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Laboratory Directed Research and
Development Program Overview
S. A. W, Gerstl

The Laboratory-Directed Research and
Development (LDRD) program at Los Alamos
National Laboratory assists the Laboratory in retain-
ing its intellectual vitality, in applying the best
scientific methods and knowledge to solve national
problems, and in responding to scier tific and techno-
logical opportunities. LDRD funds basic and applied
research and development (R&D), focusing on early
exploration of innovative concepts selected by the
Laboratory Director. The LDRD program comple-
ments R&D supported by funding agencies to ensure
that the Laboratory remains a dynamic, first-rate
scientific and engineering institution and is well-
positioned to contribute to solving emerging national
problems.

For fiscal year (FY) 1991, the Los Alamos
LDRD program can be divided into three function-
ally different components: Individual Research and
Development Projects (IRDPs), Exploratory
Research and Development Initiatives (ERDIs), and
Centers of technical excellence. IRDPs are composed
of relatively small projects that strengthen the
Laboratory's science and technology base for exist-
ing and future programs. The ERDI component funds
research and development ideas that focus on pro-
gram opportunities associated with emerging mission
objectives of the Department of Energy or other
emerging areas of national need. The idea is not only
to carry out the early exploration and exploitation of
creative and innovative concepts that could help
meet these objectives, but also to develop the techni-
cal resources involved in carrying out future, sub-
stantially sized, externally funded programs. In short,
the ERDI component deals with program develop-
ment. Therefore, contrasted with the IRDP
component of the LDRD program, the ERDI compo-
nent comprises of relatively fewer projects, but each
generally involving larger technical teams. Centers
of excellence exist to ensure a strong science and
technology base in a specific technical area that has
relatively broad application to the Laboratory.

To determine which projects to fund, the
Laboratory Director issues a call for proposals.
These proposals undergo thorough scientific and/or
management review and peer reviews by select teams
of Laboratory scientists and engineers in 9 disci-
plines. The reviewers evaluate each proposal's
scientific merit and relevance to the Laboratory's
scientific and technological needs. The majority of
LDRD projects at Los Alamos are funded, at most,
for 3 years; however, some ERDIs and Centers have
received support for longer periods. In FY91, LDRD
funded 211 IRDPs, 15 ERDIs, and 4 Centers; 52 of
these projects were new in FY 1991. For this
progress report, these 230 LDRD projects have been
grouped into the following 9 disciplines (listed with
approximate FY 1991 operating funding levels):

LDRD Category FY 1991 Operating Funding Level

Atomic and Molecular Physics

Biosciences

Chemistry

Engineering and Base Technologies

Geosciences, Space Sciences, and Astrophysics

Materials Sciences

Mathematics and Computational Sciences

Nuclear and Particle Physics

Plasmas, Fluids, and Particle Beams

(in k$)

1,500
5,100
3,700
6,600
5,300

10,100
6,700

12,000
5,000

This report summarizes the progress achieved
by all the projects in these disciplines. Appendix A
contains an author index; more in-depth information
about these projects can be found in the refereed
publications listed in Appendix B.

The LDRD program has supported outstand-
ing science and engineering efforts for many years at
Los Alamos with impressive results. Although the
program is funded by only 6% of the Laboratory's
budget, over the past 6 years it has accounted for
approximately 49% of the Laboratory's refer eed
publications, 60% of its R&D 100 awards, and 42%
of its patents. Clearly, the LDRD program continues
to be extremely important to the future of the Labora-
tory and the nation.
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Atomic and Molecular Physics Overview

D. Giovanielli

The Atomic and Molecular Physics Program
contributes to Los Alamos' strength in basic and
applied science through leading-edge research in the
interaction of radiation and matter. This area of
physics is important to weapons research and tech-
nology, inertial confinement fusion, and other high-
energy density applications. Three unique facilities,
Los Alamos Bright Source (LABS II), Los Alamos
synchrotron beam lines at Brookhaven National
Laboratory, and Los Alamos Meson Physics Facility
(LAMPF), are used for current atomic and molecular
physics studies. Our projects are designed to pursue
research at both experimental and theoretical levels.
Currently, we have three experimental projects,
supported by three theoretical projects, in progress.

The Bright Source is an ultra-intense, short-
pulse laser facility and is one of the world's highest
intensity lasers. High-density matter, generated
through interactions with the Bright Source laser, is
studied through the experimental program in atomic
and radiation physics. In a current experiment, we
studied an x-ray spectrum obtained from irradiating
aluminum. Observation of both hydrogen and he-
lium-like, aluminum line spectra and the analysis of
this radiation led to the conclusion that the conver-
sion efficiency of laser energy to x-ray-line energy
approaches 1%, which makes this an attractive
short-pulse, x-ray-line source.

From a theoretical point of view, the interac-
tion of intense radiation with matter is poorly under-
stood. Ordinary perturbation approaches do not
make sense when used to understand the interaction
of intense radiation with atoms and the propagation
of this radiation. To address the problem, we (I)
developed a fully time-dependent solution for a
realistic atom in a strong field that will calculate
various atomic processes under these conditions and
(2) investigated the propagation of intense radiation
through a medium with particular emphasis on high-
order-harmonic generation through the highly
nonlinear interactions with the medium.

The understanding generated by these studies could
lead to a practical means of producing coherent
vacuum ultraviolet and x-ray radiation.

The next two projects (one experimental and
one theoretical) involve the study of electron correla-
tions in single-photon atomic ionization processes.
The correlations determine whether one or several
electrons are photoionized and also determine the
final state of the atom. The experimental project is
being conducted at the Los Alamos beam lines at the
Brookhaven synchrotron, an intense tunable source
of radiation from the ultraviolet to the soft x-ray
region.

Theoretical backup for synchrotron-radiation
experiments at Brookhaven requires sophisticated
theoretical and computational methods, specifically
methods that treat quantum-mechanical, many-
electron interactions in great detail. We implemented
techniques for these computations using the specific
advantages of computer architectures designed from
vector to massively parallel. Using these techniques,
we are calculating the single-photon, multiple-
electron-ionization mechanism of atoms.

In collaboration with the University of New
Mexico, we are conducting an experimental project
at LAMPF. This study is on the multiphoton absorp-
tion process in a simple, three-body atomic system.
The H~ ions from the Clinton P. Anderson Meson
Physics Facility (LAMPF), moving at relativistic
velocities, are intersected with a laser beam. The
photon energy experienced by the ion can be tuned
by adjusting the angle between the laser and the
beam. The measured dependence of the multiphoton
absorption on the laser intensity showed strong
departures from an integral-power-law dependence
predicted by simple perturbation theory. We ob-
served dramatic differences between the absorption
rates for linear and circular polarization. A two-
laser technique produced a new doubly excited
resonance in the electron photodetachment spectrum
of the negative hydrogen ion.
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Experimental and Theoretical
Investigations of Single- and
Multi-photon Absorption in
Relativists H~ Ions

C.R.Qiiick..lr.;J..I. Titr;
H. C. Bryant (I', of New Mexico!

Multiphoion absorption is importani
anytime an intense laser beam interacts with
matter because multiphoion transitions can
affect how a laser couples its energy into a
target. We are studying one-photon, two-
eleclron excitation processes to learn the
effects of electron correlations that are
especially important for short-wavelength
interactions.

In our experiments, we used H because
it is one of the simplest three-body systems
available and. as such, is an importani lest
case for the verification of theoretical
models used to describe atom-electro-
magnetic field interactions.

We measured the intensity dependence
of the multiphoion absorption process at
several photon energies, corresponding to
several different orders of multiphoton
absorption. In all cases at high intensity,
there is significant deviation from the
simple power law dependence predicted by
simple perturbation theory models. We also
took initial measurements of the polariza-
tion dependence. Using two lasers, we were
able to measure the jesonance shape and
position of several one-photon, two-electron
transitions in H .

Electron Correlation
in Atomic Systems

R../. Barth'tt

We are studying the interaction of
photons with isolated atoms to determine
the importance of electron correlation and
many-body processes in these interactions.
These processes involve the absorption of a
photon by an electron with the host atom.

The correlation effects and final-state
interactions greatly affect the way radiation
interacts with matter. This information may
also be important for modeling the solar
radiation interactions in the upper atmo-
sphere, which in turn affects the energy
balance and climatic conditions on Earth.
Correlation of electrons is also important in
solids, where it plays an importani role in
many phenomena, including superconduc-
tivity.

Multiple ionizaiion/exeitation processes
are importani because they epitomize the
breakdown of the independent-particle
model and can provide important clues to
understanding electron correlation and
excitation dynamics. Our studies should
indicate where and when these processes
cause significant deviation from the single-
particle-model results. Multiple ionization/
excitation processes affect, among other
things, radiation transport, the rate of photon
energy deposition, and the time evolution of
plasmas. These processes are important in
subjects as varied as nuclear weapons
design and the effects cf pollution on global
climate change. They are also important in
laser energy deposition, which plays a role
in the Strategic Defense Initiative and
Internal Confinement Fusion projects.

Our main emphasis has been on measur-
ing the charge-slate ratio and the ion-
branching ratio for the rare gases as a
function ot photon energy. With the
addition of a metal vapor source, we will
also be able to study open shell systems.
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Atomic Physics at
High-Energy Density

(1. T. Schuppen, G. A. Kynihi, R.D. Fulton,
A. .1. Taylor

The goal of this project is to investigate
the fundamental physics of high-energy
density matter generated in the laboratory
by the Los Alamos Bright Source Laser,
LABSI1.

LABSII is a second-generation, short-
pulse excimer laser capable of delivering
superhigh irradiances of 10|l'-10:° W/cm: on
target, making it one of the world's highest
irradiance lasers. Basically, a mode-locked
dye laser generates a 165-fs pulse at
616 nm, which is amplified by a dye
amplifier, frequency doubled to 308 nm,
and further amplified by two XeC! excimer
amplifiers to result in 335-fs, 250-mJ pulses
at a repetition rate of I Hz. The superhigh
irradiances are achieved by focusing these
pulses onto a target.

The research under this Laboratory-
Directed Research and Development
(LDRD) project addresses three issues.
The first is the basic physics of the laser
absorption mechanism and the atomic
physics at ultrahigh irradiances, which leads
to the high-energy density conditions of the
material. The second is the determination of
the state of the high-energy density material,
that is. the temporal and spatial behavior of
the electron temperature and density.
Finally, we address the radiative properties
of the hot material, particularly the genera-
tion of kiloelectron-volt x-rays. This is an
ideal project for the Laboratory since we
have extensive diagnostics capability in the
area of fast time- and space-resolved x-ray
spectroscopy, imaging, and particle
detection, as well as strong theoretical
support in basic atomic physics.

A major result obtained thus far is shown
in an x-ray spectrum from aluminum
irradiated at mid 10'* W/cm:. This spectrum
was taken on film with a PET crystal
spectrometer on a single shot. The lines are
identified as hydrogen- and helium-like
aluminum lines. An analysis of such iines
indicates that an electron temperature of
abou' 2 keV and a density near critical
(about 10" cm ') is required for their
formation.

The temporal evolution of this line
spectrum was measured with a filtered
streak camera and indicates a roughly 20-ps
duration. This time is much longer than the
<l-ps laser pulse, which indicates that the
radiation is produced in the hot material
until ii cools while expanding.
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A filtered pinhole camera measured the
spatial extent of the x-ray emission. The
source size is about 10 mm in diameter and
30 mm long. Again this is larger than the
focal volume of the laser pulse and indicates
energy transport in the plasma.

From these results one obtains an
estimate of near 1 % for the conversion
efficiency of the laser energy into
kiloelectron-volt x-ray line radiation.
Similarly, the x-ray intensity at the source
corresponds to about 1O1S W/cnv. These
numbers appear very attractive for a short-
pulse, kiloelectron-volt x-ray line source.

Finally, we have made a considerable
effort in environment-, safety-, and health-
related activities on LABSII. We have
implemented new laser safety requirements,
interlocks, warning systems, safety training,
and operational procedures. The laser itself
is undergoing some modifications to meet
the new more stringent safety requirements.

We will continue with experiments on
x-ray line emission from different Z
materials. In addition, we plan to measure
the time dependence of the emission and
image the region of emission to determine
the x-ray (lux and conversion efficiency.
This work should lead to an optimum
material for generating x-ray line radiation
at a given laser intensity. We expect to
conclude the characterization and optimiza-
tion of Bright-Source-driven, short-pulse,
high-intensity x-ray line sources in FY92.

In future experiments, we intend to
explore x-ray laser schemes based on using
the Bright Source conversion x-ray line
sources to photo-pump inner shell electrons.
This research could lead to x-ray laser
transitions in the several hundred electron-
volt range.
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Antimaterial Technology

./. B. Alexander. G. H. Nickel, R../. Faehl.
C. M. Taylor. V. E. Sanders, R. C. S:e,
./. H. Bmwnetl, R. A. Pistone, P../. Unkefer,
S. Kinkead

To further research in the area of
nonlethal weapons research, Los Alamos is
developing concepts and technologies that
would be capable of altering selected
material. We are using a multidisciplinary
approach and are studying chemical,
biological, and other physical phenomena.
The following projects contributed to the
general program:

We performed experiments designed to
seek an intense acoustic source, driven by
resonant coupling of a combustion instabil-
ity, that provides extremely high levels of
sound. Phase-locking a number of genera-
tors will produce a phased-array acoustic
device that is suitable for multiple applica-
tions.

We evaluated surface-polymer agents for
their potential to remove a given mechanical
target from service by interfering with the
machine's ability to function.

Los Alamos provided the facilities for a
collaborative study, with the U.S. Air Force
at Phillips Laboratory, of laser-induced
microwave effects. Theoretical modeling
and system analysis were conducted, and
preliminary data were generated that
support the modeling effort.

We reviewed naturally occurring
organisms that could be cultured to enhance
desired characteristics. As a result, we
discovered a bacterium that degrades a
specific material used in many weapons
systems.

We investigated the possibility of using
chemical agents, such as supercaustics, to
degrade a specific set of targeted materials,
such as structural metals and truck tires.

Los Alamos National Laboramry/l.DRD FY l'Wl Progress Repon/LA-I23l<>-PR 19



Theoretical Support of the
Bright Source

I. .4. Collins. G. Csanak

The extremely high intensities of the new
Bright Source lasers have renewed interest
in matter/light interactions. Using a fully
time-dependent solution for a three-
dimensional system, we are studying many
of the new phenomena such as above-
threshold ionization, harmonic generation,
and multiphoton ionization. We have a close
collaboration with the experimental effort at
the Los Alamos Bright Source lasers.

Our research objective is to perform a
theoretical study of the interaction of matter
with intense electromagnetic radiation. The
principal endeavor in this research centers
on a basic understanding of multiphoton
ionization of atoms with the new high-
intensity lasers. We are trying to solve the
time-dependent (TD) Schrodinger equation,
which describes the quantum mechanical
interaction of an atom with an electromag-
netic wave.

So far we have calculated the multipho-
ton detachment (ionization) rates and
electron spectrum for H~ and hydrogen in an
intense laser field; explored momentum-
space and real-space product formula
methods for solving the TD Schrodinger
equation for laser-matter interactions;
investigated such phenomena as above-
threshold ionization, ionization suppression
in superintense fields, and harmonic
generation; determined scattering properties
for e~ + p* collisions in a field, including
capture-escape resonance widths and
positions; and examined the validity of one-
dimensional and perturbation formulations.

These processes have specific examples.
Since the Bright Source lasers produce
electric fields in excess of those that bind
electrons to the nuclei of atoms, we expect
new phenomena to arise once these devices
are focused on microscopic systems. One of
the most interesting new observations is
above-threshold ionization, a process in
which the laser photon has sufficient energy
to strip electrons from an atom. The
electrons emerge with a very specific energy
distribution of narrrow peaks separated by
the frequency of the laser. This multiphoton
process can be demonstrated by a display of
the detachment of the negative ion of
hydrogen H" in an intense field. We observe
a weak field to have only the first peak. It is
the high intensity available from the bright
source that stimulates the higher-order
multiphoton mechanisms.

Ionization suppression or stabilization
creates an interesting effect. We expect as
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the intensity of the laser field increases, its
effectiveness in ionizing the atom will also
increase, i.e., as the intensity rises, so does
the rate of ionization. However, for laser
fields of sufficient intensity (10l7-l 0'*
W/cnr) the rate actually drops, indicating
that the atom has become stabilized against
ionization as demonstrated in our calcula-
tions for atomic hydrogen (H). This
suppression mechanism plays an important
role in modeling plasmas and surfaces
irradiated by high-intensity lasers.

Finally, intense fields play important
roles in scattering processes. The sharp
peaks, characteristic of resonances in which
the electron becomes temporarily bound to
the proton, appear only in the presence of
the laser. These structures have profound
effects on the basic atomic collision
processes.

That intense field interactions with
matter provide a regime in which new
processes arise and that these processes
have important consequences to macro-
scopic systems, sets the theme of our
research. Intense matter/radiation interac-
tions are important in the design of short-
wavelength lasers and in material damage
and plasma modeling. We are collaborating
with an experimental team consisting of
members of Chemical and Laser Sciences
and Physics Divisions and the University of
New Mexico.

In addition to continuing the many
projects started in the first year, we plan to
extend our treatment of atomic hydrogen in
an intense field. With close collaboration
between theory and experiment on the
simplest of all atomic systems, we hope to
isolate the many different processes
associated with multiphoton interactions and
glean a much clearer picture of the results
for more complicated systems. We shall
also improve the one-electron models so
that we can better treat the multiphoton
detachment of H~ as well as other atomic
systems. We also plan to study transient
effects encountered in short-pulsed cases.
Finally, in the one- and three-dimensional
models, we will investigate the ionization
suppression phenomenon for superintense
fields.

20 Los Alamos National Lahorator>/LDRD FY 1W1 Progress Rcport/LA-I23lu-PR



Theoretical Support of
Synchrotron Radiation

L. .\. Collins, J. D. Kress. B. I. Schneider

Synchrotron radiation is proving to be
one of the most useful tools for studying the
speetroseopie and dynamic properties of
atoms and molecules. Understanding the
basic interactions of photons and electrons
with atoms and molecules is the objective of
our theoretical support. Our research has
centered on the interplay among the final
states of the electron-ion system in the
photoionization process.

Final-state interactions affect a variety of
basic collisional and radiative rates that are
important to the modeling of weapons,
plasmas in nonlocal thermodynamic
equilibrium, opacities, lasers, and many
asirophysical systems. Exploration of final-
state effects can lead to a better understand-
ing of basic atomic and molecular processes
and provide useful information for improv-
ing various macroscopic models.
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We have also concentrated on the
multiple ionization of an atom by a single
photon. This process may have a profound
effect on basic ionization rates under certain
plasma conditions.

Our theoretical work has focused on the
most challenging problem in molecular
photoionization: the calculation of the final-
state wavefunction of an electron plus
molecular ion system.

The major thrust of recent work has been
the development of the Complex Kohn
Variation Principle (CKVP) and its
application to electron-polyatomic collision
processes. The CKVP method has been
applied to numerous di- and poly-atomic
molecules with great success. A reliable
calculational tool to predict cross sections in
polyatomic molecules will have many
practical applications to gas discharge and
plasma physics.

0.9
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Resonances ine- + H2' collisions. The electron becomes temporarily trapped in these
resonance states thereby drastically altering the collisional properties. If final-state effects
were excluded, the resonances would be very narrow and play little role in the scattering
process. Final-state interactions broaden the resonances, allowing them to control the
collisional event.

Atoms in Super-Intense Fields:
Harmonic Generation

P. W. Milonni, P. B. Lerner

When intense radiation propagates in a
medium, the radiation generates harmonics
of its own frequency—the greater the
intensity, the greater the number of harmon-
ics. The goal of this project is to provide an
assessment of high-order harmonic genera-
tion as a practical means of generating
vacuum ultraviolet/x-ray ultraviolet (VUV/
XUV) radiation.

Producing coherent VUV/XUV radiation
by high-order harmonic generation is
important in many applications, but the
basic physics and limitations of the process
are not well understood.

The major difficulty in the theory of
atoms in superintense fields lies in finding
suitable approximations to wave functions
under conditions where traditional
perturbative methods cannot be applied. For
the problem of high-order harmonic
generation, we have developed a simple
two-level model for an atom that provides
the main features observed experimentally.
This model has been incorporated into a
computer program simulating the generation
and propagation of high-order harmonics of
an incident quasi-monochromatic field.

We will modify our computer program
for the propagation of the fields at different
harmonics to numerically solve the full
Schrodinger equation for a one-electron
atom. We also hope to investigate the
question of the two-point correlation
function and make detailed comparisons of
the predicted spectra versus those predicted
when only the single-time dipole expecta-
tion value is used.
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Biosciences Overview
R. K. Moxzis

National programs in biosciences have clear
priorities, with emphasis on genomics, structural
biology, and advanced biotechnology. One of the
most vital programs, the Human Genome Project,
promises to open a new era in medicine by locating
and deciphering all 3.x 109 pieces of information
encoded in the DNA present in every human cell. The
materials, techniques, and information generated by
the Human Genome Project will form the basis for
the biomedical sciences and biotechnology of the
twenty-first century. Scientists expect results from the
project to range from advances in individualized
genetic diagnostics to the increased production of
medically useful biomolecules. A program at Los
Alamos with emphasis on the Human Genome
Project is in place with the assistance of LDRD. This
funding is directed toward human genome spin-off
technology and innovations, and ensuring the rapid
transfer of this knowledge.

Understanding the structure of the estimated
100,000 gene products encoded by DNA and bring-
ing that understanding to bear in health care require
emphasis on structural biology. Preserving the
strength of the research program at the Manuel
Lujan, Jr. Neutron Scattering Center and the vigor of
our current biosciences research program and
emphasizing our capabilities in theoretical and
computational biology will provide the base for our
comprehensive effort in structural biology. We will
interface the strengths from our research with the
Human Genome Project and develop capabilities in
structural biology.

In addition to genomics and structural biology,
priority areas of biosciences include laser spectros-
copy and dynamics, computational neuroscience, and
low-level cellular damage and repair. The latter area
is receiving new emphasis within the Department of
Energy (DOE) and remains a cornerstone of DOE-
sponsored research.

Finally, the national direction in environmental
research is placing emphasis on remediation and
restoration and LDRD funding is applied to underpin
our basic environmental research.
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Human Artificial Chromosomes

ti. K. .Uovri.v

Researchers in the Human Genome
Project seek to map and understand the
function, of the human genome, which must
be studied in a structure as close to its
natural structure as is experimentally
feasible. To facilitate this study, we need to
construct human artificial chromosomes.

Artificial chromosomes will allow us to
place small regions of the human genome as
autonomous units in either a human cell or a
rodent cell. These minichromosomes can be
isolated as intact entities from their host
cells, and the; w ill further our knowledge of
the molecular basis of chromosome struc-
ture in two ways. The minichromosomes
w ill allow us to construct transgenic rodent
strains containing functional regions of
human DNA. They will also provide a less
disruptive way to introduce foreign genes
into human cells in gene therapy.

Libraries of human DNA cloned in
rodent cells would produce immediate
scientific spin-offs not available in any other
cloning and mapping system. We achieved
our first research goal with the demonstra-
tion that the human telomere sequence
(TTAGGG)ncan function as a telomere in
yeast cells. We will continue to focus on
work begun this past year—identifying the
functional human centromere.

Optical Biopsy Technique
for Cancer Detection

/../. Biiiio. T. R. Loire,'/'. Shiimnki

Early diagnosis appears to be an essential
requirement for successful treatment of
cancer, and tissue/cell analysis is the sine-
qiia-iion key to diagnosis in oncology. The
analyses are always performed in vi:n>: a
biopsy is performed (or a sputum sample or
swab is collected) and tissue (or a cell group
from a swab) is microscopically assessed by
a pathologist. The results are then related to
an in vivo condition. The physician is
limited in the number of sites he/she can
biopsy and, in many cases, is only likely to
choose sites where visible changes exist.

Earlier attempts at optical tissue diagno-
sis have been based on tissue autofluores-
cence induced by ultraviolet laser excitation.
These have met with limited success
because tissue contains a highly complex
combination of chromophors (a')sorbers)
and fluorophors (emitters) whose absorption
and emission bands are broad and overlap-
ping, resulting in relatively featureless
fluorescence spectra. But what does a
pathologist normally look for? After
preparing a slide, a pathologist performs a
microscopic assessment of the cell architec-
ture or morphology: the sizes and shapes of
cells, the ratio of nuclear to cellular volume,
the form of the bilipid membrane, clustering

Blood
Absorption

patterns, etc. These changes will have an
effect on the elastic scattering properties,
separate from any inelastic scattering caused
by fluorescence. Thus, a more complete
solution to the problem is to generate a
signature that comprises data from both the
elastic scattering and inelastic scattering of
the tissue. A typical tissue signature
displayed by the Optical Biopsy System
(OBS) is shown in Fig. I.

The OBS uses fiber optics for non-
invasive, in situ and real-time diagnostic
detection of cancer. The OBS is based on
the rapid collection of both elastic and
inelastic optical scattering data for a large
range of illumination wavelengths. Our
main goal was to make the OBS usable in
clinical evaluation. We also sought to
reduce the data acquisition time to less than
3 seconds, improve the control system
software to make OBS more "user friendly,"
and test the system capability on human
tissue samples.

The basic layout of the OBS is depicted
in Fig. 2. In working toward those goals, we
upgraded the OBS prototype in many areas.
We replaced the continuous-operating
xenon lamp and shutter wilh a pulsed xenon
arc lamp. We improved the speed of the
tuning element by directly driving the
grating. We upgraded the OMA controller
interface, improved the system control
software, and upgraded optical and control
components. These improvements put us
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Fig. 1. A typical OBS tissue signature.
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Fig. 2. The major elements of the Optical Biopsy System: A rapidly-tunable light source (up
to 50 different wavelengths per second can be generated over the range 280-1250 nm),
which is imaged onto the "illumination" fibers that then join with the "collection" fibers to
form the small (<1-mm-diameter) fiber bundle of the optical probe. The collection fibers
transmit the signal back to the entrance slit of a small spectrometer, which is followed by
an optical multichannel analyzer (OMA) that is interfaced to a PC. System software controls
the data acquisition process and then displays the signature.
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(.•loser to our goal of I-second data acquisi-
tion time. We improved system packaging
lor easier portability and reliability, which
allowed us greater access to clinical
environments.

In one lest of the system efficacy,
measurements were made on freshly excised
human prostate tissue. No sign of malig-
nancy was visible to the unaided eye. but
the OBS data clearly distinguished the one
site (among several sites chosen randomly)
found by microscopic pathology techniques
to have contained early malignant changes.
This is illustrated in Fig. 3. which displays
one specific parameter extracted from the
OBS data.

We also tested the system in areas other
than cancer detection. In collaboration with
Krug Sciences, Inc.. we were able to
measure and analyze various optical
parameters in approximately 100 human eye
lenses acquired from eye banks. We
discovered correlations with age and various
other parameters that relate to ocular
pathologies, including the biochemical
breakdown products that precede the
formation of cataracts by several years. We
are aiming for a simple diagnostic to detect
a predisposition for premature cataracts.
Similar to the optometrist's (or
ophthalmologist's) testing for early,
presymptomatic signs of glaucoma, such a
test could indicate treatment that would
prevent or delay cataract formation.

We are now preparing for in vivo testing
to detect bladder cancer. The proposed
diagnostic capability would complement the
capabilities and research directions of the
National Flow Cytometry Resourcf. Spin-
offs of the developed techniques may also
benefit research on the Human Genome
Project.

Fig. 3. The intensity of elastically scattered light as a function of wavelength for various
sites examined in an excised human prostate.
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Dynamics of Protein Structure
and Function

R, B. Dyer, W. H. Woodruff, K. Peterssn

Our primary objective is to understand
interactions among the structures and
dynamics of proteins that determine
function through the use of structure-
specific, time-resolved spectroscopic
techniques. In this study of proteins, we
investigated all relevant time scales using
three new time-resolved vibrational
spectroscopic methods [time-resolved
infrared spectroscopy (TR1RS), time-
resolved infrared linear dichroism, and time-
resolved resonance Raman spectroscopy].

Three major accomplishments were
• the construction of a state-of-the-art,

ultrafast TRIRS instrument, based on pump-
probe techniques, that compares in time-
resolution and sensitivity with the best
instruments in the world;

• the measurement of the fastest ligand
transfer reaction ever observed; and

• the development of a model that we can
test for the coupling of proton translocation
to the coordinated chemistry of the cyto-
chrome a,_CuB center of cytochrome c
oxidase.

This work is important to national
research and development because of the
need for a better understanding of the
relationships among protein structure,
dynamics, and function. This work repre-
sents major improvements in time-resolved
vibrational techniques. These improvements
will result in greater flexibility and sensitiv-
ity and a wider applicability of these
techniques to diverse kinetic and structural
problems.

Our efforts will now center on testing the
proton translocation model. We also plan
major improvements on the TRIRS
apparatus.

1SN NMR Methods for Mapping
Sequence-Specific
DNA/Protein Interactions

J. A. Fee, L. A. Silks, C. J. Unkefer,
R. Ratliff; W. Bachovchin (Tufts U.)

Our objective in this project is to develop
general biophysical approaches for examin-
ing the molecular features of DNA/
regulatory protein interactions. This work is
immediately relevant to environmental
problems because many of the metals
released into the environment are extremely
toxic. This work will help define the roles of
"natural metals" in genetic regulation by
laying the groundwork for understanding
interference by pollutant metals.

We chose the protein, Fur, from E. coli,
which requires a divalent metal ion for
binding to a specific DNA sequence and for
which little detailed structural information is
available. In addition, we efficiently
constructed several l5N-labeled purines and
made them phosphoramidite ready.

By measuring the effect of protein
binding on the chemical shift of a particular
"N atom and knowing from a crystal
structure just what the nature of the
interaction is, we can determine the nature
of interactions involving proteins of
unknown structure.

We now wish to choose the Cro protein
from lambda phage as a model in this
project. It provides a map of interactions to
be examined by "N nuclear magnetic
resonance (NMR). Also, we will now
synthesize oligodeoxynucleotides corre-
sponding to double-strand DNA of the "iron
box" or Fur binding site. These oligos will
be annealed to form the double-stranded
DNA. Our continuing goal will be to
compare the one-dimensional "N NMR
spectrum of the double strand to "N-labeled
oligomer free in solution and when bound to
the Fur protein.

Chemistry and Biochemistry o?
Radiopharmaceuticals

,/. A. Mercer-Smith, D. Cole, L. Schulte,
D. Lewis, T. Burns

Shifting the use of nuclear technology
from weapons research to medical research
is one of the goals of the Department of
Energy (DOE). In support of that goal, we
are using radionuclides to examine the
chemical and biochemical properties of
radiophannaceuticals. Specifically, we are
trying to develop radiolabeled metal
complexes, paramagnetic metal complexes,
and antibody conjugates that will carry the
radionuclides or paramagnetic metals
selectively to tumors.

Our three research objectives were
• to develop "cold kit" methods to attach

short half-life radionuclides to antibodies
for tumor imaging and internal radiation
therapy,

• to use contrast agents for magnetic
resonance imaging (MRI), and

• to try to use porphyrins as a means of
rapid screening for early detection of radon-
induced lung cancer in uranium miners.

We have achieved much progress
towards all of these goals. For example, we
have been able to covalently attach porphy-
rins (chelating agents) to antibodies by a
variety of methods, and we have designed a
chelating agent for the metal ion with the
higl: ŝt paramagnetic contrast effect for
MRI. This research has involved collabora-
tions with CUNY, Wistar Institute,
Goodwin Institute, University of Washing-
ton, University of Utah, and the University
of Texas. We have an excellent success rate
for early detection of lung cancer cells in
archival samples of sputum from the Johns
Hopkins University, and we have collabo-
rated with Johns Hopkins and the National
Cancer Institute to continue to explore the
efficacy of the porphyrin and radiolabeled
porphyrin technologies for early detection
and treatment of lung cancer.
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Biological Applications of
Fourier Transform Flow Cytometry

B. Xtiirrciw. T. Yoshuhi. T. Bukvn

The Fourier Transform Flow Cytomeler
(FTFC) is capable of performing real-lime
spectral analysis on individual fluorescent
cells in flow, which is unattainable with
conventional How cytometry or cuvette
spectrofluorometry. Our objective in this
project is to develop the FTFC into a
versatile, multiuser instrument capable of
sen ing the needs of the biological commu-
nity for spectral analysis of fluorochrome
interactions with single cells in flow.

This program interfaces with the
National Flow Cytometry Resource. The
biological information we have gained from
ihe development of the FITC can be applied
to address health problems in the areas of
cancer detection and diagnosis and to solve
basic research problems in cell biology,
structural biology, and molecular biology.

The FTFC provides complete spectral
information about the fluorochrome/cell
interaction, spectral analysis of fluoro-
chromes in the cell without interference
from solution fluorescence or cellular
autofluorescence. real-time measurement of
fluorescence emission spectra in single
cells, and automatic separation of fluores-
cence contributions from spectrally
overlapping fluorochromes. it is uniquely
suited for the development and application
of the many new fluorescent probes and
indicator dyes that rely on spectral shifts as
indicators of their biological reactivity.

To refine its operation, we improved the
data processing and software (including
improvements to the on-line data display
and more complex display of post-processed
data) and the optical system to enhance
sensitivity, increase resolution, and make
the instrument easier to align and use.

The FTFC has three modes of operation.
In Mode 1. under normal operation,
individual base spectra are orthoganolized
by the host computer. This means that each
of the resulting optimized spectra are
linearly independent, and the calculated
intensity represents contributions from only
one fluorochrome. This mode is used to
study cell-dye interactions in viable cells.
The orthogonalization mode on the FTFC
also does ratio measurements between two
or more orihogonalized spectra from
different stales of an ion indicator probe.
This is important because these measure-
ments are independent of such factors as
dye loading and photobleaching.

Mode 2 uses the FTFC as a single-cell
microspectrofluorometer. which allows us

to gather complete spectral information on
single cells. Solutions can also be easily
analyzed in this manner, giving spectral data
that can be compared to data obtained on a
standard static spectrofluoromeler. This
mode was used to measure the spectral
changes in Nile Red dye emission from red
to yellow so that the relative amount of
cellular lipid associated with droplets could
be determined. These results suggested that
real-time measurements of organelle
activity, as indicated by spectral shifts, find
information about cell structural changes
related to cell function during differen-
tiation.

Individual inierferograms can be
accumulated and stored by the host com-
puter and post-processed in Mode 3. The
FTFC does statistical analyses to find base
spectra and immediately determines spectral
shifts present in subpopulations. Mode 3 has
proved useful for initial characterization of
the cell-dye interaction in samples where the
different states of the fluorochrome as it
interacts with the cell are unknown or
difficult to produce experimentally using
cuvette spectrofluorometry. By obtaining
the complete spectral information of the
cell-dye interaction, it should be possible to
achieve high-resolution measurements
indicating subtle changes in the cellular ion
concentration.

The unique capabilities of the FTFC will
be applied to specific biological problems in
the areas of signal transduction mechanisms,
ligand receptor interactions, and chromatin
structure.

Can Information on DNA
Sequence, Topology, and
Chromatin Structure be Obtained
from Scanning Tunneling
Microscopy-Spectroscopy and
Atomic Force Microscopy?

E. M. Bradbury, J. Gatewood. B. Sebring

The function of proteins and protein-
DNA complexes is intricately dependent on
structure. Single changes in a protein
sequence can totally destroy all biological
activity. Using scanning force microscopy
(SFM) and scanning tunneling microscopy
(STM), we are studying the structure of
DNA and DNA-protein complexes.

SFM allows direct visualization of
higher-order structure under physiological
hydration and ionic strength conditions. Our
goals with SFM are to examine the higher-
order structure in DNA and DNA-protein
complexes and to examine DNA curvature
in protein-DNA complexes under various
ionic strength conditions.

The high resolution possible with STM
makes distinguishing individual bases in the
DNA molecule possible. One goal with
STM is to develop and characterize
atomically smooth surfaces that are capable
of binding biomolecules. We also hope to
obtain high-resolution images of DNA and
protein molecules in an effort to determine
primary sequence information.

Using SFM, we have obtained low-
resolution images of sperm chromatin
bodies and somatic chromosomes. With
STM, we have successfully converted the
normally hydrophobic surface of highly
ordered pyrolytic graphite into a hydro-
philic, atomically smooth surface that is
capable of binding DNA, protamine, DNA-
protamine complexes, and DNA-TFI1A
complexes.

We will now use SFM to examine
decondensed sperm chromatin to investigate
nucleoprotamine structure. We will use
STM to investigate the structure of DNA
and protein bound to the modified HOPG
surface.
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Regulation of Replication
in Replicons

./. -4. D'Annu, J. M. Gale

DNA replication and cell division are
essential to ihe reproduction of life.
Molecular and cytological evidence
indicates that DNA replication is highly
regulated in mammalian cells. Our research
objective is to understand the molecular
mechanisms that regulate the initiation of
DNA replication during normal cell
proliferation and in response to genome
damage.

Understanding the DNA sequences and
molecular mechanisms that regulate DNA
synthesis is important for many reasons. It
will give us an understanding of a funda-
mental biological process; it may allow us
to identify origins of DNA replication
directly from sequence; and it may allow us
to manipulate DNA repair processes to
minimize the harmful effects of genome
damage.

There are several goals that we must
accomplish to completely understand DNA
replication. First, we must localize the
origins of DNA replication in each of
several replication clusters that are initiated
at different times during S phase. Next we
must identify DNA sequences required for
initiation at those origins. Then we must
determine the structural/functional roles of
essential DNA elements and proteins with
which they might interact. Finally, we must
determine the signals that trigger initiation
of specific origins and the signals that
inhibit initiation in response to genome
damage.

We have now developed two new
methods to localize an origin of DNA
replication to the vicinity of the early-
replicating rhodopsin gene in Chinese
hamster cells. We have also sequenced the
origin region and found that a small
segment appears to bind several potential
regulatory proteins. Our early results
support a model in which origins consist of
ordinary repeated sequences; transcription
elements; A/T-rich segments; and perhaps
other small specific elements that, when
arrayed in the proper context, have origin
function.

Future research will be concerned with
locating the origin more precisely and the
development of methods to identify DNA
sequences essential to origin function.

Modulation of Chromatin Structure
by Proteins

L R. Gurley, R. A. Tobey,./. A. D'Aima,
E. M. Bradbury

The regulation of DNA replication is one
of the most important processes of life. We
must know the niOlecular details of this
process if we want to understand anything
about cell functions—normal cell prolifera-
tion, cell differentiation, wound healing—
and how control of cell proliferation is lost
during carcinogenesis.

Our objectives in this project were to
identify the nucleoproteins involved in
modulating the structure of chromatin in
preparation for DNA replication, to describe
the confirmational states of chromatin
during the modulation process, and to
understand the regulation of this process.
Our research is important to national
research and development (R&D) as well as
many other projects at Los Alamos.

This project focused on three areas of
research: molecular biology, which is
concerned with the DNA component of
chromatin; protein biochemistry, which
deals with the nucleoproteins of chromatin;
and structural biology, which studies how
protein-DNA interactions modulate
chromatin structure. We have made progress
in all three areas.

We used our new analytical biochemistry
techniques to determine what nucleoprotein
changes occur when chromosomes become
unstable—a hallmark of cancer cells. In
addition, we found that the unstable
chromatin contained extra histone H2A,
which is often found in conjunction with
extra constitutive heterochromatin. Our
studies also led to the discovery of a protein
kinase inhibitor, stauroporine, which
distinguishes between normal-cell and
cancer-cell DNA replication.

Although our work has been completed,
the objectives of this project will be pursued
in four new projects in the Life Sciences
Division.

Megauase DNA Fragment Cloning:
Applications in Functional and
Structural Analysis of
Complex Genomes

C. E. Hildebrand, M. K. McCormick,
L. Deaven, R. StaUings, R. K. Moyzis

Our goal for this project is to develop a
highly efficient, very large fragment DNA
cloning technology for application both to
cloning DNA from flow-sorted human
chromosomes and to functional and
structural analysis of complex genomes. We
will demonstrate the power of the combina-
tion of fluorescence-activated chromosome
sorting with novel molecular cloning
technology. Successful coupling of these
techniques will lead to fundamental
advances in chromosome-specific physical
mapping and disease-gene isolation. This
project will enhance the Laboratory's
capability in recombinant DNA technology.
It will also have immediate R&D applica-
tions toward the objectives of the national
Human Genome Project.

Conventional molecular cloning
techniques allow isolation of DNA frag-
ments up to 45,000 base pairs, which is
sufficient to encompass average or small
genes. However, cloning of large genes
(e.g., Duchenne's muscular dystrophy),
some DNA repair genes, most multigene
complexes, and functional units of chromo-
some/genome organization requires
large-fragment (»50,000 bp) cloning
technology.

We developed procedures for efficient
cloning of very large DNA into yeast
artificial chromosomes (YACs). We have
also constructed recombinant YAC libraries
using DNA from hybrid cell lines contain-
ing three copies of human chromosome 21
or a single copy of human chromosome 16.
These YAC cloning techniques were
modified and improved to permit cloning of
small amounts of DNA from flow-sorted
human chromosomes. YAC libraries have
been characterized to determine the average
size of human DNA inserts and to ensure
that the inserts are free of major rearrange-
ments.

Los Alamos has established competence
in chromosome sorting for construction of
recombinant libraries in phage and cosmid
vectors. A major requirement for highly
efficient construction of these libraries is the
quality of the DNA isolated from sorted
chromosomes in terms of size and compat-
ibility with enzymatic steps involving
restriction enzyme digestion and ligation of
insert DNA to vector arms. Previous
Laboratory studies showed that DNA from
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flow-sorted human chromosomes is grealer
than megabase (UHX).(HX) bp) size and can
be used as larget DNA for YAC cloning.
The recent construction of high quality,
ehromosome-21 -specific libraries from
flow -sorted human chromosomes represents
a technological breakthrough thai will
facilitate the isolation of human disease
genes and expeciiie the construction of long-
range physical maps of human and other
complex genomes.

We also are developing the following
capabilities: systems and procedures for
efficient cloning of large DNA fragments;
procedures for rapid screening of libraries
constructed in YAC vectors; and improved
methods for isolation of ultrahigh molecu-
lar-weight DNA with emphasis on DNA
from flow-sorted human chromosomes.

Chrom. 21:
1 x Clal
2xEagI
3 x Notl/Nhel

Chrom. 16:
1 x Clal

Vectors

Sail I

I Phosphates*
Sail BamHI EcoRI

CM Ban** EcoBI

Systems for cloning large DNA frag-
ments have been developed in several
laboratories. M. K. McCormick, a
codeveloper of new yeast host/vector
sysiems and a Los Alamos staff member,
has applied these new systems to the
construction for YAC libraries from several
sources of target DNA. The YAC systems,
in general, share several common features.
The YAC vector is a plasmid containing
DNA sequences for the essential functional
units of yeast chromosomes' selectable
markers to facilitate discrimination between
recombinanl and nonrecombinant YAC
vectors in library constructions, in addition
to the functional yeast chromosome
sequences, these vectors contain a bacterial
plasmid origin of replication and a select-
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able marker permitting propagation of the
YAC vector in a bacterial host,

YAC vectors possess different genotypes
and phenotypes having application-specific
advantages. Some YAC vectors are
modified to include polylinkers to enhance
flexibility in choice of cloning sites.
Bacteriophage promoters, adjacent 10 the
polylinker on each vector arm, permit
labeling at both ends of the YAC insert for
use as a probe. Bacterial plasmid origins of
replication, a drug selectable marker, and
unique restriction sites on each vector arm
permit propagation of each end of a YAC
insert in an E. coli host.

Because one of the labor-intensive and
time-consuming procedures of YAC cloning
technology is screening recombinant
libraries to identify needed recombinants, a
significant portion of our effort is directed
toward expediting the screening process.
One step in this direction is the application
of automated procedures for generating and
replicating arrays or pools of yeast colonies
once they are established from primary
libraries.

This program focused on new procedures
for efficient cloning of large DNA frag-
ments into YAC vectors and for improving
approaches to colony screening. We have
developed efficient YAC cloning proce-
dures in our laboratory and have constructed
recombinant YAC libraries using DNA
from hybrid cell lines containing human
chromosomes I 6 o r 2 l . We isolated
numerous recombinants and characterized
them for size and stability. We also
demonstrated the value of YAC recombi-
nants in the chromosome 16 physical
mapping project through integration into the
cosmid contig map of YAC recombinants
obtained from libraries constructed both
from monochromosomal hybrid source
DNA and flow-sorted chromosomes.

Future plans for additional characteriza-
tion include (I) fidelity of the human insert
with respect to source genomic DNA and
(2) chromosomal coverage by the combined
libraries. Availability of very large fragment
chromosome-specific DNA libraries will
facilitate the completion of the cloned
physical map for human chromosome 16
and will provide new resources for imple-
mentation of novel strategies for mapping
other chromosomes.

Transform yvast

YAC libraries.
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Neutron Scatter Studies of
Transcription Factor TFIIIA
Complexes with Its Specific DNA,
RNA, and Nucleosome

E. M Bradbury

Transcription factor TFN1A is represen-
laiive of a large class of DNA regulatory1

proteins involved in the control of gene
expression. TFIIIA is particularly interest-
ing because it can bind to its specific DNA
binding site and the .5s RNA gene product,
making it representative of a primitive form
of nucleic acid binding protein. This
research is important to molecular biology
in understanding the packaging of DNA, its
modulation of structure, and its control in
chromosomes.

We are trying to determine how TFIIIA
interacts with its DNA binding site and with
nucleosomes containing TFIIIA. We are
using two approaches to study these
interactions.

Circular permutation gel electrophoresis
is the first process in which we clone the
DNA binding site and then insert it into
DNA molecules at different positions along
the plasmid. We then test how the DNA
molecule is affected by the TFIIIA by
measuring how much it is ben!. We found
that the effects of the bend are maximal
w hen the TFIIIA is in the middle of the
DNA molecule. We also found that the most
bent forms migrate more slowly than the
forms with the bend ai the end of the DNA
molecule.

In the second approach we use neutron
and x-ray scattering techniques to determine
the low-resolution solution structure of the
TFIIIA/DNA or nucleosome complex. We
were able to perform studies on native
chroniatosomes under different ionic
conditions, which will serve as a baseline
for eventual nucleosome-TFIIIA complex
studies.

Positional Cloning of the
Huntington's Disease Gene

A'. Do\>geti

Huntington's Disease (HD) is a devastat-
ing disease that starts in midlife and ends in
death within 15 to 20 years. It is an autoso-
mal dominant neurodegenerative disease of
the basal ganglia that is characterized by
progressive loss of motor control and a
gradual impairment of intellectual and
emotional capabilities. The biochemical
defect responsible for the disease is not
known, and attempts to isolate the HD gene
have relied on determining its chromosomal
location. In addition to the clinical rel-
evance, attempts to isolate the genetic defect
involved in this disorder have implications
for molecular genetic approaches to finding
other disease genes on the basis of their
positional cloning.

Our research objective is to isolate the
gene responsible for HD based on its
chromosome location (positional cloning)
and to further develop the techniques of
positional cloning to aid in the isolation of
other disease genes.

We have isolated 135 cosmid clones
using a total of 17 plasmid probes and have
generated a long-range restriction map
through the HD region using pulsed-field
gel electrophoresis. We have also con-
structed a 1X representation of the total
human YAC library during the past year.

We were able to narrow the location of
the HD gene to a more proximal position,
but refining the location further appears
impossible. For that reason. HD research is
now concentrating on the entire chromo-
somal area of the HD gene, looking for
mutations within that area in affected
individuals.

As a result of this new turn in the HD
field, we are redirecting our research to use
knowledge gained from the physical map of
Chromosome J 6 to clone other disease
genes. We are now trying to clone the
Batten's disease gene on Chromosome 16.
Many of the resources and techniques
developed on the HD project v, ill be
immediately useful on the Batten's project.

Novel Fluorescent Probes
for Flow Cytometry

B. Mar rone, D. Simpson, T. W ha ley,
C. .1. Unkefer

Our objective is to design fluorescent
probes to study metabolic events in single
cells by flow and image cytometry. Solving
health problems such as endocrine disease,
infertility, and the development and aging
of endocrine cells may be made easier by
our research.

There are three main areas we seek to
cover in this project. We hope to synthesize
fluorescent probes for specific biochemical
steps in the signal transduction process. We
plan to develop flow and image cytometry
instruments to facilitate measurements of
fluorescent probe uptake, kinetics, and
cellular localization. Finally, we want to
apply new probes that target second
messenger systems involved in hormonal
signaling.

Our most significant progress has been
the design, synthesis, and biological
application of a new probe to study
regulation of enzyme activity by hormones
during the cell cycle. To do this, we have
developed a two-color flow cytometric
assay for steroid enzyme activity and DNA
content in live cells. We hope the method-
ologies and strategies that we develop will
culminate in the measurement of function
and metabolism in single cells during their
growth and differentiation.
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Isolation of the Murine ERCC5
ONA Repair Gene and the Creation
or ERCC5 Deficient Mouse
Embryonic Stem Cells

M. A. Machines. M. Park../. Nicko/s.
K. Cloud

We are using novel genetic approaches
to investigate a particular DNA repair gene,
mouse ERCC5. and its role in DNA
excision repair, cell viability, and mouse
development. Since this gene also exists in
human DN'A. our results can help elucidate
the process of DNA repair, which is thought
to provide a primary cell defense in the
body against the harmful long-term effects
of solar ultraviolet radiation that causes skin
cancer and aging.

Our approach is based on transgenics, a
technique in which a particular mouse gene
is replaced with a version mutated by
recombinant DNA methods. We seek to
construct viable mouse cells in which the
ERCC5 repair gene has been altered or
inactivated. Our ultimate goal is to breed a
DNA repair-deficient mouse.

Last year we isolated the complete and
functional mouse ERCC5 gene on a single
cosmid DN'A clone. We screened a mouse
genomic DNA library using both human
ERCC5 gene excerpts and a partial mouse
cDNA. We determined the gene's function-
ality by its ability to correct the ultraviolet
sensitivity of hamster UV-135 repair-
deficien' cells, which can also be corrected
by our cloned human ERCC5 gene.

We also obtained a full-length cDNA
clone of the mouse ERCC5 gene, and we
are testing its functionality. This clone
hybridizes extensively with the cosmid
genomic DNA clone and has been
subcloned into a sequencing vector. We
have also determined the mouse ERCC5
cDNA nucleotide sequence.

Our future plans include comparing the
human and mouse ERCC5 genes with other
repair genes using sequence analysis
software. We will also target the appropriate
regions of mouse ERCC5 genomic DNA for
inactivation and will perform in vitro
construction of mouse ERCC5 transgene
mutants.

Application of a Technique
Combining PCR and DGGE in the
Analysis of Mutational Spectra in
Human Cell Populations

R. T. Okinaka. S. Anzick, K. Lcnibsclier;
W. G. Thilly (Massachusetts Institute of
Technology); /?. Clew (U. of New Mexico
Medical School)

Our project seeks to develop techniques
that can be used to detect and analyze
sequence changes in sensitive genes.
Genetic mutations can cause diseases in
man, and our goal is both to understand
these changes and to identify their causes. A
second goal is to study the mutagenic
effects specific to ionizing radiation. Our
work is based on the concept of mutational
spectra. Mutations induced within a given
genetic locus are not random, but are
clustered in positions ("hot spots") charac-
teristic of the mutagenic agent to which the
organism was exposed.

Our techniques include polymerase chain
reaction (PCR), an in vitro technique that
produces large amounts of specific DNA
fragments from small amounts of complex
DNA templates. We are also using denatur-
ing gradient gel electrophoresis (DGGE),
which enables DNA molecules to be
separated by sequence rather than by size.
The combination of these iwo techniques
offers great sensitivity in screening DNA for
mutated sites and can have broad applica-
tions in human genetics.

Using the PCR/DGGE approach, we
have identified two x-ray specific muta-
tional hot spots in a specific human gene
and have been able to detect one of these
events, even at nontoxic exposures for
human cell cultures. These results suggest
that our approach can define a unique
mutational spectrum for mutations in human
cells induced by ionizing radiation. We plan
to extend our observations to other regions
of this gene.

We are also using the PCR/DGGE
approach to detect polymorphic changes
that occur in humans. Our work focuses on
identifying the mutations in the human
glucocerebrosidase gene that cause the
disorder known as Gaucher's Disease. We
can now routinely detect and identify the
molecular basis for mutations in two regions
of this gene and are currently attempting to
correlate specific mutations with the
severity of the disease.

Mapping the Chromosome
Mutation Function of SV40
Large T- Antigen Protein

/•". A. Hay, P. M. Kraemer

The goals of !his project are to make a
representative set of mutants of the
T-antigen protein that will be used to test
which protein domains are necessary to
cause chromosome mutation, to identify
T-antigen mutants with little or no ability to
cause mutation in human fibroblasts, and to
correlate the variants. The technique of site-
directed mutagenesis is extremely powerful
in conjunction with other molecular
techniques as it may make possible the
design of proteins with specific, desired
biochemical properties. It will fii into other
ongoing life-sciences programs and may be
useful in the development of collaborative
projects with the human genome effort. The
project is integrally related to the
carcinogenesis program and the national
goal of understanding the basis of cancer.

We use the SV40 large T-antigen protein
as the basis for a reliable method to
transform human fibroblasts from a normal
phenotype to a phenotype capable of
forming tumors in nude mice. The putative
mechanism of transformation is through
T-antigen-driven chromosome mutation. We
developed a new method of site-directed
mutagenesis, unique site elimination (USE),
that saves time through the elimination of
normally used cloning steps. We scored
three mutant-T-aniigen-expressing clones as
we attempted to identify mutants that have
diminished function or are completely
lacking chromosome-mutation function.
After we identify those mutations that
diminish or eliminate chromosomal
instability, we can correlate T-antigen
variants to the biochemical function of the
T-antigen protein and to the ability to
induce transformation and immortalization
of human fibroblasts.

As we are able to ma.'x specific changes
in the T-antigen molecule, we will find out
how T-antigen causes genetic damage to
human cells.
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Recombinational Mechanisms in
the Genesis of Chromosomal
Exchange Aberrations

R. Reynolds. E. Goodwin

To address DOE interest in molecular
mechanisms underlying the biologic effects
of ionizing radiation, we have initiated
studies with shuttle vector systems to
determine if nonhomologous recombination
may serve as a good experimental model for
the molecular processes mediating the
induction of chromosomal exchange
aberrations. The objectives of this research
are to increase our understanding of these
two processes at the molecular level and to
determine the extent to which they are
similar.

We are employing hydrogen peroxide to
examine how changes in the distribution of
hydroxyl radicals affect the induction of
nonhomologous recombination at the
molecular level. To estimate the amount of
cytogenetic damage induced by hydrogen
peroxide, we have employed Chinese
hamster ovary cells and the technique of
premature chromosome condensation. Early
results with experiments using standard
procedures were disappointing but were
significantly improved by the use of mitotic
hamster cells in place of mitotic human
cells. With this modification, incubation
temperature was found to be a significant
factor in the induction of both cytotoxic and
cytogenetic damage by hydrogen peroxide.
Our results are consistent with the findings
of other investigators and also support the
suitability of hydrogen peroxide as a model
system for sparsely ionizing radiation.

In future studies, we propose to employ
hydrogen peroxide to test the relationship of
DNA double-strand breaks as detected by
biophysical approaches to excess PCC
breaks, to examine the induction on
nonhomologous recombination by hydrogen
peroxide, and to determine the role of
lesion-lesion interactions in the induction of
nonhomologous recombination.

High-Resolution/High-Intensity,
Small-Angle, X-Ray Scattering for
Structural Biology Research

./. Trewhellu

Our objective is to develop a high-
resolution, high-intensity, small-angle
x-ray-scattering capability for structural
studies of biological systems. This capabil-
ity will facilitate studies of biological
molecules in solution environments that are
easily manipulated to mimic physiological
conditions. It will provide resources to
enhance existing neutron-scattering
facilities for studying chromatin structure,
structures in the immune system, calcium-
regulated proteins, and DNA-binding
proteins. The planned chromatin studies will
interface directly with the Laboratory's
Human Genome Project, studies of antigen/
antibody interactions, and studies of
calcium-regulated systems.

We made further progress with neutron
and x-ray-scattering studies of molecules in
the immune system, which will provide the
basis for proposed studies of the larger
immunoglobulins, such as IgM; we made
advances in the development and character-
ization of chromatin subunits; we made
preliminary neutron scattering measure-
ments on reconstituted nucleosomes with
and without the H5 histone protein; and we
performed x-ray-scattering experiments on
chromatosomes with and without H5
histone protein in different ionic strengths.
Also, we improved our x-ray-scattering
capabilities by using a rotating anode x-ray
source with two bent mirrors positioned
between the source and the sample area
between the source and the detector.

Our future plans include placing the
beam tubes enclosing the x-ray flight paths,
continuing x-ray-scattering experiments on
the structures of chromatin subunits and
chromatin higher-order structures in
different stales of activity, and studying the
large multisubunit assembly phosphorylase
kinase. Other possible projects include
studies of DNA-binding proteins and their
interactions with DNA and studies of large
molecules in the immune system.

The Dual Receptor Regulatory
Mechanism of Neural Stimulation

A. Yamuzaki, A. Kowluru, R. Kowluru

The goals of our research are to deter-
mine how dual receptor systems interact
with a common effector pathway and how
one receptor regulates multiple effector
systems in the neural signal transduclion
mechanisms. Recent data show that the
confonnal changes in each component,
especially guanosine phosphate (GTP)-
binding protein, are the keys to these
systems. We are studying these components
in order to determine the common regula-
tory mechanism of GTP-dependent signal
transduclion.

Our work is fundamental to structural
biology and can help us understand the
regulatory mechanisms of living cells. In
addition, it has potential applications in
studying brain functions and cancer cells.

Using biochemical and molecular
biological methods, we have made a number
of discoveries. We have studied a number of
effector systems in rod photoreceptors. We
purified and characterized guanylate cyclase
and also studied PI turnover and its role in
signal transduction. We also clarified the
role of the effector system in the regulation
of G-protein. We have determined that
transduclion subunits are heterogeneous,
and have characterized the new subuniis.
Study of these subunits may reveal the
mechanism by which multiple effector
systems are regulated by a receptor. Finally,
we have found a new activation mechanism
in bovine guanylate cyclase.
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Neurophysiological Basis of
Magnetoencephalography

./. D Lfwiiic. C. C. WotHI

Magnetoencephalography (MEG) is a
technique that uses noninvasively recorded
neuromagneiic signals to characterize brain
activity associated with sensory, motor, and
cognitive processes. MEG has generated
considerable promise as a tool in both basic
and clinical neuroscience where it is
desirable to map the functional organization
of the human brain.

This project seeks to develop and
validate MEG source localization proce-
dures through computational studies,
physical modeling studies, and human and
animal studies in which characteristics of
known current sources can be systematically
manipulated and independently verified.

Computational studies involve forward
calculation of the magnetic field pattern that
a prespeeified current configuration
generates external to a spherical conductor
meant to model the head. A variety of
modeling techniques are then applied to the
calculated data to inversely solve for the
original currents. In physical modeling
studies, dipole-like current sources are
implanted in a saline-filled sphere and
empirical measurements are made using a
"radiometer system. In both cases, we have
examined the utility of single dipole-in-a-
sphere models and multiple dipole models
for characterizing magnetic field patterns.

Animal and human work focuses on
characterizing somatosensory activity
evoked by electrical and/or mechanical
stimulation of the wrist and hand. Experi-
ments with lightly anesthetized monkeys
take advantage of the known topographic
organization of the extensively convoluted
monkey brain. For both man and monkey,
our data indicate that a single dipole is
adequate for characterization of the earliest
components of the somatosensory response,
but more complex multi-dipole models are
required to characterize neural activity at
longer latencies. Magnetic resonance
imaging confirms that the recorded
neuromagneiic activity is generated at
appropriate locations within the post-central
gyrus of the brain.

Future plans include continued explora-
tion of somatosensory activity in man and
monkey, the initiation of studies in other
sensory modalities, and cross-validation of
MEG analysis via other imaging modalities
including eleclroencephalography (EEG)
and positron emission tomography (PET).

Magnetic Stimulation for the
Analysis of Neural Function

D. B. van Hulsteyn../. D. Lewinc, L. Heller,
E. R. Flyim

Neuromagnetic stimulation (NMS)
involves the use of time-varying electro-
magnetic fields to activate brain regions or,
alternatively, (o modify the activity in
regions that are not functioning properly.
NMS techniques provide a tool for analyz-
ing brain function, a means for temporarily
and reversibly disrupting regional brain
activity, and a basis for the development of
neural prosthetic devices.

Our research involves three concurrent
and complementary programs directed
toward solving different issues related to
understanding and applying NMS tech-
niques. The first effort involves the design
and development of stimulating coils and
coil arrays that allow for more exact
focusing of applied magnetic fields. The
second effort involves forward calculation
of the electric fields that time-varying
magnetic fields induce in neuronal tissue.
The third effort involves relating the
parameters of the applied magnetic and
induced electric fields to changes in the
activity of specific neural populations.

In our first year of work on the NMS
project, we developed a theory of the
stimulation of electric fields in the brain by
various external sources. A paper on this
theory was accepted for publication by the
Biophysics Journal. A computer program
based on the theoretical formulation was
developed to permit the mapping of the
fields induced in the brain by an array of
sources. We also formed a research
agreement with Digitimer Corporation to
provide the Laboratory with the loan of a
$13.(XX) simulation unit.

Our future plans call for (I} the design of
an optimal coil configuration for use in
brain stimulation. (2) the quantitative
determination of the orientation and
characterization of the electric fields that
drive the neural excitation. (3) in vitro
mapping of the electric field produced by
the coils, and (4) the determination of the
threshold for neural excitation voltage as a
function of the applied signal frequency.

Brain Topology Project:
Integrated Computational Models
of Brain Structure and Function

C. C. Wood,./. .V. George

A fundamental challenge for contempo-
rary clinical and basic neuroscience is the
need to map brain function onto brain
structure. Such a mapping is important for
understanding normal brain organization
and neurological disorders. Developing a
computational framework for this function
is particularly well suited to Los Alamos'
capabilities in advanced computation and in
neuroscience measurement and modeling
techniques.

The focus of the Brain Topology Project
is the development of three-dimensional
models of the human brain derived from
MRIs that incorporate both structural and
functional information. This research has
already generated interest from the National
Institute of Health, which emphasized its
importance in the Congressional Report on
the Decade of the Brain (1990s).

Our work in the development of
computational modeling techniques has
provided a unifying data structure for the
mass of data emerging about brain structure
and function. We developed techniques for
three-dimensional volumetric reconstruction
of brain anatomy and extended the resolu-
tion of the core volumetric model, using
data from the high-resolution MRI facility at
the Albuquerque Veterans Administration
Medical Center. We improved techniques
for volume- and surface-rendering of the
volumetric models. We also developed and
evaluated techniques for MRI-based
anatomical constraints to improve
neuromagnetic source models.

Our future work on the Brain Topology
Project will focus on three areas: volumetric
reconstruction and anatomical segmentation,
reconciliation of coordinate systems, and
three-dimensional to two-dimensional
transformation.
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Database and Display for
Multiple Levels of Genetic Maps

C. Burks. U../. Cinkoskx. .1. \\. Eickcti.
C. E. HiUU-hivml. C. IV. Redgrave

We arc developing a database and
accompanying interface to support the
storage, analysis, and display of all levels of
genomic mapping information. The
information ranges from cytogenetic (e.g..
chromosomal bands) to specific sequences
(e.g.. STS markers). This system will have
the follow ing characteristics:

1. Redundancy of objects or spans to be
mapped will be minimized. That is. a single
object can be linked to many different maps
on many different scales without repeating
the object description.

2. Changes to mapping scales will be
automatically propagated through all maps
included in that domain.

3. Map position will be specified by a
formal, rich syntax covering all ambiguities
arising from uncertainties in positional
assignment.

Hence, the system will support queries
across many different maps and all levels of
scale and will greatly reduce the current
difficulty in entering, revising, querying,
and displaying genetic map information. It
w ill also allow the formulation of trial or
custom maps without manually copying and
reorganizing relevant data sets.

This project is relevant to a number of
other Laboratory studies, including the
Human Genome Initiative. It will build

20 r

upon previous Laboratory work in
bioinformatics and may also help provide an
approach for the neuroseience computa-
tional tools currently being developed lor
mapping the brain. The system is being
implemented in C language (under UNIX)
and uses the Sybase relational database
management system, but we are designing it
to be ported io other environments.

Our initial implementation. HI6. uses
data from chromosome 16 compiled in the
Human Gene Mapping meetings. Thus far.
we have collected over 250 experimentally
mapped objects from this chromosome,
ranging from breakpoint analysis and cDNA
sequencing to large-molecule clone
generation.

For each mapped object, we collect or
derive data items for a uniform data
representation. This includes the element's
name, minimum and maximum length,
position on the corresponding map scale,
and the ambiguity associated with that
positional assignment. Abstracting reliable
error estimates from the data available in the
literature has posed a challenge, and we are
working with the researchers providing us
with data to make these estimates more
explicit.

Our relational schema is being designed
to track and interconnect objects, scales,
map links (which associate objects and
scales), and map groups (clusters of map
links). We are using the FEATURES
TABLE positional syntax to specify
mapping boundaries because it enables us to
deal with the ambiguities encountered in
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One of the goals of integrated mapping is to analyze all the data sets for a given chromosome as if
they were one data set. In addition, we would like to be able to characterize data sets in as many
different ways as possible. One example is the question of coverage: How much of the chromo-
some is being covered by mapping and sequencing efforts? The graph above shows the number
of markers in the HI'6 collection, for 1 % - wide bins on the whole chromosome (banded map from
Sutherland, personal communication. 1991).

mapping dala. We plan to develop an
interface allowing automatic plotting of
figures and are experimenting with displays
at this time.

In our first year, we focused on gathering
information about the data sets to be
included in the mapping database. We also
began initial design of the appropriate
relational schema for organizing the dala in
a relational database management system. In
the coming year, we will populate the tables
with the HGM-chromosome-16 data and
develop our interface forms for passing data
into and out of the database. We expect to
have a robust version of the database
completed by the end of the year. In the
second and third years we will define the
graphical interface we require and will
develop an interface for the H16 data set.

Genome Organization and the
Stochastic Structure of DNA

./ W. Fickelt. D. C. Tomey

We are studying the large-scale organiza-
tion of genomes by statistical analysis of the
base composition of sequences in GenBank.
We have been able to generalize the
isochore model for the structure of verte-
brate genomes to other taxonomic classes,
while at the same time providing more
detail in the model.

The significance of this work for the
Human Genome Project lies in the potential
improvement of gene recognition algorithms
used to interpret sequence data and in the
understanding of large-scale organization of
chromosomes.

Our work began when we observed new
and surprising properties in the stochastic
structure of DNA. These can be stated as the
following properties of base composition in
human and E. coli genomes:

1. There is a strong tendency toward
strand symmetry in each region of a few
kilobases.

2. The variation overall is larger than
can be modelled by standard homogeneous
stochastic processes.

3. Composition varies slowly and
continuously with location.

We are able to give a level of signifi-
cance for each of these properties in the two
genomes and to construct a model that is
more precise and generally applicable than
the prevailing "isochore model."

Our future plans include applying the
model to improve gene recognition algo-
rithms by making use of the correlation of
the A+T-content of genes with that of the
region in which they are found.
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Theoretical Studies of the
Structural Stability and Specificity
of DNA, Proteins, and
Protein-DNA Complexes

A. Garcia. G. Gupta. C. S. Tung. L. R. Prat!

The objective of our research is 10 study
the dynamics and stability of DNA and
proteins in solution using theoretical and
two-dimensional NMR techniques. The
interaction mechanisms we are studying
provide an understanding of specific forces
that determine structure, stability, and
specificity of biomolecules. The Human
Genome Project. The High-Performance
Computing and Communications Initiative,
and the Structural Biology Initiative, all
major DOE projects, will profit from our
efforts, as will the scientific and industrial
(pharmaceutical) communities.

Our studies reveal the nature of water
structure and water relaxation around atoms.
In the course of our work, we achieved a
once-in-a-decade breakthrough on the
theory of h\diophobicity. Now we can
propose the development of software tools
for reliable interpretation of hydrophobie
effects on the stability of biomolecular
structures. Through rigorous analysis of
simulation data, we can visualize the role of
water molecules in mediating specific DNA
or protein recognition.

We expect to continue developing a set
of tools that will help us to have a better
understanding of the molecular determinants
of DNA conformation and of drug-DNA
and protein-DNA complexes. We will use
these tools to study the molecular details of
various biological mechanisms (e.g.. repair
mechanisms, replication inhibition by drugs,
and 2ene switchina).

Control of Cell Proliferation by
Lymphokines and Growth Factors

B. Goldstein; K. Smith (Dartmouth U.l;
S. Wiley (U. of Utah)

We are studying the control of cell
proliferation, one of the most important
functions of man's biochemical and genetic
regulatory systems. Malfunctioning control
mechanisms can lead to cancer or to a
breakdown of the immune system's defense
against pathogens.

We focus on two ligands and their
receptors: epidermal growth factor (EGF). a
peptide growth hormone, and interleukin-2
(IL-2). a T-cell growth factor. Our goal is to
develop mathematical models that quantita-
tively describe the dynamic behavior of the
IL-2 and the EGF receptor systems, to use
these models to understand the initial events
in growth control, and to uncover structure-

function relations for these ligand-receplor
systems. Our collaborators are testing these
models against experimental data.

This year we analyzed two proposed
models that attempt to explain how T cells
bind IL-2 at very low concentration, the
affinity conversion model and the pre-
formed heterodimer model. Our results
show that published IL-2 binding studies
support the preformed heterodimer model.

Our model is applicable to this entire
class of receptor systems (including IL-3.
1L-5. and the granulocyte-macrophage.
colony-stimulating factor), and we plan to
extend our analysis to these systems in the
future. We also plan to model EGF receptor
aggregation and to apply our models to EGF
experimental data.
R. J. Robb. W. C. Greene, and C. M. Ru>k. .1. E\p. Med.

160. 112611984).
• R. J. Robb. C. M. Rusk. J. Yodai. and W. C. Greene. Prm:
XMI. Ai-ad. Sci. 4. 2IKJ2 11987).
' R. J. Robb and C. M. Rusk../. Imnmni.u.L 137. 1201
(1986).
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Comparison of model predictions with published data. So is the initial slope of a
Scatchard plot and RT is the total concentration of IL-2 receptors, i.e., the total concentra-
tion ofp55 andp75 chains. The data is from 37° C binding studies on T cells: HUT 102B2
(•), PHA blasts(k), PBL p), MLC blasts (A).1'3 The solid line is the best fit to the data
for the preformed heterodimer model. The dashed line is the best fit to the data for the
affinity conversion model.
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Genetic Database Analysis
.•V .S\ LtjH\lcs. R. Father

The Human Genome Project lias
generated massive amounts of sequence
dam that we are analyzing by using neural
networks and information theory. We are
seeking to develop methods of data analysis
that can be valuable to biologists in general,
as well as to the Human Genome Project.
We have also studied the acquired immune
deficiency syndrome (AIDS) virus, which
presents a problem of international impor-
tance.

Our recent work has focused on two
areas. We are seeking belter methods of
predicting protein structure from sequence.
Our investigation of coding regions in DNA
sequences has shown significant mutual
information between adjacent codons in
exon regions, as well as between codons
separated by four intervening codons. Our
mutual information code will soon be
released to the general biological commu-
nity. We are also improving our accuracy in
detecting coding regions and on predicting
the secondary structure of proteins when
given a primary sequence. Finally, we are
investigating various tertiary structure
modelling schemes and have adapted the
"lattice gas" scheme developed at the
Laboratory to include protein.

Our second area of interest is investiga-
tion of sequence variations in the AIDS
virus using information-theory techniques.
Preliminary results indicate that these
techniques can help us identify functional
sites in the sequence of the virus and hence
shed light on the wildly variable regions.
The sequence variations seem to possess an
apparent structure that is linked to function.
We hope to continue pursuing this idea and
to validate it by studying other data sets
such as influenza sequences. We will also
continue to study the lattice gas scheme for
simulating water and its relevance to
protein/water interactions.

Simulation Methods for
Long-Time Protein Dynamics

P. S. Lonnhihl; S. Dimiiwh,
N. G. Jensen (Suwford)

We are seeking to develop computational
methods for simulating protein dynamics in
the millisecond-to-second time regime.
Each protein molecule consists of several
thousand atoms covalently and non-
covalently associated in an essentially
unique conformation that is responsible for
its specific biological function. X-ray
diffraction has been used to study proteins,
but most cannot be studied in this way. A
computer-based method of predicting a
protein's tertiary structure from knowledge
of the primary amino acid sequence would
thus be of major significance to the
biological and medical sciences.

Our work is based on two tools from
modern condensed-matter physics: Monte
Carlo/simulated annealing and Langevin
stochastic dynamics methods. By calculat-
ing the simplified potentials describing the
interaction between each amino-acid pair.
we can predict tendencies of an amino acid
to lie buried within the protein and for
regular structures to pack in define j ways.
Our model is then incorporated into a
simulated annealing code to determine the
minimum energy configuration. This
approach has been successful in modeling
protein folding. We are using Langevin
dynamics to search in conformation space,
as opposed to directly following the
dynamics of the folding process, and are
adapting our code to study small peptide
segments. Our results will be compared
directly with data from experiments on
membrane transport.

We have also completed a phenomono-
logical study of the influence of stochastic
noise on pattern formation in fluid-mosaic
membrane proteins. Our experience with
this model will be useful in the future when
we begin a direct comparison on the long-
time dynamics of a membrane protein.

Molecular Evolution and the
Maturation of the
Immune Response

A. Pei el son

A basic understanding of the effects of
mutation on protein structure, function, and
evolution will contribute to the Laboratory's
programs on the human genome, structural
biology, radiation biology, theoretical
immunology, and AIDS. The aim of this
research is to understand the basic processes
driving evolutionary change in proteins.

Our primary goal is to use a combination
of mathematical models and empirical data
on mutational changes in antibodies to
explore the statistical structure of fitness
landscapes and then to develop the means of
using this information to assess the influ-
ence of the fitness landscapes on the
evolutionary process. Our secondary goal is
to study similar evolutionary changes in the
genome of the human immunodeficiency
virus (HIV) and its influence on disease
progression in AIDS.

Our modeling work led to a theoretical
framework for viewing the molecular
evolutionary process of proteins. We have
put the theory of uphill evolutionary walks
on random and totally correlated rugged
fitness landscapes on a firm mathematical
basis and made detailed predictions and
comparisons with biological data. We found
that the random landscape model leads to
predictions that are consistent with a
number of qualitative features seen during
the evolution of antibodies by somatic
hypermutation. We are in the process of
extending the theory to partially correlated
landscapes, taking into consideration details
of antibody structure. We also began
modeling the consequences of mutational
changes in HIV with the aim of understand-
ing how the virus evades the immune
response.

We plan to continue developing models
of molecular evolution and the maturation
of the immune response. We wish to further
refine our theory of antibody evolution and
further investigate partially correlated
landscapes. We also plan to continue our
exploration of the role of mutation in AIDS.
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Measurement of
Otoacoustic Emission
G. Zwcia. C. Shera,./. E, McDowell,
M. G. Chorn

The long-range plan of this research is
better characterization and understanding of
the human ear. Our findings may result in
the improvement of hearing aids and the
development of speech recognition devices.
In addition, these findings may influence the
design of algorithms used in adaptive,
nonlinear, digital signal processing and in
VLSI technology that emulates parallel
signal processing in the inner ear. Finally,
measurement of otoacoustic emission is a
method that can allow otologists to deter-
mine noninvasively the condition of a
patient's ear.

The human ear has evolved a remarkable
mechanism for detecting and analyzing
sound. Sound waves entering the ear canal
vibrate the eardrum and the oscillations are
transmitted by the bones of the middle ear to
the oval window of the cochlea. The central
tube of this organ contains a longitudinal
array of specialized sensory cells, the hair
cells of the organ of Corti. These cells
respond to the motion of the fluids and
membranes by generating patterns of
electrical impulses that are interpreted by
the brain as sensations of tone.

The classic view of cochlear function is
as follows: Motion of the oval window
generates a wave in the cochlear fluids,
which travels along the tubes until it reaches
a point where its energy excites the nearby
hair cells and is transduced into electrical
potentials. The location of the point of
transduction varies with the frequency of the
stimulus. Thus, the cochlea acts as an
acoustic prism, mapping each frequency
onto a different point on the organ of Corti.

For lower sound intensities, however, our
work has shown a very different picture.
Using measurements of the motion of a
point on the organ of Corti produced by
tones of different frequency, we have
deduced the equations that describe the
collective response of the cochlea to sound.
The cochlea consists of an array of har-
monic oscillators (identified with sections of
the organ of Corti) coupled by the motion of
the cochlear fluids. Each oscillator is
intrinsically unstable. However, a time-
delayed feedback force stabilizes the
oscillation; this force is presumed to
originate in the outer hair cells, which
receive extensive innervation from the
brain. The net effect is amplification of the
energy in incoming sounds, aiding in their
detection and analysis.

This phenomenon implies that the car
creates sound while listening to sound.
Small backward-traveling waves are
produced by the reflection of incoming
waves off mechanical irregularities in the
organ of Corti, These waves are amplified
by the active elements as they travel back
along the tubes to the oval window. Some of
the wave continues on, vibrating the bones
in the middle-ear and appearing in the ear
canal as sound. This sound can be recorded
with sensitive microphones, confirming by
experiment the otoacoustic emissions
predicted by our model.

Wave energy that does not leak out at the
oval window is reflected back into the
cochlea, interfering with the wave generated
by the stimulus. At stimulus frequencies
where there is constructive interference at
the oval window, the incident wave is
amplified, thus increasing the overall
sensitivity of hearing. At certain frequen-
cies, the product of the amplification and
reflection waves may exceed unity, causing
tinnitus.

Our research focused on measuring
evoked otoacoustic emissions to determine
noninvasively whether there is any pattern
to the spatial irregularities that generate the
reflections. Results indicate that the
observed periodicities in the organ of Corti
may arise from minute random imperfec-
tions in the mechanical characteristics that
reflect waves at all frequencies, but only
waves at frequencies where the forward-
and backward-traveling waves are in phase
at the stirrup are strongly amplified.

The extensive innervation of the outer
hair cells suggests that the brain may
purposefully alter the mechanical state of
the ear to facilitate the extraction of signal
from noise. Far from being merely a passive
recorder of sense impressions, the ear may
actively modify and control its own
experience.
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Chemistry

Explosives involve complicated molecules, and Los
Alamos scientists are working to gain a better under-

standing of the reactive process. By understanding the
sensitivity and detonation of explosives, we hope to

design safer explosives, to increase their performance
and predictability, and to reduce the number of tests

necessary. Steve Schmidt and his co-investigators study
molecules to.measure their vibrational frequency shifts as

a probe of molecular structure and to look for chemical
reaction and energy transfer times.

The diagram displays a scale-drawing of CH3NO2
before and after an explosion and the approximate

distances from atom to atom in each molecule.



Illuslration by Donald Montoya and Eric Vigil



Chemistry Overview

W.R.Wadt

Basic and applied research projects in the chemistry
category received continued Laboratory support with funds
from the LDRD program in FY91. This investment contributes
to a strong technical base in the chemical sciences and results
in advances in understanding and in capabilities that can be
applied directly to Laboratory programs. A fundamental
understanding of chemical properties and the reactivity of
materials is central to the solution of many of the difficult
problems facing the Laboratory, the Department of Energy
(DOE), and the nation.

The research supported by this program emphasizes several
important areas of focus for the Laboratory, including weapons
chemistry, materials chemistry, the chemistry of attitude
elements, the development of new energy technologies, and
environmental chemistry. This section describes research that
spans many fields within chemistry and focuses both on a better
understanding of the bonding properties of novel compounds
and on a better description of the dynamics and kinetics of
chemical reactions. Some projects focus on chemical synthesis
to create new compounds with novel properties. Many projects
use lasers either as a tool to study the interaction of radiation
with matter or as a diagnostic to probe fundamental reaction
mechanisms. Several projects include both experimental and
theoretical research and require a close interaction between the
experimental and associated theoretical components.

Two LDRD projects seek a better understanding of the
chemistry of explosives and of materials subjected to the
extreme temperature and pressure conditions typical of explo-
sive reactions. This research relates closely to Laboratory
weapons programs. It improves our understanding of the
behavior of existing explosives and facilitates the design of
safer, more efficient, and less sensitive explosives. In a joint
experimental/theoretical project, researchers in three divisions
studied the chemical and molecular properties of materials
under conditions of high temperature and pressure and devel-
oped software to simulate the dynamics of these molecules
under extreme conditions. In another project researchers in two
divisions observed reaction pathways and intermediate prod-
ucts of explosions and accumulated the first direct evidence of
the compositions of intermediate products for many common
explosives.

Many reaction processes important to atmospheric and
environmental chemistry involve extremely reactive intermedi-
ates and occur too fast (until recently) to allow direct observa-
tion of chemical intermediates. The interaction of radiation and
matter and the conversion of radiative energy into chemical
energy are the basis of many important processes, including the
chemistry of ozone in the atmosphere, the chemistry of air
pollutants, photosynthesis, and greenhouse effects. Several

LDRD projects focus on a fundamental understanding of these
highly reactive processes. In a joint experimental/theoretical
project, collaborators in two divisions worked toward a
fundamental description of molecular photodissociation, in
which light energy breaks the chemical bond. Two other
projects pursued a deeper understanding of processes important
to atmospheric chemistry. These include an infrared/ultraviolet
photochemistry investigation and a project on mass transfer
and reaction chemistry in atmospheric aerosols.

LDRD funds were allocated to develop new laser technology
capable of detecting minute atmospheric concentrations of
chemical agents using laser-induced fluorescence. This light
detection and ranging (LIDAR) technology is similar in concept
to radar, except that laser energy is employed instead of radio-
frequency energy. The project was originally directed toward
the remote detection of illegal drug production or processing
operations. When the conflict with Iraq began, concerns
increased about the use of biological agents and the need to
detect them promptly if they were used. Los Alamos scientists
were requested by the military to redirect the development of
this technology for possible field deployment in the Desert
Storm operation. In an intensive effort, the redefined mission
was accomplished in less than 3 weeks.

A fundamental understanding of the chemistry ofactinide
elements forms an important part of the characterization of the
nuclear materials for which the DOE production complex is
responsible. The theoretical characterization of the electronic
properties of these materials is an important part of one project.
Two other projects dealt with the experimental study of the
bonding of these elements and the study of the acid-based
chemistry of these materials. Other projects characterized
wastes generated by the production complex and designed and
synthesized novel compounds with much-improved separation
factors for solvent extraction processes.

Several projects focus on the study of structure and reactivity
of compounds important to the design of novel materials. These
include a valence-bonding study, which provided new insights
about the properties of materials used to make high-tempera-
ture superconductors. One effort emphasized the electronic
properties of novel conductors. Other research focused on
catalysis, including a study that synthesized the first molecu-
larly bonded hydrogen-ligand complexes and another study that
shed new light on the mechanism of diffusion of atoms on metal
surfaces.

The Chemistry LDRD category supports a variety of chal-
lenging research projects that provide (/fundamental under-
standing of many important chemical processes. These projects
will grow in importance as the Laboratory addresses new
challenges in environmental chemistry and remediation of the
DOE production complex. Fundamental research in chemistry
will continue to be essential to the design and development of
materials with novel properties and. in so doing, will promote
the competitiveness of US industry.
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Following Chemical Reactions in
Real Time: Experiment and Theory

S. .1. Btwhw. ./. J. Tiee. D. S. Moore,
D. J. Kane. K. A. Peterson. R. B. Dyer.
D../. Funk. C. E. Strauss../. L. Lyinan.
R. T. Puck. R. B. Walker. M. Braunstein.
J. D. Kress: G. A. Parker (U. of Oklahoma):
A. Lagttna fU. of Perugia. Italy)

The objective of this project is to gain a
detailed understanding of chemical reactiv-
ity at the most fundamental level. In
particular, we seek to understand reactions
caused by light: photodissociation.
photoassociation. and photo-induced
reactions.

Understanding chemical reactivity is
fundamental to the progress of all chemis-
try. Primary photochemical processes offer
a unique opportunity to induce reactions
with well-defined and well-controlled initial
states. Hence, photochemistry is one of the
most exciting areas in chemistry, with rapid
progress being made in both experiment and
theory.

Until recently, the fastest light pulses that
could be generated were longer than the
time scale of molecular reactions: therefore,
the result of a reaction could not be
observed until long after the reaction was
over. However, with the very recent
development of ultrafast (femtosecond) light
pulses, it is now possible to observe
molecules during reaction and to follow
them as they pass through the critical
transition state between reactants and
products. This development is leading to an
unprecedented increase in understanding
what really happens in chemical reactions.

We are studying a selection of photo-
induced reactions that contain unique and
interesting dynamical features. All experi-
ments are performed similarly. The reaction
is initiated by a femtosecond photolysis
(pump) pulse, and the progress of the
reactions is monitored later using a second
femtosecond (probe) pulse. The monitoring
techniques used depend upon the reaction
being studied and include femtosecond
infrared absorption spectroscopy. laser-
excited fluorescence, and multiphoton
ionization detection.

Experimental and theoretical studies of
the photodissociation reactions of acetone,
nitrogen, and water were initiated over the
past 2 years. New capabilities developed for
this project are also being applied to other
important related problems.

Studies to date fall into three categories:
A. Systems for which experiments and

theory can be carried out together. Accurate

three-dimensional quantum dynamics
calculations can be done, and reagents and
products initiated and probed on a
femtosecond time scale.

B. Systems for which experiments can be
performed, but the theory consists of simple
model calculations.

C. Systems for which accurate theoreti-
cal calculations can be carried out, but
experiments cannot be performed until
femtosecond pulsed lasers at the right
wavelengths can be developed.

These studies include the following:
A. Experiment and Theory Together

D,S + h v — > D + DS. (1)

The ultraviolet absorption spectra of this
photodissociation reaction indicate that the
excited molecule oscillates before it
dissociates. Oscillations are detected by
measuring the rate of DS formation. Much
remains to be discovered about this reaction,
so our study will be definitive.

The experiment involves generating the
dissociation wavelength by mixing pulses in
a (3-barium borate (BBO) crystal. We have
successfully generated pulses of various
wavelengths using this method. In theoreti-
cal work, potential energy surface (PES)
calculations indicate that two electronically
excited PESs are involved. An approach to
this problem is being investigated.

Kr + F + hv —> KrF*. (2)

This photoassociation reaction is the
reverse of the KrF lasing reaction and is not
yet understood in detail. We will use a
femtosecond pulse to associate the atoms
and then monitor the evolution of the
molecular wavefunction on the excited
PESs.

We are investigating photolysis of KrF,
as an alternate means of producing KrF*.
Initial experiments were inconclusive, and
theoretical work on KrF laser reactions is on
hold because of the status of the KrF
program.

Hg + H, + hv— > HgH + H (3)
Hg + H + H
Hg* + H,

The mechanism of this reaction is
controversial. Our work, the first serious
quantum study of a three-body breakup
reaction in chemistry, will resolve the
controversy. Experimental and theoretical

work begins this year. We have successfully
pursued novel difference frequency methods
for generating tunable vacuum ultraviolet
radiation using nanosecond laser pulses.
Femtosecond vacuum ultraviolet will be
used to detect hydrogen atoms on the
Lyman-a transition.

B. Experiment First

CH,COCH3 + hv —> CH, + CO + CH,. (4)

CH,CdCH, + hv —> CH3 + Cd + CH,. (5)

A controversy exists over whether the
three products in each reaction are produced
together or in two steps. We will be able to
provide the definitive answer by monitoring
the reaction in real lime, using a dissociation
wavelength generated as described in Eq. 1
above.

NO, + hv —> NO + O. (6)

NO, plays a central role in the formation
of photochemical air pollution; however, its
photochemistry is complicated and not well
understood. Experiments in progress will
elucidate the dynamics of this photodisso-
ciation reaction.

We have produced both the pump and
probe wavelengths needed to study this
reaction. Attempts to detect the NO product
have been unsuccessful so far because of
background ionization, which we are
working to eliminate.

Detection of many small molecules and
atoms requires short, intense vacuum
ultraviolet laser pulses. We have performed
studies of second-harmonic generation using
magnesium vapor, as well as novel methods
for generating vacuum ultraviolet pulses
using two-photon resonances in molecular
hydrogen and krypton. We have success-
fully used nanosecond pulses to generate
tunable vacuum ultraviolet and plan to
extend its wavelength range. In addition, we
have developed a technique based on self-
diffraction for accurate measurement of
femtosecond pulses (temporal width, color
spectrum, and phase relationship).
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C. Theory First

H,O + liV—>H + OH. (7)

Fundamental work on this reaction is
proceeding rapidly. We have calculated the
hyperspherical functions on both PESs and
the vibraiional states on the ground PES.
Shortly, we will have the first accurate
coupled channel results for this reaction, as
well as its spectrum and product state
distributions. A simple model for the
photodissociation absorption spectra of
bent polyatomic modules has been

developed and applied to this process.

O, + hv — O, + O. (8)

This reaction saves us from the ultravio-
let radiation of the sun and is now the focus
of world-wide attention. This year we
developed a simple model for continuous
ultraviolet absorption spectra and applied it
to the Wulf-Chappuis band of ozone (the
"ozone layer"). We have been able to give a
more complete interpretation of the
experimental spectra, but some questions
remain unanswered. Work is continuing on
this problem.

During the past 2 years, we developed
infrared absorption as an ultrafast probe of
chemical reactions. We are planning to
improve our detection capabilities by using
an infrared multichannel detector, which
was designed using components manufac-
tured for military applications. This
capability should greatly reduce the time
needed to collect transient infrared absorp-
tion spectra and enable us to continue our
experiments.

Theoretical work in progress involves
adapting our time-independent, exact-
coupled-channel scattering code to the
problems described. We then plan to
program a time-dependent version to
directly calculate features seen in the
femtosecond experiments.

Fundamental Chemistry/
Diagnostics of
Hazardous Waste Destruction

W. C. Danen, R. C. Okienhorg, D,,/, Flink,
B. A. Palmer

A method for safe and efficient destruc-
tion of halogenated organic wastes and other
organic solvents, as well as the volume
reduction of mixed wastes, would contribute
significantly to the success of the mandated
environmental effort in day-to-day opera-
tions and in cleanup of facilities.

This research is directed toward develop-
ing diagnostic capabilities for the incinera-
tion of hazardous wastes, in particular the
combustion of halogenated compounds, by
ascertaining fundamental aspects of
chlorinated hydrocarbon incineration. Cur
goal is to develop a diagnostic method
suitable for a multistage incinerator capable
of monitoring the intermediate stages of
incineration and determining its effective-
ness. This monitoring would allow an
incinerator operator to control conditions of
the burn to ensure complete destruction of
the hazardous material. Such a diagnostic
would provide protection against accidental
release of hazardous materials, as well as
allow operation at the greatest efficiency.

Our approach focused on the creation of
a benchtop model of incineration, using a
flat-flame burner equipped with optical and
temperature probe access, to which we
applied optical diagnostics for chlorinated
hydrocarbon studies. We used an optical
diagnostic technique known as Coherent
Anti-Stokes Raman Spectroscopy (CARS)
to determine incineration efficiency by
studying aspects of the high-temperature
oxidation of chlorinated hydrocarbons. We
obtained CARS spectra for methane/air,
methane/methyl chloride/air, and methyl
chloride/air flames. We observed optical
signatures for hydrogen chloride, hydrogen,
and chlorine. Based on the results of our
studies, we feel the possibility exists for
developing a feedback diagnostic using free
chlorine to indicate the efficiency of
combustion.

We hope to continue our work either
hrough the Environmental Remediation

Program at Los Alamos or through an
affiliation with the Rocky Flats cleanup
effort.

Photochemical Investigations with
High-Picosecond Infrared and
Ultraviolet Lasers

7". R. Gosnell, A. J. Taylor,./. L. Lyman;
D. Thompson, K. Bint: (Oklahoma State U.)

The purpose of this research was
twofold: (1) to develop techniques and
instrumentation for studying ultrafast
dynamics using new ultrafast laser technolo-
gies in the ultraviolet and infrared spectral
regions and (2) to apply these techniques to
the science of gas-phase photochemical
phenomena. Time-resolved spectroscopy
based on supercontinuum generation with
picosecond pulses offers a technique, that is
superior to conventional spectroscopic
probes for probing high-speed events.

We developed a subpicosecond, time-
resolved absorption spectrometer that
allowed us to investigate the ultrafast
photodissociation dynamics of gas-phase
CF,Br2. The highly vibrationally excited
CFJBr* species undergoes unimolecular
reaction according to the formula

CF,Br* —> CF,(v2= 0 or v,= 1) + Br.

The broadband ultraviolet spectra
obtained in the course of this reaction have
been analyzed. Results from our investiga-
tion showed a more ciearly defined photo-
chemical pathway, detected the CF2Br
transient intermediate species, anu revealed
intramolecular vibrational redistribulion
within CF,Br.

These results are being written up for
publication, and no further work is planned.
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Detonation Chemistry and the
Molecular Design of Explosives

A'. R. Greincr. H. A. Fry, N. C. Blais,
R. P. Engelke../. Romero, S. Murray

This project is part of a multidisciplinary
effort to investigate the relationships
between the molecular structure of explo-
sives and the chemical reaction mechanisms
that initate and drive detonation. The long-
term objective is to develop the ability,
based on fundamental chemical principles,
to better predict, model, and (if possible)
control the sensitivity and performance of
explosives through synthesis guided by
molecular design. To establish the relation-
ship between the molecular structure of the
explosive and its chemical transformations
during detonation, we must characterize in
detail the chemical species present at a
series of stages as explosives are initiated
and detonated. This project provides that
characterization.

In the current environment, any new
explosive must be less sensitive to mishap
than the explosive it replaces. Hitherto, as in
the case of TATB, this has usually meant
that performance must be sacrificed for
safety. Efforts to design new, safer, and
more powerful explosive molecules are
continuing. Explosives provide the driving
force for nuclear weapon primaries,
conventional bombs, shaped-charge
penetrators. propellants, and compact high-
powered sources for directed-energy
applications. Our study of molecular
mechanisms could guide the invention of
improved insensitive high explosives and
provide improved predictive ability for the
design, modeling, and testing of devices that
depend upon explosives.

Our new detonation chemistry apparatus
is used to gather information about product
composition and chemical processes in the
detonation of common high explosives.
Detonations are performed in a high vacuum
so that the reactions quench in a continuum
of stages. An undisturbed, freely expanding,
collisionless molecular beam is skimmed
from the expanding quenched material, and
a series of beam segments is analyzed by
mass spectrometry.

Because expansion occurs without
substantial mixing, the material in the beam
remains in the same spatial order as in the
detonating charge. Thus, we can obtain
analyses of quenched material from a series
of 95 contiguous volume elements about
20-m thick in the exploding pellet. The
expansion of the detonating explosive has
another advantage: material that experi-

enced detonation conditions for 3 ns can be
analyzed after expansion during a time
interval of 12 ms (the mass spectrometer
cycling time). This allows us to characterize
very rapid processes, such as those occur-
ring in the detonation reaction zone.

By matching schlieren movie images of
the detonating pellet with images generated
with a computer model, we can identify the
volume elements and reproduce their
hydrodynamic histories. We are developing
models to predict molecular composition at
all stages of the detonation and expansion
process and are refining these models by
comparing their predictions with the
observed spectra.

The first year, we used the new apparatus
to record sequences of product compositions
from a variety of well-known explosives.
We have obtained spectra from pellets of
PETN, RDX, HMX, TATB, HNS, and
TNT. Each explosive has a unique series of
quenched-product spectra, and the mass
spectral sequences display distinct chemical
stages. For example, in the case of TATB,
we can observe the disappearance of
unreacted explosive, the rise and fall of
reactive intermediates, and the development
of final products. The data for HNS is
similar but shows higher molecular weight
intermediates instead of unreacted HNS.
TNT displays erratic behavior, suggesting
that some regions of the pellet have failed to
detonate completely. HMX, RDX, and
PETN each show a unique series of
intermediates and final products. However,
their spectra do not show unreacted
explosive, suggesting that those detonations
consume the original molecules very
rapidly.

In future research, we plan to examine
the detonation chemistry of the explosives
we have already studied but in pellets
pressed to a higher density. By characteriz-
ing the charges of these pellets, we will
elucidate mechanisms that favor less
sensitivity or more powerful detonations.
We will also study explosives with a
broader range of molecular structural
elements, improve our analytical techniques,
and explore the use of our method to
facilitate rapid turnaround in the synthesis/
testing cycle for new explosives.

We also plan to investigate the
laboratory-scale slapper-sensitivity test
developed by Picatinny Arsenal. Our
research will provide chemical characteriza-
tion to this extensively used test, which
simultaneously measures shock sensitivity,
run-up to detonation, and performance. We
will continue to analyze the detonation
chemistry of new explosives. Our database
of detonation chemistry should provide
fundamental knowledge of molecular

mechanisms and rates, give detonation
science a sturdier basis on chemical
principles, enable improvement of detona-
tion engineering models, and aid in
selecting improved options in explosives
synthesis.

L^-^jOi h

NO2

O2N-N,

CH,

CH2

RDX
A series of mass spectra shows the develop-
ment and intermediate and product molecules
in the detonation of RDX. Spectrum /7 is of the
reaction mixture quenched 6 billionths of a
second (6 ns) after initiation of the detonation
reaction. RDX molecules are already gone and
are converted to numerous reaction intermedi-
ates and some final products. Mass peaks
corresponding to various molecules are
indicated. Spectrum #2 is of the mixture
quenched 18 ns after initiation. Many
intermediates have disappeared, and the peaks
for H2, CO or N2, and C02 have gotten relatively
stronger. Spectrum #3 is of the mixture
quenched at 32 ns. Subsequent spectra are
nearly identical, indicating the end of the
reaction. These are the molecules that drive
detonation in RDX.
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Interphase Mass-Transfer Kinetics
of Gas/Aerosol Reactions

./. ,V/. Robinson. D. M. Hamuiine.
R. C. OUIcnborx

The goal of this research is to measure
the kinetics of the heterogeneous reactions
between aqueous aerosols and gas-phase
species. Such reactions are important in our
ecosystem because they play a role in the
chemistry of clouds from the troposphere to
the stratosphere. Cloud chemistry is critical
in predicting global climate change.
Heterogenous chemistry has been impli-
cated in mid-latitude stratospheric ozone
depletion and the Antarctic ozone hole.

The research will be conducted using
well-characterized aerosol particles in a
low-pressure flow reactor currently under
construction. A fast-moving train of
droplets, produced by sending pressurized
water through a vibrating orifice, passes
through a slow flow of trace gas. A diode
laser spectrometer measures the net uptake
of the trace gas by liie aqueous droplets. The
building phase of this experiment is nearly
complete, and we will soon begin investi-
gating N,O,. formic acid, or formaldehyde
uptake by aqueous aerosols.

Two nonlinear optical techniques are
also being evaluated to provide mechanistic
information about the heterogeneous
reaction. These methods are surface second-
harmonic generation (SHG) and sum-
frequency generation (SFG). which enable
us to probe the gas/liquid interface directly.
In particular, the SFG measurements will
provide new spectroscopic information
regarding surface bonding and adsorbate
species.

Synthesis of New
Low-Dimensional Electronic and
Nonlinear Optical Materials

C../. Burns. B. I. Swanstm. S. C. Hucken.
D. L. Clark. T. M. Frankcnm. B. Scott.
S. Johnson; M. D. Curtis tU. of Michigan}

The objective of this project is to
synthesize and characterize the physical
properties of new classes of mixed inor-
ganic/organic polymeric materials that
possess low-dimensional optical and
electronic properties. In addition, we are
performing controlled synthetic modifica-

tion and characterization of traditional quasi
one-dimensional organic chum solids.

Charge-density-wave inorganic solids
and oiher semiconducting materials are
being evaluated for their applications as
electronic and nonlinear optical materials.
The electronic properties of these classes of
compounds are also potentially relevant for
superconducting systems. However, current
s> nthetic procedures cannot produce
materials that exhibit consistent phase
behavior. By developing new synthetic
routes to pure materials, we have made
progress in correcting this problem.

We also studied the effects of metal and
halide doping upon the electronic properties
of inorganic solids. Finally, we are seeking
to address a new area in the preparation of
electronic materials: enhancement of
organic stack conductors by introducing
communication between stacks mediated by
transition metals. We are developing
entirely new classes of mixed inorganic/
organic polymers and are studying their
magnetic behavior.

Our future plans are to investigate new
approaches to combining metal chains and
organic stacks. We will also continue our
metal- and halide-doping experiments and
extend our knowledge of synthetics to the
preparation of new systems.

Impurity Doping

L-Mf-L-tlf-L-W-L

L-Mw-L-~ir-~L-M"'-L
x-

• Local Slate Pairing, R M I Space
Cooper Pairs

Charge Transfer Complexes

M - M - M

• Self-Doping

Several approaches utilizing "chemical tuning"
are being explored to induce transitions
between different collective ground states.

Unusual Valence Chemistry of
Transuranics in Extremely Basic
and Acidic Media

.V. Kinkead. K. D. Ahne\

The program objective is to develop a
deeper understanding of actinide acid-base
chemistry over enormous acidity ranges in
aqueous and molten salts, main group
halides, and organic solvents. Although
acid-base chemistry is important in actinide
research and crucial to uranium and
plutonium processing, we have little
systematic understanding of the speciation
governing actinide behavior. This year we
developed an understanding of actinide
speciation in pyrochemical (i.e., molten salt)
systems used in plutonium processing, an
important component of accelerator-
produced energy.

It is a general feature of both aqueous
actinide acid-base chemistry and
nonaqueous fluoride-based superacid and
molten salt media that acidic media favor
cationic species, e.g., (PuF^ SbF^),.
Consequently, they also favor reduced
species, such as Pu1", over higher valences.
In basic media, such as found in molten
fluroide salts, anicnic species with high
valences predominate. Reaction of neptu-
nium with ozone in molten alkali metal
peroxides has yielded Npv" species, while
dissolution of neptunium metal or oxide in
the superacids HSO,F/SbF5 or HF/SbF,
yields Np1" or Np l v .

In spite of the general intractibility of
actinide oxides, molten salt systems offer
convenient entry points to a variety of
chemical processing schemes. In the past
year, we have found that even high-fired
plutonium oxides are readily converted to
soluble species at room temperature when
they are treated with ammonium chloride
(NH4C1) under pressure of HC1 gas or
liquid. In the absence of HC1. the prepara-
tion of (NH4), PulvClfi requires temperatures
in excess of 300"C. Upon heating in vacua
at 2OO-3OO"C, the salt decomposes to
NH4C1, Cl,. and pure anhydrous PuCl.
Because of the importance of PuCl, in the
molten salt extraction process (MSE) for
removal of americium and the toxic reagents
and conditions currently used to prepare
PuCl.fi.e., phosgene, COCI,at 500-6(K)"C).
t is possible that this discovery could
mprovc the safety of the MSE process at

Los Alamos.
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Transition Metal Complexes as
Models for Hydrogen Uptake

G../. Kitbas. J. Ei-ken. P. .1. Hay,
C. .1. Hums

One of the most significant discoveries
in chemistry during the past decade has
been the synthesis of transition metal
complexes containing chemically bound
dihydrogen (Hn) molecules rather than
classical aiomically bound hydrogen.
H>drogen is important in petroleum
chemistry and as a fuel but is unreactive in
molecular form. Our objective has been to
stud> the molecular architecture, dynamic
behavior, and ultimate splitting apart of H-H
bonds on a metal into atomic hydrogen, the
chemicalK useful form.

This research has important implications
for the production, transformation, storage,
use. and conservation of energy. The
advantages of hydrogen as a fuel are many,
and using H, complexes for storage is
attractive because they bind and release
hydrogen at room temperature and pressure.

We have recently completed the
synthesis and single crystal neutron
diffraction study of the compound
Mo[P(QD,) ;C :kP(ChDj,],(CO)(H,).This
is the first time the structure of an organo-
metallic complex was determined entirely
with a single-crystal diffractometer. and
on!> the third structure of a metal
dihydrogen complex determined by the
single-crystal neutron diffraction method.
We have also studied the nature of H,
bonding to metals and have investigated the
relative stability of rhenium and technetium
polyhydride complexes towards the
formation of molecularlv bound H,.

An(metal) + 3/2Xz
 L = l i m 5 O l v e n V A n X 3 L 4

'hydrolysis,
precipitation,
racovary

fuel
reprocessing

^ recyling
spent fuel rods

disposal

hydrolysis,
precipitation

, Np, Pu

exploratory
nthesis

novel
coordination

chemistry

ArO

R/ R
Oxidative dissolution of the early actinides has potential applications in waste treatment and
environmentally benign processing as well as in novel comparative coordination chemistry.

Actinide-Main Group
Element Chemistry

C. J. Burns, L. R. Avens, S. W. Hall.
P. J. Hay. S. D. McKee. N. N. Saner.
A. R. Schake. D. C. Smith. W. H. Smith.

J. G. Watkin. D. R. Wheeler, B. D. Zwick:
B. E. Bursten (Ohio State U.I; J. C. Huffman
(Indiana U.l; S. L. Buchwald (Massachusetts
Institute of Technology); P. T. Dorhout
(Colorado State U.i

The goal of this project is to synthesize
new early actinide complexes containing
nonclassical ligands and to characterize
their molecular and electronic structures,
physicochemical properties, solution
dynamics, and reactivity patterns.

The chemistry of the actinide elements
provides the basis for developing process
and separation chemistry for weapons
research. This research has recently taken
on new significance in the areas of environ-
mental remediation, environmentally
conscious manufacturing, and technological
competitiveness.

We developed new routes for synthesiz-
ing organoimido complexes of thorium and
uranium and discovered previously
unappreciated differences in the chemistry
of these two elements. In addition, we
extended our studies of the kinetic stabilities
of uranium oxo-alkoxide complexes and
continued studying actinide complexes with
carbocyclic ligands by synthesizing
uranium(III) mixed ring (cyclopentadienyl-
cyclooctetraenylj compounds. Finally, we
found that reactions of trivalent complexes
with halocarbons provide a convenient entry
into uranium(IV) chemistry.

In the coming year, we hope to extend
the range of well-characterized actinide
organoimido complexes and to examine the
chemistry of this functional group. We will
investigate whether practical use can be
made of their elimination reactions to effect
aziridination of unsaturated organic
substrates.

Two views of the structure of the Mo^Cfi^C^/fCIIJJ^CO)^) complex (organic
groups attached to phosphorus have been omitted).
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Energy Conversion and Storage by
Transition Metal Systems

IV. H. Woodruff,
H1. R. Sclwitit(U. of Notre Dame)

Transition metal systems are enormously
important in the conversion of energy from
one form to another and in its storage in
useful chemical forms. We propose, for
selected systems, to use advanced laser
techniques for identifying the fundamental
phenomena involved and to attempt to
exploit these phenomena in practical and
efficient "designed" energy conversion
schemes.

One of our subprojects concerns the
photochemical properties of [Rh^AN)^]4*
and related complexes. Our studies show
that this extremely photolabile complex
seems to reversibly store the photochemical
energy of dissociation in its photofragments.
It should be possible to use this system as a
"chemical photodiode." converting light
into electrical energy with no net consump-
tion of chemical material.

Another subproject is the study of
cytochrome oxida.se, which resides in the
cell membrane of bacteria and the inner
mitochondria! membrane of higher organ-
isms. This enzyme catalyzes the reduction
of O, by cytochrome and conserves the
energy of this reaction, acting as a bioener-
getic generator producing almost 40 MW/
mole. In our studies, we attempt to under-
stand and model this energy transduction
mechanism.

Finally, we are using time-resolved
EXFAS to determine directly the structures
of electronically excited ds dimer com-
plexes. This project addresses the relation-
ships between structure and energy conver-
sion. The objectives are to perform the
world's first direct structural determination
on an electronically excited molecule and io
test previous conclusions on the relation-
ships between excited-state spectra and
structure. We have detected the ground-state
EXFAS spectrum of [Pt,(POP)4|

J and
expect to detect the excited-state spectrum
in early 1992. The [PUPOP) / liberates H-
from toluene and alcohols in a
photocatalytic process, making it useful for
practical energy conversion.

Chemistry and Molecular
Properties of High-Pressure/
High-Temperature Fluids

S. C. Schmidt, D. S. Moore,,/. D. Johnson,
M. S. Shaw, R. A. LeScir

The purpose of this project is to under-
stand the microscopic or molecular behavior
of explosives and materials (dense fluids) at
high pressure and high temperature. This
understanding is extremely important for
developing nuclear weapon primaries,
conventional military munitions, and
directed-energy weapons. Knowledge of the
molecular structure and reaction mecha-
nisms underlying initiation and detonation
will enable us to couple chemistry and fluid
mechanics so we can better understand the
.sensitivity and detonation of explosives.

Presently our understanding of dense-
fluid behavior is derived almost exclusively
from hydrodynumic and thermodynamic
measurements. But such approaches cannot
fully describe explosive detonation or dense
fluid chemistry. To understand dense
molecular fluid behavior, we must develop
belter microscopic-based theoretical models
and obtain the experimental data required to
support and guide the modeling. This
research will guide us in invenling new
explosives, modifying existing ones for
control of sensitivity and enhanced perfor-
mance, and modeling explosive behavior
critical to the design of nuclear and other
weapon devices. Our studies will also allow
us to test the behavior of the current
potential functions and mixing models we
use to model molecular materials in general
at extreme conditions.

Target
Chamber

Catch
Tank

Gas Gun

PrcjectMe

A projectile fired by a high-velocity gas gun strikes the target, compressing the
liquid to six million pounds per square inch.

Fluid Characteristics
Pressure: 40GPa
Temperature: 5000K
Density: >2gm/cm3

(Fluid, 2-3 fold conv-
pressed)

Two 5 nj laser pulse phase
matched in high pressure fluid.

Spectrugtiiph

Target
After the impact of the projectile compresses the target fluid to less than half of its
original volume, red and orange laser beams interact with the dense fluid to produce
the green, laser-like beam that is recorded by the spectrograph.
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We are addressing the problem using a
joint theoretical and experimental approach.
Theoretically, we have extended our
successful work on the statistical mechanics
of single-species molecular fluids to include
mixtures of molecular species under the
same extreme conditions. A new aspect of
this work is studying the chemical equilib-
rium between species and its dependence on
pressure and temperature through the
chemical potential of the mixture as a
function of concentrations. When accurate
statistical mechanics methods are devel-
oped, we will compare calculations with
experimental data to determine reasonable
cross potentials for reproducing measured
temperatures and compositions. Because
experiments do not measure all of the state
variables, we use our current methods to
characterize the experimental shock states
for mixtures where the ideal mixing
assumption is accurate. As the experimental
effort moves toward nonideal mixtures, we
are developing new theoretical methods to
characterize the experimental state.

We are also extending our studies of the
vibrational properties of dense fluids and are
developing a theory for calculating vibra-
tional frequency shifts that should signifi-
cantly improve agreement between experi-
ment and theory. The new theory is still a
mean-field model as previously used but
explicitly includes the effects of the
structure of the fluid on the local force field
and. hence, the vibrational frequency.

Experimentally, we are using fast optical
spectroscopic techniques to observe
molecular vibrations in materials shock
compressed to high pressures and tempera-
tures using a two-stage light-gas gun. From
the spectra, we can extract vibrational
frequency shifts, line widths, and relative
third-order susceptibilities versus pressure
and temperature. These qualities can be
directly related to changes in the inter- and
intra-molecular potentials. Another goal of
the spectroscopic work is to observe the
disappearance and formation of chemical
species in shock-induced chemical reac-
tions.

To date, we have studied N,. O,. CO.
mixtures of these molecules. CH,NO,. and
Cf Hh. Our goal now is to use this database
to study more complicated molecular
systems. Specifically, we measure vibra-
tional frequency shifts as a probe of
molecular structure and look for chemical
reaction and energy transfer times. From our
studies of simple molecules, we can develop
and benchmark the theoretical models used
to describe the behavior of both simple and
complex explosive molecules. It should be
kept in mind that, in the high-pressure and

high-temperature dense-fluid state, complex
molecules become simple molecules.

Achievements this past year include the
development of theoretical models that
describe various microscopic aspects at'
dense-fluid chemical behavior and the
analysis of speclroscopic experimental
results that provide information about
dense-fluid behavior at the molecular level.
Specifically, we have

1. Written an atom-based molecular
dynamics code to simulate the properties of
dense fluids.

2. Developed and published a new Monte
Carlo simulation method that gives the
equilibrium chemical composition of a
molecular fluid directly.

3. Studied the effects of diffusion-limited
carbon clustering on the hydrodynamics of
detonations, which has significant implica-
tions for the analysis of experiments
involving solid carbon as a reaction product.

4. Analyzed static and dynamic high-
pressure/high-temperature spectra to
calibrate a nitrogen vibron pressure scale
and published the results.

5. Published an analysis of CO vibra-
tional mode behavior at high pressure and
temperature.

6. Observed a significant difference in
CO. N,, and CO/N, mixture vibrational
frequency shifts, which we hope will allow
us to better understand these molecules at
the extreme conditions characteristic of
detonating explosives.

7. Determined and published the
vibrational spectroscopy of the hydrogen/
deuterium isotopomers of nitromethane. a
necessary prerequisite to future shock-wave
experiments of these isotopomers.

S. Conducted spectroscopy/shock-wave
experiments with nitrogen/carbon monoxide
and oxygen/carbon monoxide mixtures.

We will develop theories for chemical
equilibrium and nonideal mixing properties
of high-density and high-temperature
molecular fluid mixtures. Theoretical
characterization of unmeasured state
variables in the shock experiment will also
be performed, and the theoretical data will
be compared with experimental data on
temperature and equilibrium composition.
We will use a mean-field model that
includes the effects of the structure of the
fluid on the local force field and calculate
vibrational frequencies to compare with
those obtained experimentally. Finally, we
will perform molecular dynamics simula-
tions that can be used to determine molecu-
lar energy and phase relaxation times.

Experimentally, we will analyze our
previously obtained data lor vibrational

temperatures and reaction and analyze
complex molecules for vibrational fre-
quency shifts, equilibrium, and temperature.
We will measure vibrational frequency and
picosecond vibrational relaxation times for
the CH stretch modes. Finally, we plan an
exploratory attempt to perform spectro-
scopic analysis in a shock-compressed solid,
i.e., single crystals.

Combined X-Ray/Neutron Studies
of Valence Ordering in Materials

G. H. Kwei; H. Oesterreicher (U. of
California, San Diego); A. Stacy (U. of
California, Berkeley); .1. M. Lawrence (U. of
California, Irvine)

The objective of this research is to study
the role of valence in the constituents of
correlated electron systems. Many materials,
ranging from actinides to high-T supercon-
ductors, organometallic catalysts, and
biologically active enzymes, depend on
valence changes, valence fluctuation, and
valence ordering for their properties and
activity.

We are using x-ray and neutron diffrac-
tion techniques to study the crystal structure
and local electronic structure of these
sysiems. Our pioneering use of anomalous
x-ray diffraction to study site-specific
valence in these systems is probably the
most important aspect of our work and is
applicable to many other systems. We are
also working in the area of heavy fermion
systems.

Our dominant area oi research so far has
been the study of valence changes in the
rare earths. We have examined the changes
in cerium valence in Ce,Bi4Pt, with
temperature and pressure to test existing
theories for heavy fermion systems. We are
also studying valence changes in the planar
CuO, conducting layers and the CuO-chain
charge reservoir layers with oxygen
stoichiometry to belter understanu supercon-
ductivity in these systems.

In the future, we plan to study valence
changes in compounds of transition metals
and actinides. which lie at points of
instability in the periodic table and are
known to display valence instabilities. We
are also studying a series of ytterbium,
mixed-valent compounds.
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Preorganized Molecular Receptors
for Actinides for Environmental
Remediation and
Waste Minimization

G D. Juni/w/i. B. F. Smith. P. H. Smith;
A. S. Gopalan (New Mexico State U.)

The objective of our research is lo build
organic molecules that "recognize" the
unique features of the actinide metal ions.
These organic receptors can be used to
separate actinides very selectively from a
variety of mixtures. Improved separation
technologies are urgently needed to remove
actinide metal ions from water, soil, and
other matrices. These technologies are
essential in DOE programs to restore the
environment, minimize radioactive wastes,
and enhance the safety and performance of
nuclear facilities.

We synthesized a series of
bis(ucylpyrazolone) ligands linked with 4 to
8 methylene units and explored the enhance-
ment of the chelate effect. These com-
pounds have proved to be highly selective in
recognizing specific actinides, making them
useful for novel sensors and separations. A
patent application has been filed, and we
plan further studies of these compounds.

We performed actinide binding studies
with natural siderophores and newly
synthesized ligands. Our studies show that
these systems have promise for application
to waste reduction from plutonium process-
ing and to decontamination of soils and
surfaces. We have synthesized and charac-
terized a series of tetrahydroxamate ligands
that can selectively chelate actinide metals
and are continuing to evaluate these systems
with plutonium and other transuranic
metals.

We also synthesized an octaazacryptand
and measured its binding constants with a
number of metal ions. The selectivity of this
compound may be useful in developing
improved technology to recycle toxic metal
ions ii\,m electroplating operations, and we
are collaborating with Boeing Company
and Hughes Aircraft Company on this
technology.

9H 0 0 HO

Bis(acylpyrazolone) ligands synthesized to
enhance actinide ion binding.

• • • - OH HO'1*1

New tetrahydroxamate chelates for
actinides based upon naturally occurring
iron chelators (siderophores).

Electronic Properties of Molecules

P. J. Hay, R. L. Martin, M. Braunstein

We are developing and applying
computational techniques to study the
electronic properties, chemical bonding, and
reactions of molecules at the quantum
mechanical level.

Electronic structure calculations provide
fundamental information for predicting and
modeling chemical phenomena in actinide
chemistry, environmental chemistry,
catalysis, and photochemistry. The compu-
tational capabilities represented in the
electronic structure codes (MESA) devel-
oped at the Laboratory have enabled us to
treat molecules with reasonable accuracy,
especially those containing heavy atoms
such as actinides and third-row transition
metals. These capabilities should place the
Laboratory in a strong position for interact-
ing with industrial partners and playing a
significant role in large-scale computational
initiatives.

To date, we have (1) performed calcula-
tions to understand the absorption properties
of ozone and the resultant photochemistry
that occurs in the Wulf and Chappuis ozone
bands; (2) calculated the optimized geom-
etry of the low-valent actinide complexes
and described the electronic factors
responsible for their structure; (3) studied
the platinum chain compounds and assisted
experimentalists investigating these
compounds; and (4) studied the electronic
properties of the anionic fullerenes to help
in understanding their superconducting and
ferromagnetic properties.

We have successfully ported the MESA
electronic structure codes onto a variety of
RISC-based workstations. The results are of
practical interest to members of the quantum
chemistry community because they
represent a cost-effective method of
studying electronic structures.

We plan to continue our studies of the
interactions of simple molecules with
transition metal and actinide complexes
using effective core potential techniques.
Our plans also include initiatives that will
enable us to obtain "next generation"
capabilities in electronic structure.
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Dynamics at the
Gas-Solid Interface

,-\. /•'. Voter. J. Cohen, P. S. Davids,
.1. D. Kress: G. Kelloxx iSandiu National

Dynamical events at solid surfaces play a
key role in a wide range of important
physical processes, including heterogeneous
catalysis, the growth of epitaxial layers and
thin films, atmospheric nucleation events,
corrosion, grain boundary void growth, and
crack tip blunting. For example, the success
of the high-temperature superconductor
program may depend, in part, on the ability
to control the growth of thin films of
superconducting material.

Our research objectives are to develop
and apply state-of-the-art computer
simulation methods for investigating the
dynamical behavior of atoms and molecules
on solid surfaces. We are using the embed-
ded atom method (EAM) to study transition
metal systems. Recently, we have studied
the diffusion behavior of dimevs and trimers
of platinum on Pt( 100). Although experi-
ments have shown ihat the (timer diffuses
faster than the monomer, the data does not
distinguish the mechanism of diffusion
(exchange versus hopping). The computer
simulations have allowed us to interpret the
experiment and understand the behavior of
both the dimer and the trimer—the dimer
diffuses by the exchange mechanism and the
trimer exhibits both hopping and exchange.

We studied single-atom diffusion
behavior in Ni/Ni< 100) and Ni/Ni( 111) and
constructed an EAM cross potential
between nickel and platinum. We are also
studying the dynamics of overlayers
modeled using the catalog-driven method
and are investigating the feasibility of
reducing the information in the rate catalog
to a small set of additive interactions.
Finally. we have implemented a version of
the overlayer dynamics computer code on
the CM-2 Connection Machine. In addition
to continuing these studies, we are develop-
ing tools necessary to include the exchange
mechanism for fcc( 100) surfaces into the
rate catalog.

0.03 eV 0.40 eV* 0.03 eV

0.03 eV 0.60 e1"* 0.03 eV

Migration mechanisms for platinum trimer
on Pt(WO).

Migration mechanisms for platinum dimer
on Pt(WO).

Counternarcotics Technology
Initiative: Vapor Deiection
of Cocaine and
Amphetamine Precursors

G. C. Scwnclcrs. F. L. Day. B. F. Bentley

Our objectives for this research are to
develop and evaluate a thin-film optical
immunoassay for cocaine headspace vapor
detection and to evaluate the sensitivity of a
stand-off amphetamine detection system
based on fluorescence detection of amphet-
amines and their precursors. Both the
detection of narcotics in closed containers
and the detection of clandestine drug
production facilities are defined as high-
priority national security problems. This
research attempts to solve these problems
and is a natural extension of this
Laboratory's nationally recognized exper-
tise in ultrasensitive analysis.

Thin-film immunoassay is based on the
principles that no more than a monolayer of
a native non-denatured protein, such as an
antibody, will adhere to films of a metal,
silica, or plastic polymer and that no other
molecules will auii^n: to the coaled surface
except by a specific molecular interaction.

In FY91 we examined solid supports.
thin-film substrates, and binding chemistries
and found that high-density gamma iron
oxide computer disks provide the best solid
support medium tested to date. The dark
background allows visible subtle changes in
film thickness and the firm attachment of
thin films. The best materials for making
uniform thin films are nail-polish polymers,
which allow antibody attachment by all the
binding chemistries. We also used the
compact air scrubber designed by Los
Alamos to extract and concentrate vapor
molecules into liquid and to detect
headspace vapors.

Remote Ultraviolet LIDAR
Identification of Processing Sites

./../. Tier; D. E. Hof; li. R. Karl. Jr.:
R. Martinez: A. H. Nickel: C. R. Quick. Jr.;
D. Holtkump; W. Eiehinner

Diverse problems such as monitoring air
pollution in Mexico City and safely
delecting biological warfare agents have one
common solution: our light detection and
ranging (LIDAR) systems. Now our
researchers are applying LIDAR technology
to help develop solutions to another social
problem—illegal drug production and
trafficking.

Basic LIDAR systems consist of a laser,
its controlling electronics, computer systems
to record and process data, and an instru-
ment to receive data. The type of receiver in
the system depends on the application. In
our pollution-monitoring system, a tele-
scope serves as the receiver for laser light
that is reflected from atmospheric pollut-
ants. The telescope is aligned with the laser
and collects the returned light, focusing it
onto a detector. By carefully liming the
arrival of each return reflection, we can
measure ihe distance lo the atmospheric
contaminants. Combining the measurements
as the laser scans a volume of the sky allows
us to construct a map of the pollutants and
monitor their dispersion over time.

In our drug-detection work, we built on
the system developed for detecting biologi-
cal warfare agents. This truck-mounted
system combined laser-induced fluores-
cence (L1F) with the basic LIDAR setup to
detect clouds of chemical or biological
agents al distances of up to 10 km. We
excited clouds of biological warfare
simulants wiih an ultraviolet laser: each
agent emits a characteristic fluorescence
spectrum that allows us to identify the
agent. As in the Mexico City pollution-
analysis system, our LIDAR capabilities can
determine how the agent is moving through
the atmosphere (see figure).

This year, we focused on using LIF to
determine ihc detectability of several
precursor, reagent, and solvent materials
that are known to be used in manufacturing
illegal substances. Ultimately, we hope to be
able to produce a system that can detect
drug-processing sites from safe distances.
Our research program was implemented on
two fronts: first, we conducted laboratory
LIF experiments and searched the literature
to provide information about essential
detection parameters, and second, we field
tested and evaluated the remote-detection
performance and capabilities of our
ultraviolet fluorescence LIDAR svstem.
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In our laboratory wovk. we set up an
experimental apparatus to examine the
laser-induced fluorescence of several
volatile chemical substances in a gas
chamber. We used one of two kinds of laser
systems for the excitation—a fixed-
wavelength ultraviolet excimer laser or a
tunable wavelength laser system. To detect
the fluorescence produced when the
chemicals are excited by the laser, we used
either a photomuhiplier tube or an optical
multichannel analyzer in conjunction with a
monochrometer for analyzing the spectra.

We used LIF to study several representa-
tive chemical species, including acetic
acids, benzene, ether, methylamine. toluene,
and xylene. We also examined the quench-
ing of the fluorescence under atmospheric
conditions by introducing room air into the
fluorescence chamber. For example, under
our test conditions, fluorescence quenching
reduces the fluorescence intensity of toluene
by a factor of 2 or 3. Because fluorescence
quenching depends on the particular excited
state of the chemical's molecules, quench-

ing can only be determined on a ease-by-
case basis; however, our results indicate
that, for these chemical species, fluores-
cence quenching in air does not pose a
major problem and docs not drastically
reduce LIDAR's ultimate detection
sensitivity.

Our initial experiments have proved
promising. Because much of the fluores-
cence of several of the chemicals tested can
be detected with a solar-blind photomulti-
plier tube, we believe that we can detect
several of these substances in the daytime
from safe distances (greater than a
kilometer).

With LIF, we obtained strong fluores-
cence from methylamine, one important
methamphetamine precursor. As expected,
we were not able to detect fluorescence
from some of the common solvent materials
such as ether, acetic acid, and acetone.
Although we may be able to detect these
solvents using shorter laser wavelengths and
a second laser excitation, the shorter wave-
length will limit the range of detection and

the two-laser scheme will introduce
additional complications into the fluores-
cence L1DAR system.

We evaluated our fluorescence LIDAR
system at short range in local field tests. To
simulate a drug-production or -processing
site, we placed the chemical we wanted to
detect in the chemical exhaust hood of a
building and measured fluorescence spectra
from the exhaust gas stream. We estimated
that our detection sensitivity was on the
order of a few parts-per-million at a distance
of 1 km. However, in our field test, the
chemical plume was fairly confined. Our
biodetection work used the same ultraviolet
LIDAR detection instrument and had a
sensitivity on the order of less than one part-
per-billion.

To further develop our system, we plan
to investigate ways to improve our detection
sensitivities for drug-related chemical
species, including the common solvents.

560 580 600 620 640
Range (meters)

A two-dimensional vertical scan of bacillus globiggi, a biological warfare simulant. The scan shows that the plume is approximately 10 m in height.
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Accelerator transmutation of waste (ATW) is a spin-off from
recent improvements in accelerator technology and offers a
real hope of transmuting nuclear waste; producing energy
from long-term, natural fuel supplies; and providing a high-
volume, high-intensity neutron source for basic research
needs. This transformation makes components available for
recycling and can significantly decrease the half-life of some
radioactive materials. The graph at right compares the radio-
active life time of ATW-treated waste (cylinders) with
untreated waste (cubes). Other potential applications for the
technology include materials generation and recycling of
nuclear materials from energy production. Ed Arthur is
leading a team of Los Alamos researchers who are advancing
ATW technology and applying their findings to the design of
advanced energy systems.
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Engineering and Base Technologies
Overview

D. S. Metzger

At Los Alamos, outstanding efforts in engineering and
applied science complement excellent fundamental research.
The charter of Engineering and Base Technologies (EBTs) is to
focus engineering and applied s-ience on research conducted
across the Laboratory. Our approach has been to identify
themes and priorities essential to nationally identified goals.
Our purpose is to make significant contributions through
projects that result in new devices, technologies and processes.
We have identified six essential themes to achieve our goals.

Optoelectronics includes fiber optics, electooptric and
nonlinear-optic devices and solid-state laser technologies. This
work is on the leading edge, looking ahead to future instrumen-
tation requirements when optoelectronic techniques integrated
into future microelectronic circuits will achieve faster, smaller
and lower-power solutions to instrumentation problems. The
development of a new class of visible solid-state lasers lays the
foundation for potential military and civilian applications in
communications and environmental monitoring. Through novel
application of optical fibers, researchers found a way to
measure temperatures in environments hostile to thermocouples
and a means of making improved spatial, magnetic-field
measurements. We have high expectations for work on intrinsic
stark-effect superlattices. Measurements confirm theoretical
predictions related to the electooptric and nonlinear-optic
properties of superlattices.

Research that leads to new sensors and measurement
technology is valuable to public health and safety functions
because they alert us to hazardous conditions before harm is
done. One project combines spatial resolution from a near-field
excitation source with single-molecule detection capability to
develop a new form of microscopy that sees single, fluorescent
tags. This form of microscopy is applicable to biological and
chemical structural problems. We have two projects that
address fast optical pulses for special-purpose measurements.
Such pulses wilt contribute to the sciences of femtosecond
spectroscopy, semiconductor device physics, x-ray physics and
materials processing.

Research by EBT on processes that avoid environmental
harm includes energy research, because energy production and
use are as environmentally stressful as they are economically
necessary. The public requires that the technological commu-
nity conduct operations in environmentally acceptable ways.
Three related efforts on particle accelerators focus on ways to
rid the environment of wastes associated with nuclear process-
ing. One project focuses on tritium generation from 'He in
enough quantity to serve the nuclear stockpile, a feasible idea
because the foreseen need for tritium is reduced and obviates

need for a large new production reactor. The transmutation of
radioactive wastes is studied on two fronts. The first is transmu-
tation of existing, long-lived radioactive wastes into short-lived
nuclear species. The other investigates the possibility of
generating useful energy while transmuting waste, a process
that, under the right circumstances, may generate more energy
than is used in the transmutation process. Our research is also
directed toward Complex 21, a DOE study of the configuration
of the nuclear-weapons-production complex for the next
century. In another EBT project, we develop models and
methods of system analysis to evaluate advanced materials and
manufacturing technologies. The purpose of this project is to
seek ways to minimize waste and reduce radiation exposure, as
well as to produce energy efficiently. A fossil-fuel technology
initiative addresses improved, oil-recovery technologies to
optimize greater utilization of domestic oil and coal resources.
Development of new refrigeration technologies that use liquid
carbon dioxide appears feasible and holds promise of environ-
mental benefit. Systems that reduce the use offreon may protect
the environment by protecting the Earth's ozone layer.

Advanced engineering requires models of complicated
physical systems to perform experimental exploration of the
complete parameter space. We have projects under way to study
chemically reactive turbulent flows in the nucleation of boiling-
heat transfer within the framework of chaos. We apply con-
tinuum-thermodynamic principles to study crack initiation and
growth resulting from impurity migration in the vicinity of
strain or thermal gradients in structural components. To predict
behavior of nonlinear mechanical systems, we analyze them
through the application of nonlinear signal-processing tech-
niques. When validated, the techniques will have broad applica-
tions to many nonlinear systems including turbulent-flow,
environmental, geological, and biological systems.

Accelerator technology relies on continued development
through new initiatives in advanced particle accelerators. In a
current project we have had some success in proving that the
high-current, relativistic klystron amplifier will be the next-
generation choice to drive high-gradient-ion and electron
accelerators.

Fabrication technologies have advanced both science and
society since human beings first began inventing new tools and
methods for making things. EBT's one project in fabrication
technologies studies laser/material interaction in the process of
laser welding. We developed diagnostics of the energetics of the
laser/material interaction zone.

Science and technology meet at Los Alamos to produce
extraordinary results that may benefit humanity in a multitude
of ways. With an eye toward national priorities, EBT partners
with theoretical science efforts at the Laboratory and identifies
priorities to develop potential leading-edge technologies. The
projects we describe all occur within the context of these
priorities and move us through the decade to a technology-
improved twenty-first century.
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Research into Quantitative
Measures of Returns to
Research Investments

T. L. Butler

We are searching for potential methods
that may be used to perform a qualitative
assessment of any major federally funded
research and development program, such as
the Los Alamos L.DRD program. Traditional
cost/benefit analysis does not apply because
the "payoff" is time-dependent, unpredict-
able, and costly because of the inherent
nature of research and development. We
will investigate methodologies potentially
Unking mission performance to research and
development effort, thereby providing a
rationale for resource allocation, enhancing
productivity of ongoing research, and
aligning specific research and development
portfolios with anticipated tasks related to
implementation of the National Energy
Strategy and with initiatives related to
national economic competitiveness.

I performed an extensive literature search
on research and development payoff issues,
interviewed Los Alamos participants in
LDRD-funded research and development,
and spoke with Los Alamos senior manage-
ment regarding these issues. I also collected
data from the Department of Energy (DOE)
Office of Technology Utilization regarding
correlation of research efforts with DOE
needs and received positive feedback about
the need to perform this research.

Future efforts will focus on continuing to
assess research and development measure-
ment methodologies used in private industry
and the public sector, designing and
implementing a feasibility study focusing on
Los Alamos assets, recommending an
appropriate methodology, and identifying
the needs of national laboratories and
government entities for program develop-
ment efforts to meet the national need for
research and development payoff measure-
ment methodologies and systems.

Relativists Klystron-Intense
Microwave Source
and Electron-Beam Buncher

M. V. Fazio, D. G. Rickel, R. M. Strintfiekt,
B. E. Carlsten

The relativistic klystron amplifier (RKA)
can be used as a radio-frequency (rf) driver
for conventional, electron or ion-linear
accelerators (linacs). Because the relativistic
klystron generates power levels 1 to 2
orders of magnitude higher than conven-
tional microwave sources, one relativistic
klystron could replace many conventional
klystrons and result in cost savings, based
on the reduction of hardware required for
the more compact, portable beam source. A
significant military application of the RKA
is in the area of nonlethal weapons that use
high-power microwaves to damage elec-
tronic systems. The goal of this research is
to extend the pulse length of the RKA by a
factor of 10 and demonstrate its utility as an
rf source for driving high-gradient accelera-
tor structures.

We designed an improved field-emission
diode that results in a much larger fraction

of the electron beam entering the drift pipe
of the RKA. The beam current has been
increased by a factor of 2 and our under-
standing of the physics of microsecond field
emission diodes has greatly expanded. An
output coupler, which we modeled and
designed to efficiently convert more than
70% of the power in the modulated beam
into rf power, is being fabricated. By
installing a high-power magnetron, we
increased the rf input drive power to the
RKA by 2 orders of magnitude. We now
have a theoretical understanding of the
physics associated with modulating and
extracting power from highly space-charged
dominated beams.

Now that we have an electron beam that
is well-characterized with suitable voltage,
current, thickness, and radius, we will begin
the microwave testing of the RKA. In
addition, we will characterize the RKA
microwave performance, measure param-
eters such as gain and output power, and
compare experimental data to theory and
modeling results. Plasma effects that can
have a major impact on the operation of any
high-power rf source, including the RKA,
will be observed.

Annular Electron Beam
Anode rf Drive Power

Input Cavity Buncher Cavity

The RKA diode, the electron beam, and the cavity structure.
Output Cavity

A sequence of beam images during one beam pulse. The images are 100 ns apart and
proceed in time from left to right and from top to bottom. These images indicate a stable,
well-behaved beam during the pulse.
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Study of the Enhanced
Laser/Material Interaction
Obtained Using
Novel Processing Methods

D. A. Cremers, G. K. Lewis

The objectives of this project are to
determine the basic mechanisms involved in
the interaction between laser radiation and
selected materials and to exploit this
knowledge to develop new methods
applicable to laser processing. Basic
knowledge of the laser/materials interaction
(LM1) can lead to the development of
instruments and processes adaptable for
practical implementation. The eventual
deployment of efficient laser/materials
processing methods to an industrial
environment supports the Laboratory's
current interest in materials science,
materials processing, and technology
transfer to strengthen the country's competi-
tiveness.

One result of this work has been
development of a simple method of
determining the amount of laser energy
coupled into a material. We studied the
effect of pulse shape on energy coupling
into metals and used optical diagnostics to
monitor the LMI on metals. We recorded
optical emissions as a function of energy
deposited in the sample from neutral
aluminum atoms and from the laser-
generated plume. To increase energy
coupling efficiency, we conducted work on
laser pretreatment of metal surfaces before
processing. Some of our results were
recently awarded the McKay-Helm Award
by the American Welding Society. This
award is presented for the best contribution
to the advancement of knowledge of low-
alloy steels involving the use, development,
or testing of these materials, as represented
by an article published in the Welding
Journal.

We will continue to study the LMI using
the thermal expansion calorimeter and other
optical diagnostics, which include two-
dimensional high-speed imaging of the
LMI. Weld quality produced on laser
pretreated metal samples will be examined
by metallographic techniques. The eventual
goal is to utilize the optical diagnostics as
real-time process control sensors during
laser/materials processing. Los Alamos and
General Dynamics are discussing initiation
of a joint program involving laser process-
ing of materials for unique applications.

Large-Drbit-Gyrotron,
High-Power-Microwave
Amplifier Development

R. M. Stringfield, R. M. Wheat, D. J. Brown,
M. V. Fazio, J. Kinross-Wright,
B. E. Carlsten, R. J. Faehl, R. F. Hoeberling

Scientific interest in high-power
microwave effects and application of high-
power microwave technology to defense
and high-energy physics research has
created a demand for a new generation of
very high-power microwave sources. These
high-power sources must perform at levels
beyond those available with current
commercial, off-the-shelf technology. The
purpose of this research is to develop a
large-orbit-gyrotron (LOG), high-power-
microwave amplifier, operated at 1.3 GHz
for 70 ns. The LOG is a microwave device
that converts the kinetic energy of an axis-
encircling, rotating electron ring into high-

200 400
Tims (ns)

200 400
Time (ns)

power microwaves by a resonant interaction
between a magnetron-like resonator and the
negative-mass instability on the beam.

We completed the design and fabrication
of the resonator assembly for a LOG
amplifier operated at 1.3 GHz for 70 ns.
Designing the amplifier entailed analytical,
computational, and experimental efforts.
Guided by computational modeling, we
completed experimental investigations of
improved electron-beam performance. We
achieved improvements in the degree of
rotational conversion of beam kinetic-
energy, in the amount of beam current
injected into the device, and in the reduction
of radial-beam oscillations present in the
amplifier cavities.

We plan to assemble and test a LOG
amplifier with an output power of
10-50 MW. This effort will establish a basis
for future research to increase the output to
100-500 MW and to institute extraction into
rectangular wavelength.
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Voltage and current waveforms for a representative shot in the electron beam studies.
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Spatially Resolved Fluorescence
Excitation and Emission at the
Molecular Scanning Excitation
Optical Microscopy

• \V. P. Ambrose. R. A. Keller,,/. C. Martin

Our aim is to improve the resolution of
microscopic measurements of fluorescent
objects to less than the wavelength of
visible light. We will develop this new form
of microscopy by exciting fluorescence with
light emitted in the near-field of a 10- to
800-nm diameter hole, followed by
detection of the resulting fluorescence with
single molecule sensitivity. This new
microscopy could potentially see single
fluorescent tags. Our first goal is to
demonstrate the detection of fluorescence
from a single molecule on a surface or in a
thin film by spatially confined optical
excitation. We also plan to develop
scanning capabilities, improve resolution,
and apply this technology to structural
biology and chemistry. The ability to excite
and detect emission with molecular-scale
resolution is important in areas of biological
structure, such as chromosomes,
chromalins. and DNA, and will meet a
national need for high-resolution structural
analysis.

For our long-term goal of developing a
scanning microscope, we investigated
several proposed and/or demonstrated
techniques in near-field microscopy,
evaluated designs and methods of fabrica-
tion for scanning microprobe microscopes,
and adopted the approach of Eric Betzig,
Jay Trautman, and Tim Harris at AT&T
Bell Labs. We visited their laboratory and
established ongoing dialog on near-field
scanning optical microscopy (NSOM)
techniques. We also visited Stuart Lindsey's
group at Arizona Stale University (ASU)
and discussed Scanning Tunneling Micro-
scope (STM) and Atomic Force Microscope
(AFM) systems design and operation. The
ASU group indicated interest in future
collaborations with us on NSOM. The same
scanning hardware and software used for
ST.Ms can be used for NSOM. We designed
a piezoelectric, transducer-driven, micro-
probe-scanning head and had parts fabri-
cated for it. This equipment is now in the
assembly phase. In addition, we have drawn
and tapered single-mode optical fibers and
verified that submicron lips are obtained
with transmission electron microscopy.
Such tips are metalized to form nanometric-
scale optical apertures to be mounted on the
microprobe scanner head.

For our short-term goal of optically
detecting single molecules on solid surfaces

under ambient conditions, we fully charac-
terized and calibrated photodiode and
phntomullipliur detectors for absolute
measurements of signal and background
powers; obtained several near-field micro-
scope tips with subwavelength apertures
from Eric Betzig at AT&T Bell Labs:
measured the magnitude of the Stokes
scattering (conversion of input light to
longer wavelengths) of these near-field
microscope tips to be 10 7to 10'Vmeter of
optical fiber; and observed fluorescence and
photodecomposition from rhodamine-6G
absorbed on the surface of a near-field tip.
We also designed and constructed a high-
collection optical system that has an
efficiency of 0.01%.

We have observed photobleaching of
many rhodamine molecules but not of single
molecules. Presently, a background
fluorescence from "out-of-focus" molecules
may be masking single-molecule photode-
composition events. Current efforts are
directed toward improved masking of
background fluorescence.

Our plans for the near future include
detecting single molecules on surfaces or in
thin films and building the scanning probe
microscope. To detect single molecules, we
are exploring improved near-field source
preparation and background elimination.
For the microscope, we need to finish the
assembly of the piezoelectric scanner,
develop improved methods for near-field tip
preparation, and either acquire or build a set
of scanning and data acquisition electronics
or attach our scanner head to existing
equipment.

Our initial effort will be devoted to
developing and characterizing the NSOM
technique, with a long-term goal of applying
NSOM to problems associated with DNA,
DNA-protein structure and function, and
protein structure. For example, static
structures and local dynamic motions of
DNA and nucleic acid enzymes could be
studied. The organization of DNA se-
quences is only one aspect of understanding
the structure and function of chromosomes.

Other aspects include a wide spectrum of
chromosomal proteins, particularly the less
abundant species. Raising antibodies to
these proteins and labeling the antibodies
with a fluorescent tag would be extremely
useful. The labeled antibodies could then be
attached to chromosomes in situ to study the
protein structure and could also be used to
study the functions of DNA nucleic acid
enzymes (polymerases and nucleases).
Because our optical measurements can be
carried out in water or in a buffer, DNA can
be studied under physiological conditions.
Using fluorescent antibodies specific to
chromosome-associated proteins will allow

mapping and structure studies of DNA-
protein assemblies. Thus, NSOM will add a
new dimension to the study of long-range
organization and DNA folding in chromo-
somes. Current microscopic techniques
allow resolution of only -500 nm. The
projected 10-nm resolution of NSOM will
allow the physical map of the repeat
sequence to be related to sequence maps
generated with "repeat sequence
fingerprinting."

Semiconductor, Laser-Pumped,
Visible, Solid-State Lasers

D. C. Nguyen, G. E. Faulkner,
N. J. Cockroft

Semiconductor laser diodes are ex-
tremely efficient pumps for solid-state
lasers. They have operational lifetimes of
several years and wall-plug efficiencies that
approach 40-50%. Existing solid-state lasers
offer high-average power and pulse energy
but are generally limited to coherent output
in the red or near-infrared. For visible
output, these diodes require a nonlinear
frequency-conversion technique, e.g., a
second-harmonic generation.

The proposed study is expected to lead to
the development of a new class of solid-
state lasers that can be pumped by near-
infrared laser diodes and emit in the blue-
green without the use of sophisticated
nonlinear optics. The new visible-wave-
length laser concept is based on the well-
understood processes of upconversion and
energy transfer in solid-state crystals doped
with rare-earth ions. The eventual goal is to
develop semiconductor, laser-pumped, up-
conversion laser systems.

These novel and efficient laser systems
have potential military and commercial
applications. Applications of compact,
visible laser systems needed in national
defense include a blue-green transmitter
source for submarine laser communication
and terminal-homing guidance, remote
sensing and detection of nuclear-biological-
chemical agents, and other tactical applica-
tions.

We began the project by identifying all
potential up-conversion laser actions in rare-
earth-doped crystalline materials and
selecting the most promising candidates. We
then measured spectroscopic properties,
with some properties being measured as a
function of temperature and ion-dopant
concentration to establish the optimum
condition for upconvcrsion. Simultaneously,
we established a theoretical model to predict
positions of spectroscopic property levels.
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The model will be used in conjunction with
transition-intensity theories, kinetic-rale
equations, and experimentally measured
spectroseopic properties.

Our most important accomplishment is
that wo improved efficiency of the blue
Tm":YLF up-conversion laser. The laser
emits 450 nm at 77 K and 453 nil) at room
temperature when it is excited by two colors
at 78 i and (S49 nm from an alexandrite laser
and a Hash-pumped dye laser. With
improved pumping geometry, we achieved
an efficiency of 3(<.

Another discovery is the efficient
upeonv ersion of several rare-earth ions
when they are put in a new class of one-
dimension materials with a generic formula
of ABX.. The system exhibits efficient
upcoinersion of 791-nm light into 481-mil
and 453-nm (blue-green) light. Unfortu-
nately, the crystal quality is not sufficiently
high for laser demonstration.

We carried out further stud) of the
Tm.PnYLF. 604.2-nm (orange) laser, a
material with several absorption lines in the
7N0- to NOO-nm region and ideally suited for
diode pumping with AlGaAs diodes. The
laser action at 604 nm is first observed when
pumping the material with a short-pulse
(10-ns) dye laser at 479 nm. We demon-
strated that it can be pumped by
upconversion because we have observed
intense up-converted fluorescence at 604
nm when pumping with a Ti.Sapphire laser
operating at 792 nm.

The material. Tm:Yb:BaY,F^. can be
pumped either by a 790-nm or 970-nm
diode. We studied both the spectroscopy
and the dynamics of these up-conversion
mechanisms and evaluated potential for up-
conversion laser action. We obtained an
interesting result in Ihe form of evidence for
clustering in this material, which is sup-
posed to exhibit random distribution of
dopant ions. This effect manifests itself in
spectral line narrowing of the up-conversion
absorption band in comparison with
inhomogeneous line width.

We used a 3-W. GaAlAs diode laser to
excite several rare-earth ions to achieve up-
coin ersion laser action in these materials.
The diode la>er operates in long-pulse mode
with emissions in the 790- toXIO-nm range.
This is excellent for pumping Tin". Er".
and Nd". At present, the 3-W output is siil)
loo low for efficiently pumping up-
conversion lasers.

In the future, we plan to study the up-
conversion laser action of several up-
conversion laser crystals ut '•: icar. room
temperature. F:or instance .e rm:Pr:YLF
and Tm:Yb:BaY F materials ha\e excellent
up-conversion efficiency and possible up-
conversion. laser action at 455. 481. and

d04 nm. We expect the use of high-power
Ti:sapphire to bleach the terminal level so
that a pseudo four-level laser can he
obtained for the bhie-green transition.

Thirty-Femtosecond TiiSapphire
Oscillator/Amplifier for
Applications in
Ultrafast Phenomena

A.,/. Taylor, J. P. Roberts, P. K. Beniccwic:

Recent photoablalion experiments show
that only ultrushort pulses yield the results
desired in some materials-processing
applications. Transfer of high-energy,
ultrafast laser technology to an industrial or
medical environment is much more feasible
if the source is compact and portable. If
pump pulses for a Ti:sapphire amplifier are
obtained by frequency-doubling of a pulsed,
laser-diode array or a diode-pumped
ND.YAG laser, an all solid-state system can
be constructed. Scientific applications of the
device include: femtosecond spectroscopy.
semiconductor-device physics, materials
processing, x-ray physics, time-resolved
coherent optics, and even medical physics.

We adopted an iterative development
strategy in the construction of a system that
will consist of an ultrafast oscillator, a
preamplifier, a pulse chirper, two power
amplifiers and a pulse compressor, along
with associated single-shot diagnostics to
measure the energy, frequency spectrum,
and temporal shape of Ihe pulse. We
characterized and optimized a preamplifier
that followed a 39-fs oscillator and. in
conjunction with theoretical modeling, built
and characterized a first iteration of the
pulse chirper/compressor. Built, but not yet
integrated into the system, is a flashlamp-
pumped power amplifier that uses a novel
material. CrLiSAF. as the gain media. We
have tested and built single-shot diagnostics
that measure the pulse duration, frequency
spectrum, and output energy.

We will complete a preliminary version
of the laser system and associated diagnos-
tics with the recompression of the output
from the iriplc-pass Ti.sapphire amplifier. In
addition, we will integrate the two power
amplifiers into the system and recompress
the resultant output; understand, both
experimentally and theoreticalh . chirped-
puke amplification in solid-state laser
media: and initiate an experimental
program. The use of the Tksapphire laser
system is the focus of several planned
experiments.

High-Resolution Measurement of
Transient-Species Concentrations
and Their Temperatures

./. M. Tcllc

The main goal of this project is to
develop a pulsed-laser source (T = 30 ns)
with an output that covers a significant
wavelength (color) range (~5 nm) and
slowly varies in intensity over that interval.
Our objective is to improve the diagnostic
capabilities of any spectroscopic technique
that requires a broadband pulsed laser,
including Coherent Ami-Stokes Raman
Speclroscopy (CARS). CARS is gaining
acceptance as the most promising tool for
the diagnostics of reactive media because it
can probe, in situ, hot reactive gases without
disturbing them. Current applications are
extensive and include combustion diagnos-
tics, studies of chemical reactions, micro-
electronic fabrication, and heal transfer for
nuclear-power applications.

We achieved significant spectral
smoothing of a pulsed alexandrite laser by
mode locking the laser with an aeoustooptic
modulator. We reduced the intensity
fluctuations with wavelength by roughly a
factor of 4 and increased their width by at
least a factor of 2.

The laser configuration may be subject to
more improvements. We plan to continue
data analysis to learn the reason for residual
fluctuations with mode locking and to
improve mode coupling by using a number
of techniques. We will plot the la.ser
intensity vs wavelength for increased
spectral resolution up to and including the
resolution of individual cavity modes. In
addition, we will study the effect of Q-
sw itching on the spectral smoothness and
will consider using a ring cavity to reduce
spatial hole burning. J. Taran, ONERA
Laboratories. Chatillon, France, has
encouraged us to apply our spectral
smoothing techniques to CARS.
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Chemical Sensors: Quartz Crystal
Microbalances for Chemically
Selective Solution Analysis

L, Wangen, P. T. Varineau

Achievement of goals such as reducing
worker exposure to radiation and minimiza-
tion of waste generation requires chemical
sensors that can operate in high-technology
processes such as for advanced materials
development and special nuclear materials
production. Successful development of
quartz crystal microbalances (QCMs),
chemically selective sensors in aqueous
solution, would be a major contribution to
chemical analysis and could lead to
chemical sensors for process optimization
throughout the DOE nuclear complex. We
investigated the use of QCMs coated with
chemically selective polymeric films as
selective chemical sensors in aqueous
solutions.

Because of the fundamental properties of
QCMs. we based the development of
solution-phase sensors on three phenomena:
(I) mass changes at the surface, (2) viscos-
ity and density changes in the bulk solution,
and (3) viscoelastic changes within a film
on the QCM. We could not develop a
method for performing aqueous-phase
chemical sensing by putting chemically
selective polymer fiims on QCMs because
of insufficient signal-to-noise ratios and
nonreproducible responses.

Because of the significant fundamental
supporting research that would be needed,
we are not pursuing the QCM project for a
third year.

VW +

Chemical sensing based on the QCM.
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Research in Chemically Reactive
Turbulent Flows

H. H. Watctnabe, P../. Wanruck,
T. D. Butler, M. C. Cline

A better understanding of the combustion
process will improve products ranging from
an incinerator-based waste-processing
system to the supersonic ramjet engine
powering the National Aeronautics and
Space Administration's (NASA's) proposed
National Aerospace Plane.

Our principal objectives for this research
on the combustion process were to construct
a system that would perform supersonic
combustion experiments; to characterize
properties of the reactive flow, primarily
using laser-based diagnostics; and to use
these measurements for validating the
predictive capabilities of the computational
fluid-dynamic turbulence and chemistry
computer models.

To carry out our research, we have
developed a unique flow system. We use a
rf plasma tube to generate the high-
temperature, oxidant-containing gas used in
the rest of the system. The tube has no
electrodes in direct contact with the gas,
thus minimizing flow contamination.

The remaining components of our tlow
system are the transition apparatus, the
supersonic nozzle with injection block, the
expansion/combustion chamber, and the
heat exchanger. These assembled compo-
nents are connected to a gas-feed system,
which is evacuated by a high-capacity
vacuum system. The chamber pressure is
typically set to match the nozzle exit
pressure, thereby producing a high-
temperature flow over the surface of the
injection block. We feed hydrogen gas to
the injector through a fast-acting valve and
use both laser-based and probe-based
diagnostics to study the reacting shear layer
that results.

The diagnostics record images of the
distribution of OH molecules, or hydroxyl
radicals, in the reacting flow. We use the
images to estimate temperature distributions
and trajectories of hydrogen jet penetration
in the free stream. Using these results, we
have modified and validated the KIVA-H
computer code.

We plan to continue our research for
interested agencies, including the Defense
Advanced Research Projects Agency and
the Army Strategic Defense Command. In
collaboration with such institutions as the
University of Virginia and the NASA Lewis
Research Center, we will continue to
develop our KIVA-I1 computer code.
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Novel Optical Fiber Applications

P. H, Forman, F. C. Jtihoda

This project was initiated to explore the
combination of two independent large
technology growth areas, fiber optic sensors
and phase conjugation, for a specific
magnetic-confinenient-fusion problem—an
economic, multisputial-poim temperature
monitor in the electromagnetically hostile
environment of the plasma-containmenl-
vessel inner wall. We envisioned many
phase-conjugated, multimode fiber inter-
ferometers utilizing a single self-pumped,
phase-conjugator crystal. This specific
objective foundered after the discovery of
unexpectedly large cross-talk between
inputs in a single-phase conjugator. Further
research on this observed cross-talk, in both
the temporal and spatial domains, became
the main focus of the project and led to two
refereed journal publications that docu-
mented and explained these findings,
thereby contributing to the basic literature
on self-pumped phase conjugation.

The original objective of a multipoint
temperature measurement in a hostile
environment was then approached with a
different fiber-sensor concept that did not
require phase conjugation. This concept
was developed in a three-spatial-point
proof-of-principle demonstration with three
separate gratings permanently written
holographically into the germanium-doped
core of a single-mode fiber, a technique
developed by United Technologies. The
completion of a practical instrument was
stopped when the Los Alamos magnetic-
fusion effort was terminated.

The remaining resources were devoted to
studying other new concepts involving
either fiber optic sensors or phase conjuga-
tion; for example, a fiber optic interferom-
eter multiplexed into many sensor segments
that are activated sequentially for sensitive
magnetic-field measurements and phase-
locking several visible-laser diodes with a
single conjugator crystal.

We have filed a patent for using a fiber
optic interferometer to make neutron- or
gamma-radiation measurements that
increase the dynamic range of fiber
attenuation sensors. With phase conjuga-
tion, it could also be used for multimode-
fiber radiation-tolerance studies or direct
comparisons between two fiber types (single
mode, multimode. or one of each)

Photon Burst Technology for
Ultrahigh-Dynamic-Range
Measurements

B. L. Fearey,./. Fabryka-Martin,
C. M. Milter, M. T. Murretl,./. A Olivares,
E. P. Chamberlin, R. A. Keller;
W. M. Fairbanks, Jr. (Colorado State V.)

Photon burst (PB) is an isotopically
selective resonant process with multiple
excitation-fluorescence cycles. When
developed, the capability of PB detection,
combined with a mass spectrometer to make
ultrahigh-dynamic-range measurements of
extremely rare isotopic species, has many
important geologic and environmental
applications. Such measurements are needed
to carefully delineate and understand
cleanup of the DOE weapons complex.
Expectations are that the technology also
has applications to emerging programs in
verification and intelligence. In addition, the
PB mass-speetrometry technique is antici-
pated to be ideal for technology transfer.

The basic PB detection system design
and mechanical configuration are complete,
and a prototype system has been assembled
and is undergoing testing. We are continu-
ing to modify and evaluate the design of the
deceleration lens and charge exchange cell
for insertion into the high-dynamic-range
magnetic-sector mass spectrometer. The
PB-effusive atomic-beam system, designed
for maximum configuration, versatility, and
compatibility, is essentially assembled and
awaits final electrical hookup.

The PB system is expected to be
completely operational, with capabilities to
measure fluorescence and to detect photon
bursts for calcium. The PB-detection system
will be mated with a magnetic-sector mass
spectrometer as appropriate, based on
evaluated information from experimental
work. We anticipate completion and
demonstration of the PB system for calcium
soon.

Investigation of Stabilized Oblique
Detonation Waves

S. C. Schmidt, B. A. Kashiwa. D. S, Moore

Securing the safety of ammunition
magazines on ships relies on detonation-
wave physics, and technology based on
oblique detonation waves may, for example,
power the NASA's proposed National
Aerospace Plane. In the future, this concept
may also propel hypervelocity projectile
launchers, low-earth-orbit material launch
systems, and other hypersonic aircraft.

These applications require an under-
standing of the behavior of shock and
detonation waves in combustible mixtures.
The existing research on self-propagating
normal detonations indicates that they are
not suitable for propulsion because the
waves are not stable and the total pressure in
the system drops rapidly. However, standing
oblique detonation waves show promise for
eventual use in these applications.

The goal of our research is to investigate,
both experimentally and by computer
simulation, the physics of these waves. We
are using diagnostic measurements, guided
and interpreted by computer fluid dynamics
analysis, to investigate the following
question: Under what conditions may a
sequence of oblique shock waves induced in
a combustible mixture result in no post-
shock ignition, shock-induced combustion
without detonation, weak detonation, or
Chapman-Jouguet detonation?

We conducted three experiments using a
two-stage, light-gas gun as a launch device
to meet three goals. First, we wanted to
verify that a conical projectile with a
tantalum or titanium nose would not
destruct during acceleration and launch.
Second, we wanted to verify that this
projectile would remain intact after
penetrating a Mylar diaphragm supporting a
region of pressurized gas. Third, we wanted
to demonstrate that piezoelectric pins
activated by the projectile bowshock could
be used as a trigger signal for diagnostic
instrumentation. We were able to confirm
each of these objectives using
shadowgraphs made with flash x-rays and
optical flash units. Based on these results,
we are designing more sophisticated
experiments to study the detail of the
bowshock and reflected shock structure.

l.os Alamos Nalional l.uboraiory/l-DRD FY 1<WI Progress ReporVLA-12319-PR 6 3



Low-Pressure, High-Explosive
Equation of State

R I. Ruhic.J Xhur

We are study ing silica aerogels as low -
shock-impedance (soft) materials that can
help us determine the low-pressure equation
of state lor high explosives. Silica aerogels
are transparent to the wavelength of laser
light used in our optical velocimelrv
experiments, allowing us to track the motion
of the interface between the aerogel and the
explosive being studied. Besides its
relevance in developing nuclear and
conventional weapons, our work with
aerogels may also be useful for such
applications as low-density, transparent
shields for protecting spacecraft components
from meteorite impact.

When explosive gases expand, most of
the energy from the explosive reaches the
metal from the low-pressure region of the
explosive gases. This low-pressure region

extends from 50,(100 bars to near-atmo-
spheric pressure (1 bar). In this range, most
ihermodynamie equilibrium codes lend to
overestimate the ability ol' the explosive to
push metal. To solve this discrepancy, we
wish to obtain low-pressure equation-of-
state information for various high
explosives.

So far our research has centered on
obtaining the equation of state of the
analy/.er material, that is, aerogels of
various initial densities. We have deter-
mined that these materials display a
significant low-pressure crushing process in
the compression wave. Results of our
analysis to date indicate that a crushing rate
constant depends strongly on the final
pressure achieved in the experiment and that
the equilibrium relation between distention
and pressure is readily described.

In future experiments we plan to apply
the aerogels to high explosives and extend
our understanding of the equation of state as
much as possible.

Lattice of fractal fuzz balls.

Advanced Modeling of
Hydrogen-Assisted,
Sustained-Load Cracking

,V. /'. (iirn-ns, I)../. Weiuwlit

Hydrogen degradation on critical
weapons components and the failure of
hydrogen containment systems in the shuttle
fleet provide examples of reasons to
evaluate long-term environmental effects on
the structural integrity of systems associated
with energy production and storage. The
purpose of this research is to use continuum
thermodynamic principles to study crack
initiation and growth resulting from
impurity transport in the vicinity of large
strain gradients and/or thermal gradients in
structural components. The primary
objective is to use the insighl about the
mechanics gained from these studies to
develop a quantitative engineering method-
ology for modeling interaction arising from
the coupling of elastic-plastic strain,
temperature, and impurity-diffusion effects.

This research has been used to develop a
completely coupled thermo-elastic-plastic-
diffusion continuum mechanics theory with
implementation into a finite element code
for a problem solving tool. Other theoretical
developments include expressions for crack
tip species (e.g., hydrogen) concentration
intensity factors. Applications of the code
have included investigating stress-induced
hydrogen transport in phase-transforming
stainless steels.

• C/CO - Elastic
- C/CO - EL-PL

Distance from Notch Root (In.)

Hydrogen concentration ahead of a notch under
elastic and elastic-plastic conditions.
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Electrooptical and Nonlinear
Optical Devices Based on Intrinsic
Stark-Effect Superlattices

b\ A Ldurich. I). L. Smith, I. Selu,
/./•/. Campbell, I). h.Wmkinx

Communication, signal processing, and
computer s\ stems bused on optics instead of
electronics offer the potential for signifi-
canlh improved data transmission and
processing performance. Currently,
however, electrooptical and nonlinear
optical materials have only limited sensitiv-
ity and processing speed.

We are researching a solution to this
problem and are developing a novel
semiconductor, the intrinsic Stark-effect
superlative (1SES). that consists of alternat-
ing layers of composite materials. Our
theoretical studies indicate that ISES should
have both the sensitivity and the speed
required for efficient use in the above
applications.

This project has focused on veri/ying
experimentally the predicted electrooptical
and nonlinear optical properties of these
materials. We correlated optical and
eleetrooptieal measurements with materials
characterization and theoretical calculations,
which will provide the foundation for
applications such as electrooptical modula-
tors, optical phase conjugators, and optical
switches.

The primary superlattices we have tested
are composed of gallium-indium-arsenide
and gallium-arsenide layers. We have been
using crystal samples grown by molecular
beam epitaxy at collaborating universities.

This year we used the experimental setup
developed last year to perform nonlinear
absorption experiments on crystals at
temperatures as high as room temperature.
We found a strong enough signal to indicate
that communications at room temperature,
using optical materials, may eventually be
possible.

We then concentrated on optimizing the
materials and structure of our lattices and
investigated the microscopic structures of
our materials, including the dislocations and
interfaces. We also set up an x-ray
diffractometer to examine the lattices and
determined the superlatticx* period and the
lattice constant of the buffer, the cap layers,
and the superlattice. These results gave us
valuable information lor growing new
crystals and improving our samples.

We plan to continue improving our ISES
material, understanding its microscopic
structure, and understanding the carrier
dynamics.
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The excitation peak shift as a function of the
external field, i.e., the sum of the diode field
and the externally applied field, is linear for the
(211) material, in contrast to the quadratic shift
in conventional (100) material.

E (104 V/cm)

X-ray diffraction spectra [intensity vs angle
2Q of the (111) reflection] of a GalnAs/GaAs
superlattice grown along the (111) direction.
The superlattice period is 20.87 nm, and the
difference between the GaAs and the average
SL lattice constant is 1.61 %, giving an indium
content of 5%.

Investigation of a New Fluid-
Pumping Method

W.C.
K. A. Wolo.shun

Over the past 3 years, we have investi-
gated novel energy and heat-flow applica-
tions by exploiting the properties of liquids
and vapors. The first potential application
uses vibratory motion on a filament to
control flow of a droplet stream for an
advanced, lightweight spacecraft radiator.
Investigations of the evaporation and
condensation at the free-fluid surface led to
a new application whereby low-frequency
acoustic energy is absorbed in an absorption
process with minimal bulk and mass.
Potential uses include noise reduction
material on defense and commercial aircraft
and a thinner outer skin alternative for
submarines that would make them less
visible to sonar without adding drag.

We are preparing a white paper describ-
ing the new acoustic absorbers and will
solicit external continuance from programs
concerned with underwater stealth and
aerospace applications.
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Nonlinear Dynamics of
Nucleate-Boiling Heat Transfer
Within the Framework of Chaos

K. O. Piisainchnictoglu, R. A. Nelson

Nucleate boiling, the phenomenon seen
in a pot of boiling water, is the most
frequently used energy production and
conversion system for transporting energy
in a two-phase mixture. Current nudeate-
boiling heat transfer rates are based on
highly uncertain models. We believe
nonlinear models explain the scatter in
available data, and we will evaluate
experimental data and existing theories for
nucleation phenomena using nonlinear
bubble dynamics, apply tools developed
through the study of chaos toward under-
standing nucleate boiling, and propose
appropriate theories. Nucleate-boiling heat
transfer is important to industrial and
defense-related applications, including
reactors (commercial, production, and
chemical); petroleum refiners; and space
power technology.

We developed a three-dimensional,
finite-volume computer model of nucleate
boiling that solves the transient conduction
equation for a heater subjected to nucleate
boiling. We completed Version 1.0 of the
Heater Analysis of Nucleation Dynamics
(HANDY) computer program and issued a
report. We are studying the net effect of
project variables on time- and area-averaged
boiling curve behavior for comparison with
experimental observations. Next, we will
incorporate a more dynamic bubble growth
model into HANDY.

Future plans include incorporating
hydrodynamic interaction mechanisms into
HANDY, developing a Monte Carlo model
and coupling it with HANDY to study more
realistic heat-transfer surfaces, comparing
the results with experimental observations,
drawing conclusions to place within the
chaos framework for discussion of the
implications on equipment design, and
submitting the results for publication. Also,
we will pursue external funding and focus
our research on more immediate application
areas.

Nucleate
Boiling
Curve

CHF
Vapor Mushroom

Rtglon
First Transition

Region

Discrete Bubble
Region <

'Natural
Convection

9 o

i Log (Surface Superheat)

Typical nucleate boiling curve.

New-Generation, Low-Dose
Industrial Radiography

J. C. Pratt, R. A. Morris

Our goal is to characterize the response
of storage phosphors, a new potential
radiography medium, to radiation at or near
background, thereby establishing its limits
of radiation sensitivity as a radiographic
imaging medium. These phosphors store
radiation excitation for readout by digitized
laser fluorescence and seem to be 50 to 100
times as sensitive to radiation as industrial
radiography film. This technology may
significantly reduce radiation doses required
for radiography because the digital image
allows immediate analysis and enhance-
ment, as well as digital transmission.

To date we have evaluated storage
phosphor technology for portable radiogra-
phy in an arms control application; pub-
lished a report on this research: purchased a
table-top storage phosphor scanner used in
biomedical applications and potentially
useful in radiography applications, and
evaluated its initial performance; initiated
experiments to measure reciprocity law
failure on long exposures; and compared
storage phosphor and conventional medical
x-ray film.

The focus of future studies will be on
practical application with an emphasis on
image quality. So far. Los Alamos programs
on arms control, Nuclear Emergency Search
Team, weapons quality control, and high-
energy flash radiography seem to be
potential beneficiaries of this technology.

Materials Processing
with Intense Ion Beams

D../. Rvj, R../. Faehl

The locus of this project is on developing
a facility for materials processing to
investigate the feasibility of three applica-
tions: ion implantation, surface alloying,
and congruent evaporation and deposition of
materials at unprecedented rates. These
processes use an ion beam for altering the
surface properties of a material to make it
more useful to industry; for example,
treating the surface of steel automotive parts
makes them less susceptible to corrosion.

During the past year, we converted our
intense electron beam accelerator, called
ANACONDA, into an intense ion beam
accelerator to produce a proton beam. To
modify the beam, we designed, constructed,
and installed a computer control system,
vacuum hardware, high-voltage pulsed-
power systems, pulsed magnets, and an ion
diode. In addition, we implemented new
operating procedures, safety procedures,
environmental accident countermeasures,
personnel training, and documentation to
ensure that our new facility will operate as
safely as possible.

We also developed an experimental plan
for ANACONDA. After further character-
ization, we will consider other important
processing applications, including diamond
coatings and high-efficiency photovoltaic
materials.
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Malone Refrigeration

G H Swift

All refrigerants used today are chlo-
rofluorocarbons (CFCs), i.e., Freon. which
were recently found to cause catastrophic
damage to stratospheric ozone and to
contribute significantly to the greenhouse
effect. The Montreal Protocol, to which the
United States is bound, calls for a 50%
reduction in CFC production over the next
10 years. We are developing Malone
refrigeration—a new liquid-carbon-dioxide-
based refrigeration technology using the
Stirling cycle that we believe can ultimately
replace existing Freon-based. vapor-
compression hardware in many refrigeration
and air-conditioning applications.

We selected a topology for the refrigera-
tor based on considerations of cost, weight,
and efficiency then selected an initial
working fluid mixture of 80% carbon
dioxide and 209c methanol. We developed a
complex, interactive design code, tested it
under a variety of conditions, and arrived at
a satisfactory design for the experimental
refrigerator. Our comparison of the experi-
mental refrigerator and a Trane chiller
revealed that our design was superior.

In the coming year, we will plan to
provide shop drawings, fabricate and buy
the necessary components, and assemble
and debug the device.

Anomalous Fission Products from
Deuterided Metals

T. N. Claytor. H. O. Menlove. D. G. Tui-gle

The study rf tritium and neutron
emission as products of fusion in metal

lattices could potentially result in a clean,
sale, and perhaps inexpensive method of
tritium production for nuclear weapon
stockpile needs and have significant
implications, with respect to neutron
emission triggering, for weapons and
safeguards programs.

Tritium and neutron emissions have been
observed in two deuterided metals at many
orders of magnitude over the background
expected from any known process. The
novel methods for inducing tritium and
neutron emission, reproducibly, in these
meial systems were uniquely developed at
Los Alamos during this past year. Our
research addresses the further refinement of
these techniques, as well as the measure-
ment of the energy spectrum of the neutron
emission in a deep tunnel at Los Alamos.

Our efforts are directed toward establish-
ing the credibility and improving the
reproducibility of the effects. Our research
concentrates on nuclear effects, such as
particle emission and gamma-ray and
tritium detection. We searched for these
nuclear effects in innovative gas-solid
systems with state-of-the-art detectors in
low-background environments. We continue
to concentrate our efforts on two metal-
deuteride systems, Ti-D and Pd-Si-D, that
have shown effects.

Progress has been made on several
fronts: first, extensive modifications to the
equipment have been made; second, high-
purity, low-tritium deuterium has been used
in our recent experiments; and finally, some
progress has been made in understanding
the effect of some of the parameters on the
tritium production rate.

We plan to continue our efforts to
discover those conditions under which the
reactions occur in the solid state and to
make the necessary measurements to infer
the nature of the reactions.
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Experimental Identification of
Nonlinear Structural Models

N. F. Hunter, Jr.; E. G. Endebrovk

Developing techniques for modeling and
analyzing the movement of systems is
critically important to understanding how
the systems behave. Analytical computer
models based on physical measurements of
a system provide the most accurate predic-
tions. However, in a number of structural,
climatic, geological, economic, and
biological situations, detailed analytical
models are not available either because of a
lack of information about specific features
of the system or because of a lack of
resources available for analysis.

Our work in two analytical techniques,
time series analysis and force state mapping,
can offer information about system behav-
ior. With these techniques, we can detect
deterministic behavior, estimate future
responses, estimate the number of active
states in the system, detect the presence of
chaos, and often obtain parameters for the
differential equations describing the system.
For example, nonlinear models are useful
for modeling such complex activities as
predicting global climatic changes, inter-
preting satellite data, and predicting sunspot
activities.

Any analysis of an extremely complex
nonlinear system depends on assumptions
based on prior knowledge of the system.
Our approach uses time series data from
physical experiments to provide the basic
assumptions of nonlinear systems.

This past year, we have applied our
techniques to developing models for
weapons test units such as the SRAM-T.
Our current modeling codes will detect
causality for sets of signals, detect
nonlinearity in relatively simple systems
and test for the presence of chaotic behav-
ior, predict future time series responses for
linear and nonlinear systems, estimate the
number of effective state variables in a
system, and derive accelerations and
velocities in systems.

We plan to apply our techniques to
appropriate systems in the Laboratory's
vibration testing facility.

Los Alamns National l.ahoraiciry/l.DRD 1-V I<WI Progress Rcpon/LA-12319-PR 67



Advanced Environmental
Technology Initiative

XI. /:. Hcrgcr, .V. Hair../. Kao. R. Smith,
I. A. Hakon.\on. D. Holikiimp.
D A. Richter. XI. Trkula. T. R. Loire.
R. P Currier. X. S. Xogar. \\. D. Spall,
P. J Jackson. L. A. Piisoiha. F. li. Wampler

This project encompasses a number of
subprojects whose goal is to apply state-of-
the-art theory and technology to the study of
problems in en\ ironmental management. It
includes three major areas: numerical
modeling, diagnostics, and hazardous waste
management. Each subproject is described
briefly.
Numerical Modeling

Global Climate Process: This project
addresses two issues that concern the
problem of improving confidence in climate
prediction methods and models. We have
used massively parallel computing tech-
niques to create a global ocean model that
will permit us to perform decade-long
simulations and investigate issues associated
vv iih ocean-atmosphere coupling. We have
also studied the parameterization of
cumulus convection for the Los Alamos
General Circulation Model used for climate
simulation and have improved our ability to
predict the effects of clouds upon climate.

Knowledge-Based; Numerical-Modeling
Approach for Design and Evaluation of
Shallow Landfill Burial Systems: Designing
or evaluating shallow landfill burial systems
requires integrating aspects of engineering,
environmental science, hydrology, geohy-
drology. and chemistry, as well as federal
regulations governing closure and perpetual
maintenance of these systems. Our project
uses the techniques of applied artificial
intelligence research to couple site-specific
information with numerical results from
modeling the landfill's surface/subsurface
system. The result is a user-friendly,
know ledge-based system that should
improve our ability to evaluate and
remediate existing sites and to design new
ones.
Diagnostics

X/iniatiirc Light Detection and Ranging
iLIDARI S\stem for Pollution Control
Studies in Remote Areas: Mobile truek-
mounted L'DARs are valuable in the study
of atmospheric processes. They can be used
to perform multidimensional scans of the
atmosphere lor air pollution data gathering
and global warming studies. A smaller, less
costlv model would facilitate shipment, site
accessibility, and availability of this useful
diagnostic tool. We developed and tested a
portable miniature LIDAR that fits into two

footlocker-si/ed containers and operates off
standard 110-V power. Field tests are
underway in Mexico City.

Thermal Diagnostics for Chemical
\apor Infiltration und Laser Welding
Processes: The measurement of tempera-
tures and temperature profiles in manufac-
turing processes is frequently difficult.
Spatial and temporal temperature gradients
must be accurately characterized for optimal
performance of thermal-bused processes:
however, the process itself often renders
these measurements difficult. We investi-
gated two novel temperature sensing
methods. /;; situ fiber optic pyrometery was
used as a temperature sensor for chemical
vapor infiltration processing and shows
promise as a means of measuring internal
temperatures in complex-shaped materials.
We also studied noncontact laser thermal
profiling as a means of determining the
emissivity of materials. Preliminary results
indicate that this method may indeed enable
us to make such measurements.
Industrial Waste Minimization

Solvent Reduction Through Supercritical
Carbon Dioxide Cleaning: We studied
supercritical carbon dioxide precision
cleaning of mechanical, electrical, and
optical parts. This method can potentially
replace the clilorofluorocarbons currently in
use for this task, reducing waste and saving
energy. We tested a number of different
components, including printed wire boards
and machined parts, to determine whether
this technique could be used to clean them
successfully without affecting their dimen-
sional stability. Tests were performed under
stringent supercritical conditions. Our
results show that cleaning successfully
extracted most materials and common soils
and that the slight expansions resulting from
cleaning were recovered after the extraction
process was completed.
Hazardous Material Management

The Accumulation ofBa(ll), Pti(l\), and
Other Toxic Metals on Components of Plant
Cell Walls: This project focuses on identify-
ing and characterizing those compounds
found in higher plants and plant cells that
function to chelale metal ions. We studied a
number of metal-binding polypeptides and
identified the biosynthetic pathway for their
production. We also synthesized an artificial
gene encoding a similar polypeplide and
placed it into E. coli. making the bacteria
cadmium tolerant. In addition, we demon-
strated that chemical modification of cell
walls can increase the affinity for selected
metal ions, suggesting that it is possible to
optimize the binding process.

Electron-Beam Destruction of Hazard-
ous Organic Wastes: We have set up a high-
energy electron accelerator test bed to lest
the destruction of aqueous-based hazardous
organic wastes using high-energy electron
beams. Regulations on release of such
wastes to the environment are becoming
more stringent, and wilh present waste
treatment technologies, we cannot comply
wilh them. We have set up the accelerator
and necessary shielding; designed, fabri-
cated, and installed the reaction chamber;
prepared the diagnostics for chemical
analysis; installed the data acquisition
system; and fired a series of electron-beam
test shots. We have also designed laser-
based diagnostics to measure radical yields
and destruction products. In the future, we
plan to irradiate selected waste samples to
demonstrate the effectiveness of this
method.
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Accelerator Transmutation
of Waste

E. P. Arthur, C P. Bcwnum.
G. P. Lawrrncc. ./. K. Ireland

Accelerator transmutation of waste
(ATW) is a new nuclear system concept tor
the transmutation of long-lived, high-level
nuclear waste radionuclides that uses
intense thermal neutron (luxes. The concept
is built around a coupled system composed
of a high-power particle accelerator, a high-
intensity neutron spoliation source, and a
high-neutron efficiency blanket. The intense
thermal neutron environment provides new
capabilities tor transmuting nuclear waste
w ith a significant reduction in inventories of
radioactive materials. The accelerator-
driven system, which operates in a subcriti-
cal mode, can provide significant environ-
mental and safely advantages compared
with current reactor-based systems. An
outgrowth of the ATW waste transmutation
concept is an energy production system that
could use long-term natural fuel supplies:
perform at overall system efficiencies
comparable HI current power reactors: and
generate minimal amounts of long-lived,
high-level wastes. The ATW technology can
also provide a large-volume, high-intensity
neutron source for basic research needs
without the operational and licensing
restrictions associated with reactor-based
sources.

Los Alamos is both the technical leader,
in the area of accelerators and spoliation
neutron sources, and the originator of new
ideas and inventions, in the area of energy
production concepts. This research will
allow Los Alamos to retain and advance this
role. The general system and its potential
capabilities have created significant interest
from industrial corporations, universities,
other national laboratories, as well as the
DOE.

ATW research has focused on technol-
ogy investigation, initial conceptualization,
initial definition of coupled accelerator-
target-blanket systems for neutron produc-
tion efficiency, and application of these
findings to the design of an advanced
energy system built around the coupled
accelerator-target intense-thermal neutron
system.

Our progress centered around definition
and preliminary assessment of the perfor-
mance of major portions of the ATW
system. These efforts focused on defining
the accelerator reference system and the
neutron spallation target and assessing and
optimizing aqueous blanket performance
features. In addition, key performance

characteristics of the energy production
system wen verified using beginning
particle transport calculations.

We produced reference definitions for a
"near-term." conventional component
accelerator capable of driving an aqueous-
based system lor transmuting fission
product and actinide high-level waste. We
also produced similar definitions for a
longer term accelerator based on supercon-
ducting, coupled-cavity linac technology
applicable to the energy production system.
In both cases factors, such as accelerator
performance, neutron yield, capital costs,
and operating costs, were optimized to
determine parameter choices. We also
assessed the potential impact of supercon-
ducting technology on major components
and developed a preliminary cost model.

To define the neutron spoliation target,
we focused on two approaches of calculat-
ing neutron production. Our first neulronics
calculation effort defined a liquid-lead,
neutron production target thot would accept
large beam powers while delivering high-
neutron efficiency. The second effort
defined a solid neutron production target
with characteristics similar to the liquid
target but with reduced long-lived radionu-
clide ond mixed waste production. We also
begon on initial determination of cooling
requirements and methods for both systems.

In assessing the aqueous blanket
performance, we performed one- and two-
dimensional calculations to determine
optimum operating regimes for a slurry-
based fission product and actinide blanket.
We investigated slurry loadings with
variations in blanket radial dimension ond
calculated the performance of a combined
fission product-actinide system.

in the area of energy production, we
developed a preconceptuol definition of a
coupled torget-blonket system thot meets
performance objectives for an energy
producer. This effort included use of
detailed, three-dimensional particle
transport calculations to define blanket
components and overall performance. The
system was fueled by thorium and
uranium-233, which uses molten soil as the
carrier medium. Results from these calcula-
tions confirmed earlier performance figures
based on simple neutron economy analyses.
In our study of systems employing molten
sail technology, we investigated two other
approaches:

(I) We first assessed the performance of
a system designed for transmutation of
higher actinide. plulonium isotope, and
long-lived fission products from commercial
reactor spent fuel. Initial calculations of
system performance definition and optimi-

zation are still underway.
(2) We then assessed the design of a

possible molten sail blanket experiment to
be carried out at the Los Alamos Meson
Physics Facility (LAMPF). LAMPF would
serve as a demonstration facility for
technologies associated with flowing-lead
production targets, molten salt aqueous-
blanket operation, ond fluoride-hosed
chemical separations.

In our future reseorch. we will define the
next level of aqueous-blanket transmutation
system. In addition, we will pursue a more
detailed definition of a molten salt blanket
system that is appropriate for energy
production or commercial spent-fuel
transmutation. Our focus will continue to be
on accelerator, target, and blanket definition
and on energy production.

In the area of accelerator definition, we
w ill continue to define components of
a conventional copper accelerator, based on
the use of beam transport design tools. We
will ossess the potentiol for upgrading the
LAMPF front end to increase its average
current, thus enabling it to become on
important component in o future integrated
test of an ATW system.

Definition of the neutron spallalion target
will continue with emphasis on cooling,
materials performance, and estimates of
operational reliability. We will develop dato
that will allow a liquid or solid lorget
selection thai could be pursued during later
stages of ATW development.

In the area of oqueous blonket ossess-
ment. we will begin three-dimensionol
calculations using Monte Corlo neulronics
lo define the ncutronics performonce of a
system. The calculations will provide
information on fission product and actinid'-
transmutotion. We will also conduct
preliminary assessments of heat removal
requirements and coupling-to-material
processing requirements.

Our research on the energy production
system will continue to focus on molten salt
blankets and waste transmutation. We will
continue analyzing three-dimensional
neutron transport of molten salt blankets to
gain further information on performance
optimization, performance under equilib-
rium actinide and fission product loadings,
parasitic absorption, and effects of structural
material constituents. Finally, we will begin
to define material separation processes
appropriate for fuel recovery and purifica-
tion along w ith candidate methods for
extracting selective fission products.
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Fossil Technology Initiative

R. J. HiinoU. D. R. Janecky. IV. C. Dcmen.
E. F. Homuth. J. N. Albright. D. D.
Hkhnou. D. A. Keeper, S. P Limback

Many research and development efforts
on the science and technology of fossii-fuel
use take place in multiple disciplines and
have as their objective an improved
environment. We design projects to discover
new sensors, methods, and processes and
apply these new technologies to everything
from improved coal mine safety to environ-
mentally responsible refrigeration.

The fossil technology initiative is
directed toward improved oil-recovery
technologies for domestic resources and
greater use of abundant coal resources
through safer, more efficient mining. Oil
research is highlighted by improved
reservoir characterization through tracer
investigations and conductive-fracture
mapping. Coal research focuses on provid-
ing sensitive strain instrumentation for
mines, understanding carbon-bound
impurities, and examining liquefaction
reactions. We are investigating alternatives
to the use of fluorochemical refrigerants in
response to international concern for the
atmosphere. With one-third of our total
national energy budget expended for
heating, cooling, lighting, and comtort
sen ices in buildings, we also seek means to
improve our indoor environr .,.nts. The
Laboratory has technical strengths that can
make significant contributions to efforts in
all these areas. Specific projects, motivated
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by interactions between industry and the
Laboratory, offer potential for immediate to
near-term technology spin-offs and possible
patents.

Chemical tracer experiments, now
actively used in a variety of systems,
increase as we rely on them to characterize
environmental, oil, gas, water, and geother-
mal reservoirs. Our research focuses on
development of a large suite of isotopically
labeled organic tracer molecules and
associated interpretation approaches
because the most effective applications of
tracers involve organics.
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We have concluded from prior efforts
that a projectile launcher, a cylinder of high
explosive with an axial cavity, can be
designed to create a high-velocity projectile
in a very confining space. We performed
finite-element calculations on the first
design to investigate several aspects of the
complex structure. These calculations show
that hybrid penetrator designs are feasible.
Application of this technology to new oil
well perforation tools could improve the
production from marginal "stripper" wells
and increase their production lifetimes. We
have also created drawings that indicate the
feasibility of a small-diameter, accelerom-
eter-based, borehole seismic-receiver tool.
Accelerometers have been investigated and
should be capable of excellent operation in
the wellbore seismic environment. Addi-
tional design effort on a new locking-arm
mechanism and more detailed investigation
of the tool's natural frequencies are
required.

Our approach to high-temperature coal
liquefaction with methane gas is fundamen-
tally different from other studies of this
process. We fabricated and are enabling an
instrument that will levitate a single, well-
characterized panicle in an apparatus that
will allow us to monitor reactant and
product gases, as well as the effects of
reactions on the particle. In this way we can
measure both the steady-state and transient
behavior of coal liquefaction reactants and
products from the reaction of natural gas
with natural and simulated coal particles.

We conducted trace-element analyses
on individual macerals and sulfides from
the lower Kittanning coal of western
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Pennsylvania. Studies verified that a proton
microprobe can provide trace-element
analyses of coal macerals and sulfides with
partvper-million-level detection limits.
Previously developed ion-microprobe
techniques, applied to sulfides in coals,
demonstrate that S-isotope heterogeneities
are preserved in individual coal beds. We
identified the mineral and maceral hosts of
hazardous heavy metals in the coah and
showed a correlation between two trace
elements and the environment of coal
deposition.

We intend to demonstrate that fiber optic
instruments used in parallel with other
geophone monitoring systems have the
ability to monitor dynamic signals that may
be able to assist in predicting rockburst
problems in underground mines. The other
potential application is load monitoring. We
are negotiating a cooperative association
with two private underground coal mines
and the US Bureau of Mines Pittsburgh
Research Center. Indications are that strains
to be measured in the mines would require a
sensor vah a large dynamic range capabil-
ity. The new read-out system developed for
the Laboratory's fiber optic strainmeter has
both the high sensitivity and the very large
dynamic range required for monitoring
applications.

In a current effort, we investigated the
feasibility of a new dehumidification
scheme by measuring the liquid-to-vapor
mass transfer at a microporous membrane.
In this scheme, a liquid desiccant is retained
by a microporous membrane, which might
form part of a wall surface in a building or a
component within a commercial air
conditioning unit. Our experiments showed
that humidity from the air is absorbed
directly through the membrane, as expected,
while the membrane surface remains dry.
This dehumidification system could be
powen.U by conventional heating; however,
it also might circulate and regenerate the
liquid desiccant by direct exposure of a
second desiccant-retaining membrane lo
solar energy. This system would be
especially suitable for controlling moisture
in unattended installations, such as remote
radio transmitters and mothballed military
equipment, but it may also be beneficial for
reducing peak demands of electric power
that are caused by conventional air condi-
tioning equipment in residential and
commercial buildings.

Continued exploration of the various
energy and environmentally related science
and technologies will yield processes and
devices critical to national environmental
objectives. When feasible, we will continue
to develop collaborative projects with
appropriate industrial partners.

Development of Nonlinear
Signal Processing

A. S. Lapedes; N. F. Hunter, Jr.

Practical nonlinear signal processing is
of crucial engineering importance in the
development of models of predicting and
controlling nonlinear systems. Nonlinear
signal processing algorithms, including
nonlinear filtering, are essential for analyz-
ing and processing data from physical,
environmental, chemical, mechanical, and
biological systems. Processing all types of
digital test data is a critical part of Los
Alamos programs.

An understanding of general nonlinear
systems is essential to the development of
practical models for many processes that are
regularly encountered in science and
engineering. These systems include
turbulent flow systems undergoing mechani-
cal vibration and many environmental,
geological, and biological systems. The
objective of this research is to apply
techniques developed for the analysis of
nonlinear dynamic systems to the practical
analysis and response prediction of dynutnic
systems in these processes.

We focused on the development and
implementation of a core of nonlinear signal
processing algorithms (emphasizing
coordinate and differential equation models,
definition of scaling laws for single-input/
single-output nonlinear systems, and
nonlinear filtering algorithms); application
of these methods of multidegree-of-freedom
systems encountered in vibration testing;
and interpretation of model results to
determine the degree and type of nonlinear
mechanical systems present in the system.

To validate specific methods and
illustrate their applicability, we applied
nonlinear time-series modeling techniques
to a variety of mechanical systems encoun-
tered in our vibration testing facility. In the
geosciences area, we applied nonlinear
modeling techniques to the problem of
predicting global ice volume and developed
a time-series model for the evolution to the
Pleistocene ice age.

We plan to continue enhancement and
code implementation of algorithms for
nonlinear signal processing and to expand
their application to systems of critical
scientific or engineering interest.

Electronic and Optical Devices
in Low-Dimensional
Semiconductor Structures

D. L Smith, I. H. Campbell, B. K. Launch,
A. Redondo; L. Schowalter (Renssalaer
Polytechnic Institute)

The development of advanced electronic
and optoelectronic devices is critical to the
economic and military security of the US
and addresses a commitment to improved
defense technology and advanced comput-
ing. The proposed work could help reestab-
lish US leadership in advanced electronics
by laying the foundation for a new class of
electronic devices with much higher
switching speeds than those currently
available. The goal of this theoretical and
experimental program is to research new
electronic- and optical-device concepts in
low-demensional semiconductor structures.
Our key ideas are to use the piezoelectricity
of many semiconductors to build large
electric fields into the low-dimensional
structures and to modulate these fields with
light or electrical injection.

We are fabricating and studying the
properties of a new class of resonant-
tunneling diode structures in which large,
strain-generated electric fields are produced
in the quantum-well region of the device.
We expect that, by screening these fields
using optical- or electrical-charge injection,
the resonant-tunneling devices can be
rapidly switched. We grew and character-
ized the resonant-tunneling structures and
are investigating the optical response of
low-dimensional structures with strain-
generated electric fields. We discovered a
new effect in Raman scattering from [211]-
oriented, strained, multiple quantum-well
structures that will be useful for character-
ization of strained-layer systems.

We plan to improve the material quality
of the resonant-tunneling structure by better
control of the substrate temperature during
growth, to fabricate resonant-tunneling
diodes from the improved material, and to
determine the electrical properties of these
devices. We will complete a theory of
nonlinear optical response in quantum wells
(2D), start an experimental investigation of
these optical nonlinearities in GalnAs/GaAs
quantum wells, and initiate generalizations
of the theory to lower-dimensional quantum
wires (1D) and dots (OD).
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Nuclear Weapons Complex
Simulation and Analysis

R Muh. 7". M. Helm

The objective of this project has been to
produce advanced simulation and assess-
ment capabilities of nuclear materials
production and weapon component manu-
facturing for the future reconfigured
Nuuear Weapons Complex called "Com-
plex 21." This LDRD-funded simulation
and analysis work being conducted ill Los
Alamos involves the development of models
and methods of systems analysis for
evaluating advanced materials and manufac-
turing technologies to determine their
effectiveness in Complex 21. a proot'-of-
concept to evaluate new approaches.

According to Energy Secretary Walkins.
Complex 21 needs to be reconfigured into a
complex that is smaller, less diverse, and
less expensive to operate, but. at the same
time, meets stringent em ironnienial. safety,
and health requirements. In order to achieve
all these reconfiguration criteria, we must
have the simulation capabilities and
technology assessments that will provide
objective justifications of technology
selections. In addition, the simulation and
modeling techniques will provide a basis for
demonstrating that a comprehensive
approach can and should be used to evaluate
the alternative options considered in the
Programmatic Environmental Impact
Statement for Complex 21 currently in
preparation by the DOE.

The DOE's Reconfiguration Report,
presented to Congress in February 1991 by
Energy Secretary Watkins. called for the
formation of several panels, one of the most
important being the Technology Assessment
and Selection Panel or TASP. TASP's
mission has been to recommend the
technologies and proce. ->cs to be used in
each Complex 21 laeiluy. The panel, made
up of representatives from the design
laboratories and the production plants,
defined six component areas essential in the
production of nuclear weapons—pluionium.
uranium, tritium, high explosives, salt, and
non-nuclear areas. TASP realized these
areas needed to be analyzed in detail in
order to achieve technical evaluation of
future technologies.

Our efforts have been directed toward
developing the capability :o simulate
present-day technologies of the production
complex and toward evaluating the impact
of technology options lor Complex 21 in
terms of waste minimization, reduction of
radiation exposure, production capability
improvements, and cost impacts.

In this year's work, we first developed
materials, process, and component "refer-
ence" flow sheets for the six component
areas of the complex. That is. we analyzed
what the complex of today uses in terms of
materials, processes, and technologies.

Next we developed "baseline" How
sheets on each of the six areas. Baseline
technologies incorporate current capabilities
that have been demonstrated at the appropri-
ate production levels. Consequently,
baseline technologies are those that are
matured to the point that they are ready for
design implementation by an architect/
engineer in a weapon production facility. In
other words, the baseline shows what the
complex would be in terms of materials,
processes, and technologies if we began
building it today.

The flow sheets also represent the
components of the simulation capability
being developed. For each element in the
flow sheet, there is a corresponding element
in the simulation. This allows the simula-
tion to be used to predict the performance of
the production facility with baseline
technologies and subsequently quantify the
anticipated performance improvements that
could result from implementation of
advanced technologies. (See figure for an
example of a top-level baseline flow sheet
for plutonium.)

Other accomplishments this year include
completion of a prototype plutonium-
processing simulation, initiation of the
simulation development for critical compo-
nents of Complex 21. and completion of the
prototype development of a simulation
specifically designed to address the entire
Complex 21 technology issues.

Work in advanced systems analysis and
simulation development will continue to
address the technical opportunities and
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potential research and development
programs resulting from the recommenda-
tions of the TASP. We plan to develop a
prototype for materials other than plutonium
(uranium, tritium, salt, high explosives, etc.)
and processes in Complex 21. In addition.
we are developing a framework for integra-
tion of the modules for complex-wide
analysis. Moreover, we plan to analyze
advanced technology options that have been
recommended by the TASP.

Los Alamos is currently the recognized
leader in the development of advanced
simulation technologies to assess processing
and manufacturing. The simulation
technology developed by this project
directly impacts analysis efforts al
Lawrence Livermore National Laboratory
(LLNL). Rocky Flats Plant, Savannah River
Plant, and Oak Ridge Y-12 Plar•. Jur
simulation prototype has beer <i erred to
LLNL for collaborative work 'Oj : .~r
analysts and engineers. As a result of our
development of an all-aqueous flow sheet
for advanced plutonium processing.
Savannah River has begun a new program
in system assessments and advanced
technology development. Other new
program efforts are in the developmental
stages at Rocky Flats and Oak Ridge as a
result of the simulation technology transfer.

The Nuclear Weapons Complex
Simulation and Analysis Project funded by
LDRD has given the TASP. the DOE, and
the architect/engineer firm recently hired by
the DOE to design and build Complex 21.
the tools to identify system configurations
that can meet the criteria demanded by
Energy Secretary Watkins. Because of this
LDRD project. Los Alamos is now being
asked to play a major role in determining
technologies for Complex 21.
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Nuclear Physics Aspects of
Accelerator-Driven
Energy Systems

P. \\. Lisowski, C. D. Bowman

Our work contributed to understanding
of the nuclear physics of energy production
without long-term, high-level waste stream
generation.

We examined the nuclear physics
calculational data base and published the
results.

Basic Properties of
Thermographic Phosphor

B. H. Noel

A new. experimental technique that uses
thermographic phosphors (TPs) in time-
resolved reflection spectroscopy (TRRS)
demonstrates the feasibility of high-speed,
transient temperature measurements.
Although TPs can measure temperatures on
any kind of surface, they are particularly
useful in configurations where physical
contact with the surface is not feasible. In
contrast to static- or steady-state applica-
tions, dynamic applications of this technique
form a richer and more diverse range.
Examples of applications are found in the
military (transient heat flow), in diagnostics
for the National Aerospace Plane, and in
industry and university applications
(semiconductor research and testing). The
goal of the project was to refine our under-
standing of the physical processes that occur
in TPs and to understand the effects that
thermal properties of phosphor layers have
on their response to transient conditions.

In previous work, we studied the
transient behavior of the amplitude,
risetime. and decay time of TP fluorescence.
This year we explored an exciting alterna-
tive that avoids some of the difficulties
inherent in the previously explored direct
method. Our results illustrate the potential
of TRRS to resolve rapid, thermal tran-
sient.-,, and we have done the initial proof-
of-principle experiments.

Developing the TRRS method into a
field-usahlc engineering tool will require
considerably more experimental work. Our
idea to use transient, real-time temperature
measurements to monitor and locate hot
spots that could lead to caiustrophic failure
in the National Aerospace Plane airframe is
the subject of a larger proposal for a
preliminary design that will demonstrate
feasibility in applications.
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Geosciences, Space Sciences, and
Astrophysics Overview
\V. M\rrs

LDRD in the geosciences. space sciences, and astrophys-
ics (GSSAlforuses on projects that will lead to basic knowledge
of Earth and the universe of which it is a part. These projects
will contribute to understanding of our atmosphere and climate;
expand our knowledge of fluid flow, seismology, properties of
earth materials under extreme conditions, and related phenom-
ena: contribute fundamental research in space science and
planetary science: do basic astrophvsicul studies; and develop
and demonstrate planetary resource assessment and utilization
technologies. Through our work, we are involved in space
plasma physics, underground nuclear fluid flow studies, the
space shuttle, and in situ resource utilization, to mention only a
few examples.

Los Alamos has been active in atmospheric research for
nearly 2 decades. Observational and theoretical research is
vital to understand how the climate is changing. Global
warming, acid rain, and ozone depletion are examples of long-
term climate changes that we need to understand before we can
prescribe measures to solve them. We participated in the
founding of a subdiscipline of terrain-dominated atmospheric
transport and dispersion. The Department of Energy (DOE)/
Atmospheric Simulations over Complex Terrain (ASCOT)
program that grew out of this work is an often-cited example of
the success of integrated modeling and field experiment. A
prime example of global climate research sponsored by LDRD
is the computer modeling of the Kuwaiti oil fires before they
were lit in January 1991. Simulations indicated potential
regional climatic effects, the results of which are in qualitative
agreement with 1991 climate observations.

Knowledge of the solid earth is an essential scientific
underpinning to a rapid.y growing number of DOE activities.
Los Alamos LDRD research applies advanced numerical
simulation and visualization techniques to improve our ability
to predict phenomena and to understand complex problems
associated with fluid flow in the earth at scales ranging from
individual pores, to fractures, to reservoirs. Fluid types include
multiphase petroleum fluids, contaminant-laden groundwaters,
and magmas. This LDRD-generated knowledge is being applied
to improved technologies for environmental restoration and
petroleum recovery and to improve our understanding of the
evolution of magmatic systems and explosive volcanic erup-
tions. L'Spetroleum industry companies have already expressed
interest in our results and are eager to collaborate: they hope to
develop and i ommercialize new technologies to more efficiently
extract domestic energy resources. Other LDRD research
investigates new concepts to better understand seismic wave
phenomena with the intent of improving our understanding of
the physics of underground nuclear explosions and thereby
strengthening our technical capabilities in verification.

Los Alamos space scientists and engineers conducted a
broad program of fundamental research in space and planetary
science. This program includes the scientific analysis of data
returned by Los Alamos sensors carried on all three spacecraft
in the International Sun-Earth Explorer (/SEEI program.
Present LDRD research includes ongoing studies of coronal
mass ejections (CMEs) from ISEE-3 solar-wind data. These
ejections are a direct cause of geomagnetic storms that, in turn,
can interfere with satellite communication systems and can
disrupt high-voltage transmission of electric power over the
national power grid. The more precisely we can identify CMEs,
the better we can predict their arrivals and protect against their
effects. Later this year, a Los Alamos-designed spectrometer
will be aboard the Mars Observer spacecraft to probe the
chemical composition of the Martian surface.

No single field of basic research seems more relevant to
the Laboratory's primary mission than astrophysics. Computer
codes and theoretical techniques used to study stellar evolution,
supernova explosions, and nucleosynthesis contribute to the
efforts in nuclear-weapons design and other areas of defense-
related research. The study of high-energy radiation from
cosmic sources was an outgrowth of the Laboratory's treaty-
verification work, and the two efforts have had mutually
beneficial interactions for the past two decades. Some of the
instrumentation is dual purpose, supplying data for both
astronomical as well as programmatic uses. For example,
astronomical studies with the Vela satellites tested the reliabil-
ity and accuracy of the instruments as well as made discoveries
that created some new fields of astrophysics. In other cases,
innovative devices developed for astrophysical work can later
be applied programmatically—the Uniformly Redundant Array
X-ray Imaging Experiment on the space shuttle and x-ray and
gamma-ray instruments on the Pioneer Venus Orbiter, the
Interplanetary Cometary Explorer, High-Energy Transient
Explorer. Spectrum X-Gamma, Mars 94, and the X-Ray
Monitoring Mission.

In Situ Resource Utilization, another LDRD project, will
develop and demonstrate planetary-resource assessment and
utilization technologies. A potential near-term application of
this research is on a lunar-lander payload that NASA is
planning on ARTEMIS, a lunar lander that would contain a
number of instruments to map potential lunar resources for
subsequent exploration. Los Alamos has proposed two instru-
ments for ARTEMIS. One of these is the laser-induced break-
down spectrometer, a unique remote diagnostic instrument that
uses a focused-laser beam to create a small plasma whose
emitted radiation is analyzed for elemental composition in real
lime. The other, an x-ray fluorescence and diffraction instru-
ment, will provide high-accuracy chemical and mineralogical
data from samples collected along rover traversers.
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Neutron Stars Young and Old:
The Search for the Pulsar
in Supernova 1987A
and ms Pulsars Elsewhere

Wavenumber(fXT)

./. Muhtleiiiich

In observatories around the world,
astronomers watch galaxies through
complex telescopes while sensing systems
collect thousands of hours of data. These
researchers use massively parallel
supercomputing systems to analyze their
data, but even in sophisticated computing
environments, complete data analysis would
require more calculations than current
systems can perform.

Researchers are investigating characteris-
tics of pulsars, and in the process they are
improving the the efficiency of our mas-
sively parallel computers. Fourier trans-
forms, the calculations we use at Los
Alamos to search for hidden periodicities of
young and old neutron stars, are fundamen-
tal to scientific analysis in many areas,
including image processing and solid-state
physics.

We have concentrated our efforts in two
areas: finding the pulsar PSR1987A within
the supernova SNI987A in the Large
Magellanic Cloud and studying millisecond
pulsars from the Milky Way and its globular
clusters.

To find PSR1987A within a remnant of
what seems to be interstellar dust, we are
developing a sensitive, time-resolved
detector. The new instrument will allow us
to make definitive observations that will
determine whether the pulsar exists.

By discovering and studying millisecond
pulsars in globular clusters, we are learning
about the motion and internal dynamics of
globular clusters as well as the luminosity of
the pulsars. Soon, we will be searching for
pulsars that are more distant, further
stretching our computing power and
programming expertise.

We plan to pursue our pulsar surveys in
globular clusters and at high galactic
latitudes. We will also use new powerful
computing systems to pursue other pulsar
candidates. If we do detect the pulsar within
SNI987A. we will be well-positioned to
draw maximum scientific beiiefit from this
once-in-a-lifetime event.
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The Fourier power resulting from the Fourier transformation of about 1 hr 15 min ofArecibo 305-m
time series data on the globular cluster, NGC6760, is contoured on the frequency df/dt plane near
the frequency of the 3.6-ms binary pulsar located in this cluster. The parabolic pattern of power is
characteristic of an acceleration of the pulsar along the line of sight to the Earth, which is strongly
increasing with time (and which crosses through 0 near the time of mid-run). This "surge" is
caused by the gravitational attraction of the ~ 20 Jupiter-mass companion.
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The same Fourier power is contoured on the frequency df/dt - d2fA)t2 volume. The pattern of power
is now associated with only one main peak and its associated and less significant side lobes. The
"surge" is represented by the large offset ofd'f/dt 2xT3(~130 along the multicolored axis), where
T is the total duration of the run (~1 hr 15 min).
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Magnetohydrodynamic Simulation
of Astrophysical Jets

D C. Bunn-s. K. A. Nchcl. G. tf. Gixler

Los Alamos researchers are investigating
the generation and propagation of nonrela-
tivistic astrophysical jets using the FLX
MHD code originally developed for fusion
applications. Our goal is to run time-
dependent calculations to steady state and to
observe the sonic and Alfvenic transitions
and dependence on parameters.

The focus in 1991 was on testing and
verifying code modifications by running a
single problem. We formulated and ran with
FLX a single rotation-driven problem
during the preparation of the initial LDRD
proposal. We observed at that time that the
simulation results were dependent on the
frame of the calculation.

Independent but related activities at Los
Alamos and Cornell University have
interacted with this LDRD project. It has
also become evident that the experimental
research being carried out in P Division on
the application of coaxial plasma guns for
plasma propulsion provides a situation
closely related to the astrophysical jet.
Observations of magnetic nozzle formation
in these experiments may shed light on the
results of our simulation studies.

Geophysical Search for a Violation
of Newton's Inverse Square Law

M. E. Ander

Over the past decade numerous geo-
physical experiments have been performed
at different scales in the search for possible
violations of Newton's inverse square law.
The existence of a scale length variation in
gravity (G) would have a profound impact
on the foundations of physics, affecting
general relativity, unified field theory,
astrophysics, and cosmology, and it would
prove the existence of a new force of nature.

Some geophysical experiments to date
suggest that a non-Newtonian gravity force
may indeed exist at larger scales. We
focused on well-constrained experiments
that sample the gravitational constant at
scales above I km.

Our current work improves on our
Greenland ice experiment in 1989. An
ocean experiment, completed at a site west
of San Francisco in 1991. measured G over
a scale of 5(XX) m with an accuracy of 2

parts in l(KX). The resolution of the ocean
experiment is at the edge of detecting any
possible violation of Newton's laws. An
Antarctic experiment, in the developmental
stages, holds the promise of measuring G
over a range of 2(X) m to 4000 m with an
accuracy approaching 5 parts in 10,000.

Our earlier efforts to search for non-
Newtonian gravity have produced some
important spin-off science. We made
significant changes in existing gravity meter
technology, some of which is already in
commercial use. We developed a new
borehole gravity meter with true geodetic
capabilities; a deep-ocean gravity meter; an
ice-penetrating thermal geophysical probe;
and a new gimbaling system, which could
impact both commercial borehole and ocean
bottom gravity meters.

We plan to field test the thermal probe in
Greenland the summer of 1992, and we
hope to continue with the Antarctic project.

Evolution of Continental
Lithosphere in Extensional
Terrains: 143Nd/144Nd
and 87Sr/"6Sr Techniques

W. S. Baldridge, A. W. Laughlin;
F. V. Perry (U. of New Mexico)

Our goal is tracking lithospheric
response to continental rifting and exten-
sion. We model petrological and geochemi-
cal data for 20- to 30-million-year-old
basaltic rocks to der-.cribe two mantle
reservoirs. The rocks track the initial stages
of crustal extension and lithospheric
thinning linked to the formation of the Basin
and Range province and the Rio Grande rift.
We investigate the structure and lower
boundary of the lithosphere in extensional
terrains; study the evolution, modification,
and processes of the lithosphere during
extension; and describe mantle composi-
tional domains.

We conducted a final sampling field trip
and submitted samples for chemical and
isotopic analyses and conducted extensive
petrological and geochemical modeling with
initial project data. It appears that basaltic
rocks, erupted 20 to 30 million years ago
from the southern Rio Grande rift and
adjacent parts of the Basin and Range and
Colorado Plateau transition zone, were
derived from the continental lithospheric
mantle, rather than from an asthenospheric
source. Thus, major thinning of the lithos-
phere is recorded between 20 and 10 million
years ago.

Although older basalt rocks consist of
basaltic andesites rather than basalts and
make interpretation of mantle characteristics
difficult, they are crucial to extending
models of lithospheric thinning developed
on young basalt rocks (from 0 to 10 million
years old). Old rocks track changes in
lithospheric structure. As a result, we will
be able io date lithospheric thinning events,
correlate lithospheric thinning with surface
signs like uplift and faulting, and character-
ize rales of thinning—important for
numerical modeling.

Experimental Study of Oxygen,
Nitrogen, and Hydrogen Solubility
in Diamond and Silicates at High
Pressure and Temperature

./. D. Blacic, C. .1. Maggiore, E. Mathez,
G. Bussod

The content and distribution of volatile
elements within the Earth and other
planetary bodies is a major unsolved
problem in geoscience because of the strong
effects of volatiles on fundamental geo-
physical and geochemical processes. The
objective of ihis project is to synthesize
equilibrium silicate phases in the presence
of carbon, oxygen, hydrogen, and nitrogen
fluids at pressures and temperatures
representative of the earth's mantle. We also
seek to determine the equilibrium solubili-
ties of these volatile elements in the silicates
and in natural diamond.

We succeeded in developing a sensitive
ion beam, nuclear microactivation technique
and discovered that type HA natural
diamond contains relatively large amounts
of dissolved oxygen (several hundred parts
per million). We perfected a nuclear-
reaction microanalytic technique for
nitrogen and a sensitive coincidence
forward nuclear-scattering technique for
hydrogen. Preliminary experiments,
performed here and in Germany, focus on
determining nitrogen equilibrium solubility
in diamond at high pressure and
temperature.
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Pore-Scale Flow in Porous Media
Using Lattice Gas Methods

(i. /). Pi

>7. li. .1. Tiwh. S.-P. Cln-n.

Industry has extracted about one-third of
the oil located in the I'S; the remaining two-
thirds lies deep below the earth's surface in
rock beds, making extraction extremely
difficult. Many environmental remediation
efforts focus on restoring the water quality
in the nation's aquifers. Scientists can
address both problems by modeling the flow
of fluids through a porous base medium.

We modeled flow and transport pro-
cesses with lattice gas and lattice Boltzmann
methods. We determined characteristics of
thin sections of porous rock as a basis for
our model, with which we solved several
problems in fluid flow. Lattice gas methods
use computer memory especially efficiently,
thereby taking full advantage of our
computing capabilities. The lattice
Boltzmann approach has proved useful for
modeling three-dimensional systems and
handling robust descriptions of real fluid
properties.

With the help of our newly developed
lattice Boltzmann codes, we are investigat-
ing a variety of physical problems, includ-
ing three-dimensional flow through porous
media by measuring relative permeability.
We are also refining our codes to guarantee
the stability of the solutions.

To establish the effectiveness and
reliability of our methods within the
modeling community, we are comparing our
codes with more traditional numerical
schemes for computational speed, accuracy,
and efficiency. These comparisons will
demonstrate the utility of our approach and
provide further verification of our methods
and results.

As we approach our goal of developing
accurate representations of real fluid
systems, we are beginning to develop
models for more complicated situation^
Specifically, we plan to investigate systems
where more than one fluid is present and
where the density of the fluids differs
greatly. We v. ill also optimize our methods
using the new massively parallel CM-5
Connection Machine, soon to be on line in
the Advanced Computing Laboratory.

This cube is a pore-scale image of Berea Sandstone, a rock often used in petroleum research. The
image was obtained by using a high-resolution (10\im) x-ray CT-scan, similar, but more powerful
than the devices used in medical applications. Mobil Research and Development Laboratory in
Dallas supplied similar data on eight cores of this rock. This cube is approximately 1/1 OOth (or
about 10s nodes) of one of these data sets. The object will be to calculate flow of immiscible fluids
using the Lattice-Boltzmann method through the pores of the rock and to test theories used to
extrapolate the small-scale phenoimena to larger scales. We hope to obtain a broader knowledge of
the interaction of fluids and rock and its effect on averaged parameters.
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Elastic Wave Propagation in
Heterogeneous Media

M. C. Feliler

Understanding why the amplitude of
seismic v\a\cs decreases as the waves get
farther from their source is important for
earthquake prediction, oil exploration, and
nuclear explosion monitoring. Two kinds of
activities provide explanations for the
mechanism responsible for the weakening,
or attenuation, of seismic waves in the
earth's crust: anelastic mechanisms and
scattering.

The first kind of activity, anelastic
mechanisms, include friction or water
movement. These mechanisms remove
elastic energy from a train of seismic wa\es
and com en this energy into another form of
energy. Scattering, the second phenomenon,
redistributes the energy within the total
wavefield. When the energy in direct waves
is measured, the strength of the total
wavefield appears to have decreased.

Researchers disagree about the relative
importance of anelastic mechanisms and
scattering in seismic wave attenuation.
Designing models of seismic waves is
complicated because relatively small
variations in the earth's makeup at different
points can greatly affect the behavior of
seismic waves. Recent research into the
seismogram complexity indicates that
scattering plays a dominant role in wave
behavior.

We have developed a method, based on a
theoretical model of multiple scattering, fur
measuring the relative importance of
anelastic mechanisms and scattering. We
collected data from a seismic network in
Japan and applied our new model. Surpris-
ingly, we found that scattering is a weak
process in the Japanese crust. Our measure-
ments are the first reliable measurements of
the relative contribution of scattering to total
attenuation.

A Tectonic-Geomorphic Analysis
of the Colorado Plateau
Basin-and-Range Transition Zone

C. D. fhirrini>ton, A. W. Laiifihlin;
/•'. V. Perry, S, Wells (U. of New Mexico)

Our analysis of the transition zone
between the Colorado Plateau and the
Basin-and-Range provinces tests the model
of crustal uplift initiated by lithospheric
thinning and heating of the earth's upper-
most mantle. The objectives of the project
were to reconstruct the latest Cenozoic
fluvial systems and geomorphic surfaces of
the study region, to establish a chronology
of volcanic and geomorphic events, to
develop the neotectonic history of wesl-
cenlral New Mexico, and to test the linkage
between models of tectonisrn and uplift
derived from geomorphic studies and
models of uplift derived from volcanism and
isoiopic studies.

We developed a tectonic history for the
past 3 million years for a part of west-
central New Mexico. We acquired several
samples of volcanic rock from volcanic
necks along the Rfo Puerco. These samples
provide age constraints on the Late Pliocene
surface in the Rio Puerco drainage. The
samples will help determine whether the
surface was of long duration with sporadic
associated volcanism or of short duration
with extensive but short-lived volcanism.

We have begun to create a Quaternary-
dating consortium within New Mexico. The
consortium will attempt to resolve the
dating dilemma posed by our inability to
obtain potassium-argon dating of lava flows
younger than 250,000 years that consistently
agrees with the geologic age constraints.
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Numerical Simulations of
Global Climate Change

(; \. liLiizitmicr..!. Kile. O. /.. l.a

The objective ol our research in global
climate change is lo enhance the under-
standing of the global dynamics and
atmospheric chemistry responsible lor the
distribution and evolution of important
atmospheric nases.

Development ot a state-of-the-art
computer code to simulate both the global
dynamics and the photochemistry of gases
and aerosols in the earth's atmosphere will
pro\ ide us u iih a tool to study ozone
depletion and global warming and the
experience and capability to study other
potential atmospheric pollution problems.

We used the Los Alamos Global Climate
Model i( '(All. a three- imensional
atmospheric model developed to study the
"nuclear winter" hypothesis during ;he
19NIK. to simulate the global evolution oi
the Kuwaiti oil-lire smoke and iis potential
eltecis on the climate. We did our initial
computer simulations ot a Kuwaiti oil-tire
scenario belore the lires were lit. using
liilormution Irom a study at Sandia National
Laboratories.

Our model showed ilia! the amount ol
smoke lotted into the stratosphere is small
compared with nuclear win^-i scenarios ami
predated the average hletime of the smoke
to be about 5 da\s. about the same as

observed lifetimes of aerosols in the lower
atmosphere. Although the regional climate
around Kuwait is affected by the smoke, the
model suggests thai the smoke has no
significant effect on the global climate.

Further computer simulations during the
year, mainly using June weather conditions,
suggested that the smoke could be respon-
sible for subtle regional climate changes
such as a \0ci decrease in precipitation in
Saudi Arabia and a lOVr increase in
precipitation in the Tibetan Plateau region.
The observations made the summer ol 1991
by the National Oceanic and Atmospheric
Administration are in qualitative agreement
w ith our results. The model prediction that
there would be no significant global climate
effect has been confirmed.

We plan to continue lo use our GC.V1
capability lo study the transport and
chemistry of important trace gases in both
the stratosphere and the troposphere. We
will also continue the work of coupling our
global ocean model to our global atmo-
spheric model to improve our studies of
Global warmiim and El Nino.

A snapshot of the very time-dependent smoke
distribution simulated by the
Los Alamos Global Climate Model.
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Imaging With Cross-Well
Seismic Data

P. A. Johnson./.. V. Dash

The study of cross-well seismic wave
data has ongoing importance in imaging oil
and gas reservoirs for enhanced recovery
and in imaging geothemial reservoirs and
waste sites.

Our goal is to understand the propagation
of seismic waves in the cross-borehole
environment in order to improve existing
imaging methods. Improved images will
provide information about rock properties
and the presence and flow behavior of
important fluids in the region between two
boreholes.

Our work has proceeded on three fronts.
In one study we used synthetic data to study
the performance of a number of travel time
imaging methods in high-noise situations.
The result was a paper describing the
success of regularization methods in
imaging using noisy data. In the second
study, we used data from a field experiment
to understand fluctuations in the amplitudes
of seismic waves collected between
boreholes. We were able to identify
focusing caused by previously undetected
velocity anomalies as the cause of strong
fluctuations in seismic amplitude. In the
third study we developed ways to stabilize
the nonlinear inversion problem through the
use of cross-well amplitude constraints and
seismic velocity well logs and applied
Fermafs feasibility constraints based on the
principle that waves take the shortest time
path between two points.

We plan to write two more papers on our
findings: one on the relation between
amplitudes and the velocity structure
obtained from travel times, the other on the
effectiveness of applying Fermat"s principle
feasibility constraints and well-log
constraints.

Fluid Flow and Solute Transport
in Individual Fractures

B. A. Robinson

Many Laboratory programs employ
numerical models to simulate fluid How and
solute transport in underground media. Our
project is an experimental and theoretical
study of fluid flow and solute transport in a
rough fracture. We hope to gain a funda-
mental understanding of these phenomena
and to formulate a How and transport law
for a single fracture that can be used as a
building block in a model for fractured
porous media.

The experimental part of this research
establishes the steady-state flow field
through a fracture and measures the overall
drop in pressure. Then, a tracer is injected in
the fracture, and the concentration response
time is measured. To theoretically simulate
these flow and transport processes, we

10.0

developed a model to characterize aperture
distribution with three parameters: the
mean aperture, the lognormal standard
deviation of apertures, and the correlation
length. This model is a significant theoreti-
cal improvement over the fractal-based
roughness model developed last year and
has yielded results in qualitative agreement
with those of other researchers.

In the final year of this project, we plan
to focus our experimental work on validat-
ing the concepts in our stochastic aperture-
distribution model. We are planning to work
with TerraTek, Inc., which employs a
promising method for observing saturated
flow in a fracture, to validate these con-
cepts. Theoretical aspects of the work will
include completing a more exhaustive
parameter-sensitivity study and examining
the effect of parameters from the aperture-
distribution model on the macroscopic
behavior of transport. We will then make a
final recommendation on the most appropri-
ate parameters to use in a discrete fracture
model.

o.o

Simulated flow velocity in a rough fracture.
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Three-Dimensional Mantle
Convection with Plate Dynamics

/>'../. Travis. C'. (lable; P. Olson (Johns

Hopkins I '.>; R. ()'Council t Harvard L'.i

Mam unresolved questions about the
historv and internal structure of the earth
affect our actions today—for example, a
better understanding o( underground forces
and movements would help us improve our
readiness for earthquakes and improve our
abiliu to locate important natu.al resources
Mich as ore deposits and oil.

Scientists have studied and quantified
movements of the earth's plates: researchers
ha\ e also modeled thermal convection. Our
work combines these processes into one
self-consistent, computational model of
convection in the earth's mantle that allows
for tectonic plate movement.

We have taken advantage of other work
on surface measurements—heal, gravity,
seismic, plaie sizes and speed, stresses,
magnetism, chemical age. and isotope
ratios—and used these measurements to set
limits on the possible range of internal
structure and convection patterns of the
earth that we use in our model. Our three-
dimensional numerical model provides us
with a way to integrate this observational
information w ith the solutions of the
dynamic equations of mass, momentum, and
heat transport that govern motion in the
earth's interior.

In this project, we developed and tested a
model and began applying the mode! to
simulate real-workl problems. This past
vear. we extended our three-dimensional,
coupled plate-convection model to allow
for multiple plates of varying size. This new
model more closely represents the current
state of the earth's tectonic plates. In
addition, we completed our study of
connective patterns of flow in the earth's
interior as a function of overlying plate
motion, internal heating, and Rayleigh
number and compared our three-dimen-
sional benchmark calculations w ith those of
the European community. Next year, we
plan to applv our newlv strengthened model
to help determine the reasons for lineations
in the Pacific plate's cravity record.

.10

To study the interaction of plate tectonics
with mantle convection, we have
developed a model of convection that
incorporates mobile plates as part of the
convection system. In this figure, we
show steady-state temperature contours
and velocity vectors ofconvecting fluid
heated from below and cooled from
above. Surface plates, whose geometry
is apparent fom the surface velocity
vectors, are driven apart by the upwelling
fluid. The viscosity of the upper 1/3 is
1/10 the viscosity of the lower layer.

Numerical Simulation of Melting,
Crystallization, and Convection
in Magmatic Systems

(j. A. Valentine, li. .1. Travis

By developing computer simulations of
volcanoes, researchers learn about the way
the earth behaves. Accurate models may
eventually help scientists predict volcanic-
activity, earthquakes, and other natural
disasters: locate further sources of petro-
leum; or discover hitherto-unknown veins of
minerals. But the earth is a complicated
system of layers, and actions in one layer
affect another. Researchers have developed
an extensive library of models of processes
deep within the earth, such as mantle
convection, and of many surface processes,
such as volcano dynamics and atmosphere/
ocean modeling.

Our work in numerical simulation
bridges the gap between models of these
two regions by focusing on processes within
the lithosphere, the area between the mantle
and the hydrosphere/atmosphere. Our
approach is to solve the general set of
governing equations for magmatic systems,
using a simple technique so that our code is
applicable to a range of areas from large-
scale melting to crystallization. We expect
to develop a tool for understanding the
formation, evolution, and cooling of
magmas. For example, we will be able to
study the dynamics of a large magma
chamber without specifying the geometry.
Instead, we will put a thermal disturbance at
the base of the lithosphere and allow
melting and the resulting events to occur
naturally.

This year, we have developed governing
equations as the foundation for our dynam-
ics studies: set up a two-dimensional code to
address variable viscosity: and developed
interface-tracking techniques. In addition,
we have begun calculations of magmas
injected into cold conductive rock, a
configuration that differs from the "hot
bottom rock/cold top rock" assumptions of
current simulations. We plan to refine and
verily our computer code next year and to
study convection w iih a w ider range of
variables.
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Hydrodynamics of Multiphase
Flow in Volcanic Conduits

K. H. \\<ililtii;. ( j . \ I ah-niinc

Explosive volcanic eruptions arc
extremely complex physical phenomena thai
impact naiional security. alternative energy
issues, and global en\ ironmental change.
Supercomputer models of these eruptions
have taught us that the conditions of
volcanic conduit How strongly determine
the nature of eruptions. To better understand
the physics of \olcanic conduit flow and its
control upon eruption phenomena, we are
using KF1X (a multiphase hydrodynamic
codei to numerically model the two-
dimensional flow of solid particles and gas
through a '. ertical conduit.

We h;ne reached several milestones in
our work < I) We demonstrated that the
locatio;, o( the caldera rim can greatly affect
the icsulting stratigraphy ol'pyroclastic flow
deposits and determine their Litilit> in
interpreting magma-chamber chemical
/onatio.i. (2i We showed that flow in
eruptive columns can be misleads even
though the vent flow dynamics are steady,
t.i) We studied the effects of volcanic jet
orientation and high particle loading on the
development of lateral blasts. (4) With
important information from the Magellan
spacecraft. »i: began modeling the effects of
Venus" hot. dense a'.mosphere and carbon
dioxide gas on eruptions. (5) We developed
a persona! computer version of our simula-
tions to show color graphic portrayals of
eruptive phenomena.

At present. Los Alamos is alone in
making eruption simulations of this level of
sophistication. However, other academic
institutions have expressed interest in
follow ing similar techniques, and we are
transferring our modeling techniques with
hope of benefiting from new points o\' v iew.
We have also developed video presentations
to show flow visualization of numerical
results. These presentations have greatly
improved our understanding of transient
phenomena and have expanded our
audience to include nonexpert appreciation
(the Italian National Research Council and
the Discover) Channel have requested
copies of our v ideo animations i.

Next year, we plan to develop a com-
bined simulation, which couples the conduit
flow calculation with development of the
external flow field, and tn complete the
stud> ot erupiive-|et orientation and
development of lateral blast waves.

Air Quality Degradation in
the Western United States

.V. Burr. M. Williams. G. Slrcil.J. Bosscrt,
L. Atu-r. S. Hunker..!. Winterkiimp

Air quality in the high-altitude, arid
western United States is dominated by
circumstances and. in some cases, by
physical and chemical phenomena peculiar
lo the region. Issues of particular impor-
tance in the West include air pollution in
basins that contain major metropolitan areas
and in highly sensitive pollutant-receptor
areas—national parks and wilderness areas
like the Grand Canyon. Our work has
focused on three areas: analyzing plume
chemistry and dispersion from a Southwest-
ern power plant: modeling circulation
systems that are influenced by the Rocky
Mountains: and applying graphical displays
to a case stud) of a migrating storm in the
Southwestern United States.

The photochemistry of plumes from
smelters, urban areas, and power plants and
the formation of secondary pollutants in
plumes are important factors in air quality
degradation. To avoid problems with
previous models, we developed a three-
dimensional photochemistry model that is
driven by winds, temperature, and turbu-
lences and compared its results with
measurements taken near the Navajo
Generating Station in Page. Arizona. We are
pleased with the initial results from the
photochemical modeling of oxidants. which
agreed with observed ozone, sulfate. and
nitrate formation.

We also studied the evolution of
summertime regional-scale flows across the
northern Colorado mountain barrier, using a
mesoscale model that incorporates larger
topography' features in a three-dimensional
framework. Some unexpected flow behavior
resulted from this work, and the implica-
tions lor transport processes over complex
terrain are being studied. We developed
graphical simulations to demonstrate how
the model is capable of capturing essential
mesoscale weather features over the western
United States. These simulations clearly
show the dependence of precipitation on
lopograph} and the ability of the selected
parameters to produce realistic precipitation
fields and accumulations.

These models demonstrate an increasing
capability to address the interactive
processes of transport and chemistry . and as
the models are tested with observations, we
will see opportunities to improve them. To
this end. we will continue to seek collabora-
tive opportunities to acuuire data through
ontacts in the United States and Mexico.

Precipitation fields taken from model simula-
tions of mesoscale weather features over the
Western United States. The top figure shows
rain falling over parts of the Sacramento Valley
in California; in the bottom figure, snowfall is
widespread over a large portion of the
intermountain West.

l.DRI) f \ I'M! f w ; i t > . Report 1. V 12 ' W-I'R 8 5



Uranium-Thorium Disequilibrium
Geochronology (<1 My) via RIMS

B. L. Fenny. B. M. Tissue, A'. S. Nof>ar,
M. T, Murrelt. C. M. Miller

Our goal is u> develop a greatly enhanced
capability to accurately measure uranium-
series disequilibrium (though external
cavity, continuous-wave, resonance
ionization mass spectrometry (RIMS). This
technique will significantly improve
ionizuiion efficiency compared with thermal
techniques, leading to greatly reduced
sample-size requirements. This RIMS
research is applicable to problems in
geochronology and geochemistry and will
put Los Alamos in the lead position for
terrestrial geochronology studies.

Our accomplishments include generating
a thorium RIMS signal with an approximate
increase in overall ionization efficiency of
20 io 50 over standard thermal ionization
mass spectrometry: testing the external
cavity system and demonstrating the partial
stabilization of a fully stabilized cavity in
progress: acquiring a computerized spectral
database for thorium: performing pulsed
laser experiments: demonstrating the
feasibility of thorium RIMS: completing a
detailed study of important spectral
transitions; and submitting the results for
publication.

Results included analysis of the
autoionization level structure of thorium,
ionization cross-section determinaiion. and
a precise and accurate determination of the
ionization potential of thorium. These
results also showed thai sample thermal
ionization preparation methods were
amenable to the laser ionization technique.

The successful development of the
external cavity technique, combined with
continuous-wave RIMS, will yield new
applications amenable to problems in mass
spectrometry and isotope geochemistry.
This program could provide information
that could change our understanding of the
earth"s geological history. It also will have
practical applications relating to geologic
hazards risk assessment and the influence of
humanity on the environment.

Future plans include continued experi-
ments with down-scaling sample sizes.
demonstration of the capabilities of a RIMS
analysis technique, and optimization and
full stabilization of the external cavity for
the thorium RIMS analvsis.

Unconventional Stable Isotopes
and Indicators of Geochemical
and Environmental Processes

D. R. Jamrky, P. R. Dixtm. R. E. Perrin.
P../. Unkefer. W. D. Spall

Geochemical fractionation of naturally
occurring isotopes of iron has great potential
for unraveling biogeochemical processes in
sediments at the earth's surface. This study
focuses on isotope fractionation in minerals
tha! may be products of biological activity
to characterize coupling between the geo-,
hydro-, and bio-sphere in present and past
geologic environments.

The primary thrust of this work is to
establish new approaches for characterizing
the history of the earth's climate, which has
direct application to the Laboratory's efforts
in global climate change. In addition, the
demonstration of techniques that can
identify products of biological activity will
significantly enhance our ability to contrib-
ute to fossil energy exploration and
environmental restoration activities.

This study focuses on isotopic fraction-
ation of iron, which has had only limited
examination in geologic research. Our work
involves analyses of natural and experimen-
tal samples to characterize isotopic fraction-
ation of iron involved in biological pro-
cesses. We have produced a variety of
cultured samples, conducting our initial
experiments with simple iron-metabolizing
bacteria in which initial media, final media,
and the bacteria can be processed and
analyzed.

Our efforts have focused on developing
and refining the mass spectrometric
techriques necessary to produce abundance
measurements of all four stable isotopes of
iron (mass numbers 54. 56, 57. and 58). In
collaboration with the Central Bureau for
Nuclear Measurements in Belgium, we
developed machine fractionation factors to
provide absolute measurements and certified
standards.

We plan to continue analysis of cultured
samples using more complex bacteria and to
examine natural samples for iron-isotope
fractionation thai may exist in the geologic
record. A paper on ihe analytical technique
is being written for publication in Analytical
Chemistry.
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Illustration of the dramatic improvements made
in the reduction ofisobarics when the source
filament assembly was converted from
stainless-steel posts and a glass insulator was
converted to platinum posts in a Coors high-
density ceramic.

Atmospheric Methane:
Sources and Global Distribution

E../. Mm:, C.-Y. Kao, X. Tie

Climate change is a scientific issue of
national concern. It is linked to compelling
evidence that the chemical composition of
the atmosphere is changing and is causally
linked to less-than-compelling evidence of
global warming. The goal of the Department
of Energy's (DOE's) national energy
strategy is to minimize the influence of
energy-technology emissions on global
climate. This project focuses on the diverse
natural and human sources of atmospheric
methane. We propose to use the Los Alamos
General Circulation Model to simulate the
global distribution, seasonal cycle, and
interannual trend of atmospheric methane.

Our simulations of the global distribution
and seasonal cycle of CFC-11 and
methylchloroform gave confidence in the
model's ability to transport trace gases and
infer a justifiable distribution of atmo-
spheric OH (hydroxyl) radicals. We
compared model predictions with observa-
tions to show thai the model credibly
simulates concentrations in ihe troposphere,
but lends to overpredict concentrations in
the stratosphere. Our model of atmospheric
methane credibly simulates the interhemi-
spheric distribution of methane. We have
also developed an approach that calculates
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the effects of methane oxidation on the
global distribution of OH, carbon monoxide,
and ozone. The approach can be used to
assess the effects of increasing concentra-
tions o!" methane on the abundance of these
chemicals.

Our future research could lead to a tool
for evaluating energy-policy options that
could result in reduced methane emissions.

Iridium Anomalies in the
Geologic Record

W. Atrrep. Jr.: C../. Onh: L. R. Quintana

Layers of the earth's crust tell stories
about the past. Events leave records that we
can decipher, not only to discover what
happened but also to acquire basic informa-
tion that can help us better care for our
environment.

Different geological layers have different
amounts of some chemical elements.
Sometimes we find unusually high levels of
elements in a layer that also shows the
abrupt disappearance of plant and animal
life. We are investigating the amounts and
kinds of elements in these layers to deter-
mine the correspondence between elevated
element level? and catastrophic events.

Specifically, we are measuring iridium
and other trace elements to determine
deposition rates, global stratigraphic
markers, and element migration in the
environment. Our radiochemical analyses of
iridium. gold, platinum, and osmium have
provided information about the way
elements behave in the environment.

For example, we have learned that most
elements do not move from the site of their
original deposition for periods of millions to
hundreds of millions of years. This informa-
tion is vital for our research into safe storage
of nuclear waste.

In our analyses for the platinum-group
elements at numerous bio-extinction
horizons, we observed element abundance
anomalies that may not be caused by an
impact such as a meteor or comet colliding
with the Earth as in the Cretaceous-Tertiary
period. Instead, we feel other events may
have caused the deposit of anomalously
high iridium at these extinction periods.
Other possible causes include bacterial
activity, mid-oceanic spreading, underwater
volcanoes, or anoxic ocean conditions.

We are building on this work by
analyzing rock samples from sites in North
and South America. China. Europe, and
Australia. We have more than 70 collabora-

tors in institutions around the world. We
plan to continue our cooperative research
with these scientists and establish new
collaborations thai may provide new
perspective on our growing understanding
of the earth.

Flow and Deformation in the
Earth's Mantle, Lithosphere, and
Crust

C. A. Anderson: G. Schubert
(U. of California at Los Angeles)

The Federal Emergency Management
Agency predicts the cost of a great Califor-
nia earthquake in the Los Angeles Basin
would be about $50 billion. Smaller
earthquakes, such as Loma Prieta, also
cause large losses. A predictive capability
will reduce the effect of large earthquakes
on population, buildings, and infrastructure.
This project applies supercomputers and the
finite-element method to the analysis of
deformation caused by fault rupture during
great California earthquake cycles. It is
important that we extend and generalize the
generally accepted Li and Rice analytic
model' for crustal deformation in great
California earthquake cycles to a fully three-
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dimensional, numerical, finite-element
model that can bring more realism to fault-
behavior simulations and return more
information on subsurface fault structure
and material properties.

Although the Li and Rice model cannot
be used to treat variations in fault behavior
parallel to the strike of the fault, it does
provide a reference against which to
benchmark the more complicated and
realistic finite-element model. Within
numerical accuracy, we solved the Li and
Rice problem with the finite element code
ABAQUS. We achieved excellent agree-
ment in benchmarking our linear, viscoelas-
tic finite-element approach with the semi-
analytical approach of Li and Rice. We also
completed numerical calculations using a
nonl inear-stress, Arrhenius-temperature
constitutive model and compared the results
with experimental strain-rate data along the
San Andreas Fault (as shown in figure).

Results are very encouraging and will
lead to further geophysical constraints on
large-volume rock properties useful in
predictive models.

References
' V. C. Li and J. R. Rice. "Crustal Deformation in Greai
California Earthquake Cycles," J itfGeophys. Res. 92,
11533-11551 (1987).
; W. Thatcher. "Nonlinear Strain Build-Up and the
Earthquake Cycle on the San Andreas Fault." J. ofCeophvs.
Res. 88. 5893-5902(1983),
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CYGNUS: Ultrahigh-Energy
Gamma-Ray Astronomy with an
Extensive Air Shower Array

C. M. Hoffman, R. Burman. D. Nagle.
M. Potter. \. Sandhe>i>. C. Sinnis.
W. Zhang; S. Freednmn. B. Fujikawa,
D. Krakauer (Argonne National Lab. I:
R. Ellsworth iGeorge Mason U.i; R. Cady
{Notre Dame i'.): D. Alexandras. S. Biller.
G. Dion. G. Yodh ft', of California at
Irvine): T. Turner. J.-P. Wu. A. Zych (U. of
California at Riverside): M. Cavalli-Sforza.
D. Coyne. D. Dorfan. L. Kelley,
D. A. Williams ft*, of California at Santa
Cm:); D. Berley. C. Chatty. B. Dingus.
C. Dion..!. Good/mitt. T. Haines, M. Stark.
D. Williams lU. of Maryland): T. Tsuisumi.
D. Weeks ft', of New Mexico)

The earth is constantly bombarded by
particles from astrophysical bodies. Pulsars
and x-ra\ binary systems send out ultrahigh-
energy signals: by studying these signals,
we can learn about the nature of the
astrophvsieal objects that send them and
their internal cosmic accelerator
mechanisms.

When an ultrahigh-energy (UHE.
-100 TeV) particle nears the earth, it
interacts with the earth's atmosphere,
generating a shower of particles. We detect
UHE particles with extensive air shower
(EAS) detectors, or arrays. CYGNUS. our
array, consists of 2(X) scintillation counters,
each approximately 1 m : in size, spread over
80.000 nr. The counters in the array detect
those shower particles that survive to
ground level—primarily electrons,
positrons, and photons, as well as muons.
We determine the source of the first. '>r
primary, particle by measuring the relative
timing between the individual scintillation
counters. With a cluster of local computers,
we analyze our data within hours of
collection.

We have observed that, when UHE
panicles from the system Hercuies X-l
interact with the atmosphere, the EAS
produced contains an unusually large
number of muons. This excess of muons
suggests that LHE gamma rays behave as if
they arc strongly interacting particles. Either
the interactions change dramatically at high
energies or the primary particles are not
photons but are some hitherto unknown
light, stable, neutral particle. Either
possibility reflects new. exciting physics.

We are coordinating our observations
w ith CASA. another highly sensitive EAS
array that recently began operations in Utah.
We are also improving the reliability of the

CYGNUS array, installing new detectors to
improve our angular resolution, and
applying the technology learned in our
improvements to a new area—designing an
EAS array to detect very high-energy
(-1 TeV) particles.

Magnetic Reconnection in the
Distant Geomagnetic Tail

.1. Birn. M. Hesse

The study of the three-dimensional
magnetic structure of the distant geomag-
netic tail, its imbedded reconnection site,
and its quasi-steady and dynamic evolution,
is an important element in the ongoing basic-
research program of space plasma physics in
SST-8. in support of the DOE-sponsored
Satellite Verification Program at Los
Alamos.

We have used analytic theory and
computer simulations to explore the
structure and dynamics of the distant
magnetotail. These studies were comple-
mented by laboratory experiments, in
collaboration with the University of
California (UC), Riverside, simulating
interaction between the solar wind and the
magnetosphere.

We continued developing the quasi-
steady theory of the magnetotail. focusing
on the effects of plasma flow along the
magnetic field, which is observed to be
significant in the distant tail. ,.nd on the
effects of boundary conditions, reflecting
the influence of the solar wind. We also
continued the study of the dynamics of the
far tail using computer simulations, focusing
on three-dimensional effects and on the
influence of boundary conditions. In
collaboration with H. U. Rahman. UC
Riverside, we studied the structure of the
distant reconnection site in a laboratory
simulation and compared it with several
theoretical models.

We plan to continue to utilize the
generalized theory for the distant tail to
describe the quasi-structure of the far
reconnection site more realistically. We also
plan to use this theory to describe the
structure of plasmoids propagating through
the far tail by analytic models. We further
plan to continue our computer simulations
of the dynamic evolution of the lar tail.

SST-Division Astrophysics
Visitors Program

R. Epstein

The synergism between basic astrophys-
ics research and space-based verification
activities provides a background for some of
the most dynamic research being conducted
at Los Alamos today. The Astrophysics
Visitors Program, created by various
Laboratory organizations to enable external
researchers in astrophysics and closely
related fields to collaborate with Laboratory
scientists, has enhanced the vitality and
cohesiveness of astrophysics research at Los
Alamos. The Space Sciences and Technol-
ogy (SST) Division plans to maintain a
visitors program to support visiting
scientists for short and long terms.

A strong experimental, observational,
and theoretical astrophysics effort is a
valuable asset to SST Division, the Labora-
tory, and the nation. A strong visitors
program enables scientists in SST and other
divisions to sustain vigorous basic research
efforts and is paramount in providing the
means to help scientists in this field
maintain their professional competence and
keep abreast of pertinent research and
development (R&D) activities. It also
provides external scientists a forum for
presenting seminars and colloquia to the
Los Alamos scientific community.

One area in which the visitors program
has made a strong impact is the internal
dynamics in neutron stars. B. Link (Univer-
sity of Illinois), who is an expert in this
area, was able to collaborate with
R. Epstein (SST-9) and K. Van Riper to
determine the mechanisms by which the
neutron superfluid inside a neutron star
couples with the crust of the star. This
coupling is crucial for understanding the
relation of observations of neutron star x-ray
emission and spin rates to the physics of
stellar interiors. Observing soft x-rays from
neutron stars is one of the major goals of the
Los Alamos ALEXIS satellite mission in
SST Division and the spin rate studies of
neutron stars bung canied out by
J. Middleditch in C Division.

Another area where this program made
significant impact was in the study of x-ray
nebulae. T. Kallman (NASA/Goddard Space
Flight Center) collaborated with B. Smith
(SST-9) to develop a computer code to
compute the spectra of gas that is excited by
x-radiation. Kallman and Smith augmented
an existing Los Alamos code by adding the
capability to accurately treat x-ray photo-
ionization and recombination reactions. This
code can now produce model spectra for
many astrophysical environments such as
those around \-ray pulsars and active
galactic nuclei.
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Simulation and Measurement of
Planetary Neutron and
Gamma-Ray Spectra

£>. M. Drake, R. Byrd. R. Reedy

In 1992. NASA will launch the Mars
Observer, a satellite that will orbit Mars for
2 years. An instrument aboard this space-
craft will measure the spectra of neutrons
leaking into space from the Martian surface.
Analyzing these measurements will give us
information about the volatile components
of the Martian atmosphere and surface.

The shape and magnitude of the neutron
spectra observed by the satellite will be
sensitive to the composition of Mars's outer
layer. To help prepare for the Observer
mission, we measured neutron spectra
produced by an experiment that incorporates
mechanisms that produce Martian neutron
leakage spectra.

The basic components of our experiment
were simulated cosmic rays, simulated
Martian soil, and a neutron detector. To
simulate neutron-producing cosmic rays, we
used micropulses from the 800-MeV Los
Alamos Meson Physics Facility proton
beam, transporting them to the Weapons
Neutron Research facility experiment area
500 m away, leaving the original proton
beam available to other users. To simulate
Martian soil, we made a thick target from
Totavi basalt, addins chemicals such as

magnesium oxide and aluminum oxide so
that it resembled the Martian surface as
measured by the Viking lander. Our
detector was a lithium glass scintillator
mounted at the end of a 30-m evacuated
llight path. Because we know the number
of incident protons and the efficiency of
the detector, this is an absolute measure-
ment that can be compared with calcula-
tions that reproduce the entire experiment.

In the figure, we have changed the
formal of results from time-of-flighl
spectra to energy spectra corrected for
detector efficiency and compared to
calculated results, using codes similar to
those that will be used with the Mars
Observer. Our measurements of leakage
neutron spectra will greatly facilitate the
interpretation of data from the Mars
Observer mission.

Neutron Leakage Spectrum
Bare Barrel

o Measurements (231) ;
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Neutron Energy (eV)
Neutron leakage spectrum showing experimental results and MCNP calculation for soil
that contains 0.75% water.

Nucleosynthesis of the
Heavy Elements

R. Epstein, S. A. Colgate

About half of the elements with atomic
weights between 70 and 238 are produced
by the r-process—the rapid capture of free
neutrons on iron-peak "seed" nuclei. The
r-process is an explosive process and
probably involves supernovae, but the
mechanism for producing the large neutron
flux has remained a mystery for more than
30 years.

The goal of our research is to determine
whether a new mechanism produces the
r-process. A supernova explosion generates
an enormous flux of 20- to 30-MeV
neutrinos, which then stream through the
pre-supernova star and excite nuclei outside
the star's core. When these excited nuclei
decay, they emit free neutrons and other
particles. We want to see whether exploding
stars have layers in which the free neutron
density is high enough and lasts long
enough to produce the r-process.

In our theoretical model, the neutrino-
induced r-process, the enormous flux of
neutrinos from a supernova dissociates
helium nuclei, producing free neutrons that
interact with the iron-peak nuclides. We
found that in stellar matter with a suffi-
ciently high ratio of helium to iron, the
resulting neutron flux is adequate to produce
the observed r-process abundances.

In a conventional Type II supernova
model, the ratio of light elements to iron is
very high in the post-shock gas near the
stellar core. The density here is so high that
iron quickly forms; this site is an unlikely
candidate for the r-process. However, in the
high-entropy convective supernova models,
matter failing on a growing neutron star is
heated and dissociated by neutrinos and then
ejected by hydrodynaniic forces. These
conditions seem more favorable for
generating the r-process elements.

Our research in this area has provided
basic information about supernova, neutron
star formation, and the processes that form
the heaviest elements.
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Gamma-Ray Burst Cyclotron
Feature: Observations and Theory

/-." '.'. t'ciiiiiicrc. A', fc/'.wj/i. ('. Ho

Sometimes researchers can detect high-
energy activity in outer space but cannot
pinpoint its source. A prime example is a
gamma-ray hurst, one of the most mysteri-
ous of the high-energy cosmic activities.
Alihough the sources of these bursts have
eluded the most sensitive optical telescopes
during the few seconds thai the bursts are
active, they produce many more gamma
rays than the combined gamma-ray
emission from all other sources.

We are investigating the physical
processes involved in these gamma-ray
bursts. In our model, the cyclotron up-
scatiering process (CUSP), electrons
streaming along a magnetic field scatter
low -energy x-rays into gamma rays beamed
along the magnetic field lines. By analyzing
the resulting spectra over a wide range of
energies, we can uncover important clues
underlying the bursi process.

We tocuse;* on gamma-ray burst
GB87O3O3. examining how each feature of
the CL'SP model varies with time, and
obtained results indicating that the location
of the absorption lines changes duiing the
burst. These changes imply that the bursts
are the result of some phenomena of [he
surface of nearby, highly magnetized
neutron stars: indeed, nearly the entire
surface of the neutron star must be involved
in the bursting activity.

We also studied data from the Los
Alamos experiment aboard the Japanese
Ginga satellite. By analyzing the variations
of the physical parameters associated with
the absorption lines over time, we can put
some geometrical limits on the physical
parameters associated w ith bursts. Analysis
of the \ ariation of the lines over time
indicates that the observed changes could be
due to rotation of the neuiron star.

Although our work has provided the
most compelling evidence that gamma-ray
bursts occur on nearbv neutron stars, recent
results from an experiment in another
observatory suggest a different explanation.
Those observations indicate thai these
gamma-ray bursts are coming from
cosmological distances: that is. from near
the edge of the universe. In investigating
ihat possibility, we derived what we believe
is the upper limit on the distance to ihe
source of the gamma-ray bursts: our upper
limit seems 100 near to allow for cosmologi-
cal distance. We have also studied photon-
photon interactions to put a lower limit on
the expansion velocity of the gamma-ray
bursts. These results in microscopic physics

also siipp.nl our theory of nearby neutron
siars.

Before this year, our work with the
CUSP model has been analytic, and we have
been unable to include many effects. This
year we incorporated a three-dimensional
Monie Carlo computer code into our model
thai can accommodate many of ihe effects
we are interested in. including those
associated with beaming.

Beaming occurs when low -energy
photons interact with relativistic electrons
streaming along magnetic field lines. For
particular electrons, the x-ray will appear as
a photon at a certain energy level. These
electrons will scatter the x-ray so that in the
star's frame, the x-ray's energy is boosted
and the x-ray beams along ihe magnetic
field line.

Our enhanced model allows for the
geometric effects associated with beaming.
We have found that including beaming in
our model has a profound effect on the
characteristics of the CUSP process
predicted by the model. In particular, our
CUSP model allowed us to overcome two
problems that have plagued virtually every
other model for producing photons in a
gamma-ray burst.

The first problem concerned x-ray
energy. If the gamma rays are produced near
the surface of the neutron star, as the
cyclotron lines indicate, then some of those
gamma rays should be reprocessed into
x-rays. In fact, a large fraction of the energy
released in the gamma-ray burst would then
be in the form of x-rays: however, measure-
ments showed that only about 2% of the
energy is in x-rays. By including the data on
beaming, our CUSP model overcomes this
problem by providing the explanation that
the photons are beamed away from the
surface of the star and therefore are not
available to be reprocessed into x-rays.

The second problem concerned rays at
certain energy levels. Other models
indicated that the gamma rays above 1 MeV
should be destroyed by photon-magnetic
field attenuation. However, our CUSP
beaming is sufficient to reduce the photon-
magnetic field cross section in such a way
that the photons above 1 MeV will not be
destroyed.

Our work v, ith gamma rays and the
CUSP model grows naturally out of the
Laboratory's space-based weapons verifica-
tion program. The instruments we have
developed give us the unique capability of
comparing detailed models of the physics of
highly magnetized neutron stars with
gamma-ray burst spectral data. The theories
we develop will continue our research in
weapons verification and provide basic
information about the universe.

Magnetic Topology of Coronal
Mass Ejections Based on Plasma
Electron Observations and
Numerical Simulations

./. L. Phillips, .1. T. Goslinx

Coronal mass ejections (CMEs) are solar
phenomena thai are crucial in the develop-
ment of geomagnetic siorms and interplan-
etary shock waves. This study uses electron
observations from the 1SEE-3 spacecraft lo
assess the magnetic structure of CMEs to
determine whether they remain magnetically
connected to the sun or disconnect into
magnetically isolated plasmoids.

Interplanetary disturbances associated
with CMEs affect the near-earth space
environment. Detailed knowledge of the
field topology and the physical processes
involved in CME transport through
interplanetary space is helpful in using
satellites for treaty verification. Addition-
ally. CME-related phenomena constitute a
major radiation hazard to men and equip-
ment involved in space verification.

This study has two objectives: to
describe and analyze the electron distribu-
tions characteristic of CMEs in the solar
wind, with particular attention to symme-
tries and asymmetries, and to evaluate the
likely magnetic topologies involved in CME
onset and propagation.

We assembled a data base comprising 48
CMEs observed by ISEE-3 during an 18-
month period. We plotted and analyzed
electron data, with emphasis on statistical
trends in distribution shapes and asymme-
tries. We then performed a superimposed
epoch analysis to identify prevailing trends
as individual CMEs passed over the
spacecraft.

Statistical results, particularly the unique
compound electron distributions discovered,
indicate continued magnetic connection of
CMEs to the sun. We are continuing further
data analysis of beam widths and shapes in
CMEs. in the prevailing solar wind, and in
the compound beam distributions. We will
then use the results, together with numerical
modeling, to ascertain the viability of
various models for the magnetic structure of
CMEs.
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The ALEXIS satellite offers unique capabilities for astrophysical discovery.

Exploring the Ultrasoft X-ray Sky
via the ALEXIS Satellite

W. Priedhorsky. B. W. Smith, ./../. Bloch.
D. Roussel-Dupre

The region between the ultraviolet and
soft x-ray bands is one of the last to be
surveyed by astrophysicists and should
provide a unique probe of the hot interstellar
medium, hot degenerate stars, mass-transfer
binaries, flare stars, and other nearby
energetic systems. ALEXIS (Array of Low-
energy X-ray Imaging Sensors), the first
satellite dedicated to Los Alamos instru-
ments, provides a wide-field, narrow-band
instrument sensitive to transient phenomena
and structure in the ultrasoft x-ray back-
ground. The goal of the ALEXIS project is
to develop an ultrusoft x-ray capability
relevant to space verification of arms-
control treaties. Work under this project
includes the independent development of
flight analysis software, without which no
scientific use of ALEXIS data is possible.

We have developed a methodology for
full analysis of flight data. It includes
remapping photon events to the point on the
sky where they originated, computation of
undesirable backgrounds so their contami-
nating effect can be removed from the data,
and an arsenal of software to compute and
display data in full-color sky maps and
detector images. We have performed a
series of end-io-end simulations of the entire
data path, from photons arriving ai the
detector, through the optics, analog
electronics, digital electronics, telemetry.

and analysis. Predictions have been made
for the expected sighting of diffuse back-
ground radiation, the possibility of observed
thermal radiation from nearby, glitching
neutron stars, and fluorescent emission from
the moon.

We are now preparing the scientific
analytical tools that will be necessary to
understand flight data, and we continue to
write and lest software.

Sensitive Trajectory Sensors for
Mapping Micrometeoroid and
Space Debris Fluxes

/. B. Strong, J. M. Williams, Jr.,
L. .1. Rowton, Sr.; M. T. Pigott (St. Louis U.)

Our goal was to develop position-
sensitive detectors for near-earth particles
down to 1 jim in size and I km/s in velocity.
We have now demonstrated that this project
is feasible.

This year we achieved the key goal of
constructing a simple detector with two
weII-separated detection foils and demon-
strating that a small particle could be
detected as it traversed the first foil and
impacted the second. We used the lest bench
accelerator in Group P-9 with particles
smaller and slower than required to meet
our goal-;. We have implemented a special
computer that quickly and accurately
records all data automatically.

Plans for future work include upgrading
the small accelerator to operate at higher
voltages: selecting and ordering a new

power supply; and removing coronal
discharges, which have kept the maximum
usable voltage down.

The Dynamics of Ion Reflection
at Quasi-Parallel
Collisionless Shocks

M. F. Thomson

Starting about 100 km above the earth's
surface, between the earth's atmosphere and
interplanetary space, is a region called the
magnelosphere. In this region, the earth's
magnetic field plays a dominant role in
controlling the physical processes that lake
place.

The interaction between the supersonic
solar wind plasma and the earth's magnelo-
sphere produces a collisionless shock wave
called the bow shock. Processes occurring
in the bow shock region produce the
boundary conditions that affect the transport
of solar wind mass, momentum, and energy
across the magnetospheric boundary.

This research is investigating the physics
of the bow shock in the so-called quasi-
parallel geometry, in which the magnetic
field embedded in the incident solar wind
plasma is oriented nearly parallel to the
normal to the bow shock surface. We are
focusing on ion reflection in the region of
the shock, how the reflected ions interact
with and couple to the upstream magnetic
flow, how the reflected ions contribute to
the shock heating, and how the process
varies as the shock cyclically re-forms.

We used a computer code to model the
interaction between shock-reflected ions and
the incident plasma. These studies have
shown us how coupling reflected ions to the
incident plasma leads to the cyclic
re-formation of the shock and how this
re-formation depends on the orientation of
the upstream magnetic field.

We have begun a study which tracks
individual particles through a numerically
simulated quasi-parallel shock to explore
the nature of ion reflection. We have also
evaluated three possible explanations for
hot-flow anomalies produced by the
interaction of shock-reflected ions with the
incident plasma: we are currently checking
the predictions from one of these methods
against observational data.

We plan to complete our numerical study
of the shock reflection process itself by
tracking individual ions through their
interaction with the shock and recording the
forces they experience.
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Results of computer simulation show how the
time that it takes the shock front to re-form and
the distance upstream from the original shock
location at which the new shock forms depend
on the angle ti(Bn) between the average
upstream magnetic field direction and the
normal to the shock surface. A denser reflected
beam couples more quickly and. hence, causes
a faster reformation.

Self-Organization in Strong
Langmuir Turbulence Excited by
High Frequency

I) h PiiHon.H. A. Rose. I). Russell.
A. Htiinsen

The Langmuir turbulent svstem is a
nonlinear s_v stem iliai exhibit ihe interplay
of chaotic behavior, locally coherent
isoluon-likei structures, collapse, and long-
range order. The sLrong turbulence theory
has universal scaling properties applicable
lo different physical settings, including
laser-plasma interactions, and possible
future applications u, space plasmas and
auroral phvsics. Our reseaich in strong
Langmuir turbulence theory supports an
international el ton in the I'niled Stales.
Norway. and Russia. L sing the Laboratory
superconiputing capabilities, ^c have
de\eloped theoretical predictions thai
influence new experiments and alter the
conceptual basis tor their understanding.

Through an experimental-theoretical
collaboration, we ha\e made a detailed
comparison of theoretical predictions and

observations of the plasma-lino power
spectra at earls times, alter the onset o\
healing in low-duty-cycle healing experi-
ments. We made good progress in a new
program, investigating modification of the
ionospheric-density profile by the averaged
ponderomoiive force of the induced
Langmuir turbulence. We are comparing
recenl observations with iheorelical
predictions for the space-lime distribution of
the induced Langmuir turbulence and its
power-spectral characteristics.

Directly motivated by our predictions,
the National Aeronautics and Space
Administration (NASA) is planning three
experiments in 1992-1W3. These experi-
ments will use two sounding rockeis and
one low-altitude satellite to traverse the
healed turbulent region. Dedicated caviton
diagnostics aboard them will test our
theoretical predictions.

X-/T-Divisions Theoretical
Astrophysics Visitors Program

K.A. Win Riper.. 1.(1. Hills

The Astrophysics Visitors Program is an
ongoing effort thai encourages outside
scientists to engage in collaborative research
wilh the Los Alamos staff in X and T
Divisions. These collaborations help
maintain the scientific vitality of the staff,
increase their expertise, and widen their
interests. The increased ties between Los
Alamos and the academic community help
recruit quality researchers as staff members
and as consultants in programmatic areas.

As an example of the direct benefit to the
Laboratory, a frequent visitor has renewed
his interest in weapons physics and has
become a stimulating consultant to the
programmatic effort in X Div ision. This
visitor also revived interest in some old
experiments that resulted in a paper
published by Defense Reseurt It Review.

Professor J. Laltimer. Department of
Earth and Space Sciences. State University
of New York. Stony Brook, has visited
several times to collaborate with K. Van
Riper on the physics and evolution of
neutron stars. They have calculated models
of the evolution of neutron stars when
enhanced neutron emission—v ia the direct
I RCA process—is possible in the core of
the star. Recent observations of pulsars wilh
the ROSAT \ ray satellite suggest some
Ivpe "\ accelerated emission must be active
since the stars are not as luminous as
predicted wilh "standard" models. Stars
vviih accelerated core cooling experience a

precipitous drop in ihcir surface temperature
between 10 and 10(10 years. Lattimer and
Van Riper have developed an analytic
model explaining how the lime of this drop
depends on the structure of the star.
Van Riper and Lattimer, together with
R. Epstein, have obtained an Institute of
Geophysics and Planetary Physics (IGPP)
grant for further collaborative research.
Other collaborations fostered under the
Visitors Program have also resulted in IGPP
funding.

The scientific merit of the program is
evident in other collaborative efforts,
published papers, and sponsored seminars
that have resulted. The program has
produced a large group of academic
scientists who are pursuing long-term
collaborations with Los Alamos staff
members. A large number of papers have
resulted from this effort—more than 100
publications in refereed journals and more
than SO contributed papers in published
proceedings, Many seminars discussing
current research have been sponsored.

The program has run successfully for
7 years, bringing in between 30 and 50
scientists each year for terms ranging from a
few days to a month. Although this specific
program has been terminated. X and T
Divisions expect to continue an informal
visitors coordination program with the SST-
Division Visitors Program, which is still
being funded.

Nonlinear Data Modeling and
Analysis for the Geosciences

A. S. Lapedes; N. Hinner Jr.: .1. Theiler

We apply nonlinear time series methods
to several problems of data analysis in
climate and space physics. Our goal is to
develop new approaches for the geosciences
that will eventually supplant standard linear
analysis techniques and to use these
nonlinear methods to make scientific
contributions to relevant problems. Los
Alamos has a program in global climate
modeling, where large models with many
degree1- of freedom are created directly from
the physics. It may be possible to exploit
nonlinear correlations among variables to
simplify these models and gain some
physical insight into the relationships
among the many processes being modeled.

We have constructed both linear and
nonlinear models for lhe data on global ice
volume ami summer insolation. We have
studied evidence from a number of aulho's
for low-dimensional dynamics from various
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climatic lime series and have obtained
several data sets on sea level as a function
of time. We also developed computer code
for analyzing lime series.

We will continue work to quantify the
statistical significance of our nonparametrie
verification of the Milankuvich hypothesis,
u ill attempt to work back from the fully
nonparametric model to a model that
provides some physical insight, and will
compare the nonparametric model to
existing parametric models. One of our
goals is to consolidate many of the small
software programs we have developed to
permit more users to be involved in the
forecasting project.

Theoretical Astrophysics

S. A. Becker../. A. Guzik. D. E. HollowvU.
R. A. Kopp. IV. M. Sparks. K. A. Win Riper.
A. Peratt

Investigating problems in astrophysics
reveals important information about our
world. For example, by studying the sun we
can learn more about nuclear reactions:
describing the evolution of stars can leach
us about the future of our sun. In addition, a
better understanding of phenomena such as
solar Hares can help us predict iheir
occurrence and their effect on the earth.

In this research, seven Los Alamos
researchers from five groups pursued
individual projects in theoretical astrophys-
ics. They investigated stellar evolution and
pulsation, solar-flare and coronal-hole
dynamics, eruptive variable stars, the
internal dynamics of neutron stars, gamrna-
ra\ production in supernovae. galaxy
formation, and cosmolonv.

besides further establishing the
Laboratory's reputation for scientific
excellence and contributing to basic
scientific knowledge in these areas, this
research also made the latest numerical and
scientific techniques developed in astro-
physics known throughout the Lab.

This research is multidisciplinary.
Ibaising on numerical modeling, radiation
transport, hydrodynamics, atomic physics,
nuclear physics, condensed-matter physics,
and other areas. In addition, we have relied
extensively on the Laboratory's vast
computational capabilities, both in hardware
and unique algorithms.

The importance of modeling is reflected
in the individual results. We have improved
the basic computer models of solar flares,
prepared a grid of simulations of the
evolution of medium-sized stars, modeled
the evolution of elliptical and spiral galaxies
in three dimensions, and formed collabora-
tions with other researchers to standardize
stellar evolution software codes.

We plan to continue our research in these
areas and increase our cooperative efforts
with other researchers and agencies,
including NASA and the National Science
Foundation.
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Hybrid Magnetosphere Numerical
Simulations (HYMNS)

I). Wiiiskc, I', Thomas, M. Jones

The International Solar Terrestrial
Program (ISTP) is a mission involving four
spacecraft, to be launched in 1992, intended
to investigate the relationships among
various phenomena occurring simulta-
neously in the magnetosphere. HYMNS will
contribute to understanding of the magneto-
sphere, the environment in which communi-
cations and verification satellites reside;
improve predictive capability in plasma
physics: and continue the space-plasma
physics program, an area of strong collabo-
ration wilh outside institutions. The
prelaunch period offers a unique opportu-
nity to improve our numerical capabilities
and address relevant issues with (he present
extensive set of (local) spacecraft measure-
ments. State-of-the-art numerical methods
will be used to attack difficult magneto-
spheric problems that have evaded solution
by more conventional means.

We have used electromagnetic hybrid
simulations to investigate the generation of
the Kclvin-Hehnholtz instability at the
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Results of two-dimensional hybrid simulation of the Venus ionopause showing ejection of
two ion clouds from the ionosphere into the magnetosheath and enhanced magnetic field
region on the ionosphere side of the boundary.
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magnetopause as well as ai the eonespoiul-
ing boundary ("ionopause") at
tinmciiinetized planets, Mich a.s Venu.v We
have also used hybrid sinuilations and
roluicd theory to study the structure of slow-
mode shock pairs in the magneiotail. We
found that ion cyclotron waves generated at
the shock can have a major effect on the
shock structure, which will be looked for by
the ISTPGeotuil spacecraft. We have also
developed a new collision algorithm for
hybrid codes that allows the study of very
dense plasmas and the transition from
collisionless to collisional plasma
interactions.

We w ill continue work on the collisional
model and its application to space plasmas.
Parallel to this effort, we will examine the
possibility of doing this type of kinetic
simulation on the Connection Machine. In
collaboration with Michael Hesse at
Goddard Space Flight Center, we will
extend the calculations to examine the
stability of two-dimensional magnetotail
equilibria and the propagation of plasmoids
that often arise from the temporal evolution
of such initial states perturbed in various
wavs.

Space Technology Initiative

K. F. Schoenberg. R. A. Genvin.
S. D. Howe. M. Cappiello. W. A. Stark.
G. F. Strniste. D../. Chen. P. W. Lisowski.
,/. L'llmun. A. Gavron. L. Waters. D. Ortega.
W. Harvey. J. Bliss. R. Brake.
P. DeLuca Jr.. H. W. Seuhausser.
H. H. Barschall. R. E. Prael.
R. E. MacFarlane../. R. Nix.
W. E. Parker. D. D. Strottman. J. Blade.
G. Heiken. D. Yaniman. D. Pettit.
D. A. Crenters. K. Kane.J. Ccvslew
L. Rastelli

The components of this project are tied
lo the exploration of space and improving
technologies essential to the 1987 Space
Exploration Initiative (SEI). Included are
the follow ing areas of research: (1) high-
power electric propulsion or thruster
technology. <2i nuclear thermal propulsion:
(3) radiobiology of high-energy particles
and neutrons. I4I high-energy neutron
benchmark experiments. (5) lunar base
shielding. (6) radiation-shielding interaction
models. (7i simulation code physics
development, and (Ki planetary resource
assessment and development.

Our goal for thruster technology is to
establish the Laboratory's role as the
national local point lor innovative propul-
sion theory, experiments, and computational

modeling. This will further establish
credibility with key NASA personnel and
the propulsion community in general. This
research will help to develop long-term
space-exploration program participation and
continue the Laboratory's commitment to
technical excellence and quality scientific
research.

High-power electric propulsion is
presently under consideration as a technol-
ogy for advanced twenty-first-century space
transportation. The high-propellant exhaust
velocity achievable by electric propulsion
greatly facilitates and, in some cases,
enables advanced space missions such as
robotic exploration of the outer planets,
near-earth orbit raising, cargo transporta-
tion, and piloted exploration of Mars (and
beyond). Nozzle-based coaxial plasma
thrusters (guns) may satisfy the demanding
performance requirements of these ad-
vanced missions. Using the Coaxial
Thruster Facility (CTX) and an unoptimized
coaxial plasma gun, we experimented and
established the fundamental basis for
coaxial thruster performance, including the
steady-state, ideal magnetohydrodynamic
(MHD) properties. We explored and used
these properties to theoretically derive an
"economy of scale" for efficient thruster
operation in size and power. We also
obtained ideal MHD-based parametric
descriptions for thrust, power usage, mass
How rate, and specific impulse and used
them to estimate thruster performance.
Preliminary experimental results indicate
that the thruster follows these parametric
descriptions. Furthermore, these results
project high-power thruster performance
relevant for advanced space exploration
missions. Our work suggests that present
generation magnetoplasmadynamic (MPD)
thrusters must evolve to spatial dimensions
and operational characteristics similar to the
CTX gun to achieve efficient high-power
operation.

In the area of nuclear thermal propulsion,
we also developed new nuclear thermal
rocket (NTR) design code requirements,
completed the first phase of a transient gas
dynamics code, and developed input for
three-dimensional conduction analysis of
prismatic elements. In addition, we com-
pleted a noding study, developed Monte
Carlo neutron-photon (MCNP) input decks
for the Phoebus core, estimated radiation
doses to the crew during engine shutdown,
analyzed the cross-talk between clusters of
nuclear engines, estimated reactivity change
associated with complete water immersion
of an NTR, and participated in SEI planning
meetings and conferences.

NASA and DOE studies identified
nuclear thermal propulsion as critical
technology for developing a nuclear rocket.
This project addresses nuclear fuel fabrica-
tion processes, nuclear reactor design and
modeling, and advanced gas-core reactor
modeling. We identified short-term and
long-term goals.

Our short-term goals are to investigate
and develop advanced fuel forms and
fabrication processes pertinent to nuclear
thermal propulsion and investigate opera-
tional characteristics like gas/material
erosion, melting-point behavior, and
mechanical properties; develop computa-
tional models to simulate operation of gas-
cooled nuclear reactors to support reactor-
design trade studies; define a large-scale
prototypical computer code •or fully
coupled, reactor operations simulation;
assess applicability of existing computa-
tional models to gas-core reactor behavior
modeling; and design and perform initial
calculations of neutronics and gas flow for
appropriate geometries.

Results from the FY91 NASA/DOE
Nuclear Propulsion Task Team studies
identified fuel development, lest facilities,
system trade studies, and high-temperature
diagnostics as critical to supporting a
national nuclear propulsion program.

Consequently, we have selected the
following five long-term goals: (1) broaden
and maintain the lead in the development,
characterization, and verification of fuel
materials and fuel forms for the nuclear
propulsion program; (2) lead in developing
high-temperature diagnostics, including
real-time monitoring of in-core surface
temperatures and neutronics along with
detailed engine exhaust analysis;
(3) develop a lead in computational
modeling of the fundamental interactions
(fluid, neutronic, photonic, material)
occurring in an operating nuclear engine;
(4) establish a role as the national focal
point for innovative propulsion theory,
experiment, and computational modeling;
and (5) develop an extensive university
relations and support program. Our plans for
next year include developing the capability
to analyze fluid flow and performance/
safety-related problems in particle-bed fuel
elements.

Another aspect of SEI is predicting
human health effects resulting from
prolonged exposure to galactic radiation
(radiobiology of high-energy particles and
neutrons). In collaboration with Physics and
Health and Safety Divisions and consultants
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from the University of Wisconsin, we
designed and constructed a biological
workstation at the Weapons Neutron
Research (WNR) facility at Los Alamos.
This project addresses the need for a
database on the relative biological effective-
ness (RBE) of high atomic number, high-
energy particles and neutrons to manned
missions in space.

We added information on the kinetics of
cell killing and frequencies of induced gene
mutation by high-energy particles.

We will continue collaborative studies
with Lawrence Berkeley Laboratory
personnel and research on the effects of
high-energy neutrons in model-cultured,
mammalian cell systems.

We designed and proposed to the WNR
program advisory committee, an experiment
to measure the dose produced by high-
energy neutrons and to benchmark existing
radiobiological effectiveness information at
various depths in a phantom (water used to
mock tissue in a Lucite container). We
performed the first stage of the experiment
at the Los Alamos WNR facility. Character-
izing the dose and RBE of energetic-
neutrons is essential in deciding how best to
proceed with space exploration. Results
from this experiment will help us under-
stand the magnitude of the radiation hazard
for a space mission.

In our research we calculated and
measured neutron spectrum, measured
neutron dose using nuclear track detectors
and neutron dose and lineal energy spectra
using proportional counters.

In the future, we will complete data
reduction for the FY91 measurements:
model the charged-particle buildup and
kerma using the Los Alamos High-Energy
Transport (LAHET) System; prepare and
defend an updated proposal to the WNR
Program Advisory Committee for approval
to expose cells in the phantom; improve
experimental arrangements necessary to
automate the beam-filter mechanism: and
position the phantom in the beam.

In studying the applicability of Los
Alamos technology to the SEI. we focused
on shielding a lunar habitat. Our objective
was to explore several models for lunar base
radiation exposure from solar protons. We
thought most of the protons from a solar
flare would be converted into low-energy
secondary neutrons by the shielding and
structure of a lunar base. If our hypothesis
were correct. Los Alamos' skills in predict-
ing the dose to personnel would be of great
use to a national program.

NASA published a report on the
geometry for a lunar habitat, a half-buried
sphere, subjected to two different solar Hare
events. We made LAHET/MCNP code

calculations for the same geometries and
Hares because this combination covers the
entire energy range. Our initial idea about
the importance of secondary neutrons to
shielding a lunar base were correct. We
support the importance of using a complete
transport solution like LAHET/MCNP
rather than the straight-ahead approxima-
tions predominant at NASA.

In future studies, we will first determine
well-founded, flux-to-dose conversion
functions for both protons and neutrons to
energies up to a few hundred million
electronvolts. Then we will make more
detailed calculations for comparison with
NASA results. In addition, we will make
deterministic and multigroup Monte Carlo
calculations using our current million-
electronvolt libraries. We will then use all
methods to analyze other geometries to
evaluate thi • importance of three-dimen-
sional effects and the effects of improved
secondary neutron emission spectra.

Our objective in the study of radiation-
shielding interaction models was to assess
the underlying physics issues in the
interaction of high-energy cosmic radiation
with matter and to determine the availability
of models for calculating the relevant
interactions. This project provides the first
steps toward planning a lunar habitation for
humans and the space vehicles for their use
there.

In our research, we have identified
available theoretical models and their
strengths and weaknesses. The approxima-
tions made by these models are limited in
applicability to a given region of bombard-
ing energy and target-projectile combina-
tions. Most of the models predict the
distribution in energy and angle of outgoing
protons, neutrons, pions, and other elemen-
tary particles. A coalescence model is then
used to describe the conversion of these
particles into heavier nuclei.

Our future goal is to provide an accurate
calculation of the shielding required for a
manned spaceship to Mars with a thret-
phase research program. The first phase
would systematically compare the existing
models with each other and with the
experimental data.

In our program lor simulation code
physics development, our objective was to
develop the physics of a reliable hadronic
and electromagnetic simulation code
system. This research is vital to the SEI
program where astronauts face a significant
radiation hazard. It i.s also vital to other
programs, such as Accelerator Transmuta-
tion of Waste. Accelerator Production of
Tritium. Accelerator Shielding Design.
High-Energy Dosimetry, Medical Produc-
tion of Radioisotopes. and others.

In FY9I. we improved and expanded the
scope of the Los Alamos high-energy
transport code, LAHET. The modified
version, "SUPERHET," contains the
necessary physics to transport cosmic-ray
particles to the highest energies and to
photons and electrons at all energies. We
incorporated specific models for interactions
with individual elements to improve the
accuracy of detector response and dosimetry
calculations. The SLAC Electron-Gamma
shower code i.s incorporated, and FLUKA, a
well-known, high-energy physics interaction
package, is incorporated to improve the
physics at energies above a few
gigaelectronvolts. In the future, we will
continue to improve the upgraded code
system.

We also are developing and demonstrat-
ing planetary resource assessment and
utilization technologies. Our objective is to
develop and demonstrate planetary resource
assessment and utilization technologies in
support of SEI. These include planetary
science investigations, space instrument
developments, and developments and
demonstrations of extraterrestrial resource
processing concepts. The ultimate useful-
ness of this research will be to make human
exploration of space a success.

To these ends, we designed, constructed
and tested a prototype of a laser-induced
breakdown spectrometer (LIBS) instrument
for standoff elemental analysis of planetary
materials from surface rovers or rendezvous
satellites. We also investigated lunar glass
as a space construction material and tested
lunar sulfur oxygen as an in situ rocket
propellam. The objectives of these tasks are
to demonstrate how planetary raw resources
can be processed for government agencies
and industry.

FY92 plans include (1) field testing the
LIBS technique to demonstrate and
document its performance on a distant
surface; (2) developing an analytical
database to determine optimum emission
lines for elements of interest, calibration
curves, detection iimits. and a measure of
accuracy and precision; (3) developing a
compact on-board calibration routine to
periodically calibrate the instrument during
a mission: (4) designing a rugged, compact,
lightweight optical system for automatic
focus alignment of the collection optics; and
(5) designing a lightweight, low-power
detector system that is well mated to the
optical system and that is capable of
extending the band width farther into the
ultraviolet region of the spectrum.
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Theoretical Astrophysics

W.H /.turLS.,\ Colette.-\.\. Co\.
J. (i Hills. U . -\. Miller. K Chen. S. Huhih.
S. L/o\J. P Lis-wtii. P. Leonard..I. P. Pa:.
M. S. U unen

The goal of astrophy sics is to improve
our understanding of the origin, the
structure, and the processes within principal
objects in the universe. The early stages of
the universe—the "Big Bang"—are thought
to have started >vith inflation and field
condensations, leading up to the primordial
nucleosynthesis, the subsequent decoupling
of radiation from matter, and the origin of
galaxies and their hierarchical clustering.
Subsequently. <hr- galaxies spawned quasars,
siipernovae. and the stars themselves:
ultima[el>. planets, comets, and dust led to
the environment that produced life.

I'nderstanding in astrophysics means
apply ing the laws of physics, as we have
discovered them on our plane!, to the rest of
the universe and extending these laws to
conditions that far exceed those found on
earth. The extraordinary limits of the so-far
successful verifications of these laws are in
distance, accuracy, extrapolation, and
universality. Finally, we investigate
consistency: namely, whether these laws
make sense w ithin the context of our
universe.

Our research efforts in basic astrophysics
explore questions at all of these levels. Five
major individual research projects have
spawned collaborations with students,
postdoctoral fellows, and external scientists.

Convection in Astrophysics. We are
investigating the strong convection that
occurs next to a neutron star during a
supernova explosion. The heat deposited by
the neutrinos from (he cooling neutron star
drives tnis convection, which causes high-
entropv matter to rise rapidly. At the same
time, low-entropy matter falls from behind
the explosion shock to the neutron star
surface. This convection effectively carries
the heat away from the neutron star before
the neutrinos cool, strengthening the
explosion and thus more efficiently heating
the neutrinos. Some of the falling low-
entropy matter is compressed next to the
neutron star and heated to high temperature.
It becomes so hot that it makes a "neutrino
fireball." a region so hoi that it becomes
partial!) opaque to its own neutrino
emission. This may explain the delayed
neutrino emission observed from supernova
SN iyS7A. In a departure from established
theories, we believe that ihis convection is
not turbulent in the usual sense. Instead, w,?
see that bubbles of matter rise and heavier

Mreams fall at u rale and relative si/.e
determined by (I) the entropy contrast and
(2) the density of the atmosphere in which
convection takes place. As we test this
theory, we are coming to a better under-
standing of solar convection, stellar
dynamos, and the mechanism of supernova
explosions.

Supernova explosions are the birthplace
of neutrino stars, which are the primary
ingredient of the models of the still mysteri-
ous gamma-ray bursters. To resolve this
mystery, we are exploring the possibility
that ultrafast neutron stars are filling the
galactic halo. We are therefore investigating
the distribution of gamma-ray burst as well
as the possible radiation mechanisms.

Stellar Pulsation and Opacities. The
locus of our second project is stellar
pulsation. We are using the new. larger
Liv ermore stellar opacities that include the
numerous iron lines from electron transi-
tions to study the pulsations of OB stars (the
most massive and hottest of'he main
sequence stars). We have confirmed,
through calculations that give accurate
temperature, density, and opacity deriva-
tives, that the enhanced opacities are in fact
responsible for the previously unaccounted
for. but observed, pulsation feature. For the
opacity to be large enough for the OB star to
pulsate, a star needs a larger-than-normal
iron abundance: therefore, not all OB stars
will be observed so vary.

Stellar Dynamics. Three-dimensional
simulations of stellar interactions form the
focus of our third research project. Continu-
ing our extensive study of stellar interac-
tions, we have simulated collisions between
unequal-mass, lower main-sequence stars
usii.g a hydrodynamics code with 15.000
panicles.

In these collisions, the less-massive star
has two-tenths the mass of the larger one.
but it is 12 times more dense. The two stars
become bound in a physical collision if their
velocity at infinity is less than a critical
value. If the impact velocity exceeds this
critical value, the denser, lower-mass star
passes through the more-massive star and
escapes without becoming bound to it. If the
two stars coalesce as a result of a physical
collision, the more-dense star settles to the
center of the less-dense, more-massive star.
The Hubble Space Telescope can observe
such fast-rotating and helium-rich coalesced
stars in the dense cores of globular dusters.

We are also studying collisions of
compact objects in globular clusters. We
eompleied a study of encounters between
main-sequence stars and neutron stars:
between red giant stars and neutron stars:
and between red giants and white dwarfs.
Red aiants tend to form bound systems in

which the red giant core and the neutron star
form a binary system thai i.s engulfed in a
common envelope consisting of the remain-
der of the envelope that used to be around
the red giant. Often, this bound system leads
to a millisecond pulsar.

We recently published the results of over
1,000,000 simulations of interactions
between binary star systems and compact
objects whose masses range from 10 to
H1.000 times the mass of the binary system.
These encounters tend to eject stars at very
high velocities: such velocities could indicate
the presence of a massive black hole in the
galactic center.

Cosmology and Galaxies. Our fourth
project is a combined study of the earlier
epochs of the universe, including galaxy
formation and dynamics. Using numerical
experiments on parallel supercomputers,
we studied how structures form at large
scales—for example, how the galaxy's
structure formed. Our numerical experiments
have already led to a significant progress in
the understanding of the structure of galactic
halos (shown at right).

Studying the universe in earlier eras
involves the application of quantum mechan-
ics to cosmology. The theory of quantum
mechanics is upheld in all practical applica-
tions: no example of conflict between its
predictions and physical experiments have
been discovered. Yet, well over 50 years
after its proposal, a debate rages on the
relationship between quantum physics and
classical physics. However, with the idea of
"environment-induced superselection"
suggested a few years ago, a partial resolu-
tion might be at hand. We are investigating
to what degree an "open" system, interacting
with the external environment, can be forced
to behave in a classical fashion and how this
mechanism fits into the cosmological
context.

We have also developed a code to
simulate symmetry-breaking phase transi-
tions that are thought to occur in the early
universe and are observed in superconduc-
tors. We confirmed our earlier hypothesis
ihat these transitions are laboratory analogs
of the transitions that presumably occurred
early in the formation of the universe. The
numerical experiment we are currently
investigating consists ol superconducting
phase transitions occurring in an annulus.
We have developed numerical simulations in
two dimensions of the condensation of
string-like lopological defects and written a
graphics code t'lat animates the simulations.
This will allow us to propose anc! analyze
new laboratory "cosmological" experiments
and learn first-hand about the processes
thought to be responsible for structure
formation.
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f Physics oiul Rvhuivistic
Astrophysics. We arc investigating ihe
impact thai general relativity has on
asuopln sics in three areas: (I) stellar and
accretion disk dynamics in the vicinity of a
supermassise black hole. (2) theoretical and
numerical support of gravity wave as-
trononn. and (3i the gravitomeuie force
predicted b\ Einstein's theory of general
relativ ity (the gravitational analogue of the
magnetic force in electromagnelisin).

To study the complex and inherently
thtee-dimensional dynamics of stellar and
accretion disk matter around a black hole.
we have developed and benchmarked the
first application of .smoothed particle
hydrodynamics to model relativistic fluid
flow. We have used this code, together with
anal\ tical models, to better understand the
fraction of a star's mass that is captured by a
black hole through tidal disruption. We are
stud} ing the influence that black-hole
angular momentum (giving rise to the
gravitomagnetic force) has on this problem.

0 10 20
x !kpc)

To better understand this magnetic
component of gravity, we are actively
involved in a satellite experiment
(LAGEOS-3, Laser-ranged Geodynamie
Satellite) to measure this effect for the first
lime. This non-Newtonian force has
fundamental implications in astrophysics
(astrophysical jet-alignment mechanism first
studied by Bardeen and Peterson) and is
linked to the very foundations ol gravity
theory through Mach's principle of inertia.
Currently, we are analyzing and measuring
the rotational dynamics of the LAGEOS
satellite to more accurately cartel out the
nonrelativistic thermal-rocketing perturba-
tion degrading the relativity environment.

Another active and emerging field in
astrophysics [through the National Science
Foundation's Laser Interferometric Gravity
Wave Observatory (LIGO)| is gravity wave
astronomy. We have developed and
benchmarked two independent three-
dimensional codes to solve Einstein's field
equations for the production, propagation.
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and profiling of gravity waves. These are
the first three-dimensional codes in this
field. As we further explore the generation
mechanism of gravity waves, we will be
able to utilize LIGO's data to probe more
deeply than ever before into astrophysical
cataclysms (supernova explosions, black
hole collisions, etc.).

These five projects contribute to our goal
of continuing as a major participant in the
world-wide arena of astrophysics. To that
end, we are maintaining a coherent, highly
visible core of astrophysicists who can act
as an interface between the Laboratory and
the external astrophysics community.

Astrophysics is by nature difficult to
plan. Researchers must always be flexible
enough to respond to new discoveries, such
as the recent measurement of the cosmic
microwave background and the occurrence
and observations of supernova SN I987A.
Our astrophysicists will continue to apply
their skills to solving current p' oblems in
physics.
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The top panels show particles in a galactic halo selected from a cosmological simulation at three resolutions—d cube 50 kpc, 100 kpc, and 200 kpc
on a side. The upper-right panel also contains the two-dimensional elliptical isodensity contours at mean radii of 10-60 kpc in 10-kpc steps. The
lower panels show the best fit to a three-dimensional ellipsoidal isodensity contour of the particle distribution. The ellipses in the upper part of the
lower panels indicated the projected view from along the minor and major axis of the ellipsoid, with the axial ratios displayed above them. The
number of particles contained within each ellipsoid is shown in the lower-left corner of the frames. The arrows in the lower-right panel indicate the
direction of the angular momentum vector for particles in ten concentric spherical shells, with thickness 10 kpc. Note that the ellipsoids have the
same general shape and orientation and that the angular momentum vectors tend to point along the minor axis of the ellipsoid. These shape-angular
momentum correlations will be reflected in the structure and dynamics of the luminous galaxy inhabiting the halo center
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Institute of Geophysics and
Planetary Physics

I '. /• KSIUT.JI:

The Institute of Geophysics and Plan-
etary Physics 1IGPP1 was founded at the
University ol California (UCi. Los Angeles,
to promote basic research involved in
undemanding ihe origin, structure, and
evolution ol the solar system and its planets.
The objectives of the IGPP are

• To encourage and support basic
research in geophysics, planetary and space
physics, geochemistry. paleohiology. and
astrophysics:

• To contribute to graduate education
using available resources and facilities in
cooperation with cither units in the L C
system:

• To support existing research and
service links between the University and
regional and national facilities to aid
researchers in large cooperative programs:

• To encourage and support multi-
disciplinary applied research projects related
to the several branches of geophysics and
astrophysics by providing management
facilities for ad hoc inter-institutional
organization.-.:

• To encourage and facilitate the use of
national laboratory facilities by the I C
faculty: and

• To foster interaction between campus
and Laboratory scientists in cooperative
ventures.

The Los Alamos branch of the 1GPP was
founded to encourage and support basic
research in geophysics, planetary and space
physics, geochemistry, and astrophysics.
Our main objectives are to encourage and
facilitate the use of national laboratory
facilities by university faculty and students
(primarily those of IC) and to foster
interaction between campus and Laboratory
scientists in cooperative research ventures.

During the past year, the 1GPP sponsored
41 small grants tor collaborative research
between university and laboratory research-
ers and their students. In addition, the 1GPP
was ihe Los Alamos point of contact for the
LC Institutional Collaborative Research
program in global climate modeling. In
support of this research and to enrich
programmatic work at Los Alamos, ue
sponsored or cospoiwired some 60 technical
talks. 7 workshops, and a number of
working group meetings, particularly those
in support of the growing programmatic
effort in global change studies.

The KiPP is part ot a proposal to the
I nited Nations i l N i thai Los Alamos and
selected I (' campuses become a technical

resource lor environmentally sound energy
development to Latin American countries.
At a I N meeting last summer, it was agreed
Uial a series of meeiings with Central and
South American countries would provide
the basis for such a proposal.

The IGPP provides continuing support
for Laboratory program development in
global change, seismology, and fluids of the
Earth's crust. As part of this support, the
IGPP was successful in its proposal for
LDRD funds to establish an Environmental
Research and Development Initiative in
Global Change Core Climate Studies.

The IGPP also sponsored several
workshops and a large number of lectures.
The seventh annual Mantle Convection
Workshop was the largest ever. Also, in
support of planetary interiors, the IGPP co-
sponsored the second AGU (American
Geophysical Union)/SEDI (Studies of the

2 4 6 8 10
spreading hall-rate (cm/yr)

Fig. 1. The distance from the spreading axis to
the onset of a ridge-perpendicular convective
roll as a function of spreading half-rate and
mantle viscosity. The density change associated
with 25% melt extraction is equivalent to a
temperature change of200rC.

Fig. 2. Elastic lithosphere
coupled to a viscoleastic
asthenosphere driven by deep
mangle movement.

Harth's Deep Interior) international
conference on geomagnetism. This confer-
ence brought researchers from around the
world to Santa Fe for a week-long inter-
change. We cosponsored. with CNSS. an
international conference on energy and
global warming. "Global Climate Change:
Its Mitigation Through Improved Produc-
tion and Use ol Energy." This workshop,
held in October 1991. brought researchers
from the two scientific communities of
climate research and energy and transporta-
tion together to exchange their work and
ideas. The proceedings of this conference
will be published by the American Institute
of Physics.

Our 1991 research highlights support our
idea that the best results are more easily
achieved by combining the different, but
complementary, talents and resources of
campus and Laboratory researchers.
Summaries of a number of research projects
follow:

The Earth's Magnetosphere. We
discovered the first evidence for
reconnection of the open field lines of [he
Earth's polar cap with the interplanetary
magnetic field. We used a magnetic field
mapping model to relate satellite measure-
ments of reconnection in the near-Earth
portion of the magnetotail to ground-based
measurements of magnetic field variations
and observations of aurorae: used computer
simulations of slow shocks to demonstrate
several different shock-like structures, some
of which showed waves upstream of the
shock disrupting the trailing magnetic wave
predicted by theory but not yet seen in
spacecraft observations: and used a new

SF1 / 2 V»
Upper Mantle v.(y)
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simulation axle to demonstrate the
existence nl' two downstream states
corresponding 10 the same Rankine-
Hugoniot conditions. The ncl result seems
ID be an explanation lor ihe absence of
trailing magnetic waxes in spacecraft data.
We also made significant improvements in
laboratory Terella experiments that model
dawn-to-dusk electric field; plasma
convection; and the magnetosphere. which
shows for the first time the ability to use the
polarity of the magnetic field to produce and
control plasma structures analogous to the
Earth's magnetotail.

Astrophysics. We discovered that
massi\el\ parallel computer simulations
provided the first reliable results on the
detailed structure and kinematics of dark-
matter galactic halos. Cores (luminous parts

of galaxies) may be produced in the dark
matter by inlall of dense baryonic systems.
This research links bright and dark matter
through dynamical friction, a link long
sought to explain the apparent "conspira-
cies" observed between the two. We also
incorporated x-ray observations from the
Los Alamos Uniformly Redundant Array
experiment, flown on the space shuttle with
other radio-x-ray results, indicating that
changes in accretion disks of neutron stars
strongly affect the acceleration of large
numbers of relativislic electrons, both in
stable x-ray soiirces and in x-ray transients.

Planetary Atmospheres. We completed a
10-year simulation of the Earth's climate
using the Los Alamos GCM. Comparison of
the resulting global hydrologic cycle with
observed values gave good agreement in

general and pointed to areas that need
improvement. With the same GCM, we
simulated the Kuwaiti oil fires, the world-
wide smoke distribution and the statistical
study of regional effects on monsoon
behavior. We also used the GCM to
transport methylchloride and methane
world-wide for 7 years. Results compared
extremely well with observations and
dictate new north-south asymmetric
distribution of the hydroxyl radical.

Planetary Interiors. We significantly
revised our understanding of the origin of
silicic magmas. Several combined IGPP
projects are showing that these magmas,
generally thought to derive from remelting
of crustal rocks (near the surface), have
originated deep in the Earth's mantle.
Because of this finding, we must revise our

100
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1100

Asthenosphere

100
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Fig. 3. Earth's oceanic lithosphere is recycled at tectonic plate margins where altered mid-ocean ridge basalt (MORB) is underthrust beneath the
continents. We are investigating the chemical processes by which the earth's crust and upper mantle evolve when oceanic plates are subducted into
the mantle. We are using mm-scale trace-element compositions of minerals to provide insights into chemical mass transfer in slabs and associated
mantle settings. Insets a-e depict characteristic trace-element abundances in different earth components (continental crust—inset a, arc volcanics—
inset b. MORB—inset c) and in individual minerals (garnet, zoisite. titanite) from subduction zone (inset e) and mantle (inset d) settings. Reactions
between minerals and fluids in slab environments may influence the distinctive chemical abundances in different earth regimes.

l.m Al.im.is V:ii..n;il i..ihi>Mii>r> I.DKI) IV J'WI I'roviv-.-. Kqiorl.'l.A IHI 99



understanding of the origin of continental
crust. We also used several numerical
computer simulations to combine mantle
convection with physically realistic, moving
tectonic plates. One of these simulations led
to a possible explanation of observed roll-
like, sea-floor features near spreading
ridges.

MiiH'ml Physics. We discovered the first
quantitative determination of iron-depen-
dence of electrical conduction in olivine as
Xh . l n \ which was in good agreement with
XK; M observed by a collaborator. Under-
standing the effect of iron content on
conductivity permits prediction of this effect
on mantle temperature structure and
demonstrates the critical importance of
thermodynamic conditions for determining
transport properties in minerals. This effect
partially explai * the contradictory results
obtained for measured silicate perovskite
conductivities and crystal structure,
probably arising from problems in control-
ling these conditions in different diamond
cells. Furthermore, the same methods
appear to be useful for designing more
desirable ceramic materials such as high-T
superconductors. We also were the first to
test the hypothesis that iron is distributed in
an unusual en siallographic environment in
the Earth's lower mantle. First runs indicate
that the site distribution of iron in silicate

perovskile is different from thai in the
starling pyroxene composition. Whereas
p\ roxene has two clearly defined iron sites,
iron in perovskite lies either in a distribution
of sites or in a highly distorted site having a
wide range of bond lengths.

The lGPP's strongest contribution to the
geosciences at Los Alamos is a continued
collaborative research program between
Laboratory staff and campus faculty and
students, particularly at UC. However. 1991
marked the IGPP entrance into more
focused support of Los Alamos program
development. The main effort was in global
dimaie research. Based on this experience,
the IGPP initialed a fluid How and seismol-
ogy working group to enhance research that
would lead to the development of programs
involving porous and fracture flows for oil
recovery, waste storage, and earthquake
hazards.

The 1GPP. because of its ability to bring
together researchers from across the
Laboratory in study groups, lecture series,
and basic research projects and its ability to
connect this effort with similar ones at UC
campuses, demonstrated great success for
the national laboratories and their concept of
centers of excellence.

This year, the IGPP expanded into other
functions related to its basic mission, such
as scientific support for Laboratory health
evaluations requiring expertise in atmo-
spheric flows. We also hosted visitors who
were interested in the Laboratory's geo-
sciences effort. The 1GPP continues to
evolve, increasing its research efforts while
adjusting to the needs of a national labora-
tory with a changing mission and vision.

Fitld strength :9 Hz Phase: S Hz

•16.0

Fig. 4. Seafloor ridge parallel electric fields for models containing a melt lens (ML), magma chamber (MC), and both features (ML+MC).
For reference, the layered oceanic crust is shown (L). Field strengths in Vm' per source dipole moment.

1 0 0 l . - i s \ l a m . i - S a h . i n . i l l . . ih . ir . i t i>r> l . D R I M ' l I ' l ' l l C n i f n - s s R e p o r t " . . \ -\2.< iM P R



Spectroscopy of Minerals Using
Synchrotron Radiation and
Inference of Thermal Structure
in the Earth

T. J. SlhwklunJ. L. M. Hirsch.
R.J.Burtlcti.W.Tirtu

Although it feels solid, the earth beneath
our feet is moving. Geoscientists have
determined that huge plates of the earth's
crust float on the molten inner layers of the
earth. Over millions of years, these plates
move, grinding against each other to form
mountain ranges, oceanic trenches, and
volcanic lines and causing such geophysical
activity as seismicity. heat flow, and gravity
variations.

Geophy sicists have long known that
electrical conductivity varies strongly with
rock temperature. We are interested in
determining quantitative relationships
between measured conductivity and internal
temperature variations because high
temperatures indicate geothermal-energy
distributions or volcanic hazards.

We want to predict inner-earth tempera-
ture variations from conductivity variations
measured at the surface. This ability will
improve the safety and productivity of
geoihermal exploration and provide basic
information about volcanic activity.

Our objective is to understand the
materials science of minerals to learn the
physics behind conductivity-temperature
relationships. In this project, we studied
electronic energy levels and chemical
bonding in silicate materials. We used
photoelectron spectroscopy to determine
separations of energy levels for transition
metal ions in several olivine compositions.
We focused on olivine because it is the most
abundant silicate in the outer 400 km of the
Earth's mantle.

We know that iron governs the electrical
conductivity of mantle minerals, and we
observed iron contributions to electronic
energy levels, particularly the valence band.
This year, we measured the valence bands
across the compositional range of the
oli\ ine series and determined the contribu-
tions made by iron to these hands.

In the future, we will examine other iron-
bearing minerals and interpret our data in
collaboration uith theoreticians who
calculate energy levels in molecular clusters
and research the spectra of transition mstal
compounds.

Distributed Surveillance
Technology Initiative

G. Ccimivtin. R. Kelly

This project's objective is to examine
advanced space-based sensor concepts for
applications to defense and environmental
problems. We investigated five areas:
electronic stabilization of satellite imagery;
passive imaging using scattered energy from
existing microwave transmitters; data fusion
on orbits; passive infrared sensors for
looking at terrain or the earth's lime: and
active sensors, like small laser systems that
could gather information from scattering or
fluorescence. These concepts were evalu-
ated to determine their value to defense
problems with an attempt to find synergistic
applications to environmental problems.
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From the study of the physics of a tiny superconducting
crystal (left), came resonant ultrasound spectroscopy—a
diagnostic device capable of determining information about
an object by the nray it resonates. This method can deter-
mine the precise characteristics of minute amounts of
crystals, the exact sphericity of ball bearings, and the pres-
ence of flaws in large metal wheels. At right, a computer
model shows the theoretical displacement of a resonated
cube. Resonant ultrasound spectroscopy's quick and
noninvasive results have interested not only other scientists
but also industry. For this LDRD-funded work, Al Migliori
and Los Alamos received a 1991 R&D 100 award and were
awarded four patents.

Photo by Henry Ortega / RN92 229
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Materials Sciences Overview
D. M. Parkin

Materials science, an interdisciplinary field of
research, integrates scientific activities in physics,
chemistry, metallurgy, and ceramics and directs
these activities toward common goals. The study of
materials enables technologies that support the
missions of the Laboratory, Department of Energy
(DOE) energy policies, and national policies on
energy and industrial competitiveness. Advanced
materials, as they are developed, become corner-
stones for increased energy efficiency and for new
and improved products. Recent federal initiatives
that support the national agenda identify critical
areas of materials research such as advanced synthe-
sis and processing; theory, modeling, and simula-
tion; and characterization. The Materials Science
Program sponsored by the Laboratory is composed
of research projects directed to these critical areas.

Environmental cleanup of radioactive waste is a
critical need. We address it through research
projects in advanced-materials synthesis and pro-
cessing. The program on Polymer Sorbents for
Hazardous Metal Uptake synthesizes new materials
that selectively adsorb radioactive-actinide elements
in waste streams. The synthesis of new materials has
resulted in diamond coatings, beryllium alloys, and
chemical sensors—all of which build on our capabil-
ity to respond to DOE mission requirements.

The understanding of certain systems of materi-
als, such as nuclear materials and actinides, is
central to our activities. Once we understand a
material, we can improve its performance or design
a new material. We base our improvements on
theory, modeling, and simulation. To increase our
understanding of the properties of these materials
and how they may be used, we designed experimental
and theoretical projects that complement one an-
other. The theoretical project studies many-body
effects in strongly correlated materials. The experi-
mental projects research electronically correlated
materials at ambient and extreme conditions and
neutron scattering by actinides and other materials.

High-temperature superconductors are central
to several major DOE and Laboratory programs and
require development and advancement of materials
characterization. The Advanced Studies Program on
High-Temperature Superconductivity Theory, the
Muon Spin Rotation Studies of High-Temperature
Superconductors, and the Synchrotron Radiation
Studies of High-Temperature Materials integrate the
theory and characterization of materials to provide a
strong basis upon which the Laboratory builds its
programmatic responsibilities.

All of our materials science projects are struc-
tured to fit into the broader frameworks of the Labo-
ratory, the DOE, and the nation. Additional indi-
vidual projects are similar to the examples we have
provided in the way they contribute to our goals.
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Ultrafast Optical Probes of
Interface Dynamics and Structure

M. Hoftbauer. V. McVeigh

This research program's objective is the
development and application of new,
ultrafast, nonlinear, optical diagnostic
probes to study interfaces. Investigations of
interfacial properties at the atomic level
form a basis for assessing fundamental
limitations imposed on materials properties
and are important to a variety of disciplines.
The results of these studies are important in
developing new materials, in finding
applications for existing materials, and in
formulating atomic-level models for
understanding fundamental properties of
materials. The dynamics of interfacial
processes such as adsorption, desorption,
diffusion, chemical reactions, surface
photochemistry, photolithography, and laser
optical damage are of great fundamental and
technological important for materials studies
of thin films, metals, semiconductors, and
polymers.

Our experiments concentrate on studies
of the thermal stability and surface-phase
transitions of metal surfaces, the nonlinear
optical and electronic properties of bimetal-
lic surfaces, and picosecond time-resolved
measurements of laser-induced surface
heating. We have also performed experi-
ments that investigate the structure and
electronic properties of semiconductor
surfaces and the nonlinear optical properties
of self-assembled, organic films on silica
substrates.

The dynamics of order-disorder transi-
tions on surfaces have recently received
considerable attention in the scientific
literature since such processes can impose
fundamental limits on material performance
at elevated temperatures. Recently, we have
measured the rotationally anisotropic
surface SHG from a clean, well-ordered
Cu(l 10) single-crystal surface as a function
of surface temperature (as shown in the left
figure). The SHG results strongly indicate a
temperature-induced change in the Cu(l 10)
surface structure and symmetry above
-600 K and that, at temperatures above

~900 K, a high degree of disorder exists on
the Cud 10) surface.

In recent years, the use of laser pulses to
induce surface processes has grown rapidly.
Laser and particle beam-induced surface
heating and melting phenomena are of
interest in a number of Laboratory pro-
grams. Laser-induced processes allow
surfaces to be heated at rates of up to
10" K/sec with nanosecond laser pulses and
even faster with picosecond laser pulses.
Recently, we have performed time resolved
measurements using surface SHG to
measure the temperature rise of a Cu( 110)
surface following interaction with an
infrared heating pulse lasting -100 psec (as
shown in the right figure).

We plan to direct our research efforts
toward a continuation of our successful
measurements and the development of
infrared surface sum-frequency generation
as a new probe of surface spectroscopy and
dynamics. We will aggressively pursue
studies of other interfacial systems, in
particular those that exploit the ultrafast
resolution of our laser sources.
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Rotational anisotropic SH intensity as a function of Cu(110)
surface azimuthal angle with p-input polarization at the fixed
surface temperatures indicated. The solid lines are theoretical
fits to the data. The loss ofanisotropy at the higher tempera-
tures indicates that an order-disorder transition occurs on the
surface at a temperature much less than the bulk melting
temperature.
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Transient surface temperature rise profile of Cu(110) irradiated with
Nd:YAG (1064) laser pulses with an energy of 0.93 + 0.07 mJ/pulse as
determined by surface SHG. The solid line represents the temperature
profile predicted by the one-dimensional heat diffusion model. The inset
shows an expanded vievj near the peak of the temperature profile.
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Molecular Level Modification of
Surfaces for Catalytic Applications

M. Paffett, D. Logan

As peiroleum supplies dwindle, the US
will have to turn to more exotic feed stocks
for its basic energy and processed material
supplies. This, in turn, will create an
increasing demand for highly selective and
efficient catalysts. To search for such
catalysts, we must understand their opera-
tion on a molecular level. We seek to
understand the variables that determine
reactivity by combining an ultrahigh
vacuum (UHV) preparation and character-
ization of bimetallic surface alloys with
moderate- to high-pressure reactivity.

Our experiments were carried out on a
UHV/Microreactor instrument equipped
with a complete set of surface characteriza-
tion capabilities. Experimentally designed
catalytic surfaces were created by vapor
deposition of tin (Sn) on the (100) and (111)
faces of single crystals of the Group VIII
metals nickel, palladium (Pd), rhodium, and
platinum. Subsequent annealing to 1000 K
produced ordered surface alloys for specific
precoverages of Sn. These alloys were
determined to possess a well-defined
stoichiometry of tin adatoms embedded in
the surface template.

These model surface alloys were
examined for their use in the carbon
monoxide (CO) oxidation reaction and for
the hydrogenolysis of n-butane. For
example, the CO oxidation reaction of the
Sn/Pd(100) surface alloy is found to be
greatly enhanced compared with the
Pd( 100) surface at low temperatures. Our
approach has uncovered potentially new and
useful catalytic surfaces, and the detailed
information we have obtained about specific
catalytic mechanisms could provide new
ideas for industrial catalysts.
'P. Bi-riowitz. C. Peden. D.W. Goodman.
J. Plm. Clirm.. 92 (1988). 5213-
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Arrhenius plot of CO oxidation rate for clean
Pd(WO) and c(2x2) Sn/Pd(100) surface alloy.

Interfacial Chemistry
and Structure

T. N. Taxlor. J. A. Martin
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Changes produced in the titanium valence
states when a room temperature atmospheric
oxide, grown on a gamma titanium aluminide,
is heated in UHV.

Our objective has been to explore the
relationship of atomic-level interfacial
properties with more global materials
behavior. Interfacial properties are impor-
tant in the fabrication and performance of
many electronic and aerospace materials,
affecting such diverse areas as semiconduc-
tor electronics, adhesion strength, thin film
growth, and corrosion. High-temperature
superconducting (HTSC) thin films are
desirable on a wide variety of substrates, so
it is essential 10 understand what interfacial
factors are required to seed the HTSC
overlayers. Interfaces are equally important
for space applications materials, such as
titanium aluminide, which must be light-
weight and corrosion resistant.

We have obtained a substantial database
on the thermal stability and growth of
oxides on a gamma titanium aluminide. We
characterized hydrogen and oxygen
reactivity with titanium aluminide surfaces,
improving our understanding of the
interfacial chemistry involved during
absorption and introduction of these
embrittling impurities. Our research has
larified the relationship between the

multiple oxide valence states of titanium
and the single large heat-of-formation state
bund for aluminum. This work is important
o improving the survivability of these
illoys in aerospace applications.

We have also made progress in develop-
ing a modified magnetron sputter source

that can be used to grow high-quality HTSC
films on well-characterized substrates.
Molecular beam epitaxy approaches are
impractical because the oxygen
overpressure required to obtain HTSC
materials causes unstable flux streams. The
magnetron solution to this problem relies on
the use of electrostatic and magnetic fields
to overcome the inherent tendency of
standard sources to produce preferential
sputtering of the substrate from ionic
species. A patent may result on the modified
magnetron sputter source developed in this
research.

Muon Spin-Rotation Studies
of High-Temperature
Superconductors

D. W. Cooke, M. Leon, M. Paciotti

The Los Alamos Meson Physics Facility
(LAMPF) accelerator has been used to
investigate muon level-crossing resonance
(fiLCR) speclroscopy, a variant of the muon
spin-rotation technique. This relatively new
tool, ideally suited for the beam structure
and flux at LAMPF, provides important
information on muon stopping-sites and
hyperfine interactions in metals, semicon-
ductors, high-temperature superconductors,
and organic compounds. The LAMPF
accelerator is one of only five facilities in
the world that has the capability to perform
jiLCR , a materials-science technique that
can generate important, unique information
on materials properties such as London
penetration depth in superconductors,
interplay of magnetism and superconductiv-
ity in high-temperature superconductors,
dynamic effects in magnetic materials, and
muonium formation in semiconductors.

We used the allotted beam time to
demonstrate that j^LCR can be done at
LAMPF. The results of data spectral
resolution were equal to thai obtained at
other facilities and were accumulated in less
time. Our primary use of beam lime was 10
develop a surface muon beam, conirol
background, measure asymmetry of the
emitted positrons, and study the stability of
positron signals. These results, combined
with the high-muon flux and corresponding
high data rate, demonstrate lhat LAMPF
should be considered a world-class facility
for use of the technique in materials
research.

We plan to perform juLCR on semicon-
ductors and superconductors.
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Advanced-Studies Program on
High-Temperature
Superconductivity Theory

Microengineered Ceramics

D. M. Parkin, K. Bedell, D. Coffey,
N. Inui. J. R. Schrieffer, D. Pines,
M. Rice, S. Doniach, E. Abrahams;
A. Balatsky (JRO)

High-temperature superconductors
represent a new challenge to our under-
standing of particle interaction in condensed
matter. Resolution of this challenge will
lead to new physics and a deeper under-
standing of materials. Practical applications
of HTSC with engineering importance have
great promise as the new materials extend to
more areas than conventional superconduct-
ing materials.

The objective of the Los Alamos
Advanced Studies Program is to understand
the microscopic mechanism(s) responsible
for the properties of new classes of HTSC.
We propose to develop models to guide,
interpret, and predict behavior of these
mechanisms at the basic phenomena level
and in practical applications. To accomplish
the challenge, the HTS program utilizes a
blend of outstanding academic, theoretical
physicists and Los Alamos theoretical and
experimental resources.

The program structure emphasizes
strong, working-level scientific interactions
and is built on a triad composed of experi-
mental programs, theoretical programs, and
outside consultations with leading academic
theorists. These interactions integrate
theoretical and experimental results and
concepts to enhance our understanding of
the practical applications of superconductiv-
ity and result in publications and new
research. One of the most important
products of our collaborations took the form
of a Laboratory-sponsored international
meeting among thirty Los Alamos staff and
thirty outside, leading, world experts. It
covered the phenomenology and applica-
tions of HTSC and was reported in proceed-
ings thai required major collaborative effort.

We will continue close collaborations
between Los Alamos staff and senior
consultants. Our efforts will center on the
properties of the normal state of HTSC
materials and on issues in strongly corre-
lated materials. This is crucial if we are to
develop an understanding of the supercon-
ducting transition and address the problem
of the metal insulator transition and strong
electronic correlations.

L. S. Blair, J. Petrovic, J. Katz,
R. Muenschausen, S. Foltyn; D. Smith,
T. Kodas, M. J. Hampden-Smith,
V. M. Kenkre, W. Fahrenholtz,
G. Johnston (U. of New Mexico)

Los Alamos and the University of New
Mexico support the development of aerogel-
polymeric processes for thick and thin film
preparation and fabrication. The research
contributes to the HTSC effort at Los
Alamos and provides valuable inputs to
laboratory-wide and national efforts in
ceramic material sciences.

We completed a series of tasks related to
chemical synthesis of ceramics and
chemical processing of ceramics for a
variety of applications. They are as follows:
aerogel processing of preceramic polymers;
production of multicomponent ceramic
powders and films using aerosol processes;
synthesis of preceramic polymers for
nonoxide ceramics and composites; scale-up
of aerosol processing; microwave sintering
of ceramics; definition of molecular routes
to new complex metal oxides; and funda-
mental studies of ceramic-ceramic and
ceramic-metal interfaces.

This joint project will continue to
address important, current issues in ceramic
sciences. We are planning to study laser-
ablation synthesis of nanophase ceramic
powders by ablating metal targets and
reacting the molten metals in the gas phase
to create ceramic powders with novel
properties. We propose to continue the
effort to prepare high-purity, submicron
MoSi, for use as a high-temperature
structural material, a high-visibility project
that involves the Laboratory, the Center for
Microengineered Ceramics, the University
of New Mexico, and New Mexico High-
lands University. We will continue the on-
going study of microwave processing of
ceramics and the synthesis of high-purity
mullite for electronic and structural
applications (particularly silicon computer
components). We propose to investigate the
scale-up of the process of aerosol generation
of ceramic powders to commercial status.

Organometallic Chemical Vapor
Deposition (OMCVO)

D. C. Smith, J. R. Laia

Chemical vapor deposition (CVD) is a
process used to treat materials to stop wear,
corrosion, and erosion; to inhibit oxidation
in extreme environments; and to facilitate
the joining of carbon-carbon composites.
For example, coatings on metals can
improve their usefulness to such industries
as the automotive indusiry. CVD can also be
used to manufacture composite materials
that are difficult to synthesize by other
methods; the process is ideal for coating
complex shapes such as tools and tubes and
parts with holes and recesses.

However, most conventional melal-
halide-based CVD processes take place at
high temperatures and produce corrosive
gases; in some cases, conventional CVD
processes do not consistently produce high-
quality materials. Our research is develop-
ing new routes to metal, mixed-metal, metal
nitride, metal carbide, and metal oxide thin
films.

Organometallic complexes, used as CVD
precursors, are a simple and powerful
method of producing coatings at low
temperature, eliminating deleterious
byproducts. Because they operate at lower
temperatures, organometallic complexes
allow researchers to apply CVD to coating
thermally sensitive materials such as
polymers and conducting glasses.

The controlling parameters for the
organometallic CVD (OMCVD) process are
not well determined. We are pursuing a
five-pronged approach to the study of
OMCVD: precursor characterization;
deposition process characterization; surface
chemistry in ideal systems; modeling; and
materials characterization and performance
evaluation.

Our results this year pinpoint aluminum,
metal carbides, and metal nitrides as the
most promising materials for further
investigation. Next year, we will apply our
process to materials for nuclear fuels
development, high-temperature barrier
coatings, inertial confinement fusion
applications, and composite propellants. We
will also continue to develop a "periodic
table" of coatings based on organometallic
precursors. The result will be better coatings
at lower temperatures, finer process control,
and a minimization of hazardous
byproducts.
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Microstructural Effects in
Shock-Wave Compression

C. B. Storm, J. N. Johnson, G. T. Gray 111,
C. E. Morris, R. S. Hixson, J. M. Greene:
D. Lassila (Lawrence Livermore National
Laboratory)

Our project is a multidisciplinary effort
to investigate microstructural effects in
metals, ceramics, and intermetallic com-
pounds subject to shock-wave compression.
The goal is to develop capabilities to
predict, model, and if possible, control
material response to large-strain, high-
strain-rate impulses as a function of stress,
history, and temperature.

This project helps to maintain a long-
term coordinated capability for study and
characterization of material properties under
extreme conditions. This capability
underlies virtually every major weapons-
related project at the Laboratory and within
the national defense community.

Our fundamental approach is to correlate
"postmortem" structure/property response
with high-resolution "real-time" shock and
release wave profile data. This approach is
based on three parallel components: shock-
recovery testing, velocity interferometer
experiments, and computation (including
modeling) to correlate the wave profile and
metallurgical effects induced by shock-wave
deformation. Due to the intrinsic nature of
the shock-loading process, the substructure
evolution in a shock excursion is complex.

We performed quasi-isentropic loading
studies on oxygen-free electronic (OFE)
copper. Annealed copper samples were
shock-loaded using three different loading
rates. Reload compression tests show that
the loading rate influences the post-shock
mechanical response and dislocation
substructure of shock-loaded copper. Our
studies support the idea that defect
reversibility during the release is controlling
a far wider aspect of shock behavior than we
anticipated.

Shock/release experiments were
performed on OFE copper and Si-bronze
samples under conditions allowing for
accurate time-resolved experiments and
correspondingly accurate interpretations
based on calculations of measured wave
profiles. In combination with quasi-static
reload compression tests and calculations of
quasi-elastic release from the shocked state,
these data provide information on
micromechanical effects related to the
Bauschinger effect.

The dynamic and quasi-static deforma-
tion behavior of shock-prestrained tantalum

was investigated to assess the deformation
response of a shock-processed body-
centered cubic metal. Shock prestraining
produced an increase in the quasi-static
yield strength of tantalum but had virtually
no influence on the dynamic reload
behavior. Consistent with this, the dynamic
tensile behavior of both the annealed and
the shock-recovered materials was nearly
identical. The post-shock mechanical
response of tantalum is thought to be
heavily influenced by defect storage
behavior under dynamic-loading conditions.

Shock recovery and wave profile
experiments were performed that exhibit a
Bauschinger effect for Si-bronze shocked to
10 GPa. The reload mechanical responses of
shock-loaded copper and Si-bronze were
found to differ significantly. However,
further study on a wide range of materials is
required to construct a quantitative relation-
ship between quasi-static Bauschinger
response and release wave behavior.

We performed dynamic deformation
studies on TlAl, and related compounds.
These studies investigated the influence of
strain rate and temperature on the mechani-
cal behavior and substructure evolution of
intermetallic compounds important in
structural applications. In particular, we
examined work hardening and discovered
that it is weakly dependent on applied strain
rate and test temperature.

We have performed experimental and
theoretical studies of quasi-elastic release
from the shock-compressed state, and our
analysis has provided a sound
micromechanical explanation for this
common experimental observation. Quasi-
elastic release is caused by internal self
stresses that, following shock compression,
are opposed by the applied shear stress.
After release, reverse plastic flow occurs
immediately due to internal reverse stresses,
which readjust to the changing applied
stress with a characteristic time. This
reduces the release-wave speed by compari-
son with the normal "elastic-wave"
response. We have developed analytical
expressions to describe this response, and
our results will soon be published.

We have also made progress on a model
of pulse-duration hardening. It appears that
the reversibility of dislocation motion is
lessened with a longer shock pulse. The
mechanism of this process is not yet clear,
so we plan to quantify and calculate this
model in the future for OFE copper.

Future plans also include dynamic
loading and pulse-duration studies of
tantalum and its alloys; additional experi-
ments on the step loading of copper;
Bauschinger shock-loading tests on

additional two-phase materials; shock-
recovery experiments on zirconium to
investigate the alpha-to-omega phase
transformation in detail; and completion of
our calculations of quasi-elastic release in
aluminum, copper, and Si-bronze.

Studies of One-Dimensional,
Mixed-Valence Solids

B. I. Swanson,A. R. Bishop, A. Saxena,
J. Huang. S. Love

This project is a combined iheoretical
and experimental study of a class of quasi-
one-dimensional electronic materials that
can be chemically tuned to the phase
boundary regions between differing ground
state structures (insulating, magnetic, and
conducting). This work is important in
understanding the physical properties of a
large number of important electronic and
nonlinear optical materials, including the
new class of high T. ceramic superconduc-
tors, organic slack conductors and supercon-
ductors, and Peierls distorted semiconduc-
tors.

This project has three major elements:
synthesis, characterization, and theory. The
synthesis effort is aimed at preparing known
pure MX and mixed halide solids. In this
effort, impurity doping is used to control
defect stales, and the preparation of entirely
new MMX solids is based on binuclear
complex ions with unusual physical and
electronic properties. Physical characteriza-
tion includes ground and local defect states,
the changes in these states, and other
electronic structures. This effort relies on
spectroscopic. structural, and macroscopic
techniques to develop detailed physical
pictures of ground and local gap states. The
theoretical effort gives detailed picture of
electronic structure for isolated melal
complex ions and the solids themselves.

These low-dimensional materials can be
L sed to develop new theories on a wide
range of materials. We hope to develop
models to use on more complex, higher-
dimensionality systems. These materials
also will allow us to develop new mixed/
inorganic solids with unusual and useful
materials properties.
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Metallurgical and Electrical
Effects on Mechanical Properties
of Composite Materials

Stability of Beryllium Alloy
Microstructures

R. Dixon, A. Migliori, S.-P. Chen,
W. M. Visscher, F. M. Mueller,
D. M. Harradine, M. Hawley,
K. E. Sickafus

The objective of our research is to
understand and predict the formation and
strength of interfaces in composite materi-
als. In order to determine the proper
bonding technique to use for a particular
composite, we must quantify the interfacial
properties of the bond. Our research
correlates experimental investigations of
interfacial morphology, strength, and
fracture behavior with models developed
using basic theory.

In the past year, we have used the
embedded atom method and simple
modeling to investigate the 1*2 missing-
row reconstruction for the (310), (210), and
(110) surfaces of nickel, palladium,
platinum, copper, silver, gold, and alumi-
num. Local volume-potential predictions for
13 hep metals on the (0001) and (01 10)
surfaces were in reasonable agreement with
experiments. We also used prediction to
show that Mo/W under tensile stress breaks
inside the Mo matrix rather than at the
Mo/W (100) interface.

We improved our resonant ultrasound
hardware, giving us the most accurate
method ever developed for measuring
elastic moduli. We applied resonant
ultrasound to nondestructive testing;
several patent applications and an R&D 100
award resulted. We fabricated three bonded
beryllium/titanium samples for further
study, and obtained moderate resolution
atomic force microscope images of the
beryllium/titanium interface. Finally, we
have improved our Raman spectrometer to
increase the signal-to-noise ratio and to
permit detection of signals from buried
interfaces.

Our future plans include modeling
detailed fracture and deformation behavior
in composite systems, developing magnetic
excitation for ball-bearing testing, and
further experimental study of fracture
samples.

L. Jacobson, T. Mitchell, S. Richardson,
E. Robertson

Our goal is to develop improved
understanding of the factors that influence
the stability of beryllium alloy microstruc-
tures. This work is important for future
applications of beryllium alloys with
improved properties. We used rapid
solidification to obtain fine, uniform starting
microstructures and studied the changes that
occurred during subsequent processing.

We prepared beryllium/1% titanium
rapidly solidified powder by centrifugal
atomization and helium quenching. This
powder was consolidated, rolled to sheet,
and then given a variety of heat treatments
at temperatures ranging from 900°-1100cC.
Transmission electron microscopy was used
to examine the specimens.

The beryllide particles were found to be
unaffected by the thermal treatments, after
having coarsened to about 0.5 micron
during consolidation and rolling. Grain size
remained almost constant throughout the
treatments.

The significant quantity of vanadium
impurity was found in solution in the TiBe,,
particles, which compares with an earlier
similar result found with molybdenum
impurity. This led us to conclude that
transition metals can freely substitute in a
beryllide phase, as long as each metal forms
a phase of identical stoichiometry. Iron
impurity, on the other hand, forms a
different intermetallic phase during some of
the heat treatments, and this phase
embrittles the alloy at room temperature. A
paper is being submitted for publication on
our results.

Neutron Scattering by
Actinides and Other Materials

A. C. Lawson, B. Con, J. A. Goldstone

Our research uses the tools of neutron
scattering to gain understanding of atomic
vibrations, mechanical stress variations, and
void formations in various actinide,
superconducting, and structure materials.
These tools include neutron powder
diffraction, small-angle neutron scattering,
and neutron vibrational spectroscopy.

This year, we have applied this technique
in three distinct areas.

We used neutron powder diffraction to
measure atomic Debye-Waller factors in
neptunium and plutonium metals at low
temperatures. For alpha-neptunium, we
found that a highly temperature-dependent
elastic constant is required to explain the
results. For alpha-plutonium, we found a
distinct atomic Debye temperature for each
of the eight atoms in the structure.
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The curved lines show the mean square thermal
displacements of the two independent atoms in
a-neptunium metal plotted vs temperature. The
straight lines are the derived Debye tempera-
tures for these atoms. Ordinarily, the Debye
temperature is independent of the temperature.

We have applied our technique for
analyzing metallurgical texture data to a
compressed sample of D..O ice. This
experiment is of interest for modeling the
geophysics of Ihe Jovian moons. Measure-
ments have been completed for two
samples, and the data is being analyzed.

We have applied the technique of small-
angle neutron scattering to the study of
bubble formation in copper metal. This
technique can eventually be applied to
problems in radiation damage.
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Polymer Sorbents for
Hazardous Metal Uptake

B. Jorgensen, B. Smith, P. Smith, J. Wenzei;
R. R. Bartsch (Texas Tech. U.);
A. S. Gopalan (New Mexico State U.)

Polymer sorbents with immobilized
metal chelating agents are being developed
for treatment of radioactive and mixed
waste. Because of public concern over
environmental contamination, the cost of
storing radioactive waste is high and
discharge limits are becoming increasingly
stringent.

The TA-55 Plutonium Processing
Facility is the primary generator of radioac-
tive waste at Los Alamos. Recovery of
plutonium and americium from the acid
waste stream would allow recycling of these
materials and result in waste reduction. The
TA-50 Waste Treatment Facility presently
uses a sludge-intensive precipitation
method. By using another method, such as
polymer chelating resin beads, we could
significantly reduce sludge volume and
remove ultralow levels of contaminants
from effluent.

This past year, we have synthesized
chelating resin beads and water-soluble
chelating polymers for use with filtration
technology. We have also tested the metal
uptake of polymers. Many of our polymers
show uptake of actinides or actinide analogs
such as neodymium. Because removal of
plutonium and americium from acidic and
neutral waste streams is a significant
problem, we have synthesized a number of
polymers with ligands selective for these
species. We are also testing commercial
polymers for comparison.

So far, we have tested the polymers
using synthetic laboratory solutions, but we
recently began an evaluation using actual
wastewater obtained from the TA-50 Waste
Treatment Facility. In the future, we plan to
expand such testing. We will also conduct
experiments to determine the effects of pH
and the presence of other metals and ions on
the capabilities and selectivities of the
chelating polymers. Graft polymerization of
ligands to resin beads will also be pursued
because this shows promise for developing
more effective resins.
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Graft polymerized actinide-selective ligands.
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Chemical Vapor Deposition
of Diamond Films

5. M. Valone, M. Trkula, N. S. Nogar,
./. R. Laia,./. E. Anderson

The properties of diamond make it a
most useful advanced material. CVD of
diamond films is a promising technology for
defense and national security applications,
as well as industrial uses (for example,
manufacture of cutting tools and microchip
substrates). However, development of
improved film quality has been hindered by
a lack of information about the deposition
process. This project seeks to understand the
fundamentals of deposition for enhancing
film quality, increasing deposition rates,
reducing costs, and providing the founda-
tions for process control.

Our efforts this year focused on theoreti-
cal modeling of the deposition process. We
made a detailed comparison of configura-
tion interaction, local density-approximation
(LDA), and semiempirical molecular orbital
(SMO) calculations with experimental
values for the kinetic barrier to the abstrac-
tion reaction, CH4 + H —> CH, + H,.

Our results suggest that, for kinetic
studies of diamond film deposition, the
LDA method needs an improved effective
Hamiltonian and that the SMO method
needs to be reparameterized. The presence
of a barrier in the SMO methods depends
upon the chosen parameterization. An
ambiguity in the experimental value for the
activation energy was identified but has not
yet been resolved. We plan to continue
pursuing these and other modeling prob-
lems.

Results and expertise from this program
have application to existing Laboratory
programs and may also be useful in
modeling plasma-fluidized-bed reactors for
the Technology Commercialization
Initiative program.
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Results of calculating kinetic barrier to the
abstraction reaction using modified neglect of
differential overlap (MNDO) Hamiltonian.
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Results of calculating kinetic barrier to the
abstraction reaction using
PM3 Hamiltonian.

s-

Results of calculating kinetic barrier to the
abstraction reaction using LDA method.

Materials by Design for In Situ
Chemical Sensor Applications

W. H. Smith. P. H. Smith. G. D. Janinen

The field of chemical sensors is a rapidly
growing area of research with major impact
in the fields of environmental analysis and
chemical process control, including waste
stream monitoring. It is anticipated that Los
Alamos will have a major role in the
cleanup of nuclear facilities using these
sensors on hazardous waste. They will also
be significant in chemical processing and
technology transfer to other nuclear
facilities. These devices, used to convert
chemical information into electrical signals,
depend upon their coatings for sensitivity
and selectivity. We are designing and
synthesizing new reagents and polymer
coatings for remote sensor devices that
exhibit selectivity for specific anions or
cations.

We have developed a chemical receptor
for the fluoride ion that appears to be
applicable in the high-acid environment of
the Los Alamos plutonium-processing
operation. The octa-aza cryptand, OAC, is
readily synthesized, is stable in high-acid
solution, and is capable of attachment to a
polymer so it can be incorporated into a
sensor coating. Most important, it has a high
binding constant and selectivity for fluoride
over chloride.

The structure of the octa-aza cryptand appears
to be nearly perfectly "preorganized" for
fluoride binding.
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This species plot for mercury (II) system in the ratio Hg:L:CI/1:1:2 illustrates that mercury is
fully bound by the cryptand at pH=4 even in the presence of the strongly compiexing
chloride ion.

We have prepared single crystals of this
cryptand in its fluoride-free state and are
investigating ways to label it to indicate the
presence of bound fluoride.

The OAC receptor is also highly
selective for mercury(II) over other heavy
metals. We are conducting experiments to
determine whether this selectivity can be
used as an electrochemical sensor. Because
OAC is highly selective for Th(IV) over
Eu(III), it may have potential applications in
the plutonium-processing system.

In the future, we will continue synthetic
work on the OAC cryptand. We also plan to
investigate new chelaters for the nitrate ion,
based on our work with the fluoride
cryptand. Finally, we plan to conduct bench-
scale tests and demonstrations of the
concepts we have developed in our
laboratory.

Synchrotron Radiation Studies:
High-Temperature
Superconductivity Materials and
Electron Systems

A. J. Arko,./. Joyce, R. J. Banlelt, Z. Fisk,
P. Cunningham

Our objective is determining and
understanding the electronic structures of
highly correlated electron systems, includ-
ing high-superconductivity critical-
temperature (T.) superconductors and

f-electron systems. In both classes of
materials, there is ample evidence that the
narrow bands and/or electron-electron
correlations influence the bulk materials
properties. Understanding the microscopic
properties of these materials is important to
Los Alamos efforts in high-T. and other
correlated electron systems.
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YBCO (YBafu3OJ spectrum from third
Brillouin zone. The enhanced quasi-particle
peak has a simple Lorentzian shape just as
in conventional Fermi liquids.

Our measurement is ultraviolet photo-
emission speclroscopy using either tunable
synchrotron radiation or the 21.2-cV helium
resonance line as the excitation source. In
the class of high-T.'s. we find that for
YBa,Cu,Ox there is no apparent opening of
a superconducting energy gap in the Fermi
surface at T.. indicating that the surface is
not superconducting. In the higher Brillouin
zones, dramatic enhancements of ihe quasi-
parlicle peaks occur, thus facilitating the test
for the Landau Fermi liquid nature of the
quasi-particles. For Bi,Sr,CaCu,Os, a clear-
cut energy gap opens at T,, and a tempera-
ture dependent feature appears below Tt. that
may be associated with the electron-Boson
interaction. In all materials, there is a clear
shift of the chemical potential with doping.
as one expects in a Fermi liquid. In addition,
electron-doped materials show good band
dispersion.

In heavy fermion materials, we find
substantial disagreements with the prevail-
ing theory of photoemission, the single
impurity Anderson model. This model
predicts the location and width of a Kondo
resonance in the spectrum that sirongly
renormalizes with temperature. Our results
show that there is no temperature depen-
dence, line shapes and widths are much
broader than predicted, valence remains
constant, and spectral weight is independent
of the Kondo temperature. Therefore, the
single impurity theory does not apply to the
photoelectron spectra of heavy ferniion
systems in its present form.
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Synchrotron Radiation as a Probe
to Examine the Structure of
Materials and Interfaces

A. J. Arko, S. D. Conradson, J. Joyce,
R. J. Bartlett, P. Canfield, M. Sagurton,
A. R. Bishop; G. Brown (Stanford U.)

Our goal is to try to probe the electronic
and crystallographic structure of materials
and interfaces, especially transition metal
oxides, using photons produced by synchro-
tron radiation. Information gained about the
microscopic properties of these materials
complements other Laboratory efforts at
determining macroscopic properties in
correlated electron systems and has already
helped to channel some programs in more
fruitful directions. The project consists of
two parts: angle-resolved photoemission
measurements and x-ray absorption fine
structure.

Photons in the vacuum ultraviolet range
were used for angle-resolved photoemission
and determination of electronic structure.
We performed measurements on insulating
oxides (antiferromagnetic Mott insulators),
namely NiO and MnO, to ascertain how
much of the electronic structure can be
described within the one-electron picture.
Our results agree remarkably well with this
picture, and we have even been able to
determine the structure obtained from
folding of the bands due to the antiferro-
magnetic energy gaps.

Because x-ray energies can be used to
determine the position of atoms in a
material, we measured x-ray absorption fine
structure on a variety of materials as
functions of temperature or composition.
Using a procedure we developed to
determine interatomic potentials from this
data, we concluded that, for the HTSC, the
axial-oxygen sites exhibit a double-well
structure that is associated with the super-
conductivity. We have also clarified the
potentials of a small cluster of platinum and
its alloys with first-row transition metals.

Optical Spectroscopy of
Localized States in Solids

A. Migliori, D. S. Moore, K. A. Peterson,
N. R. Greiner

Our work is concerned with vibrational
energy transport and storage. Specifically,
we are studying one of the more complex
effects associated with the localization of
vibrational energy that could occur if the
energy-spreading effects of dispersion and
the energy-concentrating effects of
anharmonicity combine to produce new
stable modes of vibration.

The energy required to break the first
bonds in an explosive appears to be higher
than the energy available in thermal
reservoirs accessible to the system.
Therefore, some energy-localization
mechanism is required to explain detona-
tion. Using a very high-power nanosecond
coherent anti-Slokes Raman spectroscopy
(CARS) system, we were able to measure,
for the first time, the spatial and temporal
extent of a Raman mode in 1-alanine.
Results to date are not conclusive about the
occurrence of localization, and we are
continuing to study the lifetimes of the
mode.

For the first time, we used the new
CARS system to measure the lifetimes and
the spontaneous Raman spectrum of PETN.
We also attempted to reach the damage
threshold of single-crystal PETN and to
observe changes using Raman spectroscopy
and a time-resolved, mass spectrometer
system. By tuning the CARS system on and
off the frequencies of low-lying modes, we
could determine the importance of these
modes to the initiation of detonation.
Results this year fell short of the damage
threshold but showed that the system does
work.

In future work, we plan to use slapper
detonators to enable us to calibrate the
system by observing real detonation
products with the mass spectrometer. Then
we can use damage-producing power levels
to creep up on the detonation threshold with
the CARS system while observing gradual
changes in the mass spectrum output.

Electronically Correlated
Materials at Ambient and
Extreme Conditions

J. D. Thompson, P. C. Hammel,
R. H. Heffner, G. H. Kwei, A. Lacerda,
G. Spam, Z. Fisk, J. L. Smith

Our research seeks an in-depth under-
standing of the many-body ground state in
correlated electron systems. Electronic
correlations dominate Ihe physics of spin-
and charge-density waves, metal-insulator
transitions, mixed valence, heavy electrons,
polorons, and spin fluctuations. These
unique behaviors are found in materials
ranging from low-dimensional organics and
linear-chain compounds to transition-metal
oxides, rare earths, and actinides. Study of
strong electronic correlations is at ihe
forefront of world-wide research in con-
densed matter physics.

To achieve a better understanding of
strong correlations, we are mounting a
coherent experimental effort coupled closely
with strong theoretical work. While
focusing on heavy-electron systems as
prototypes, our research stresses the
commonality of many-body effects found in
a variety of materials. Especially significant
is studying the response of these materials
to extreme conditions of high pressure, high
magnetic fields, and very low temperatures.
These conditions allow us to "tune" many-
body interactions and the relationships of
competing interactions, thereby allowing
unique insight into the ground states.

Our research is important to a number of
Laboratory programs. We provide a
scientific and technological base for existing
research on actinides and other strongly
correlated materials. In addition, research
into HTSC and linear-chain compounds is
based upon models that incorporate
electron-electron correlations and many-
body interactions. Finally, we seek to keep
the Laboratory at the forefront of experi-
mental solid-state physics, to enhance its
competitive stature nationally and interna-
tionally, and to expand interactions with the
University of California.

We are applying a number of techniques
to specifically selected heavy-electron
materials. Fundamental thermodynamie and
transport characterization experiments are
used to elucidate the ground-state properties
of correlated systems. Studying electronic
transport properties under extreme condi-
tions of pressure and magnetic field enable
us lo determine the effects of competing
interactions. Nuclear magnetic resonance
(NMR) and muon spin resonance experi-
ments enable us to probe the underlying
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magnetic interactions responsible for the
correlated ground state. Photoemission
spectroscopy (PES) lets us probe how
correlations modify the electronic band
structure of many-body systems. Finally, we
use x-ray and neutron-scattering techniques
to study the crystallographic parameters,
magnetic structures, and spin dynamics
present in heavy electronic systems.

To date, we have made progress in a
number of areas. Neutron-scattering
experiments on Ce,Bi4Pt3 enabled us to
discover the first example of a gap in the
spin-spin correlation function of a cerium
mixed-valent compound. We have also
performed neutron diffraction and high-
pressure inelastic diffraction studies on this
compound. Our results for temperature-
dependent resistivity are consistent with a
mixed-valence interpretations for Ce3Bi4Pt3

We have measured the pressure-
dependent resistance of the ferromagnet
YbNiSn, and our results illustrate the
competition between Kondo and magnetic
interactions. This is the first ytterbium-
based system where this competition has
been demonstrated.

We have studied the pressure depen-
dence of T. in KjC^ and Rb3C6O, as well as
magnetic susceptibility and penetration
depth. Results suggest that the coupling
mechanism for resides in the Cw "mol-
ecules."

Using specific heat and magnetoresis-
tance, we have characterized a large number
of new materials produced as part of the
Basic Energy Sciences New Correlated
Electron Effort. The most interesting
material is YbBiPt, the heaviest electron
system yet found. We plan to study this
unusual compound in more depth during the
coming year and to continue testing new
correlated materials as they are produced.

We have developed a new NMR pressure
cell and devised a new pressure gauge to
allow pressure versus temperature determi-
nation. Preliminary NMR measurements on
UBe|3 xBs show the unusual electron mass
enhancement that occurs with boron
substitution.

PES was used to examine the features
associated with the Kondo effect. Our
experiments suggest that previous interpre-
tations of PES spectra may need to be
reconsidered because PES may not be
sensitive to the many-body Kondo interac-
tion.

Our future plans also include performing
high-pressure transport measurements on
YbBp and the heavy-electron ferromagnet
U,Zn|7 to explore the competition between
Kondo and magnetic correlations. We shall
also continue our studies with neutron

diffraction, inelastic neutron scattering,
PES, and NMR.

Our goal is to establish a coherent
description of known ground states found in
heavy-electron materials, which will help us
understand many-body effects in a broad
spectrum of correlated electron systems.

Many-Body Effects in
Strongly Correlated Materials

R. C. Albers, K. Bedell, B. Brandow,
R. N. Silver

The main objective of this project is to
extend old and develop new many-body
techniques for strongly correlated materials.
This novel class of materials has many
unexpected and extraordinary properties and
is likely to play a major role in
advanced high-technology electronic
materials in the future. Our work is relevant
to important research programs in HTSC
and correlated electron theory, both within
and outside the Laboratory.

To understand strongly correlated
materials and to be able to design them, we
must understand the microscopic origins of
their novel physical properties. Achieving
this understanding pushes cunent method-
ologies to their limits, so it is important to
develop new many-body techniques.

In the past year, we obtained a break-
through by applying new image-enhancing
techniques, based on maximum entropy
concepts, to extract subtle information
buried in quantum Monte Carlo simulations.
Our work focused on determining the
dynamical behavior of the Anderson model
for dilute magnetic alloys. We developed
methods for determining the eigenvalue
spectra of the mega-dimensional lattice
Hamiltonians from modified moment
(polynomial) data and developed a maxi-
mum entropy method for such moment data.
Both methods dramatically reduce compula-
tion cost and increase the accessible system
sizes, as compared with exact diagonaliza-
tion approaches.

A new and potentially very exciting
development has been a demonstration that
the ideas of quantum statistical mechanics
may be applicable to the real-world problem
of statistical inference from noisy and
incomplete data. In fact, this method may
supplant current maximum entropy and
Bayesian methods, opening up a broad new
domain for the application of quantum
many-body methods.

We have developed a new approach for
building correlation effects into first-

principles, local-density-approximation
(LDA) methods. We have tested this
method on the transition-metal fejTomagnets
(iron, cobalt, and nickel) and have obtained
better agreement with experimental data
than conventional LDA for various proper-
ties: effective masses, x-ray photoemission
spectra, and results derived from angle-
resolved photoemission spectra.

The limits of LDA electronic structure
calculations have been explored by compar-
ing theoretical predictions with experimen-
tal x-ray PES spectra of moderately
correlated actinide materials- Our results,
with some of the experimental work,
suggest that crystal structure may p!ay a role
in strongly correlated materials.

We have used two-band, induced-
interaction models to understand heavy-
electron properties. We have also developed
a phenomonological description for
magnetic and insulating heavy-fermion
compounds, and our model agrees with
experimental data on these materials.

We have explored the microscopic basis
and possible breakdown of Fermi liquids
and alternate possibilities, such as marginal
Fermi liquids and Luttinger liquids. We
have also studied the problem of a heavy
hole in a metal, which is important for
doped semiconductors. To approach this
problem, we have developed a linearized
version of parquet diagrams, which turns the
problem into a set of coupled linear integral
equations.

We have carried out quantitative studies
of leading-order corrections to a Gutzwiller-
type approximation for the total energy,
quasi-particle spectrum, and pairing
interactions in the cuprate superconductors.
Finally, we have studied the effects of
incorporating various realistic band-
structure features for a CuO, plane into the
simplified model Hamiltonian we have been
using.

In the future, we plan to extend our work
with the quantum-Monte-Carlo, maximum-
entropy approach to include the asymmetric
Anderson model, the two-impurity Ander-
son model, the Hubbard model, the x-ray
edge singularity problem, and their dynami-
cal susceptibilities. We are also considering
ways of using Bayesian and maximum-
entropy methods of statistical inference to
address other important problems in
numerical many-body theory. We will
continue the work discussed above with
marginal Fermi liquids, heavy-fermion
insulators, magnetic heavy-fermion systems,
and lattice and parquet diagrams.
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Microscopic Materials Modeling:
Textures and Dynamics

A. R. Bishop, P. S. Lomdahl, R. A. LeSar

To study the relationship between the
microscopic properties of materials and
their macroscopic response, it is necessary
to investigate structures intermediate
between the two, such as dislocations and
domain walls. In this project, we apply
techniques developed in nonlinear science
and massively parallel (Connection
Machine) computing to study mesoscopic
textures and their dynamical consequences
in the areas of condensed matter and
materials science.

We have focused our work on four
distinct areas during this past year. They are
(1) surface growth modeling, including
dynamics of spiral growth, inhomogeneous
nucleation, and surface smoothing;
(2) textures and dynamics in martensitic and
elastic materials, including twinning
textures and structural phase transitions;
(3) vortex and domain wall textures and
their interactions and dynamics in ordered
and disordered two-dimensional magnets;
and (4) vortex and domain wall textures in
ordered and disordered two-dimensional
arrays of Josephson junctions.

We plan to use these nonlinear tech-
niques and new algorithms suited to
advanced real-time grapltics for the study of
collective structures, mesoscopic (multi-
lengthscale) patterns, and associated (multi-
timescale) dynamics occurring in materials
science. We will continue to emphasize
applications to surface growth, elastically
transforming materials, layered magnets,
and Josephson-junction flux lattices.

Materials Theory

./. E. Gubernatis, R. N. Silver, D. S. Sivia;
M. Jarred (U. of Cincinnati)

The objective of our research is to use
quantum-simulation techniques to study the
physical properties of novel materials that
are influenced by many-body effects
involving strongly interacting electrons.

A problem in quantum Monte Carlo
simulations has been extracting dynamical
information from the data produced by the
simulation. We solved this problem last
year, and this year we improved our
procedures and extended our range of
applications.

In particular, we were able to calculate
the impurity-state spectral density and
dynamic magnetic susceptibility of the
single-impurity Anderson model by
regularizing the problem with the

maximum-entropy method. Having deter-
mined the spectral density, we calculated
the resistivity and thermal conductivity of a
dilute magnetic alloy. For the first time, we
confirmed the experimentally observed fact
that these physical properties are also
universal functions if temperature is scaled
by the Kondo temperature.

We advanced our statistical control
procedures, enabling us to reduce our
computer simulation time by a factor of 10.
We also began simulations of the asym-
metric Anderson model for studying the
PES spectra of mixed valent materials,
models of x-ray emission, and absorption
spectra.
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The universal resistivity curve calculated by quantum Monte Carlo for symmetric
single-impurity Anderson model as a function of temperature T scaled by the Kondo
temperature TK.
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Resonant Ultrasound
Spectroscopy Investigation
of Materials

A. Migliori, W. M. Visscher, M. Lei, Z. Fisk,
T. Bell, P. A. Johnson, T. J. Shankland;
R. G. Leisure (Colorado State U.);
L. J. Sham (U. of California at San Diego);
H. R. On (ETHISwitzerland)

Our objective is to use resonant ultra-
sound spectroscopy (RUS) to measure the
mechanical resonant frequences of oriented
single crystals cut along the crystallographic
axes. This technique can be used to
determine all the elastic moduli of very
small samples with high precision. RUS is,
therefore, an ideal tool for measurements on
high-superconductivity T. superconductors,
alloys, composite metals, and minerals.

This research is important for three
reasons. It is often the only usable ultra-
sonic method for difficult-to-grow crystals,
it rapidly diagnoses work on high-strengh
textured materials and plastically deformed
alloys, and it can measure the Earth's
mantle materials to increase our knowledge
of seismic-wave propagation.

Our project involves both development
of the RUS technique and research into
certain areas for which the technique is
uniquely suited. This year, we significantly
improved our electronic capabilities by-
constructing our own digital fast-slew
frequency synthesizers based on a new chip
and used a board-level coherent detection
scheme to replace our commercial digital
voltmeter. We also made improvements in
our resonant ultrasound system and
modified the algorithms used to determine
moduli from frequencies. This has given us
the most accurate method of measuring
elastic moduli ever developed.

We have used RUS to research a wide
variety of high-T, superconductors, YbAs
and other heavy-fermion-related materials,
phase boundary and attenuation in rare-earth
hydrides, metallic glasses, and geologically
derived perovskites. This research is
ongoing. An area of special interest is
superconductivity and structural phase
transitions in high-T. systems. Our work
has resulted in several patent applications
for measurement and diagnostic tools with
defense and commercial applications.

Center for Materials Science

D. M. Parkin

The mission of the Center for Materials
Science (CMS) is to enhance the contribu-
tions of materials science to the
Laboratory's defense, energy, and scientific
missions and to build for a future of
sustained excellence in materials science.
The CMS is at the center of a growing and
active intellectual community in materials
science whose interests extend from basic
research in condensed matter physics to
applied materials research.

Our work has included research on thin
films, tribology, interfaces and other defects
in materials, the measurement and modeling
of texture development, and the electronic
structure of transition metal rare-earth and
actinide materials.

Thin Film Studies
This project seeks to develop fabrication

techniques for producing hybrid
superconductor-semiconductor devices. The
high temperatures required to grow good
quality high-temperature superconducting
material cause diffusion of silicon (Si) from
the substrate into the superconducting film.
To prevent interdiffusion, buffer layers must
have the proper chemistry to minimize
reactions at the interface and matching
crystallography to allow epitaxial growth.
We have studied a wide variety of films,

substrates, deposition techniques, and buffer
layers.

A new insulating buffer layer, CeO,, can
be used between ytlrium barium copper
oxide (YBCO) and Si because of its
chemical stability and close lattice match
with silicon. The CeO, that is deposited by
electron beam evaporation in an oxygen
environment grows on Si(100) in the (310)
orientation and has proved to be a suitable
substrate for deposition of a-axis-oriented
YBCO. The figure below shows (he grain
structure of a YBCO film on a buffer layer,
obtained by scanning tunneling microscopy.
The film is completely a-axis oriented, with
a high degree of texturing indicated by the
few 90° in-plane-oriented grains. Our work
will enable us to make uniform controlled
junctions for various device applications.

Tribology
Tribological studies focus on improving

the mechanical properties of materials
important for defense and energy applica-
tions. Tribological and surface mechanical
properties of metallic and ceramic sufaces
have shown marked improvements follow-
ing ion and excimer laser beam treatments.
Early research into ion-beam processing
focused upon ion implantation and showed
that dual ion implantations of titanium and
carbon into steel produced increased wear
resistance and reduced friction. These
improvements are attributed to the chemical
changes and amorphous structure that
evolve during the implantation process.

Grain structure of YBCO film on CeO, buffer layer.

Los Alamos National Laboratwy/l.DRD FY 19')1 Progress Repoii/l.A-123191'R 1 1 7



Recent experiments examined the
properties of melastable alloys produced by
the ion and laser beam mixing of a Fe/Ti/C
multilayered structure. This structure was
ion-mixed on a stainless steel substrate with
400-keV Xe" or 380-nm photons. The
surface modification processes resulted in a
reduced friction coefficient and improved
wear properties compared to untreated
stainless steel. Differences in wear rate on
treated surfaces seem to correlate not only
with hardness but also with surface chemi-
cal interactions at the sliding interface.

Interfaces and Other Defects in
Materials

Internal interfaces play a critical role in
the physical and mechanical properties of
ceramics and have been widely studied.
Interfaces are of two main types: inter-
granular (or homophase) boundaries, in
which there is only an orientation change,
and interphase (or heterophase) boundaries,
in which both structure and orientation
change across the interface. There may be a
special orientation relationship, as in
epitaxially grown structures, or no orienta-
tion relationship at all, as in ceramic-
ceramic composites. In both types of
boundaries, segregation of impurities and
boundary phases are common.

This year we studied interfaces on SiC
substrates, using the powerful technique of
transmission electron miscroscopy (TEM).
Interfaces of CVD Si,N4 on (111) SiC

single-crystal substrates were examined by
TEM. We discovered that there are two
orientation relationships, and that the Sî N^
and SiC are continuous up to the interface
with no intermediate phases. We have
proposed possible atomic models of the
interface based upon our experimental
findings.

We also obtained an atomic model of a
silicon carbide/silicon oxynitride interface
by high-resolution electron microscopy (see
figure below). Covalent bonding require-
ments can be met by forming [SiC,N]
tetrahedra at the interface, but further
reconstruction is needed to remove dangling
bonds. Such interfaces are important in
ceramic-ceramic composites.

Measurement and Modeling of
Texture Development

Any anisotropy in the properties of
normal polycrystalline materials is primarily
due to texture, i.e.. preferred crystallo-
graphic orientations. A quantitative
description requires us to measure and
evaluate texture and then to predict proper-
ties for any given texture. It is also impor-
tant to predict the evolution of texture
during plastic deformation and to verify
such prediction by experiment. This year,
we have obtained results from a wide
variety of systems, from metal matrix
composites to superconductor and geologic
materials.

Atomic model of silicon carbide/silicon oxynitride interface.

Superconductors pose a challenge for
texture analysis because of their low
symmetry. Using a new approach, we have
determined a quantitative orientation
distribution for cold-pressed bismuth
calcium copper oxygen (BISCCO) powders
with an extremely strong preferred orienta-
tion. We studied spurious peaks in pole
figures from YBCO thin films, and attrib-
uted these to diffraction on the substrate
from continuous radiation; they disappear
with truly monochromatic radiation. We
also obtained a quantitative relationship
between deposition temperature, texture,
and critical temperature of YBCO laser-
deposited films.

Texture development during plastic
deformation for single-phase materials has
been well modeled. Additional effects occur
in composites of more than one phase, one
of which is the flow of soft materials around
hard inclusions. We investigated this both
by computer modeling and by an experi-
mental study of copper polycrystals with
embedded tungsten wires. Significant
rotations occur in these locally changed
flow patterns because of the observed lower
intensity of deformation textures in the soft
matrix of a two-phase material as compared
to the matrix material in a single-phase
configuration.

Electronic Structure of Transition
Metal, Rare Earth, and Actinide
Materials

We are investigating the electronic
structure and related properties of materials
in conjunction with experimental Depart-
ment of Energy programs at the Laboratory.
We seek to compare and understand trends
in transition metal (TM) systems, as well as
the more complicated f-electron materials.
For example, the equilibrium volume, bulk
modulus, and cohesive energy show
parabolic trends with maxima or minima in
approximately the middle of the TM series.
A quantitative picture of these trends is
given by the universal bonding model based
upon local density approximation calcula-
tions.

The tetragonal shear constant (C) of the
cubic transition metals contrasts with these
clear parabolic trends. This lack of simple
parabolic behavior when the crystal
symmetry is broken has led to the belief that
there is no simple explanation of elastic
constant behavior in these systems. C" is
obtained from the curvature of the total
energy under a volume-conserving strain for
very small shears. However, the same larger
tetragonal shear transforms bec crystal to
fee crystal (the Bains path).

We have studied both small shears and
the Bains path, and results indicate that C is
related to crystal structure trends. From
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calculating the Bains path, we obtained not
only the crystal structure stability but also
its "excited" state (the bcc - fee energy
difference). C is related to the "excited"
state structure; hence crystal structure
energies determine the values of C\ which
do not show a parabolic trend. Because both
the stable and the "excited" states of the
crystal structure can be correlated with
d-band filling, it follows that crystals for
which band filling dictates a large bcc - fee
energy difference will have large C values.
This shows that the trends exhibited by the
elastic constants of transition metals can be
simply understood. We are now studying
these trends in the low-symmetry, early
actinide metals.

High-Temperature
Superconductivity Initiative

R. A. Lemons, R. K. Quinn, M. Maley,
R. Muenchausen, D. Peterson, J. A. Martin,
R. Ryan, M. M. Fowler, I. Raistrick,
D. Phillips, D. Korzekwa, P. Arendt,
K. Hubbard, R. H. Heffner, M. Hundley,
G. H. Kwei, A. R. Bishop, L. Campbell,
R. L. Martin, E. Garcia

In 1986, two researchers at the IBM
Laboratories in Switzerland verified
superconductivity in metal oxides at
temperatures above 26 K, previously the
highest superconducting transition tempera-
ture. With this discovery, the race to
develop room-temperature superconductiv-
ity began.

The discovery of high-temperature
ceramic superconductors caught the
imagination of researchers for two reasons:
(1) previous scientific understanding of
superconductivity was challenged and
(2) products that take advantage of the
speed and reliability of superconducting
technologies would have enormous
commercial potential.

The National Commission on Supercon-
ductivity recommended that the US make a
sustained and concerted effort to compete
effectively for these potential markets and
realize the enormous opportunity offered by
the discovery of high-temperature supercon-
ducting oxide materials. The High-
Temperature Superconductivity Initiative
(HTSCI) at Los Alamos is our response to
this national need. It combines a variety of
individual research projects into a special
initiative, providing strategic focus and
support that strengthens the science and
technology base needed for future and
existing HTSC programs.

Our HTSCI research is focused on four
principal interactive areas: (I) bulk materi-
als processing (2) thin film processing,
(3) theory development, and (4) experimen-
tal physics and characterization.

Bulk-materials-processing research is
developing a basic materials science
understanding of the process variables
involved in forming high-temperature
superconducting wire and tape conductors.
We are comparing the relationships of the
variables to the final composition of a
conductor, to its mechanical and physical
properties, and to its superconducting
performance.

Processing the mixed-metal oxides into
conductor-configured states that retain good
superconducting properties is a significant
challenge. One method of processing is
depositing thick films onto wire- or tape-
like substrates through vapor deposition or
solution. Most of our progress in this area
has been in the later stages of processing,
including melt-processing and microstruc-
tural refinement of the deposited films. We
have learned that postfabrication thermal
processing is a key factor; understanding the
relationships among the components and
substrates is crucial to understanding why
melt processing improves the superconduct-
ing performance of a tape or wire.

In our thin-film processing research, we
are examining the process parameters for
forming high-temperature superconducting
thin films on single-crystal and polycrystal-
line substrates. As in our bulk-materials-
processing research, we are comparing the
process variables to the final composition,
mechanical and physical properties, and
superconducting performance of a product.

We are close to developing applications
for thin-film, high-temperature supercon-
ductors, particularly in the area of high-
frequency passive devices such as micro-
wave filters, resonators, and delay lines. The
critical issue for thin-film superconductivity
that we are investigating is the routine and
reproducible fabrication of high-quality thin
films that will further our understanding of
thin-film growth, structure, properties, and
performance.

Our theory development activities focus
on two areas: microscopic theory and
phenomenological theory- Research in
microscopic theory develops mathematical
models that simulate the underlying
electron-pairing mechanisms responsible for
high-temperature superconductivity. By
providing a fundamental understanding of
these systems, microscopic theory can help
to interpret experimental studies, such as

PES, NMR spectroscopy, and inelastic
neutron scattering data as researchers apply
them to high-temperature superconducting
materials. From the interplay of theory and
experiment, we expect improvements in
current materials guides to synthesizing new
high-temperature superconducting materi-
als.

We are focusing our phenomenological
theory research on describing ihe fields and
currents in superconducting materials at
macroscopic levels without depending on
particular microscopic mechanisms. The
principal efforts in this area are modeling
flux lattice properties to understand the
structure, mobility, and intrinsic and
extrinsic pinning of the lattice.

Next year, we will focus our research in
four key areas: (1) the microscopic mecha-
nism of superconductivity in HTSC
materials; (2) the pinning of the magnetic
flux in HTSC materials and the relationship
between the pinning and the material
structure; (3) the control of the chemical and
electrical properties of interfaces between
HTSC and other materials; and (4) the
dependence of the current-carrying capacity
of bulk superconductors on the synthesis,
processing, and fabrication conditions.
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Mathematics and
Computational Sciences Overview

H. M. Ruppel

The LDRD process supports a broad range of
research activities in the area of Mathematics and Com-
putational Sciences(MCS). Much of our program focuses
on developing tools for a new generation of massively
parallel supercomputers. Beyond our supercomputer
effort is a broader thrust. We are committed to a balanced
effort that includes applied mathematics, computer
science, algorithm development for the numerical solution
of partial differential equations, visualization tools, and
research in computer networks.

We commit considerable resources to the study and
application of massively parallel architectures. Large
production codes can be run efficiently on massively
parallel architectures with the potential for significant
increases in computing power. It is within the scope of
their original charters that the Advanced Computing
Laboratory (ACL) and the Numerical Laboratory explore
and take advantage of the new paradigms.

The centerpiece of the ACL is the Connection
Machine CM-2 supercomputer. The ACL supports an
extensive research effort and a visitor program, which
complement the acquisition of this state-of-the-art
supercomputer. Our program enhances the Laboratory's
ability to take advantage of a broad spectrum of experi-
mental architectures and modern techniques in scientific
computation. The Numerical Laboratory, focusing on
areas that take advantage of expertise developed in the
nuclear weapons program—three-dimensional fluid
dynamics, transport, and scientific visualization—success-
fully merged creative efforts in new algorithm develop-
ment with the latest architectures. These larger initiatives
were part of the LDRD MCS program.

In addition to substantial computational science
initiatives, we support many individual investigators and
small teams of scientists who explore facets of the pro-
gram relevant to the Laboratory's technical base. A major
goal is to develop the tools for a broad spectrum of
applications in both two and three dimensions by applying
massively parallel architectures to hydrodynamic models.
Frequently, in problems that include complex fluid flows,
it is important to model the equations that simulate the
behavior of neutrons in the fluid background. We devel-
oped a novel transport formulation that is much more
compatible with massively parallel computer architec-
tures than with standard approaches. This model solves

multigroup neutron-transport equations in a three-
dimensional, multimaterial, arbitrarily connected, tetra-
hedral mesh.

We have been very successful in developing ap-
proaches that can take advantage of the nearest-neighbor
strategy and optimize running speed on the massively
parallel CM-2 supercomputer. We modified the data
structure of the three-dimensional, multimaterial
PAGOSA code. In the modification, only a relatively small
number of material slots need to be carried for each
computational cell, even for important practical applica-
tions that involve 15 or more materials. This effort is
pointed toward the CMS, a computer that is expected to
achieve a running speed 20 times faster than the running
speed of the CM-2.

To assist Laboratory and national interests in the
Human Genome Project, we developed methods to aid in
genome mapping; in particular, we developed the capa-
bility to take overlap data and produce the most likely
map candidates. We applied this capability to research on
the autoimmune deficiency syndrome (AIDS) virus, a
problem of international importance. To characterize the
variability of the virus sequence, we adapted methods of
information theory, including new-information theoretic-
measures. Preliminary results indicate that we can
identify functional sites in the virus sequence and shed
light on wildly variable regions. The sequence variations
reveal a structure that seems linked to function.

Understanding the nature of nonlinear systems and
forecasting their behavior is critical to successful pro-
grams in modeling and control. We acquired data on
several time series that are of central importance to the
Global Climate Change program. One of these time series
is ice volume over the last Wo million years, as measured
from ocean cores. Our preliminary analyses of these data
clearly demonstrate the nonlinear nature of the Earth's
response to variations in the Sun's heat. We intend to
extend this study to examine other time series relevant to
global climate change, including pressure and tempera-
ture data on El Nino, rainfall data, and other ocean core
data.

Our goal is to peiform research that we believe will
have a large impact on the scientific community and on
Laboratory programs. Our accomplishments in the
previously mentioned LDRD-sponsored research demon-
strate diversity of effort. They also reflect the excellence
of our broad spectrum of initiatives and their importance
to the Laboratory's technical base and to solving prob-
lems of national interest.
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Neural Networks for Control

S. K. Brown, S. Bowling, H. E. Gibson,
W. C. Mead, C. W. Barnes,.!. R. GouUing,
R. D. Jones, Y. C. Lee

Neural networks provide •! mechanism
that can formulate an adaptive model for a
process imder study. However, in the past,
the use of such a network was constrained to
processes that were not limited by the need
to respond in real-time to changes in
operation. This was due to the networks'
typical formulation. Recently, advances
both in the speed of computer hardware and
in the formulation of the networks have
dramatically decreased the time required to
formulate a model. Thus, the use of neural
networks in real-time control systems
becomes a valid option.

The object of this research was to
demonstrate the usefulness of neural
networks as part of a control system for the
Discharge Test Stand, one of Los Alamos'
negative ion beam systems. Tuning and
optimizing the ion beams are important
processes in accelerator experiments; an
automated control system would allow
researchers to conduct experiments more
easily and accurately.

In the beginning of this project, we had
little quantitative information about the ion
source. Our early research uncovered
several characteristics of the ion source that
complicated construction of the control
system, including large, mostly unmapped
control space; complex relationships
between diagnostics and required control
actions; nonlinear responses: multiple
operating modes with strong history
dependence; substantial drifts with operat-
ing and maintenance cycles: strong transient
response to many control changes; and
relatively long settling times.

In spite of these challenges, we devel-
oped a controller that is currently on line
and adaptive and responds correctly to the
ion source. Key components of the control-
ler are the operator interface, which informs
the operator and allows for manual interven-
tion; the "instinct" module, which handles
basic data acquisition functions: the
database module, which stores, retrieves,
and updates operating data; and the artificial
neural network module, which predicts
regions of good operation.

Our controller solves the problem of
optimizing and maintaining beam quality
from the point of first arc-strike to optimal
operation. An example of the controller's
response can be seen in the figure, which
shows the results of six optimization runs
usine the controller. The six resultant ion

beam waveforms are superimposed to show
the repeatability of the optimization. Also
included is a single waveform for compari-
son.

An overlay of six optimized beam current
waveforms (a) and a single waveform for
comparison (b).

Distributed Supercomputing
Scientific Applications Software

D. L. Brown, J. Saltzmcm

The future of high-performance comput-
ing at Los Alamos lies in the sophisticated
use of the capabilities of a distributed
computing environment. The ability to pJay
a leading role in the High-Performance
Computing and Communications Initiative
(HPCCI) will depend critically on our
ability to develop capabilities in this area.

The objective of this project was to study
and develop computational research tools
for the scientist or engineer within a
distributed supercomputing environment.
Specifically, our goal was to develop
software that provides a high-level graphics
link between a powerful supercomputer
and a flexible and sophisticated user-
workstation interface.

We implemented interfaces for two- and
three-dimensional fluid dynamics applica-
tions with developments in four areas.
Simple Interface (SI), a Unix socket-based
interface that allows color raster images of
ongoing fluids computation on a
supercomputer to be viewed on a worksta-
tion, was developed and then expanded to
allow full two-way communication between
workstations and supercomputers. An
interactive Unix socket-based, three-
dimensional interface for the grid generation
program CMPGRD was developed for
workstations, allowing the user to interac-
tively manipulate and view three-

dimensional composite overlapping grids
during the grid-construction process. The
Volumetric Ray Tracing visualization tool
was developed as a powerful way to
generate useful images of complex three-
dimensional data then extended to accom-
modate the complex data structure require-
ments of adaptive mesh refinement fluid
calculations. A high-speed disk was
incorporated into the workstation network
environment to buffer the large amounts of
data produced by three-dimensional
hydrodynamics codes.

The experience obtained from this
investigation and the supercomputing
applications and interfaces developed will
provide models for future scientific software
development within and outside Los
Alamos.

Applied Combinatorial Analysis

V. Faber

Researchers in physics, chemistry, and
biology are looking for solutions to complex
problems. Researchers at Ihe Laboratory are
applying combinatorial analysis, the
mathematical study of combinations, lo
problems in areas as diverse as human
genome mapping and parallel computing
environments. Combinatorics is a tool that
can provide a technical base for scientists
who are looking for solutions to computa-
tional problems in many fields.

Solutions to global communications
problems require the most efficient com-
puter networks possible. In addition to
finding 10 new optimal networks, we have
developed a method for finding optimal
networks from among a given universal
class.

Working on the human genome requires
recognition and manipulation of interval
graphs, which result from breaking a long
string of objects, like a chromosome, into
smaller pieces for analysis. We have
developed code that can augment graphs
that have some parts missing; the resulting
graph can then be recognized by our other
codes.

We are also building a toolbox consisting
of an extremely large number of algorithms,
which we use to check ihe validity of
various combinatorial conjectures. We have
checked approximately 200 conjectures to
date and determined that 43 are false and 5
are true.

Our efforts in cluster analysis have been
directed primarily at image processing. We
received a patent for our fast method of
compressing high-resolution color images
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into lower-resolution images with minimal
distortion. With this method, we can
compress a wide range of data such as
fingerprints, underwater maps, documents,
and the output of global climate models.

During the next year, we will continue
research in each of the areas mentioned
above and include an outgrowth of our
human genome work that relates to image
processing.

Distributed Parallel
Programming Tools

D. W. Forslund, C. A. Wingate, J. S. Junkins

Because of the explosion in microproces-
sor technology, a revolution in the way
computing is done is underway. To utilize a
heterogeneous environment of high-
performance workstations and
supercomputers, new software tools are
needed to simplify the complex task of
writing distributed applications. Our goal
has been to analyze the use of
multicomputers for parallel computations, to
develop simple methods of building
distributed concurrent software, and to use
the resulting software tools to implement
numerical methods that can take advantage
of parallel computation.

This project has developed a parallel-
programming environment for scientific
applications using available distributed-
programming tools. We have demonstrated
nearly linear speedup on a small number of
workstations, distributed computing over
higher-speed networks, and created an
object-oriented approach for communicating
between distributed processes. We have
evaluated several distributed toolkits
developed around the country and have
become a resource for this information for
Los Alamos and other research centers
around the country.

The capabilities we develop in this
project will enable us to be a major con-
tributor to the Numerical Tokamak Grand
Challenge being proposed to the Depart-
ment of Energy (DOE) because we repre-
sent the computer science part of this Grand
Challenge for the entire fusion community.

Mathematical Behavior of Finite
Dimensional and Stochastic
Behavior of Nonlinear Partial
Differential Equations

P. S. Hagan, O. D. Holm

Our overall research goal is to develop
effective mathematical and computational
tools for analyzing low-dimensional and
stochastic behaviors of nonlinear partial
differential equations (PDEs) involved in
turbulence modeling, nonlinear optics, and
statistical and solid-state physics.

Turbulence is a key consideration in the
Laboratory's weapons programs. Our
approach has real potential for developing
fast, robust algorithms for computing large-
scale coherent structures in turbulent flows.
In nonlinear problems, the objective of a
solid mathematical analysis is to obtain a
full understanding of the nonlinear phenom-
ena contained in the equations. Our
approach to nonlinear optics establishes a
common analytical framework for investi-
gating and developing both turbulence and
nonlinear optics.

Our research has resulted in a new
rational derivation of the slowly varying
envelope approximation and the rotating-
wave approximation for the Maxwell-
Schrodinger equations; new characteriza-
tions of the phase-space geometry; the
finding that electrons and holes in semicon-
ductors obey a new set of equations that
remain valid regardless of the electric field
strength; and derivation of a robust first
moment model, which in the context of
semiconductor physics predicts that electron
shock waves do not exist.

Our plans are to investigate perturbation
effects of mode competition on a
superfluorescent medium in an optical
resonant cavity and determine the initial-
condition regimes in which chaos occurs; to
develop new numerical algorithms to solve
practical kinetic and transport theory
problems; to develop half-range analysis for
scattering operators that are not positive-
definite; to develop analytical and/or
numerical methods for resolving boundary
layers with integral scattering operators; to
investigate simple families of stochastic
PDEs using singular perturbation analysis;
and to investigate the renormalization group
approach for stochastic PDEs that admit
rigorous treatment.

Distributed Interactive Graphics
Server and Visualization
Environment

C. Hansen

Increasingly, scientists are relying on
massively parallel computing environments
for researching complex problems. To
visualize their results, scientists either take
the approach of centralized graphics with
high-speed networking transporting raster
images or utilize color workstations with
accelerated graphics in a decoupled
postprocessing fashion. Neither of these
approaches uses the full hardware capacity
of a highly networked computing environ-
ment.

This research seeks to best use of Los
Alamos' computational facilities in the
Advanced Computing Laboratory (ACL) by
rethinking traditional methods of providing
graphics. The nev, model distributes
graphics and data-interpretation capabilities
to localized hubs of computers throughout
the networked environment. In this model,
hardware capabilities are used more
extensively, and the high-speed network is
used more effectively to transport data
instead of images.

In developing this model, we are
investigating three objectives: graphics
algorithms on massively parallel architec-
tures, the distribution of graphical rendering
necessary for visualization, and high-level
tools that can manipulate user data for
visualization.

During the past year, we have created a
prototype visualization tool for the ACL's
CM-2 (Connection Machine) that effec-
tively uses the hardware's parallel capabili-
ties. In conjunction with this tool, we have
developed a distributed viewer that commu-
nicates with the CM-2 while interactively
rendering the images on the SGI. In
addition, we have worked closely with SGI
and IBM on their new high-level toolkits,
providing input that will allow these tools to
be of greater use to researchers.

We will continue to focus on developing
new graphics systems, extending the range
of the hardware to include a new CM-5
expected in the ACL this year and VME-
High-Performance Parallel Interface
hardware as it becomes available. We will
also collaborate with companies to modify
and extend the scope of existing toolkits
while researching new toolkit concepts.
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Exploring Issues in the Design of
Multithreaded MIMD Computers

O. ivl. Lubeck, J. Moore

Large-scale general-purpose computer
capabilities support virtually all programs at
Los Alamos. Recognized expertise in
computational applications and in perfor-
mance evaluation of supercomputers brings
computer designers to Los Alamos to seek
advice on the feasibility of proposed
architectural features. This research will
enable Los Alamos to advise supercomputer
designers and to influence new architectural
directions.

The overall objective of this project is to
investigate major issues in the design of
scalable MIMD massively parallel comput-
ers, in collaboration with Cray Research.
During the course of this project, we will
develop the necessary tools and expertise to
be able to discern whether potential
architectural features are worthwhile before
they are engineered and built. By the end of
this project, we should have concrete
models and simulation data that will provide
considerable insight into the design of a
Cray-like massively parallel machine with
high performance achievable over a wide
range of applications.

Our approach has been to develop an
instruction-level simulation of a Cray
machine with additional multithreaded
features not found in current machines. We
then executed kernels of laboratory
applications using the simulator to study the
effectiveness of appropriate multithreading
strategies on these applications.

We conducted our research in three
stages: definition of the magnitude of
memory latency problems by building and
validating a clock-accurate Cray-YMP
processor simulator; investigation of the
effectiveness of static scheduling strategies;
and investigation of the addition of dynamic
scheduling strategies using the
multithreaded processor model.

We plan to continue to study the
performance tradeoffs between static
pipelining and dynamic multithreading and
the effects of variable latency on static and
dynamic scheduling techniques. We will
also study the network bandwidth require-
ments imposed by multithreading proces-

An Even-Parity/Odd-Parity
Formulation for Deterministic
Transport Calculations on
Massively Parallel Computers

J. E. Morel, J. McGhee, J. Cerutti, L. Olvey

Radiation transport plays an important
role in many technical areas, including
nuclear reactor design, controlled fusion
research, atmospheric science, and medical
imaging. Efficient modeling of radiation
transport on massively parallel machines
will allow us to take better care of our
health and the health of our environment.

Our research in this area has focused on
developing an algorithm for performing
realistic three-dimensional neutron transport
calculations on the CM-2, a massively
parallel computer in the ACL.

This year, we focused our efforts in three
areas: we sought to continually improve our
basic discretization and preconditioning
techniques; we wrote the CM-2 code in
three stages, focusing on operation,
accuracy, and efficiency; and we addressed
real problems instead of idealized situations.

We implemented an implicit time-
dependent neutron transport code with
special features that represent significant
advances for these calculations. We have
also developed, theoretically analyzed, and
implemented in the code a preconditioning
technique for accelerating its operations.
Tests to date indicate that the code is highly
efficient in the massively parallel computing
environment.

To our knowledge, no other time-
dependent Sn transport code with an
arbitrarily connected three-dimensional
mesh capability exists anywhere. Not only
have we improved the transport code on
massively parallel computers, but we have
also advanced general deterministic
transport methods.

We plan to complete the development
and testing of our current code next year. In
addition, we will begin developing a
neutronics code that uses a different kind of
three-dimensional mesh. We anticipate that
using this mesh will allow us to speed up
code calculations while losing only a small
amount of geometric versatility.

Blurred Text Reconstruction

J. M. White

Because of its recognized expertise in
deblurring images, the Laboratory is often
asked by various intelligence agencies to
deblur photographs taken in haste or under
adverse conditions. These photographs fall
into two general categories: continuous tone
images of people or objects and images of
binary objects such as line art or text. We
have had much greater success in restoring
the first type of images using conventional
restoration techniques. The goal of this
project is to develop algorithmic tools to aid
in recognizing and restoring blurred text
images. These tools will enable us to read
images of documents of vital interest to our
national defense that often cannot be
photographed again. Because of the
sensitivity of these documents, the challenge
is to develop techniques that are simple
enough for the client to learn and use in-
house.

We have demonstrated that computer
techniques can locate every occurrence of a
given letter in a blurred image. Because the
identity of the letter is unknown, some
arbitrary symbol is assigned to it. The
computer then follows the same procedure
until every letter in the document is replaced
by a new symbol. Code-breaking techniques
can then be used to decode the document.

The work on this project allowed us to
integrate the linear system tools we have
developed for image restoration with code-
breaking algorithms used in decryption. We
successfully developed a fast-clustering
algorithm to aid in the segmenting of
blurred text. This algorithm is more efficient
than traditional algorithms for fine-grain
clustering of high-dimensional data. This
algorithm also has proven useful in other
areas such as satellite remote sensing.
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Advanced Techniques in
Three-Dimensional Computational
Fluid Dynamics

J. S. Saltzman, D. L. Brown, H. E. Trease

We are developing advanced techniques
for simulating three-dimensional fluid flow
for optimal use of supercomputers and
massively parallel computers. Complex
flow details are accurately represented with
grid-generation techniques like composite
overlapping grids for geometry and
hierarchical adaptive grids of both struc-
tured and unstructured type for local
phenomena within the flow. During FY91,
we made advances in difference approxima-
tions for three-dimensional flows involving
complex geometries and multiple materials
and in adaptive mesh refinement (AMR)
algorithms and codes on the Connection
Machine. Many Los Alamos programs and
several of the grand challenges of the
HPCCI require effective computational
algorithms for complex three-dimensional
fluid flows. For example, composite
overlapping meshes, representing ocean
bottom topography, can improve the ocean-
modeling aspects of the Global Climate
Change program.

During FY91, we extended Godunov
finite difference technology to the compos-
ite overlapping grid (CMPGRD) frame-
work; developed a method, using the
CMPGRD technique, for computing free-
surface shapes caused by the motion of
submerged objects; and developed a
CMPGRD-based shallow-water equation
model, using a singularity-free coordinate
system, for spherical geometry. We also
developed and implemented a multimaterial,
three-dimensional, AMR method; developed
and implemented a new two-dimensional
AMR algorithm for the Connection
Machine; and demonstrated the proof-of-
principle of an AMR scheme in the three-
dimensional version of a free-Lagrange
code to resolve subgrid cyclogenetic
phenomena resulting from global atmo-
spheric circulation.

Even with currently available
supercomputers, memory and central
processing unit speed are still important
limitations. Thus, an important objective in
fluid dynamics calculations is making
optimal use of limited resources, a goal that
this project directly addresses. Numerical
techniques for finding solutions to the
PDEs describing fluid dynamics are
important in simulating many physical
phenomena essential to Los Alamos
programs.

The many forms of fluid motion
equations describe wide-ranging problems
from continuum mechanics calculations and
ocean modeling to supersonic gas dynamics
and high-temperature plasmas. The greatest
challenge is solving equations that describe
compressible or incompressible flow in
three dimensions over regimes with greatly
varying length and time scales. Also, the
increasingly complex geometry require-
ments of these calculations require sophisti-
cated approaches to grid generation and
adaptation, including the complications
caused by moving boundaries or fluid
interfaces.

One of our goals is developing hierarchi-
cal, unstructured, adaptive mesh techniques
to refine flow regions where estimated local
error indicates the need for increased
resolution. We also will investigate,
develop, and adapt computational methods
for solving Lhe PDEs describing fluid flow
to local fluid distortions. Another goal is
developing methods based on the composite
overlapping grid approach for regions
involving complex geometry. This tech-
nique allows construction of body-fitted
coordinate systems with a minimum of grid
distortion. Local adaptive techniques,
combined with overlapping grids, give
automatic resolution to problems where
geometry is important. In some problems,
unstructured free-Lagrange grids provide
flexibility not available with structured
grids. Another important goal is improving
the accuracy of the free-Lagrange approach.

Material interfaces and free surfaces will
be explicitly resolved by developing
inexpensive techniques that reconstruct
planar interfaces exactly and have an overall
second-order accuracy. Current volume
fraction techniques use a single velocity
field for multiple materials. For some
examples, such as gun barrel simulations,
this use results in the computation of
unphysical numerical shear layers in the
flow. We will develop two- and three-
dimensional techniques to allow proper slip
calculation at interfaces.

For problems requiring detailed resolu-
tion of material interfaces or free surfaces,
we are developing a composite overlapping
mesh approach in which some of the
component meshes include moving
surfaces. We developed a fast update
technique for recomputing the interpolation
data structures required when a few of the
component meshes change only slightly
from one timestep to the next in a calcula-
tion. This method will be applied to the
compulation of free-surface motion caused
by the motion of a submerged object in an
incompressible fluid.

The incompressible limit of fluid
equations has many applications in model-
ing atmospheric and oceanic behavior.
Because of the infinite sound speed of
incompressible flow, we will solve an
elliptic equation to obtain the pressure field.
Nonlocal coupling of the pressure field
impedes the application of adaptive mesh
solutions to these flow problems. We will
study the problems of solving incompress-
ible flow equations within both adaptive and
composite mesh frameworks.

During FY92, we will extend AMR lo
the CMPGRD framework to develop an
adaptive mesh method for the shallow-water
equations on a sphere. We also will develop
full three-dimensional Euler equation
solvers for both high-speed compressible
flows and geophysical applications; extend
and implement the Connection Machine
AMR in three dimensions; and refine the
AMR technique for the unstructured free-
Lagrange code to resolve fronts and jets, in
addition to the vorticity-driven phenomena
currently being captured.
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Parallel Network Translation

S. Mniszewski, G. Papcun, J. Hachberg

The project objective is to study the
properties and applicability of symbolic
default hierarchies to translation problems
between symbol systems. Determining the
relationships among two or more sets of
discrete symbols occurs in translating
languages (both human and computer),
writing compilers for computer languages,
determining the correspondence between
genetic codes and their structural realiza-
tion, and mapping ordinary spelling into its
phonetic transcription appropriate to drive a
speech synthesizer.

The default hierarchy is a general-
purpose knowledge representation system
that combines advantages of systems
constructed by human experts and by neural
networks. A hierarchy of general (default)
to specific (exception) rules is learned
automatically from data. It can be used as a
memory for reconstruction of data as well as
a generalizer for new examples. The default
hierarchy paradigm has been applied (o
particle accelerator beam diagnosis and the
pronunciation of words and names.

Like expert-made systems, the default
hierarchy system consists of clear and
accessible rules. Like neural networks, it
trains automatically when exposed to data.
The hierarchy has both general and specific
rules. In training, specific rules are learned
only if they are exceptions to general rules.
In using the hierarchy, default rules are used

when no relevant specific rules are found.
On the accelerator diagnosis problem, our
results in distinguishing between element
and monitor errors were comparable with
the RL/ABLE system. Our previous work
with a hierarchy for pronouncing English
performed best when free access to rules
was allowed. We also showed thai it was
spatially efficient when compared with a
non-hierarchical set, requiring less than 1/4
the rules, with no reduction in accuracy. We
saw that the hierarchy as a pronouncer of
English captures several key features of
English spelling. Its performance was seen
to be better than the neural network,
NETalk, and almost as good as the expert-
made system, DECtalk. A parallel default
hierarchy code able to reduce default
hierarchy training time from days to minutes
was developed for the Connection Machine.
The default hierarchies for pronouncing
memories for words and names were able to
reconstruct their data sets with 98%-99%
accuracy. New foreign names were more
difficult and, as would be expected, were
pronounced with 77% accuracy.

The default hierarchies show promise as
information-retrieval applications based on
pronunciation, such as names. This would
allow location of information from a name
spelled as it sounds when its exact spelling
is unknown, as with many foreign names.
Other translation application areas will be
investigated as well, such as foreign
language pronunciation and the Human
Genome Project.

Pronounce
£ before JK
atinChriitmit,

Pronounce
Specific ^ £ between land |

i t in technique

Pronounce
6 before!
ai in chance

General

at In match

, Pronouncet
as in £U

Denotes letter in focus

The default hierarchy architecture is shown with example pronounciation rules.
In testing, specific rules are used before general rules.

Ultrahigh-Speed
Computer Networks

D. Tolmie, M. Halvorson

Supercomputing requires networking
systems capable of handling enormous
volumes of data at high speeds. Our
research emphasizes standardizing the High-
Performance Parallel Interface (HIPPI).
which can operate 30 times faster than
current networking components; promoting
new architectures for future networks; and
working with industry to supply vital
networking products not available commer-
cially.

In our efforts to standardize HIPPI, one
of our HIPPI documents (HIPPI-PH) was
approved as an American National Standard
and accepted as a draft international
standard. Other HIPPI documents were
approved for submittal as international
standards through the International Stan-
dards Organization (ISO). Work also
progressed on Fiber Channel, a follow-on
standard based on fiber-optics components,
which will provide additional capabilities
while supporting the speed of HIPPI.

In addition to leading the HIPPI stan-
dardization efforts, we worked with
manufacturers who are eager to develop
HIPPI equipment. When commercial
equipment was not available, we developed
prototype equipment at Los Alamos and
then transferred the technology to our
industrial partners. We set up a test bed in
the Los Alamos ACL where vendors can
demonstrate their equipment in a real
environment and users can observe state-of-
the-art equipment.

In the coming year, we plan to continue
submitting HIPPI documents to become
American National Standards and interna-
tional standards. A prototype for the HIPPI
crossbar interface will be completed and
installed in our test network, and the Fiber
Channel will be further refined and docu-
mented.
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Statistical Algorithms for
Electronic Structure of
Condensed Materials

L. R. Pratt, J. E. Gubernatis,
D. K. Campbell

Many industries are interested in using
new materials for existing applications; for
example, the automotive industry would like
new friction-resistant materials for engine
components. To develop these materials,
researchers use supercomputers to model
the material's physical and chemical
properties. Using these models, they can
determine and predict how a material will
respond to changing conditions.

Our research focused on developing and
implementing algorithms that can simulate
parts of interacting electronic systems in
condensed matter. The value of currently
available algorithms is limited because the
computational effort of the model escalates
steeply with the volume of the system
studied, making the model slow and
inaccurate. General physical principles of
thermodynamics predict that an algorithm
can be designed to model large systems so
that the software's computational effort
increases linearly, or at the same rate as the
system volume.

We have been applying our optimized
Thomas-Fermi (OTF) model theory, also
developed in this research project, to
electron-density functional model problems
to achieve two goals: to establish the
expected accuracy of the simplest imple-
mentations of this approach and to investi-
gate computational obstacles, especially the
escalation of the computational effort.

We have adapted algorithms to construct
software that should achieve linear scaling
of work to system volume; these codes
should also use massively parallel comput-
ers more efficiently.

We plan to apply our algorithms to the
development of more accurate and efficient
computational software for material
modeling. Because current commercial
software packages are so limited, we plan to
collaborate with industry to create the most
useful models possible.

Two-Dimensional Moving
Finite Elements

A. H. Glasser, J. K. Dukowicz

The purpose of this project is to develop
a general-purpose code for solving a large
class of difficult, nonlinear, time-dependent
problems in computational fluid dynamics.
It could have an impact on such areas as
magnetic fusion energy research, astrophys-
ics, industrial fluid processing, automobile
and aircraft design, and climate modeling. It
has a potential application to the Numerical
Tokamac, a Grand Challenge Project
encouraged by the Department of Energy
(DOE) Office of Fusion Energy. This work
has been done in collaboration with
K. Miller, N. Carlson, and A. Kuprat at the
University of California at Berkeley.

We developed a new iterative solution
procedure for the large, sparse, linear
systems required by implicit time steps and
then applied the code to a larger range of
realistic problems. We implemented
periodic boundary conditions and developed

interactive, animated, three-dimensional
color graphics to visualize results. We tested
the code on a variety of difficult two-
dimensional problems of practical signifi-
cance that are characterized by development
of regions of sharp-gradients, which cause
trouble for other methods. We formulated
an application of this moving finite elements
(MFE) method to kinetic plasma simulation
problems.

We plan to make the code easier for
nonspecialists to use by improvements that
automate experience on test problems. We
will add the ability to occasionally create
and annihilate grid nodes and will further
investigate application of the method to
kinetic simulations.

Twt-StaMMiMtl MFESwtKtTwt-Dlmmlml MFESwtac*
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Four equally spaced time steps illustrating the formation of a shock in the solution of the two-
dimensional Burgers' equation. Triangular cells of the moving grid are shown in these
perspective views, and straight lines denote x, y, and z axes.
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The Pade Approximant—
Applications, Theory and
Generalizations, and the
Statistical Physics of
Critical Phenomena

Coherence and Chaos in Nonlinear
Partial Differential Equations

G. A. Baker, Jr.

This research effort is centered around
development of the theory and applications
of the Pade approximant method and its
approximations, investigation of the
relationship between critical phenomena and
Boson field theory, exploration of uses for
the direct computation method of finding
key parameters (central charges), and
exploration of general problems in math-
ematical physics.

We have achieved significant success in
extracting quantitative information from a
short perturbation series, developed a
critical-phenomena method for direct
computation of the key conformal central
charge, introduced a nontrivial theory
concerning the existence of the Higgs
Boson, and explored an interesting relation-
ship between the thermodynamics of
colloids and the theory of linear graphs.

Integral approximants can provide
convergent approximations to each of the
multiple values of multivalued functions,
and quasi-fractional approximants are useful
for approximating functions that exhibit
different types of analytic behavior at the
origin and at infinity. The experimental
search for the Higgs Boson was one of the
primary reasons for construction of the
Superconducting Supercollider. Capabili-
ties resulting from our method for quantify-
ing key parameters may lead to important
predictions of possible behavior of physical
systems at and near their critical points.

We are obtaining excellent results from
the use of a new Monte Carlo method for
computing the central charge for
conformally invariant critical points and are
using both numerical and theoretical
methods to study convergence of "horizon-
tal" sequences of Hermite-Pade integral
approximants. Future efforts will also
include development of theoretical under-
standing and numerical experimentation in
relation to the approximation theory of
functions of complex variables beyond the
first Riemann sheet and further study of
conformally invariant critical systems.

P. S. Lomdahl, A. R. Bishop, R. Sharf.
D. D. Holm, J. Hyman

The primary focus of this project is to
develop a mathematical physics technology
base for handling compelling new issues in
nonlinear dynamical systems theory.
Nonlinear and nonequilibrium processes are
increasingly fundamental to a description of
modem materials. Understanding these
processes is crucial as we move into an age
of purpose-designed novel materials
characterized by the presence of strong
nonlinearity and disorder, with reduced and
anisotropic geometries and with competing
interactions. These processes control
delicate competitions for collective micro-
scopic ground states and excitations and for
mesophase-scale coherent structures; this is
the significance of "space-time" complexity
in condensed-matter contexts.

Our objective is to develop mathematical
and computational methods for investigating
the coexisting effects of strong nonlinearity,
disorder, and noise in physically motivated
PDEs.

We are following specific investigations
of analytical and numerical techniques and
applications for collective modes interacting
via disorder, noise, and nonlinearity. Our
work is focused on seven areas: spatial
disorder and integrable soliton systems;
chaos and coherence in annular Josephson
junctions; compact solitons; identification of
coherent structures; computational tech-
niques for stochastic PDEs; homogeniza-
tion; and chaos iii lasers.

We plan io continue to develop math-
ematical and computational methods for
investigating aspects of nonlinearity,
disorder, and noise in PDEs. While the
primary emphasis is on the development of
mathematical and computational methods,
the project is motivated by a wide range of
potential applications, particularly in
condensed-matter research. We will take
strong guidance from, and transfer results
to, the specific applications being studied
experimentally at Los Alamos and else-
where.

High-Resolution Multimaterial
Hydrodynamics Methods for
Highly Parallel Computers

J. R. Baumgardner, J. K. Dukowkz

Many of the Laboratory's programs
depend on multidimensional, multimaterial
hydrodynamics simulations. Three-
dimensional applications usually cannot be
simplified but still must be tested. Mas-
sively parallel computers now offer the
ability to pertbrm highly resolved three-
dimensional simulations, but a proven set of
algorithms suited to concurrent processing
is critical to the success of these simula-
tions. Our goal is to develop efficient and
accurate three-dimensional, multimaterial,
continuum-mechanics algorithms for
massively parallel computers and to
demonstrate their applicability to armor/
anti-armor.

We have developed a three-dimensional
multimaterial hydrodynamics code called
PAGOSA that runs at high efficiency on the
CM-2, is suitable for realistic armor/anli-
annor simulations, and uses an accurate-
interface tracking technique. The most
complex program run to date is one with 17
materials and 6.3 million cells. For large
problems, this code is faster on the CM-2
than the corresponding Cray code by a
factor of 15. The code has also been tested
successfully on the CM-5, and its perfor-
mance is estimated at 10 to 20 times faster
than on the CM-2.

In the coming year, we will develop a
scheme to reduce memory requirements and
computation costs associated with problems
involving large numbers of materials. We
also plan to add several strength and
fracture models. As time and resources
permit, we also hope to explore time-
implicit schemes for treating incompressible
flows and possibly examine adaptive mesh-
Tefinement strategies.
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A New Methodology for Complex
Systems Analysis

A. S. Lapedes, R. Farber, C. Langton,
D. Sharp

PAGOSA calculation of three meteoroids,
approximated as spheres and ellipsoids of
aluminum, penetrating a spacecraft bumper
shield placed 10 cm in front of a main space-
craft hull. The aluminum shield and hull are
1-cm and 3-cm thick, respectively. The
meteoroids consist of a 1.6-cm-diameter
sphere moving at 5 km/s, a 2-cm sphere
moving at 3 km/s, anda 1.5-2.0-1.5-cm
ellipsoid moving at 4 km/s.

We are addressing some of the most
pressing problems in science: analysis and
modeling of large quantities of complex
information, analysis of nonlinear effects in
systems, and modeling collective computa-
tional behavior. We continue to develop
new nonlinear forecasting and modeling
techniques to increase the understanding of
important practical phenomena and
ultimately, in some cases, to control them.
Understanding collective computational
systems opens the door to the development
of theories and mechanisms for autono-
mous, intelligent behavior. We are
developing widely applicable theories and
methodologies for problems of prediction,
system analysis, noise reduction, pattern
recognition, and system modeling. This
project is developing a wide and potentially
useful theory base and is spinning off
specific applications for separate implemen-
tations. To do this, we synthesize results
from statistical estimation, function
approximation, machine learning, pattern
recognition, neural networks, and nonlinear
dynamical systems theory.

The wide-ranging capabilities of our new
methods are not fully realized and are
undergoing continuous development. Our
goal is an appropriate balance of basic
research and application. Our project is
important to many Los Alamos and national
research and development programs,
including nonlinear prediction and control,
the Human Genome Project, the Global
Change Initiative, self-organizing systems,
vibration testing, and the Autoimmune
Deficiency Syndrome (AIDS) virus.

Nonlinear prediction and control are
essential to understanding nonlinear systems
and forecasting their behavior. That
understanding is critical to successful
programs in modeling and control. Our
techniques are the most accurate available,
and applications range from possible control
of turbulence to damping feedback reso-
nances in robotic control loops.

In the past year we made advances in
analysis, modeling, and prediction of global
weather patterns (ice ages); analysis,
modeling, and prediction of hydrodynamic
flow; analysis and modeling of protein
structure; identification of genes and general
pattern recognition in DNA; modeling of
general self-organizing systems and
biological systems; and pattern recognition
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for triggering and tracking lor the Supercon-
ducting Super Collider.

We also accomplished the following.
Combinatorial Optimization. We

developed a systematic procedure allowing
any heuristic mean field theory algorithm to
be generalized in a natural way, removing
the need for an ad hoc external annealing
schedule, a major source of inefficiency in
the original procedures.

State Space Reconstruction. We
researched optimal reconstruction of state
space in the presence of noise, a crucial first
step in building an empirical model of the
dynamical process underlying the data. We
introduced a criterion for judging the quality
of a reconstruction, applied it to several
popular reconstruction techniques, and
suggested a new technique to make the
system look as deterministic as possible.

Surrogate Data Method. We developed a
method identifying a null hypothesis, such
as linearly correlated noise, that produced
several sets of "surrogate data," which
mimic the raw data set but are random
realizations from the null hypothesis.
Comparing the performance of the raw data
against the surrogate data, we can estimate
statistical confidence.

Statistical Characterization ofRNA
Folding Landscapes. We apply this
characterization to the test-tube selection/
evolution of random RNAs. This is
significant because there is no material on
the statistics of random RNA structures and
several laboratories are just beginning to
experiment with this characterization.

Nonlinear Dynamics of Noisy Neural
Networks. We analyzed enhanced signal
detection by biological use of noise and
found that noisy bistable systems with
periodic drive exhibit residence-time
histograms similar to the neural data. This
implies that the nervous system may use
noise to enhance signal detection, an effect
known as stochastic resonance.

Information Theory and the AIDS Virus.
We adapted methods of information theory
(including our development of new
information theoretical measures) to
characterize the variability of the sequence
of the virus. Preliminary results indicate that
we can identify functional sites in the
sequence of the virus by using information
theory to focus on the wildly variable
regions—there is apparent structure to the
variations that seem linked to function.
Verification of our preliminary results will
lead lo a proposal for external funding to
pursue this research.

Our planned work comprises two broad
areas: biological modeling and adaptive nets
and nonlinear prediction and control. In the
first area, we are instituting a collaboration

with the lattice-gas group in the Center for
Nonlinear Studies on adapting lattice-gas
methods for hydrodynamics to simulate
protein-water interactions. If current
expectations are realized, a major effort in
modeling protein interactions with water
will be one result. Our work on AIDS will
be extended and verified by investigations
on other viruses (e.g., influenza) for which
structure and function are known. We will
also continue research on adaptive networks
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of artificial agents to understand emergent
aspects of collective computation.

In the second area, we will develop our
work on the bifurcation behavior of a
nonlinear system into a method of control-
ling the system parameter to achieve a
desired trajectory. We will also continue
work on the statistical significance of
forecasts.
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The mutual information, a measure of co-variation or lack of independence, between
positions in the V3 loop of the HIV virus is plotted. Darker squares indicate higher values
of the mutual information, i.e., higher correlation. Sequence position is listed on the
horizontal and vertical axes, so that each dark square is the mutual information between
pairs of positions. Note that a few pairs ofpositons stand out above average—a feature
validated by careful analysis of statistical significance. Mutations in the HIV virus are
therefore correlated for certain positions a,. 4are not random, independent mutations, a
fact that can have implications forpeptide vaccines
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Computation for Magneto- and
Electro-Encephalography

L. Heller

In support of the growing emphasis at
Los Alamos on the application of physics
and computation to medical and biological
problems, this project could provide an
important method for exploring brain
function and could lead to the development
of neuroprosthetic devices.

The aim of the Los Alamos research is
twofold: to noninvasively map the electrical
activity inside the brain by measuring the
electric and magnetic fields outside the
head and to stimulate a specified region of
the brain by means of electric currents
outside the head.

Our work on the first goal involves two
primary tasks: modeling the primary current
that flows within neurons and then comput-
ing the return, or extracellular, current
associated with that primary current.

Los Alamos staff members from P,
MEE, and T Divisions are pursuing this
work theoretically and experimentally in
collaboration with the Veterans Administra-
tion Medical Center in Albuquerque, the
University of New Mexico, and
Biomagnetic Technologies, Inc., which has
installed one of its 37 sensor systems in
Albuquerque.

Our progress includes a computer
program that solves for the extracellular
current inside the head that is produced by
any assumed neuronal current. We have also
tested an improved formula for calculating
the magnetic field outside the head that is
produced by the total electric current.

We have proved that the ability to focus
the electric field at a desired location inside
the brain is limited. Shaping the field is
possible, however, and we have derived
some formulas for calculating the field due
to external currents of various shapes. We
will continue studying ways to concentrate
the electric field inside the brain by
simultaneously using a number of external
current configurations having different
locations and orientations.

Numerical Algorithms for
Partial Differential Equations

/ • \

•\

J. M. Hyman. J. E. Dendy, B. K. Swam

Scientists working on problems in fluid
dynamics, magnetohydrodynamics, and
combustion need fast and accurate numeri-
cal mathematical models to help them solve
complex systems of equations. We are
supporting their research by searching for
numerical solutions that effectively use the
capabilities of parallel supercomputers.

Our efforts in developing numerical
algorithms for PDEs are part of our larger
goal of strengthening and expanding the
analysis tools and software techniques that
can take advantage of the inherent power of
supercomputers. This research involves
extensive interaction among mathematical
research staff, computational physicists
involved in large-scale modeling, and
software engineers.

Our results are incorporated into our
collection of library-quality mathematical
software and distributed to academic and
laboratory computer centers, where they are
used by researchers working on Grand
Challenge computing problems.

One area we are investigating is multi-
grid methods for computation on parallel
computing equipment. So far, we are using
two-dimensional models; our preliminary
results have led to the discovery of an
elegant and robust way to define coarse grid
operators for complex problems that arise in
such areas as petroleum reservoir engineer-
ing.

We are also exploring interface-tracking
methods, which are often necessary to
efficiently compute accurate numerical
approximations to PDEs. Much of our
understanding of the laws of nature is based
on integral equations and constitutive
relationships that hold true even though the
physical properties vary rapidly or discon-
tinuously. Accurately approximating
solutions to Ihe equations at such places
ensures that the overall solution provides
physically relevant and accurate informa-
tion.

In this research, we plan to go beyond
testing the algorithms on prototype prob-
lems by continuing our collaborations with
computational scientists working on major
simulation projects.

/.• • *. v . .

Any tangent line to a curve divides its triangle
into two pieces that have fixed areas. Knowing
this information enables efficient and accurate
approximation of moving interfaces between
fluids when the computational cells used are
triangular.

Application of Group Theory
to Physical and
Mathematical Problems

J. D. Louck; L. C. Biedenhavn (Duke V.)

Group theoretical methods are based on
the build-up principle of quantum mechan-
ics, which holds that complex systems can
be analyzed in terms of symmetry prin-
ciples. Our research has not only led to
increased understanding of the implications
of group structure and definition of the
properties of complex mathematical
structures but has also resulted in interesting
new mathematical techniques.

The broad goal of our research is to
develop new mathematics for Laboratory
use in maintaining the research capabilities
that are a vital part of our applied programs
in nuclear, atomic, molecular, and chemical
physics.

Our research has been based on standard
methods used for algebra and analysis and
on more recent techniques originating in
invariant theory and combinatorics. We
have contributed the generalization of an
important group-subgroup embedding
method for atomic and nuclear spectros-
copy; new results for the theory of general-
ized hypergeometric functions; application
of divided difference to symmetric func-
tions: and the proof of a major theorem that
completes earlier work on cycles of the
parabolic map.

We plan to implement our new methods
in the theory of symmetric functions; lo
examine the roles of those methods in
hypergeometric theory: lo continue re-
searching new methods based on tensor
operator theory for applied mathematics;
and lo finish our work on cycles of the
parabolic map.
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Nonlinear Dynamics
of Detonations

R. Menikoff; B. G. Bukiet (New Jersey
Institute of Technology)

High explosives are important for many
Los Alamos programs, including nuclear
and conventional weapons and basic
research into material properties under
extreme conditions of pressure and tempera-
ture. Los Alamos has been a leader in the
experimental development and theoretical
understanding of high explosives. Improved
models of detonation waves could enhance
the accuracy and predictability of numerical
simulations involving high explosives. This
would increase productivity by decreasing
the number of experimental tests needed for
a program.

Our focus was on understanding the
effect of front curvature on the propagation
of a detonation wave. Front curvature
results in geometric source terms in the
reactive-flow equations, which have an
important effect on the dynamics in a very
thin reaction zone. The dynamics of the
reaction zone determine the detonation
velocity and the state behind the detonation
wave. Modeling these properties of a
detonation wave is important for accurately
simulating the bulk hydrodynamic flow in
many applications.

Due to the small spatial and temporal
time scales within the reaction zone, a
detonation wave can be approximated as
quasi-steady with the reaction ^one
equilibrating adiabatically to the slow-
changes in the flow behind the detonation
wave. In this model, the important proper-
ties needed to propagate a detonation wave
are specified by the wave curve. In contrast
to shock waves, the detonation wave curve
depends on the curvature of the detonation
front.

We have analyzed the qualitative
structure of the detonation wave curve.
Moreover, by using a simplified reaction
rate and equation-of-state. we have shown
how the detonation wave curve in both
converging and diverging geometry can be
completely determined. The wave curve is a
key quantity needed to implement detona-
tion waves into a front-tracking algorithm.
This method has the promise to greatly
improve the accuracy and computational
efficiency of numerical simulations of
explosives.

Fracture Modeling by
Molecular Dynamics

A. F. Voter, B. L. Holian. S.-P. Chen

To design improved materials, we need
to understand how they respond to different
kinds of stress. Modeling the behavior of a
material, including fracture, at the atomic
level is essential to predicting how it will
respond. In this project, our goal is to
develop tools for simulating the movement
of atoms or molecular dynamics, for
massively parallel computing environments.

Until recently, molecular dynamic
simulations have been limited to a very
small number of atoms—approximately
1.000. We designed a computer code that
allowed us to study about 1,000,000 atoms
on the ACL's Connection Machine. Our
CM-2 molecular dynamics code runs nearly
10 times faster than on a Cray YMP
supercomputer and can hold 10,000,000
atoms.

A crucial ingredient in molecular
simulations of materials is an accurate
description of the forces between atoms. We
have simulated melting, quenching, and
resolidifying. Because we can simulate
more atoms than there are pixels on modern
graphics screens, we designed an algorithm
that displays the grain structure of a material
instead of its individual atoms.

We ha\ e also modeled a spallation
experiment in which a thin flying plate of a
material strikes a thicker target plate. The
resulting fracture is due to holes that grow
and coalesce to form cracks, a common
ductile-material response to tensile stress.

What we learned, both in the area of
massively parallel computing and in
materials deformation and failure, led to a
proposal on the behavior of novel materials,
a central pan of the Laboratory's HPCCI.
This project brings together four teams of
investigators whose expertise ranges from
the atomistic level of molecular dynamics to
the scale of ordinary laboratory experi-
ments. The strategy is to launch a coherent
attack on the problem of fracture by
integrating the modeling techniques in each
of the four length and time domains relevant
to the mechanical properties of materials.

Mathematical and Numerical
Analysis of
Compressible Materials

B. Wendroff

Three diverse scientific and technologi-
cal problems—mapping the human genome,
improving oil recovery, and predicting
global climate and ocean changes—share a
common feature: computer models devel-
oped to simulate one of these situations can
provide information directly relevant to
simulations for the others, even though the
characteristics of each situation are differ-
ent.

The set of equations describing the flow
of a compressible gas and the set of
equations describing the flow of an incom-
pressible liquid mixture have the same
mathematical structure—nonlinear hyper-
bolic conservation laws. Analyzing
solutions to these sets of equations allows us
to improve computer models of these
processes.

This year, we have primarily focused on
two goals: developing one-dimensional
front tracking as a practical modeling tool
(establishing a theoretical foundation for
this method) and formulating and analyzing
multilevel shallow-water equations.

In our work on front tracking, we have
proved that the front-tracking algorithm is
convergent, and we have developed several
computer modeling codes that can accu-
rately and efficiently solve one-dimensional
wave interaction problems. Our research in
shallow-water equations started by focusing
on equations for a single layer of shallow
water: we developed a procedure for one
layer that we can apply to multiple layers.

As our research progresses, we will study
finite-difference methods of solving sets of
equations in several dimensions, paying
particular attention to the stability, accuracy,
and robustness of the solutions.
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Application of Fuzzy Logic and
Unsupervised Learning
to Process Control

C. W. Barnes, R. D. Jones, Y. C. Lee

Process control is the external closed-
loop control of a dynamical system. Of
particular importance are processes that are
highly nonlinear; are time dependent;
require complex control sequences; and are
possibly nonstationary, with many interre-
lated control parameters. Examples of the
most complex process-control problems
include chemical reactor control for toxic
waste recovery and hazardous material
processing, autonomous vehicle control,
control of beam weapons and extreme
ultraviolet free-electron laser lithography.
Our objective is to develop a generic
process-control and signal-processing
capability based on adaptive network
paradigms that deal effectively with
incomplete or noisy data or construct rules
where none previously existed.

We considered the problem of capturing
the behavior of a standard rule-based expert
system by means of either a fuzzy-logic
controller or a neural-network controller and
adapting the controllers for improved
performance. Both networks were equally
effective in the application problem, an
outer-air battle that involved refueling,
vectoring of interceptors, and returning to
carrier. In addition, we made progress using
both networks to extract information from
large databases.

The techniques learned will be applied to
large financial database mining, expert
system capture, and process control We
will extend and improve the negative-ion
source controller and apply the techniques
to sources with a larger number of control
parameters. We may apply the ion source
controller technique to a free-electron laser,
and we intend to examine the possibilities of
applying the control technique to natural-
gas engines for optimizing performance and
minimizing emissions.

Advanced Computing

F. W. Bobrowicz, J. Fowler

This project involves our participation in
the joint Los Alamos/IBM (International
Business Machines) study aimed at
developing advanced computing technolo-
gies and associated computing environ-
ments. As outlined in the Los Alamos/IBM
Joint Study Agreement, Los Alamos'
involvement consists of providing IBM and
its collaborative business associates with
technical information regarding large-scale,
scientific computing requirements: of
serving as a testing site for new IBM
technologies; and of conducting joint
research into the exploitation of these
technologies. Increased computing capabili-
ties are vitally important to a spectrum of
Los Alamos programs, and joint ventures,
such as this one, will accelerate the develop-
ment of new computing capabilities to meet
specific Los Alamos needs. High-perfor-
mance computing is technologically critical
to national security and US preeminence in
this area is regarded as vital.

We evaluated two proposals during this
project. IBM proposed developing a
massively parallel computer employing
RS 6000 workstation technology in an effort
to develop a high-performance scientific
computer. Design alternatives were
analyzed and evaluated, and assessments
were communicated to them for consider-
ation. IBM is now exploring other alterna-
tives. We also worked with IBM on their
Scientific Visualization System (SVS)
prototype. This involved developing a high-
performance, multiprocessing, graphics
platform and associated software for the
scanning and generating of large visualiza-
tion data sets. The evaluation showed that
while SVS could produce very-high-quality
images, in our opinion, its speed in render-
ing complex three-dimensional images fell
short of expectations. This was apparently
due to a lack of specialized graphics
hardware.

We plan to continue interactions with
IBM, but FY91 was the third and final year
of LDRD funding for this project.

Distributed, Parallel Algorithms
for Fully Coupled
SN-Monte Carlo Transport

B. A. Clark, R. S. Baker, R. E. Alcouffe

Los Alamos scientists are taking
advantage of recent advances in massively
parallel computing to solve many problems
in such areas as nuclear safety, nuclear
safeguards, radiation shielding, and global
climate change. Our research seeks to make
these computing environments even more
efficient by investigating problem-solving
with a combination of the two most
commonly used methods to model particle
transport, Monte Carlo and SN, on Cray and
Connection Machine (CM-2) hardware.
Determining the tradeoffs involved in
combining these methods to distribute
supercomputing power will provide a broad
view of the challenges of this vital field.

To make the combined process more
efficient requires four accomplishments:
developing efficient computation techniques
on the CM-2 machine for Monte Carlo
calculations; developing methods necessary
to distribute the processes between the Cray
and the CM-2; investigating methods for
solving three-dimensional SN equations on
the CM-2: and obtaining error estimates for
the entire calculation.

Our research pursued two broad goals:
expanding the capabilities of the HMC/SN

method and investigating Monte Carlo
calculations on the CM-2. One major
success to date is the development of a new
formalism for combining the two methods
that significantly reduces memory require-
ments and allows the combined method to
be used more efficiently for multigroup
problems. In addition, we developed and
implemented a three-dimensional diagonal
sweeping methodology for the SN equations
on the CM-2.

Next year, we plan to minimize the
communication lime required by the Monte
Carlo calculation and improve its overall
speed while extending our investigations to
include the new CM-5 and the new HIPPI
link between the Cray and the CM-2. We
will also continue testing and expanding on
the development of three-dimensional SN

methods for the Connection Machine.
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Valid Confidence-Interval,
Determination For Monte Carlo
Solutions to Linear
Transport Problems

R. A. Forster, T. Booth, S. P. Pederson

The Monte Carlo method is used to solve
difficult computational problems. However,
understanding the quality of the confidence
intervals associated with this stochastic
method has improved little since the 1950s.
Our objective is to develop a statistically
defensible method for calculating valid

confidence intervals for linear problems to
ensure more accurately interpreted results.

We characterized the extent to which
standard confidence-interval methodology
can be modified to improve coverage rates.
We developed graphical and computational
methods, based on the tail behavior of
history score distributions, to indicate when
standard inferences using the central limit
theorem are not likely to be valid. We
analytically derived the history score
probability density function for some simple
Monte Carlo linear transport processes,
which correspond to more practical
processes, to aid in determining the

contribution from undersampled regions.
The results of this research to date have
produced new ways to assess confidence-
interval quality.

We plan to continue to develop graphical
and statistical diagnostics to indicate
whether inference procedures will be valid
or if sampling should continue. We will also
attempt to provide the statistical founda-
tions, such as limit theorems, to underpin
such procedures. We will continue to
characterize simple processes to assist in
determining when undersampling occurs.
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Implementation of Atomic Physics
in Particle-in-Cell Plasma
Simulation Codes

T../. T. Kwan, C. M. Snell

Our research has resulted in a significant
breakthrough in applying numerical
simulation methodology to multidimen-
sional particle-in-cell (PIC) plasma simula-
tion codes used to study collisional atomic
physics processes. This breakthrough
enables using PIC codes to produce detailed
physical models of collisional atomic
process in condensed materials. Both self-
consistent electromagnetic effects and
collisional interactions can now be simulta-
neously included in the same simulation.

Our multigroup numerical method can be
applied to problems that were not previously
solvable. It has important implications for
plasma dynamics and electromagnetic
phenomena, and permits study of these and
other topics without the limitations previ-

ously imposed by approximations and
simplifications.

Our method will be useful for a variety
of weapons, physics, microwave, plasma,
and particle-beam research efforts, and can
also be applied to electron and hole
transport in semiconductors, a major new
area of research interest. The potential for
contribution to future competitiveness of the
domestic microelectronics industry is
significant.

We have incorporated our multigroup
model into the plasma simulation code
MERLIN and have extensively validated it
against both linear Monte Carlo transport
codes (e.g., Cyltran) and the simple analytic
model previously used in PIC codes. We
have also developed a general data-
management system for secondary particle
generation in PIC/Monte Carlo calculations,
an important step for modeling all types of
ionization physics and other coupled
particle-generation processes.
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Multidimensional Charged-
Particle Transport Methods

W. F. Walters, J. E. Morel

Weapons-effects simulation and analysis
programs and other program areas suffer
from a lack of modern, accurate computa-
tional tools to model the transport of
charged particles "n media. A few of the
specific areas in which modern charged-
particle transport computer codes are
necessary are satellite shielding, ion and
electron shielding for electronics in both
natural and high-altitude nuclear explosion
environments, dosimetry calibration for
gamma- and x-ray sources, medical
irradiation calculations, time-dependent
EMP source term calculations, x-ray dose
enhancement effects, and system-generated
EMP source term calculations. The pro-

posed research is a major step that addresses
current needs in the large weapons radia-
tion-effects simulation and analysis
programs in the Department of Defense and
DOE communities.

We completed several research and
development tasks before we began to
develop the basic two-dimensional code.
We developed a multigrid solution method
to solve the diffusion-like equation that is
used to accelerate the transport equation.
Tests indicate superior performance. We
also developed a second-order method for
the spatial differencing of the transport
equation that yields physically correct,
positive results

Theory of Cellular Automata

E. Jen

Cellular automata (CA) are discrete,
mathematical systems that consist of lattices
of sites whose values evolve in time
according to a local interaction function.
Understanding the computational complex-
ity of CA relates directly to understanding
high-performance computing, including the
effects of changes in interconnection
patterns and the need for dynamic allocation
of lattice processors. The goal of the project
is to develop tools to analyze CA for their
underlying mathematical and computational
structure. This work clarifies the effects of
nonlinearities and small perturbations in the
evolution function of a cellular automaton
and permits analysis of a wide range of
dynamical characteristics for nonlinear
systems.

We developed an application of a
method that solves certain one-dimensional
CA rules with nonlinear-evolution rules.
The solution method maps these automata
onto an exactly solvable, linear-template-
automaton with a closely related, evolution
function. We established the limit-cycle
behavior of nonlinear automata on finite
lattices through analysis of dislocation
trajectories. We showed that the behavior is
determined by the periodicity of the linear-
template system and modulated by the
collective, winding numbers of the trajecto-
ries. Recent work focuses on the depen-
dence on lattice size of dislocation behavior.

We will continue the study of statistics
and dynamics of ensembles of dislocations
in nonlinear CA. We will derive necessary
and sufficient conditions for exact solvabil-
ity and explore the relationship between this
phenomenon and complete integratability
features of continuous PDEs. We will study
the relation between solvability and
computational complexity in the context of
machine reconstruction techniques. The
long-term goal is to provide an adaptive
learning capability for these data-analysis
techniques that would enable them to detect
higher-level processor structures, domain
formation and annihilation, and information
propagation in CA.
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Numerical Laboratory

F. W. Bobrowkz, J. Fowler. F. Ortega,
R. Hotchkiss, K. Fisher

The Applied Physics Division (X
Division) has established the Numerical
Laboratory (NL) to serve as a focal point in
an effort to apply world-leading expertise in
large-scale numerical modeling and
computation to new areas of national
importance.

The mission of the NL is well-defined
and far-reaching: to act as a catalyst for new
X-division initiatives and to serve as an
unclassified window to the outside world.
As a catalyst, the NL functions as a
breeding ground for identifying and seeking
solutions to problems in new areas; as a
window, it allows open contact with
universities and other institutions in the
external scientific community, provides
high visibility for our efforts and accom-
plishments, and establishes our credibility in
technical areas outside our current sphere.

In the NL, we focus on synthesizing the
components of such emerging technologies
as parallel processing, scientific visualiza-
tion, high-speed communications, and
distributed computing, bringing them to
bear on real-world problems.

This past year we undertook four
projects. First, we developed three-
dimensional visualization software for the
massively parallel CM-2 supercomputer.
Our software allows researchers to view
their three-dimensional calculations "on the
fly" or after processing. We also developed
user-friendly, three-dimensional visualiza-
tion and data-exploration techniques for
Silicon Graphics workstations. The user can
interact directly with the geometry to
construct shaded contour surfaces or color-
coded cut planes. In our third project, we
created an SN transport algorithm, a thermal
diffusion package, and a conjugate-gradient
sparse-matrix solver for the CM-2. The
performance and accuracy of each software
package rivaled its CRAY-YMP counter-
part. Finally, we designed Monte Carlo
neutron and implicit photon transport
algorithms for parallel processing on the
CM-2. Our neutron transport package was
the first successful attempt to perform
efficient Monte Carlo calculations on the
CM-2—an achievement previously
considered impossible.

We plan to continue our research in each
of these areas, applying our new expertise in
hydrodynamics codes to the next generation
of massively parallel hardware, particularly
the new CM-5. We will also pursue three-
dimensional scientific visualization, data-

exploration, and data-compression schemes,
seeking solutions to the visualization of
massive and distributed data sets using
workstations and mainframes.

While the 'hrust of the NL is primarily
directed outward, toward real-world
applications and collaborations with
scientists outside the Laboratory, activities
in the NL are also synergistic with other
internal research. In addition to sharing our
expertise with outside researchers, we apply
what we learn through these collaborations
to problems of critical national importance.

The NL thus serves as a vehicle to
strengthen existing unclassified programs
and to attract new programs. An example of
this year's internal collaborations is our
work on incorporating sound into our
visualization capability. Scientific
audiovisualization capabilities would
provide for even more realistic modeling
and simulation of complex problems. We
have made excellent progress in developing
software for sound production that interacts
with scientific codes. Next year, we will
focus on connecting the audio to the video.
We should be able to demonstrate some of
the real utilities of sound in the near future.

In addition, the NL will continue to serve
as an unclassified showcase for applied
computational expertise and as a vehicle for
continuing diversification. We have
emphasized taking advantage of such
emerging computing technologies as
massively parallel computing and applying
them to the Grand Challenge problems. To
date, we have identified and explored
problems in global climate change, oceano-
graphic/acoustics modeling, oil reservoir
simulation, and waste-product migration.

Three-Dimensional Free-Lagrange
Algorithm

H. E. Trease

In this project, we investigated the use of
a three-dimensional free-Lagrange algo-
rithm in parallel computing platforms.
Almost all of the physics algorithms used in
production codes—for example, looking up
equations-of-state in tables—exhibit global
communication patterns similar to those in
the unstructured free-Lagrange code we
examined.

Developing our three-dimensional free-
Lagrange code included mapping our
original single-processor version of X3D to
several parallel computing platforms. We
focused on the massively parallel Connec-
tion Machines (CM-2 and CM-5) and the
CRAY XMP/YMP family of four- and
eight-processor machines.

Our new parallel version of X3D has
recently been rewritten in Fortran 90. The
code is 99% parallel on the CM-2 and about
95% parallel on the Crays—a high percent-
age of efficiency, considering that this code
spends the majority of its time performing
communication operations.

Although this year was the final year of
LDRD funding, our work on refining our
algorithm has been so successful that it will
continue.

Intelligence Area Initiative

D. L. Glenn

This LDRD project is "Classified."
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Center for Nonlinear Studies

D. K. Campbell

At the Center for Nonlinear Studies
(CNLS), our ongoing goal is to conduct,
foster, and support outstanding interdiscipli-
nary studies in nonlinear science. To fulfill
this mission, we identify and study basic
nonlinear problems and promote their use in
applied research. We stimulate interdiscipli-
nary investigations and information
exchanges, act as a focal point for collabora-
tion with academic and industrial institu-
tions, and disseminate and introduce recent
developments in nonlinear studies to both
established and new scientists. Our research
is organized into collaborative projects and
an active visitor/seminar program. General
CNLS research areas are low-dimensional
nonlinear dynamics, coherent spatial
structures, adaptive nonlinear systems, and
experimental mathematics. The results of
our research are applied to many Los
Alamos programs. Our research is also
applicable to worldwide problems such as
improving oil recovery from the environ-
ment, ocean flows, atmospheric circulation,
turbulent mixing in industrial processes, and
thermal convection in relation to hurricanes
and tornadoes.

In studying complex spatial and dynami-
cal systems, nonlinearity is crucial both in
understanding the fundamental principles
and in providing practical applications to
Laboratory and national research efforts.
Nonlinear phenomena are characterized by
being far from equilibrium, by exhibiting
seemingly random motion associated with
chaotic dynamics, and by proving intrac-
table to conventional perturbation theoreti-
cal approaches. From distributed and
interconnected computer networks, through
process control using neural networks, to
complex problems in biology and medicine,
the role of nonlinearity is essential. Identify-
ing organizing principles is vital to making
progress. Vast amounts of data can quickly
overwhelm current analysis capabilities.
Our objectives are to develop new methods,
theories, and numerical and experimental
models to expand our current understanding
of nonlinear behavior and to be open to
applications that can contribute to science
and to society. Equally important is getting
these ideas and concepts into the hands of
researchers at the Laboratory who can
benefit from the new approaches to old
problems.

To accomplish our research goals, we
strive to provide a productive environment
for interdivisional Laboratory affiliates, an
excellent group of postdoctoral fellows and

graduate students investigating the latest
developments in nonlinear science, and an
extensive group of distinguished visitors
representing a variety of academic institu-
tions, industrial organizations, and other
National laboratories. Combined with our
sophisticated computational network, our
basic research results have led to a number
of unforeseen direct applications. It is
important to stress that CNLS acts as a focal
point for research efforts using available
talent and expertise from a number of
Laboratory divisions. We do not have a
permanent research staff to undertake large
directed-research efforts. However, our
excellent collaborative relationship with
postdoctoral fellows, students, and visitors
enables us to respond quickly to exciting
new opportunities.

Our diverse research includes studies of
novel electronic materials in reduced
dimensions, chaos and complexity in
dynamical systems, thermal convection
experiments, nonlinear optics, noise and
disorder in soliton systems, algorithm
development for nonlinear partial differen-
tial equations, theoretical studies of the
immune system, neural networks and
applications to process control, and lattice
gas simulation techniques.

Examples of our research and progress in
fluid dynamics include modeling the flow
through porous media, numerical simula-
tions of fluid turbulence, and precision
experiments on a rotating, thermal-convec-
tion system model for geophysical phenom-
ena such as atmospheric and oceanic
circulation.

The flow of fluids through a porous
medium is important in improving the
recovery of oil from porous sandstone.
Simulating this flow has proved to be an
extremely difficult computational problem
because of the complex boundaries formed
by the porous, possibly fractal, material.
Our early work on single-phase flow using
lattice gas hydrodynamics algorithms
provided the first accurate computation of
the permeability of a real sandstone
material. Recently, we developed new
lattice Boltzmann algorithms using floating
point computations rather than the purely
integer arithmetic of the lattice gas method.
Both of these methods are fast and efficient
simulation techniques that use basic
physical processes as the fundamental unit
of computation. We used both techniques to
incorporate two phases and surface tension
into our calculations of flow through porous
media.

We used a sequence of images to
illustrate the temporal evolution of a
mixture of a clear fluid (water) and an

immiscible red fluid (oil), starting from an
initial, completely mixed state. Surface
tension caused small globules of red fluid to
coalesce into larger volumes, eventually
leading to several big clusters of fluid. The
final state of evolution is a single spherical
drop of the red fluid. This demonstrates the
lattice Boltzmann capability of simulating
immiscible fluids with strong surface
tension. We also have completed two
simulations of two-phase flow through
porous media using the lattice gas hydro
algorithms. Our simulations resulted in one
fluid pushing another fluid through the
porous structure.

Our simulations of pore-scale flow
permeabilities agreed with experimental
measurements within the experimental error
of 5%. This achievement stimulated six oil
companies to collaborate with us on
exploring methods for enhanced oil
recovery. We also have expanded our
capabilities to three dimensions and to
experimentally determined three-dimen-
sional porous sandstone. We continue
collaboration with several oil companies to
further develop and apply these methods
directly to problems in oil recovery.

Fluid turbulence is another of our areas
of interest. It lies at the heart of many
practical problems in nature from ocean
flows and atmospheric circulation to
turbulent mixing in industrial processes. It is
at the forefront of the unsolved problems in
classical physics. It has proven itself as
extremely intractable because of the large
range of spatial and temporal scales that
arise in turbulent flows. Experiments are
difficult and simulations are limited by
computational power and memory. Many
years of empirical modeling have produced
useful computer codes to describe fluid
turbulence, but fundamental understanding
can provide the framework for new
breakthroughs and applications. We decided
to use the computational power of the Los
Alamos ACL and the HPCCI to attack this
extremely difficult problem in nonlinear
science. Significant computational power
improvements, provided by the CM-2
supercomputer in the ACL, and the chance
to test new fundamental theories of isotropic
turbulence, developed by our Princeton
affiliates, caused us to begin our research.
We have made steady progress toward
generating the world's largest and most
comprehensive numerical simulation of
homogeneous, isotropic turbulence.

Previous simulations were limited to a
three-dimensional grid of 256-256-256,
which could not obtain the spatial scales
needed to resolve a wide inertial range of
turbulent scaling. Our simulations on the
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CM-2 supercomputer have extended this
range on a grid of 512-512-512. Although
we have just begun, several exciting
features have already emerged. The vorticity
of the turbulent flow field and the truncation
of that field indicate a strong concentration
of vorticity in the form of vortex tubes. Our
simulation shows a vortex reconnection,
suspected to play an important role in
determining turbulent flow field features.
We also demonstrated properties of the
inertial and dissipation ranges of energy
distribution and showed how probability
distribution functions vary with Reynolds
number.

This year, we also developed a model
experimental system of rotating thermal
convection. The forces that drive fluid
motion in this system are buoyancy arising
from thermal expansion and the rotation-
induced Coriolis and centrifugal forces.
Because these are the same fundamental
forces that produce atmospheric and oceanic
circulations, a basic understanding of this
system in a controlled environment is
important. Our experiment consists of a
temperature bath controlled to several parts
per million, the ability to measure local
temperatures and global heat transport to
better than 0.1 %, and real-time flow
visualization of the fluid temperature field.
The upwelling of hot fluid is concentrated
by the Coriolis force into vortex structures,
reminiscent of the hurricanes and tornadoes
in the atmosphere or vortices shed from the
Gulf Stream in the North Atlantic.

Our experiment was useful in under-
standing the basic physics of rotating
turbulent convection, in developing data
analysis techniques capable of organizing
and processing large amounts of spatial-
temporal data, and in providing realistic
benchmarks for computer simulations. We
provided the first comprehensive under-
standing of the domain of rotating convec-
tion close to onset, developed the apparatus
and started a thorough study of turbulent
convection with rotation, and made
extensive investigations of pattern-forming
instabilities that lead to the turbulent state.

Currently, we are collaborating with our
researchers to simulate turbulence to
develop a joint study of buoyancy-driven
turbulence. Such experiments should
provide a good base for testing ideas in
turbulence and models of the atmosphere
and ocean that are part of the global change
initiative.

A snapshot of a lattice gas simulation of two-phase flow through porous media; the effects of
viscosity, surface tension, and contact angles are included. Two million lattice points are used to
model the fluid flow. Comparison with experiments indicate that the permeability calculation is
accurate to within the experimental error of 5%.

Optical shadowgraph images of rotating thermal convection. The vortices form with 4-, 5-, 6-. or
7-fold symmetry and evolve to a spatially disordered set of dynamic vortices.
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Advanced Computing Laboratory

A. B. White, A. H. Hayes, S. C. Pope,
W. St. John, J. G. DeLapp, R. E. Michelsen,
C. L. Barrett

Much of the excitement and drama in
computational science today is caused by
the availability of immense resources to
scientists and engineers who need computer
models. These technological challenges and
opportunities are driving much of the
leading-edge work in computational
techniques, computer science, system
simulation, and even mathematical analysis.

Los Alamos National Laboratory has
been a trend-setting center for parallel and
distributed computation since the arrival of
the first Cray computer over 15 years ago.
The Advanced Computing Laboratory
(ACL) was established in 1989 to give the
greater research community access to some
of this emerging technology.

It is impossible to discuss Computational
Science Initiative without understanding the
context in which it operates. Grand Chal-
lenge problems—important, complex
problems in science and engineering that we
cannot solve with today's technology—are
primary drivers for the development of
high-performance computing resources.
These resources include storage and timely
retrieval of huge data sets, computers with
peak speeds measured in teraflops, high-
performance networks, metacomputing
software environments, and multimedia
access to (and from) the National Research
and Education Network.

The primary function of the ACL is to
facilitate applications-driven, interdiscipli-
nary research in computational science. To
this end, the ACL (1) provides an environ-
ment to catalyze interdisciplinary research
among computer scientists, applied
mathematicians, scientists, and engineers;
(2) involves ACL staff directly in critical
research efforts; and (3) serves as a primary
focus for external collaborative efforts, such
as the federal HPCC Program, CASA
Gigabit Testbed, and NSF Science and
Technology Center for Research on Parallel
Computation.

At the ACL, we seek to achieve our goal
of facilitating research by creating an
experimental laboratory environment and
serving as a catalyst for interdisciplinary
research. In addition, we seek to build
bridges to other centers of excellence; the
problems in advanced computing that the
ACL is tackling are national in scope, and
no one site has the resources or the expertise
to attack them alone successfully. The ACL
is an open environment for Laboratory and

external interactions, including technology
transfer agreements with universities,
industries, vendors, and funding agencies.
We are facilitating the exchange of expertise
and knowledge.

Our fully networked array of parallel
computers, including Thinking Machines
CM-2, facilitates research in parallel
computation, which is proving that many
applications can be run faster and with more
fidelity than previously assumed. Such
applications as global climate modeling,
hydrodynamics, and lattice gauge theory
have been successfully demonstrated in a
highly parallel environment.

Los Alamos pioneered the HIPPI high-
speed networking standard, which is the
technology base for the CASA gigabit
testbed and several of the other gigabit
testbeds now under development. The
CASA testbed will bring together the
Laboratory, the San Diego Supercomputer
Center, the California Institute of Technol-
ogy, and the Jet Propulsion Laboratory to
work on problems involving three-dimen-
sional seismic modeling and quantum
chemical reaction dynamics.

Visualization is one of the common
languages of the theoretical, experimental,
and numerical branches of science. The
universality of the computer has further
enhanced the merging of laboratory and
numerical experiments. Interactive real-time
process control is emerging as another tool
common to both numerical and laboratory
experiments that has extensive applications
in manufacturing processes. Collecting real-
time, image-enhanced data is an important
tool for instruments such as magnetic
resonance imagers and tunneling micro-
scopes.

The ACL serves as a focal point for
developing new algorithms, applications,
and computational techniques in an
environment that takes advantage of
experimental, alternative technologies.
Visualization and distributed computing
within the ACL's high-performance
environment is a focus of work in the
Computational Science Initiative.

Recently, Los Alamos has concentrated
on increasing industrial and other external
collaborations. We have been collaborating
with industry for several years; one primary
advantage we can offer to industrial
researchers is our highly developed research
base. Today's high-performance machines
are powerful and expensive, and they
require long learning curves to master. We
can provide corporations with our estab-
lished expertise in these areas and a glimpse
into the future of high-performance
computing. For example, the oil industry is
well represented: Amoco, Chevron, and

Schlumberger have been working with Los
Alamos staff on a variety of projects.

Climate modeling is a good example of a
Grand Challenge problem. Understanding
the processes that control the earth's climate
and predicting future climate changes will
require computer models of the climate
system that are more comprehensive and
realistic than we now have. The primary
objective of the DOE's Computer Hard-
ware, Advanced Mathematics, and Mode!
Physics (CHAMMP) program is to develop
a new generation of global climate models
using massively parallel computers. These
models will be more comprehensive in
several respects: they will involve more
realistic representations of physical
processes, resolve in finer spatial detail, and
incorporate a larger set of components into a
unified model.

Our model of the ocean provides a
starting point. We implemented a global
ocean model, based on the Cray version of
the Semtner-Chervin ocean model, on the
CM-2 computer as part of the CHAMMP
program. Some of the algorithms on the
Cray model did not transfer well to the
CM-2, and we developed more efficient
algorithms. In particular, we implemented
one new formulation that has the advantages
of being more efficient, more stable, and
including any number of islands on the
coastal topography at no extra computa-
tional cost.

We have also been involved in extensive
planning of our future directions. Exploiting
innovative, state-of-the-art supercomputer
technology has become more and more
challenging. The complex, massively
parallel computer architectures with the
power to significantly affect forefront
energy research present difficult computa-
tional research problems. The magnitude of
these problems requires rethinking disciplin-
ary and organizational boundaries and
demands interdisciplinary teamwork on an
unprecedented scale.

One role over the next few years will be
to provide an environment suitable for the
development of the next generation of
HPCL technology, leading to advances in
raw speed and the support for trillions of
operations per second. The ACL will also
serve as the breeding ground for the next
generation of machines, so that architecture
advances can be integrated into effective,
usable computing environments. We will
pursue research that will help us understand
the architectural limitations shaping future
machines, learn how basic parallel software
support is affected as the architecture scales
to high performance, and provide resources
for research in developing basic components
of future computing environments.
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Nuclear and Particle Physics
The CYGNUS oq^eriment at Los Alamos detects ultrahigh-
energy (UHE) cosmic rays, nuclear particles colliding with
the Earth. The figure shows how an incident UHE cosmic
ray proton interacts in the Earth's atmosphere producing an
extensive air shower. A large cascade of particles is pro-
duced with some of the particles—notably electrons,
positrons, and muons—reaching the Earth's surface. Cy
Hoffman is leading an LDRD-funded team whose most
spectacular observation was a burst of UHE radiation from
Hercules X-l, an x-ray binary, that indicates anomalous
interactions of these high-energy photons.

The physical mechanism for the scattering of an electron
by a nucleus is described by the Feynman diagram below.
The scattering angle determines how hard the collision .
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Nuclear and Particle Physics Overview

J. M. Moss

The LDRD program in Nuclear and Particle Physics
(NPP) supports several experimental programs conducted
primarily by researchers in the Physics, Medium-Energy
Physics, and Inorganic and Nuclear Chemistry Divisions.
In recent years, the trend has been toward larger and
more ambitious experimental enterprises focusing on
solar neutrino physics, physics at high-energy particle
accelerators, and fundamental symmetry measurements.
Los Alamos research in these areas is recognized
throughout the international physics community as
especially strong and trend-setting. The strength of the
experimental program is a key element in several cuirent
Laboratory initiatives, including Los Alamos involvement
in the Superconducting Super Collider program and
certain upgrade scenarios at the Clinton P. Anderson
Meson Physics Facility (LAMPF).

In theoretical physics, the LDRD's NPP projects
focuses similarly on areas related to the future programs
at LAMPF and to the highest-energy facilities under
construction in the National Nuclear and High-Energy
Physics programs. Theoretical investigations in funda-
mental physics continue to be a special strength.

In both theory and experiment, the NPP projects
involve extensive contact with academic research through
direct collaboration and visitor programs. Over the years,
many talented young scientists have been attracted to Los
Alamos through student and postdoctoral affiliations in
these collaborations.

The Los Alamos tritium-beta-decay experiment
received funding throughout its existence from the LDRD
program and its predecessors. In 1991, Los Alamos
published its world-record result establishing the most
sensitive direct measurement of the upper limit of the
mass of the electron neutrino (less than 9.3 eV). This
measurement, which refutes an earlier claim of 26 eV,
yields an important astrophysical conclusion—the
electron neutrino is insufficiently massive to close the
universe gravitationally.

A second major result in 1991 of Los Alamos solar
neutrino research came from the Soviet-American Gal-
lium Experiment (SAGE). The American part of this
experiment began at Los Alamos with LDRD funds and
transferred several years ago to direct support by the
Department of Energy/Office of High Energy and Nuclear
Physics. The SAGE result, reported in the literature, is
that many fewer neutrinos are coming from the Sun than
were predicted by the standard solar model. Although an

important calibration of the SAGE detector must be made
before this result can be considered final, many physicists
believe the findings of the SAGE experiment are an
indication of significant new particle physics.

The Manuel Lujan, Jr. Neutron Scattering Center
(LANSCE) at Los Alamos offers a unique capability for
studying symmetries associated with the reactions
between epithermal polarized neutrons and nuclei. The
Los Alamos team, including university collaborators, that
began these experiments several years ago was intrigued
by the possibility of observing the violation of time-
reversal symmetry in nuclear systems. In search of this
goal, which is still being pursued, the team pioneered the
study of parity violation in neutron resonance reactions.
During the past year, the results of their study have been
exploited to yield unique information about the elusive
weak interaction between nucleons.

For the past 2 decades, theories based on the pos-
sible unification of gravity with the other forces of nature
have suggested that observable violations ofNewtonian-
Einsteinian gravity may exist. Los Alamos researchers
have defined the types of theories that could allow an
observable breakdown of "normal" gravity. They also
have proposed specific experimental tests of non-normal
gravity, which have been conducted by Los Alamos-led
teams in the Physics and the Earth and Environmental
Sciences Divisions. The theoretical work prompted a
critical review of the old arguments against "antigravity"
and their relevance in the context of modern theories of
gravity. In addition, new effects have been identified,
which can be tested in reshift, neutral kaon, and cold-
dark-matter experimental scenarios.

In contradiction of theoretical expectations of grand
unified theories, no experimental evidence for proton
decay has been found. It is thus all the more surprising
that both the baryon number (the number of protons
minus antiprotons) and the lepton number (the number of
electrons minus positrons) are not believed to be violated
at much lower temperatures (500 GeV) in the ordinary
Weinberg-Salam theory of electroweak interactions. A
group of Los Alamos researchers is at the forefront of
theoretical understanding of electroweak baryon-number
violation in the early, hot universe. On a still more
speculative level, this group is engaged in a quantitative
study of whether electroweak baryon-number violation
might be detectable by the next generation of super
colliders. Regardless of the outcome of these investiga-
tions, it is clear that the supposedly well-understood
Standard Model of elementary particle interactions, when
probed at high energies, still contains many surprises.
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Weak Interaction Studies

/ . fl. Wilhelmy, M. M. Fowler, S. B. Larson,
D. J. Vieria, J. M. Wouters

A neutrino is an uncharged, fast-moving
particle that emerges from nuclear reactions,
such as the sun. Although it is thought to be
virtually massless, it has not been conclu-
sively measured. If a neutrino does have
mass, it could be the dark matter in the
universe that would eventually cause the
universe to collapse back on itself. Deter-
mining whether or not the neutrino has a
mass is the main purpose of this project. __

To that end, our main object of study is
neutrino emission from the sun. Solar
neutrino emission measurements have been
about one-third of the expected number;
known as the solar neutrino problem, this
discrepancy has two possible explanations.
First, there are uncertainties within the solar
model for predicting the neutrino emission,
or second, new particle physics is causing
the disappearance of the electron-type
neutrino.

In order to differentiate between these
two possible solutions, we are collaborating
with the Sudbury Neutrino Observatory
(SNO) collaboration. One thousand tons of
heavy water (deuterium oxide) will be
placed 6,800 feet underground in an
operating nickel mine near Sudbury,
Ontario. The great depth is necessary to
shield the heavy-water volume from cosmic
rays. The crucial aspect of this experiment is
in measuring the neutral current interaction,
and we are developing techniques for
improving the methods proposed by SNO
for this measurement.

In addition to working directly on the
neutral current detectors, we will continue
our efforts in certifying radiopurity of SNO
components. We will provide tracers and
spiked samples for use throughout the
collaboration. Simulation studies to
optimize the neutral current configuration
will continue.

Los Alamos Neutron Parity and
Time Reversal Symmetry Program

J. D. Bowman, S. J. Seestrom, V. Yuan,
S. Penttila, J. Knudson, S. H. Yoo

The aim of this work is to study the
violation of fundamental symmetries, such
as time reversal and parity, using the
compound nucleus as a laboratory. Much of
what we know about physical laws involves
the concept of symmetry. We believe that
the laws of nature are the same at different
places and different times; these intuitive
ideas lead to the existence of the laws of the
conservation of momentum and energy. The
existence of a symmetry leads to a corre-
sponding physical quantity being conserved
and some class of physical process being
invariant under a corresponding transforma-
tion.

We are studying parity and time-reversal
symmetries. The parity transformation
applied to a physical system corresponds to
viewing it in a mirror. To test parity
symmetry, one measures whether the
properties of a physical system, such as
reaction rates and cross sections, and the
same properties of the mirror image are
identical. The time reversal refers to the
properties of physical systems when their
velocities are reversed. Consider two trains
on a track. Both point in the same direction;
however, one is moving forward and the
second backward, and the forward-moving
train is at a station and the backward-
moving train is 1 mile from the station. At
the end of some time, the forward-moving
train is at the initial position of the back-
ward-moving train and visa versa. The
motion of the trains would be said to be
time-reversal invariant if a film of the trip of
the forward-going train was played back-
ward and was identical to the motion of the
backward-moving train.

The compound nucleus provides an
excellent system, or laboratory, in which to
test parity and time-reversal symmetries.
Symmetry tests can be carried out by
observing the dependence of neutron
transmission or reactions on neutron
polarization, neutron momentum, and target
polarization. For example, to test parity
symmetry, we reverse the neutron polariza-
tion with respect to the neutron's momen-
tum, or direction of motion: this corre-
sponds to viewing the neutron in a mirror.
The Los Alamos Proton Storage Ring and
Spallation Neutron Source provides the
world's most intense source of pulsed
neutrons, which are polarized by passing
them through a "spin filter" that consists of

a cell of polarized protons. Time-reversal
tests involve the use of polarized targets, in
addition to polarized neutrons.

The compound nucleus is formed when a
neutron interacts with a nuclear target. The
motion of the compound nucleus is ex-
tremely complex and must be described
using the ideas of statistics or chaos. At first
glance, the concepts of symmetry and chaos
seem to be opposites; the statistical nature
of the compound nucleus would seem to
present difficulties in testing symmetries.
The idea of symmetry involves a simple
transformation property such as invariance
under mirror reflection. Chaos involves the
complexity of the modes of motions of the
compound nucleus. Upon careful analysis,
one can combine these concepts. The result
is that the chaotic motion of the compound
nucleus amplifies the manifestations of
extremely small symmetry violations in the
forces between neutrons and protons in the
nucleus (symmetry-violating effects are
amplified by as much as a million). Many
excited states or modes of motion of the
compound nucleus can be studied for each
nuclear target, and these data can be
analyzed to yield average values of symme-
try-violating observables. These average
values can be reliably interpreted using the
statistical model of the compound nucleus
and can give quantitative information about
the size and nature of small symmetry-
violating components of the nuclear force.
To achieve this goal, we use a beam of
polarized epithermal neutrons to measure
the helicity dependence of the cross section
for certain compound nucleus resonances.

We have developed a facility for
performing symmetry tests in the compound
nucleus system. We are also developing two
new detector systems that will greatly
increase the energy range and samples
available for the study of parity violation.
The large enhancements of parity violation
in the compound nucleus allowed us to
study the systematics of the weak interac-
tion between nucleons in a way previously
impossible.

In addition to these results, we have used
the large enhancements that we have
observed in resonant neutron-nucleus
reactions to make the first measurements for
the design of an experiment that will search
for a violation of time-reversal invariance.
We have analyzed dam on lhorium-232 and
found that most paruy-violating asymme-
tries have the same sign. Finally, we have
developed a model that explains this sign
effect and still allows us to relate the
observed asymmetries to the underlying
weak nucleon-nucleon interaction.
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Particle Accelerator Science
(Meson Spectroscopy Using
GAMS)

E. A. Knapp

One of the most interesting and difficult
problems confronting particle physics today
is understanding how quarks and gluons
bind to form the observed meson and
baryon spectrum. The neutral meson
spectrum is not readily accessible to most
existing spectrometers, and it is poorly
understood. Our objective is to take high
statistics data to determine the structure of
these mesons, in addition to discovering
other new states.

The central unit of our experimental
setup is GAMS-4000, a cellular hodoscopic
Cerenkov spectrometer. The spectrometer
consists of a 64 x 64 array of 38 x 38 x
450-mm lead glass cells. Because of its
cellular structure, GAMS-4000 is capable of
measuring tens of simultaneous photons
with a spatial resolution of less than 1 mm.
Events with ten or more photons can be
easily detected with reasonably high
efficiency, a capability that allows for the
detection of higher mass states, which
typically decay with a large number of
protons.

We successfully completed a data-taking
run of about 70 days on the central produc-
tion process. The data we gather this year
will allow for a detailed partial wave
analysis of the observed states and will
probably reveal new neutral states.

Our principal hardware contribution was
to design, build, install, and operate a fast,
modular, analog trigger system for the
GAMS-4000 spectrometer. We will make
several improvements to the apparatus in the
coming year, including a new on-line data-
processing system under the control of a
host workstation. We will also replace
existing chambers with new microstrip gas
avalanche chambers. This upgrade will
allow us to take 10 times more data and
could prove important for determining the
properties of particles we observe.

A Measurement of the
Gravitational Acceleration
of the Antiproton

M. H. Hohscheiter, R. E. Brown,
J. B. Camp, T. W. Darling, P. Dyer,
M. M. Schauer, J. Schecker, N. S. P. King

A fundamental question in physics is
this: Do particles of antimatter, such as the
antiproton, obey the weak equivalence
principle? Some modern quantum-gravity
theories that attempt to unify gravity with
the other known interactions suggest that the
equivalence principle—that the observable
local effects of a gravitational field are
indistinguishable from those arising from
acceleration of the frame of reference—
embodied in general relativity may be
violated and that antimatter could fall faster
toward the earth than matter does.

This project aims first to measure the
gravitational acceleration of charged atomic
ions to the Earth and then to measure the
gravitational acceleration of antiprotons.

At CERN, we will measure the gravita-
tional acceleration of antiprotons in the
Earth's gravitational field in comparison to
H" ions. Using 105 MeV/c momentum
antiprotons from the low-energy antiproton
ring (LEAR), we will decelerate the
antiprotons by passing them through a foil.
We will then capture them in a modified
Penning trap; electron-cool them to 4 K; and
transfer them to a small, standard Penning
trap where we will prepare them for the
final experiment.

We will gradually launch the ultra-low-
energy antiprotons upward into a 1-m-long,
cylindrical conducting drift tube situated in
an axial guiding magnetic field. The
particles will have a distribution of initial
velocities. The resulting time-of-flight
distribution will exhibit a distinct cutoff
time directly related to g for the launched
particles and is independent of the particle's
inertia] mass and distribution of initial
velocities. The cutoff would occur at about
1/2 second for a 1-m flight. We want to
measure this cutoff time for antiprotons in
comparison with H~ ions to an accuracy of
better than 1%.

We have been developing individual
parts of the experiment at Los Alamos,
using normal matter particles. In our
developmental work, we have studied ion
capture, resistive cooling, and launching.
We developed a catching trap system, which
is ready to be shipped to CERN for testing
with antiprotons. We built the vertical
"drift-tube" system in which the actual
gravity measurements will be done. We
have transferred ions through this system,

and actual gravity measurement should soon
begin.

We are now working toward the first
capture of large numbers of foil-degraded
antiprotons from LEAR. In parallel, we are
continuing our surface studies to increase
our sensitivity for gravity effects on light
ions. Once these two objectives are
completed, we can interface these two parts
and attempt a comparative measurement of
gravity on negative hydrogc;n ions and
antiprotons.

A Measurement of the Newtonian
Gravitational Constant

G. G. Luther

The Newtonian gravitational constant
(G) is by far the least well known of the
fundamental constants. All past apparatus
sensitive enough to measure G to any
precision were, by their very nature,
sensitive to environmental perturbations. It
is an experimental fact that no measurement
of G has ever met expectations. Our goal in
this project is to determine G to a higher
accuracy than any previously obtained.

Approximately 15 years ago, scientists
started to build a giant G-measurement
apparatus in the Great Grotto of Trieste. The
large masses in this apparatus consisted of
two sets of copper disks that are accurately
machined so that, when the disks are
assembled correctly, their high-zonal
moments cancel as far as gravitational
forces are concerned. We have obtained the
copper disks from the Institute of Geodesy
and Geophysics in Trieste and plan to install
the apparatus in a side chamber at Carlsbad
Caverns. During the past year, we devel-
oped and tested the data acquisition system
and the servo loop, which drives the
suspension. We also designed the thermal
enclosure for the measurement of G. We
hope to be able to test the finite-range
gravitational forces in the range of several
centimeters, which can easily be extended to
several meters.
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Research in Neutrino Physics

R. G. H. Robertson, T. J. Bowles,
B, T. Cleveland, P. J. Doe, S. R. Elliott,
T. C. Spencer, J. F. Wither son,
M. M. Fowler, J. Nico

We are conducting a basic research
program to explore experimentally the
properties of neutrinos and the related
fundamental symmetries of nature. The
properties of neutrinos are recognized as
fundamental to our understanding of
elementary particles and fields and, on a
larger scale, of the structure and evolution
of the universe.

The scientific community has identified
the question of neutrino mass as being of
fundamental significance. A neutrino mass
in the vicinity of 25 eV would close the
universe gravitationally and cause its
expansion to stop, perhaps even reverse, in
the far distant future. Neutrino mass is
incompatible with the Standard Model of
particles and fields and would point to
physics beyond it. We are exploring the
neutrino mass problem using a variety of
experiments.

Our first experiment seeks to determine
the mass of the electron antineutrino by
examining the spectrum of electrons emitted
in the (} decay of tritium. We have built a
gaseous molecular tritium source and a
toroidal magnetic electron spectrometer for
this experiment. We have recently published
our latest upper limit, 9.3 eV at 95%
confidence level. This result is the most
sensitive obtained by any group, and we
believe it to be relatively free of the
systematic errors that afflicted previous
work with solid tritium compound sources.
Only with a gaseous tritium source can one
reach a model-independent conclusion about
the mass. Among other things, this upper
limit indicates that the Soviet claim of a
26-eV mass is probably incorrect and that
the electron neutrino does not close the
universe.

In the future, we hope to continue our
work on the mass of the electron antineu-
trino and perhaps to obtain an even more
sensitive limit than those set to date. We are
also upgrading our apparatus to investigate a
17-keV neutrino, which some groups have
reported observing admixed with the
electron neutrino at about the 1% level.

Our second experiment, using B decay of
the free neutron, examines the origin of
time-reversal invariance violation (TRIV).
TRIV has been observed only in the kaon
system, and many theoretical explanations
are possible. Our experiment measures the
triple correlation between neutron spin,

electron momentum, and proton recoil. We
record the 8 and proton recoils from the in-
flight decay of polarized cold neutrons. The
TRIV signal consists of a nonvanishing
difference when the neutron spin is flipped.
We have developed an optimized detector
geometry that is about 7 times more
sensitive than that used in earlier experi-
ments.

We have studied a variety of silicon
detector types for detecting protons and have
constructed and tested a high-efficiency
proton-focusing segment. For the electron
detector system, we have selected and
prototyped a simplified time projection
chamber. We are also testing a suggestion
for using polarized 3He to produce polarized
neutrons, a method that has several advan-
tages over supermirror polarizers.

Other experiments use the Sudbury
Neutrino Observatory (SNO) facility, a
1000-metric-ton, heavy water Cerenkov
detector to be sited in Ontario, Canada. This
detector will be capable of measuring the
energy spectrum of high-energy neutrinos
from the sun and of observing the neutrino
flux through the neutral-current disintegra-
tion of deuterium. Results from these
measurements and observations will allow a
clear separation between astrophysics and
particle-physics solutions to the solar
neutrino problem. Our work at the SNO
facility includes research and development
of the acrylic vessel that holds the heavy
water, data acquisition software, photomulli-
plier tubes, and development of new
detection techniques for the crucial neutral-
current interactions.

The neutral-current disintegration leads to
a free neutron moving in the heavy water,
and we seek to detect these neutrons in a
way easily distinguishable in real time from
other types of events. Objects placed in the
heavy water must be radiochemically pure to
avoid background counts due to photodisin-
tegration of deuterium. One possible detector
is a scintillation counter. We have re-
searched gas scintillation with an ultraclean
gas handling system and a photomultiplier
array, with interesting results, although we
have not yet achieved the requisite degree of
efficiency. We are also prototyping and
testing proportional counters with polycar-
bonate bodies and copper-plated interiors.

Finally, we have been involved in the
Soviet-American Gallium Experiment
(SAGE) on solar neutrinos. Although this
work has now been transferred entirely to
the Department of Energy/Office of Energy
Research, it originated here at the Los
Alamos National Laboratory and remains
intimately related to our work. From the first
data taken in early 1991, it appears that the
flux of solar neutrinos from both high- and

low-energy sources is being suppressed. If
this finding is verified, the tentative
conclusion would be that solar neutrinos are
undergoing oscillations, which is contrary to
the Standard Model. Efforts are in progress
to continue this experiment and to use 5lCr
to calibrate the system further.

Two-Body Decays of Neutral
B-Mesons and D-Mesons

J. C. Peng, J. G. Boissevain, T. A. Carey,
D. Jansen, R. Jeppesen, J. S. Kapustinsky,
M. J. Leitch. J. W. Lillherg, P. McGaughey,
J. M. Moss

We are participating in a high-energy
physics experiment to study beauty quarks
produced in strong, hadronic collisions.
Using a high-rate silicon microvertex
detector and a magnetic spectrometer, we
are searching for rare two-body decay
modes of neutral B- and D-mesons.

Our primary goal is to measure the
dihadron decay channels of neutral B-
mesons. This will be an important first step
in choosing the most suitable channels for
pursuing CP (charge conjugation and parity)
violation in B-decays. We also expect to
record a large number of inclusive B-decay
events. These events would provide
independent information on B-lifetimes and
B-production cross sections. We also have
the capability of detecting D-meson decays.
Two-body D-decay channels offer an ideal
means to calibrate our microvertex detectors
and provide interesting physics results at the
same time.

Some of our achievements in this project
include installing and testing 16 silicon strip
detectors; upgrading our data acquisition;
constructing and testing a new vertex
processor capable of selecting events with
decay vertices downstream; and analyzing
test run data, which helped us to evaluate
the performance of our apparatus and to
further improve the analysis software. We
now plan to devote our main efforts to data
analysis.
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Neutron-Proton Bremsstrahlung
Studies at LAMPF/WNR

S. A. Wencier, R. 0. Nelson, J. E. Rosier,
M. E. Scliillaci

Neutron-proton bremsstrahlung is a
fundamental process that involves the
emission of gamma rays during neutron-
proton collisions. The study of this reaction
should provide insight into (he nucleon-
nucleon interaction by looking at "off-shell"
effects and meson-exchange currents, which
have been calculated to be large. Nucleon-
nucleon bremsstrahlung is a good way to
study the fundamental neutron-proton
interaction because the electromagnetic
interaction is well known and relatively
weak.

The major goals of this project are to
study the meson-exchange part of the
nucleon-nucleon interaction and to measure
the differential neutron-proton bremsstrahl-
ung cross section as a function of incident
neutron energy.

During the past year, we have designed
and constructed two multielement, gamma-
ray telescopes that have high efficiency for

detection of gamma rays and that are
relatively insensitive to neutrons (the figure
shows the gamma-ray detector system). We
have developed electronics and computer
codes needed to read-out and process
gathered data. We have constructed,
installed, and tested a liquid hydrogen
target. Finally, we have gathered prelimi-
nary data at the Weapons Neutron Research
(WNR) target area at the Los Alamos
Meson Physics Facility (LAMPF) on
inclusive gamma-ray production cross
sections.

The information we have gained is
important to several areas of nuclear
physics, including the national medium-
energy electromagnetic physics program,
heavy ion reaction studies, and accelerator-
based neutrino experiments.

During the next year, we plan to make
modifications to the gamma detector based
on the information we gained during the last
run. Analyzing the preliminary data,
preparing for the proton-gamma coincidence
experiment, and developing a theoretical
understanding of the neutron-proton
bremsstrahlung process are other goals.

BaF2 Radiator

Hal Calorimeter

Charge Particle Veto Cerenkov

The multielement gamma-ray detector for the neutron-proton bremsstrahlung
experiment.

Intermittency

P. Can Miters

The major goal of this program is to
understand the systematics of multiparticle
production in very high energy proton-
proton collisions, such as those observed at
Fermilab and CERN, and in high-energy
nucleus-nucleus collisions, such as have
been studied at CERN.

We wish to analyze the concept of
intermittency in high-energy particle
production. Our goal is to construct
transparent measures of these phenomena
that can be used to obtain a deeper insight
into high-energy particle production in
proton-proton and nucleus-nucleus colli-
sions.

We have made progress in constructing
measures for clustering and other examples
of intermittency. For example, we discussed
in some detail the use of the Kramer-Von
Mises measure.

Although intermittency may not be the
whole truth about particle production, the
study of factorial moments has proved very
fruitful and will undoubtedly enhance our
understanding of the mysterious world
existing on the Fermi scale.
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Superconducting Super Collider
Physics: Central Tracking

H.-J. Ziock, W. W. Kinnison, R. J. McKee

To better understand our universe at its
most fundamental level, accelerator-based
physics must probe ever higher energies: the
next generation accelerator is the Supercon-
ducting Super Collider (SSC). Figure 1
illustrates the need for extremely sophisti-
cated detectors to extract the physics from
SSC events. Only silicon tracking systems
(STSs) come close to meeting the demands
of the SSC physics near the event origin;
our objective is to provide crucial informa-
tion needed to build an STS for such
extremely high-energy collisions.

SSC physics implies that the planned
STSs will face a multitude of problems that
in past experiments were less severe and
only had to be solved individually. These
problems include high radiation doses,
operation at extremely high clock speeds,
high total power levels, ~5-|im stability
requirements, and application to systems
-20 times larger than any existing system.
All solutions must use minimal material and
be compatible with the physics goals.

Only a national laboratory such as Los
Alamos has the wide technical base needed
to solve the more difficult and closely
coupled problems. For instance, as a result
of work started through this project, Los
Alamos has contributed to the highly
integrated mechanical support and cooling
system designs for both major SSC experi-
ments.

As part of an international collaboration,
we are working to solve the problems
mentioned above. In particular, results from
our work include the discovery of harmful
radiation-induced "anti-annealing" effects
and the discovery that low-temperature
operation of the detectors delays those
effects (as shown in Fig. 2). We are also
developing and using simulation tools to
evolve designs that better meet the physics
goals and the engineering constraints of
SSC experiments.

Fig. 1. An end view of one simulated event at the SSC. An event of interest may have on the order
of 1000 charged particle tracks (shown as solid curves) emanating from the collision point. The
STS, part of which is shown as the eight concentric segmented rings surrounding the collision
point, must be able to detect and reconstruct the tracks. One hundred million events will occur
every second.
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Annealing lime (hr)

4000 5000

Fig. 2. The depletion voltage as a function of the annealing time for both cooled and uncooled
silicon detectors after a radiation exposure of -8.4 x 10"p/cm!. The lines through the points are
to guide the eye. The data demonstrate that maintaining the detectors at reduced temperature after
exposure to radiation will be needed at the SSC in order to avoid the detrimental rise in depletion
voltage with time, i.e., "anti-annealing."
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Intermediate-Energy Physics for
Upgrades to the Los Alamos
Meson Physics Facility

T. Goldman, J. A, Carlson, J. L. Friar,
W. R. Gibbs, B. F. Gibson, L. Heller,
J. N. Ginocchio, A. H. Hayes, P. Herczeg,
A. Leviatan, R. R. Silbar

Our objective is to undertake a broad
class of basic research in medium-energy
physics that will provide the background
information for LAMPF upgrades. Our
goals include enhanced understanding of
fundamental hyperon-nucleon amplitudes;
three-body forces in light hypernuclei; the
existence of exotic states of quarks and
gluons, rare decays of mesons, parity and
time reversal violations; and new aspects of
nuclear structures accessible at higher
energies.

Although the LAMPF accelerator is not a
new machine, it still has great potential for
new physics discoveries. Part of our efforts
revolve around ways in which physics can
be addressed at LAMPF. However, if the
facility is to continue to stay in the forefront
of national research in nuclear and particle
physics, a significant upgrade is necessary.

We are studying the hyperon-nucleon
(YN) interaction and light hypernuclei. In
this work, we have employed realistic FN
interactions and state-of-the-art variational
Monte Carlo methods to study the ground
and low-lying excited states of four- and
five-body hypernuclei.

Also using the Monte Carlo method, we
have been trying to solve effective field
theories. During the past year, we have
developed Monte Carlo methods to solve
some field theory problems exactly. For
simplicity, our first applications have been
to simple problems, including nucleons
interacting through scalar meson exchange.
We were then able to obtain exact solutions
to the polaron problem, a long-standing
effective field theory model from condensed
matter physics.

We calculated the net polarization of the
neutron for proposed polarized 3He targets,
and we are using Green's function Monte
Carlo calculations of 5He in order to
understand to what extent traditional
potential models can describe spin-orbit
splitting. Our first results indicate that
approximately 80% of the splitting can be
obtained with realistic two- and three-
nucleon forces. This work is continuing as
we are currently exploring different three-
body force models.

Since the discovery of an Ml orbital
mode in specific nuclei, there has been a

systematic study of Ml strength for a
variety of nuclei by electron scattering and
photon scattering. We derived a sum rule for
Ml transition strengths that can be tested by
pion single-charge exchange experiments at
LAMPF and have studied the relation of
these to the breaking of a new symmetry in
nuclei, F-spin.

We studied rare decays of mesons,
putting bounds on branching ratios and
strengths of new interactions beyond the
standard model which may be testable at
LAMPF. We also extended our studies of
dibaryons, confirming in new models a
spin-3, isospin-0 state that may be acces-
sible at LAMPF and that severely tests our
understanding of the strong interactions of
quarks.

We will extend our configuration-space
trinucleon-bound-state Faddeev calculations
to unequal mass systems such as 3H. We
will complete our quark potential model
calculations of small nuclei and dibaryons,
and we will attempt to extend its application
to infinite nuclear matter and to calculate
the response of these states to high-energy
electromagnetic probes.

Finally, we plan to continue investiga-
tions of muon decays in extensions of the
standard model and to study the effects of
possible new interactions in b-quark decay.
We also plan to explore further the rare and
forbidden decays of the »j-meson.

Standard Model Phenomenology
from the Lattice and Monte Carlo
Renormalization Group Studies
of Spin Systems

R. Gupta, R. Brickner, D. Daniel; G. Kilcup
(Ohio State U.); S. Sharpe (U. of
Washington); C. Baillie (U. of Colorado);
G. Bhanot (Thinking Machines
Corporation)

The Standard Model (SM) is a highly
successful theory of nature that describes
strong, weak, and electromagnetic interac-
tions. A serious limitation to obtaining
accurate predictions from the model, for
states involving quarks and gluons, is the
large correction due to the strong interac-
tions described by quantum chromodynam-
ics (QCD).

Our project seeks to solve QCD from
first principles using large-scale simulations
of the discretized version of the theory. In
addition, our calculation of weak-interaction
matrix elements will allow us to extract

many elements of the Kobayashi-Maskawa
matrix from the experimental data. These
matrix elements give the strength of mixing
between quarks and are unknown param-
eters of the SM; accurate estimates of these
parameters will allow us to test the SM and
look for physics beyond. The next genera-
tion calculations will be done on 323 x 64
and 643 x 128 lattices on the CM-5.

Problems in statistical mechanics, while
computationally much simpler than QCD,
form the basis of our understanding of
condensed matter systems and novel
materials. For example, the behavior of
magnetic substances is described very well
by the Ising model. Furthermore, the
development of most of the numerical
techniques used in lattice QCD and
condensed matter originated in the study of
spin models. Their study continues to
provide intuition, new algorithms, and
interesting new phenomena. For this reason,
we will continue our investigations of the
critical behavior of spin systems using
Monte Carlo renormalization group
methods.

Both problems—QCD and spin mod-
els—are computationally intensive and
historically have played a large part in the
development of massively parallel comput-
ers. These problems have a number of
interesting algorithmic features that make
them well suited to act as test beds for
emerging architectures. Our past work has
repeatedly demonstrated that the highly
optimized primitives that we develop are
essential in a wide variety of applications
and help in the development of optimized
compilers. We will work in close collabora-
tion with Thinking Machines Corporation to
realize these goals.
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Scattering Theory
and /7-Matrix Analysis

G. M. Hale. M. Bolsterli

Our project seeks improved methods of
parametrizing nuclear scattering data (both
measured and unmeasured) by using the
frameworks of /?-matrix theory and the
nuclear shell model. Nuclear data calculated
from our analyses form a vital part of
Laboratory and other programs in weapons
research, astrophysics, and energy resource
development. Our improvements benefit the
users by providing them with more reliable
data and by establishing a closer connection
with theoretical efforts to understand few-
body nuclear reactions. We also seek to
improve our ability to predict data for
reactions that have few or no measurements.

The usual /^-matrix treatment of scatter-
ing processes considers the interacting
particles as being structureless in the region
beyond the nuclear surface of the intermedi-
ate compound system. We have modified
this treatment to take into account the long-
ranged exponential tail of the bound-state
wave functions for composite particles. We
have implemented the channel-overlap
terms that are the longest ranged of these
effects, and our improvements allow an
improved description of the data to be
achieved with fewer parameters. We have
also studied nucleon exchange terms in the
d + d reactions and conclude that these
reactions are probably not feasible as a
"cold" fusion process.

We have also modified the shell-model
description so that it can be applied to
scattering processes. We have connected, in
two different ways, the nuclear level
structure from a shell-model calculation
with observed scattering resonances. Results
from preliminary applications to light
systems have been encouraging.

Dirac Nuclear
Single-Particle Model

D. C. Madland, J. R. Nix

We are studying nuclear structure and
nuclear reactions using the Dirac equation.
Specifically, we seek to develop a realistic
nuclear single-particle model based on the
relativistic Dirac equation for the nucleon,
with a spin-orbit interaction that is repro-
duced naturally. Our research represents a
new approach that can directly impact
current and future Laboratory experiments
and applications.

In our new single-particle model, spin
I/2-point nucleons satisfy the relativistic
Dirac equation, with a separate attractive
scalar potential 5 and repulsive vector
potential V. This equation has a proven
ability to predict accurately the spin
observables in nucleon-nucleus scattering,

and we may be able to relate the bound-slate
Dirac potentials, S and V, to the scattering
scalar and vector potentials.

We are currently able to calculate
accurate Dirac single-particle wave
functions using scalar and vector potentials
with nine coupling constants. We can
calculate the neutron, proton, and charge
densities; their moments; and the ground-
slate binding energy for nuclei with
spherical symmetry. We have used our
computer code to predict these observables,
with good accuracy, for many closed-shell
(closed-subshell) nuclei and for several
exotic species. Results have been submitted
for publication. The figure shows the vector
(baryon) densities for the exotic doubly
magic nucleus 7itNi. We have begun the task
of accounting for the finite size of a nucleon
in our Dirac single-particle model. We plan
to continue work on all these tasks.
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The predicted neutron, proton, and matter densities for doubly magic r'Ni are shown.

152 Los Alamos National Laboratory/LDRD FY I99I Progress Reporl/LA-123l9-PR



Knot Theory in Complex Systems
and Field Theory

B. Hasslacher

Our project seeks to connect quantum
field theory and quantum statistical models
to cellular automata. We are using knot
theory as a fundamentally new and rich
framework for treating nonperturbatively
solvable statistical mechanics models and
for detecting dynamical symmetries in the
associated evolution equations. Our work is
an important factor in keeping the
Laboratory's expertise in theoretical physics
and computing at a very high level.

We examined two types of models. One
was a space-time representation of cellular
automata in which, by knot theory tech-
niques, one should be able to show lattice
gases emerging as a collective structure.
The other was a model for spontaneous
curvature, which we wished to prove
solvable, thus providing a lattice gas model
for a simple gauge field.

We made significant progress in con-
necting these cellular automata models to
exactly solvable two-dimensional quantum
statistical mechanical systems at criticality.
The exact correspondence between these
models was found, and they do, in fact,
correspond to six- and asymmetric seven-
vertex models. As a result, we have
discovered several strategies for extending
these results to Turing machine models.

Quantum Gravity and the
Gravitational Acceleration
of Antimatter

M. M. Nieto, T. Goldman, R. J. Hughes

Modern particle and gravitational
theories focus on two important related
questions: (1) How can a correct and
consistent theory of quantum mechanics and
gravity be obtained? and (2) How can a
unified theory of all the fundamental
interactions be obtained? It has recently
become possible to test, through laboratory,
geophysical, and astrophysical experiments,
for new effects predicted by theories that
attempt to answer these questions. Modern
theories of quantum gravity predict the
existence of at least two additional compo-
nents, vector and scalar, of the gravitational
interaction.

Our specific objectives have been to
investigate new interactions inspired by
quantum gravity scenarios and to identify
and analyze new experimental phenomena
that would be characteristic of signals of
quantum gravity. Our work has significant
importance to Laboratory programs in
particle physics, laboratory metrology, and
geophysics. This can be seen by the
collaborative work done with experimental
colleagues.

We provided theoretical support to the
antiproton gravity experiment, including
explanations of what is and is not implied
by other experiments for the possible results
of this experiment. Our analysis of the
theoretical implications of our experimental
knowledge was recently published. We
studied the limits that could be placed on
anomalous gravity by the precise measure-
ments of antiprotons contained in Penning
traps. Similarly, we also studied the effects
of anomalous gravitational forces on neutral
kaon beams.

We were involved with geophysics
inverse-square law experiments, such as the
ocean big-G experiment, and have provided
insight into the significance of the final
results in determining the existence of new
gravitational forces. Finally, we have
discussed the connection of the cold dark-
matter problem to violations of Newton's
Law. In a recent report, we related our
program to the wide-ranging interdiscipli-
nary work that has been done in this field.

Relativistic Heavy-Ion Collisions

./. R. Nix, D. Strotiman, A../. Sierk,
B. W. Bush

Our project is a comprehensive theoreti-
cal research program in relativistic heavy-
ion collisions. We directly support Labora-
tory experiments at Brookhaven National
Laboratory and CERN and are also part of
the international search for the quark-gluon
plasma. We have used various approaches
to calculate collisions between nuclei
moving at ultrarelativistic speeds.

Our first approach is based on relativistic
nuclear fluid dynamics. We have developed
three-dimensional codes that permit the use
of arbitrarily complicated equations of state.
These codes include both a conventional
nuclear fluid dynamics code and a two-fluid
dynamics code that allows for the interpen-
etration of target and projectile. We have
derived a nuclear equation of state that
contains the appropriate physics at low
densities and that has a first-order phase
transition to a plasma, the properties of
which are based on our current understand-
ing of quantum chromodynamics. We also
studied the possibility of incorporating the
production of pions and strange particles
within a fluid dynamics approach through
the use of rate equations.

Our second approach uses classical
relativistic hadrodynamics. We have
attempted an exact numerical solution of the
classical relativistic equations of motion,
rather than using a mean-field approxima-
tion or perturbative expansion in coupling
slrength. For point nucleons interacting with
scalar and vector meson fields, we have
derived—and in some cases solved—the
covariant equations of motion and have
generalized them to account for the finite
size of the nucleon. For the experimentally
observed nucleon mass density, the resulting
dynamical motion lacks the preacceleration
phenomena and runaway solutions that have
plagued the classical theory of self-
interacting point particles.
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Research in Elementary Particles
and Field Theory

G. B. West, P. Carruthers, F. Cooper,
P. Ginsparg, R. Gupta, M. Mattis,
E. Mottola, M. M. Nieto, S. Raby, D. Sharp.
R. Slansky, D. Daniel, F. Quevedo,
C. Trugenberger

Our theoretical research into elementary
particle physics covers a wide range of
topics. We have studied the symmetries and
dynamics of model quantum field theories
and have performed phenomenological
analyses of the interactions—weak,
electromagnetic, strong, and gravitational—
of elementary particles at all energies. Our
goal is to extend our knowledge of the
fundamental constituents of nature and their
interactions.

Using analytic and numerical methods,
we have made significant progress in the
past year toward understanding many
features of the standard model and quantum
chromodynamics (QCD). We invented new
techniques to study field theory and
nonlinear dynamic systems and have made
clearer the connection between conformal
field theory and quantum statistical
mechanical models. We also made progress
in quantum cosmology and in modeling
relativistic heavy ion collisions.

The following paragraphs list our
principal accomplishments during the past
year.

We are continuing to develop methods
for delineating initial value problems in
quantum field theory in which pairs of
particles produced from an external field
back-react on the field (electric, chromo-
electric, or gravitational). We have obtained
the development of the electric field as a
function of time and have determined the
longitudinal spectrum of the produced pairs
by numerical integration of differential
equations. We are in the process of begin-
ning simulations in three dimensions so that
we can also study the transverse distribution
of particles.

We have calculated a novel perturbation
expansion for the Langevin equation, which
is relevant to supersymmetric quantum
mechanics, and have compared our results
with some exact results obtained numeri-
cally and analytically.

We have applied scaling relations to the
8 expansion, a novel perturbation expansion
with applications in field theory and in
nonlinear phenomena such as soliton
dynamics. This has dramatically improved
the accuracy of the expansion for all values
of the coupling constant g and for all
nonlinearities.

We have used two strategies for calculat-
ing the mass of the Higgs boson and the top
quark and showed that these strategies are
related.

We have shown that in one-loop finite
quantum gravity it is possible to get an
effective Newton's constant, which
increases in strength at larger distances.
These one-loop effects might be a possible
explanation for dark matter.

We used a variational approach to the
solution of soliton problems and have
solved exactly the nonlinear Schrodinger
equation for function initial conditions using
this variational approach. We are now
studying the forced nonlinear Schrodinger
equation.

We performed numerical simulations of
the lattice formulation of QCD, the univer-
sally accepted theory of the strong interac-
tions between quarks. In studying quenched
QCD, we have attained results that have
been in strong agreement with physical
values, and we are now preparing simula-
tions on larger lattices. Simulations of full
QCD have been exploratory because of the
amount of computer time required. We are
working on calculating the P function of
lattice QCD to three loops in perturbation
theory, which is useful to a study of the
approach to the continuum limit. We have
also improved results for the kaon B-
parameter and, using lattice QCD with two
flavors of Wilson fermions, have finished
the first phase of tests on the standard model
physics. We have developed software to
carry out this calculation on the Connection
Machine (CM-2).

We have studied the relationships
between conformal field theories and lattice
statistical mechanical models, in particular,
two-dimensional models coupled to
quantum gravity. Results apply for pure
gravity and for gravity coupled to conformal
matter, and they could prove useful for
answering questions in nonperturbative
string theory and quantum gravity in higher
dimensions. We have also studied a means
of generating exact solutions to two-
dimensional gravity theories. We have
written a fully automated bulletin board
system, thereby providing a means of
worldwide dissemination of scientific
information in these fields.

Our studies of knot theory examined two
types of models, a space-time representation
of cellular automata in which one could
show lattice gases emerging as a collective
structure and a model for spontaneous
curvature, which could be proved soluble
and could provide a lattice gas model for a
simple gauge field.

We also worked on the controversial
issue of anomalous baryon number violation

at high energies and established a
perturbative equivalence between two
competing technologies for studying final-
state corrections. Work continued on the
large-N approach to quantum hadro-
dynamics, and realistic models are being
constructed of interacting mesons and
baryons.

We have continued to study the reasons
why the zero point energy of quantum
fluctuations does not curve space-time, a
fundamental question that bears on the
interfaces among quantum field theory,
general relativity, and cosmology. The
techniques of conformal field theory have
been reapplied directly in four dimensions.
This theory and its anomalous scaling
properties should provide a means of
addressing the issue of the ground state of
quantum gravity at large distances, thereby
settling the question of the cosmological
constant.

We have studied additional components
of the gravitational interaction, emphasizing
that the ongoing ocean gravity experiment
and the measurement of the gravitational
acceleration of antimatter can yield
information on longer-ranged new gravita-
tional forces.

We have obtained a general approach for
constructing coherent states for super-
symmetric systems and have obtained the
supercoherent states for two complex
physical systems with a physical
supersymmetry: (I) an electron moving in a
constant magnetic field and (2) the electron-
monopole system. We are extending this
work to supersqueezed states and to the
problem of time-varying electric and
magnetic fields.

We have explored the properties of
baryons and investigated quantum vortex
configurations in three dimensions. Our
results yield further insight into the meaning
of particle statistics and permit the unified
description of a wide variety of quantum
systems.

Finally, we have investigated the domain
of validity of perturbative QCD and devised
techniques that simplify the calculation
while permitting greater accuracy. Work
continues on these and related theoretical
questions.
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The Manuel Lujan, Jr.
Neutron Scattering Center

R. Pynn

The Manuel Lujan, Jr. Neutron Scatter-
ing Center (LANSCE) is a pulsed spallation
neutron source equipped with time-of-flight
spectrometers for studies of atomic and
magnetic structures of matter. Neutrons are
produced when 800-MeV protons from the
LAMPF and an associated proton storage
ring collide with a tungsten target. Because
LANSCE has a higher peak neutron flux
than any other spallation source, experi-
ments can often be performed here more
quickly, with greater accuracy, and with
smaller samples than at similar facilities.
Several of the unique spectrometers
available at LANSCE have been developed
with the support of LDRD funds. An
example is the low-Q diffractometer, which
has the world's largest dynamic range for a
spectrometer of this type—a great advan-
tage for studies of materials in which a
range-of-length scale between 10 A and
1000 A is important.

LDRD-funded research at LANSCE
provides a focal point for neutron-scattering
investigations that are of interest to Labora-
tory divisions and programs, promotes
scientific excellence in the field of neutron
scattering, and contributes to Laboratory
and Department of Energy missions in the
areas of technology transfer and education.
For maximum benefit, most LDRD projects
involve scientists from other Laboratory
divisions who are already funded for
scientific investigations related to a
proposed neutron-scattering project. In this
way, LDRD funds can be leveraged so that
neutron scattering can provide the maxi-
mum contribution to a wide range of
Laboratory programs in areas such as
surface science, chemistry, solid-state
physics, materials science, engineering,
geology, and structural biology. To ensure
the quality of research, the LANSCE
External Program Advisory Committee
performs a peer review of each project
before beam time is allocated.

Neutron-scattering research funded by
LDRD during FY91 covers a broad
spectrum of topics. Following are examples
that demonstrate the impact of neutron
scattering in several important areas and
highlight collaborative research with
university, Laboratory, and industrial
scientists.

Increasingly often, metal matrix compos-
ites (MMG) replace conventional materials
in structural applications that require high
strength-to-weight or stiffness-to-weight

ratios. The benefits of improved efficiency
that results from lighter components are
encouraging the aerospace and automotive
industries, including Ford, Rockwell, and
General Motors, to research applications for
MMCs. Before manufacturers use a new
material in a critical assembly—for
example, as part of an airframe—they must
model and test it extensively. Computational
models predict safe service lifetimes, but
they are limited by assumptions concerning
the initial state of the component. Experi-
ments are essential to validate these
predictions. Residual stresses between the
constituent phases strongly affect the
strength and fracture resistance of MMC
materials. Conventional techniques of
measuring residual stress are difficult to
apply to composites and have limited value

because of their inability to distinguish
between the matrix and reinforcement.
Neutron diffraction, which can be per-
formed only at a high-flux neutron source,
offers a unique nondestructive alternative
for examining the stress state of crystalline
composites.

At LANSCE we use neutron diffraction
to examine a variety of MMC materials and
to make direct comparisons with computa-
tional models. The data from our experi-
ments (shown below) confirm the ability of
models proposed by collaborators at Brown
University to predict qualitatively, and in
several cases quantitatively, the internal
stresses in composite materials. However,
there are some intriguing differences
between the experimental results and the
predictions. In particular, the behavior of the

I

0.003

0.002

0.001

0.000
CO
3

•§ -0.001
cc

-0.0021-

-0.003

OFEM
• 111

-0.04 -0.03 -0.02 -0.01 -0.00 0.01 0.02 0.03 0.04

Plastic strain

0.003

0.002

I 0.001

I o.ooo
K -0.001

-0.002

-0.003
-0.04 -0.03 -0.02 -0.01 -0.00 0.01 0.02 0.03 0 . H

Plastic strain

Comparison of elastic strain versus composite plastic strain as measured by neutron diffraction
and predicted by finite element calculations. Quantitative agreement between the experiment and
calculations is seen for the aluminum matrix, but only qualitative agreement is obtained for the SiC
reinforcement.
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reinforcement is more difficult to model
than the matrix, and the form of the
reinforcement, either fibers or particulates,
affects the validity of the models. Our
experimental results show the limitations of
the computer simulations and indicate
where enhancements are needed.

In several experiments researchers have
studied residual stresses in more conven-
tional materials, such as welded plates and
connecting rods from an automobile engine.
Studies of this kind are important examples
of how facilities at national laboratories can
enhance US industrial competitiveness.

Studies of the structures of biological
molecules form a natural complement to the
Laboratory's Human Genome Program. The
latter emphasizes the sequence of bases that
make up a particular chromosome, whereas
structural biology, as studied by neutron
scattering, concentrates on the structure and
conformation of larger macromolecular
units. If the structure of a biological
molecule can be determined under appropri-
ate conditions (for example, in solution),
information about its function can often be
inferred. Small-angle scattering can
contribute significantly to such studies
because samples may be prepared in
conditions that closely approximate the
normal physiological environment—an
advantage not shared by techniques like
electron microscopy and x-ray crystallogra-
phy. By studying systems in different
environments, researchers may relate
variations of molecular conformation to
biological function. Similar ranges of
molecular size can be probed by either x-ray
or neutron small-angle scattering. However,
the latter offers the advantage because the
scattering contrast between different parts of
a molecular assembly or between molecules
and solvent may be controlled by selectively
deuterating different components.

The low-Q diffractometer at LANSCE
has been used to study a number of
biological systems, such as calmodulin,
phosphorylase kinase, and antibodies. The
calmodulin molecule is of great importance
as the principal mediator of the regulation
of biological processes that are controlled
by Ca2+ ions. Examples include muscle
contraction and the metabolism of glycogen.
In an application of unique capabilities at
LANSCE, resonant small-angle neutron
scattering was measured from -40Pu3+ ions
bound to the Ca2t binding sites of
calmodulin. The distance between binding
sites within each of the two "globules" that
make up the calmodulin molecule was
accurately determined, but no reasonable
distribution of distance between the
globules has yet been found to fit the data.
Nevertheless, it is clear that under physi-

0.00 0.02 0.04 0.0E 0.08 0.10

Q (A1)
Scattered neutron intensity, I(Q), plotted
against wave-vector transfer, Q, forlgGI (top),
lgG2a (middle), andlgG2b (bottom). For
clarity, the data for different samples are offset.
The solid lines represent the best fits of flexible
two-sphere models for the IgG macromol-
ecules. The dashed line is the scattering that
would be expected from a rigid IgG system with
no flexibility at the hinge.

A perspective view of the monoclinic unit cell
for Prw0w The large circles are oxygen atoms;
the small circles are praseodymium atoms.
Lines are drawn from the nominal oxygen
vacancy positions to the nearest four praseody-
mium and six oxygen atoms. This structure is
among the most complex ever solved by
neutron powder diffraction.

ological conditions calmodulin does not
adopi the rigid extended structure deter-
mined by x-ray crystallography.

Antibodies are protein products of the
immune response that recognize and bind to
foreign substances (antigens) in the body.
Over 70% of the antibody in serum is of the
so-called IgG class, which can be visualized
as Y- or T-shaped molecules having two
identical antigen binding sites at the ends of
the upper arms, joined to the stem region by
a flexible "hinge." The specificity occurs at
the binding sites, and the variety of immune
response elicited depends on the stem
region. Fragments of the IgG's were
crystal ized and high-resolution structures
were found previously. However, informa-
tion about the complete structure of
functional IgG's was lacking. Using neutron
scattering and appropriate contrast matching
conditions, we measured the distance
between bound antigen sites for three
immunoglobulins (IgG subclasses 1, 2a, and
2b). Obtaining quality results (shown left)
required the production of large quantities
of monoclonal antibodies and bacterial
expression systems that allow production of
deuterated protein antigens. This work was
carried out in the Laboratory's Life
Sciences Division.

Synthetic macromolecules at solid or
fluid interfaces have an enormous range of
applications to a wide variety of technolo-
gies. They provide a mechanism to achieve
colloid stabilization in water treatment,
ceramic processing, inks, fuels, and other
suspensions and emulsions; they are used
for mechanical protection of solids against
friction and wear; they are used as model
biomembranes; and they are being devel-
oped for optoelectronic devices. This partial
list indicates the ubiquitous involvement of
surface active macromolecules in modern
society.

Although there is a substantial body of
theoretical literature on the morphologies of
adsorbed polymers, grafted chains, block
copolymers, etc., for the most part experi-
mental evidence has been inferential. In an
attempt to correct the situation, scientists are
conducting experiments at LANSCE to
probe the structure of macromolecular
layers by neutron reflection. This technique
permits the determination of the average
density profile perpendicular to flat layers
and provides information about the texture
or roughness of the layers. By combining
neutron reflection studies with surface force
measurements by our collaborators al the
University of California al Santa Barbara,
we plan to further the understanding of the
interactions within complex fluid layers. As
a first step, we have made neutron reflection
measurements on polymer molecules that
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were anchored to a solid/liquid interface by
a lipid bilayer. Changing the density of the
lipid layers allows us to control the grafting
density of the polymer "brush" extending
into the liquid. When fully analyzed, the
data are expected to yield information about
the density of the polymer brush that can be
compared with recent theories.

In collaboration with scientists from
Arizona State University, a group at
LANSCE has recently used neutron powder
diffraction to solve the structures of five
members of the homologous series MnO1n,
for M = Pr and Tb. All these structures are
derived from the parent MO, fluorite by
creation of oxygen vacancies and subse-
quent lattice distortion. All have at least one
common cell edge which is one-half of the
[211] vector in fluorite. Apart from Tb7Op,
these materials have remarkably low
symmetry and very large unit cells; most are
either monoclinic or triclinic. One of the
largest of the structures solved is Pr |(|0]g,
whose monodinic unit cell contains 112
atoms and is described by 84 atomic
coordinates (shown lower left). In a
comparison of these structures, the basic
trend observed is that in the higher oxides,

where the mean lattice volume for each
vacancy is about 200 A3 or larger, the
vacancies are no longer paired on opposite
sides of a metal atom as found in the
rhombohedral M7O|2 structure. This
observation is consistent with the fact that
the dominant bonding force in rare-earth
oxide systems is mainly ionic in nature.
Thus, the formation of any intermediate
phase in the homologous series is the result
of minimizing the interactions between
defect centers and does not involve any
covalency effects that might preserve a
large defect cluster in a dilute array of
vacancies.

These oxides are typical of a large
group of structures based on ordering of
extended defects formed by oxygen
vacancies in a MO2 fluorite lattice. Similar
structures are found for the oxides of
plutonium, americium, curium, berkelium,
and californium, as well as for the ternary
oxides of zirconium, hafnium, and thorium
with calcium or the rare earths. The latter
materials have potential use as nuclear
fuels, fast oxygen conductors (solid
electrolytes), and oxygen specific sensors.

Overhead view of three neutron beam lines in the LANSCE experiment room; (front to back) the
new chopper instrument, PHAROS, which will provide US scientists with a capability that is
available only at ISIS; the Neutron Power Diffractometer (NPD), which has better resolution than
any other similar instrument in this country; and the nuclear physics instrument on which
measurements for parity violation are taken.

Superconducting Super Collider
Detector Systems Initiative

G. Sanders, W. Kinnison, T. Coan, G. Mills,
K. Lackner, D. Sharp, R. Farber,
A. S. Lapedes, G. West, E. Mottola,
M. Mattis, R. Gupta, W. O. Miller, B. Smith,
T. Thompson, R. Barber, G. Dransfield,
W. Rodriguez, D. Lee, M. Brooks,
W. Wilson; R. Prael, J. Boissevain,
J. Matthews (U. of New Mexico)

Our project prepares for and relates to
the Department of Energy's Superconduct-
ing Super Collider (SSC) project, a basic
research program in high-energy physics
that combines advanced technological
challenges with frontier scientific goals. We
are studying the design and feasible
technologies for detector systems for the
SSC. Our focus is the detection of final-state
leptons, since this approach seems to offer
the highest discovery potential.

Our activities cover several areas:
simulation of SSC physics to define the
required detectors and to provide input to
information processing studies, central
tracking research at the large electron-
positron (LEP) collider to develop proto-
types and skills for the SSC task, informa-
tion processing using advanced adaptive and
massively parallel algorithms, mechanical
engineering studies of precision structures
and materials with attention to radiation
resistance, studies of required sensors, and
studies of theoretical aspects of new physics
at the SSC.

Our studies have shown that neural
techniques have no advantage for data
structures of the type expected at the SSC,
and that application of parallel methods
promises to meet all technical requirements.
The problem of data compression has been
studied and a particular advanced solution is
being considered for implementation at the
SSC.

We have participated in collider physics
research at LEP with the L3 detector, and
our vertex system is a direct technological
prototype for the SSC central tracker. Our
radiation damage research has demonstrated
that silicon microstrip detectors are
sufficiently resistant for reliable use at the
SSC. In collaboration with the University of
New Mexico, we have designed and
developed central tracking and physics
simulations for both large initial SSC
detectors. Finally, we have performed
.structural and thermal modeling of a
precision gas-cooled support structure for
silicon microslrip detectors.
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High-Gradient Superconducting
Cavity Development

H. A. Thiessen, J. McClelland, G. Swain,
H. Butler, J. Zumbro, G. Spalek, R. Rusnak,
E. Gray, B. Blind

The goal of our project is to develop
high-grade superconducting radio-frequency
(rf) cavities for use in a pion linear accelera-
tor. Our results will help us to evaluate the
technical feasibility and cost of a future
upgrade to LAMPF. This upgrade would
provide the world's highest-flux, highest-
resolution pion beams for A-hypemuclear
studies and for other physics research, such
as high-energy pion reactions, baryon
resonances, light meson production, and
fundamental measurements. Other pro-
grams, such as TeV linear colliders and free
electron lasers for commercial or defense
use, could benefit from the cavity develop-
ment program.

Our present work involves preliminary
technical analysis of the pion accelerator
and a determination as to how energy,
intensity, and resolution goals can be met at
minimal cost. We are primarily studying
new concepts that could provide the high-
gradient, high-Q multicell superconducting
rf cavities needed to maintain the high
fluxes of the short-lived pion beam during
acceleration. We are also studying other
components of the cavity development plan,
such as beam dynamics, magnetic transport
optics, magnet engineering, and target-cell
engineering.

We are seeking to demonstrate that the
necessary gradient and Q can be achieved in
low-frequency, multicell cavities and
preserved in the accelerator environment.
We are also trying to push beyond these
minimum specifications. For example, a
higher gradient would increase the yield of
pions and allow a shorter linear accelerator
to be built, leading to appreciable cost
savings.

Our preliminary study for a system
design has discovered no technical problems
that would prevent our achieving the
performance specifications. Other accom-
plishments in the past year include the
following:

Beam Dynamics. We have determined
that 45 cavities in 9 cryostats are required
for 920-MeV operation with energy
available up to 1070 MeV. We have
designed a quadrupole focusing system and
determined the inactive space between
cavities. We shall now study operations at
lower and higher energies accommodated
by the system.

Injection System. We studied a reference
injection line for the linear accelerator that
provides the necessary acceptance and
transmits the required number of pions to
achieve the specified flux in the desired
output phase space. We are presently
studying a second beamline to inject
positive and negative pions simultaneously.

High-Resolution Systems. We completed
a design study for a high-resolution
beamline and spectrometer for
A-hypernuclear studies, and we are working
on extending its range of operation for pion
elastic and inelastic scattering experiments.

General Purpose Beamline. We designed
a general purpose beamline that can deliver
dispersed and achromatic beams and is
tunable for use as an injection line in
possible future energy upgrades.

Beam Sharing. We are studying a system
to deliver the output beam to two or more
simultaneous users. This would improve
efficiency of operation at minimal cost.

Computer Code Development. We have
made a major upgrade to the program we
use for ray-tracing calculations of the optics,
greatly increasing its accuracy and flexibil-
ity. This program is used at numerous
laboratories in the United States and
Europe.

Cavity Structural Analysis. We have
performed a preliminary structural analysis
of the 805-MHz multicell niobium cavities
to determine their resistance to pressure. We
also determined maximum stresses for the
magnitude deflections needed to tune the
cavities. We are now carrying out a final

stress analysis that includes the effects of
weld preparations, a cavity stiffening
scheme, and mechanical vibration
frequencies.

Cavity-Cavity Coupling and Power
Couplers. Accelerator operation requires
independent amplitude and phase control of
cavities. We have calculated the cavity-
cavity coupling and compared it with
existing superconducting accelerators. We
are now measuring the coupling using a
two-cavity low-power mode. We have also
designed a coaxial matched 10-kW ceramic
rf window to be used in the horizontal
cryostat tests. Finally, we have made
estimates of the main coaxial power coupler
external Q for various coaxial line
diameters.

Cavity Tuning and Field Flatness
Adjustments. We have written a computer
program that allows us to make the acceler-
ating fields within a multicell cavity
uniform and to tune the cavity to the desired
frequency in one iteration. This is important
for high-gradient operation of the accelera-
tor. Results from our tests have been
excellent. We are also testing how to
measure field uniformity in a multicell
cavity while keeping the if surface clean.

Vertical Test Cryostat. We have
determined helium pumping requirements
for testing multicell cavities at high
gradients and have begun to purchase the
necessary pumps. We have also performed
studies that will enable us to size the vertical
cryostat internal dimensions to minimize
helium consumption.
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Cavity Stiffening and Tuning Scheme.
We are designing two cavity stiffening
schemes that incorporate tuning features.

3-GHz and 805-MHz Single-Cell Cavity
Tests. Our tests have shown that improve-
ment in cleaning techniques and introduc-
tion of an extra nitric acid step in the regular
chemical treatment procedures have allowed
us to operate 3-GHz cavities at peak surface
electric fields of up to 70 MV/ra and have
increased the average gradient by a factor
ofxl.5.

We have used a small high-temperature
vacuum oven to heat-treat a 3-GHz cavity.
This improved the cavity Q, but because of
poor vacuum the peak surface electric field
was limited. We are using a higher vacuum
oven to solve this problem.

We have tested 805-MHz single-cell
cavities at high temperatures and will
perform low-temperature tests with a higher
cavity Q as soon as we improve our helium
pumping capability. We are also testing the
effects of high-temperature heat treatment
on an 805-MHz single-cell cavity.

Acid Polish System. We are designing a
cleaning facility for the interior surface of
the cavity system and are developing the
documentation and logic structure necessary
for its safe operation. We plan to design and
add an external cleaning system, since
recent superconducting cavity work has
shown that this can reduce the thermal
gradient between the metal and the helium
bath. We are presently working on making
our cleaning system conform to environ-
ment, safety, and health requirements.

Multicell Cavity Test Stand. We have
made many modifications to the Supercon-
ducting rf laboratory to enable us to test
805-MHz multicell cavities.

We also plan to perform high-pressure
water tests, "clean" chemistry tests, and heat
treatment on 3-GHz cavities, as well as
high-power pulsed rf processing on
0.8-GHz single-cell cavities. We will
procure a seven-cell cavity and develop
vacuum seals and couplers for it. Testing of
the seven-cell cavity will commence in the
next fiscal year.
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Plasmas, Fluids, and Particle Beams
Overview

P. C. White

Plasma physics, fluid dynamics, and the science
of particle beam generation, acceleration, and propaga-
tion are strengths of Los Alamos. The breadth and depth
of the technology base in these areas, together with
aggressive pursuit of new understanding at the frontiers
of these disciplines, are key ingredients in the success of
the Laboratory's applied programs. The following is a
representative sampling of scientific achievements in the
area of plasmas, fluids, and particle beams.

Transitions from ordered processes to disor-
dered ones, the onset of turbulence and its spread through
a system, are pervasive phenomena. Understanding these
processes is vital to further progress in applied programs
as disparate as the nuclear weapons program and the
industrial applications of plasma processing. In the past
year, important advances were achieved in several areas
related to turbulence and to understanding the transition
from ordered to disordered states of a system.

The BHR models of fluid turbulence, which
were developed in part under LDRD by Harlow and his
colleagues, describe interactions dependent on the
spectrum of turbulent length scales and successfully
depict homogeneous flows with shear, strain, or mixing
layers. Important progress has been made on extending
these models to variable density flows.

DuBois and his collaborators are developing a
theory of strongly driven, high-frequency plasma turbu-
lence. They describe the excitation of strong Langmuir
turbulence by the stimulated Raman scattering of light
from plasmas in regimes important to the ICFprogram.
They also characterize the significance of instabilities
related to the filamentation from laser-illuminated hot
spots, which led to a possible new diagnostic for filament
formation.

To develop a more systematic understanding of
the transition from ordered fluid flows to chaotic, or
turbulent ones, it is helpful to study a simplified system in
great detail. Two related projects are taking this ap-
proach. (I) Ecke and his colleagues developed a precision
system for exploring the behavior of thermally driven
convection in rotating fluids. Digitally enhanced optical
shadow-graphs revealed many new complex phenomena
near the onset of convection. The observations led to
understanding resulting thermally driven vortex struc-

tures and transitions between them. (2) Holm developed a
numerical algorithm for modeling similar incompressible
flows that enables classification of steady flows based on
their helicity and provides qualitative agreement with
experimental data on Rayleigh-Benard flows. This ana-
lytic approach, complemented by the controlled experi-
mental system, should provide a better understanding of
the turbulent structures that emerge as such systems are
driven harder.

Los Alamos is known for accomplishments in
modeling and detailed characterization of plasma pro-
cesses. Jacobson is completing an analysis of
radiotelescopic data related to the instigated turbulence
problem in the ionosphere. The discovery of a newly
observed class of wave in the topside ionosphere is one
result and will be a significant background effect in
attempts to use thermospheric acoustic waves to monitor
manmade explosions.

In areas like the Clinton P. Anderson Meson
Physics Faciity and the neutral particle beam program,
Los Alamos has demonstrated strength in accelerator
technology. Wangler and his colleagues are exploring the
possibility of a superconducting, radio-frequency-quadru-
pole (RFQ) particle accelerator for high-field operation.
Building on recent high-field measurements by Argonne
National Laboratory in niobium cavities, they have
conducted cavity design studies and beam dynamic
studies that indicate the feasibility of high-current, high-
brightness beams in superconducting RFQs with very low
losses.

The Advanced Free-Electron Laser Initiative
(AFELI) led by Sheffield has demonstrated significant
progress in accelerator-related technology. The design
phase of the project is virtually completed, and major
components are under construction. Key design features
include a high-brightness linac, an emittance-preserving
beam line feeding into the wiggler, and a computer-based
control system. The AFELI promises a near-term demon-
stration of a compact, high-power, user-friendly, robust,
broadly tunable light source that advances PEL state of
the art and supports a range of potential applications
such as high-resolution photolithography for high-density
microelectronics.

These examples provide only a brief and limited
overview of the extensive work being done at Los Alamos
in the related areas of plasma physics, fluid dynamics,
and accelerator technology. The LDRD program is
serving its very special purpose when projects like these
continue to stimulate greater breadth and depth for this
important technology base.
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Plasma Physics Research:
Plasma Radiation Processes

H. Dreicer

The primary objective of this research
was to strengthen the Laboratory's plasma
science and technology base by investigat-
ing scientific questions whose solutions
could be applied to several Laboratory
programs. The development of more intense
positron sources is important to national and
Laboratory programs in material science, to
the development of new accelerators tor
high-energy and nuclear physics, and to
many desirable antimatter and nonneutral
plasma experiments. The specific scientific
question we addressed was how to increase
the intensity of slow positron sources above
the very low level (<10"'A) currently
available.

Conventional sources, based on pair
production (using electron linacs) or
neutron-activated, positron-emitting
radioisotopes, utilize solid moderators for
slowing positrons. The attendant 10'to 10"4

inefficiency of these moderators is due to
annihilation. It has been proposed that these
moderators could be replaced with more
efficient magnetic and electrostatic traps
that are subject to positron cooling (e.g.,
synchrotron) radiation. We identified
possible new methods for producing
positrons directly within a trap in ways that
have the potential to avoid annihilation loss;
however, this was suspended in December
1990 because the principal investigator was
assigned administrative duties by the
Laboratory Director and was unable to
continue this LDRD project.

Superconducting Radio-Frequency
Quadrupole

T. P. Waiifiter.J. L. Merson.L. M. You/iff,
R. Wood

The radio-frequency quadrupole (RFQ)
linear accelerator has numerous applications
in nuclear weapons production, nuclear
energy production, and space technology, as
well as in industry and medicine. Both
injector and stand-alone applications can
benefit significantly from a high-field
superconducting RFQ.

Potential injector RFQ applications
include accelerator systems for tritium
production for the nuclear weapons program
and accelerator-driven facilities for com-
mercial nuclear energy production with the
simultaneous transmutation of radioactive
wastes. Injector RFQ technology can also be
of benefit for neutral particle beams in
space, where high-current and high-
brightness beams from low-weight accelera-
tors are the objective. Injector RFQs can
also be used in the measurement of neutron
cross sections and in condensed matter
studies.

A number of industrial and medical
applications of a superconducting stand-
alone RFQ are possible because of its high
power efficiency, high intensity, and
compactness. Industrially, this technology
can be used by airport personnel for pulsed
fast-neutron analysis and rapid detection of
chemical explosives in luggage. Medically,
it can be used for boron-neutron-capture
therapy in the treatment of inoperable brain
tumors.

The goal of this research is to develop a
niobium superconducting RFQ particle

accelerator for high-field operation that ill
be of benefit in both injector and stand-
alone RFQ applications. The motivation for
this work comes from recent measurements
at Argonne National Laboratory of very
high fields in a niobium superconducting
cavity with an RFQ-like geometry. A
successful development will enable us to
build very compact, low velocity rf-linacs in
the megaelectronvolt range.

Our primary objective is twofold. First,
we will determine the best parameter
choices for the design of high-field super-
conducting RFQs, including the maximum
field for the design of a superconducting
RFQ accelerator. To accomplish this
objective, we have identified an acceptable
design for an accelerating structure and will
construct and operate a short (30-cm)
superconducting prototype RFQ cavity at
full power (see the figure). The results of
the high-field measurements will then be
extrapolated to the longer structures
necessary for future applications.

Our secondary objective is to improve
our understanding of the beam-physics
issues related to beam quality and beam
losses in high-intensity RFQs, which must
be kept to a minimum for the superconduct-
ing core.

In our cavity design studies, we have
used the three-dimensional cavity code
MAFIA in determining the best configura-
tion of the geometry at the ends of the four-
vane cavity structure to minimize the
surface-magnetic-field enhancement to
prevent a magnetic quench. Based on these
calculations, we have initiated the mechani-
cal design of the prototype niobium RFQ
cavity.

The superconducting niobium four-vane RFQ cavity prototype. The four vanes concentrate
the quadrupole electric field near the axis to focus and accelerate the beam.
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We developed a code for analyzing
resonant electron multipacting in an RFQ
cavity because this phenomenon can be a
problem for certain geometries in supercon-
ducting cavities. This code will allow us to
compare theoretical and experimental
results of the high-power prototype cavity.

We are performing a systematic study on
a set of beam-dynamics parameters to
determine which RFQ designs would
simultaneously obtain high-intensity beams
and minimize panicle loss in the RFQ. We
significantly improved the theoretical
longitudinal capture efficiency during
bunching and reduced beam-particle loss by
modifying the synchronous phase profile.
This study also reveals limitations to
achieving brighter beams from an RFQ,
which are a consequence of the inherent
beam quality in today's ion-source technol-
ogy. We concluded that high current and
high brightness are indeed possible in
superconducting RFQs with very low beam
losses. However, large gains in brightness
are difficult to achieve without concurrent
improvements in the brightness from the ion
sources.

In our basic beam-physics studies, we
carried out numerical simulations of
emittance growth and halo formation in
intense space-charge-dominated beams. In
collaboration with the University of
Maryland, we successfully tested new
formulas for emittance growth in root-
mean-squared (rms) mismatched beams. In
the course of this study, we observed that
rms-mismatched beams led to the formation
of large halos around the core of the beam.
The halo formations are a potential source
of particle loss and may be caused by failure
to provide adequate rrns matching at
injection into an accelerator. Through
further study of rms-mismatched beams in
the extreme space-charge limit, we have
begun to quantify these results.

We plan to build and operate an inexpen-
sive copper-cavity model at low fields to
test our ideas for tuning the structure and to
confirm the field distributions predicted by
the three-dimensional code studies. We will
pursue the mechanical design of the
niobium cavity once we have determined an
appropriate geometry to minimize the
surface-magnetic field. We will also
continue the beam-dynamics studies to
understand and control RFQ loss of beam
brightness, directing our efforts toward
optimum design for specific applications.
Ultimately, we plan to build and test the
30-cm-long niobium RFQ prototype at high
fields.

Spheromak Applications

J. C. Fernandez, I. Henins, R. M. Mayo,
F. J. Wysocki, R. E. Chrien, G. J. Marklin

The spheromak, a current-carrying,
magnetized plasma ring, has many possible
applications, all of which require a compact,
long-lived, clean spheromak with high
magnetic field and current density. One
application, an opening switch capable of
operating at currents above 1 MA in a sub-
microsecond time-scale, is both a challeng-
ing problem and a key to many technologi-
cal applications. The success of all possible
applications rests on understanding the
physical determinants of spheromak
parameters, the main goal of this research.

In this project, we studied spheromaks of
unprecedented current density and com-
pared them with previous experiments. By
using a combination of experimental
measurements and the modeling of present
and past spheromak results, we identified
and characterized two operating regimes of
clean spheromaks and identified some of the
mechanisms by which the transition
between the two regimes can occur. We also
gained much understanding on how to
enhance the desirable characteristics of the
spheromak and completed a proposal for an
experiment to test a spheromak as a fast,
high-current opening switch.

This conceptual illustration shows the
spheromak-based plasma opening switch. The
spheromak is labeled CT (compact toroid), X is
magnetic field pointing into the page, and • ;'s
field pointing out of the page.

Gun Etoctrodts

Modeling of High-Density Plasmas
for Chemical-Processing
Applications

R. A. Krakowski, K. A. Werley

The objective of this project is to
determine conditions for efficient coupling
of electrical energy to dense plasma to
enhance chemical reactivity in a high-
throughput configuration. This process is
essential in applying a thermal plasma
processor to chemical synthesis and in
understanding the conditions that allow a
nonequilibrium electron population to be
sustained. The Laboratory has strong
expertise in the areas of plasma transport,
atomic and molecular physics, chemical
kinetics, and chemical engineering and
process design; however, the new under-
standing gained from this project is
expected to improve bulk chemical pro-
cesses that minimize waste, to create new
material forms, and to replace older, less
efficient processes with more efficient new
processes.

This study emphasizes increased
understanding of both thermal and
nonequilibrium plasmas in many areas,
including process understanding, with an
emphasis on the interaction between plasma
and materials; nonequilibrium effects
through electron distributions that occur
naturally in the plasma or that are externally
induced; and electrode and/or reactor-vessel
wall interactions with the plasma source.

A one-dimensional, three-fluid non-
equilibrium model of a weakly ionized
dense plasma was developed and
benchmarked to demonstrate the possibility
of sustaining a nonequilibrium

CT (initially)

CT(inttastablt position)

r
CT (after switchi*)
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(hot-electron) edge-plasma region by using
a centrally located hot plasma core. The
capability to model dense (atmospheric),
reactive nonequilibrium plasmas in the
context of a generalized engineering
systems study was developed. This first-
principles physics description provides very-
good agreement with experimental results
with the exception of the magnitude of the
radiated power.

Physics of Nonneutral Plasmas
in Traps

L. Turner

Understanding the physics of nonneutral
plasma is vital for achieving efficient
storage of a single charged species. Our
general objective is to study this area of
physics, exploring nonneutral plasma
confined by the conventional Penning trap
field.

A Penning trap field is a static, homoge-
neous magnetic field supplanted by an
external electrostatic quadrupole field. We
derived a coupled set of 10 ordinary
differential equations that describe the
dynamical evolution of a nonneutral
ellipsoidal plasma in the conventional
Penning trap fields. These equations
determine the answer to the Dirichlet
problem as applied to a nonneutral plasma
in a Penning trap.

We demonstrated that Dedekind's
theorem does not apply to the general
motion of a nonneutral plasma ellipsoid in
the conventional Penning trap. We also
derived the dispersion formula for the
oscillation frequencies of incompressible
infinitesimal perturbations of spheroids.
Finally, using these dispersion relations, we
proved that all the oscillation frequencies
for these modes are stable when the
equilibrium spheroid is either oblate or
prolate.

Plasma Focus:
High Currents and Targets

B. L. Freeman, H. Oona, C. M. Fowler,
D. G. Rickel

A plasma focus device is used to produce
very hot, dense plasma pinches. The

I objective of this project is to scale this
I device to higher driving currents to produce
| near-thermonuclear conditions and to

explore its potential for imploding inertial-
fusion targets. Other applications for this
device include a driver for a subcritical-
mass power reactor, a neutron source for
transmutation of radioactive waste, a light
source for atomic and molecular physics,
and a fusion source for spacecraft propul-
sion. The earliest commercial application of
a plasma focus device may be x-ray
production for high-resolution lithography
in the semiconductor industry.

The device operates using coaxial
geometry in which the central electrode is
positive and the outer electrode is negative
(see figure). A vacuum chamber around this
coaxial system is filled with a gas that forms
a plasma sheath when electrical power is
supplied to the device. The plasma sheath

timing is adjusted so that the sheath reaches
the end of the central electrode at the time
of maximum current. The sheath then
collapses radially to form a hot, high-
density pinch. Our device is distinctive in
that it contains an air lock that permits the
insertion of targets into the pinch region
with a minimum perturbation to the
operation plasma focus device.

We conducted target experiments using
glass balloons containing a 50% mixture of
DT at a pressure of 50 atmospheres. Using
D,, H,, and HE as plasma sheath gasses, we
observed neutron yields consistent with
accelerator beam-target and exploded
pusher target reactions. Also, the initial
light-source characterization tests produced
very good quality spectra, which indicate
the plasma focus device may be very useful
in this area.

In the coming year, we will use the small
plasma focus device to explore other
applications and as a basis for higher-
current experiments. Some of our experi-
ments will include more light-source
characterization, plasma flow switch tests,
and ion implantation feasibility tests. Our
500-kJ machine will permit higher current
scaling of the neutron yield.

Mr-Ucfc
PimpPwt

Air-LecfcSpiMll*

HV(+) Plate

A line drawing of the
plasma focus device.
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The Physics of Positron Plasmas
and Intense Positron Sources

F. J. Wysocki, D. E. Casperson,
P. J. Channell, L. Turner

A positron is the positive aniiparticle of
an electron. Our principal goal in this
project is to gain a better understanding of
the positron plasma physics and to develop
an efficient cooling- and brightness-
enhancement scheme that will give signifi-
cantly increased positron beam intensity
from standard positron sources.

The objective of this research is to obtain
efficient positron moderation by replacing
solid-state moderators with traps and other
cooling mechanisms. We will also evaluate
the effect of injecting cold electrons on
positron confinement and cooling and will
investigate the best method for injecting
energetic positrons into traps and the most
suitable choice for a trap.

We examined two possible trapping
schemes that involve quantifying the
various mechanisms that the trapping
schemes rely on. In one scheme, the
positron source is external—it is placed at
the edge of the trap and positrons are "born"
marginally trapped. In the second scheme,
the positron source is internal, meaning it is
placed in the trap and positrons are "born"
completely trapped.

The behavior of positron orbits in the
presence of energy loss can be simulated by
injecting energetic electrons into an
inexpensive trap buill for this purpose. The
initial experimental work will provide
expertise on single-component traps,
diagnostics, and the handling of positron
sources.

This research is important to many areas
of research and development, including
solid-state studies, positron-probe tokamak
diagnostics, monoenergetic gamma rays,
and antihydrogen/antimatter experiments.

Interaction of Dense Plasma with
a Combustible Fluid

H. A. Davis, B. A. Kashiwa, R. R. Bartsch,
N. T. Padial

The military is interested in the develop-
ment of electrothermal guns for applications
to increased tank-armor penetration,
extended-range artillery, and soft-launch for
guided munitions. These guns are expected
to perform better than conventional guns
because significant electrical energy is used
to control the combustion of chemical
propellants. The object of this research is to
understand, through direct observation and
computer modeling, the interaction of a
dense plasma with a combustible liquid. The
phenomenon is central to the operation of
the new electric-gun concept.

The electrical energy that controls the
combustion is typically deposited in a dense
plasma, and the plasma is mixed with the
chemical propellent. The rate of mixing
controls the release of chemical energy and
gas generation, which drives the projectile.
Until now the emphasis has been on
demonstrating system performance using
large guns, with few detailed experimental
and theoretical studies of the fundamental
phenomena, but this research fills that void.

We studied the interaction of a plasma
formed by exploding a thin, metallic wire

with an inert liquid (water). Water is used to
understand the fluid interactions, and
subsequent experiments will use combus-
tible liquids. The figure below shows the
experimental configuration (the hardware
can be used for repeated firings). The water-
filled gun chamber (20 cm3) is fabricated
from a polycarbonate tube, housed in thick-
walled stainless-steel for reinforcement. The
steel housing is electrically grounded and
has diametrically opposed observation
windows. The high-voltage connection is
made through a fiberglass plate at the rear of
the water-filled chamber. The chamber is
transparent to both high-energy x-rays and
visible light, thus allowing both flash
radiography and time-resolved photography.
The ends of the chamber are terminated
with electrodes made from tungsten alloy to
minimize erosion. Before firing the gun,
either a copper or graphite wire (pencil lead)
is placed on the axis between the electrodes.
The downstream ground electrode consists
of a vane passing through the axis mounted
to a conducting ring. This design allows the
wire to be mounted on axis and minimizes
fluid flow through the electrode. A polycar-
bonate projectile is downstream from the
chamber, and the plasma is produced by
discharging a capacitor bank through the
wire. The capacitor bank is typically
charged to 4 kV to deliver 10 kJ of energy
to the load in 0.5 msec.

Gun configuration.
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We measured load-voltage and current,
projectile-exit velocity, and chamber and
barrel pressure and radiographed the gun
chamber with a flash x-ray system. Oscilla-
tions on the pressure waveforms are
observed at the chamber-radial-reverbera-
tion period, indicating that strong pressure
waves are set up in this experiment. The
oscillations are initiated when the wire
undergoes the transition from the solid to
the plasma state. At this time, the load-
resistance becomes high, and significant
power is delivered to the load. Also, the
voltage waveform shows oscillations at this
frequency.

The figures at right show typical
radiographs of the gun chamber taken on
different shots, under the same conditions
but at different times. The data are for
0.3-mm-diameter copper wire. Figure (a) is
a baseline radiograph of the water-filled
chamber, without firing, showing that the
exposure is uniform. Data show that

• the general character of the plasma-
liquid boundary is the same from shot-to-
shot although the details change somewhat.

• at early times, the plasma cavity is
primarily straight.

• at subsequent times, the expanding
cavity breaks up into a series of axial cells
having an axial wavelength approximately
equal to the cavity diameter.

• copper and carbon wires have similar
behavior.

We performed two-dimensional fluid
computer calculations to obtain a qualitative
understanding of the observed instability at
the plasma-liquid boundary. We modeled
electrical energy deposition with a heat-
input model, which deposited energy near
the axis. We compared two calculations—
one with heat input modulated in the axial
direction, and the second with an additional
temporal modulation—to simulate the effect
of the observed large-amplitude pressure
waves. The calculations were identical in all
other respects.

As time increases, in both cases, the
spatial periodicity disappears because of the
fire-polishing effect (the axial transport of
hot gas in the cavity that delivers energy
predominantly to the wave crests close the
axis, causing them to erode more rapidly
than the wave troughs). A distinct difference
between the computations appears in later
time plots. At times greater than 0.14 msec
after the wire is burst, for the second case,
the interface becomes increasingly distorted.
Continued distortion occurs because the
repeated passage of pressure waves through
the evolving interface excites a Richlmyer-
Meshkow instability. This instability is
excited when a light fluid pushes on a heavy
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fluid and pressure waves are incident on the
boundary.

In the future, we will add two more x-ray
channels so that three radiographs can be
made on one gun firing. In addition, we will
make flash x-ray measurements using
orthogonal views to determine the geometry
of the cavity. Our plans also include
studying different better geometries and
drive conditions.

Radiographs for copper wire: (a) is a baseline
radiograph; in (b), the projectile is on the right.

Nonlinear/Nonequilibrium
Thermal Physics

R. E. Ecke, T. S. Sullivan, Y. C. Hit,
E. Zhong, G. Ahlers

This project involves experimental
research on nonlinear processes in thermal
physics and fluid dynamics. We study
thermally driven convection in fluids as an
ideal model experiment that contains
nonlinear phenomena present in a wide
variety of physical, chemical, and biological
systems. Our results can be applied to
models for weapons testing and to models
of atmospheric and oceanic circulation for
understanding the effects of different
manmade conditions on long-term global
climate.

In our approach to nonlinear science, we
use state-of-the-art techniques to perform
precise experiments on highly controlled
fluid systems. We investigated the experi-
mental system of rotating convection in
water and compressed gases. We made
substantial improvements in the convection
apparatus, in data analysis routines, and in
computerized automation of data-taking.
The rotating Rayleigh-Benard convection
work was very successful. We also studied
convection in deep cells with large effective
rotation rates and in transient-vortex-state
relaxation to steady-state conditions.

Our work provides important character-
izations of model nonlinear problems that
promise to contribute to new experimental
systems in nonlinear science. The many new
results from our rotating-convection
experiments are generating enthusiastic
interest from leading theorists in nonlinear
pattern formation around the world.

Optical shadowgraph visualization of the
temperature field in rotating thermal convec-
tion. This image shows pattern defects and
textures that evolve in a complex dynamical
process.



Investigation of the Oscillating
Two-Stream Instability

Instigated Turbulence in the
Thermosphere

J. E. Borovsky

The study of radio waves emitted from
plasmas by means of oscillating two-stream
instability may be useful in remote diagnos-
tics for operating pulsed-power devices and
neutral-particle-beam accelerators in Earth's
orbit. This application could affect technolo-
gies for treaty verification. It is also
important for learning about naturally
occurring geoplasmas such as the auroral
magnetosphere and auroral ionosphere. We
propose to study the oscillating two-stream
instability in a geometry easily reproduced
in the laboratory; to determine the effects
nonlinear plasma waves can have on plasma
currents to charged objects; and to under-
stand (he role that oscillating two-stream
instability may play in remote diagnosis of
charged objects in Earth's orbit.

We selected computer simulations based
on a one-dimensional, particle-in-cell code
to apply current pulses with fast rise times
to objects immersed in unmagnetized
plasmas. We found the oscillating two-
stream instability in the simulations and
studied several of the observed effects
within the context of the model. We are
comparing laboratory experiments with fast-
rise-time pulses to the computer simula-
tions. Our investigations reveal new
phenomena that involve the role of sheath
capacitance in exciting the pump Langmuir
wave, a candidate for the oscillating two-
stream instability. We wrote a computer
code that approximately follows the molion
of electrons and demonstrates the presence
of an energy source for the oscillating two-
stream instability when a magnetic field is
present in a plasma.

We plan to match the results from the
one-dimensional, particle-in-cell code to
laboratory data for cylindrical objects
subjected to fast rise-time pulses; to
examine the coupling of the pulses to the
oscillating two-stream instability; and to
study the properties of the oscillating two-
stream instability. Additional future goals
are to apply scaling laws, to establish
conditions for occurrence, and to observe
the response of the plasma.

A. R.Jacobson

Los Alamos' long-term mission includes
developing technical systems for remote
sensing in support of arms-control verifica-
tion and related missions. A promising
approach to this task is detecting and
characterizing distanl explosions through the
ionosphere—a credible proposal only if
ionospheric interference in the form of fine-
scale irregularities can be circumvented.

The purpose of our LDRD project was to
find out whether medium-scale waves in the
upper atmosphere, such as tens-of-kilometer-
scale buoyancy waves or acoustic waves,
instigate finer-scale (about a kilometer)
irregularities in the ionosphere Previous
investigators had inferred a causal relation-
ship on the basis of their research in high-
frequency (HF) sounding of the ionosphere,
but their evidence was circumstantial. A
corollary purpose of the project was to
search for means of mitigating the effects of
these fine-scale irregularities, whatever their
origin, on radio remote sensing in the
ionosphere.

We conducted HF studies on fine-scale
ionospheric irregularities and their relation-
ship to larger-scale waves in the upper
atmosphere, or thermosphere. To our
surprise, we discovered that most of the
irregular structure was only apparent—the
structure is actually related to multiple HF
propagation paths, called multipath, caused
by deep corrugations in the ionospheric
reflector. These corrugations, not the fine-
scale irregularities, were indeed direct
manifestations of the "causative" buoyancy
or acoustic waves, but they were not plasma
irregularities of smaller scale than those
waves.

The top figure at right shows the genera-
tion of multipath much as in a lens whose
focus lies before the detection plane, on
which a given point is now multiply
illuminated, as a result of the lens-like
corrugation. The bottom figure shows the
resultant amplitude modulation in received
HF amplitude in a typical quasi-vertical
sounding experiment. Such modulation
would frustrate HF remote sensing for
signalures of distant explosions.

This finding on HF multipath laid to rest
an old ionospheric-turbulence speculation.
More significantly, however, it suggested
that ionospheric remote sensing had more
potential in support of arms-control verifica-
tion than was generally realized because the
susceptibility of radio waves to multipart) is
a strongly inverse function of the radio

frequency. That is, lower frequencies are
more likely and higher frequencies are Jess
likely to find multiple transmission paths in
the presence of ionospheric corrugations. It
is these multiple paths, induced by atmo-
spheric waves, that make HF ionospheric
remote sensing so unreliable.

We decided to investigate whether we
could mee< the same remote-sensing
requirements without incurring the induced
multipath—which, before this project, had
been misconstrued as "instigated turbu-
lence"'—plaguing ionospheric refleciometry
using HF frequencies (2-10 MHz).

This question led to the second part of
our project, which involved the substitution
of transionospheric sounding for HF
reflectometry. In transionospheric sounding,
a very high frequency (VHF) (in our case,
100-300 MHz) path through the ionosphere
is used to measure explosively generated
perturbations in the line-of-sight total
electron content (TEC). The remainder of
our work was then aimed at establishing
whether such VHF TEC monitoring could
circumvent the problems experienced at HF
and yet provide acceptable sensitivity to
perturbations.

Buoyancy-wave- and acoustic-wave-induced
deformations in the ionospheric reflector cause
severe multipath in an HF ionospheric sounding
experiment.
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Actual HF-sounding amplitude-versus-time
data showing modulation due to ionospheric
multipath.
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In 1991 we conducted observations on
the Very Large Array (VLA) radio telescope
facility, using compact, bright cosmic radio
sources as a VHF "back-illuminator" of the
ionosphere. The left figure below shows the
transionospheric remote-sensing scheme we
pursued in that phase of the project. Because
of the higher frequencies, we experienced
no instigated multipath and thus none of the
remote-sensing degradation previously
experienced with HF.

The right figure shows an example of the
TEC perturbation differenced between ends

of a VLA baseline during passage of
acoustic waves from a remote ground-level
chemical explosion. The peak-to-peak
excursion is only about 10'4 electrons per
square meter, yet the signature is well above
the natural noise background. We have
found in the latter half of this project that
the essential technical requirements for
monitoring global low-yield explosions
appear to be met by the TEC-monitoring
approach.

On the basis of the favorable results
obtained in this LDRD-supported work, we

have received support from the Department
of Energy (DOE)/Office of Arms Control
for a program in VHF TEC monitoring.
Called ROSTER (Remotely Observed
Signatures in the Thermosphere of Explo-
sive Releases), its programmatic goal is to
supplement existing National Technical
Means sensors in the detection, location,
and characterization of low-yield nuclear
detonations. The verification regime is that
of testing by a noncooperalive proliferant.

:\
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The alternative to HF ionospheric reflectometry is VHF
transionospheric monitoring of TEC.

Example of TEC perturbation, differenced between the ends of a VIA
baseline, during passage through the overhead ionosphere of
infrasound from a remote chemical explosion.

Transient Electrical
Discharge Theory

A. Kadish

Our principal scientific objective was to
develop tractible mathematical, as opposed
to numerical, models of transient electrical
discharges (TEDs) with the goal of acquir-
ing an analytical capability for studying the
spatial and temporal evolution of a TED
over its entire duration. The primary
programmatic objective was to apply the
results of our analysis of these models to
determine whether electromagnetic
radiation from TEDs had any characteristic
features that would allow detection,
identification, and evaluation of a TED on
remote objects (e.g., spacecraft).

During the last year, we were able to
show that the far-field electromagnetic
radiation from remote TEDs exhibits unique
behavior in the VHF range of its radiation
spectrum. Consequently, suitable detectors

receiving in this frequency range might
distinguish between electromagnetic
radiation from a TED or some other source.

We also discovered interesting properties
of discharge current dynamics in surface
electrical discharges, such as those that
occur on the dielectric surfaces of space-
craft. Typically, these discharges initiate
from a local charge accumulation resulting
from the spacecraft's passage through a
plasma medium, but the spot formation may
also be artificially induced by a particle
beam impacting on the surface. We
analyzed charge transport dynamics as a
function of the charge spot size. Details of
the transport contribute measurably to the
electromagnetic radiation from discharges.

Finally, we developed a very simple
model that provides a predictive capability
for an aspect of TED dynamics that
previously required many atomic
processes—the relationship between an
applied voltage across a gap and the time
required for the formation of the breakdown

discharge current channel. While the
various atomic processes are ultimately
responsible for observed phenomena, we
showed that available data could be well
accounted for by making a simple qualita-
tive assumption about the way electrical
conductivity varies with temperature.
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Simulation of Transport in
Magnetized Plasmas

J. U. BrackbiU, H. X. Vu

New initiatives in ion-beam fusion,
magnetohydrodynamic drive, magneto-
spheric and ionospheric physics, and flat-
screen projectors require new and innova-
tive approaches to plasma modeling.
Renewed development of plasma-simulation
methods and their application to energy
confinement in magnetically confined
plasmas provides an opportunity for Los
Alamos to participate in the Numerical
Tokamak Grand Challenge and to develop
the tools and experience to study plasma
phenomena in space and in laboratory
experiments in many areas. We seek to
develop very general methods for modeling
nonequilibrium-plasma physics on long
time-scales, using ideas that have reached a
high level of development in fluid and
magnetohydrodynamic applications.

In anticipation of increased computa-
tional power using parallel computers, we
have written CELEST3D, a simulation
code, to model nonequilibrium processes in
plasmas in three-dimensional geometries.
We report progress in the development of
implicit simulation methods designed to
encompass the time and space scales that
char-oterize magnetic confinement experi-
mei. -.. Ve have applied these successfully
to modeling sheath oscillations that occur in
ion-Bernstein wave-heating and to ion-
temperature gradient instabilities. In the
latter, computational efficiency and
accuracy are comparable to the gyrokinetic
model, yet they retain the ability to model
sheaths, wave-heating, and nonlinear effects
that are neglected by the gyrokinetic model.

Our focus is currently on the develop-
ment of CELEST3D for realistic geometries
in three dimensions. We have recently
entered the testing phase, and verification
and development of diagnostics and
visualization tools will continue through the
coming year. We also plan collaborations
that will allow larger-scale computations.

A particle orbit in a toroidal magnetic field is
superimposed on a plot of the outer surface of
the computation grid on which the orbit is
calculated.

Physical Properties of Dense,
Strongly Coupled Plasmas

J. F. Benage

A major uncertainty in modeling nuclear
weapons is the transport properties of
materials under weapons conditions. Many
of these properties are similar to those of
strongly coupled plasmas and are subject to
untested theories and limited performance
predictability. A strongly coupled plasma is
one in which the potential electrostatic
energy between particles is greater than
thermal-kinetic energy, an interaction that
produces significant changes in the proper-
ties of the plasmas. We measured the
plasma properties and compared our results
with various previously untested theories for
accuracy and applicability.

The results of experiments performed on
strongly coupled plasmas produced in a
capillary discharge indicate that present
theories to describe electrical resistivity in
our parameter regime are in error by a factor
of 2. To obtain our results, we developed a
simple model that describes the dynamics of
the capillary discharge. Sophisticated
computer codes were used to design the
next stage of experiments, which involved
replacing the capillary with a tamped
aluminum wire. In the experiment on a
metal plasma produced by heating a
polyurethane-tamped wire, we were able to
demonstrate ability to determine wire
resistance and measure the temperature.
This experiment helped show the feasibility
of this type of experiment for determining
the properties of dense metal plasmas.

Our measurements will benefit other
programs at Los Alamos and increase the
physics put into models that predict
performance of strongly coupled plasmas.

Strong Plasma Turbulence

D. F. DuBois, H. A. Rose

The theory of strongly driven, high-
frequency plasma turbulence, commonly
called strong Langmuir turbulence (SLT), is
an intrinsic part of the study of how energy
is transferred to plasmas by intense beams
of electromagnetic or particle radiation. The
development of this theory and its applica-
tions provide long-range physics support for
national and Laboratory programs. From the
standpoint of basic nonlinear science, the
SLT system is fascinating—exhibiting the
interplay of chaotic behavior, locally
coherent structures, collapse phenomena,
and long-range order. The theory has
universal scaling properties, which make il
applicable to different settings with diverse
scales.

The goals of this three-year research
project include the development of the
theory of SLT and its application to
experiments on laser-plasma interaclion and
ionosphere modification with powerful
radio waves.

Indeed, our progress in the development
of the SLT theory has had a profound effect
on the interpretation of laser-plasma
experiments and ionospheric-heating
experiments and has led to new predictions
that have been experimentally verified. Our
earlier work defined SLT effects excited
near the critical density of the driving
electromagnetic wave and on turbulence
that occurs in a subcritical regime. Our
ionospheric-heating experiments were part
of an international program involving
Puerto Rico, Norway, and the former Soviet
Union. Our recent work concentrated on
two areas: the excitation of strong turbu-
lence by several laser-induced instabilities,
including stimulated scattering processes,
and the transient nonlinear development of
laser filaments, which can lead to localized
regions of strong turbulence.
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Fluid Vortex Structures
in a Rotating Container

D. D. Holm. R. E. Ecke

Turbulence is the most outstanding
problem in classical physics. Any control of
turbulence brought about by even a partial
mathematical solution in a realistic experi-
mental situation could have important
Laboratory payoffs, for example, as applied
to the transport of mass and heat through
turbulent mixing.

This project applies the idea of chaotic
advection. a novel kinematical mechanism
by which complex structures are produced
in laminar flows, to flows arising in thermal
convection in a rotating frame of reference.
Three-dimensional vortex stretching drives
turbulence. Nonlinear instability mecha-
nisms may destabilize vortex structures in a
rotating container by inducing loss of axial
symmetry in the third direction and causing
global bifurcations.

In our project, we study such problems
by using nonlinear methods in a controlled
setting and by balancing simultaneous
experimental and numerical approaches. In
addition to the theoretical expertise, we also
have a fully operational experiment in high
precision Rayleigh-Benard convection.

This system has been previously studied
only linearly, with special symmetries
imposed. Our nonlinear approach focuses on
the problem of chaotic advection. which has
been studied primarily in the context of
stirring immiscible fluids for engineering
applications. In chaotic advection, structure
appears in the advected scalar field on
spatial scales that are much smaller than
those visible in the instantaneous velocity
field. This feature can be understood on the
basis of general ideas about chaotic
motions, although its detailed calculation is
currently being researched.

We have developed a numerical algo-
rithm for integrating three-dimensional
incompressible flows that preserves the
divergenceless properly of these flows to
any accuracy desired. It is also possible to
preserve the degree of knottedness, or
"helicity." of the streak lines of the flow,
which measures the complexity of the flow
in three dimensions.

We have classified incompressible
steady velocity fields in three dimensions
according to whether they have zero or
nonzero helicity and whether they are
integrable or nonintegrable as dynamical
systems. We have used our new numerical
algorithm to visualize the Lagrangian
panicle trajectories of three-dimensional
advection for rotating convection flows

having zero helicity in a periodic domain.
Our results compare qualitatively well with
experimental data.

We have found that the notion of chaotic
advection may be extended to three-
dimensional steady flows that are not
Beltrami flows, especially those arising in
thermal convection. We have also extended
the classical solution due to Kirchhoff, for
an incompressible elliptical fluid vortex in a
rotating frame, to a new class of elliptical
vortex solutions for the rotating shallow-
water equations. All these elliptical vortex
solutions are shown to be quasi-periodic by
reducing the problem to quadratures in
terms of physically meaningful fluid
variables.

In the future, we plan to use our new
techniques in dynamical systems and our
new numerical algorithms to study fluid
advection in planform cells, which produce
well-characterized chaotic motion under
driving and damping perturbations. We also
plan to study the effect of perturbations on
creating knots and braids in the flow lines in
the vicinity of saddle-foci stagnation points
in the flow. Finally, we plan to analyze the
stability of the classical Kirchhoff vortex, as
well as our new elliptical vortex solutions,
to the rotating shallow-water equations with
a free boundary.

Each figure shows the computer-simulated
trajectory of a single fluid particle moving in a
flow near the onset of thermal convection. The
prism cell boundaries are invariant surfaces of
these flows. As the driving parameter increases,
the particle trajectory wanders chaotically over
more and more of the cell volume.
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Spectral Transport of Turbulence

F. H. Harlow, C. Zemach, T. T. Clark,
R. A. Gore

The long-range goals of our research are
to understand the behavior of turbulent
fluids in the presence of rapidly varying
sources of instability and to construct
mathematical descriptions for solving the
scientific and engineering problems created
by such fluid flows. In particular, we are
studying fluids with large density variations
Our investigations pertain to most of the
principal Laboratory research and develop-
ment programs, and our models have been
applied to fluid dynamics problems such as
weapons physics and high-speed jet mixing.

We have modeled homogeneous and
inhomogeneous turbulence by an approach
that takes into account the energy distribu-
tion (spectrum) at all turbulence length
scales and that is not limited to large
Reynolds numbers or low mean-flow strain
rates. When applied to turbulence of
constant-density fluids, the model yields
quantitative agreement with wind tunnel
experiments on homogeneous shear,
homogeneous strain, and mixing layers.
Some of these positive results appear to be
due specifically to the model's spectral
nature, and they are difficult to simulate in
one-point models.

From the theory, it can be deduced that
spectral equilibrium is an asymptotic
turbulent state with self-similar spectra. This
provides a promising conceptual framework
for understanding much turbulent phenom-
ena, including variable-density systems with
mean flows that change rapidly in space and
time.

We have completed a comprehensive and
updated one-point model for variable
densities. This is an improved version of a
theory already in use, and will provide
important benchmarks for variable-density
spectral modeling.

To provide experimental benchmarks, we
have established relationships with Labora-
tory and university experimenters and
numerical-simulation investigators. Future
plans include extending our analyses and
exploiting the potential of direct numerical
simulations of three-dimensional turbulent
flow.

Hydrodynamics of Materials with
Strength, Failure, Fragmentation,
and Interpenetration

B. A. Kashiwa, J. W. Hopson, F. H. Harlow,
.1. K. Dukowicz, F. L. Adessio, N. T. Padial,
R. Mjolsness, R. A. Gore

The dynamical behavior of new and
exotic materials is central to many current
developments in engineering design and
application. Our goal is to develop an
understanding of the underlying physics
necessary for investigating exotic new
materials, configurations, and interactions
and thereby to furnish a realistic computa-
tional tool for the design of new and
significantly better armor and projectiles.
This work has direct relevance to weapons
design and affects problems involving
material strength, failure, and interpenetra-
tion issues. It is also relevant to process
chemistry as applied to both industrial and
environmental issues.

Our project focuses on the development
of a realistic physical understanding of the
strongly contorting, multiphase (solid,
liquid, and gas) flows in the presence of
material strength and fracture and chemical-
energy release. This project includes the
development of fundamental codes for the
behavior of interpenetrating materials, as
well as numerical methods and codes for the
computer simulation of the processes.

We have developed a new model to
describe the interaction of two fluid streams
undergoing intense turbulent mixing and
rapid chemical reaction. This model is based
on our full-spectral transport model of
turbulence, which includes the two domi-
nant scales in this process: the turbulent
mixing scale (large eddies) and the
diffusion-reaction scale (small eddies). The
model has been built into a computer code,
tested against both experiments and direct
numerical simulations, and found to give
excellent results. We have developed the
overall computer code framework for this
model and now have a library of methods
for the four basic flow regimes encountered
in fragmenting, interpenetrating, and
reacting flows.

We plan to transfer the understanding
gained from our spectrally based turbulent
chemistry model to more computationally
tractable Reynold's stress models and to
implement them in our multidimensional
codes for testing against real-world
applications.

An Intense Pulsed Neutron Source

R. J. Faehl

In this project, we studied ion diodes,
including ion-beam extraction and ion-ring
trapping, in connection with the production
of an intense compact neutron source. These
studies have implications in defense
programs, in above-ground experimental
programs at Los Alamos, and in industry.
The development of intense ion sources,
particularly for surface modification with
intense ion beams, has credibility and near-
term feasibility for industrial applications.

The research efforts of this project
concentrated on magnetically insulated ion-
diode characterization and ion-beam
extraction. The focus was on numerical
modeling of a plasma ion diode, including
anode formation, beam extraction, and
propagation of this beam through a cusp
magnetic field to produce a rotating beam,
or ring.

The interactive field design code JAX
was enhanced to model the diode configura-
tion more accurately. Among the code
developments were improved field line
diagnostics, an SOR (successive over-
relaxaiion) iterative equation solver to treat
flux-excluding regions, and a separate
Poisson equation solver to calculate the
electric fields. The numerical model
suggested high-current ion beams with good
ionic purity could be generated with little
evidence of impedance collapse.

The simulations examined diverging
magnetic fields, both focusing fields and
cusp magnetic fields. The cusp calculations
showed two salient features: (1) that the ion
beam transported cleanly through the cusp
and formed rings with arbitrarily small axial
drift velocity and (2) that electrons "born"
in the diode region could not traverse the
cusp and stagnated at that point. This feature
suggests the need to design a separate
electron source, integrated into the magnetic
fields so they can be transported into the
ion-ring region.
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Advanced Implicit Plasma
Simulation Code Development

R../. Mason

Implicit simulation algorithms are in the
forefront of plasma research with comput-
ers. These codes, first invented at Los
Alamos, move plasma components in time-
advanced electromagnetic fields, causing a
thousand-fold reduction in the time required
for simulations and permitting simple
solution of previously intractable simulation
problems.

In this project, we use techniques
embodied in the ANTHEM simulation code
to solve complex plasma-modeling prob-
lems in pulsed power and inertial confine-
ment fusion. The ANTHEM model has
implicit simulation techniques to span the
full range of conditions from dense to
tenuous plasmas. It produces a time-
advanced prediction for the electromagnetic
fields in collisionless and collisional
plasmas.

This year we improved the ANTHEM
code by switching the magnetic field
advection algorithm from spatial centering
to Van Leer differencing. We also altered
the moment equation velocity advection
algorithms in the field solver. Both changes
ensure greater stability and accuracy.

The code was used to unravel a new
velocity advective magnetic fluid penetra-
tion mechanism for collisionless plasmas
due to electron inertial effects. We also
characterized magnetic penetration and
exclusion waves along plasma density
interfaces and the development of "potential
hill" structures at switch cathodes.

Future plans include additional code
improvements, further applications to
plasma modeling problems, and conversion
of the code to run on the massively parallel
Connection Machines.

(c)
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Advancing magnetic field in a collisionless opening switch plasma at (a) 1.1 ns, (b) 1.5 ns,
and (c) 1.9 ns. The current vector field at 1.5 ns (d) corresponds to the contours in (b).

Thermonuclear Burn Kinetics

B. R. Wienke, J. E. Morel

The study and modeling of fusion (DT
and DD reactions) is a major activity in
areas ranging from astrophysics to weap-
onry. Thermonuclear ignition and propaga-
tion mechanisms are obscure and not well
understood. We must quantify the impact of
finite system size, two-dimensionality,
mixture energy partition, shocks, and steep
temperature and pressure gradients on burn
propagation.

These issues are important not only to
Laboratory programs but also to efforts in
the international community. Our objectives
include a better understanding of thermo-
nuclear burn and coupled mechanisms,
enhanced predictive and modeling capabil-
ity, and delineation of effects.

Our studies involve both theoretical and
experimental issues. Numerical problems to
be addressed require the use of
supercomputers, while experiments are
planned to confirm the theory. This year,
our work focused on theoretical and
numerical aspects of the analysis, notably
charged particle transport and ignition
criteria in mixtures.

We have shown that if an initially ignited
DT region is large compared with the
critical wavelength, the disturbance will
grow and develop into a strong reaction
wave. We have studied the development,
propagation, and structure of this wave
semianalytically and numerically in one-
dimensional spherical geometry.

We have also studied the complicated
effects of atomic or chunk mix in DT gas
upon alpha-particle ranges and energy
deposition, using a statistical transport
theory. Once we solve the coupled set of
transport equations for charged particles in a
gas-metal mixture, we will be able to
directly estimate the energy deposition in
each component when chunking occurs.

Future plans include completing our
theoretical studies and confmning our
results through experiment.
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Advanced Free-Electron
Laser Initiative

R. L. Sheffield, D. Chan, K. L. Meier,
D. C. Nguyen, R. A. Warren

The Advanced Free-Electron Laser
(AFEL) initiative supports high-quality
basic and applied research in the develop-
ment of free-electron laser (FEL) technol-
ogy. Internationally recognized in the
development of accelerators and FEL
technology, Los Alamos is in a unique
position to develop the FEL technology in
support of future US government programs
that will rely on this technology. These
programs include but are not limited to
tactical weapons, sensor negation, extreme-
ultraviolet (XUV) light sources, photoli-
thography, industrial processing, chemical
processing, medical applications, and
strategic defense.

The AFEL initiative will lead to an
understanding of performance and engineer-
ing limits, will strengthen the science and
technology base in FELs, and will address

application of FELs in diverse fields. The
design of the AFEL is now providing the
basis for most of the FEL designs at Los
Alamos. With minor modifications, the
AFEL is directly applicable to the mission
of sensor negation. The AFEL design is the
basis for the proposed XUV lithography
machine, which addresses a national
concern relating to international competi-
tiveness in semiconductor manufacturing.
An early demonstration of a high-brightness
electron beam would reduce risk for XUV
lithography and the XUV facility, thereby
enhancing marketability.

The purpose of the AFEL initiative is to
demonstrate a source of light that is
compact, high-powered, user-friendly,
robust, and broadly tunable. Our goal is to
develop advanced components and incorpo-
rate these components into a simple FEL
system. This program will show how to
reduce the number of components and
overall complexity of an FEL, as well as
demonstrate a centralized computer control
system to improve performance, reliability,
and maintainability. Specifically, our
performance objectives are to demonstrate a

high-brightness beam with an emittance of
10 7t mm-mrad at a pulse charge in excess
of I nC and to demonstrate FEL operation
from the infrared into the visible wavelength
band.

In 2 years of work on this project, we
have completed all the design work for the
AFEL, with most of the components either
completed or in fabrication, and have
prepared the AFEL laboratory for the
experiment. We have also completed
sensitivity studies on the operation, which
indicate that reliable, stable operation can be
obtained. Our present calculations show that
performance of the AFEL should exceed the
emittance goal.

The construction phase of the AFEL
experiment is well under way with respect
to the AFEL facility, the drive laser, the
high-brightness linear accelerator (LINAC),
the emittance-preserving beamline, the
computer-based control system, and the
microwiggler/oscillator. The AFEL facility
is close to completion. The accelerator
radiation vault is sealed, and a shielding
door is installed. Inside the vault, a crane is
in place. The control room and drive-laser
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The design of the AFEL experiment is complete, and construction of the facility is well under way
to demonstrate a light source that is compact, high-power, user-friendly, robust, and broadly
tunable.
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room are ready with sufficient utilities for
installing the control system and the drive-
laser system. The design of the drive-laser
system is completed; the system has an
oscillator, a pulse compressor, two amplifi-
ers, and a frequency doubler. A test of a
subassembly of an oscillator and a pulse
compressor yielded preliminary results
showing that a micropulse length of 10 ps
and an amplitude stability of 1% was
achieved. The amplifiers are in hand, and
assembly of the drive-laser system is under
way in the drive-laser room at the AFEL
facility.

The design of the high-brightness
LINAC is completed. The LINAC is a
copper structure installed in a vacuum tank
but th ;rmally isolated from the tank so that
it can be operated at liquid-nitrogen
temperature for better accelerator efficiency.
An axial magnetic field in the first two
accelerating cells is supplied by a solenoid
coil and a bucking coil. This magnetic field
provides the focusing force to counteract the
strong space-charge force between the low-
energy electrons when they emerge from the
photocathode. The electrons are accelerated
rapidly at a field gradient of 26 MV/ra.

The copper structure was tuned, and all
the design accelerating-field characteristics
were achieved. All major LINAC-related
items are now available, including the
vacuum tank, the LINAC support stand, the
photocathode inserter, and the solenoid
coils, and we are ready to install the
LINAC.

The physics design of the emittance-
preserving beamline. which will preserve
the brightness of the electron beam from the
LINAC. is completed. It is mounted on a
vertical optics table 6 ft by 10 ft. The
electron beam from the LINAC is matched
to the achromatic bend with two quadrupole
doublets. The achromatic bend has two 30°
dipoles and a quadrupole. After the
achromatic bend, the beam is matched into
the wiggler with a quadrupole doublet. The
beam is transported to a below-ground beam
dump with a 30° dipole used as a spectrom-
eter. Permanent-magnet quadrupoles and
dipoles are used for reduced power and
cooling requirements, better field stability,
and easier operation. The beam cmittancc is
measured with optical transilion radiation
monitors. We will measure the beam
positions using beam-position monitors with
capacitive pickups and aligning beams with
magnetic steerers.

The optics table is on hand, and delivery
of the permanent magnet dipoles and beam
position monitors with associated electron-
ics is expected soon. The design of the
optical transition radiation monitors was

completed, and the parts are ready for
assembly. We are now designing the
spectrometer, beam dump, and various
sections of the beamline.

The computer-based control system for
the AFEL has an input/output controller
(IOC) that executes digital and analog input/
output through an Allen-Bradley controller.
It drives the stepper motors through the
stepper-motor controller. It also controls
other commercial data acquisition equip-
ment through a GPIB interface. The
operator communicates with the IOC from a
Sun/SPARC workstation via the Ethernet.
We have developed control softwares using
the Experimental Physics and Industrial
Control System, which was developed at the
Laboratory. The system hardware is now on
hand, and the control system is being
installed at the AFEL facility.

A short-permanent magnet micro wiggler/
oscillator was built for the AFEL experi-
ment. The wiggler, measuring 24 cm in
length with a wiggler period of 1 cm. is
placed in the middle of a 1.4-m optical
resonator. When operated in the fundamen-
tal mode with a 20-MeV electron beam, this
oscillator will produce light at 3.74 mm.
With the fabrication of the wiggler com-
pleted, we are measuring and adjusting the
magnetic field using the pulsed-wire
technique.

Our plan for the upcoming year is to
finish LINAC fabrication and begin radio-
frequency testing once the LINAC has been
installed. The beamline will be constructed,
and the characterization of the electron
beam will begin. FEL operation in the
infrared using a permanent magnet wiggler
is scheduled to start in the summer of 1992.
To improve overall system stability and to
reduce maintenance time, we will replace
the present Hash-lamp pumped system with
a diode-pumped drive laser. This improve-
ment of the drive-laser technology will
advance the state of the art in pulsed laser
systems. The improved laser system should
be operational by the start of AFEL
operation.

Applied Plasma Research

R. E. Siemon. D. C. Barnes. D. L. Rcj

The goal of this project was twofold:
(1) to define the intense ion-beam technol-
ogy necessary for the commercialization of
cost-effective ion-beam materials process-
ing and (2) to develop alternative plasma
current-drive methods for fusion research.

Technology in plasma and beam
processing is particularly important to the
strength of the US economy and national
defense. Intense ion-beam processing offers
potentially significant advantages over
present techniques in materials processing.
This technology, if developed, would give
US industry the opportunity to lead the
world in its widespread application.

Our research in the first project area
focused on defining the design requirements
for a processing system based on ion-diode
technology. We designed a long-pulse,
applied-field, magnetically insulated ion
diode, based on the requirements for cost-
effective materials processing. We con-
cluded that existing ion-diode technology
could be effectively modified to produce
beam properties such as beam energy,
current density, pulse length, and spatial
scale, relevant to cost-effective materials
processing. The results of our study of ion-
beam processing indicate that this technique
could be a significant part of the
Laboratory's effort in transferring technol-
ogy to industry.

In the area of plasma current-drive
methods, we wanted to ascertain whether
we could sustain toroidal current in a
tokamak using helicity injection and
whether we could inject helicity inductively
using low-frequency oscillating fields. We
performed calculations, using a resistive
magnetohydrodynamic code named
SNUBS, to demonstrate that oscillating
helical magnetic perturbations applied at the
bounding wall lead to current drive.
Although our efforts could not determine
the practicality of the method, our results
support the principle of low-frequency
helicity injection as a means of sustaining
current.
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Free-Electron
Laser Photolithography
Technology Initiative

B. E. Newnam, V. K. Viswanathan,
S. D. Conradson, J. C. Goldstein,
M. J. Schmitt, D. Shealy, C. Wang,
D. Shqfer

Early development of the critical
components for production tools relative to
XUV projection lithography can increase
US economic competitiveness in microelec-
tronics. Domestic production of the highest-
resolution, fastest microcircuits is vital to
maintaining a technological advantage for
US military defense. Production of future
supercomputers, which are essential to the
Laboratory's defense mission, will require
an assured large supply of the fastest
microcircuits.

This research project focuses on
extended operation of an FEL in the
ultraviolet (UV) and vacuum-ultraviolet
(VUV) wavelengths for use in lithography-
demonstration experiments. Our first
objectives were to determine the various
operating parameters and component
properties needed for operating the Los
Alamos APEX FEL at UV and VUV
wavelengths and to design a set of experi-
ments.

We designed two of the components
applicable to XUV-FEL projection lithogra-
phy: the FEL radiation source and the
reflective optics. For the radiation source,
we generated conceptual designs and
simulated the performance of an extension
of the APEX FEL oscillators. We also
assembled a reflecting projection litho-
graphic and processing system for use in
future FEL lithography experiments and for
developing surface-imaging photoresists for
the XUV. In designing the optics, we
analyzed a variety of potential reflective,
reduction optical-projection systems. We
determined that a two-mirror, four-reflec-
tion system should meet the industrial
resolution and distortion requirements for
the year 2000.

This project has prepared Los Alamos to
contribute several technologies that can
augment the long-term competitiveness of
the US microelectronics industry. XUV
projection lithography is one of the major
candidates for integrated-circuit production
near the end of this century, and FEL-based
systems offer the possibility of high-volume
production.

H«i RiMirinre if
CtUMtiMlM'
PreiectiM Ottics:

aft
CMp:2Sx2SMMi2

Fecal Dec*: U p *
Process K,«K,> 1.1

Source Requirements

Resolution: 0.05jim 0.1(jm 0.2nm

1.5-GeV Storage
Ring Undulators

ALS Design
400 mA

Compact Synchrotron
0.63 GeV, 200mA

Ec*1.2keV,0.3Omr

100 eV
Blackbody

0.35 sr, 0.3 mm
Nd: laser plasma
10J/1 ns/IOHz

1.0 10 100
Wavelength (nm)

1000

An XUV FEL-based projection system.

XUV Free-Electron Later

The rf-linac FELs will meet and surpass the average power requirements for
XUV projection lithography.
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R. J. O'Connell, C. W. Gable, and B. H. Hager,
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Goldstone, A. C. Lawson, M. Lovato. S. R.
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derm," in The Organization in Organisms, J.
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publication, 1991).

M. S. Shaw, "Monte Carlo Simulation of Equilib-
rium Chemical Composition of Molecular Fluid
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and H. Roeder, "Applications of Maximum Entropy
and Bayesian Methods in Computational Many-
Body Physics," in Recent Progress in Many-Body
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Chain Cleavage Enzyme." J. Org. Chem. 56 5391—
5396(1991).

D. Singh, D. P. Clougherty, J. M. MacLaren, R. C.
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Gels." in Better Ceramics Through Chemistry IV,
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Pittsburgh, Pennsylvania, 1990).

H. K. Smith. K. M. Chi, M. Hampden-Smith. T. T.
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Huang. R. B. Kaner. F. Diederich. G. Gruner, and K.
Holczer, "Pressure- and Field-Dependence of
Superconductivity in Rb?C,m." Phys. Rev. Leu.
(1991. to appear).

1 9 6 Los Alamos National Laboralory/LDRD FY I991 Progress Repon/LA-12319-PR



Appendix B: Refereed Publications from LORD FY1991

C. J. Spindt, M. Yamada, P. L. Meissner. K. E.
Miyano, A. Herrera, W. E. Speicer, et al.. "Ail and
Al Sehotlky Barrier Formation on GaAS( 100)
Surfaces Prepared by Thermal Desorption of a
Prolective Arsenic Coating," J. Vac. Sci. and Tech.
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with Deterministic Annealing to Solve Combinatori-
ally Hard Problems." to appear in Advances in
Neural Information Processing Systems 4 (Morgan
Kaufman. 1992).
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