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Friday, October 6, 2006 8:15AM - 10:03AM —

Session A1 Physics in the Four Corners Region I Eccles Conference Center Room 216

8:15AM A1.00001 Observations and Modeling of Space Weather Impacts on the Earth STANLEY
C. SOLOMON, National Center for Atmospheric Research — “Space weather” refers to conditions in the solar wind, magnetosphere, ionosphere, and upper
atmosphere, that influence space-borne and ground-based technological systems and can endanger human space exploration. These effects are caused by
variations in solar photon and particle radiation due to flares and coronal mass ejections, and changes in the solar/interplanetary magnetic field, that impact
the magnetosphere and ionosphere. Space weather can initiate satellite failures, interfere with radio communications, cause navigation errors, disrupt electrical
power distribution systems, and expose astronauts to dangerous levels of radiation. Mitigation requires both a better understanding of the space environment,
and developing the ability to forecast conditions in space. The development of first-principles numerical models of the solar-terrestrial system gives us insight
into the causes and nature of these phenomena, and holds the promise of ultimately being able to acquire a short-term predictive capability for some of them.
This presentation will describe what we do and don’t understand about the basic physics behind space weather, discuss some of its aspects and effects, and
describe the latest observational and modeling efforts

8:51AM A1.00002 Nanotechnology Integration1 , NEAL SHINN2, DOE Center for Integrated Nanotechnologies, Sandia
National Laboratories — Interest in nanoscience – and derivative nanotechnologies – has grown explosively because of the perceived potential to beneficially
impact almost every aspect of our lives. The remarkable scientific discoveries obtained by working at the molecular length scale will disappoint humankind if they
cannot be exploited by integration into technologies providing unprecedented functionality and performance. To bridge the gap between nanoscience discovery
and technology, we must tackle the intrinsic science challenges of integration. This talk examines three such challenges: the fundamental limits and principles for
the use and integration of nanoscale structures to detect, transfer, and harvest energy with extreme efficiency or sensitivity; the principles of transduction events
in natural systems and how these may be incorporated into artificial systems to convert single molecular events into large scale responses; and the collective
properties of composite nanoscale systems that cannot be predicted in terms of the individual constituents. Success in solving such nanoscience integration
challenges will change not only what is expected of future technologies, but also the way in which they accomplish ever more complicated tasks.

1Sandia is a multi-program laboratory operated by Sandia Corporation, a Lockheed Martin Company, for the United States Department of Energy under
contract DE-AC04-94AL85000.
2The DOE Center for Integrated Nanotechnologies is operated jointly by Los Alamos and Sandia National Laboratories and supported by the DOE
Office of Basic Energy Sciences.

9:27AM A1.00003 The Sustainable Hydrogen Economy: Addressing the Challenges Ahead ,
JOHN A. TURNER, National Renewable Energy Laboratory — It is rapidly becoming apparent that energy is one of the most important issues facing our world
today; in fact, in today’s society energy is as important as food and water. Humankind finds itself faced the challenge of how to continue to power society,
particularly in the face of the rapidly growing economies of emerging nations like India and China, and yet answer questions of sustainability, energy security,
geopolitics and global environment. One of the major issues facing America and most other countries in the world is how to supply a transportation fuel, an
energy carrier to replace gasoline. Hydrogen as an energy carrier, primarily derived from water, can address issues of sustainability, environmental emissions and
energy security. The “Hydrogen Economy” then is the production of hydrogen, its distribution and utilization as an energy carrier. While the vision of a hydrogen
economy has been around for over 130 years, the most recent push to use hydrogen as an energy carrier came as part of a US Presidential Initiative, announced
in the 2003 State of the Union Address. It is important that we consider hydrogen in tandem with other technologies as an alternative to the once-abundant
hydrocarbon resources on which our society depends. This talk will introduce sustainable energy systems, including fuel cell technology and discuss the vision,
the barriers and possible pathways for the production and implementation of hydrogen into the energy infrastructure.

Friday, October 6, 2006 10:30AM - 12:18PM —

Session B1 Computational Physics Symposium Eccles Conference Center Room 216

10:30AM B1.00001 Computational Approaches to Viral Evolution and Rational Vaccine De-
sign , TANMOY BHATTACHARYA, Los Alamos National Laboratory — Viral pandemics, including HIV, are a major health concern across the world.
Experimental techniques available today have uncovered a great wealth of information about how these viruses infect, grow, and cause disease; as well as how
our body attempts to defend itself against them. Nevertheless, due to the high variability and fast evolution of many of these viruses, the traditional method
of developing vaccines by presenting a heuristically chosen strain to the body fails and an effective intervention strategy still eludes us. A large amount of
carefully curated genomic data on a number of these viruses are now available, often annotated with disease and immunological context. The availability of
parallel computers has now made it possible to carry out a systematic analysis of this data within an evolutionary framework. I will describe, as an example, how
computations on such data has allowed us to understand the origins and diversification of HIV, the causative agent of AIDS. On the practical side, computations
on the same data is now being used to inform choice or defign of optimal vaccine strains.

11:06AM B1.00002 Recent discoveries from massive computation in beam physics1 , JOHN CARY,
Tech-X Corporation and the University of Colorado — In the last decade, computational beam physics, the study of the generation, propagation, and dynamics
of charged particle beams, has moved from workstation computing to the use of massive parallelism, in which the power of hundreds to thousands of cpus are
simultaneously harnessed to solve problems at the forefront of beam and accelerator science. The result has been multiple discoveries, including the prediction
of the generation of GeV beams from lasers interacting with only a few centimeters of plasma. The field has gained in importance and prediction capability to
where no accelerator will be built without extensive prior analysis of designs by computation in order to predict performance. This is especially important in the
design of large accelerators, like the proposed International Linear Collider, which will have two 17 km long beams and has a cost estimated to be of the order
of $10B. This talk will summarize the recent advances in capability, the underlying computational technology, and some of the recent discoveries in this area.

1Supported by the US Department of Energy.



11:42AM B1.00003 Simulating Biological Cells1 , STEVE PLIMPTON, Sandia National Laboratories — Cells interact with
their environment via a cascade of biochemical reactions that invoke a signaling, metabolic, or regulatory response. The properties of these reaction networks
can be modeled at various levels of detail from continuum to stochastic, and steady-state to kinetic. Our group (and others) have been developing tools that
attempt to simulate these networks in cellular geometries with spatio-temporal detail. In our model a single particle represents a protein, complex, or other
biomolecule. Membranes and cellular compartments are represented as idealized or triangulated surfaces. Particles diffuse via 3d Brownian motion within the
cytoplasm, or in 2d on membrane surfaces. When particles are near each other, they interact in accord with Monte Carlo rules to perform biochemical reactions
which represent complex formation, dissociation events, ligand binding, etc. In this talk, I’ll describe the reaction algorithms we use and the underlying physics
they attempt to capture. I’ll illustrate the effects stochasticity and spatial organization have on biochemical networks at the cellular scale and show some simple
examples of how such models can address biological questions. This is an emerging field of simulation, so there are many issues still to be addressed, but the
eventual goal is to enable whole-cell models of protein networks with realistic numbers of biomolecules.

1This work has been partially funded by the US Department of Energy’s Genomics: GTL program (www.doegenomestolife.org) under project “Carbon
Sequestration in Synechococcus Sp.: From Molecular Machines to Hierarchical Modeling” (www.genomes-to-life.org).

Friday, October 6, 2006 10:30AM - 12:18PM —

Session B2 Lasers, Optics, and Spectroscopy Eccles Conference Center Room 205/207

10:30AM B2.00001 Development of a kHz-repetition rate TW ultrafast amplifier1 , CHARLES DURFEE,
THOMAS PLANCHON, SUDIPTA BERA, JEFF FIELD, DANIEL ADAMS, COLBY CHILDRESS, JEFF SQUIER, Dept. of Physics, Colorado School of Mines
— We have developed a 2 stage amplifier for ultrafast that will deliver 20mJ, 20fs laser pulses at a repetition rate of 1kHz. The novel power amplifier is pumped
by up to 100W from 4 pump lasers, necessitating cryogenic cooling of the amplifier crystal. In collaboration with Abbess Instruments, we have designed a liquid
nitrogen cooled cryostat that gives a temperature rise of less than 2K with a 100W thermal load. We have also developed a high resolution, high efficiency,
temporal pulse shaper that will be integrated in the system. We will present our results on using the third-harmonic signal from a glass slide in the focus
to optimize the wavefront from a deformable mirror and to fully characterize the temporal profile of the output pulse. This system is already being used for
micromachining studies. In the near future it will be used for the generation of high flux hard x-rays for imaging and ultrafast x-ray diffraction.

1This work was supported by the National Science Foundation under grant MRI PHY-0420357.

10:42AM B2.00002 Direct Observation of Laser Filamentation in High-Order Harmonic Gen-
eration , GAVIN GIRAUD, JOHN PAINTER, NICOLE BRIMHALL, MARK ADAMS, NATHAN POWERS, ERIC CHRISTIANSEN, MATT TURNER,
MICHAEL WARE, JUSTIN PEATROSS, Brigham Young University — We investigate the spatial evolution of a laser pulse used to generate high-order har-
monics (orders ranging from 45-91) in a semi-infinite helium-filled gas cell. The 5 mJ, 30 fs laser pulses experience elongated focusing with two distinct waists
when focused with f/125 optics in 80 torr of helium. An extended phase matching for the generation of harmonics occurs in the region between the double foci
of the laser, where the laser beam changes from diverging to converging.

10:54AM B2.00003 The Application of High-Order Harmonics to Extreme Ultraviolet Po-
larimetry , NICOLE BRIMHALL, JOHN PAINTER, MATTHEW TURNER, R. STEVEN TURLEY, MICHAEL WARE, JUSTIN PEATROSS, Brigham
Young University — We report on the construction of an extreme ultraviolet (EUV) polarimeter based on high-order harmonic generation for characterizing
optical surfaces from 8-62 nm. High harmonics as an EUV source are advantageous in that they are polarized (linear, same as laser) and measurements of several
wavelengths of light can be made simultaneously. Although not as bright as a synchrotron source, the flux of EUV light is 30,000 times that of a commonly used
plasma source. We have demonstrated the feasibility of this project with a simple prototype instrument, which measured the reflectance of samples from 30 nm
to 62 nm. The prototype demonstrated that sensitivity is sufficient for measuring reflectances as low as 0.5%. The full instrument employs extensive scanning
mobility as opposed to the fixed angle and fixed wavelength range of our earlier prototype. This project represents an authentic ‘work-horse’ application for
high-order harmonics, as opposed to merely demonstrating proof of concept.

11:06AM B2.00004 Advantages of a Grazing Incidence Monochromator in the Extreme
Ultraviolet1 , SARAH BARTON, R. STEVEN TURLEY, Brigham Young University — One of the main goals of the BYU Thin Films group is to
find optical constants for materials in the Extreme Ultraviolet. This is accomplished by taking reflection and transmission measurements. The addition of
a Grazing Incidence Monochromator to our current system allows us to take reflectance measurements at wavelengths currently unavailable on the Normal
Incidence Monochromator (Monarch).

1Support by NSF Grant PHY-0552795 and the Rocky Mountain Space Grant Consortium.

11:18AM B2.00005 Oxidation Effects on the Optical Constants of Heavy Metals , AMY GRIGG, STEVE
TURLEY, Brigham Young University — Applications for high-energy and extreme ultraviolet light are increasing everywhere in todays technological world. As a
result, the need for understanding how light interacts with materials in this energy range of light is also increasing. This study examines a method for determining
the optical constants of materials based on reflectance and transmission measurements, taking into account oxidation gradients of the material. The method of
x-ray photoelectron spectroscopy rastering is found to be the best method for determining molecular composition gradients.

11:30AM B2.00006 From Whence Come the Electrons , JONATHAN ABBOTT, J.R. DENNISON, JASON KITE, R.C.
HOFFMANN, Physics Dept, Utah State University, ROB DAVIES, Physics Dept, Oxford University — Measuring the electron emission energy spectrum from a
material yields a similar curve regardless of the incident energy source, whether it is electrons, ions, photons (photoemission), or even thermal energy (thermionic
emission). When measuring the spectrum for electron induced electron emission, there is a question of whether it is possible to distinguish the electrons
originating from the beam from those originating inside the material. We discuss the limits of the conventional boundary of 50 eV between the electrons
originating from the material (secondary electrons) and those originating from the primary beam (backscattered electrons). We present experimental results
suggesting a more realistic boundary at the observed minimum in the emission spectrum. We also show that simple analysis of emission spectra of biased
conducting samples (and charged insulating samples) can distinguish between these two populations.



11:42AM B2.00007 The Emission Angle and Incident Energy Dependence of the Boundary
between Secondary and Backscattered Electrons , J.R. DENNISON, JASON KITE, Utah State University — A more realistic
boundary to separate the electrons originating from the sample (secondary electrons) and those originating from the primary beam (backscattered electrons) in
electron-induced electron emission spectra is the observed minimum in the emission spectrum. We present measurements of the emission spectra of polycrystalline
Au over a range of incident energies from 100 eV < Eb < 2500 eV, as a function of emission angle and energy, Eb. The dependence of the position of Emin and
its associated yield intensity are investigated in terms of Eb and emission angle. Emin is roughly constant at ∼45% of Eb, but does show some more complex
dependence on Eb. No significant emission angle dependence of Emin is evident. The emission spectral intensity at Emin, N(Emin), decreases with increasing
emission angle, and scales approximately as a Lambert law proportional to the cosine of the emission angle. Finally, we discuss the effect of choosing this more
realistic value to separate secondary and backscattered electrons on the secondary and backscattered yield values.

11:54AM B2.00008 Measuring Auger Signatures Using a Rotatable, High-Resolution Retard-
ing Field Analyzer Faraday Cup Detector , JASON KITE1, J.R. DENNISON2, Utah State University — Single event energy losses
of electron scattering have been observed in the angle- and energy-resolved electron emission spectra. The surface sensitive Auger signature is commonly used
to characterize sample quality and determine surface species via their emission energy signature. Auger measurements are usually accomplished with a lock-in
amplifier and electrostatic analyzer or LEED-style retarding field analyzer. Our measurements confirm that Auger peaks can also be measured with a simple
retarding field analyzer Faraday cup detector. Design details and sample measurements are presented. The signature Auger peaks measured on polycrystalline
Au of the MNN transitions, at 1720 eV and 2030 eV, compare very well with those in the literature. Peak dependence on incident energy and emission angle
are also discussed. This work is sponsored by the NASA Space Environments and Effects Program.

1Rocky Mountain Space Grant Consortium
2The NASA Space Environments and Effects Program

12:06PM B2.00009 Optimized controller design for an ECDL locked to at optical cavity , JAMES
ARCHIBALD, BRIAN NEYENHUIS, MATTHEW WASHBURN, W. SAM WEYERMAN, SEAN WARNICK, DALLIN DURFEE, Brigham Young University —
We have performed a study of optimized feedback control of an external-cavity diode laser (ECDL) locked to a high-finesse optical cavity. We have measured
the response of the laser to current modulation and developed a mathematical model of our laser. Using this model, we have calculated optimized designs for
the feedback controller which keeps the laser locked to the optical cavity.

Friday, October 6, 2006 10:30AM - 12:30PM —

Session B3 Condensed Matter Structure and Spin Eccles Conference Center Room 201/203

10:30AM B3.00001 Domain Growth Law Violations in a Compressible 2D Ising Model1 , MATTHEW
WRIGHT, Brigham Young University — We carry out Monte Carlo studies of a compressible two-dimensional spin-exchange Ising model, varying the Hamiltonian
to imitate the “unmixing” of different phase-separating binary alloys. The Ising model is frequently used to model the dynamics of binary alloys or magnetic
materials by simulating annealing. Normally, the domain growth law is of the form R(t) = A + B tn. It has been found that the expected value of n = 1/3
does not hold for models where elements with differing atomic sizes are mixed together. We discuss the implications of these results on real alloys.

1Thanks to Gus Hart

10:42AM B3.00002 Magnetic Transitions In UCuSn , KARUNAKAR KOTHAPALLI, SAMI EL-KHATIB1, FARZANA
NASREEN, New Mexico State University, IAN SWAINSSON, Chalk River Laboratories, ANNA LLOBET, Los Alamos National Laboratory, HEINZ NAKOTTE,
New Mexico State University — We report on the dependence of the magnetic moment of UCuSn with temperature as determined from neutron-diffraction
data that were obtained at Chalk River laboratory. In this compound, the magnetic moment is solely due to uranium. Using the Rietveld method, we were able
to determine the magnitude and direction of the magnetic moments for various temperatures in the range 15 K to 70 K. Magnetic intensities are observed for
temperatures below 62 K, and their temperature dependence shows that the magnetic moment increases with decreasing temperature. At around 31 K, there is
a second anomaly in the temperature dependence of the moment, and this suggests that UCuSn exhibits two magnetic phase transitions at about 30 and 65 K.

1also at Los Alamos National Laboratory

10:54AM B3.00003 Muon spin resonance study on UCu1.5Sn2 , SAMI EL-KHATIB, New Mexico State University
& LANSCE-LC, Los Alamos National Laboratory, G. MICHAEL KALVIUS, Physics Department, Technical University Munich, D.R. NOAKES, Chemistry and
Physics Dept., Virginia State University, E.J. ANSALDO, University of Saskatchewan, Canada, C.E. STRONACH, Chemistry and Physics Dept., Virginia State
University, E. BRÜCK, Van der Waals-Zeeman Institute, University of Amsterdam, A. LLOBET, LANSCE-LC, Los Alamos National Laboratory, H. NAKOTTE,
New Mexico State University — We report on muon spin relaxation measurements results on UCu1.5Sn2, which crystallizes in the CaBe2Ge2-type structure.
Our analysis is consistent with collinear antiferromagnetic order with the transition temperature at 108±1K, which is in agreement with previous reports. The
Brillouin-like behavior of the temperature dependence of magnetic order indicates localized 5f moments in this compound. Noticeable distortion in the magnetic
structure occurring in the long-range order regime. The transition from paramagnetic region to the long-range ordered region has been explained by a model,
which adopts the fast and slow relaxation rates.

11:06AM B3.00004 High-pressure Raman studies of both hcp phases of Ba.1 , HELMUT OLIJNYK,
Department of Physics, Colorado State University, Fort Collins, CO 80523, USA, SATOSHI NAKANO, KENICHI TAKEMURA, Institute for Materials Science
(NIMS), Namiki 1-1, Tsukuba, Ibaraki 305-0044, Japan — Both hcp high-pressure phases of Ba were sudied by Raman spectroscopy. Combining the Raman
data with existing equation of state data, the pressure dependence of the elastic shear modulus C44 has been derived. The pressure shift of the E2g phonon
frequency is discussed in terms of elastic parameters. Though the pressure response of the observed phonon mode shows normal behaviour in both phases, more
subtle differences can be traced back to differences in the interatomic interactions in both phases.

1H. O. acknowledges a fellowship by the Japanese Society for the Promotion of Sciences (JSPS) under L-04519



11:18AM B3.00005 Phase diagram of Ti metal at high pressure , YAHYA AL KHATATBEH, KANANI LEE, BORIS
KIEFER, New Mexico State University — Using density-functional theory based ab-initio computations, we have investigated the hexagonal close-packed (hcp)
and the hexagonal (ω) structures titanium (Ti), and find good agreement with experiment. The hcp phase yields an equation of state of a zero pressure volume
V0 = 17.37 ( 0.02) Å3, an isothermal bulk modulus K0= 111.9 ( 0.2) GPa, and its pressure derivative K0’ = 3.60 ( 0.02). Furthermore, the c/a ratio for both
phases increases with increasing pressure. Additionally, the calculated transition pressure from hcp to ω phase compares well with the experimental results with
the ω phase more stable than the hcp phase at pressures greater than ∼ 5 GPa.

11:30AM B3.00006 Temperature dependence of absorption and emission spectra of Ba in solid
Ar , BRIAN MONG, Colorado State University — Detection of a single Ba daughter from extremely rare Xe-136 ββ decay is an essential part of the EXO
(Enriched Xenon Observatory) project. At CSU we have been working on detection methods in both solid and liquid Xenon. This talk will cover the recent
progress we have made on detection of Ba in solid Argon and Xenon. The absorption and fluorescence verses temperature in solid Ar and has been measured.
Two Ba sites have been observed in solid Ar; site B recovers from annealing above 20K while site A does not, it converts to Site B. Recent progress with the
spectroscopy of Ba and Ba+ in solid Xe will also be discussed.

11:42AM B3.00007 Experimental evidence for the existence of eigenvalues of the time evolution
operator governing the behavior of nuclear spins in solids , STEVEN MORGAN, BRIAN SAAM, University of Utah
Department of Physics — The decay of nuclear magnetic resonance (NMR) signals in solids is an extremely difficult many-body problem with no complete
solution. Utilizing frozen xenon polarized by spin-exchange optical pumping, we have observed the long-time behavior of the NMR signal decay for both free-
induction decay and spin (solid) echoes. The enhanced signal has allowed us to view the behavior of the decay for up to ∼10 decay constants. This has given
us the opportunity to test a theory about this behavior which says that at after a few time constants, the signal should decay either with a simple exponential
or a simple exponential modulated by a sinusoid. The reasoning for this is that the evolution of the density matrix follows from the action of its complete time
evolution operator, and that its eigenvalues determine the evolution of the spin system. Evidence for this type of behavior has been seen in classical chaotic
systems, but ours is the first experimental evidence for this behavior in a quantum system. This work has the potential to help elucidate the role of chaos in
quantum systems.

11:54AM B3.00008 Propagator Methods in Spintronics applied to the Rashba Hamiltonian ,
BAILEY HSU, JEAN-FRANCOIS VAN HUELE, Brigham Young University — In spintronics, the spin of the electrons is manipulated to create spin currents.
New propagators are introduced in order to determine the evolution of the spin systems. Rashba potentials are considered in connection with the spin-orbit

couplings in condensed matter systems. We calculate the propagator for the Rashba Hamiltonian H = P2

2m
+ α

h̄
(σxPy − σyPx) and comment on how to deal

with noncommuting operators.

12:06PM B3.00009 Obtaining an EELS Fingerprint for the Phases of Aluminum Oxide , MICHAEL
TANNER, Brigham Young University, DAVID CULLEN, Arizona State University, RICHARD VANFLEET, Brigham Young University — The crystal structure
of Al2O3 is found naturally in a number of different atomic arrangements or phases (more than seven have been confirmed). By heating Al(OH)3 (gibbsite) to
different temperature levels in the lab, we obtained the alpha, gamma, and kappa phases which we confirmed by diffraction analysis. We then investigated these
samples using electron energy-loss spectroscopy (EELS) in order to obtain an EELS fingerprint for each phase. A unique EELS fingerprint would allow phase
identification in nanometer scale regions that cannot be measured by other means. Initial results are promising that the different phases can be differentiated
by EELS. Further work will expand these measurements to include all of the phases of Al2O3.

12:18PM B3.00010 Microstructural Constitutive Theory: Statistical Particulate Mechanics ,
MICHAEL WEBB, —

Friday, October 6, 2006 10:30AM - 11:54AM —

Session B4 Astrophysics Eccles Conference Center Room 305

10:30AM B4.00001 Laboratory Nuclear Astrophysics or The universe as seen from under-
ground. , JOHN E. ELLSWORTH, STEVEN E. JONES, SHANNON WALCH, MATTHEW R. NERDIN, Physics and Astronomy, Brigham Young University
— Our sun emits 380 yottawatt, yet the nuclear reactant energies producing that power are very low (1 keV). These energies are so low, that replication of
such reactions in the laboratory produce rates that are nearly impossible to detect. Unlike the historical efforts to understand stellar processes by extrapolating
down from higher energy beam experiments, there are efforts to study reactions using low energy reactants. To do so requires specialized equipment and
environments. The results indicate the need to understand the Coulomb screening effects of condensed matter in these processes. An explanation for heat
production in planetary cores may also follow.

10:42AM B4.00002 Low energy accelerator for studying laboratory nuclear astrophysics. ,
MATTHEW R. NERDIN, JOHN E. ELLSWORTH, STEVEN E. JONES, Physics and Astronomy, Brigham Young University — We present progress on the
development of research equipment to study laboratory nuclear astrophysics reactions by bombarding deuterided metallic targets with accelerated ions. This
effort consists of constructing a low energy accelerator and the initial testing of specialized low-rate, neutron and charged-particle detectors.

10:54AM B4.00003 Photoevaporation of Clustered Minihalos by Primordial Stars , JOSEPH SMIDT,
Brigham Young University, DAN WHALEN, Los Alamos National Laboratory — The first primordial stars to form in the universe were extremely luminous
objects that heavily influenced subsequent star formation in their vicinity. We run 1D and 3D simulations of minihalo evaporation by a Pop III star to ascertain
whether its radiation promotes or quenches star formation in the halo. Preliminary results will be presented.

11:06AM B4.00004 Phase-space distribution of unbound dark matter near the Sun , MOQBIL
ALENAZI, PAOLO GONDOLO, Department of Physics, University of Utah, 115 S 1400 E Rm 201, Salt Lake City, Utah 84112-0830, USA — We resolve
discrepancies in previous analyses of the flow of collisionless dark matter particles in the Sun’s gravitational field. We determine the phase-space distribution
of the flow both numerically, tracing particle trajectories back in time, and analytically, providing a simple correct relation between the velocity of particles at
infinity and at the Earth. We use our results to produce sky maps of the distribution of arrival directions of dark matter particles on Earth at various times
of the year. We assume various Maxwellian velocity distributions at infinity describing the standard dark halo and streams of dark matter. We illustrate the
formation of a ring, analogous to the Einstein ring, when the Earth is directly downstream of the Sun.



11:18AM B4.00005 Characterizing lasers for cosmic ray “test beams” at the Pierre Auger
Observatory , SHOJI KOMATSU, LAWRENCE WIENCKE, MIGUEL MOSTAFA — The Pierre Auger Observatory located in western Argentina is
studying extended air-shower produced by high energy cosmic rays using two detectors: a Fluorescence Detector and a Surface Detector. Because cosmic rays
test beams are unavailable, laser test beams are used to measure properties of Fluorescence Detector. Optical signatures of extended air-shower and laser test
beams have several similarities. This talk will discuss characterization of the laser test beams including polarization and their absolute photometric calibration.

11:30AM B4.00006 Surveying the TeV Sky with Milagro , GARY WALKER, Los Alamos National Laboratory, MILAGRO
COLLABORATION — A wide field of view, high duty factor TeV gamma-ray observatory is essential for studying TeV astrophysical sources, because most of
these sources are either highly variable or are extended. Milagro is such a TeV detector and has performed the deepest survey of the Northern hemisphere sky.
In addition to detecting the Crab Nebula and Mrk 421, which are known TeV sources, Milagro has made the first detection of diffuse TeV emission from the
Galactic plane. In addition, Milagro has discovered a new, extended source in the Galactic plane that is coincident with an EGRET unidentified source. Based
on the success of Milagro, a second generation water Cherenkov gamma-ray observatory is planned which will give an increase in sensitivity of more than an
order of magnitude.

11:42AM B4.00007 Monocular spectrum and the search for exotic events in the ultra high
energy cosmic ray data of HiRes (The High Resolution Fly’s Eye). , DOUGLAS RODRIGUEZ, University of Utah,
HIGH RESOLUTION FLY’S EYE COLLABORATION — The High Resolution Fly’s Eye (HiRes) experiment consists of two fluorescence detectors in search of
the highest energy cosmic rays. These extremely energetic events can have 100 million times more energy than the highest energy achievable at man-made
accelerators. The original Fly’s Eye experiment observed one event with energy of 3.2 x 1020 eV. When such cosmic rays arrive at the Earth, they interact with
the nitrogen and other gases of the upper atmosphere, generating a shower of secondary particles which in turn produce ultra-violet fluorescence light that can
be viewed by our detectors. The data, collected between 5/1997 and 4/2006, has been analyzed in both monocular and stereo formats to study the energy
spectrum above 1017.5 eV, incident particle composition, and source direction (anisotropy). I am analyzing the data from one HiRes site, HiRes-1, to produce
a final monocular energy spectrum and to look for exotic events, particularly double showers. These are showers that could originate from one primary particle,
but appear to the detectors as two separate coincident tracks. I will present this work as well as other uses for these analysis programs.

Friday, October 6, 2006 12:45PM - 1:21PM —

Session C1 SPS Luncheon Presentation Eccles Conference Center Room 216

12:45PM C1.00001 Secret Lives of the Hidden Physicists—from Spandex to Spintronics , GARY
WHITE, Society of Physics Students — What is a physicist? A case is made for defining a physicist as anyone with a bachelor’s degree (or higher) in physics.
Under this definition, a large fraction of physicists are hidden, that is, they have left, or never belonged to, the traditional lot of Ph.D. academicians. Data
from the Statistical Research Center at the American Institute of Physics and from a survey of members of the national physics honor society, Sigma Pi Sigma,
show the vast array of actual career paths taken by physicists. From spandex to blackberries to bioinformatics to flight control to wind energy to spintronics,
physicists can be found in nearly every job sector in some of the coolest and most farfetched careers imaginable.

Friday, October 6, 2006 1:30PM - 3:06PM —

Session D1 Thin Films and Quantum Dots Eccles Conference Center Room 216

1:30PM D1.00001 The Effect of Voltage Ramp Rate on Dielectric Breakdown of Thin Film
Polymers , ANTHOMAS THOMAS, J. DENNISON, STEVE HART, RYAN HOFFMANN, USU, USU SURFACE SCIENCE GROUP TEAM — When a
sufficient electric field is placed across a dielectric material, electrical breakdown occurs. The field strength at which this occurs is referred to as the dielectric
strength or electrostatic discharge (ESD) voltage. The dielectric strength of thin (25 µm to 250 µm) film polymer samples (low density polyethylene, Teflon,
Kapton, Mylar, and other fluorocarbon polymers) have been measured by placing them between parallel plate electrodes and increasing the voltage until
breakdown occurs across the dielectric barrier creating a path for the flow of large discharge currents. The results are affected by the rate at which the applied
potential is increased and the incremental increases. Rates between 20 V/s and 500 V/s and voltage increments between 10 V and 500 V have been studied.
Larger rates cause a premature breakdown compared to a slower ramping speed. This may be due to a kind of conditioning of the sample; the stress of the high
voltage is easier to handle if taken in small increases.

1:42PM D1.00002 Orientation Studies of Recrystallized Vanadium Dioxide , FELIPE RIVERA, Brigham
Young University, LAUREL BURK, University of Nebraska - Lincoln, ROBERT DAVIS, RICHARD VANFLEET, Brigham Young University — Crystalline films
and isolated vanadium dioxide particles (up to 700nm in diameter) were obtained through thermal annealing of amorphous vanadium dioxide thin films on
silicon dioxide. Vanadium dioxide undergoes a metal to insulator transition changing from a monoclinic to tetragonal phase near 66 ◦C. Orientation Imaging
Microscopy (OIM) was used to study the phase and orientation of the crystals formed, as well as to differentiate from different vanadium oxide crystal structures.
Kikuchi patterns for the tetragonal phase of vanadium dioxide were used for indexing as the Kikuchi patterns for the monoclinic phase are indistinguishable, by
OIM, from those of the tetragonal phase. There is a preferred orientation for the growth of these crystals with the c axis in the plane of the specimen.

1:54PM D1.00003 Characterization of Crystallization of Silicon on Alumina , BRADY COX, Brigham
Young University — My research at Brigham Young University this summer focused on studying the crystallization of silicon on alumina (Al2O3). I deposited
amorphous silicon (α-Si) layers of two thicknesses onto various substrates in order to study how the silicon would crystallize at various temperatures and
annealing times. The preliminary results indicate that α-Si does not crystallize at temperatures below 630◦C when annealed for an hour on these substrates,
but does crystallize at temperatures above 700◦C when annealed for the same amount of time. There appear to be no noticeable differences in crystallization
between substrates. At the temperatures at which crystallinity was observed, there appears to be no preferred orientation for crystal formation. Further research
will focus on determining the lowest temperature(s) at which crystallization begins and studying the early stages of crystal formation at these temperatures.



2:06PM D1.00004 Characterization of GeSbTe Thin Films for Phase-Change Applications1 ,
C.D. GRIJALVA, C.E. INGLEFIELD, Physics Department, Weber State University, T. HERRING, HENG LI, Physics Department, University of Utah, P.C.
TAYLOR, Physics Department, Colorado School of Mines — Thin films of the alloy GeSbTe are of interest because of current and potential applications in
rewritable optical media and reconfigurable electronics. These applications stem from the fact that reflectivity and electrical conductivity are very different in
the amorphous and crystalline phases of GeSbTe, and rapid switching between these phases is possible. We have grown amorphous GeSbTe using RF sputtering
on quartz substrates, and used laser-induced heating to switch regions of the film from amorphous to crystalline phases. Previously, atomic force microscopy
(AFM) showed that, during this transition, a substantial amount of ablation (several hundred nanometers) of the film occurred. The laser treatment has been
revised to reduce the film ablation to the point that it is nearly undetectable by AFM. In addition, the AFM scans of films did not show any ordered structure
on the scale we were able to resolve. Future work with these films includes looking at direct measurements of electrical conductivity on a similar scale.

1This work was supported by the National Science Foundation, the Air Force Office of Scientific Research, and Weber State University.

2:18PM D1.00005 Morphological study on dot-chains using molecular beam epitaxy and in-
situ scanning tunneling microscopy1 , HAEYEON YANG, DONGJUN KIM, EDWARD EVERETT, RICHARD WILSON2, Utah State
University, NANOPHOTONICS TEAM — We report scanning tunneling microscopy (STM) study on nano dots with a linear alignment. Strained but flat
InGaAs epilayers were grown on nominal (001) surfaces of GaAs substrate by molecular beam epitaxy (MBE) at low temperature below 400˚C. Real-time
reflection high energy electron diffraction observations suggest that the strained surfaces are crystalline during the deposition process. In-situ scanning tunneling
microscope (STM) shows that the strained surfaces are atomically flat but the surface reconstructions are not uniform, mixed with various structures. Upon
heating the strained layers above 450 ˚C under arsenic pressure, the strained layers undergo roughening transition, resulting in nanodots. The nano dots were
formed very closely along a line to form dot-chains during the annealing process. The alignment lines are mostly along the [1-10] azimuthal direction and some
within 35 degrees off the [1-10] azimuthal direction. Furthermore, the size and shape of dots depend on the annealing temperature and strain amount. Effect
of strain amount and the annealing temperature on the morphology of dots will be discussed.

1Support from Air Force through ”Next Generation Solar Cells based on Nanostructures” program is greatfully acknowledged.
2Undergraduate student

2:30PM D1.00006 Linear alignment of InGaAs quantum dots on nominal GaAs(001) surfaces
, DONG JUN KIM, ADDISON EVERETT, HAEYEON YANG, Utah State University, NANO-PHOTONICS TEAM — We report linear alignment of quantum
dots (QDs) by direct deposition on smooth surfaces. A single deposition of InGaAs with 37% indium was carried out on a smooth GaAs(001) surface using
molecular beam epitaxy (MBE) after a 1µm thick GaAs buffer, whichwas grown at 580◦ to get a flat surface. The substrate was then cooled down to the InGaAs
growth temperature, 500◦C. In-situ scanning tunneling microscopy (STM) confirmed that the buffer surface was smooth with well ordered 2x4 reconstruction.
STM images of the dots show that they are aligned along a terrace edge line as shown while these dots are aligned along the dimer row direction but not
along a step edge. The lines in the contour plot indicate the terrace edges and separate terraces with height difference of one monolayer. The effect of growth
parameters on linear alignment of self-assembled quantum dots will be discussed.

2:42PM D1.00007 Variation and effects of As4 flux on morphology of InGaAs quantum dots
, E. ADDISON EVERETT, DONG JUN KIM, HAEYEON YANG, Utah State University, NANOPHOTONICS TEAM — We present a comprehensive in-situ
scanning tunneling microscopy (STM) study of InGaAs quantum dots (QDs) on GaAs (001) substrates as a function of arsenic flux using molecular beam epitaxy
(MBE). With all other MBE growth parameters fixed, changes in arsenic flux result in changes in the morphology of InGaAs QDs and the critical thickness to
form 3D islands. Under arsenic-rich conditions, islands with flat tops are formed while reduced arsenic flux results in formation of islands with rounded tops.
Decreasing numbers of InGaAs QDs result from increasing arsenic flux. Reflection high energy electron diffraction patterns taken before InGaAs deposition show
that the surface reconstruction changes from a 2x4 to c4x4 with an increase of arsenic flux. STM imaging shows no dots with high As4 flux, low density of
dots with medium As4 flux, and high density of dots with low As4 flux, with a deposition amount of 7ML for all samples studied. Effects of arsenic flux on the
changes in surface reconstruction surface morphology and density of QDs, and the critical thickness to form the self-assembled QDs will be discussed.

2:54PM D1.00008 Structural Characterization of Nanopolar Domains in PZN-PT1 , VAYEE VUE,
BRANTON CAMPBELL, Brigham Young University, Department of Physics & Astronomy — Pb(Zn1/2Nb2/3)O3-PbTiO3 (abbreviated as PZN-PT) is of
currently of great interest because of its potential as a ferroelectric-relaxor material and because it has the highest known piezoelectric constant. Piezoelectricity
is the ability of a crystalline material to generate an electric potential difference when an external stress is applied, or conversely, to generate a physical strain (i.e.
stretch or compress) when an external electric field is applied. The physical mechanism that facilitates the special properties of PZN-PT is not well understood.
The existence of local structural distortions called nanopolar domains (NPDs) have been suggested as a likely mechanism. We present three-dimensional
computer-generated defect models that embody all of the structural freedom an NPD is likely to possess. Individual defect models are evaluated by simulating
the x-ray diffuse scattering distribution that results and comparing against experimental data collected at the Advanced Photon Source at Argonne National
Laboratory. The DISCUS software package is used to generate the defect models and simulated diffuse scattering patterns, while Crystal Maker is used to
visualize the results.

1This research was supported by an award from Research Corporation
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1:30PM D2.00001 Developing Serial Diffraction and Microdroplet Beams for Protein Struc-
ture Determination1 , R.B. DOAK, Arizona State University — The first protein structure to be measured was that of myoglobin, in 1958 by John
Kendrew, who then remarked “Perhaps the most remarkable features of the molecule are its complexity and lack of symmetry.” Indeed, it is this complexity that
allows a protein to distinguish a specific molecular species from the thousands with which it might interact. Accordingly, protein structure can offer great insight
into protein function but is very challenging to measure. As “lensless imaging” techniques are developed to extract real space structural information from nonpe-
riodic diffraction measurements, serial diffraction of both electrons and x-rays become viable candidates for high-throughput measurement of protein structure.
Both probe species require a vacuum environment and hence a means of injecting proteins from solution into vacuum while maintaining the protein in a hydrated
form (water soluble proteins) or micellular form (membrane proteins) at all times. Microdroplet beams of the form proposed by Rayleigh in the 1880’s offer the
ideal tool. This talk will deliver a brief overview of protein structure, discuss the inversion of serial diffraction measurements by “phase retrieval,” and then
present the requirements, challenges, and various experimental schemes currently directed towards protein structure determination by use of microdroplet beams.
In collaboration with U. Weierstall, D. Starodub, K. Schmidt, P. Fromme, and J.C.H. Spence, Arizona State University.

1Funded in part by NSF Grant 0429814.



2:06PM D2.00002 Fabrication, Cleaning, and Filtering of Microscopic Droplet Beam Nozzles1

, J. WARNER, M. HUNTER, U. WEIERSTALL, J.C.H. SPENCE, R.B. DOAK, Arizona State University — Structure determination of proteins is a subject of
intense current interest. Most relevant is a protein’s native conformation, which generally requires it be immersed in water (if water-soluble) or a lipid jacket (if
a membrane protein). Emerging schemes of serial protein diffraction propose to embed proteins in microscopic water droplets (membrane proteins encased in
a detergent micelle) and pass these in vacuum through an x-ray or electron beam. Droplet diameters of <2 µm and <200 nm are dictated by the respective
probe penetration depths. Rayleigh nozzles of <1 µm and <100 nm can deliver such droplets, but clogging becomes a major hurdle at nozzle diameters below
even 10 µm. This talk will present an extensive study of the cleaning, filtering, and operation of 4 µm diameter nozzles with intent to minimize clogging.
Borosilicate and fused silica nozzles were investigated in both commercial and self-fabricated forms. Equipment was developed to flush the nozzles from both
the tip and distal ends. A variety of solvents and detergents were tested, with and without sonication and both before and after the nozzle tip was formed.
Flame burnishing was employed to smooth and clean the nozzles. In situ formation of silicate filter frits was investigated. Still, only about 30% of the 4 µm
nozzles would run without clogging. An alternative to solid convergent nozzles will be described.

1Supported by NSF Grant 0429814

2:18PM D2.00003 Breathing interplay effects during proton radiation therapy and develop-
ment of repainting solutions1 , DANIEL ROBERTSON, Brigham Young University, Dept. of Physics & Astronomy, JOAO SECO, ALEXEI
TROFIMOV, HARALD PAGANETTI, Massachusetts General Hospital, Dept. of Radiation Oncology — The movement from passive scattering to active spot
scanning in proton radiation therapy introduces the problem of interplay effects when elements of beam motion have a similar time scale to periodic tumor
motion, as in a lung tumor. This can lead to significant deviations from the planned radiation dose. Although the repetition of a field over many treatment
sessions tends to average out these inhomogeneities, the usual 30 fractions may still leave sizeable errors. These errors are characterized via computer simulation,
and field ‘repainting’ methods are developed to reduce them through increased dose averaging.

1Supported by a grant from the American Association of Physicists in Medicine

2:30PM D2.00004 Lead Levels in Utah Eagles , MICHELLE ARNOLD, Weber State University — Lead is a health hazard to
most animals, causing adverse effects to the nervous and reproductive systems if in sufficient quantity. Found in most fishing jigs and sinkers, as well as some
ammunition used in hunting, this metal can poison wildlife such as eagles. Eagles are raptors, or predatory birds, and their lead exposure would most likely comes
from their food – a fish which has swallowed a sinker or lead shot in carrion (dead animal matter). As part of an ongoing project to investigate the environment
lead levels in Utah, the bone lead levels in the wing bones of eagles have been measured for eagle carcasses found throughout Utah. The noninvasive technique
of x-ray fluorescence was used, consisting of a Cd-109 radioactive source to activate lead atoms and a HPGe detector with digital electronics to collect the
gamma spectra. Preliminary results for the eagles measured to date will be presented.

2:42PM D2.00005 Modeling Wave Propagation in Cells and Tissues at the Microscopic Level
, TIMOTHY DOYLE, Dept. of Physics, Utah State University, Logan, UT 84322-4415, KEITH WARNICK, Dept. of Physics, Utah State University, Logan,
UT 84322-4415 — Several proposed medical therapies and diagnostic methods are based on the interaction of ultrasonic or electromagnetic waves with cells
and tissues at the microscopic level. To better understand these interactions, models are being developed to simulate wave propagation in tissues at the cellular
level by incorporating a first-order approximation for the cell structure and multiple scattering between cells. The cells are modeled with a concentric spherical
shell-core structure embedded in a medium, with the core, shell, and medium representing the nucleus, cytoplasm, and extracellular matrix respectively. Using
vector multipole expansions and boundary conditions, scattering solutions are derived for a single cell with varying properties for each of the cell components.
Multiple scattering between cells is simulated using addition theorems to translate the multipole fields from cell to cell and an iterative process to refine the
scattering solutions. Results from ultrasonic scattering simulations are presented, including single-cell spectra and wave field images for up to several hundred
cells.

2:54PM D2.00006 Energy Computation for nanopore DNA sequencing with an AFM1 , SHAHID
QAMAR, Arizona State University, S. M. LINDSAY TEAM, P.M. WILLIAMS COLLABORATION — We are working on a technique to sequence the DNA
with an atomic force microscope. Motivated by the experiment, we used an efficient technique to compute free energies of a DNA rotaxne molecule composed
of a single strand DNA and a cyclodextrin molecule. Quantitative free energy computation involves milestoning technique with Arrhenius rate equation. The
algorithm used computes the time scales of complex processes following the predetermined milestones along a reaction coordinate. A Markovian hopping
mechanism was used. We performed the large scale molecular dynamics simulations at micro second level to compute the rare event kinetics which involves large
scale distributed computational resources. We performed the molecular dynamics simulations for a DNA rotaxane in the absence of external force to compute
the free energy differences among them. All the simulations were performed in aqueous solvent. The theoretical estimation of free energies qualitatively agrees
with the experimental data obtained for nano pore DNA sequencing with an atomic force microscope. Initial results show the thermal fluctuations are dominant
and the free energy differences between purine and pyrimidine is of the order of 1KBT so the modification of DNA rotaxane is required to suppress the thermal
fluctuations.

1NIH
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1:30PM D3.00001 Collisional Braginskii closure vs. the integral closure and closing the fluid
equations1 , J.-Y. JI, E.D. HELD, Utah State University — Recent calculation of the exact linearized Coulomb collision operators and the general
moment equations2 are introduced. As an application, higher order terms for the collisional heat flux closure are derived and the limitation of the collisional
Braginskii closure is evaluated quantitatively. For plasmas with general collisionality, the integral heat flux closure based on the pitch-angle scattering operator3

is introduced and its physical meaning is discussed in comparison with the Braginskii closure. Improvements to the derivation of general closures with a more
rigorous treatment of the collision operator and a general scheme for closing the fluid equations are presented.

1Research supported by the U.S. DOE under grant Nos. DE-FG02-04ER54746, DE-FC02-04ER54798 and DE-FC02-05ER54812.
2J.-Y. Ji and E. D. Held, Phys. Plasmas, to be published (2006).
3E. D. Held et al., Phys. Plasmas 8, 1171 (2001).



1:42PM D3.00002 General parallel closures for tokamak plasmas1 , M. SHARMA, J.-Y. JI, E.D. HELD, Utah
State University — Analytical and numerical work is done to understand controlled magnetic fusion experiments such as tokamaks, a doughnut-shaped magnetic
confinement device that may form the basis of future fusion reactors. In such systems plasma can be described in terms of transport equations obtained from
the kinetic equation. We close the density, momentum and energy conservation equations by solving the drift kinetic equation and taking closure moments. A
Chapman-Enskog-like approach is adopted where the distribution function is written as the sum of a dynamic Maxwellian and a kinetic distortion, F , expanded
in Legendre polynomials Pl(v‖/v). For an accurate treatment of collisional effects, a moment approach is applied to the full, albeit linearized Coulomb collision
operator. This approach leads to denumerable infinity of equations describing the system. Truncation at some suitable order permits a derivation of neoclassical
closures for the parallel conductive heat fluxes and stresses. The parallel gradient operator, acting on F as well as v‖/v, is inverted via the Legendre-polynomial
expansion and subsequent diagonalization of the differential equation system for the expansion coefficients is done. This approach allows examination of the
closures in all collisionality regimes and thus aids in understanding the complex behavior of confined tokamak plasmas.

1Research supported by DOE under grant no. DE-FC02-04ER54798 in conjunction with the SciDAC Center for Extended MHD Modeling.

1:54PM D3.00003 Implementation and Analysis of 4th Order CWENO Reconstruction for
use in Relativisitic MHD Simulations1 , NICHOLAS NELSON, DAVID NEILSEN, Brigham Young University — Relativistic magneto-
hydrodynamics (RMHD) is used to model astrophysical systems with magnetic fields. Numerical simulations in RMHD require high accuracy to efficiently
resolve the complex features expected in the solutions. We discuss an implementation of a central 4th order CWENO method for RMHD. Preliminary results
of standard test problems, including comparisons with an established CENO scheme, will be presented and discussed.

1Funding provided in part by Brigham Young University ORCA Grant

2:06PM D3.00004 Non-local plasma heat flow in a perturbed magnetic field1 , JOHN JAMES, ERIC
HELD, Utah State University — In this work, we review the derivation and implementation of a non-local closure2 for the field-aligned heat flow in the plasma
fluid temperature equation. We apply the closure to a plasma embedded in a sheared slab magnetic field configuration with a single-helicity perturbation and
compare derived quantities such as effective radial thermal diffusivity and on-axis plasma temperature with those obtained using a flux-limiting and a local
diffusive form for the closure. A novel algorithm for rapid approximation of the heat-flow integrals involved in calculating the non-local closure is presented
along with results from validity and convergence tests.

1Research supported by the U.S DOE under grants no. DE-FG02-04ER54746 and DE-FC02-04ER54798.
2E. D. Held, J. D. Callen and C. C. Hegna, Phys. Plasmas 10, 3933 (2003).

2:18PM D3.00005 Effects of Generalized Ion Stress on Plasma Sound Waves , MICHAEL ADDAE-
KAGYAH, ERIC HELD, Utah State University — Details of two key effects of the generalized parallel ion stress tensor (Π||) on magnetized plasmas, namely
sound wave damping and viscous heating, are presented. Kinetic-based derivation of Π||, employing an expansion of the particle distribution function, forms
the theoretical basis of this study. The goal of this research is to incorporate kinetic physics into the physical models of high-temperature plasmas. Here, a
hybrid fluid/kinetic model is applied to the simulation of plasma systems, via the use of the generalized stress closure in the closing of fluid equations. The
NIMROD code is used to run the simulations designed to highlight the finite physical effects of the generalized Π||. Runs involve scans of plasma parameters
that correspond to various degrees of plasma collisionality. Analogous simulations, involving the local form of Π||, are also run for comparison. Diagnostics of
the parallel viscosity, damping rates, and energies are made. It is concluded that the generalized Π|| and the local Π||models produce similar results at high
collisionality, whilst the formerpredicts more realistic values at low collisionality.

2:30PM D3.00006 Construction of a Low-energy Single-wire Z-pinch Apparatus for Metal-
catalyzed Fusion Studies , SHANNON WALCH, STEVEN JONES, JOHN ELLSWORTH, Brigham Young University — Numerous beam and
foil experiments have been undertaken in an effort to explore fusion enhanced by condensed matter and have produced substantial evidence for the catalyzing
effect of metals and the variation in effectiveness of different types of metal. A group at Brigham Young University studying low energy nuclear reactions
is currently building a low-energy single-wire z-pinch apparatus to test it as a tool for producing such reactions. If useful, it will expedite our studying the
relationships between the type of metal used and the number of emitted particles, and it will assist in the development of a theory for this type of reaction, as
no current theory can predict the outcomes of these experiments.

2:42PM D3.00007 Hollow Plasma Instability: Theory vs. Experiment1 , MELISSA POWELL, GRANT
MASON, ROSS SPENCER, Brigham Young University — A Malmberg-Penning trap is a cylindrical apparatus which confines non-neutral plasma (electrons
only) with an axial magnetic field and negative electric potentials on both ends. It is a simple system for studying basic plasma behavior, so simple that theory
and experiment ought to agree. Theory predicts that a hollow plasma density profile is unstable, and experiments agree. However, the experimental growth rate
of the instability is much larger than the theoretical growth rate, by a factor of around 2-4. We are collaborating with Travis Mitchell’s experimental research
group at the University of Delaware to find the cause for this discrepancy by recreating their Malmberg-Penning trap in our computer simulation. The growth
rates of our simulation test cases have remained roughly half that of Mitchell’s experiments. We will report the results of investigating several possible causes
for this discrepancy, including asymmetry, resistive connections to confining rings, a non-Maxwellian particle distribution function, the initial perturbation, and
the polarization drift.

1National Science Foundation

2:54PM D3.00008 Evidence of New Plasma Equilibrium State Sought , WILLIAM EDWARDS, ERIC HELD,
AJAY SINGH, JEREMY BISHOP, Utah State University — A recently reported plasma equilibrium state, derived by minimizing the total system energy without
imposing the quasi neutrality condition [1], offers a new possibility for designing a magnetic confinement device for thermonuclear fusion. Utah State University
has acquired a small tokamak from the University of Saskatchewan in Canada. This machine is being modified in an attempt to experimentally verify the
existence of the state and to determine a procedure whereby a gas at room temperature can be heated to thermonuclear fusion temperatures while held in the
new state by magnetic and electrostatic fields. Conditions on size of vessel, gas fill pressure, magnetic field magnitudes, and plasma beta are restricted. A
fusion device will be compact leading to the possibility of applications such as production of neutron beams for examination of luggage in airports, search for
unexploded land mines, cancer diagnosis, activation of thorium for fission energy, etc.
Reference
[1] W. F. Edwards and E. D. Held, Phys ,Rev. Lett., 11, 255001 (2004)



3:06PM D3.00009 Generalized Stationary States for Fusion Plasmas , E.D. HELD, W.F. EDWARDS, A.
KULLBERG, Utah State University — The subject of minimum energy states for magnetically confined plasmas dates back to pioneering work by Woltjer1 and
Chandrashekar2. After decades of work in this area, a novel theory3 has been developed which includes all of the terms in the energy integral and adjoins local
constraint equations that avoid the common assumption of quasineutrality. In this talk, we discuss a complimentary version of this recent theory which replaces
the local constraints of plasma fluid and Maxwell’s equations with the constraints of globally conserved generalized helicities. Comparison is made between the
stationary states predicted by these theories for the problems of cylindrical Z-pinch, Θ-pinch and screw pinch plasmas. Importantly, both theories predict that
substantial electrostatic fields due to charge separation play a critical role in confinement. We conclude by discussing the application of the theory in toroidal
geometry which is relevant to the problem of confining fusion plasmas in laboratory experiments.

1L. Woltjer, Proc. Natl. Acad. Sci. U.S.A. 44, 489 (1958); 44, 833 (1958); 45, 769 (1959)
2S. Chandrasekhar, Proc. Natl. Acad. Sci. U.S.A. 44, 842 (1958); 42, 273 (1956)
3W. F. Edwards and E. D. Held, Phys. Rev. Lett., 11, 255001 (2004)
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1:30PM D4.00001 Quantum-mechanical time evolution and uniform forces , GARY BOWMAN, Northern
Arizona University — I consider the time evolution of an arbitrary initial quantum state subject to a spatially uniform but arbitrarily time-dependent classical
force. Using the tools of Bohmian mechanics, I show that the state evolves as a free particle state, plus an overall motion arising from the classical force.

1:42PM D4.00002 Searching for photon rest-mass with ion interferometry , DAN CHRISTENSEN, BRIAN
NEYENHUIS, ROSS SPENCER, DALLIN DURFEE, Brigham Young University — We will discuss a proposed scheme to search for a non-zero photon rest mass.
This scheme could be more than 100 times more sensitive than previous experiments. The experiment would use an ion interferometer to search for variations
in Coulombs inverse-square law predicted by the Proca equation. Analytical and numerical computations will be presented.

1:54PM D4.00003 Experiences Teaching Inquiry-Based Physics to Prospective Elementary
School Teachers , BILL TIERNAN, Mesa State College — I will discuss my experience in teaching a laboratory-based introduction to physics intended
for students in the elementary teacher education program at Mesa State College. This course was taught for three years and used the textbook and curriculum
“Physics by Inquiry” developed by the Physics Education Group at the University of Washington. In this class students spend most of their time working
on exercises and doing experiments, while the teacher circulates and engages students in discussions of their work. In addition to giving an overview of the
curriculum I will talk about some of the successes, pitfalls, and difficulties in teaching such a course.

2:06PM D4.00004 Why are you in Physics, Anyway? , SHEM THOMPSON, BRIAN PYPER, BYU-Idaho — More
students leave the major of physics for non-physics majors than visa versa. We surveyed a number of students to pin point their initial reasons to major in
physics and their reasons for later leaving physics as a major. Our survey was patterned after Elaine Seymour’s research in her book “Talking about Leaving;”
her research addresses the issue of attrition in Science, Mathematics, and Engineering majors. The results of our surveys show that the biggest concern physics
majors have towards majoring in physics is the fast pace and overwhelming nature of the curriculum. Even students who left a non-physics major to peruse a
major in physics reported the Physics curriculum to be overwhelming, a concern they did not have towards their previous major. These same students press
on toward their new major in physics inspired by career goals/ opportunities. The influence of career goals/opportunities made possible by majoring in physics
appears key in attracting students who would be good at physics but are not initially attracted to the field.

2:18PM D4.00005 Threatened by Gender? , CANDICE HUMPHERYS, BRIAN PYPER, BYU-Idaho — A good deal of research
has been done on the issue of stereotype threat.1,2 This research proposes that if a person identifies with a group of people that is negatively stereotyped
for performance, then they will not perform as well as someone from the same group of people who is not made aware of the negative stereotype. The
research we conducted investigates the legitimacy of stereotype threat based on gender in the area of science in the BYU-Idaho student population. Our results
have significance in the current national debate about the lack of women pursuing careers in scientific disciplines. 1Quinn, Diane M.; Spencer, Steven J..
(2001). The Interference of Stereotype Threat With Women’s Generation of Mathematical Problem-Solving Strategies. Journal of Social Issues. 57(1):55-71.
2Schmader, Tony, & Johns, Michael. (2003). Converging Evidence That Stereotype Threat Reduces Working Memory Capacity. Journal of Personality and
Social Psychology. 85(3):440-452.

2:30PM D4.00006 Does Size Matter? Searching for Rhyme or Reason in Course-End Student
Surveys in a Large, Eclectic Physics Department , DAVID PEAK, Utah State University — Over the past eight years, surveys
of student opinion have been collected (near term-end) in all courses at Utah State University using the same survey instrument. The instrument consists
of 25 questions, each of which can be responded to by choosing an integer ranking between 1 (“very poor”) and 6 (“excellent”). The University reports a
statistical summary of all surveys each term in which all responses are treated equally irrespective of class size (a factor University administrators have asserted is
negligible). Discussions of survey content at USU usually focus solely on two items: “rate the course” and “rate the instructor.” To some extent faculty tenure,
promotion, and salary are based on these two aggregated data. Because of their possible impact on faculty careers, I have examined all responses in all surveys
collected over the years in my department. Typical of social data, these results exhibit substantial variability and are highly non-normal. Appropriately treated,
however, they reveal a significant class size dependence on the two “rate the...” global items. This fact harbors potentially important policy considerations for
departments (like mine) that have a broad range of class enrollments.

2:42PM D4.00007 A Lecture Hall Sized Color Mixing Apparatus , JAMES COBURN, Utah State University — A
new apparatus built to demonstrate color mixing by addition in a large lecture hall will be presented. Details will be given on development, design, construction
and presentation.

2:54PM D4.00008 Einstein’s Meanders , BRADLEY CARROLL, Weber State University — Everyone is familiar with the sinuous
meandering of rivers. However, few people recognize Einstein’s seminal contribution to our understanding of the origin and evolution of a river’s winding channel.
This talk will review Einstein’s treatment of the fluid dynamics of river meanders. Its simplicity and elegance illustrates his belief that “the whole of science is
nothing more than a refinement of everyday thinking.”



3:06PM D4.00009 Twisting Relativity Part II: Gravity Behaving Badly , JERRY W. JENSEN, No Affiliation
— We take a second highly speculative look at relativity, rejecting special attributes by varying the medium of space as a function of mass. This time we
challenge the veracity Newtonian laws of motion, as well as the time dilation property of special relativity. Space near mass is assigned two important properties:
Impedance to motion and an opposing elastic field strength. Both attributes are functions of mass and motion relative to the local mass distribution. These
properties provide testable predictions that contrast greatly with the behavior predicted by both the second law of relativity and Newtons second law of motion.
A quick perusal of the solar system reveals a cornucopia of stunning observables that are consistent with this abstraction.
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3:45PM E1.00001 Imaging coherent electron flow in a two-dimensional electron gas , BRIAN LEROY,
University of Arizona — Images of electron flow through a two-dimensional electron gas are obtained at liquid He temperatures using scanning probe microscopy.
Near a quantum point contact (QPC), the images show angular lobe patterns characteristic of the wavefunctions in the QPC. At distances greater than one
micron from the QPC, narrow branches of electron flow are observed due to the cumulative effect of small angle scattering. All of the images are decorated by
interference fringes spaced by half the Fermi wavelength demonstrating that the flow is coherent. To determine the origin of the interference fringes, an imaging
interferometer is created by adding a circular reflecting gate. The strength and position of the interference fringes can then be controlled by the voltage on this
reflecting gate. Using the interferometer, we show that the interference fringes are due to backscattering to the QPC. Both experiments and theory demonstrate
that the interference signal is robust against thermal averaging.

4:21PM E1.00002 Creating Cold Molecules , HEATHER LEWANDOWSKI, JILA / Univeristy of Colorado — The techniques of
laser cooling and trapping have transformed atomic physics. The ease of obtaining ultracold atomic samples with these methods has led to new experimentally
realizable quantum systems, including the dilute gas Bose-Einstein condensate and the degenerate Fermi gas. After several decades of rapid growth in the field
of atom cooling and trapping, the obvious next step is to extend these studies to cold molecules. Molecules have a rich internal energy structure, creating
new research opportunities in quantum chemistry, novel collision studies, and collective quantum effects. Cold molecular packets are produced by supersonic
expansion coupled with Stark deceleration. First the molecules undergo the expansion process, which cools both the external and internal degrees of freedom.
The resulting molecular beam is then slowed to rest by the method of Stark deceleration. Stark deceleration uses the molecules’ interactions with inhomogenous
electric fields to decelerate the beam. The molecules are then trapped electrostatically, where their collisions can be studied.

4:57PM E1.00003 High Pressure Physics: Thinking Outside the Box , HANS D. HOCHHEIMER, Colorado
State University — I will present examples where thinking outside the box has led to unexpected developments, economic success, and new understanding of
the underlying physics. As example of economic success I will present the development of a multipass Brillouin interferometer, which has revolutionized solid
state Brillouin scattering experiments. Scientific examples discussed will be alkali cyanides and Chromium alloys.

5:30PM - 5:30PM —

Session F1 Poster Session Eccles Conference Center Third Floor Hallway, 5:30pm

F1.00001 Comparison of Satellite and Ground-Based Data on Polar Mesospheric Clouds , JODIE
TVEDTNES, MICHAEL TAYLOR, Utah State University, MATTHEW DELAND, Science Systems and Applications, Inc., MARK ZALCIK, NLC CAN AM —
Data from the Solar Backscatter Ultraviolet (SBUV) instruments on the NOAA polar orbit satellites have been analyzed to determine the presence of Polar
Mesospheric Clouds (PMCs) over the North American continent for five consecutive years from 2001 through 2005. PMCs are ice clouds that form near the
mesopause (80-85 km) during summer months at high latitudes. From the ground, these clouds can be seen during twilight hours as Noctilucent or “night
shinning” Clouds (NLC) and their occurrence has been growing over the last several decades prompting speculation concerning their role in climate change.
For this poster we compare reports of displays seen from the ground over the North American continent primarily by observers participating in the Canadian
noctilucent cloud observing network CAN AM with the SBUV satellite data. Our primary goal is to investigate the occurrence and spatial extent of the clouds,
as well as to search for unusual low latitude events (<50 deg) that have occasionally been seen as far south as Logan, Utah.

F1.00002 Seasonal Investigation of Variance in Short Period Mesospheric Wave Structure at
Low Latitudes. , HEMA KARNAM, Department of Electrical and Computer Engineering, MIKE TAYLOR, Centre for Atmospheric and Space Sciences
and Physics Department, JAKE GUNTHER — As a part of the Maui-MALT program, the Utah State University Mesospheric Temperature Mapper (MTM)
has operated continuously at Maui-Hawaii since November 2001. Over 1000 nights of high quality data on Mesospheric temperatures using the near infra red
OH and O2 emission layers (centered at 87 and 94 km respectively) have been obtained over the past four years. In this study, we have analyzed data from
2003 (295 nights) to perform an initial investigation of the variance in OH and O2 signal in the frequency band corresponding to short period (12 min- 1 hour) .
This was done by spectrally filtering the data into selected bands (approximately 1 hour wide). The data have been used to study variability in wave content on
a night-to-night as well as a seasonal basis. Short period waves were present throughout the year and indicate no obvious summer to winter difference in wave
power. On sporadic nights throughout the year, both OH and O2 show remarkable enhancements of wave power (factor of 10). Here, we present the results of
this initial study.

F1.00003 Investigating the horizontal characteristics of the short-period gravity waves over
Bear Lake Observatory, Utah. , DEEPAK SIMKHADA, MICHAEL TAYLOR, Center for Atmospheric Physics and Space Sciences, Physics
Department, Utah State University, ROBERT STOCKWELL, Colorado Research Associates, Boulder, Colorado — The horizontal characteristics of short-period
gravity waves were observed in the OH airglow layer at ∼ 87 km during a one year period in 2002 from Bear Lake Observatory, Utah (41.90 N, 11.40 W). These
waves typically have short periods (6-15 min) with short horizontal wavelengths (8-35 km) and horizontal phase speeds of (20-65 m/s). All the wave events
fall into two groups, bands and ripples. The band structures appear as a train of wave fronts with a horizontal wavelength larger than 15 km and the ripples
were small-scale structures with a horizontal wavelength less than 15 km. In summer, most waves propagated towards the N- NE, whereas, in winter, wave
propagation directions were towards the NW and SW. The observation suggests that these waves were propagated from the lower atmosphere and filtered in
the middle atmosphere by the mean background winds.



F1.00004 A Niching Genetic Algorithm For Milne-Eddington Spectral Line Inversions , BRIAN
HARKER, Utah State University / National Solar Observatory, K. BALASUBRAMANIAM, National Solar Observatory, JAN SOJKA, Utah State University
— Stokes profile inversions form a basis for “measuring” solar magnetic fields. The High Altitude Observatory (HAO) Milne-Eddington (M-E) spectral line
inversions have traditionally been used as initializations to more sophisticated inversion procedures. One such code uses a genetic-algorithm initialization to
search the parameter space on a more global scale, in an effort to obtain a good starting guess for a more traditional hill-climbing (e.g. Levenberg-Marquardt)
algorithm. A serious drawback to the type of genetic algorithm used is that it has been shown to perform poorly on high-dimensional spaces with multiple optima.
A single-component M-E model atmosphere is typically described by about 7 free parameters, indicating a fairly high parameter space dimensionality. Two-
component models increase the ability to fit frequently-observed asymmetric spectral lines, at the price of nearly doubling the dimension of the parameter space.
Furthermore, spectral lines for large magnetic field strengths and large inclinations are very similar to profiles for weaker field strengths and small inclinations,
indicating the potential presence of multiple optima that correspond to very different physical conditions. This poster presents an initial investigation into
alleviating these difficulties by incorporating a more sophisticated evolutionary strategy into the SGA, and parallelizing over multiple processors.

F1.00005 Polar Crater Deposits as a Probe for Ancient Climate Change on Mars , JOHN ARMSTRONG,
Weber State University — Dynamical studies of the Martian orbit suggest a planet that has undergone extreme orbital change. How has this affected the
planet’s climate? Is there a record of this orbit-induced climate change written in the geology that is expressed on the surface? If so, such a record would provide
insight into Mars’ climate history, and shed light on the types of habitats for life that may have existed in the past. We are exploring how the current seasonal
polar caps interact with polar craters in an effort to identify modification that can be linked to the proximity of the polar cap. Ice deposits within the craters
are evident in both thermal spectra and imagery from Mars orbiters. We have linked these ice deposits to morphological deposits that can be identified in other
craters that are further from the pole. These deposits may act as a probe of the variations suggested by orbital calculations, as well as provide an indicator of
the extent of the sub-surface ice table. We will present preliminary results from a sample of northern craters, and explain how this can be extended to southern
craters, and possibly mid-latitude craters, in an effort to understand more fully the martian climate through time.

F1.00006 Green Thumbs for the Red Planet , JACQUE JACKSON, DAVID ALLRED, NIKI BRIMHALL, Brigham Young
University — In the famous book, The Case for Mars, Robert Zubrin discusses how resources readily available on Mars could easily be used to construct a
greenhouse. This project tests his proposition that plants can be grown in Mars-ambient levels of carbon dioxide. Previous tests have shown that it is possible
for plants that have been growing under normal conditions can survive for a period of time in Mars-ambient levels of carbon dioxide, but it has not yet been
tested exactly how long they can live under such conditions, nor whether they can be planted and grown in such conditions. We also propose an excellent
candidate for a Martian greenhouse plant, namely a Bolivian grain called quinoa. Quinoa is efficient because the entire plant’s leaves, root, stem, and fruit are
edible and nutritious. Also, quinoa is promising because it is a robust plant accustomed to low pressures and cold temperatures. If it proves possible to grow
and cultivate plants in Mars-ambient levels of carbon dioxide, future exploration of Mars would be greatly benefited.

F1.00007 Exploring “Freeze Out” on Mars using an Atmospheric Circulation Model , MICHAEL
ESQUIVEL — In addition to observational research, computational models like the NASA Ames Mars General Circulation Model (GCM) are used for efficient
and often detailed representations of physical quantities. Using this GCM model, I am studying the effects of the distribution and density of frozen carbon-dioxide
located at the polar caps. I have paid attention to the effects of the resulting ground temperature, surface pressure, and ground ice through time-based 2D and
3D animations. Also, I have modified the planet’s axis between 5 and 50 degrees, changed the pressure by orders of magnitude from zero to two magnitudes,
and studied conditions that result to a time frame of nearly 4 billion years ago. Preliminary results show that low pressures with low degrees of tilt have resulting
pressures that approach zero, often ending simulations early. The remaining frozen carbon-dioxide remains airborne which could explain the possibility of an
atmospheric phenomenon called a “freeze out.” This type of atmospheric computational data is often tedious and cumbersome to interface between numerical
data and visual format. To counteract this problem, I have built an interface using IDL to interact with raw Mars GCM data. This interface allows researchers
to increase the time to study actual science and minimize the time to find and decipher data to a visual format. This interface allows modification of initial
variables to allow for cold starts of the Mars GCM model as well as create new maps and view them in an animation sequence to study changes in time.

F1.00008 Generalized Stationary States for Plasmas with Conserved Global Helicities , A. KULL-
BERG, E.D. HELD, W.F. EDWARDS, Utah State University — After decades of work on the subject of minimum energy states for plasmas, a novel theory1 has
been developed which includes all of the terms in the energy integral and adjoins local constraint equations that avoid the common assumption of quasineutrality.
In order to verify the predictions of this theory as well as extend it to toroidal geometry, we present complimentary work that constrains the variation of total
plasma energy under the assumption of conserved global helicities. The resultant Euler-Lagrange equations take the form of coupled, nonlinear partial differential
equations for the magnetic and electric fields, plasma flows and densities and the Lagrangian multipliers associated with conserved global helicities. Assumptions
regarding symmetry are then employed to convert the Euler-Lagrange equations to coupled ordinary differential equations which are solved using finite-difference,
relaxation techniques. Quantitative comparisons of the solutions from these theories are made for the problems of diamagnetism in slab geometry, which is
relevant to space plasma in the Venus ionosphere, and cylindrical screw pinches, which is relevant to the confinement of fusion plasmas in the laboratory.
Preliminary work regarding minimum energy states in toroidal geometry is also presented.

1W. F. Edwards and E. D. Held, Phys. Rev. Lett., 11, 255001 (2004)

F1.00009 Experimental Verification of a new Plasma Equilibrium State , JEREMY BISHOP, AJAY SINGH,
FARRELL EDWARDS, ERIC HELD, Utah State University — It has been shown that a “steady state equilibria of two-species collisionless plasmas have been
found for symmetrical systems by varying the total energy subject to Maxwell’s equations, momentum moment equations, and adiabatic equations of state,
without imposing a quasineutrality condition”1 We have undertaken the task of experimentally verifying that these equilibria exist. In order to do this we
have received delivery of equipment from the University of Saskatchewan, consisting of the the components of the tokamak STOR – 1M. After restoration to
working condition, we will modify the equipment to encourage the formation of the equilibrium state. Additional testing will be used to determine feasibility to
applications such as neutron and/or power generation. Currently, we are in final preparation for vacuum testing, after which we will complete restoration of the
electrical system including capacitor testing,a new optically isolated control system and installing required diagnostics. This will allow us to have first plasma in
December 2006.

1W.F. Edwards and E.D. Held PRL 93, 255001 (2004)

F1.00010 Phi Meson as Probe for Quark Gluon Phase Transition , Z. YASIN, University of California at Riverside
— Vector mesons provides crucial direct signals for characterization of the early times of the quark gluon phase transition predicted at temperature around 150
MeV. Since, Phi Meson is not masked behind other resonances in mass spectra so it provides a nice probe to verify the standard model prediction of chiral
symmetry restoration, expected to cause modification of its mass, width and decay channels in the dense hadronic matter. Creation of such a state of matter
is main objective of current series of ultra-relativistic heavy ion collision experiments at Brookhaven National Laboratory. Monte Carlo simulations can be used
for tracking charge particles through complex detectors. Results from a Monte Carlo Carlo simulation code, developed for verifying the QCD phase transition
signals for Phi Meson, will be presented.



F1.00011 The Equation of State of α-Uranium from a First Principles Perspective , SOURAV ADAK,
BORIS KIEFER, New Mexico State University — Uranium occurs in diverse environments, for example as a fuel in nuclear reactors and as a major source for
the internal heating of our planet. Therefore the understanding of the electronic structure of uranium is important to develop a unified model for uranium in
different bonding environments. Heavy elements at the bottom of the periodic table pose a large challenge to theory due to the often complex interplay of s-, d-,
and f-electrons that are difficult to treat self-consistently in density functional theory. Here we adopt the simplest description that neglects spin-orbit coupling
and any special treatment of strong electronic correlations. The calculations are based on the projected augmented wave method within the GGA approximation.
We find that the equation of state is in good agreement with experiment. This suggests that our simplified electronic structure model of uranium captures most
of the physics and may be used to describe bonding of this element in other environments at least to first order.

F1.00012 Roughness Contributions to Thin-Film Reflectance , ELISE MARTIN, JEDEDIAH JOHNSON1, R.
STEVEN TURLEY, Brigham Young University — In order to find a factor to account for how surface roughness affects reflection and transmission measurements
of thin films, we developed a MATLAB program that computes scattering from a rough surface with arbitrary-good accuracy. S-polarized plane waves are reflected
off of a perfectly conducting surface with a certain amount of roughness and normalized with reflection from a perfectly smooth surface. In order to best model
the kinds of roughness we anticipate in actual thin films, the surfaces were created with cubic splines where the spacing of the knots was varied to control the
spatial frequency. The heights of the knots had a random Gaussian distribution. To make these computations useful for extracting index of refraction data
from thin-film reflectance measurements, we have developed efficient approximations of the exact calculations that can be used in data fitting programs. These
approximations give the roughness correction as a function of incident angle, root-mean-square roughness, and spatial frequency.

1currently at UC Berkeley

F1.00013 Time-Space analysis on spreading processes in small-world networks , LIN XUE, ZHIHUAI
ZHU, QI ZHANG, PENG ZHANG, Department of Physics, Nanjing University, China — We used time-domain statistical analysis to study the spreading processes
on one-dimensional small-world networks. The relationships between the saturated infection rate and both spatial and temporal parameters of the system were
studied. We found that the saturated infection rate increase exponentially with the mean degree and linearly with the ratio of the shorts cuts while it is almost
independent of the size of the network when the network is large enough, which could not be observed without considering the spatial structure of the model.
The infection probability and the active period also influence the saturated infection rate. The obtained results may provide insights into a prognosis of a
spreading process in closed system especially for epidemic control.

F1.00014 Using Linear Delta Expansion for the Solution of the Schrödinger Equation , LUIS M.
SANDOVAL, New Mexico State University, JORGE A. LOPEZ, University of Texas, El Paso — In this work, we present a solution to the Schrödinger equation
using a method known as Linear Delta Expansion (LDE). The method utilizes different scaling behavior that is found at different distances. In particular, we
can identify three ranges of scaling behavior, which can be solved independently. At large distances, we observe an asymptotic behavior that depends only on
the form of the potential. The intermediate scale is based also in exponential decay of the wave function. Finally, for short distances, the wave function is
sizable. We used this method to solve the quantum anharmonic oscillator, and we obtained good results employing only algebraic equations.

F1.00015 Reconstructing Systems of Nonlinear Differential Equations from Time Series , KEITH
H. WARNICK, Utah State University, CHARLES R. TOLLE, Idaho National Laboratories — Appropriately modeling a dynamical system by the construction
of differential equations is a vital and common task in computational physics. However, generating an acceptable model of the underlying dynamics may be
a complex problem in systems which exhibit high-order or nonlinear behavior. This poster details the reproduction and performance of a trajectory method
proposed by Perona et al. for the construction of a system of nonlinear differential equations from time series data. By numerically integrating a given set of
basis functions, the method uses an iterative algorithm to fit a polynomial in the chosen basis functions to the time series. By this method, time series data from
any sufficiently connected and observable system may potentially be used to numerically approximate the equations which give rise to the system dynamics.
The demonstrated generality and effectiveness of this method make it a potentially powerful tool for the study of dynamical systems.

F1.00016 A thermal beam calcium matter-wave interferometer , JEREMIAH BIRRELL, DAN CHRISTENSEN,
CHRISTOPHER ERICKSON, JUSTIN PAUL, REBECCA TANG, DALLIN DURFEE, Brigham Young University — We report on progress toward a calcium-beam
atom interferometer. The design uses a novel alignment scheme using precision prisms which will cause first-order Doppler shifts to cancel out to high accuracy.
The device will utilize a thermal beam of atoms for simplicity and high signals. The atom waves will be split and recombined using a single-photon transition
at a wavelength of 657 nm. We are currently working to improve the linewidth of the 657 nm laser and constructing a 423 nm blue laser to transversely cool
the atoms and to detect the output of the interferometer. We are also characterizing a thermal Ca beam using laser absorption and working on precise control
of the temperature and flux of the beam.

F1.00017 Study of Adsorption Isotherms Using Micromachined Quartz Crystal Gravimetric
Sensors1 , JAY MATHEWS, Colorado State University, ABHIJAT GOYAL, SRINIVAS TADIGADAPA, Pennsylvania State University — Using microfabri-
cation techniques, it is possible to realize gravimetric sensor platforms which can resolve mass down to a few femtograms and are robust enough to operate even
in aqueous ambient. In this study, an ultra-sensitive quartz crystal microbalance (QCM) was used to study the self-assembly of thiol-based alkyl molecules on
the gold electrode of the QCM and subsequent specific adsorption of protein molecules on top of the grown Self Assembled Monolayers (SAMs). Specifically,
isotherms for formation of monolayers of 1-hexadecanethiol were generated, as well as adsorption isotherms for proteins such as human serum albumin (HSA) on
the grown monolayers. Such fundamental studies using gravimetric sensor platforms with unprecedented sensitivity are expected to result in better understanding
of the biological processes in the human body, better control over the self-assembly process, and possibly in realizing a System on a Chip (SOC) entirely through
the self-assembly process.

1Supported by the Penn State Physics Department/Center for Nanoscale Science REU Program, funded by NSF (DMR 0213623 and DMR 0305238),
the John and Elizabeth Holmes Teas Scholarship fund, and the Pennsylvania Ben Franklin Technology Development fund.

F1.00018 Velocity measurements of hohlraum-driven beryllium “flyer” plates , T. TIERNEY, J. COBBLE,
N. HOFFMAN, B. DEVOLDER, Los Alamos National Laboratory — In indirectly-driven fusion experiments, energy-coupling between a laser-driven cylindrical
hohlraum and the fuel-containing ablator material governs the maximum attainable yield. In the case of the National Ignition Facility, a class of capsules uses
copper-doped beryllium ablators containing deuterium-tritium fuel to absorb in excess of 100 kJ of soft x-rays and would hypothetically achieve fusion ignition.
In these experiments, planar 0.9% copper-doped beryllium slabs are mounted on one axial end of a 1.6-mm diameter, 1.2-mm long cylindrical hohlraum. The
hohlraum is driven with ∼4 kJ of laser energy to radiation temperatures near 150 eV with a 6-ns drive. Bulk hydrodynamic motion of the slab, induced by
radiative drive, is measured using side-on x-ray imaging. The slabs’ velocities provide estimates of the time-integrated energy received by the beryllium. We
present the experimental design and initial results.



F1.00019 Instrumentation for Measuring Radiation Induced Conductivity of Insulating Ma-
terials , JOSHUA HODGES, J. CORBRIDGE, J.R. DENNISON, R.C. HOFFMANN, J. ABBOTT, Physics Department, Utah State University, A. HUNT,
R. SPAULDING, Physics Department, Idaho State University — We report on new instrumentation to measure Radiation Induced Conductivity (RIC). RIC
occurs when incident ionizing radiation deposits energy in a material and excites electrons into the conduction band of insulators. Conductivity is determined
by measuring the current through the thin film samples in a parallel-plate geometry under a constant applied voltage. RIC is calculated as the difference in
the equilibrium sample conductivity under no incident radiation and sample conductivity under an incident flux. An accelerator beam at the Idaho Accelerator
Center provides the 2-5 MeV incident flux over a range of 10−2 to 10+1 rad/sec. Measurements are taken simultaneously from 10 large thin film samples (90
cm2). Radiation passes through a 4 mm thick stainless steel window that is used to provide a vacuum environment to prevent arcing and contamination. Detail
of the instrumentation and preliminary results will be presented.

F1.00020 Measurements of the Radiation Induced Conductivity of Insulating Polymeric Ma-
terials for the James Webb Space Telescope , J. CORBRIDGE, J.R. DENNISON, J. HODGES, R.C. HOFFMANN, J. ABBOTT,
Utah State University, A. HUNT, R. SPAULDING, Idaho State University — We report on initial measurements of Radiation Induced Conductivity (RIC) for
twelve thin film polymer materials that are used in the cabling of the James Webb Space Telescope. Results will be used to model possible detrimental arching
due to space craft charging effects. RIC occurs when incident ionizing radiation deposits energy in a material and excites electrons into the conduction band
of insulators. RIC is determined using a constant voltage test method as the difference in the equilibrium sample conductivity under no incident radiation and
sample conductivity under an incident flux. An accelerator beam at the Idaho Accelerator Center provides the 2-5 MeV incident flux over a range of 102 to
10+1 rad/sec. Measurements are made for a range of applied voltages and radiation dose rates.

F1.00021 Effects of Fluence and Charge Density for Pulsed, Low-Fluence Measurements of
Electron Emission in Highly Insulating Materials , RYAN HOFFMANN, J.R. DENNISON, Utah State University — Accurate
measurements of the electron emission properties of extreme insulators require highly controlled experimental techniques. Due to the poor electron mobility
in insulators, charge can accumulate which will affect future incident and secondary electrons; subsequently, the electron yield will evolve. This evolution is
the prime difficulty in measuring the electron yield of insulators. Minimizing the charge in the electron probe using a pulsed, low-current electron beam will
largely mitigate these effects. However, to accurately measure the insulator secondary and backscattered electron yields, careful control is required of the beam
current magnitude and spatial charge density. Methods for accurately determining pulsed electron beam fluence and charge density profiles will be discussed.
The effects on the yield, emission spectra and yield decay curves—as dose per unit area is varied—will also be presented.

F1.00022 Dynamics of high frequency magnetization reversal in nanomagnets1 , ZHIHUAI ZHU, Labo-
ratory of Solid State Microstructures, Nanjing University, Nanjing 210093, China, PLD LAB IN NANJING UNIVERSITY, CHINA TEAM — The magnetization
reversal of two-dimensional nanomagnets driven by high frequency magnetic field is investigated by numerically solving the Landau-Lifshitz-Gilbert equation. It
is observed that the hysteresis dispersion, i.e. hysteresis area A as a function of f, exhibits the second resonance once the in-plane effective field is nonzero. The
dynamics of this resonance shows some chaotic behaviors, and originates from the transition between the steady state with a small precessional oscillation and
a metastable state with a large-angle reversal. Over the high f range, the loop area A for a fixed f oscillates with time t and each component of magnetization
shows a periodic maximal reversal. The oscillation of A(t) relates to that coexistences of precessional modes alternately appears in the systemic configuration.
Finally, large domains and a size effect on A(t) also are exhibited under a strong exchange interaction.

1The Natural Science Foundation of China (50332020, 10021001, 10494037)

F1.00023 Electrical properties of nanocrystalline ZrO2 at high-pressure , ANNA TREFILOVA — It is shown,
that the materials are received from nanocrystallite zirconium oxide have the different properties from bulk material. The combination of external compression
and the contribution of a surface create an opportunity of occurrence of the unusual physical and chemical and electrophysical phenomena. Research of such
effects is necessary for development of fundamental bases of creation new materials with special properties. We studied correlation between the sizes of crystallite
and resistance ZrO2 at the pressures 22 - 50 GPa and temperatures 77 - 400 K. The dc resistance measurements were carried out in a diamond anvil cell
rounded cone-plane type. We found that the transition pressure of ZrO2 depends on crystallite size. The smaller crystals, the smaller transition pressure. The
reduction of transition pressure was observed to 10 nm. However at 10 nm the transition pressure rises steeply. It is possible to suspect, that the surface effects
essentially change ZrO2 conductivity mechanism at high pressures. We studied relaxation processes in ZrO2 under the high pressures and the room temperature.
The analysis of experimental data has shown that the time function of electric resistance most precisely described by exponential function. It can be seen, that
relaxation times depend on pressure and crystallite size.

F1.00024 Electrical resistivity measurements of the chalcogenide spinel, CuIr2S4, under ex-
treme conditions , MARK HANNI, Colorado State University, SEBASTIAN BUCKERT COLLABORATION, OLIVER MERK COLLABORATION,
ROBERT ADAME COLLABORATION, HANS D. HOCHHEIMER COLLABORATION — Electrical resistivity as a function of pressure will be investigated for
the thiospinel compound, CuIr2S4,which exhibits a metal to insulator transition at high pressures. This study will corroborate existing experimental and theoreti-
cal work and is the first of its kind to perform high pressure electrical conductivity and insulating phase optical studies in the range of room temperature to liquid
nitrogen temperature. In addition, the transport properties of adamantine semiconductors will be studied at high pressure. The resistivity measurements will
be made using a pseudo four-wire probing technique, using an AC constant current source, to eliminate thermal noise in the connections, and a nanovoltmeter.
The study is currently ongoing and results are still pending. Improvements made to a stepper motor control program and changes to the system used for optical
studies will be presented.

F1.00025 Ultrasonic studies of Ti-Zr-Ni Quasicrystals , TRUMAN WILSON, DENNIS AGOSTA, ROBERT LEISURE,
Department of Physics, Colorado State University — Quasicrystalline materials lack the translational periodicity of ordinary crystals, yet are highly ordered. In
particular, they have rotational symmetries forbidden for crystals made of repeating unit cells. Much is unknown about the structure and interatomic interactions
of these materials. Elastic constants are sensitive to both the local structure and the interatomic potentials. Resonant ultrasound spectroscopy was used to study
Ti39.5Zr39.5Ni21 quasicrystals. In this technique the vibrational eigenmodes of small parallelepipeds are excited and analyzed to determine elastic constants and
ultrasonic loss. The experiments were carried out over the temperature range of 3 – 500 K. The bulk, shear, and Young’s moduli, as well as Poisson’s ratio were
determined. The ultrasonic loss was also studied. The temperature dependence of the elastic constants resembles that of ordinary metals, approaching 0 K with
zero slope, and becoming linearly dependent on temperature at higher temperatures. The ultrasonic loss shows a broad peak centered near room temperature,
which may be associated with phason flips.

F1.00026 Making an ultrastable diode laser , JAMES ARCHIBALD, MATT WASHBURN, MARSHALL VAN ZIJLL, CHRISTO-
PHER ERICKSON, BRIAN NEYENHUIS, GREG DOERMANN, DALLIN DURFEE, Brigham Young University — We have constructed a 657nm diode laser with
excellent stability for use in an atom interferometer. The laser is a grating-stabilized diode laser is locked to a high-finesse cavity using the Pound-Drever-Hall
method. We have measured a linewidth of about 1 kHz and are working on several improvements which should further reduce our linewidth.



F1.00027 Study on energetics of self-assembled quantum dot using molecular beam epitaxy
and in-situ scanning tunneling microscopy , RICHARD WILSON, DONG JUN KIM, ADDISON EVERETT, HAEYEON YANG,
Department of Physics, Utah State University — A chain of quantum dots were observed to form during an annealing process. Strained but flat InGaAs epilayers
were grown on nominal (001) surfaces of GaAs substrate by molecular beam epitaxy (MBE) at low temperature below 400˚C. Real-time reflection high energy
electron diffraction observations suggest that the strained surfaces are crystalline during deposition processes. In-situ scanning tunneling microscope (STM)
shows that the strained surfaces are atomically flat and the surface reconstruction are mixed with various structures. Upon heating the STM observed samples
above 450 ˚C under arsenic pressure, the strained layers undergo roughening transition, resulting in nanodots. The size and shape of dots depend on the
annealing temperature and strain amount. Furthermore, the dots are aligned along straight lines, forming chains of dots.

F1.00028 Quantum Dot Modulators , BRENDAN TURNER, Brigham Young University, MANISH MEHTA, RAMESH LAGHU-
MAVARAPU, DIANA HUFFAKER, University of New Mexico — Mach-zender devices are an ideal modulation source for communication networks at 1.3 µm
and 1.55 µm. Superlinear electro-optical effects are a desirable feature in mach-zender modulators since their large second order electro-optical coefficient
would give complete signal extinction at a small voltage. Quantum dot devices show promise for such applications in the 1.3 µm band. In this project we
performed free-space characterization of stacked InAs quantum dot devices. A crossed polarizer and analyzer combination were used to determine the phase
retardation/voltage relation and electro-optical coefficients for said materials. We used different pump wavelengths to analyze their effect on modulation.
Further calculations were carried out to determine the theoretical extinction ratio of such devices as part of a mach-zender modulator.

F1.00029 One dimensional array of QDs for a single InGaAs layer deposition on a smooth
(001) surface of GaAs substrate , JOSEPH ABEL, DONG JUN KIM, ADDISON EVERETT, HAEYEON YANG, Utah State University,
NANOPHOTONICS TEAM — The formations of quantum dot arrays during the growth of InGaAs/GaAs were reported using multiple layers or high index on
the GaAs substrates. The lateral orderings are formed on the capping layer with reduced lateral strain. The other types of arrays were shown by surface diffusion
from the substrates at a corrugated surface, such as the edge of terrace. In this study, we directly suggest one-dimensional array on a flat surface of single
layer deposition. The sample growth process was performed by molecular beam epitaxy, which connects to a scanning microscope. A 1µm thickness buffer was
grown at 580˚C to get a flat surface. The surface condition was checked by RHEED. In0.4Ga0.6As on GaAs (001) substrate was grown at 500˚C with higher
arsenic flux than GaAs substrate structure transition amount. The topographic properties of the grown samples were characterized by in-situ STM. Each growth
has different InGaAs thickness, from 7.5ML to 6.1ML. In conclusion, we have proposed the new model of InGaAs dot arrays on the GaAs(001) surfaces. Some
assumption will be discussed on more experimental results.

F1.00030 Crystal structures of Th(Cu,Sn) compounds , FARZANA NASREEN, LUIS M. SANDOVAL, KARUNAKAR
KHOTAPALLI, New Mexico State University, ALEXANDRE V. ANDREEV, HEINZ NAKOTTE, New Mexico State University — Powderized samples of
Th(Cu,Sn) with nominal compositions of 1:1:1 and 1:2:2 were studied by neutron diffraction techniques using the NPD diffractometer at the Los Alamos
Neutron Science Center. The structural analysis of the diffraction data was done using the Rietveld refinement package GSAS, which was developed at Los
Alamos National Laboratory. For ThCuSn, assuming an orthorhombic structure with P21cn space group fits the neutron-diffraction data best. We still observed
some unindexed reflection, which could be attributed to thorium dioxide as the second phase. The second sample was thought to be ThCu2Sn2, which crystallizes
in the tetragonal P4/nmm phase. A careful analysis of the intensities revealed that not all of the Cu positions for this composition are occupied and that the
actual composition of our second sample is closer to 1:1.5:2. A similar observation was reported for the magnetic analog UCu2Sn2.

F1.00031 Production and Examination of Nanocrystalline Copper , JENNIFER ALBRETSEN, Utah State
University, JAMES HANNA, QI ZENG, IAN BAKER, Dartmouth University — 325-mesh copper powder was ball milled under various conditions to produce
copper samples of different grain sizes. One well-milled sample was annealed at varying temperatures and for different times to promote grain growth. These
two procedures provide a range of grain sizes for study. Crystallite size was determined by analyzing x-ray diffraction peak broadening. Continuing research
would include equal channel angular extrusion (ECAE) of the samples in an attempt to produce bulk nanocrystalline copper, allowing researchers to more easily
determine the mechanical properties of this nanocrystalline metal.

F1.00032 Toward single Ba or Ba+ detection on a fiberoptic tip , SHON COOK, Colorado State University —
In progressing toward Ba and Ba+ single atom tagging in solid Xe, an efficient laser delivery and fluorescence detection system is needed. One method is the
use of an optical fiber for delivery of the laser beam and the same or a different fiber for collection of the fluorescence. Various designs and requirements for
accomplishing single atom or ion detection are discussed and initial measurements of scattered light in the fiber(s) are presented. Single atom detection is a
reasonable expectation.

F1.00033 Temperature Calibration for Sample Heating in Ultrahigh Vacuum , HEIDI WHEELWRIGHT,
T.C. SHEN, Utah State University — Precision temperature measurement is a challenge for ultrahigh vacuum sample preparations. Thermocouples and
pyrometers can be used to measure the temperature of samples, but these two techniques need calibration. We have made a mathematical model to calibrate
the thermocouple readings with the pyrometer readings. This model is based on equations considering the input power and the heat loss by conduction and
radiation. The heat conduction constant is determined from pyrometer temperature measurements at various power inputs. Given any input power, this model
will return a temperature value that agrees very closely to the thermocouple readings which have been calibrated with the pyrometer.

F1.00034 A Temperature-driven Liquid Xenon Recirculation and Purification System , JULIO
CESAR BENITEZ-MEDINA, KENDY HALL, Colorado State University — We have built a liquid xenon recirculation and purification system in order to address
the problem of inconsistencies in our Ba+ fluorescence spectra. In our previous work our liquid xenon purity system did not include recirculation, and the liquid
xenon contained ppm of electronegative impurities. By continuous recirculation through a getter purifier, ppb purity is expected. Our recirculation system is
driven thermally, by applying heat to the evaporation region, instead of by the pump method used by others. The advantage of thermal driven recirculation is
that there are no pressure surges. Therefore, the liquid is calm as it evaporates and condenses. This gives excellent optical quality for Ba+ spectroscopy in liquid
xenon. The goal of this work is to detect fluorescence from single Ba+ daughter ions in the Enriched Xenon Observatory (EXO) double beta decay experiment.



F1.00035 Phases of Ultra Cold Gases in the Fermi-Bose Hubbard Model , DANIEL SCHIRMER, Colorado
School of Mines, L.D. CARR COLLABORATION1, CHARLES CLARK COLLABORATION2 — The experimental realization of a BEC has stimulated the
interest in theoretical models of zero-temperature quantum phase transitions. Ultra cold gases confined in optical lattices can demonstrate a wide range of
different phases by varying controllable system parameters, such as optical lattice intensity, particle number, spin composition and the inter-atomic interaction.
This project aims to unveil phases in a one dimensional system of fermions coupled to a bosonic molecular state, in the limit of an infinite number of lattice sites.
This is accomplished by solving the Fermi-Bose Hubbard model using a numerical method developed by G. Vidal [G. Vidal, Phys. Rev. Lett. 91, 147902 (2003)],
and implemented into a Mathematica package by J. E. Williams at NIST, which was used extensively in my research. This research focuses on calculating
diagrams of the homogeneous system as functions of nearest neighbor hopping energies, onsite fermion chemical potential, onsite fermi-bose coupling strength,
and a detuning factor, determining relative boson chemical potential. For most calculations, onsite interactions are not considered. Because ultra cold gases are
possible to create, manipulate, and observe, they function as a future test bed for studies in solid-state physics and quantum computation. Theoretical tools
such as phase diagrams are especially important to the development of these fields.

1Colorado School of Mines
2Electron and Optical Physics Division, NIST

F1.00036 Searching for Tertiary Companions to Eclipsing Binary Systems in the LMC , MICHAEL
MALMROSE1, STACY PALEN2, Weber State University — We use a new method to search for possible tertiary companions to EB’s in the MaCHO database. By
binning the light-curve data and averaging the magnitude, we derive an average light curve by linear interpolation. This curve is directly compared to the observed
data. The O-C phase is determined by subtracting the phase of a data point from the phase when the average curve has the same magnitude. This is done
for both the primary and secondary eclipses. The O-C data are then plotted as a function of time. We use a Lomb periodogram to search the O-C data for
high power signatures in a range of frequencies, yielding periods of possible tertiary companions. We phase-fold the O-C data obtained from both red and blue
filters. We currently observe the signature sinusoidal variations of a tertiary companion in two systems for both wavelengths. We suspect that these two objects
are stellar in nature.

1Undergraduate
2Advisor

F1.00037 Chemical Patterning by Mechanical Removal of Aqueous Polymers , KATHERINE BARNETT,
JODI KNOEBEL, ROBERT C. DAVIS, Brigham Young University — We are developing a new method for micro and nanoscale patterning of lipids and proteins
on solid surfaces. A layer of polyethylene glycol (PEG) teminated polyallyl amine (PAA) was initially applied to a mica surface. The PEG surface is a low
adhesion surface for proteins. Following polymer deposition an Atomic Force Microscope (AFM) tip was used to remove the polymer layer in desired regions.
AFM imaging of the surface after mechanical polymer removal shows squares of exposed MICA surrounded by the PEG surface. The clean mica regions are
now available for specific adsorption of lipid or protein layers.

F1.00038 Spectroscopic Ellipsometry And Variable-Angle XPS Scanning , LIZ STREIN, AMY GRIGG,
DAVID ALLRED, Brigham Young University — The extreme ultraviolet portion of the EM spectrum from 10-100 nm is becoming increasingly important in
various technological applications. However, the optical constants in this region are not well known and need further determination. This is done by observing
the interaction of EUV light with thin metallic films. It is essential that the composition and thickness of the film are well characterized in order to determine the
optical constants. Depth profiling and angle resolved x-ray photoelectron spectroscopy (XPS) are used to characterize the composition of the films. The extent
of oxidation at the surface of the films is of particular interest. Current research is focused on determining how spectroscopic ellipsometry and variable-angle
XPS scans increase understanding of this oxidation.

F1.00039 Effects of As4 flux on morphology of InGaAs quantum dots and the critical thickness
, N. LAMBERT, E. ADDISON EVERETT, DONG JUN KIM, HAEYEON YANG, Utah State University — We present a comprehensive in-situ scanning tunneling
microscopy (STM) study of InGaAs quantum dots (QDs) on GaAs (001) substrates as a function of arsenic flux using molecular beam epitaxy (MBE). At 500◦C
and with all other MBE growth parameters fixed, changes in arsenic flux result in changes in the morphology of InGaAs QDs. Increasing arsenic flux results in
decreasing numbers of InGaAs QDs. Reflection high energy electron diffraction patterns taken before the InGaAs deposition show that the surface reconstruction
changes as a function of arsenic flux. The arsenic fluxes were kept the same during the subsequent In.4Ga.6As deposition. After the deposition, the MBE grown
samples were cooled down to room temperature by turning the growth stage heater off. The samples were then taken into the STM chamber via ultra-high
vacuum port. STM images of InGaAs deposition show no dots with high As4 flux, and very high density of dots with low As4 flux. Effects of arsenic flux on
the changes in surface reconstruction surface morphology and density of QDs, and the critical thickness to form the self-assembled QDs will be discussed.

F1.00040 Infrared Imaging of Transient Luminous Events (1 1.5 microns) Over the Mid
Western US and Comparison with their Visible Wavelength Signatures , MATT BAILEY, MICHAEL J. TAYLOR,
DOMINIQUE PAUTET, Utah State University, WALTER A. LYONS, FMA Research, STEVEN CUMMER, Duke University — As part of a coordinated campaign
conducted from Yucca Ridge, Colorado during summer, 2005, four sensitive imaging systems were fielded by Utah State University to investigate the signatures
of transient luminous events (TLE’s) over a broad spectral range, extending from the near ultra violet (0.35 microns) to infrared wavelengths (1.5 microns).
These measurements were made in conjunction with high speed video and electromagnetic observations providing detailed information of the TLE dynamics and
their structures. The USU instruments consisted of two Gen 3 Xybion cameras, one filtered to observe N2 first positive emissions (665 nm) while the second
observed white light emissions. A third intensified camera with an extended blue response was fitted with a broad band filter to observe the N2+ first negative
and N2 second positive emissions (band width, 350 475 nm). Novel infrared measurements were made using an InGaAs imaging array operating at video rates.
All four cameras had similar fields of view (25◦) and were co-aligned on a single mount with the high speed imager. We discovered that sprites were easily
imaged in the infrared spectral range, and over 30 events were captured with the InGaAs camera arising from thunderstorms over the mid-western United States
during early July and mid August. This poster presents new measurements of the optical characteristics of TLEs imaged in the infrared spectral range (1-1.5
microns) and an initial comparison with their visible and near UV signatures.
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8:30AM H1.00001 Toward Nanoscale Imaging of Biomolecular Systems , JORDAN GERTON, University
of Utah — Biological cells fabricate and assemble molecular building blocks into diverse molecular networks with striking complexity and functionality. As
such, they are model integrated nanosystems whose study should yield important information for optimizing specific cellular functions, and for engineering
functional synthetic nano-systems. To study biological systems in this context, it is crucial to observe their molecular machinery at work in a physiologically
relevant environment. Currently, there are no techniques that can accomplish this.To study these systems at the molecular length scale, we have developed a
near-field microscopy technique called tip-enhanced fluorescence microscopy (TEFM) that combines tapping-mode atomic force microscopy (AFM) with confocal
fluorescence microscopy. Briefly, a strong axial field is produced at the focus of a laser beam and an AFM probe is positioned into the focus. This creates
a localized dipole field at the tip apex, which can strongly excite fluorescence of nearby chromophores. Scanning the illuminated tip over a surface leads to
high-fidelity fluorescence images with resolution limited only by the sharpness of the tip. In contrast to AFM, TEFM also provides single-molecule sensitivity
and biochemical specificity when combined with fluorescence labeling. We recently demonstrated ∼10 nm resolution in TEFM images of quantum dots in air
and we are now working to extend its capabilities to liquid imaging and to improve the resolution yet further by attaching carbon nanotubes to the ends of the
AFM tips.

9:06AM H1.00002 Apertureless SNOM imaging of higher density samples1 , CHUN MU, CHANG’AN
XIE, JONATHAN COX, BEN MANGUM, JORDAN GERTON, University of Utah — Various efforts in optical microscopy have been devoted to overcome the
resolution limit imposed by classical light diffraction. Apertureless NSOM (ANSOM) techniques circumvent this limit by placing a sharp atomic force microscope
(AFM) tip in the focus of a laser. In our scheme, a green He-Ne laser beam (λ=543 nm) was introduced into an inverted microscope equipped with a high
numerical-aperture objective. A mask was used to produce an axially-polarized evanescent excitation field confined to a near diffraction-limited focus spot. The
AFM tip will locally enhance the incident optical intensity. This enhanced field locally excites fluorescence on the sample. High-density quantum dot (QD)
samples were dried onto a clean coverslip and then imaged using ANSOM. The fluorescence signal was modulated by a lock-in amplifier to suppress unwanted
background from the excitation laser. The technique yielded spatial resolution near 10 nm with an optimized peak-peak oscillation amplitude of ∼30 nm. The
signal-to-noise ratio (SNR) of single QD within high-density ensembles was measured and individual particles were still easily resolved (SNR > 5) at a density
of 14 QDs/µm2.

1This work was supported by University of Utah Physics Dept. start up fund.

9:18AM H1.00003 Functionalization and Metalization of Carbon Nanotube Mats , JACOB FLUCKIGER,
DUSTIN LLOYD, LEI PEI, ROBERT DAVIS, Brigham Young University — An intriguing mechanical material would be an aluminum / carbon nanotube
composite. It could combine the ultra high strength of carbon nanotubes with the ductility and manufacturability of aluminum. We are studying the formation
of this metal matrix composite by electroplating aluminum on preformed carbon nanotube structures. In order to induce aluminum growth on the nanotubes,
chemical modification of the nanotube surface is required. Surface chemical functionalization was performed by suspension and immersion in a succinic acid
bath for the loose nanotubes and nanotube mats respectively. The active surfaces consisting of carboxyl groups should form a stable chemical bonds with the
aluminum. Characterization of the chemically functionalized buckypaper by water contact angle and x-ray photo electron spectroscopy (XPS) measurements
will be presented. Initial metallization studies will also be presented.

9:30AM H1.00004 Preparation of a dense, vertically-aligned carbon nanotube forest from
colloidal iron nanoparticles , DAVID HUTCHISON, RICHARD VANFLEET, ROBERT DAVIS, BRIAN F. WOODFIELD, JULIANA BOERIO-
GOATES, Brigham Young University — We report growth of vertically-aligned carbon nanotube (VACNT) forests from 10nm iron oxide nanoparticles in colloid
form instead of the usual sputtering technique. The nanoparticles were suspended in water by sonication and dried onto a 20nm layer of alumina on silicon
dioxide. VACNTs were grown by chemical vapor deposition using ethylene, hydrogen, and argon. Dense forests up to heights of 0.5 mm with uniform height
have been grown. These structures have been shown by other groups to be useful as field emitters.

9:42AM H1.00005 Separation of Single-Walled Carbon Nanotubes by Density using Isopycnic
Fractionation1 , MICHAEL CLEMENS, Brigham Young University, TOBIAS HERTEL, Vanderbilt University — Single-Walled Carbon Nanotubes
(SWNT) have attracted a significant amount of attention due in part to their nanoscale size and their optical and electrical properties. Research has shown that
these properties can vary drastically with a sub-nanometer difference in SWNT diameters. Recent developments in SWNT synthesis have given rise to research
towards the separation and characterization of SWNTs by diameter. I report a separation of SWNTs by diameter, and thus density, through micelle suspension
and ultracentrifugation in density gradients prepared with iodixanol and water. The isopycnic layers produced by the ultracentrifugation were extracted using a
fractionation method. I measure the degree of separation through absorption spectroscopy and photoluminescence spectroscopy of these fractions.

1funded by NSF IGERT grant

9:54AM H1.00006 The effects of carbon chain length on nano-crystal structure , HIRAM CONLEY,
Brigham Young University, UMA MARAN, University of Utah, ROBERT DAVIS, Brigham Young University, PETER STANG, University of Utah — We have
applied 3,6-Bis[trans-Pt(Pet3) 2Br]-9,10-bis(didecyloxy)phenanthrene self assembling nanocrystals to various surfaces using Langmuir- Blodgett technique. The
long range order of the nanocrystals was then imaged using the atomic force microscope. We observed the formation of lines and mono-layers of the nanocrystals.

10:06AM H1.00007 Nanoscale defect architectures and their influence on material properties1 ,
BRANTON CAMPBELL, Brigham Young University, Dept. of Physics & Astronomy — Diffraction studies of long-range order often permit one to unambiguously
determine the atomic structure of a crystalline material. Many interesting material properties, however, are dominated by nanoscale crystal defects that can’t
be characterized in this way. Fortunately, advances in x-ray detector technology, synchrotron x-ray source brightness, and computational power make it possible
to apply new methods to old problems. Our research group uses multi-megapixel x-ray cameras to map out large contiguous volumes of reciprocal space, which
can then be visually explored using graphics engines originally developed by the video-game industry. Here, I will highlight a few recent examples that include
high-temperature superconductors, colossal magnetoresistors and piezoelectric materials.

1This research was supported by an award from Research Corporation.
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8:30AM H2.00001 Femtosecond transient studies of charge transfer in polymers doped with
acceptor molecules; applications for organic solar cells , JOSH HOLT, CHUANXIANG SHENG, (College of Optical Sciences,
University of Arizona), TOMER DRORI, Z. VALY VARDENY, Department of Physics, University of Utah — Current developments in organic solar cells (∼5%
efficiency nowadays) require understanding and control of charge carrier transfer and electronic state dynamics of donor-acceptor pairs. One current drawback to
organic solar cell efficiency is negligible absorption in the near infrared region of the solar spectrum. We provide evidence that poly(2-methoxy-5(2’-ethyl)hexoxy-
phenylenevinylene) (MEH-PPV) doped with 2,7-dinitrofluoronone (DNF) forms a charge transfer complex state that can extend absorption into the near infrared.
We found that photoluminescence and the photoinduced absorption (PA) band of excitons are simultaneously quenched. Ultrafast spectroscopic measurements
with spectral range from 0.2 to 1.2 eV provide insights into polaron and exciton band dynamics for these complexes. We also suggest a mechanism for bimolecular
charge transfer in this system.

8:42AM H2.00002 Optical and Transport studies of isolated and aggregated molecular wires1

, ALEXANDRE NDOBE, VLADIMIR BURTMAN, GOLDA HUKIC, VALY VARDENY, University of Utah Physics department — We have studied the optical
and transport properties of self assembled monolayer of a mixture of conducting molecules methyl-bezenedithiol (Me-BDT-wire) and non conducting molecules
Pentathiol (PT-spacer). The I-V characteristic dependence of the fabricated diodes on the ratio, r of wire/spacers reveals that at low ratio 10-8 < r < 10-3, the
transport studies of this mixture can provide us with single molecule resistance of Me-BDT; With the knowledge of the number of conducting molecules which
we estimated by multiple self assembly and titration, we found that the single molecule resistance of Me-BDT is 600 MΩ. At high ratio r > 10-4, we found that
the conducting molecule tend to aggregate and form a broad resonant state at mid gap that is detectable through the differential conductance measurements
as well as by optical absorption and photoluminescence emission.

1Supported by NSF

8:54AM H2.00003 Surface Green function calculations in the infinite number of principal layer
approach: A non-recursive scheme1 , ALEKSEY KLETSOV, YURI DAHNOVSKY, VINZ ORTIZ — A novel computational method for a
surface Green function matrix is determined for the calculation of electrical current in molecular wires. The proposed non-recursive scheme approach allows one
to find the imaginary part of the surface Green matrix by the method that includes the infinite number of principal layers. It is shown that the solution of the
second order matrix equation gives the spectral density matrix which for noninteracting electrons determines the density of states. Single and double principle
layer models are studied both analytically and numerically.

1NSF grant CHE-0426090.

9:06AM H2.00004 Coherent Excitation of the Optic Phonon in Si Measured with Femtosecond
Spectroscopy , D.M. RIFFE, A.J. SABBAH1, Utah State University — Using 28 fs, 800 nm laser pulses from a Ti:sapphire oscillator we have coherently
excited, and subsequently probed with time dependent reflectivity, the Si zone-center optic phonon. The reflectivity modulations are well described by an
underdamped oscillator (∆R/R) exp (−t/τ) cos (2πt/T + φ) with amplitude ∆R/R ≈ 5 × 10−6, phase φ = 86 ± 14 degrees, period T = 64.07 ± 0.07 fs,
and decay time τ = 2.75 ± 0.15 ps. The phase indicates that transiently stimulated Raman scattering (TSRS) is responsible for the coherent-phonon generation:
our result are in good agreement with a recent theory of TSRS for opaque materials [T. E. Stevens et al., Phys. Rev. B 65, 144304 (2002)] when we extend the
theory to include the finite lifetime of the excited charge density that drives the oscillation. Additionally, the period and decay time of the coherent oscillations
are consistent with carrier-density dependent Raman-scattering measurements.

1Currently at Colorado School of Mines

9:18AM H2.00005 Electron transport in laterally confined phosphorus δ-layers in silicon1 , S.J.
ROBINSON, J.R. TUCKER, University of Illinois at Urbana-Champaign, T.-C. SHEN, Utah State University — Carrier transport in 1D semiconductor structures
has not been much studied experimentally because of the difficulty of confining dopant atoms in a quasi-1D configuration in a crystal. In the past few years
we have developed a UHV-STM-based fabrication scheme to create 2D nanoscale patterns buried in crystalline silicon. By selectively desorbing H from a Si
surface and dosing the dangling bonds with PH3, we can create laterally confined conductive P δ-layers with widths on the order of 10 nm. These nanowires
are connected to arrays of As-implanted contacts for transport characterization. Electrical measurements at cryogenic temperatures show ohmic behavior and
magnetoconductance in accordance with weak localization theory. In addition, by lowering the temperature continuously, we find a clear 2D to 1D transition
as the phase coherence length approaches the wire width. In 1D, the nanowire resistance becomes independent of temperature, indicating a saturation of the
phase coherence and thermal lengths due to inelastic boundary scattering in the wire. Large-scale integration of δ-layer devices and potential 3D architectures
will become possible by employing the UHV-photolithography currently under development.

1This work is supported by NSF-NIRT under Grant No. CCF-0404208.

9:30AM H2.00006 Calculation of efficiency losses in Cu(In,Ga)Se2/CdS solar cells with ultra-
thin absorbers , ANA KANEVCE, JAMES SITES, Colorado State University — One of the main obstacles for commercialization of solar cells based
on Cu(In,Ga)Se2 absorbers is the price and unavailability of indium. An obvious way to reduce the amount of indium required is to reduce the thickness of
the Cu(In,Ga)Se2 absorber. This work uses numerical simulations to investigate the physical aspects of the changes that should occur with thinner absorbers.
As the thickness becomes smaller than the diffusion length, the back-contact recombination losses increase. Increased Ga content towards the back contact
can improve the carrier collection and lower the recombination loss. The influence of Ga/In distribution throughout the absorber and the necessary Ga/In
ratio are calculated. The effect of nonuniformities on the solar cell behavior has been investigated, with emphasis on comparison between thinner (below 500
nm) and thicker (1 micron and above) devices. Devices thinner than 500 nm are less forgiving to thickness nonuniformities than the thicker ones. Band-gap
nonuniformities cause collection problems and lower the fill-factor.

9:42AM H2.00007 E-Field Conditioning and Charging Memory in Low Density Polyethylene
, JERILYN BRUNSON, J.R. DENNISON — Accurate measurement of electronic properties in extremely high resistivity materials must take into account a
number of ways in which the measurements influence the materials properties being probed. These can include the strength of the applied electric field, the
number of successive exposures to an applied field, the duration of exposure, and recovery time allowed during exposure cycles. An extensive series of constant
voltage measurements of the resistivity of low density polyethylene samples were taken to determine consistency of measured resistivity results, the effects of
varying electric field amplitude, and the extent of charging memory. Higher electric fields were found to lower the resistivity, as predicted by hopping conductivity
models of polymers. Measurements at a particular voltage showed that the dark current resistivity approach successively lower values with repeated exposure.



9:54AM H2.00008 Electric Field Induced Hopping Conductivity: An Investigation of Electric
Field-Dependent Resistivity in Polymers , S.R. HART, J. BRUNSON, J.R. DENNISON, PHYSICS DEPARTMENT, UTAH STATE
UNIVERSITY TEAM — The resistivity of highly insulating materials exhibits a dependence on electric field strength. Mott and Davis as well as Poole and
Frankle describe theoretically the resistivity of disordered semiconductors, when subject to a changing electric field, in terms of hopping conductivity models.
While these models have often been applied to polymers, there is little direct experimental evidence to confirm the validity of the theories for polymers. We
present such results for a newly-developed block co-polymer Hytrel, a highly insulating material similar to Teflon. The constant voltage resistivity test method
has been used to study Hytrel for a range of electric fields up to electrostatic breakdown. We consider whether the Hytrel results are consistent with existing
models of electric-field induced hopping conductivity.

10:06AM H2.00009 Photodarkening of Te-modified TiO2 Nanocrystals , STEVEN PHILLIPS, Brigham Young
University — The photocatalytic properties of TiO2 nanocrystals can be enhanced by doping, which can result in increased absorption in the visible range.
After annealing Te-modified TiO2 nanocrystals, the powder becomes photo-sensitive, changing from an off-white color to a dark-red color under UV and
visible illumination. This color change is stable, but can be reversed by annealing the powder again. We analyze the nanocrystals with x-ray diffraction, x-ray
photoelectron spectroscopy, electron spin resonance, and transmission electron microscopy. Currently, the main question we are investigating is whether the Te
is in the interior of the nanocrystals or on the surface.
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8:30AM H3.00001 Near-field mapping of pressure fields during active noise control of small
axial cooling fans , BENJAMIN SHAFER, COLE DUKE, KENT GEE, Brigham Young University — In the past, tonal noise from small axial fans
has been globally reduced using active noise control (ANC) with near-field error sensors placed according to a theoretical condition of minimized radiated power
[K.L. Gee and S.D. Sommerfeldt, J. Acoust. Soc. Am. 115, 228-236 (2004)]. The theoretical model, based on mutual coupling of point sources, showed that
pressure nulls exist in the near field when the total radiated power is minimized. Error sensor placement at these locations should then optimize global ANC.
This study comprises an experimental investigation in which the actual locations of these near-field pressure nulls have been measured over a two-dimensional
grid with a linear array of microphones. The array consists of 25 quarter-inch microphones with half-inch spacing. This array has been used to map the radiated
pressure field from a 60mm cooling fan during ANC, in addition to a benchmark case, where a small loudspeaker has been mounted in place of the fan. The
experimental results are compared to the theoretical pressure null locations in order to determine the efficacy of the point source theoretical model.

8:42AM H3.00002 Use of near-field energy-based error signals for active control of free-field
sound , RYAN CHESTER, TIMOTHY LEISHMAN, Brigham Young University — Practical efforts to actively control sound often require error sensors
located in the acoustic or geometric near field of sound sources. Conventional pressure-based error sensors are highly sensitive to near-field position and other
system parameters due to the spatial and spectral variation of the pressure field. Other acoustic quantities are less sensitive to spatial and spectral changes.
This paper compares the potential, kinetic, and total energy density in the near field of sound source pairs. It also discusses the spatial and spectral variations
of the aforementioned quantities.

8:54AM H3.00003 The Effects of Nonlinear Propagation on Acoustic Source Imaging in One-
Dimension1 , MICAH SHEPHERD, KENT L. GEE, Brigham Young University — The acoustics of finite-amplitude (nonlinear) sound sources, such as
rockets and jets, are not well understood. Characterization of sound pressure amplitudes, aeroacoustic source locations and frequency dependence of these
sources is needed to assess the impact of the acoustic field on the launch equipment and surrounding environment. Nonlinear propagation of high-amplitude
sound is being studied to determine if a source-imaging method called near-field acoustical holography (NAH), which is based on linear assumptions, can be
used to estimate the source information mentioned. A one-dimensional numerical algorithm is being used to linearly and nonlinearly propagate the radiation
from a monofrequency source. NAH is used to reconstruct the source information from the simulated data and the error is determined in decibels.

1This research was supported by NASA.

9:06AM H3.00004 Aerodynamic and Propulsion Assisted Maneuvering for Waverider Vehicles1

, PATRICK JOLLEY, USU — Waveriders have long been sought after as the ideal space vehicle for space based aero assist maneuvers. Theoretically, waveriders
can significantly increase gravity assist missions by performing an aero assist maneuver. These maneuvers are possible due to their high lift over drag ratio.
However, implementing the theory is more difficult when considering the actual flight aerodynamics and heating problems that will be encountered. An
aerodynamic database was generated using hypersonic incidence angle analysis tools with a viscous skin-drag correction. A performance analysis is performed
and analyzes stagnation point heating, handling qualities, and controllability, etc. Finally, a simulation is being built to analyze various trajectories and possible
mission scenarios.

1California Space Grant.

9:18AM H3.00005 Flush Air Data Sensing System for Trans-Atmospheric Vehicles , JOEL
ELLSWORTH, Utah State University — With the emergence of multiple companies attempting to tap the space tourism market, as well as NASA’s re-
turn to the moon initiative, an inexpensive but reliable means of determining wind relative vehicle attitude is becoming a necessity. The traditional means of
obtaining air data (altitude, Mach number, angles of attack and sideslip) using fixed pitot probes and directional flow vanes is not viable for collecting data
on high supersonic and hypersonic vehicles, due to the high temperatures and dynamic pressures. The solution is to use a matrix of flush mounted pressure
ports on the vehicle nose or on an outboard wing leading edge. Since the ports will be located behind a detached shock wave at supersonic velocities, the
temperatures will remain substantially lower. A Flush Air Data Sensing (FADS) system can also be used for subsonic conditions, although it must be calibrated
for the effects of the vehicle geometry. The physics of air behavior and the mathematics of the solution algorithm will be presented. Several relevant examples
of planned vehicles will be presented.

9:30AM H3.00006 Conical soft x-ray Von Hamos spectrometer , MATTHEW HARRISON, JOHN E. ELLSWORTH,
Physics and Astronomy, Brigham Young University, ALEXANDER SHEVELKO, Lebedev Physical Institute, Moscow, Russia, LARRY V. KNIGHT, Physics and
Astronomy, Brigham Young University — The soft x-ray spectroscopy group has designed and implemented a unique form of the Von Hamos spectrometer. Von
Hamos spectrometers are used to provide spectral information of laser produced plasmas, and commonly have a detector placed perpendicular to the focusing
plane. Such a set up provides a large spectral range at high resolution, but does not allow for absolute intensity information. This new design places our CCD
detector parallel to the focusing plane, allowing for the absolute calibration of the plasma source.



9:42AM H3.00007 Conical Reflection in Direct Simulation Monte Carlo1 , ANDREW SAMPSON, ADAM
PAYNE, WILLIAM SOMERS, ROSS SPENCER, Brigham Young University — Fenix is a particle-in-cell simulation, using a Direct Simulation Monte Carlo
method, and is aimed to improve the accuracy of Inductively Coupled Plasma Mass Spectrometry (ICP-MS). It currently focuses on the ICP-MS first expansion
region through a supersonic nozzle in cylindrical symmetry. Due to increased complexity in Fenix, it has become necessary to solve the general conical surface
reflection problem. The previous method, the new solution, and results from the enhanced simulation will be presented.

1U.S. Department of Energy

9:54AM H3.00008 Increasing Diagnostics Resolution in a Monte Carlo Simulation of an ICP-
MS1 , ADAM PAYNE, ANDREW SAMPSON, WILLIAM SOMERS, ROSS SPENCER — An implementation of the Direct Simulation Monte Carlo Method
has been used to model the physical behavior of plasma gas in an Inductively Coupled Plasma mass spectrometer as it expands supersonically through a nozzle.
As the simulation proceeds, data is taken over prescribed cells and then averaged to determine steady state physical properties such as temperature, density,
and velocity. Special attention is given to plasma flow through the nozzle. Results from multiple simulations which show high resolution images of the plasma
properties inside the nozzle are presented.

1Funded by the US Department of Energy

10:06AM H3.00009 Supersonic Nozzle Flow Using DSMC , WILLIAM SOMERS, ADAM PAYNE, ANDREW SAMP-
SON, ROSS SPENCER, Brigham Young University — Fenix is a particle-in-cell Direct Simulation Monte Carlo (DSMC) computer simulation which models gas
flow through an inductively coupled plasma mass spectrometer (ICP-MS). Particular attention is given to a nozzle region in the ICP-MS where gasses moving
through a steep pressure gradient undergo a supersonic transition, expanding into a near vacuum environment. The physical behavior of the gasses in the nozzle
region are closely studied, including interaction with the thermalized nozzle, incompressibility of the gas, and flow fields near the nozzle. Fenix has recently
reached a stage of completion allowing our research group to produce pressure, temperature and velocity flow data for various regions in the ICP-MS. It is now
necessary to verify the algorithms used in Fenix, and to check our work against other methods. Grahame Bird, one of the foremost experts in DSMC simulations,
has made available to the public a general DSMC simulation which may be used to model the ICP-MS. Bird’s simulation will be used to corroborate the data
produced by Fenix, and the images of flow conditions for each method will be presented and compared.

Saturday, October 7, 2006 8:30AM - 10:06AM —

Session H4 Fields and General Theory Eccles Conference Center Room 305

8:30AM H4.00001 Possible origin of inertial mass and of De Broglie wave. , ALEXANDER PANIN, Utah
Valley State College — Inertial mass naturally originates in the system of standing relativistic waves (i.e., waves moving with the same speed c in any reference
frame) - just as a by-product of Lorentz transformations between observer’s and standing wave’s reference frames. Another mathematical by-products are
origination of De Broglie wavelength (of the standing wave packet), of the second Newton law (in correct relativistic form), and of least action principle. So it
is possible that everything in our universe (=all “elementary” particles we know) consists of only one object - relativistic wave moving with only one speed - c.
Mathematical details are presented in the paper.

8:42AM H4.00002 Special relativity: two postulates or one? , DAVID ECKHARD, ALEXANDER PANIN, Utah
Valley State College — In current physics textbooks special relativity is derived from Einstein’s two postulates: 1.The laws of physics are the same in all inertial
frames. 2. The speed of light is the same as measured in all inertial frames. Because the speed of light is also the proportionality constant in the strength
of electromagnetic interactions, and is among three fundamental constants (c, h, G) governing laws of physics, then the second postulate is the consequence
of the first one (indeed, otherwise Coulomb law and all e/m phenomena would be reference frame dependent). Therefore, should not SR be reduced to one
postulate only? Details of this discussion are presented.

8:54AM H4.00003 Causality in Classical Electrodynamics: a Comparison of Different Ap-
proaches , HIMAL RATHNAKUMARA, MANUEL BERRONDO, Brigham Young University — Causality for classical charged particles has been tradition-
ally interpreted in terms of the retarded solution of Maxwell’s equations. Combined with the Lorentz equation, radiation reaction for point particles produces
runaway solutions. On the other hand, Feynman’s propagator implies causality in terms of the proper time of the particle and is hence compatible with classical
electrodynamics where proper time and the time coordinate flow in the same direction. In this work, we propose to find the radiation reaction equation for a
classical point charged particles assuming causality in the Feynman-Stuckelberg sense with the aid of the Clifford algebra formalism. We provide a comparison
of methods which will give insight into the solution.

9:06AM H4.00004 Performance requirements for ensemble implementations of quantum algo-
rithms , DAVID COLLINS, Physics, Mesa State College — We consider the statistical performance of quantum algorithms when implemented on ensemble
quantum computers. In particular we consider an ensemble quantum computer initially in a pseudo-pure initial state and determine the minimum polarization
needed so that the quantum algorithm outperforms classical probabilistic competitors. We propose a general method for finding the minimum polarization and
apply it to single bit output algorithms such as the Deutsch-Jozsa algorithm and the multiple output bit Grover search algorithm.

9:18AM H4.00005 Isometric Families of Minimal Surfaces1 , STEPHEN TAYLOR, BYU Dept of Math and Physics,
BYU MINIMAL SURFACE GROUP COLLABORATION — We consider a minimal surface M immersed in R3 with induced metric g = ψδ2 where δ2 is the
two dimensional Euclidean metric and 2ψ is a scalar. We then construct a system of partial differential equations that constrain M to lift to a minimal surface
via the Weierstrauss- Enneper representation demanding the metric is of the above form. It is concluded that associated surfaces connecting the prescribed
minimal surface and its conjugate surface satisfy the system. Moreover, we find a non-trivial symmetry of the system that generates a one parameter family
of surfaces isometric to a specified minimal surface. We demonstrate an instance of the analysis for the catenoid (ψ = cosh2(v)), and comment on potential
generalizations to a Lorentzian manifolds in a general relativistic setting.

1BYU Physics Research Grant



9:30AM H4.00006 Stability of D1/D5 Black Strings , JARED GREENWALD, ERIC HIRSCHMANN, Brigham Young
University, NUMERICAL RELATIVITY TEAM — We are interested in the stability of black strings. In particular, we are investigating the Gregory-Laflamme
instability for a broader class of black strings. We consider a model from low energy string theory in six dimensions, often referred to as the D1/D5 system.
In an effort to analyze this system, we investigate the stability of the corresponding black string through perturbative methods. We describe a solution with
non-constant dilaton and then sketch the perturbation method and our numerical scheme for finding indications of instability.

9:42AM H4.00007 Kaluza-Klein Masses and Couplings: Radiative Corrections to Tree-Level
Relations1 , SKY BAUMAN — The most direct experimental signature of a compactified extra dimension is the appearance of an infinite tower of
Kaluza-Klein particles. For example, a single flat extra dimension compactified on a circle leads to Kaluza-Klein states whose masses are integral multiples of
the compactification scale and whose couplings are independent of the mode number. However, these masses and couplings are subject to radiative corrections.
In this talk, I investigate the extent to which such radiative corrections deform the expected tree-level relations between Kaluza-Klein masses and couplings. As
toy models for our analysis, I investigate a five-dimensional scalar φ4 model and a five-dimensional Yukawa theory involving both scalars and fermions. In each
case, I identify the conditions under which the tree-level relations are stable to one-loop order, and the situations in which radiative corrections distort these
relations by introducing entirely new dependences on mode number. One unexpected result is that the squared masses of the fermions in Yukawa theory receive
corrections that actually grow with mode number. Another is that a γ5 interaction is radiatively induced in this theory. Although small, such corrections to the
Kaluza-Klein spectrum can therefore distort the measurement of the apparent geometry of a large extra dimension, and may be observable at future colliders.
Along the way, I also develop several new calculational techniques for renormalization in higher dimensions.

1This work is supported in part by the National Science Foundation.

9:54AM H4.00008 Effects of Dynamical Compactification on D-Dimensional Gauss-Bonnet
FRW Cosmology , KEITH ANDREW, BRETT BOLEN, Western Kentucky University, CHAD MIDDLETON, Mesa State College — We examine
the effect on cosmological evolution of adding a string motivated Gauss-Bonnet term to the traditional Einstein-Hilbert action for a (1 + 3) + d dimensional
Friedman-Robertson- Walker (FRW) metric. By assuming that the additional dimensions compactify as the usual 3 spatial dimensions expand, we find that the
Gauss Bonnet terms give perturbative corrections to the FRW equations. We find corrections that appear in the calculation of both the Hubble constant, H0,
and the acceleration parameter, q0, for a variety of cases that are consistent with a dark energy equation of state.

Saturday, October 7, 2006 8:30AM - 10:06AM —
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8:30AM H5.00001 Propagation and Ducting of Short-Period Gravity Waves over Antarctica ,
KIM NIELSEN, MICHAEL TAYLOR, Center for Atmospheric and Space Sciences, Department of Physics, Utah State University, ROBERT HIBBINS, MARTIN
JARVIS, British Antarctic Survey, Cambridge, UK — Short-period gravity waves are known to be significant sources of momentum deposition in the upper
mesosphere. Recent studies using an extensive imaging data set obtained as part of a collaborative program with British Antarctic Survey have identified
significant momentum transported by short-period waves as observed from Halley Station (76˚S,) on the Brunt ice shelf. However, this result is recognized to
be an upper limit since it assumes that all of the wave motions were freely propagating. In this study we utilized available mesospheric wind data from Halley to
investigate the propagation nature (i.e. freely propagating, evanescent, or Doppler ducted) of these waves observed over Halley during the 2000 and 2001 austral
winter seasons to help provide a more realistic assessment of the impact of short-period waves on the Antarctic environment. A total of ∼170 short-period wave
events were observed with available coincident wind measurements. The majority of these waves were found to be freely propagating (∼76%) with only ∼2%
of the observed events clearly Doppler ducted. In the remaining cases (22%), the mesospheric winds did not support propagating waves (evanescent).

8:42AM H5.00002 Imaging Gravity Waves and Sprites in the Earth’s Upper Atmosphere ,
MICHAEL TAYLOR, Physics, Utah State University — Ground-based remote sensing studies of the Earth’s upper atmospheric regions provide a low-cost and
reliable method for long-term measurements. At mesospheric heights (∼60-100 km) the atmospheric pressure and density are lower than can be achieved in most
vacuum systems yet this tenuous region is home to a wealth of dynamical phenomena. In particular atmospheric gravity waves, generated by thunderstorms,
severe weather, and by strong winds blowing over large mountain ranges (such as the Rockies), can propagate upwards from their source regions into the
mesosphere in only a few hours. At heights above about 80 km these waves start to break (like ocean waves as they reach the shore) and deposit their
energy and momentum which has a dramatic influence on the upper atmospheric circulation and the temperature field. We use sensitive CCD imaging systems
to characterize these gravity waves and much larger-scale tidal perturbations using the naturally occurring nightglow emissions. Currently we have cameras
operating remotely in Utah, Hawaii, Antarctica (and soon in Norway), to help study their global variability and dominant source regions. This talk will introduce
the topic of atmospheric imaging with examples of our current research. Novel applications of imaging techniques to other areas of our ongoing atmospheric
research will also be presented.

8:54AM H5.00003 Three New Ionospheric Indices1 , CESAR NOGUERA, JAN SOJKA, Utah State University — In the
present work three new ionospheric indices have been proposed as an exploratory way to quantitatively evaluate the ionosphere state. These indices have been
determined from a statistical analysis of ionosphere GPS total electron content (TEC) measurements that were assimilated into the USU global assimilation of
ionospheric measurements (GAIM) model. Comparisons of the indices from 8 locations demonstrate both local and regional value of these indices. A correlation
study has been performed between the new indices and others such as kp, Dst and F10.7 which shows that the ionosphere’s variability can not be specified
by these solar and geomagnetic indices. Hence we put forward the concept that a GPS TEC index is the appropriate means of describing regional ionospheric
variability.

1This research was supported by NASA Grant NNG04GN63G, NNG05GJ48G, and NSF Grant ATM-0408592, DMS-0413653, and ATM-0000171 to Utah
State University.

9:06AM H5.00004 Extracting air motion velocity data from aerosol distortion patterns de-
tected in fast lidar scans , JAN MARIE ANDERSEN, THOMAS WILKERSON, Utah State University; Space Dynamics Laboratory, Research
Division, North Logan, UT 84341, USA — Rapid elevation scans using a LIDAR pointing in the upwind direction at a fixed azimuth reveal distinct patterns in
the spatial structure of the aerosols in the low-altitude boundary layer. Typically, these aerosol clouds are borne aloft from air pollution sources and areas of
loose soil such as gravel roads and plowed fields. Such aerosol patterns are kinematically distorted due to the combination of finite scan time and cloud motion.
True motion patterns are interpreted by means of a joint analysis of successive “up” and “down” scans. Analysis of two fast, successive elevation scans yields
information about the motion of the cloud features and the fluid flow of the air itself - and thus about the turbulent motion within the atmospheric boundary
layer. In spite of scan limitations, the temporal and spatial dependence of air flow can be determined by careful analysis of these repeated pairs of rapid scans.
Examples are given of measurements of the mean horizontal wind, the shape of prominent vertical plumes of wind-borne aerosols, and inferences about vertical
aerosol transport.



9:18AM H5.00005 Heavy Baryons at CDF II , JOHN ASH, CDF COLLABORATION — We describe heavy baryon production
and decay produced at the Tevatron and recorded by the CDF detector during Run II. Motivation for studying heavy baryons is given. We describe how the
collider, detector, and trigger work together to produce meaningful data. Results are then compared against recent theoretical predictions.

9:30AM H5.00006 Influence of the Ground State Spin of the Projectile -target on the Fission
Anisotropies1 , AZIZ BHKAMI, Physics Department, Mahabad Islamic Azad University — Fission fragment angular distributions have been investigated
for various systems produced in heavy ion reactions at near and sub-barrier energies. In particular, special attention has been paid to the entrance channel
dependence of fragment angular distributions. The results of our analysis of the fragment angular anisotropies induced by Boron, Carbon, and Oxygen ions on
Thorium and Neptunium targets as well as Fluorine ions on Neptunium target indicate that at bombarding energies around fusion barrier the Transition State
Model (TSM) is quite successful in accounting for the observed angular distributions. We have further found that the fission anisotropies strongly depend on
the channel spin in consistence with the prediction of the pre-equilibrium model.

1Work was supported in part by the Mahabad University Research Council.

9:42AM H5.00007 Proton configuration and mass variations are observed in each of the 3036
isotopes studied. , EUGENE PAMFILOFF, Dept. of Physics, Univ. of Georgia, UGA, -Optigon R and D, Vivitar, VPDM, retired — The fission
and decay transitions of unstable isotopes are studied with particular detailed analysis of nuclei masses, proton - neutron substructure, and the change in mass
experienced by individual nucleons of parent, daughter and product isotopes. The data shows the 3036 isotopes studied contain nucleons of a mass unique to
each isotope, and further, indicating 3036 proton variations, each differentiated by a distinct mass. Of these, 283 proton variations are further distinguished
by belonging to stable benchmark isotopes. The same variations were found with bound neutrons. A direct correlation is observed between the nearest stable
benchmark mass and the mass of the nucleon returning to ground state during the transition, indicating a mass dependence to nuclear stability. These findings
indicate that a nucleus in an excited state cannot stabilize or return to the ground state until it adjusts mass to match the nearest Z −N and mass per nucleon
benchmark. These conclusions were further tested with the analysis of nucleon mass adjustments occurring within the natural and artificial alpha emitter nuclei.
The developed system of analysis provided good results when tested against the incident and product particles of high and low energy interactions and events of
nuclear transmutation. Every transition to a stable product demonstrates a strong correlation with a specific mass per nucleon benchmark as a third condition
of nuclear stability.

9:54AM H5.00008 Accelerate the transition of radioisotopes and unwanted weapons-grade
239Pu into stable nuclei with a system of high frequency modulation for a net energy gain , EUGENE
PAMFILOFF, Dept. of Physics, Univ. of Georgia, UGA, - Optigon R and D, Vivitar, VPDM, CA, retired — A process of high frequency stimulation of nucleons
can be utilized for the accelerated fission, decay or controlled transition of unstable isotopes. 238U could be persuaded to transition promptly into the stable
206Pb isotope, where a portion of the total mass difference of 29873.802 MeV per nucleus becomes available energy. The proposals of this paper describe an
effective system for nuclei stimulation configured to accelerate such a series of 14 transitions over several milliseconds, instead of 4.47 x 109years. Positive ions
or ionized capsules of fuel suspended by magnetic fields and subjected to the system of correlated frequency modulation of multiple beam lines, tailored to the
specific target, will emit sufficient energy to stimulate subsequent targets. The system can be applied to all radioisotopes, nuclear waste product isotopes such
as 239Pu, and a variety of other suitable unstable or stable nuclei. Through the proposed confinement system and application of high frequency stimulation in
the 1022 to 1024 Hz regime, the change in mass can be applied to both the fragmentation of subsequent, periodically injected targets, and the production of
heat, making a continuous supply of energy possible. The system allows the particle fragmentation process to be brought into the lab and provides potential
solutions to the safe disposal of fissile material.

Saturday, October 7, 2006 10:45AM - 12:33PM —
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10:45AM I1.00001 What’s New in Gravitational Physics , CHARLES TORRE, Utah State University — For nearly a
century Einstein’s General Theory of Relativity has provided our best theory of space, time, and the gravitational interaction. In 2006, research in gravitational
physics is, in many ways, at an unprecedented level of activity. In this talk I will give a superficial survey of some of the current hot topics in gravitational
physics research. I will emphasize: current and future gravitational wave searches, the 2-body problem in general relativity, and approaches to constructing a
quantum theory of gravity.

11:21AM I1.00002 Gravitational Holography , SCOTT THOMAS, Rutgers University — The asymptotic number of states
in an appropriately defined region in any theory of quantum gravity which reduces to Einstein gravity at large distances is equal to one quarter of the area
in Planck units. A non-redundant description therefore requires only a hologram at the boundary of the region. The holographic properties of the states in
quantum gravity lead to a mixing of the usual concepts of ultraviolet and infrared. This mixing is at odds with various properties of local quantum field theory
such as the Heisenberg uncertainty relation as well as the upper bound on the fixed angle inclusive cross section in very high energy collisions. The holographic
properties of gravity also imply that quantum contributions to the vacuum energy are finite and parametrically at most of order the classical value from which
the infrared curvature scale is determined. Gravitational holography therefore provides a technically natural solution to the cosmological constant problem which
plaques any local quantum field theory description of gravity.

11:57AM I1.00003 Quantum Universe , HITOSHI MURAYAMA, University of California and Lawrence Berkeley National Laboratory
— What is the Universe made of? How did it come to be? Why do we exist? This kind of fundamental questions about the Universe used to be just philosophy,
but are now coming into the realm of quantitative science. The key is in quantum physics of elementary particles that determined the evolution of the Universe
when it was very young. I will discuss this amazing connection between the large (the Universe) and the tiny (elementary particles), in the context of current
and forthcoming experiments.
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