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Astrophysics/Astronomy

William J. Dirienzo, Extended Red Emission as a Function of Optical Depth in MBM 6, MBM
25, & MBM 32, (A. N. Witt)

Extended Red Emission is a broad component ofcalp8pectra observed in many
interstellar clouds. It was first discovered abthitty years ago, yet it is still not completely
understood. Through some process, carbon-rich slalidminated by ultraviolet light of
sufficient energy emit this extra light which peaksthe red optical wavelength range. This
paper describes a study of how the intensity ofER& varies with optical depth of a cloud, and
the photon conversion efficiency of the processis ®udy supports the idea of a two-stage
process initiated by UV light between 120 and 2560 it is also shows that the number of ERE
photons emitted is about 7% of the number of exgit)VV photons illuminating the clouds, thus
showing that the ERE carrier is abundant and shdaddincorporated more fully into
comprehensive models of the interstellar mediumes€hresults reaffirm earlier findings and
show that current knowledge of the ERE is closkding able to describe it.

Adam Gray, Optical Variability of Sarsin the Large Magellanic Cloud, (U. Vijh)

The majority of stars in the galaxy have constamperties for most of their lives;
however, some stars vary constantly over a perathys, weeks, months, or even up to a year.
Understanding how these variable stars are changwey time can help enhance the
understanding of how stars in the universe evdiveughout their lifespan. By using both the
infrared data collected from the nearby Large Miagét Cloud by the SAGE survey, with two
separate data epochs taken three months apartharaptical data from the MACHO survey,
with data taken from over eight years, more maylble to be understood about these varying
stars.

Ryan Hupe, Perturbations of Electronic Transitions of C, inthe UV, (:S. Federman)

Ultraviolet spectra of the D-X (0-0), F-X (0-0) adX (1-0) transitions of €were
obtained using the Hubble Space Telescope. Thassitions have been analyzed in the past and
the F-X (0-0) transition was found to consistemtiyagree with prediction in the J<20 levels. A
study of the energy levels of the @olecule suggests that the cause of these disagrée
could be a perturbative state. The D-X (0-0) anX K1-0) bands were used to obtain
information about the C2 column densities in iniEtar clouds and oscillator strengths for the
F-X bands. This information will be used to analyhe F-X (0-0) transitions and learn more
about the perturbative state.

Shawn P. Witham, Modeling Microturbulence in Sellar Atmospheres, ( L. Anderson-Huang)
Currently in the area of stellar atmospheric madglastronomers are able to accurately
model atmospheres with observed spectral lines @Veravelengths with one area excepted: the
width of the absorption lines. The theoretical melths turn out more narrow than the observed
absorption lines at any given temperature. Thinsstency can be resolved by using a
distribution of velocities known as microturbulencen current models, the values of
microturbulent velocities are added ad hoc to camegee for the discrepancy in line widths. The
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objectives of this research project were to cremteomputer code that worked in three
dimensions to model the microturbulent velocitigaubing first principle equations of motion of
a radiating fluid. The computer simulations werecassfully formed and tested for theoretical
models of gray stellar atmospheres which gave tiadlg driven microturbulent velocities as a
function of height in the atmosphere.

Atomic/M olecular/Optical Physics

Hou Keong L ou, Vacuum System Modeling of the UT-P/NIELS, (T. Kvale)

Recent studies at the UT-P/NIELS (University of dd Positive/Negative lon Energy
Loss Spectrometer) accelerator facility focused nomasurements of total cross sections of
various interactions occurring in H+ + helium csithins in the energy region of 10- to 50-keV. In
those measurements, the experimental data wereveldse contain large background noise
signals. These enhanced background signals werattigsized to originate from collisions of
scattered protons with residual gas molecules & dhcelerator/energy analyzer region. A
computer model of the vacuum system using Vaktealprogram coded by Volker Ziemann)
predicted a poor vacuum (~2X1@orr) around the analyzing magnet and the dedei¢emergy
analyzer. Measurements conducted of the vacuuimsrrégion confirmed the results of the test,
with measured base vacuum attaining a pressurexdf0=3Torr. The study indicated that the
low vacuum was a result of low conductance fromdifieision pump responsible for producing
the vacuum in this region and the decelerator/gnamglyzer region. The vacuum system was
redesigned to increase conductance in this regidocording to the Vaktrak simulation, this
change should result in the vacuum be improved tbieast a factor of ten. The improved
vacuum should reduce the background noise in tkee ddnich will allow better signal to noise
ratios in the ion energy loss measurements.

Joel Pendery, Backscattering of Secondary Electrons to the Cathode in the Oblique Electric
Field in Dielectric Barrier Discharge Systems Using Monte Carlo Smulation, (V. Khudik & C.
Theodosiou)

In contrast to electric field lines in gas dischalgystems with bare electrodes, electric
field lines in dielectric barrier discharge systembere the cathode is covered with the dielectric
layer, may cross the dielectric surface at an abligngle. The secondary electrons emitted from
this surface either return to the cathode due tiismms with background gas atoms or
eventually escape from the region near the cathddieg the diffusion P1-approximation to the
kinetic equation for electrons, we have found amzdjly the electron escape factor k for
different limiting cases. Monte-Carlo simulation$ lmackscattering of electrons have been
performed for noble gases and the dependence ofdtape factor on the angle between the
electric filed lines and the dielectric surface édeen found. The analytical theory has been
used to explain unexpected peculiarities in resafltdonte-Carlo simulations.

Nicholas Reshetnikov, The two-way bridge between transition lifetimes and dipole
polarizability: A case study of Mg-like P (1V), (L. J. Curtis)

For atoms and ions with the ground state electmfiguration of n§'S,, a remarkable
approximation of the dipole polarizability can beade from just one transition lifetime
measurement. Particularly, since thé8 — nsnp'P,° intrashell transition dominates the total
oscillator strength of transitions to the grounatestit in turn dominates the dipole polarizability
of the ion. The oscillator strength serves as dbantum mechanical link between the two
empirical quantities, allowing knowledge of botlorfr a precise measurement of one.  This
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relationship is especially useful for studying atofor which precise measurements of either the
lifetime or dipole polarizability are difficult oimpossible to make. What is more, with just a
few such precise measurements of either quansioglectronic linearities can be exploited to
interpolate to ions beyond empirical study. The-llg P (IV) ion, with two old and conflicting
lifetime measurements and one precise dipole @alaility measurement, gave an excellent
opportunity to test the two-way relationship. Haee difficulty caused by cascading from
higher energy states and blending from higher @vrgns made the lifetime measure of 0.35(2)
ns an unsatisfactory upper limit. If the blendicen be removed by running the phosphorus
beam at lower energies, the ANDC method can be tese@couple the cascades. Whether or
not this attempt succeeds, the problems in prdiéesene determination of P (IV) underscore the
usefulness of the two-way lifetime-dipole polari#igy bridge and isoelectronic interpolation to
sidestep empirical constraints on precise measureme

Biological, Health, and M edical Physics

Lindsey Weber, Functional MRI Data Acquisition in Amputee Pain Sudy, (M. Dennis)

Over one million Americans have experienced the lafsa limb, yet little is understood
about what specific areas of the brain are affebiedmputation. As a result, clinical treatment
of the chronic pain experienced by many amputeean®ntly based on symptoms alone, which
has limited effectiveness. In a study using fuor@l magnetic resonance imaging (fMRI),
amputated subjects with variable pain will be seahwhile continuously reporting the intensity
of their pain; the data will be analyzed to findretations between brain activity and pain level.
This project focused on creating the method of @a&iguisition that will be used in the fMRI
setting. One of the main tasks in this projectuded using LabVIEW 8.2 Student Edition
software to import, manipulate and store the patensity data reported by amputee subjects.
Other tasks included designing an MRI compatibkzrteical system and hardware interfacing
with an NI USB-6008 analog/digital converter.

Condensed M atter Physics

Craig McClellan, Accelerated Degradation of CdTe Solar Cells With Differing Semiconductor
Film Thicknesses, (A. Compaan)

CdTe solar cells are second generation thin filiscelhe cells are composed of a soda
lime superstrate, a TCO coating, CdS n-junctioeiag CdTe p-junction layer, and copper/gold
back contacts. The accelerated lifetime of ceilth differing thicknesses of CdTe and CdS were
studied this summer. Controls were set asidedfarence while test modules were soaked in a
light stress simulator to accelerate degradatiorthef cell attributes. An IV system, with
software to collect the J-V curve, measure the ogBuit voltage, short circuit current, and
calculate the efficiency, and fill factor, was usadhe study. Degradations of those attributes
were studied to investigate correlations betweendifferent film thicknesses and the decay of
the efficiency, Voc, Jsc, and Fill Factor. | foutlchit modules with thinner layers of CdS (0.045
pm and below) had Voc degradation much greater thase with thicker layers of CdS. The
addition of a layer of HRT promoted cell stabilitycells with relatively thin layers of CdS that
were not subjected to light soaking, yet did n@&nsdo keep light soaked cells any more stable.
Modules with thicker layers of both CdTe and CdSemmore uniform and more stable. CdS
thickness is very important in the stability ofiefncy of a CdTe solar cell.
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Mary Mills, Smulating Thin Films. The Effects of a Rotating Substrate on Surface Morphology
in Oblique-Incidence Epitaxial Growth, (J. Amar)

The effects of substrate rotation during deposit@mn the surface morphology and
roughness in oblique-incidence epitaxial growthsitglied via kinetic Monte Carlo simulations,
and compared with previous results obtained withotdtion. In general, two main effects are
observed. At high deposition angles rotation leads drastic change in the surface morphology.
In particular, it leads to isotropic mounds andgoyids rather than the strongly anisotropic
structures observed in the absence of rotationlafge angles, very regular pyramids are
observed. Rotation also leads to a reduced surfaoghness, although the surface roughness
tends to increase with rotation rate. An explamafior these effects is given in terms of the
effects of rotation rate on shadowing and coaleszeSome interesting effects at low rotation
rate (less than 1 rev/ML) are also discussed. @sults are also compared with the case of
deposition with fixed deposition angle but randamaithal angle.

Grace Ong, Sputter Deposition of Indium Iron Oxide Films for Photoel ectrochemical Hydrogen
Production, (X. Deng, B. Ingler)

This project focuses on using indium and iron exid make a protective thin film for
amorphous silicon based solar cells. From the workpleted, the results indicate that samples
should be made at 228°C, with 30W of indium andVWGdf iron oxide, and a sputter deposition
time of two hours. At 0.6V, the best sample display maximum photocurrent density of
50uA/cm2. Subsequently, an X-ray diffraction scanfemed that it is indeed indium iron oxide
that is being produced.

Randy Patton, Modeling and Smulation of the p-n Junction And Optimized Design of Front
Contact Grids for CIGStype Solar Célls, (S. Marsillac)

An understanding of the solar cell requires amleustanding of the p-n Junction.
Animations of various aspects of semiconductor phena (including the p-n junction) were
created to aid in comprehension of semiconductacgsses, and to increase information
retention through the association of the mathemktiescription of these phenomena with a
visual interpretation of the physical and chemisahavior of these devices. The front contact
grid of a solar cell serves to reduce conductivesés in the cell. However, the grid itself will
shade the cell beneath, resulting in shadowing andecrease in power generation. An
optimization process must therefore be applied,reiheboth resistive losses and shadowing
losses are minimized. Also analyzed were the effetbusbar shape on performance losses.

Jennifer Schanke, Ab-Initio Modeling of the Sippery Hexagonal Solids MoX; (X = O, S Se,
Te), ( S. Khare)

This summer our group’s objective was to calcuthie theoretical values for various
properties of materials from the MoX2 group (X = §, Se, Te) in the hexagonal P63/mmc
space group. We wanted to discover if either maltemould act as a suitable lubricant for
application to aerospace systems to increase fdspén of the systems and to reduce the wear
caused by friction. The first properties we caltedawere the lattice constants for our materials
using the ab-initio method. These were followedthg calculations of the elastic constants,
whose values were extensively used to calculatebtile modulus, shear modulus, Young's
modulus, and Poisson’s ratio of our materials. \Weeheping to write a manuscript and publish
our results in a research journal.
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Ryan M Zeller, Optical Thickness Monitoring System for High Vacuum Deposition
Chamber, (A.Compaan, J.Walker)

Groups at the University of Toledo studying CdTe#Gxhsed thin film photovoltaic solar
cells require precise measurement and variatidiinofparameters to produce the most efficient
cells possible. Controlling film thickness of tBelTe and CdS layers is essential to optimizing
cell efficiency and desired cell characteristicd. non-destructive film thickness monitoring
system for in-situ, real time chamber depositionthe AJA International Inc High Vacuum RF
magnetron sputtering chamber was constructed. nidw@toring system visualizes interference
fringes of reflected laser light from front and kasurfaces of the deposited film. Sample
thickness is determined from known optical progsridof the film material. Complications due
to sample rotation during growth, background noeeg limitations from chamber geometry
were overcome to achieve clear signal detection.

Physical M aterials

Lindsay Sanzenbacher, Two-Dimensional Crystallization of Microspheres by Drop-Drying, (T.
Bigioni)

When a drop of colloidal solution is dried on a Swéte, nearly all of the particles are
deposited at the drop’s edge, a result of fluidvanside the evaporating drop. The remaining
particles typically form disordered deposits insibde drop’s perimeter. My research studies the
mechanism involved in the opposite effect, the faron of a uniform and highly-ordered
monolayer array of colloidal spheres, namely, 80@ polystyrene microspheres. For a
monolayer to form, two key conditions must be aegbdk First, the particles must be segregated
from the bulk of the drop, and placed on the ligaidinterface. The interface must in turn be
“sticky” enough to trap the particles long enoughthem to crystallize into a two-dimensional
array. This interfacial “stickiness” is due to faable energetic conditions. The energetic factors
that make this mechanism work are already well tstded for large spheres, and thus, | have
altered he kinetics of the system in various waykring the particles in contact with the liquid-
air interface. This includes changing the rate \adp®ration and drying the drop upside down.
The effect that pinning has on the drop has alem Istudied. So far, | have succeeded in getting
particles on the interface, but a highly-orderednolayer has not yet been achieved. Further
study of the methods that resulted in interfacatiples will be done to determine the best way
to promote two-dimensional crystallization. Undangting these different effects will allow a
more general method to be developed that can letaderm monolayers from a wide range of
colloidal particles.
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