchronization with
randomly occurring, external, transient optical events. Because rasters are program-
mable, nonstandard variable size (quantity of scan lines per field) and speed (dura-
tion of scan lines) formats can be selected for specific-imaging aspect ratios and
read-out requirements. Read-out rates as high as 625 Hz (1.6-ms field period) with
256 scan lines per field with limiting resolution of > 20 line pairs/mm and with a
dynamic range of > 200:1 from PbO (lead oxide) and saticon (selenium arsenic
tellurium) photoconductive targets were measured. Charge-equilibrium problems
resulting in superlinear transfer characteristics from transient low-intensity pulsed
illumination required modeling and model verification with experiments involving
targets charged by electronic and optical techniques for linear target response.
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High-Speed TV Cameras for Streak Tube Read-out
G. J. Yates [(505) 667-7529], R. A. Gallegos, V. H. Holmes (P-15), Collaborator
from Lawrence Berkeley Laboratory

Two fast-framing TV cameras have been developed, characterized, and com-
pared as read-out media for the imaging of 40-mm-diam streak-tube phosphor (P-20)
screens. One camera is based on an FPS high-speed, electrostatic-:ieflection vidicon
with a 30-mm-diam PbO target. The other uses an interline transfer CCD with a
rectangular, 8.8- by 11.4-mm silicon target. Measurements were made of the FOV,
resolution, responsivity, and dynamic range provided by both cameras when exposed
to short-duration, full-width-at-half-maximum (about 10 (is) transient illumination
(followed by a single-field read-out period of < 3 ms). A single, coherent fiber-optic
reducer (40 to 30 mm) was used to demagnify the streak-tube phosphor image before
the fiber optic was coupled to the FPS target. Two methods of demagnification for
use in front of the CCD were investigated to provide nearly equivalent FOV for the
8.8- by 11.4-mm CCD to that of the large-area 30-mm-diam FPS camera. One used
a coherent fiber-optics reducer (20 to 10 mm); the other used a diode image intensi-
fier with electron-optics minification (18 to 10 mm). An extra coherent fiber-optic
reducer (40 to 20 mm) was used for coupling to the streak-tube phosphor screen. The
additional demagnification was required for the CCD because its imaging area is
approximately 7 times smaller than that of the FPS camera (100 mm2 for the CCD
versus 707 mm2 for the FPS camera). Both cameras provided enough FOV to image
the approximately 40-mm-diam streak-tube phosphor screen. Under those condi-
tions, the FPS camera provided about 25% higher resolution in both the vertical and
horizontal axes than did the CCD. The CCD intensifier/minifier, however, provided
about 20 times higher sensitivity than did the FPS camera. Both cameras indicated
approximately the same dynamic range. If the FPS camera is coupled to an image
intensifier with similar gain to that provided by the CCD's intensifies it could pro-
duce equivalent sensitivity and conserve its higher resolution. In essence, both the
CCD and FPS sensors can deliver similar gain and resolution if one has control over
pertinent external parameters. Both were successfully fielded on events at the NTS
using PINEX diagnostics.

High-Speed Test Station for Solid-State Imagers
G. J. Yates 1(505) 667-7529], K. L. Albright, T. E. McDonald, J. P. Black,
C. R. Pena (P-15), Collaborator from Lawrence Berkeley Laboratory

A solid-state test station for solid-state imagers has been designed and is in the
final development phases. The station is designed to provide a flexible, universal
high-speed platform for evaluating different imager designs and formats, including
various multiport configurations. The system provides drive and acquisition cir-
cuitry and components for electro-optic characterization of imagers as a function of
pixel read-out rate. The drive circuitry includes a multichannel, programmable
pattern generator and high-speed level shifters to clock the imager's parallel (verti-
cal) and serial (horizontal) registers and several control inputs. A PC-based
Tektronix DAS9200 digital logic (emitter-coupled logic or transistor-transistor logic)
pattern-generator and waveform-acquisition system, configured for 24 independent
channels (8 capable of waveform generation at 100 MHz and 16 at 50 MHz), pro-
vides the drive signals to the level shifters, which operate the imager. Relative time
phasing among waveforms is programmable to + 5 ns with a 1-ns resolution. The
acquisition and display components include externally clocked high-speed (100
megapixel/s) digitizers and programmable digital-to-analog converters for reduced-
output pixel rates. A multichannel LeCroy 9424 8-bit digital oscilloscope is used for
digitization and storage. A software scan converter based upon a LeCroy 9100
Arbitrary Function Generator reformats the high-rate imager to RS-170 (video) rates
for display and analysis.

64 Physics Division Annual Report 1991



Project Descriptions

Image-Intensifier Test Station
G. J. Yates [(505) 667-7529j, S. A. Jaramillo, M. J. Barron, K. L. Albright (P-J5)

P-15 uses image intensifiers for fast-optical shutters and light amplifiers. To
assess the operational characteristics of image intensifiers (including gate width,
resolution, absolute responsivity, and shutter ratios), P-15 has developed a test sta-
tion that provides accurate time phasing between electrical gate pulses and short-
duration (0.1 to 10 ns) pulsed light sources, including laser diodes and a Nd:YAG
(neodymium in a yttrium aluminum garnet host) pulsed laser. Continuous-wave
light sources and resolution patterns are housed in "optoliner" optics. A calibrated
radiometer is used for recording intensifier gain as a function of gate width, MCP
gain, wavelength, and light-shutter ratios. A high-resolution CCD video camera is
used for recording "walk-throughs" whereby a fast-pulsed, short-duration light
source is accurately adjusted in 100-ps time increments relative to the electrical-gate
pulse. The electrical-gate pulse gates the intensifier and thereby measures the corre-
lation between the electrical- and optical-gate widths. Performing walk-throughs is
essential for measuring and characterizing high-speed shuttering of gated-image
intensifiers. Several units have been characterized and calibrated for future events
involving PINEX diagnostics and MDLT applications.

Measuring Neutron Fluences and Gamma- and X-ray Fluxes with CCD
Cameras
G. J. Yates 1(505) 667-7529] (P-15). Collaborators from the Atomic Weapons
Establishment of the United Kingdom and EG&G Energy Measurements, Inc., Santa
Barbara Operations

We have demonstrated the capability of measuring bursts of neutron fluences
and gamma- and x-ray fluxes directly with CCD cameras and of distinguishing be-
tween the video signals produced by these two types of radiation (even when they
occur simultaneously). Volume and area measurements of transient radiation-in-
duced pixel charge in English Electric Valve (EEV) frame-transfer CCDs from irra-
diation with pu Ised sources of neutrons (14 MeV) and bremsstrahlung photons (16-
MeV endpoint) were used to calibrate the devices as radiometric imaging sensors
capable of distinguishing between the two types of ionizing radiation. Measurements
indicate a responsivity of about 0.5 V/rad with > 1 rad required for saturation from
bremsstrahlung photon irradiation. Neulron-generated localized charge centers
(peaks or sta.s), binned by area and amplitude as functions of fluence ranging from
105 to 107 neutrons/cm2, indicated smearing over about 1 to 10% of the CCD array
with charge per pixel ranging between noise and saturation levels. Measurements
successfully obtained in field environments on NTS experiments have provided data
that were comparable within 10% of data obtained from conventional techniques.
This generic type of radiation sensor will be used on future NTS PINEX experiments
to monitor transient gamma and neutron radiation in P-15 TV boxes.

Rate Effects of Standard and High Strip-Current Multichannel-Plate Image
Intensifiers
G. J. Yates [(505) 667-7529], K. L. Albright (P-15), Collaborators from EG&G
Energy Measurements, Inc., Santa Barbara Operations

We characterized MCPIIs for NTS applications requiring the single-transient
acquisition of radiation-induced optical images with 1 - to 5-ns gate widths. Re-
cently, our efforts have been directed toward characterizing these MCPIIs under
pulsed illumination at variable repetition rates with 5-ns, or longer, gate widths. The
gains of gated MCPIIs as functions of repetition rale (up to 10 kHz) were measured.
Comparisons were made between the gain and saturation behaviors of a standard
International Telephone and Telegraph (ITT) Corporation F4111 MCPII and a simi-
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lar ITT device incorporating a high strip-current MCP. Standard MCPs deliver strip
currents of 1 to 2 (iA/cm2. whereas high strip-current MCPs can deliver from 10 to
100 uA/cm2. The most notable effect observed for the standard MCPII was a de-
cline in luminous gain with an increasing rate of gate repetition and with higher input
irradiances. On the other hand, the intensifier with the higher strip-current MCP
exhibited little or no reduction in gain for gating frequencies from 0.5 to 10 kHz
under similar test conditions (an input energy density of 60 pj/cm-). The charge
storage capacity and recharge time of the standard MCPII are the most likely limit-
ing factors in its ability to maintain a constant gain at high repetition rates. A model

\ was developed to examine and predict rate-limiting effects of the recharge time on
,• the MCP gain for comparison with the actual measurements. The model proved
' valuable in specifying MCP strip-current values (> 30 |iA/cirr) required for con-
j stant gain at repetition rates above 1 kHz.

Research and Development of High-Speed Charge-Injection
and Charge-Coupled Devices

• G. J. Yates [(505) 667-7529}. N. S. P. King, K. L. Albright, T. E. McDonald (P-15),
Collaborator from Lawrence Berkeley Laboratory

Research and development efforts in P-15 include development of four high-
speed solid-state imagers, in-house development of a test station for imager charac-
terization and camera-design-parameter modeling, and camera-prototype fabrication.
Two imagers [(a 512- by 512-pixel, four-port charge-injection device (CID) by CID
Technologies, Inc., and a 512- by 512-pixel, eight-port EEV frame-transfer CCD)]
have been developed. Sample devices are currently in the test phase and should be
completed by late FY92; the fabrication of a multiport camera is scheduled for late
FY92 and early FY93. Two imagers (a 244- by 380-pixel, single-port, interline-
transfer CCD by Loral/Fairchild Company with an 85-MHz video amplifier and a
256- by 512-pixel, two-port, electron-bombarded proprietary CCD) are in the con-
tract-negotiation phase with design and fabrication scheduled for late FY93 and early
FY94; the fabrication of the camera is scheduled for late FY94.

Gated-Image-Intensifier Development
K. L Albright [(505) 667-1184], G. J. Yates, S. A. Jaramillo, N. S. P. King.
T. E. McDonald (P-15), Collaborators from EG&G Energy Measurements. Inc.,
Woburn and Santa Barbara Operations

P-15 is involved in two efforts: (1) commercializing a gated (< 1 ns), 40- to 30-
mm image intensifier (with MCP/phosphor output) with two manufacturers from the
United Kingdom, EEV, and Photek and (2) replacing the MCP-phosphor combina-
tion with modified designs of either an electron-bombarded CCD to obtain the nor-
mal, intensified silicon gain (one electron-hole pair per about 3.6 eV) for imaging or
an avalanche, silicon photodiode target to obtain additional increased gain (10 to 100
times predicted from avalanche multiplication) for high-speed gated photomultiplier
applications. Prototypes from Photek are in the testing phase and are scheduled for
completion by late FY92. Prototypes from EEV are scheduled for delivery by early
FY93; the modified version is in the contract-negotiation phase (prototypes expected
by FY94). P-15 is also performing evaluations of high strip-current, proximity-
focused MCP intensifiers with stripline-geometry gating (previously developed in P-
15 for 700-ps to 1.2-ns shuttering requirements) and with fast P-46, P-47. and P-48
phosphors. Samples are in hand from ITT, and contracts are being negotiated for
units from Philips, EEV, Hamamatsu, and IMCO Electro-optics, Ltd. Testing will
commence in FY92.
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Support Tests for the Airborne Mine Detection and Surveillance/Mine
Detection Laser Technology Program
G. J. Yates [(505) 667-7529]. K. L. Albright, W. A. Decker, S. A. Jaramillo.
C. R. Pena, T. E. McDonald, N. S. P. King (P-J5), Collaborators from Lawrence
Berkeley Laboratory and EG&G Energy Measurements, Inc., Santa Barbara
Operations

A series of field-based experiments will support the AMDAS/MDLT program
before the ICCD-GY-5 protorvrje is deployed in actual airborne fielding configura-
tion. Two tests, referred to as "Tank" and "Pier," have been scheduled. The tank
tests are designed to measure system performance in water in a controlled environ-
ment where a pulsed laser and our ICCD-GY-5 camera will be used to measure the
effects of the depth and quality of water on the resolution of submerged targets. A
tank, provided by EG&G Energy Measurements, Inc., Santa Barbara Operations,
will be used to carry out the measurements. P-15 will supply a ICCD-GY-5 camera
modified to operate at the standard RS-170 (video) format to allow use of an RS-170
digitizer and data analysis/display system (Big Sky's PC-based Beam Code). The
test will also include a slow-speed, high-resolution, wide-dynamic-range camera that
will be used to make independent measurements without the inherent degradation in
the ICCD-GY-5 high-speed intensified camera. In addition to the ICCD-GY-5, P-15
designed a video-based, alpha-numeric annotator to record several test variables in
real time directly on the data frame captured by the cameras to provide gain- and
gate-width calibration and laser-timing information associated with a particular
frame. The design also provides digital binary encoding of these variables during the
ICCD-GY-5 vertical interval. We also designed a real-time calibration system using
a pulsed-laser light source to calibrate the entire ICCD-GY-5 coupled-system
electro-optic response on a frame-by-frame basis. An electronic calibration used to
independently calibrate the video-amplifier gain and frequency response was also
designed into the ICCD-GY-5 camera.

Study of the Mechanism of Nuclear Fission of 238U(n,f) at the Weapons
Neutron Research Facility
A. Gavron [(505) 667-5475], J. P. Lestone. W. E. Parker, C. Zoeller (P-17),
Collaborators from 77/ Darmstadt (FRG), Georgia State University, and the
National Institute of Science and Technology

We have developed two novel pin-diode detector arrays to measure fission-
fragment mass and kinetic-energy distributions in the 2- to 400-MeV neutron energy
range. Neutrons have been detected in coincidence with the fragments using six
scintillation detectors and employing TOF and pulse-shape-discrimination tech-
niques. We registered approximately 280,000 fission events at 4 events/s using an
80-mm-diam target of 200-jUg/cm2 natural uranium to improve count rates. For the
1991 run cycle, we obtained 105-mm-diam targets of 800-jUg/cm2 depleted uranium
to improve count rates. Using the characteristic focusing of the neutrons emitted by
the fragments, we are separating the postscission and prescission contributions to the
neutron angular distribution. Together with the mass and kinetic-energy distribu-
tions, we should be able to separate the contributions of the different "chances" of
fission. Finally, these data should give us important clues toward an understanding of
the temperature dependence of nuclear dissipation and fission-barrier height.

P-17: Neutron and Nuclear
Science
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Measurements for Nonstandard Big-Bang and s-Process Nucleosynthesis
P. E. Koehler 1(505) 667-7237], S. M. Graff (P-J 7), Collaborators from Noire Dame
University, Kernforsclnwgszentrum Karlsruhe

; We have measured the 14C(n,y)15C cross section at a stellar temperature of kT =
25 keV. Calculations had indicated that !4C acts as a bottleneck to possible heavy-
element nucleosynthesis in nonstandard models of the big bang. We measured the
cross section to be 1.7 (ib, about a factor of 5 smaller than predicted; hence, I4C is an

; even more effective barrier to heavy-element nucleosynthesis than what was previ-
ously thought. We also measured the 17O(n,a)14C cross section from 0.025 eV to 1
MeV. If a way can be found around the 14C bottleneck, then nucleosynthesis is cal-
culated to proceed through ' 7O and onto the heavier elements via a series of neutron
captures. However, our data show that the (n,a)/(n,y) ratio for I7O is between 103

and 104 at big-bang temperatures, so most of the flow returns to 14C instead of pro-
ceeding on to heavier elements. We also measured the 35Cl(n,p)35S cross section
from 0.025 eV to 100 keV. Our data show that this cross section is about 6 times
smaller than 35Cl(n,y)36Cl at s-process temperatures and hence does not provide a
significant branch to the subsequent production of the rare isotope 36S.

Study of the Isovector Giant Quadrupole Resonance with the 40Ca(n,Yo)
Reaction
C. M. Laymon [(505) 667-4685], R. O. Nelson, S. A. Wender (P-I7)

Three-point gamma-ray angular distributions in the 4l>Ca(n,yo) reaction were
measured from En = 8 to 44 MeV at the WNR white neutron source at LAMPF. An
observed energy-dependent asymmetry at about 90° was interpreted as the result of
the interference of isovector giant quadrupole resonance with background El ampli-
tudes. The present data agree with previous low-energy data; however, at higher
incident-neutron energies, the present data do not agree with direct semi-direct
(DSD) model calculations that are based on low-energy data alone. Attempts to
adjust the DSD parameters to achieve agreement with the data require an unreason-
able fraction of the E2 sum rule. Good agreement with the data and reasonable E2
strengths are obtained when the direct El contribution to the cross section is reduced
to one-third of the calculated value.

High-Resolution (n,xy) Measurements
R. O. Nelson [(505) 667-7107], C. M. Laymon, S. A. Wender (P-17). R. C. Half-lit
(P-J5), Collaborators from the University of Vienna

High-resolution experiments at the WNR Facility involving gamma-ray produc-
tion use high-resolution germanium detectors to measure gamma rays from specific
decays in nuclei produced by neutron-induced nuclear reactions. The broad range
and high energy of the WNR neutron source make this unique facility ideal for mea-
suring nuclear-reaction cross sections as a function of energy and for observing
nuclear reactions in the medium-energy range. In this continuing program of mea-
surements, we have obtained more extensive data on -08Pb(n,xny). where 1 < x < 11.
and on 16O(n.xy). The analysis of these data and previous data is continuing. The
data on lead are primarily of interest for testing nuclear-reaction models, in particu-
lar, for pre-equilibrium nuclear reactions. However, the measured cross sections
should have many applications, including assessing the suitability of lead for use in
accelerator production of tritium and the transmutation of nuclear waste. The experi-
ment on 16O was motivated by the need for a more accurate measurement of the
160(n.a) cross section. This cross section is required for the interpretation of a neu-
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tron-multiplication experiment for the fusion-energy program. Previous data on
207Pb(n,2ny) and 56Fe(n,2ny) helped spark an interest in improving nuclear model
calculations at Los Alamos and appear to provide a very sensitive test of multiple
pre-equilibrium emission effects in calculated cross sections.

Single-Pulse Neutron Experiments
W../. Trela [(505) 665-4 J23] (P-J7). Collaborator from the University of Kiel

Project Descriptions

The combination of intense neutron bursts from LANSCE with modern neutron
detectors has allowed us to begin work on exciting new experiments using single-
neutron pulses. After performing early demonstration experiments showing the feasi-
bility of the techniques, we have embarked on a program to improve the resolution
and sensitivity of LANSCE flight path 5 to a level where experiments of scientific
and technological interest can be performed. Flight path 5 was extended to 60 m; this
major construction project made a resolution of 5 x 10"4 possible. We built a large 13
photomultiplier-tube detector that will provide adequate signal from a single pulse
and enable us to use the improved resolution. We have also designed a building and
other facilities to complete the construction of the flight and plan to have a fully
operational flight path by the next LAMPF run cycle. We performed some simple
experiments on the existing flight path 5 to take advantage of the FY91 LAMPF run
cycle. These experiments concentrated on high-spatial resolution. A collimator with
a 0.75-mm-diam hole was built, and measurements were made to thisspatial resolu-
tion of the stress distribution around the tip of a crack in a standard steel specimen.
We expect to improve this spatial resolution to at least 0.5 mm with minor changes
to the collimator and to our data-acquisition system. We believe that the capability to
make stress measurements with this fine a spatial resolution is unique. Therefore,
although our major objective in pursuing these measurements was to test our new
detector and flight-path shielding and collimation assembly, we have shown an im-
portant and new capability for this flight path.

Neutron-Proton Bremsstrahlung Experiment
S. A. Wender 1(505) 667-1344], J. E. Koster, R. O. Nelson (P-17), M. E. Schillati
(MP-4), Collaborators from the University of California, Davis: Lawrence
Livermore National Laboratory; ISN, Grenoble; and the University of Saskatchewan

Neutron-proton bremsstrahlung (NPB) is a fundamental process that involves
the emission of gamma rays during neutron-proton collisions. A number of calcula-
tions of the NPB cross section have been made, but the sparse data available do not
allow verification of the details of the calculations. The study of this reaction should
provide insight into the nucleon-nucleon interaction by looking at its off-shell behav-
ior and meson-exchange effects. The NPB cross section is of interest in heavy-ion
physics to aid in understanding the production of high-energy gamma rays observed
in heavy-ion collisions. In the past year, two large multielement gamma-ray tele-
scopes were constructed and tested, a liquid-hydrogen target was built and operated,
data-acquisition electronics were purchased and set up, and computer programs for
data acquisition were written. Preliminary, inclusive gamma-ray production data
were acquired for neutron energies from 50 to 400 MeV during a short run at the
WNR Facility.
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Appendix A
Physics Division Data, FY91

Physics Division Groups:
Principal Missions,
Budgets, and Sizes

High Energy-Density Phys/cs (P-l) Costs: $5.1 million
Staff Members: 16.0 FTE

Graded Employees: 13.4 FTE

Medium-Energy Physics (P-2) Costs: $3.6 million
Staff Members: 16.3 FTE

Graded Employees: 4.8 FTE

Subatomic Research and
Applications (P-3)

Costs: $8.2 million
Staff Members: 16.2 FTE

Graded Employees: 10.0 FTE

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

Costs: $3.7 million
Staff Members: 10.4 FTE

Graded Employees: 10.4 FTE

Biophysics (P-6) Costs: S2.8 million
Staff Members: 12.0 FTE

Graded Employees: 4.0 FTE

Los Alamos Ion-Beam Facility (P-9) Costs: $1.0 million
Staff Members: 2.0 FTE

Graded Employees: 5.2 FTE
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Costs: $3.5 million
Staff Members: 12.5 FTE

Graded Employees: 6.2 FTE

Condensed-Matter and Thermal
Physics (P-10)

Costs: $10.2 million
Staff Members: 27.1 FTE

Graded Employees: 20.4 FTE

I Fast Transient Plasma
Measurements (P-14)

Costs: $11.9 million
Staff Members: 33.8 FTE

Graded Employees: 21.2 FTE

I Neutron Measurements (P-15)

Costs: $2.8 million
Staff Members: 10.3 FTE

Graded Employees: 5.2 FTE

i Neutron and Nuclear Science (P-17)

Costs: $1.2 million
Staff Members: 6.0 FTE

Graded Employees: 0.0 FTE

j Physics Division Office (P-DO)

Inertial Confinement
Fusion

8.5% $5.1 M

Office of Energy
Research

10.3% $6.2 M

Weapons
36.2% $21.6 M

Physics Division Costs, FY9I

m
Miscellaneous
13.2% $7.9 M

Reimbursable

Laboratory Directed 1 8 ' 1 % $ 1 °-8 M

Research and Development
13.8% $8.2 M
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Publications, Invited Talks,
Book Chapters, and Patents

J o u r n a l Art ic l e s i T. Akesson, "A Search for Weakly Interacting Neutral Particies in Missing Energy
| Events in 450 GeV/c PN Collisions," Zeitschriftfuer Physik C 52.219 (1991).
i

| T. Akesson, "Diffraction Dissociation of Nuclei in Collisions with 450 GeV/c
I Protons," Zeitschriftfuer Physik C 49,355 (1991).

i

i T. Akesson, "Measurement of the Transverse Energy Flow in Nucleus-Nucleus
Collisions at 200 GeV per Nucleon," Nuclear Physics B 353,1 (1991).

D. M. Aide, H. W. Baer, T. A. Carey, G. T. Garvey, A. Klein, C. Lee, M. J. Leitch.
J. W. LiJlberg, P. L. McGaughey, C. S. Mishra, J. M. Moss, J.-C. Peng,
C. N. Brown, W. E. Cooper, Y. B. Hsiung, M. R. Adams, R. Guo, D. M. Kaplan,
R. L. McCarthy, G. Danner, M. J. Wang, M. L. Barlett, and G. W. Hoffman,
"Nuclear Dependence of the Production of Y Resonances at 800 GeV," Physical
Review Letters 66,2285 (1991).

D. M. Aide, H. W. Baer, T. A. Carey, G. T. Garvey, A. Klein, C. Lee, M. J. Leitch,
J. W. Lillberg, P. u. McGaughey, C. S. Mishra, J. M. Moss, J.-C. Peng,
C. N. Brown, W. E. Cooper, Y. B. Hsiung, M. R. Adams, R. Guo, D. M. Kaplan,
R. L. McCarthy, G. Danner, M. J. Wang, M. L. Barlett, and G. W. Hoffman. "The
A-Dependence of J T and *F* Production at 800 GeV/c," Physical Review Letters 66,
133(1991).

P.-M. Allemand, K. C. Khemani, A. Kock, F. Wudl, K. Holczer, S. Donovan,
G. Gruner, and J. D. Thompson, "Organic Molecular Soft Ferromagnetism in a
Fullerene Carbon^," Science 253, 301 (1991).

T. Allison, C. C. Wood, and G. McCarthy, "Cortical Somatosensory-
evoked Potentials: II. Effects of Excision of Somatosensory or Motor Cortex in
Humans and in Monkeys," Journal ofNeurophysiology 66,64 (1991).

S. P. Armes, M. Aldissi, G. C. Idzorek, P. W. Keaton, L. J. Rowton, G. L. Stradling.
M. T. Collopy, and D. B. McColl, "Particle Size Distributions of Polypyrrole
Colloids," Journal of Colloid and Interface Science 141:1,119 (1991 j .

H. W. Baer, M. J. Leitch, C. S. Mishra, Z. Weinfeld, E. Piasetzky, J. R. Comfort.
J. Tinsley, and D. H. Wright, "Pion Double-Charge-Exchange Reaction on ^ C a at
50 MeV," Physical Review Letters C 43, 1458 (1991).

F. Begay, "Strong Langmuir Turbulence in Laser-created Plasmas," Physics Letters
4 153:1,27(1991).

P. Batistoni and C. W. Barnes, "Computation of Classical Triton Bumup with High
Plasma Temperature and Current," Plasma Physics and Controlled Fusion 33:14.
1735(1991).
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B. Brinkmoller. C. L. Blilie, D. Dehnhard, M. K. Jones, G. M. Martinez, S. K. Nanda,
S. M. Sterbenz, Y.-F. Yen, L. G. Atencio, S. J. Greene, C. L. Morris, S. J. Seestrom,
G. R. Burleson, K. S. Dhuga, J. A. Faucett, R. W. Garnett, K. Maeda, C. F. Moore,
S. Mordechai, A. Williams, S. H. Yoo, and L. C. Bland, "Elastic Scattering of 7t+ and
n- from 4He Between 90 and 240 MeV," Physical Review C 44,2031 (1991).

R. E. Brown, J. B. Camp, and T. W. Darling, "Antimatter Gravity Experiment,"
Nuclear Instruments and Methods B 56-57,480 (1991).

J. B. Camp, T. W. Darling, and R. E. Brown, "Macroscopic Variations of Surface
Potentials of Conductors," Journal of Applied Physics 69, 7126 (1991).

P. C. Canfield, J. D. Thompson, W. P. Beyermann, A. Lacerda, M. F. Hundley,
E. Peterson, Z. Fisk, and H. R. Ott, "Magnetism and Heavy-Fermion Behavior in
Rare Earth Bismuth Platinum Series," Journal of Applied Physics 70,5800 (1991).

P. C. Canfield, J. D. Thompson, and Z. Fisk, "Novel Cerium Magnetism in Cerium-
Dipictnide and Di-Cerium-Pictnide Structures," Journal of Applied Physics 70,5992
(1991).

A. D. Chacon, J. A. Bistirlich, R. R. Bossingham, H. Bossy, H. R. Bowman,
C. W. Clawson, K. M. Crowe, T. J. Humanic, M. Justice, P. Kammel, J. M. Kurck,
S. Ljungfelt, C. A. Meyer, C. Petitjean, J. O. Rasmussen, M. A. Stoyer,
O. Hashimoto, W. McHarris, J. P. Sullivan, K. L. Wolf, and W. A. Zajc, "Pion Corre-
lations in Relativistic Heavy-Ion Collisions for Three Symmetric Systems," Physical
Review C 43,1789(1991).

X. Y. Chen, J. R. Shepard, M. R. Braunstein, T. A. Carey, K. W. Jones,
J. B. McClelland, L. Rees, T. N. Taddeucci, N. Tanaka, and A. D. Bacher, "Complete
Spin Transfer Measurements for Inelastic Polarized Proton Scattering from ^C"
Physical Review C 44,2041 (1991).

S.-W. Cheong, A. S. Cooper, L. W. Rupp, Jr., B. Batlogg, J. D. Thompson, and
Z. Fisk, "Magnetic Dilution Study in La2CuO4: Comparison with Other 2-D Mag-

nets," Physical Review B 44,9739 (1991).

R. E. Chrien, J. C. Fernandez, I. Henins, R. M. Mayo, and F. J. Wysocki, "Evidence
for Runaway Electrons in a Spheromak Plasma," Nuclear Fusion 31,1390 (1991).

R. E. Chrien, "Neutron Calibration for the FRX-C/LSM Magnetic Compression Ex-
periment," Review of Science Instruments 62,1489 (1991).

F. W. N. de Boer, K. D. Wyatt, M. Justice, J. A. Bistirlich, R. R. Bossingham,
A. D. Chacon, K. M. Crowe, R. van Dantzig, C. Grab, P. Kammel, S. Ljungfelt,
C. A. Meyer, C. Petitjean, J. C, Rasmussen, M. A. Stoyer, J. P. Sullivan, and
Y. W. Xu, "Search for Bound States of Negative Pions and Neutrons in Relativistic
Heavy-Ion Reactions," Physical Review D 43,3063 (1991).

D. M. Drake, S. A. Wender, R. O. Nelson, D. A. Clark, M. Drosg, W. Amian,
J. Brueckner, and P. A. J. Englert, "Experimental Simulation of Martian Neutron
Leakage Spectra," Nuclear Instruments and Methods in Physics Research A 309,575
(1991).

D. M. Drake, S. A. Wender, R. O. Nelson, D. A. Clark, M. Drosg, W. Amian,
J. Brueckner, and P. A. J. Englert, "Simulation of Martian Neutron Leakage Spectra,"
Nuclear Instruments and Methods A 309,575 (1991).
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| R. Ecke, T. Sullivan, and R. Mainieri, "Universality in Quasiperiodic Rayleigh-
: Benard Convection," Physical Review A 44, 8 1 03 (1991).

; P. C. Efthimion et al., "Comparison of Steady-State and Perturbative Transport Co-
• efficients in TFTR," Physics of Fluids B: Plasma Physics 3:8,2315 (1991).
i

: S. R. Elliott and R. G. H. Robertson, "Detecting Neutrinos from the Sun,"
• Contemporary Physics 32, 251 (1991).

R. Erickson and P. R. Forman, "Improving the Signal to Noise of FIR Polarimetry
i on Constrained Access Plasma Experiments," IEEE Transactions on Plasma Science
; 19:6,1248(1991).

| Z. Fisk, P. C. Canfield, W. P. Beyermann, J. D. Thompson, M. F. Hundley.
! H. R. Ott E. Felder, M. B. Maple, M. A. Lopez de la Torre, P. Visani, and

C. L. Seaman, "Massive Electron State in YbBiPt," Physical Review Letters 67,
; 3310(1991).

: Z. Fisk, J. D. Thompson, M. F. Hundley, R. B. Schwarts, G. H. Kwei, J. E. Schirber.
S.-W. Cheong, A. S. Cooper, P. Bordet, and M. Marezio, "Properties of T*-Phase
Cuprate Materials," Journal of Less-Common Metals 168,31 (1991).

P. R. Forman, F. C. Jahoda, and B. L. Mason, "Multimode Fiber Interferometry With
and Without Phase Conjugation," Applied Optics 30:13,1629 (1991).

M. M. Fowler, J. C. Gursky, and J. B. Wilhelmy, "Preparation of Actinide Targets
. and Sources Using Nonaqueous Electrodeposition," Nuclear Instruments and Meth-
• ods in Physics Research A 303, 99 (1991).

C. M. Frankle, J. D. Bowman, J. E. Bush, P. P. J. Delheij, C. R. Gould, D. G. Haase,
: J. N. Knudson, G. E. Mitchell, S. Penttila, H. Postma, N. R. Roberson,

S. J. Seestrom, J. J. Szymanski, S. H. Yoo, V. W. Yuan, and X. Zhu, "Sign Correla-
tions and Parity Nonconservation in Neutron Resonances in 23-Th," Physical Re-
view C 67,564(1991).

A. K. Ganguli, M. A. Subramanian, and G. H. Kwei, "Oxides of the Type
TISr2Cui_xMxO5 (M = Iron, Cobalt) Having the 121 Structure," Journal of Solid
State Chemistry 91,397 (1991).

A. Gavron, "Response of a Sampling Calorimeter to Low-Energy Particles,"
Nuclear Physics A 252,677 (1991).

J. S. George, P.S. Lewis, D. M. Ranken, L. Kaplan, and C. C. Wood. "Anatomical
Constraints for Neuromagnetic Source Models," SPIE Medical Imaging V: Image
Physics 1443,37 (1991).

P. C. Hammei, E. T. Ahrens, A. P. Reyes, R. H. Heffner, P. C. Canfield.
S.-W. Cheong, Z. Fisk, and J. E. Schirber,"] 3 9La NMR and NQR Study of the
Temperature Dependent Structure of La2CuO4+de]ia," Physica C185-189, 1095
(1991).

W. W. Heidbrink, C. W. Barnes, G. W. Hammett, Y. Kusama, S. D. Scott,
M. C. Zarnstorff, L. C. Johnson, D. McCune, S. S. Medley, H. K. Park.
A. L. Roquemore, J. D. Strachan, and G. Taylor, "The Diffusion of Fast Ions in
Ohmic TFTR Discharges," Physics of Fluids B: Plasma Physics 3:11.3167 (1991).
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A. P. Heinson, J. Horvath, C. Maihiazhagan, W. R. Molzon, K. Arisaka. R. D. Cous-
ins. T. Kaarsberg, J. Konigsberg, P. Rubin, W. E. Slater, D. L. Wagner, W. W.
Kinnison, D. M. Lee, R. J. McKee, E. C. Milner, G. H. Sanders, H.-J. Ziock,
P. Knibbe, J. Urheim, K. A. Biery. M. V. Diwan, G. M. Irwin, K. Lang,
J. Margulies, D. A. Ouimette, A. Schwartz, S. G. Wojcicki. L. B. Auerbach,
J. Belz, P. Buchholz, V. L. Highland, W. K. McFarlane, M. Sivertz, J. L. Ritchie
A. Yamashita, M. D. Chapman, M. Eckhause, J. F. Ginkel, A. D. Hancock
J. R. Kane, C. J. Kenney, Y. Kuang, W. F. Vulcan, R. E. Welsh, R. J. Whyley, and
R. G. Winter, "Higher Statistics Measurement of the Branching Ratio for the Decay
K°L -> JUJU," Physical Review D 44, 1 (1991).

S. Hoibraten, S. Gilad, W. J. Burger. R. P. Redwine, E. Piasetsky, H. W. Baer,
J. D. Bowman, F. H. Cverna, F. Irom, M. J. Leitch, J. N. Knudson, S. A. Wood, and
S. H. Rokni. "Coincidence Measurements of the (7i+, nP p) Reaction at Tn

+ = 165
MeV," Physical Review Letters C 43, 1255 (1991).

K. Holczer, O. Klein, G. Gruner, J. D. Thompson, and R. J. Whetton, "Critical Mag-
netic Fields in the Superconducting State of Potassium(3) Carbon(60)," Physical
Review Letters 67, 271 (1991).

J. Hriljac, J. B. Parise. G. H. Kwei, and K. B. Schwartz, "The Synthesis and ad initio
Crystal Structure Determination of CuPt3O6 from a Combination of Powder X-ray
and Neutron Data," Journal of Physics and Chemistry of Solids 52,1273 (1991).

R. J. Hughes, "Antihydrogen in a New Light," Nature 353,700 (1991).

R. J. Hughes and M. H. Holzscheiter, "Constraints on the Gravitational Properties of
Antiprotons and Positrons from Cyclotron Frequency Measurements," Physical
Review Letters 66, 854 (1991).

R. J. Hughes. G. L. Greene, and E. Fischbach, "Is Planck's Constant Unique: A New
Test of Quantum Mechanics," Physical Review Letters 66, 256 (1991).

R. J. Hughes, "Reminiscences of John Bell," Europhysics News 22, 70 (1991).

J. Hylen, J. Matthews, A. Weinstein, B. Hubbard, K. O'Shaughnessy, D. Pitzl,
A. Seiden, W. Miller. T. Thompson, M. Gamble, C. Baker, G. Dransfield, H.-J.
Ziock, R. Reid. K. Woloshun, and J. Bradley, "Silicon Tracker for the Superconduct-
ing Supercollider," Nuclear Instruments and Methods A 310,497 (1991).

F. C. Jahoda. P. R. Forman, and B. L. Mason, "Quantitative Evaluation of Phase-
Conjugate Novelty Filters," Optics Letters 16:19, 1532 (1991).

D. L. Jassby. C. W. Barnes, M. G. Bell, M. Bitter, R. Boivin, N. L. Bretz,
R. V. Budny, C. E. Bush, H. F. Dylla, and P. C. Efthimion, "High-Q Plasmas in the
TFTR Tokamak," Physics of Fluids B: Plasma Physics 3,2308 (1991).

G. J. Kim, J. Engelage. B. M. K. Nefkens, H.-J. Ziock, J. Arends, W. J. Briscoe, and
M. E. Sadler. "Measurement of the Left-Right Asymmetry in n'P —> yN from 301
GeV/C to 625 Me V/C at Backward Angles," Physical Review D 43.687-695 (1991).

J. N. Knudson, C. L. Morris, J. D. Bowman, W. C. Sailor, S. J. Seestrom. I. Supek,
M. E. Sadler, and L. D. Isenhower, "Search for Neutral Pions from the Spontaneous
Fission of 252Cf." Physical Review C 44, 2869 (1991).

P. E. Koehler, "35Cl(n,p)35S Cross Section from 25 meV to 100 keV," Physical
Review C 44, 1675(1991).
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P. E. Koehler and S. M. Graff, "17O(n,a) l4C Cross Section from 25 meV to Ap-
proximately I MeV," Physical Review C 44, 2788(1991).

P. E. Koehler, H. A. O'Brien, and J. C. Gursky, "Radioactive Targets for Nuclear
Astrophysics Research at LANSCE," Nuclear Instruments and Methods in Physics
Research A 303,182 (1991).

H. W. Kugel, C. W. Barnes, J. Gilbert, J. Greco, K. W. Hill, D. L. Jassby,
L. C. Johnson, L. P. Ku, J. Levine, R. W. Motley, and J. D. Strachan, "Measure-
ments of TFTR Radiation Shielding During High Power D-D Operations," Fusion
Technology 19:3, 1989(1991).

G. H. Kwei, J. B. Shi, and H. C. Ku, "Tlo.5Pbo.5Sr2Cu05+5: A Nonsuperconductor
Despite an 'Optimum' Hole Concentration in the Cu-O Planes,"Physica C YJ4,180
(1991).

G. H. Kwei, P. C. Canfield, Z. Fisk, J. D. Thompson, and R. B. Von Dreele. "Struc-
ture of the New ' 1201' Lead Cuprate Superconductor," Physica C176,57 (1991).

G. H. Kwei, A. C. Lawson, and M. Mostoller, "Vibrational Properties and Atomic
Debye Temperatures for La2CuO4 from Neutron Powder Diffraction," Physica C
175,135(1991).

G. H. Kwei, A. C. Lawson, W. L. Hults, and J. L. Smith, "Vibrational Properties and
Atomic Debye Temperatures for YBa2Cu3O7 from Neutron Powder Diffraction,"
Physica C175,615 (1991).

I J. M. Lawrence, M. F. Hundley, J. D. Thompson, G. H. Kwei, and Z. Fisk, "Coexist-
I ence of Magnetic Order and Heavy Fermion Paramagnetism in Ce5Sn3," Physical
) Review B 43,11057(1991).

! C. Lee, G. Miller, D. M. Kaplan, J. Sa, Y. B. Hsiung, T. Carey, and R. Jeppesen, "A
I Parallel Pipelined Dataflow Trigger Processor." IEEE Transactions on Nuclear
i ScK7?«r38,461(1991).

I M. J. Leitch, D. M. Aide, H. W. Baer, T. A. Carey, G. T. Garvey, A. Klein, C. Lee,
! J. W. Lillberg, P. L. McGaughey, C. S. Mishra, J. M. Moss, J.-C. Peng,
| C. N. Brown, W. E. Cooper, Y. B. Hsiung, M. R. Adams, R. Guo, D. M. Kaplan,

R. L. McCarthy, G. Danner, M. J. Wang, M. L. Barlett, and G. W. Hoffman,
"Nuclear Medium Effects on Quarks, Gluons, and on Vector Meson Production:
New Insights from Dimuon Production," Nuclear Physics A 522,351c (1991).

R. A. Lindgren, B. L. Clausen, G. S. Blanpied, J. Hernandez, C. S. Mishra,
W. K. Mize, C. S. Whisnant, B. G. Ritchie, C. L. Morris, S. J. Seestrom,
C. F. Moore, P. A. Seidl, B. H. Wildenthal, R. Gilman, and J. A. Carr, "Pion Scatter-
ing to the 6" Stretched States in ^4Mg and ^Mg," Physical Review C 44,2413
(1991).

A. Ling, X. Aslanoglou, F. P. Brady, R. W. Finlay, R. C. Haight, C. R. Howell,
N. S. P. King, P. W. Lisowski, B. K. Brent, J. Rapaport, J. L. Romero,
D. S. Sorenson, W. Tornow, and J. L. Ullmann, "Ground-State Gamow-Teller
Strength in ^Nifa .p^Co Cross Sections at 90-240 MeV," Physical Review C 44,
2794(1991).

C. R. Lyndon, H. O. Funsten, C. F. Perdrisat, V. Punjabi, J. M. Finn. B. J. Lieb,
C. E. Stronach, N. L. Fuqtia, H. S. Plendl, J. R. Mackenzie. R. Nair, J. R. Comfort.
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R. A. Giannelli. J. J. Reedy, L. Redmond, P. E. Koehler, and S. A. Wender, "Coinci-
dence Analyzing-Power Measurements of the Reaction '2C(p,p'Y) C* Through the
15.11-MeV State," Physical Review C 45,308 (1991).

J. E. Lynn, E. T. Turney, and S. Raman, "Direct and Valence Neutron Capture by
7Li," Physical Review C 44,764 (1991).

D. E. MacLaughlin, P. C. Hammel, J. P. Vithayathyil, P. C. Canfield,
Z. Fisk, R. H. Heffner, A. P. Reyes, J. D. Thompson, and S.-W. Cheong, "Comment
on 'Order-Disorder Structural Phase Transition in
La2-xSrxCi-4+delta at 150 K'," Physical Review Letters 67,522 (1991).

G. McCarthy, C. C. Wood, and T. Allison, "Cortical Somatosensory-
evoked Potentials: I. Recordings in the Monkey (Macaca Fascicularis)," ./oar/fa/ of
Neurophysiology 66, 53 (1991).

G. L. Morgan, N. S. P. King, P. W. Lisowski, K. G. Boyer, H. A. Enge,
S. B. Kowalski, R. F. Holsinger, R. R. Lown, S. G. Iverson, J. R. Tinsley, and
R. M. Baltrusaitis, "Broad Range Electron Spectrometer Using Permanent Mag-
nets," Nuclear Instruments and Methods in Physics Research A 308,544 (1991).

B. Morosin, G. H. Kwei, J. E. Schirber, J. A. Voigt, E. L. Venturing and J. A. Gold-
stone, "Superoxygenated Superconducting Cuprates: Search for Phase Separation in
La i .84Sro. 16CuC<4+5," Physical Review B 44,7673 (1991).

B. Morosin, G. H. Kwei, J. E. Schirber, J. A. Voigt, E. L. Venturing and J. A. Gold-
stone, "Superoxygenated Superconducting La2-xSrxCuO4+g: Search for Phase
Separation," Physica C185-189,565 (1991).

D. S. Oakley, R. J. Peterson, S. J. Seestrom, C. L. Morris, M. A. Plum,
J. D. Zumbro, A. L. Williams, M. A. Bryan, J. W. McDonald, and C. F. Moore,
"Energy Dependence of Pion Inelastic Scattering from 208pb » physical Review C
44,2058(1991).

S. Raman, T. A. Walkiewicz, S. Kahane, E. T. Jurney, J. Sa, Z. Gacsi, J. L. Weil,
K. Allaart, G. Bonsignori, and J. F. Shr ner, Jr., "Nearly Complete Level Scheme of
1 1 6Sn Below 4.3 MeV," Physical Review C 43,521 (1991).

S. Raman, J. A. Fernandez-Baca, R. M. Moon, and J. E. Lynn, "Thermal Neutron
Scattering Length and Capture by 46Ca" Physical Review C 44,518 (1991).

A. Ray, D. Shapira, M. L. Halbert, J. Gomtz del Campo, H. J. Kim, J. P. Sullivan,
B. Shivakumar, and J. Mitchell, "Spin Alignment and Density Matrix Measurement
in 2 8 Si+ 1 2 C Orbiting Reaction," Physical Review C 43,1789 (1991).

J. M. Richardson, T. E. Chupp, R. G. H. Robertson, and J. F. Wilkerson, "A Calo-
rimeter for Neutron Flux Measurement," Nuclear Instruments and Methods in Phys-
ics Research A 306,291 (1991).

R. G. H. Robertson, T. J. Bowles, G. J. Stephenson, Jr., D. L. Wark, J. F. Wilkerson,
and D. A. Knapp, "Limit on Electron Antineutrino Mass from Observation of the p
Decay of Molecular Tritium," Physical Review Letters 67, 957 (1991).

A. L. Sagle, B. E. Bonner, F. P. Brady, N. S. P. King, M. W. McNaughton,
J. L. Romero, and J. L. Ullmann, "^H + d-n + ^He Measurements and Absolute
Neutron Polarization Determination at 50 MeV," Nuclear Physics A 530,387
(1991).
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j W. C. Sailor, H.-J. Ziock, W. W. Kinnison, and K. Holzscheiter, "A Model for the
Performance of Silicon Microstrip Detectors," Nuclear Instruments and Methods A

! 303,285(1991).
I

W. C. Sailor, R. C. Byrd, A. Gavron, and R. Hammock, "A Neutron Source Imaging
Detector for Nuclear Arms Treaty Verification," Nuclear Science and Engineering
109,267(1991).

T. Sakurai, T. Yamashita, J. O. Willis, H. Yamauchi, S. Tanaka, and G. H. Kwei.
"Joint X-ray/Neutron Powder Diffraction Studies of Cation Ordering and Oxygen
Stoichiometry in the New Superconductor La] .8Sro.2Cu205+g," Physica C174,
187(1991).

A. Severing, J. D. Thompson, P. C. Canfield, and Z. Fisk, "Gap in the Magnetic
Excitation Spectrum of Ce3Bi4Pt3," Physical Review B 44, 6832 (1991).

J. Simon-Gillo, A. Farooq, M. W. Rawool-Sullivan, A. Ray, J. Shoemaker,
J. P. Sullivan, K. L. Wolf, E. F. Barasch, J. G. Boissevain, D. Fox, A. Gavron,
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Gerwin. and R. M. Mayo, '"Coaxial Plasma Thrusters for High Specific Impulse
Propulsion." AIAA/NASA/OAI Conference on Advanced SEI Technologies. Cleve-
land, Ohio, September 4-6, 1991.

S. J. Seestrom, "Measurement of Painty Violation in Neutron Nucleus Reactions."
International Conference on the Intersection Between Particle and Nuclear Physics,
Tucson, Arizona, May 199).

R. D. Taylor, "High-Pressure Mossbauer Spectroscopy in Diamond Anvil Cells,"
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Fluences and Gamma X-ray Fluxes with CCD Cameras." IEEE 1991 Nuclear Sci-
ence Symposium, Santa Fe, New Mexico, November 5-9. 1991.

George Yates, "Transient Radiation Effects on CCD and C1D Imagers," Jet Propul-
sion Laboratory CCD Radiation Working Group-3 Workshop, Pasadena. California.
September 30—October 1, 1991.

Book Chapters J. D. Bowman, C. D. Bowman, J. Knudson, S. Penttila, S. J. Seestrom, J. J.
Szymanski, V. W. Yuan, J. E. Bush, C. M. Frankle, C. R. Gould, D. G. Haase. G. E.
Mitchell, P. P. J. Delheij, H. Postma, N. R. Roberson, and X. Zhu, "Parity and Time
Reversal Symmetry Violation in Neutron-Nucleus Scattering," in Progress in High
Energy Physics, W. Y. P. Hwang, S. C. Lee, C. E. Lee, and D. J. Ernst. Eds. (North
Holland, New York, 1991).

Z. Fisk and i. D. Thompson, '"Heavy Fermion Materials at High Magnetic Fields," in
Physical Phenomena at High Magnetic Fields, E. Manousakis, P. Schlottmann, P.
Kumar, K. Bedell, and F. M. Mueller, Eds. (Addison-Wesley, Redwood City, Cali-
fornia, 1991).

C. R. Gould, J. E. Bush, C. M. Frankle, D.G. Haase, G. E. Mitchell, C. D. Bowman,
J. D. Bowman, J. Knudson, S. Penttila, S. J. Seestrom, J. J. Szymanski, S. H. Yoo,
V. W. Yuan, N. R. Roberson, X. Zhu, P. P. J. Delheij, and H. Postma, "Parity and

Time-Reversal Symmetry Violation in Neutron-Nucleus Scattering," in Capture
Gamma-Ray Spectroscopy, R. Hoff, Ed. (American Institute of Physics. New York,
1991).

M. P. Pasternak, R. D. Taylor, and R. Jeanloz, "The Application of the Mossbauer
Effect for Probing Electronic Properties of the Pressure-induced Mott Transition," in
Frontiers of High Pressure Research, H. D. Hochkelmer and R. D. Etters, Eds. (Ple-
num Press, New York. 1991).

R. L. Romano, O. F. Schilling, C. R. M. Grovenor, M. G. Smith, R. D. Taylor, and
H. Oesterreicher. "Interfaces and Twin Boundaries in BaTiC<3 and Iron-doped
YBa2Cu3C»7-y," in Structures and Property Relationships for Interfaces, J. L.
Walter, A. H. King, and K. Tangri, Eds. (ASM International, Materials Park, Ohio.
1991).

E. I. Sharapov. S. A. Wender. H. Postma, S. J. Seestrom, C. R. Gould. O. A. Wasson.
Yu. P. Popov, and C. D. Bowman, "Measurements of Parity Violation in Resonance
Neutron Capture Reactions," in Capture Gamma-Ray Spectroscopy, R. Hoff, Ed.
(American Institute of Physics, New York. 1991).

Patent s C. A. Ekdahl. Jr., "Nested-Cone Transformer Antenna." U.S. Patent No. 5.019.832.
May 28,1991.

86 Physics Division Animal Report ]991


