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Speaker: R. C. Johnson 

University of Surrey, Guildford, Surrey, United Kingdom 
September 3, 2008 

“Nuclear Reactions with Deuterons” 
Abstract: Deuteron stripping and pick-up reactions are one of the most important sources of information of 
nuclear structure throughout the periodic table. Modern studies seek to obtain this information for exotic nuclei 
at the limits of stability. Facilities that enable appropriate experiments to be carried out are being developed all 
over the world, including here in Michigan. Credible reaction theories must be developed if reliable nuclear 
structure information is to result. I will discuss an approach that goes beyond traditional theories and gives an 
improved account of transfer reactions induced by deuterons. It involves fewer parameters than the standard 
methods and hence give less ambiguous nuclear structure information. I will emphasize theoretical methods 
which lead to analyses which can be carried out with only small modification of existing codes. Some challenges 
to theory will also be discussed. 
 
 

Speaker: Buddhi M. Rai 
Western Michigan University 

September 10, 2008 
“Kerr Media Photonic Crystal Waveguide –                       

A Functional Photonic Device” 
Abstract: The waveguiding properties and the localization of the resonant light modes arise from tunability of an 
optical material composed of periodic arrays of dielectric media known as a 2D photonic crystal, that may have 
potential applications for transmitting and switching the optical signals on micro or nanoscale in photonic devices. 
In this talk I will show a modeling study of two different frequency guided modes, both within a stop band of 
photonic crystal band spectrum, incident into a waveguide channel of the linear media and interacting with each 
other through the resonant excitation of the modes on in- and/or off-channel features of Kerr nonlinear media. 
The guided modes interact with the localized modes on Kerr nonlinear features in the system, which are 
investigated using the methods of the classical theory of light-matter interaction and modern numerical 
simulation techniques. The results include transmissivity for modes of the two-frequency model that reproduces 
interesting physical properties of optical bistability and induced transparency. 



 

Speaker: Brendan M. McLaughlin 
Queen’s University of Belfast 

September 17, 2008 
“Astrophysical Relevance of Heavy-Ion Photoionization” 
Abstract: Photoionization is an important atomic process affecting the ionization balance, and hence the 
abundances of elements, in photoionized astrophysical nebulae. Recently, it has become possible to detect 
neutron n-capture elements (atomic number Z >30) in a large number of ionized nebulae. These elements are 
produced by slow or rapid n-capture nucleosynthesis (the s-process and r-process, respectively). Measuring the 
abundances of these elements helps reveal their dominant production sites in the Universe, as well as details of 
stellar structure, mixing and nucleosynthesis, as will be reviewed. Accurate assessment of elemental abundances 
in astrophysical nebulae can be made from the direct comparison of observed spectra with synthetic non-local 
thermodynamic equilibrium (NLTE) spectra if the atomic data for the pertinent electron and photon interaction 
processes are known with sufficient accuracy. Experiments on heavy trans-iron atomic ions at third-generation 
synchrotron radiation sources, such as the Advanced Light Source (ALS) at Berkeley, have highlighted the need for 
high-quality theoretical work to interpret fully these unprecedented high-resolution experimental results. A 
recently-developed theoretical code for parallel computing architectures, incorporating the necessary fully-
relativistic effects within a Dirac equation formulation, has been used to perform detailed photoionization cross 
section calculations on a variety of heavier atomic ion species: Se, Kr, Ar, and Xe at low stages of ionization. Where 
possible, we compare our results with ongoing experiments being performed at the ALS. Such comparisons are 
necessary and serve as the ultimate benchmark for our work in order to have confidence in the atomic data to be 
incorporated into standard astrophysical modeling codes such as CLOUDY. 
 

 
Speaker: Horia Petrache 

Indiana University – Purdue University, Indianapolis 
September 24, 2008 

“Measurements of Electrostatic Interactions                    
in Biological Membranes” 

Abstract: Biological membranes are thin layers of hydrocarbon material (fats) that create physical boundaries 
between and within cells. These boundaries are decorated with an assortment of macromolecules, notably 
proteins that form ion-channels to facilitate the transport of salt in and out the cell. Biological membranes are of 
interest to physicists because of their complex structures and interactions. We will discuss how physical methods 
such as X-ray scattering and solid-state NMR are used to describe the dynamics of biomembranes and their 
interaction with salt ions. Based on precise force-distance measurements, we show that electrostatic forces at the 



membrane-water interface are much less screened compared to isotropic solutions and then show how ion-
membrane interactions affect the function of ion-channels. 

 
Speaker: Joseph Finck 

Central Michigan 
October 8, 2008 

“From the Physics Lab to Capitol Hill:                                               
A Story of Tuna, Spies, and Dial-A-Porn” 

Abstract: Public policy increasingly is determined by technical considerations. A perusal of the daily press - from 
page one through the health and business sections - illustrates that science is a major component of many issues 
with which Congress must grapple: global warming, energy policy, defense technologies, AIDS, pollution, 
communications technologies, and many, many more. Since 1973 the American Physical Society has sponsored 
one or two physicists to spend a year providing scientific and technical advice to Congress. In sponsoring these 
fellowships the APS provides a public service by making available individuals with scientific knowledge and skills 
to Members of Congress, few of whom have a technical background. In turn, the program enables scientists to 
broaden their experience through direct involvement with the legislative and political processes. Fellows gain a 
perspective which, ideally, will enhance not only their own careers but also the physics community’s ability to 
more effectively communicate with its representatives in Congress. Professor Joseph E. Finck from Central 
Michigan University will describe his congressional fellowship experience working with New Jersey Senator Bill 
Bradley in 1985-86. 
 

Speaker: Timothy C. Beers 
Michigan State University 

October 15, 2008 
“The Nature of the Galactic Halo as Revealed                  

by SDSS/SEGUE” 
Abstract: The outer region of the Milky Way, beyond the disk systems, has long been thought of as a single entity 
-- comprising old stars and globular clusters that represent the earliest populations of objects to have formed in 
our Galaxy. Previous studies of the halo have been limited by the small numbers of stars that could be confidently 
identified as members, and also by the lack of observed spectroscopy from which radial velocities and estimates 
of atmospheric parameters (such as temperature, surface gravity, and metallicity) could be obtained. Based on a 
very large set of new spectroscopy for stars in the halo of the Galaxy, obtained with the Sloan Digital Sky Survey, 
we show that the halo is clearly divisible into two broadly overlapping structural components. These are the inner 
halo, which is dominated by stars on highly eccentric orbits and exhibits a peak metallicity [Fe/H] = -1.6, as well as 



a somewhat flattened density distribution with a net prograde rotation, and the outer halo, which is dominated 
by stars on lower eccentricity orbits, exhibits a peak metallicity [Fe/H] = -2.2, and a spherical density distribution 
with a very high retrograde rotation. These results confirm expectations, based on the hierarchical Cold Dark 
Matter paradigm, that the outer halo of our Galaxy is likely to have been accreted from smaller sub-systems, 
perhaps similar to recently discovered low-luminosity dwarf spheroidal galaxies. I will also comment on recent 
determinations of photometric metallicity estimates for SDSS stars, which has enabled the construction of 
metallicity maps of the disk and halo populations of the Galaxy (involving millions of stars), and will likely become 
a fundamental technique in the LSST era. 
 
 

Speaker: Timothy Gay 
University of Nebraska 

October 22, 2008 
“One Atom Too Many: An Atomic Physicist’s Attempt to 
Learn about Simple Homonuclear Datomic Molecules” 

Abstract: When a polarized electron collides with an atom, it can transfer its spin to the residual target. This 
angular momentum can subsequently be partitioned among the various atomic angular momenta: nuclear spin, 
electronic spin, and electronic orbital angular momentum. The way in which this happens can provide important 
details about the collision dynamics. Molecular targets complicate this picture because they have another 
"reservoir" into which the angular momentum can go: nuclear rotation. Recent experiments involving collisions 
of spinning electrons and photons with molecules have produced some surprising new results (see, e.g., PRL 92, 
093201), even though the molecular targets are the simplest available--homonuclear diatomics. New directions 
for experiments for those with enough intestinal fortitude to consider further work with molecular targets will be 
proposed. This talk is aimed at junior/senior undergrads. 

 
Speaker: Russell Kincaid 

Wilmington College 
October 29, 2008 

“Depleted Uranium Weapons:  
What's the Big Deal? They are Depleted, Right?” 

Abstract: Depleted uranium is a high density material currently being used by the United States military in both 
Iraq and Afghanistan. Previously, it was used in the First Gulf War in Iraq, and by NATO troops in the Balkan Wars. 
This material is desirable as a weapon due to its extremely high density which allows it to penetrate tank armor, 
thus giving our troops a strategic advantage over their adversaries. Depleted uranium is a byproduct of the 



enrichment process that allows both peaceful and military applications of uranium to be possible. As a result, it is 
readily available to military suppliers and is a cheap and effective material for making penetrating weapons. 
Unfortunately, in addition to having a high density, depleted uranium is radioactive and highly toxic. Also, when a 
depleted uranium weapon impacts a hard target such as a tank, the weapon breaks into very small pieces which 
can be breathed in by people and animals. Once breathed in, these particles settle in the lungs and irradiate the 
individual from the inside out. Due to their small size, these depleted uranium particles tend to remain suspended 
in the air rather than settling to the ground. Even when they do eventually reach the ground, they can be stirred 
back up into the air by the wind. Thus, the particles continue to be a respiratory hazard to living things long after 
an active battle is over. 
 

Speaker: Andy Gavrin 
Indiana University – Purdue University, Indianapolis 

November 5, 2008 
“Engaging Students in Class and Beyond” 

Abstract: For many years and in many fields, instructors have been disappointed with their students’ achievement. 
There have been many efforts to improve this situation, some successful, some not. We will consider a variety of 
recent efforts to improve teaching and learning in the STEM fields. We will discuss common features of these 
efforts, and focus on a few, particularly Just-in-Time Teaching and other technologically enhanced efforts to 
engage students. 

 
Speaker: Lisa Lapidus 

Michigan State University 
January 7, 2009 

“Discovering Complexity in the Early Stages                     
of Protein Folding” 

Abstract: The great debate in the field of protein folding is whether the folding process requires a 
multidimensional description (an energy landscape) or a simple one-dimensional description. Supporting the 
simple description is the class of so-called 2-state folders, proteins that appear to occupy only an unfolded or fully 
folded state. I will present recent results on the folding of one such two-state folder, the B1 domain of protein L. 
Using a new ultrarapid mixer we observe folding steps on the microsecond timescale that are 1000 times faster 
than previous observations. Additionally, measurements of intra molecular contact formation in the unfolded 
state show that this polypeptide diffuses extremely slowly, much slower than other peptides and proteins 
observed by this technique. Taken together, these results suggest that the folding process is best described by a 
rough energy landscape. I will conclude with some thoughts on how the dynamics of the unfolded state ultimately 
influence folding and aggregation. 



 

Speaker: Arthur Cole 
Kalamazoo College 
January 21, 2009 

“Supernovae, Electron Capture                                        
and Gamow-Teller Strength” 

Abstract: Electron capture and beta decay play important roles in the evolution of pre-supernova stars and their 
collapse. Recent predictions for rates of these processes in modern large-scale shell model calculations differ 
greatly from earlier rates determined from independent particle models. Consequently, experimentally 
determined rates are needed to test the reliability of model calculations that are input into stellar evolution 
models. The electron capture rates can be determined from Gamow-Teller transitions excited by charge-exchange 
reactions. The results for the measurement of the Gamow-Teller strength in 58 Co via the charge-exchange 
reaction 58 Ni(t,3 He)58 Co are presented. 
 
 

Speaker: Alan Wuosmaa 
Western Michigan University 

January 28, 2008 
“Transfer Reactions with Exotic Beams –            

Everything Old is New Again” 
Abstract: For decades, many simple yet important nuclear properties have been determined from studies of 
nuclear reactions that deposit or extract a single nucleon to or from an atomic nucleus. An important current 
trend in nuclear physics focuses on the properties of "exotic" nuclei with many more protons or neutrons than 
the species commonly found in nature. These properties include shell structure and single-particle orbitals, and 
these can be studied with reactions involving beams of unstable nuclei. I will discuss some examples of these 
reactions studied with light exotic nuclei using unstable beams at the ATLAS facility at Argonne National 
Laboratory. The results for single-nucleon transfer reactions can be compared to modern theoretical methods 
that attempt to understand nuclear structure from a "first-principals" approach that uses our current best 
understanding of nucleon-nucleon interactions. These results demonstrate some of the opportunities, as well as 
some of the experimental challenges encountered in this new domain. An experimental approach that utilizes a 
novel new type of charged-particle spectrometer that can address the technical difficulties encountered in the 
study of such reactions will also be discussed. 
 

 



Speaker: Arthur McGurn 
Western Michigan University 

Feburary 4, 2009 
“Transmission through Nonlinear  

Barriers and Junctions” 
Abstract: The transmission characteristics of Kerr nonlinear barriers in a photonic crystal waveguide of linear 
dielectric media and junctions of Kerr nonlinear media joining multiple photonic crystal waveguides of linear 
dielectric media are studied theoretically. The photonic crystals and waveguides are all composed of linear 
dielectric materials and only the barriers or junctions are made from Kerr nonlinear media. The photonic crystal 
is two dimensional, formed as an array of parallel axis dielectric cylinders arrayed on a square lattice, and 
waveguides are formed by replacing a row of photonic crystal cylinders. In the barrier problem a finite number of 
neighboring sites within a waveguide are replaced with Kerr material and the transmission through the barrier of 
guided modes incident from infinity on the barrier is computed. The transmission maxima of the system are 
studied as a function of two parameters characterizing the Kerr nonlinearity of the barrier medium and are found 
to group into various topographical features in the two dimensional space formed by the Kerr parameters. The 
wave functions of the resonant excitations excited in the barrier are found to be of specific forms associated with 
the various topographical features of the transmission plot. The excitations within the barrier media can be 
classified as Fabry-Perot modes, intrinsic localized modes, and dark soliton-like modes. A similar study is made for 
a junction of three semi-infinite linear media waveguides at a junction of Kerr nonlinear media. A plot of the 
transmission maxima for a waveguide mode incident in one waveguide and transmitted into the two others can 
be made in the two dimensional space of parameters characterizing the Kerr nonlinear media. The wave functions 
of modes excited in the junction can be classified as Fabry-Perot, intrinsic localized modes, etc., similar to the 
barrier studies. The study presents a method for classifying nonlinear media excitations and understanding them 
within the context of transmission studies. The interest is from fundamental physics of nonlinear systems as well 
as from the necessity to understand how small nonlinear barriers and junctions will perform in various 
applications. Discussions are also presented from other related nonlinear models. 

 
Speaker: Randal Ruchti 

University of Nortre Dame 
February 11, 2009 

“Recipe for a Universe: The Physics                                   
of the Large Hadron Collider” 

Abstract: The Large Hadron Collider (or LHC) and its experiments have been built to help scientists answer key 
unresolved questions in particle physics. For the past few decades, physicists have been able to describe with 



increasing detail the fundamental particles that make up the Universe and the interactions between them. This 
understanding is encapsulated in the Standard Model of particle physics, but it contains gaps and cannot tell us 
the whole story. To fill in the missing knowledge requires experimental data, and the next big step to achieving 
this is with LHC. Status of the facility and one of its experiments (CMS) will be discussed. Additionally, a portable 
particle detector will be brought to the lecture to allow the audience to "observe" the presence of fundamental 
particles in "real" time right in the lecture hall. 
 
 

Speaker: Sylvester James Gates, Jr. 
University of Maryland 

February 11, 2009 
“Seeing the Mathematics Behind Supersymmetry 

Theories – Adinkras” 
 
Abstract unavailable. 
 
 
 

Speaker: David Hoogerheide 
Harvard University 
February 18, 2009 

“Probing Surface Charge Fluctuations                            
with Solid-State Nanopores” 

Abstract: As nanodevices are increasingly used for molecular detection and manipulation, their noise 
characteristics at kHz frequencies become correspondingly significant. Surface noise sources at these frequencies 
will be of particular concern as these sensors shrink to biologically relevant sizes. Using a solid-state nanopore and 
a custom-built fluidic system for controlling chemical environment (pH and electrolyte concentration), I have 
identified a new source of high-frequency excess noise arising from surface charge fluctuations. I will present a 
theoretical model that describes the experimental measurements, produces values for the surface properties, and 
provides guidance for limiting the effects of surface noise and for engineering low-noise nanodevices. The 
experimental techniques presented here are novel means of probing local surface chemistry, monitoring chemical 
reactions, and characterizing materials. 
 

 



Speaker: Nicolas Lehner 
University of Nortre Dame 

February 25, 2009 
“Probing Accretion, Feedback, and Tidal Interaction 

Mechanisms in Our Local Neighborhood” 
Abstract: Characterizing the infall and outflow of gas and metals in galaxies is crucial for understanding the 
evolution of galaxies and the intergalactic medium. The study of these phenomena in local galaxies provides the 
most robust diagnostic tests for models of tidal interaction, galactic winds, and accretion of primordial material 
onto galaxies, which are important for piecing together the history of matter and metals in the Universe. The 
Magellanic System with its high-velocity complexes connected to the Magellanic Clouds provides a laboratory 
where the techniques of gas-phase absorption line spectroscopy can be used to study the gas toward many 
individual stars and QSOs. Many of the far-UV spectra show significant blueshifted and redshifted interstellar 
absorption relative to the systemic velocities of the SMC and LMC, signatures of outflow and infall in these 
galaxies. The Far Ultraviolet Spectroscopic Explorer (FUSE) provides the largest and highest quality LMC/SMC 
database in the FUV and has truly opened the door to new sciences and discoveries in these galaxies. I discuss 
how present (and future) observations in the UV bandwidth have changed our view of these nearby galaxies and 
what can we learn from it for the higher redshift Universe. 
 

 
Speaker: Tracey DeLaney 

MIT Kavli Institute for Astrophysics and Space Research 
March 18, 2009 

“Cassiopeia A in 3D: A Spectacular                                 
View of the Explosion” 

Abstract: Supernovae deposit enormous amounts of energy into their surroundings. They play a key role in the 
heating of their host galaxies and in the enrichment of the interstellar medium with heavy elements that form the 
building blocks of life. Yet, the actual explosion mechanism is not well understood. One way to study the explosion 
is through the dynamics of the stellar debris that comprise supernova remnants such as Cassiopeia A. Cas A is the 
2nd youngest known supernova remnant in the Galaxy (approximately 340 years old) and is also among the 
brightest. It is well studied at radio, X-ray, infrared, and optical wavelengths and is known to have two oppositely 
directed jets of ejecta with expansion velocities as high as 15,000 km/s. We have used the Spitzer Space Telescope, 
the Chandra X-ray Observatory, and existing ground-based optical data to create a 3-dimensional representation 
of the remnant. The 3-D model is based on a Doppler reconstruction of both shocked (heated) and un-shocked 
(cold) ejecta. We find that the shocks in Cas A (blast wave and reverse shock) are spherical, but the ejecta are 



distributed in a flattened plane that is oriented approximately 20-30 degrees from the plane of the sky. The 
distribution of the jets and the Fe-rich emission suggests that the ejecta were expelled in a series of "blowouts" 
in the flattened plane. This flattened explosion geometry has been observed in recent supernovae and has major 
implications for explosion models. 
 
 

Speaker: Qiguang Yang 
Hampton University 

March 23, 2009 
“Ultrafast Nonlinear Optical Properties of 

Semiconductor” 
Abstract: Nonlinear optical materials with large third-order nonlinear susceptibilities and appropriate response 
time have attracted great interests recently because of their potential applications of optical computing, ultrafast 
switching, optical power limiting, and group velocity manipulation. In this work, we measured the third-order 
optical nonlinearities of various semiconductor nanocrystals and investigated their ultrafast dephasing process at 
room temperature using femtosecond-resolved photon echo technique at 775 nm. The possible physical origins 
of the nonlinearity and the potential photonic applications of these semiconductor nanocrystals will be discussed 
in this talk. 
 
 

Speaker: Ryan N. Coffee 
The Stanford PULSE Institute, SLAC National Accelerator Laboratory 

March 25, 2009 
“Driving Multiple Core-holes with Strong Laser Fields” 

Abstract: We will discuss strong-field laser interactions with inner-valence and core orbitals. The wavelength 
dependence of strong-field dissociative ionization of N_2 has revealed a number of interesting processes such as 
bond-softening, bond-hardening, as well as selective electronic excitations. The exclusive production of inner-
valence (2s) vacancies in fragment nitrogen ions is evidence for a strong field Floquet system based on double-
vacancy charge-transfer states. We will discuss how this system allows 1.55 eV photons to ionize the 2s shell in 
nitrogen (bound by ~28 eV) and explore what this might mean for experiments involving strong-field optical and 
x-ray lasers. I will describe a molecular alignment technique that can use the Floquet mechanism to explore 
vibrational wave packet dynamics in the vicinity of artificial conical intersections and open the possibility for gas 
phase x-ray scattering from these dynamic systems. 
 

 



Speaker: Robert D. DuBois 
Missouri University of Science and Technology 

April 1, 2009 
“Differential Ionization Measurements                         

using Positrons: How and Why” 
Abstract: Inelastic interactions involving charged particles impact many fields of science, ranging from atomic, 
atmospheric, and astrophysics to condensed matter physics to biology and chemistry. Predictions of the 
interaction probabilities and products are often based on first-order perturbation theories. Such theories predict 
identical total and differential cross sections for isotopic positron and electron impact (and also for antiproton 
and proton impact). However, more sophisticated theories predict differences in the differential cross sections 
even in cases where the total cross sections are identical. To test these predictions, highly differential 
experimental data are required. Fully kinematic studies for electron impact ionization have been available for 
many decades. However, because of the much weaker beam intensities that are available, until recently similar 
studies for positron impact were lacking. This talk will give an overview of our experimental techniques and types 
of differential information that we can now obtain for positron impact ionization. Examples will include triply 
differential studies for single ionization and singly differential studies for double and triple ionization. We have 
performed such studies for both positron and electron impact, and by comparing the data we have observed 
projectile charge effects on the interaction kinematics plus have extracted information about the contributions 
and interference of first and second-order interaction double ionization mechanisms. 
 

 
Speaker: Manuel Bautista 

Virginia Tech 
April 8, 2009 

“The Fe II Spectra of Quasars. Unfitting Pieces                 
of a Complex and Exotic Puzzle                                                 
or ‘Some Assembly Required’” 

Abstract: Quasars, the most luminous Active Galactic Nuclei (AGN), are among the most spectacular objects in the 
Universe. They are prodigiously energetic owing to accretion into super-massive black holes, which make them 
extremely luminous across the spectroscopic range from X-rays to infrared, and occasionally in radio waves too. 
As remarkable as the quasar continuum is their line spectra, which comprise emission and absorption lines of 
atoms, molecules, and solid grains, reveal complex thermal and dynamical properties. The dynamics includes in-



falling matter and an accretion disk, out-flowing winds and relativistic jets, and variable radio structures with 
apparent speeds of ~10c! 
 
Despite the variety of AGN properties there is a widely accepted unification model that attempts to explain their 
nature. This model still presents several problems and is missing many pieces. Among the problems are those 
related to the optical and UV spectra of Fe II. Since its discovery, the strength of Fe II emission is often used as a 
key parameter to classify AGN. Extreme Fe II emission cannot be reproduced by current spectroscopic models due 
to a combination of various factors: inaccurate atomic data, oversimplified spectral models of the ion, and 
uncertainty in where the spectrum is produced and the dynamics of such regions. Great efforts are being devoted 
to address these issues, starting from atomic and plasma physics fundamentals to assemble a model for a 
protagonist in the evolution of the Universe. 
 

 
Speaker: Leonidas E. Ocola 

Argonne National Laboratory 
April 15, 2009 

“Spatial Resolution Limits of Electron Beam 
Nanopatterning” 

Abstract: Electron beam lithography has represented the most effective way to pattern materials at the nanoscale 
for almost four decades. The success of e-beam lithography depends on multiple factors such as electron optics, 
the interaction between the beam of electrons and a polymer-based pattern material (resist), and the interaction 
between the developer solution and the exposed resist that determines the final topographical result. At the 
Center for Nanoscale Materials at Argonne we have access to two electron beam lithography tools: a Raith 150 
ebeam tool that operates at 30 KV and a JEOL 9300 ebeam tool that operates at 100KV. We have demonstrated 
improved spatial resolution and contrast achievable with electron beam lithography by cold [1] for resists that are 
exposed by polymer chain scission. Other results [2, 3] show that similar effect happens with cross linked resist in 
opposite manner. Both share the common dissolution mechanism of molecular weight based dissolution. I will 
discuss details on how these results are achieved and some of the projects we do at the nanocenter that require 
such high resolution nanofabrication. 
 
 
 

 


