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Astrophysics
Faculty and students in the Department of Physics and Astronomy pursue research in extragalactic, galactic,
and stellar astrophysics, laboratory astrophysics, and instrumentation development. Areas of observational
research include the use of quasar absorption line systems as tracers of large scale structure, the large-scale
distribution of galaxies in large quasar groups, extended emission regions around proto-galaxies and the
evolution of the elements in the Universe since the Big Bang. The composition and structure of the
interstellar medium in the Milky Way as well as external galaxies are studied using multi-wavelength
approaches from the X-rays to the radio.Multi-wavelength imaging and spectroscopic studies of protoplanetary disks are being made to determine the nature and evolution of planetary formation around other
stars. Laboratory and theoretical physics are being applied to reveal the structure and evolution of brown
dwarf stars. Finally, advanced technologies in optical and computer sciences are opening windows in the
near infrared for high dynamic range adaptive time-resolved imaging.
We utilize both ground and space-based facilities such as the telescopes at Kitt Peak National Observatory,
Apache Point Observatory, the Hubble Space Telescope, and the Gemini Observatories to pursue both
galactic and extragalactic observational studies. The department also operates Moore Observatory near
Louisville, Kentucky, and in collaboration with the University of Southern Queensland, Mt. Kent
Observatory near Toowoomba, Australia. A 0.6-meter technically advanced research telescope at Moore
Observatory is used for advanced training and research programs in instrumentation and stellar
astrophysics. The observatories are home to a pair of remotely operable robotic 0.5-meter telescopes that
provide nearly continuous coverage of the entire sky and permit a rapid response to transient events such as
gamma ray bursts, supernovae, and exo-planet transits. Through Internet2, these robotic telescopes deliver
hands-on astronomy education to undergraduate students on campus, and to schools throughout the state.
Research on the dynamics and thermodynamics of planetary atmospheres is carried out using the EPIC
Atmospheric model, funded by NASA and NSF, which is a general circulation model designed for
planetary applications. EPIC stands for "Explicit Planetary Isentropic Coordinate" and is the leading model
for the atmospheres of the gas giants Jupiter, Saturn, Uranus, and Neptune. The model can also be used to
simulate terrestial-class atmospheres. This work is carried out at the Comparitive Planetology Laboratory.
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Atmospheric Physics
Atmospheric physics research at the University of Louisville includes modeling and data analysis of
phenomena spanning mesoscale to planetary scale, the troposphere to the middle atmosphere, and includes
planetary atmospheres. The EPIC atmospheric model, a general circulation model (GCM) designed for
plantery applications, was developed here and funded by NASA and NSF. EPIC stands for "Explicit
Planetary Isentropic Coordinate" and is the leading model for the atmospheres of the gas giants Jupiter,
Saturn, Uranus, and Neptune. The model can also be applied to terrestial class atmospheres including
Venus, Earth, Mars, and Titan (a large moon of Saturn with a substantial atmosphere). Current topics of
research include Jupiter's Great Red Spot, thunderstorms on Jupiter and Saturn, jet-stream stability, Venus
and Titan spinup and superrotation, and the dynamics of vortices and clouds on Uranus and Neptune.
(Dowling)
Active research in atmospheric turbulence also takes place in the department. The stable atmospheric
boundary-layer exhibits significant complexity due to the interactions between several phenomena over
multiple scales. Using the National Taiwan University-Purdue University Nonhydrostatic model with
higher-order turbulence closure schemes, simulations are probing the role of internal gravity waves as an
excitation mechanism for isolated layers of turbulent mixing. These gravity waves may be generated from
shear layers inside or outside the boundary-layer or from topography. The goal is to shed light on the
poorly-understood energetics surrounding the formation of turbulent structures in stable environments.
(MacCall)
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Atomic and Molecular and Optical Physics
Atomic, Molecular and Optical Physics research in the department includes theoretical work on small
molecules focusing on those of astrophysical interest, laboratory astrophysics investigating radiative
processes in stellar atmospheres, and applied optical physics, providing advanced technology and analysis
to infrared imaging. Note that other research areas in the department, notably condensed matter physics and
astrophysics, are deeply connected with atomic, molecular and optical physics.
In the theoretical effort, mathematical techniques are being developed which make it possible for the first
time to obtain a very accurate representation of the excited states of diatomic molecules. These methods
enable us to study very precisely the energy of small molecules as a function of interatomic distance and to
study dynamical processes such as photoionization and molecular dissociation (Morrison). The theory of
radiative collisions is being applied to the atmospheres of cool dense stars (Kielkopf).
Laboratory experimental work is directed toward precision measurements that test the accuracy of
theoretical calculations of interatomic potentials, radiative transition rates, and spectral line shapes under
well defined conditions. The laboratory facility includes extremely high resolution optical and vacuum
ultraviolet spectrometers, as well as laser-plasma sources. The laboratory supports an intensive
collaborative program with research groups in Electrical and Computer Engineering to develop nearinfrared imaging devices with on-pixel processing. These devices have applications in adaptive optics for
astronomy, remote sensing and surveillance (Kielkopf).
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Condensed Matter Physics
The Condensed Matter Physics program at the University of Louisville focuses on cutting-edge research
in nanoscience and photonics with its researchers engaged in theoretical (Wu), computational (Jayanthi,
Liu, and Yu) and experimental studies (Sumanasekera) of nanomaterials and biomolecular films
(Mendes). Quantum mechanics based computer simulations and synthesis techniques are used to discover
novel nanomaterials for efficient energy storage and energy production and for their potential use as
components of nanoscale electronic devices and chemical sensors. The photonics group (Mendes) uses
experimental tools based on integrated optics and surface waves to investigate the interface of
biomolecular films.

Seminal contributions by the condensed matter theory (CMT) group include the developments of realspace electronic structure methods based on Green’s function techniques; algorithms for large-scale
simulations; novel semi-empirical Hamiltonians (SCED-LCAO) for quantum-mechanics based
simulations of complex materials, etc. The salient features of the SCED-LCAO method are: (i) it is
developed in the framework of linear combination of atomic orbitals (LCAO), (ii) it includes electron-ion
and electron-electron interactions that are modeled via phenomenological environment-dependent (ED)
functions, and (iii) its framework allows a self-consistent (SC) calculation of the charge redistribution.
The molecular dynamics scheme based on the SCED-LCAO Hamiltonian has been applied successfully
to study a variety of problems that include: (i) the electromechanical responses in single-wall carbon
nanotubes, (ii) the structure and stability of the entire family of carbon clusters (fullerenes, buckydiamond structures, cage structures, etc.), (iii) structural and electronic properties of SiC nanostructures
including nanowires, nanotubes, clusters, and graphitic-like sheets (CMT RESEARCH).
The research interests of the theory group also include modeling the growth mechanisms of thin films and
nanostructures based on Kinetic Monte Carlo techniques and the rate equation theory (Liu) .
The research of the experimental condensed matter physics group led by Dr. Sumanasekera focuses
around the following topics: synthesis and characterizations of novel nanostructures; electronic properties
of hydrogenated and fluorinated graphene; efficient energy conversions of waste heat using high figure of
merit thermoelectric materials; thermionics based on doped nano-diamonds; phonon confinements in
semiconducting nanowires; chemical sensors based on carbon-based nanostructures and oxide nanowires;
novel electrode materials for Li-ion batteries, and conducting transparent electrodes for solar applications
(Sumanasekera).
The research activities of Dr. Mendes’ group focuses on novel analytical tools based on integrated optics
and surface waves for research in biomolecular films and interface phenomena, the spectroscopic
investigation of the physical/chemical properties of biomolecular films, and on the integration of nanostructured photonic devices with molecular assemblies for selective and sensitive transduction in chemical
and biological materials. (Mendes).
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High Energy Physics
The High Energy Physics group at the University of Louisville is concerned with fundamental questions
about the basic structure of matter and its interactions. We ask why the visible universe seems to be
dominated by ordinary matter (where has the anti-matter gone?), why are the masses of the particles in
nature what they are, and how do the interactions among these particles help shape the universe? In
particular, we study the production of the relatively heavy proton and neutron and related heavy particles
known collectively as baryons. We hope to understand the surprising 'abundance' of these particles in
matter.
We are members of the BaBar Collaboration and the ATLAS Collaboration. The BaBar detector collected
data from 1999 to 2008 in electron-positron collisions at the SLAC National Accelerator Lab in
California. ATLAS began taking data in late 2009 with proton-proton collisions at the Large Hadron
Collider (LHC) of the European Organization for Nuclear Research (CERN - which stands for the French
"Conseil Europeen de Recherche Nucleaire"). BaBar has produced copious high-quality data that we will
continue to analyse for many years. ATLAS is just beginning to produce high-quality data for analysis
and discovery over the coming decades.
Babar is a large, general-purpose electron-positron collider detector operating at center of mass energies
near 10 GeV. The experiment ran in the PEP-II storage rings at SLAC in "B-Factory" mode, meaning that
it was tuned for optimal production of the B meson, a particle whose decays provide an excellent glimpse
at matter-antimatter asymmetry. Currently, the University of Louisville group is investigating probes of
QCD in quark and gluon jets, studying inclusive hadron production, and searching for rare CP-violating

decays of the B-meson to final states with baryons. This work involves extensive software development.
The group has been steadily involved in software development and administration on BaBar since 1996.
(Brown, Davis).
On ATLAS, we are assisting with simulations of radiation backgrounds that affect the detector. In data,
we will be searching for as-yet unseen triply heavy baryon states. This will help us fill in our knowledge
of the possible baryonic particle states, but will also aid in understanding the production mechanisms of
baryons. (Brown)
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