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Lifting the Mask of Young Supernova Remnants 

An image of the density structure of a supernova explosion originating on 
the edge of a giant interstellar molecular gas cloud after 650 years. The 
colors represent density values. Black and red represent low values; yellow 
and green, middle values; blue and white, high values. The molecular cloud 
edge is modeled as a smooth transition in density, which can been seen in 
the background, with the high density molecular material on the right-hand 
side. The internal dynamics of the remnant are very complex. The dense 
fingers and knots result from the Rayleigh-Taylor fluid instability at the 
boundary between the stellar and the surrounding matter. At this late stage 
the remnant shape is highly deformed by the non-uniform external density.

Astronomy Graduate 
student Robbie C. Dohm-
Palmer, working with 
Professor Tom Jones of the 
Astronomy Department, 
has recently completed a 
project to study the 
interaction of young 
supernova remnants with 
the edges of molecular gas 
clouds. Supernovae are 
violent explosions that 
mark the end of life for 
certain types of stars. Light 
output during the explosion 
can exceed a billion times 
that of the Sun, an output of 
about 10^35 watts. The 
mass of the exploding star, 
which exceeds that of our 
Sun by a large factor, is 
ejected at speeds of several 
thousand kilometers per 
second. This expanding 
blast wave that sweeps up 
and heats the surrounding 
material is labeled a 
supernova remnant, since it 
is what is left behind by the 
supernova explosion. 



Supernova Remnants continued

Astonomers estimate that a supernova explosion occurs in a galaxy like the Milky Way every 30 to 50 
years. Each of these events eventually deposits about 1044 joules of energyinto the interstellar gas that 
fills the galaxy. This is equivalent to the energy output of the Sun over its entire lifetime. In addition to 
energy, the ejected matter carries heavy elements such as iron which are formed by nuclear reactions 
during the explosion. In fact supernovae are probably the only source of many heavy elements. 

Key Figures in Galactic History 

Because of chemical element enrichment and the fact that the 
characteristic interactions are so violent, supernova remnants are 
believed to play a major role in determining the history of 
galaxies. A good example is their influence on the formation of 
new stars and planets. The existence of the Earth itself was made 
possible only because the matter that formed our solar system 
had come, in part, from supernova explosions among earlier 
generations of stars. Supernova remnants are also thought to be 
the primary source of so-called cosmic radiation-a diffuse gas of 
extremely high energy, charged particles that bombards the earth 
from outside the solar system. 

For the above reasons, astronomers consider it important to 
understand the dynamic interactions between supernova 
remnants and their environments. There are now nearly 200 
supernova remnants recognized in the Milky Way galaxy, with 
ages estimated to range from a few hundred years to tens of 
thousands of years. They are seen primarily as strong X-ray 
radiation emitted by the hot gas they contain and through 
"nonthermal" radio emissions produced by the cosmic radiation

Gas velocity vectors superimposed on 
gas density contours for a simulated 
supernova explosion on the edge of a 
giant interstellar molecular gas cloud. 
Results are shown at three times (100 
years, 300 years and 650 years), 
demonstrating that long before the 
supernova remnant is clearly distorted in 
shape the gas motions inside it have 
responded to the higher density of the 
giant cloud.

 and strong magnetic fields somehow generated within them. Some are also spotted through visible 
light observations, but interstellar matter is very dusty, so most of the galaxy is too obscured to let their 
visible light reach us.



Supernova Remnants - Key Figures in Galactic Historycontinued 

Typical supernova remnants appear as rings projected on the sky, since the swept-up material in them is 
concentrated in a shell. By studying the detailed structures of the shells astronomers try to establish the 
history of each remnant and to learn as much as possible about the physics of their interactions with 
their surroundings. 

Studies of supernova remnants are made difficult when the gaseous medium in which the star exploded 
is itself complex. Until recently, it was difficult to create a detailed model of a supernova explosion in 
anything but a uniform environment. However, a uniform environment is not what is found in the 
galactic environments being studied. Astronomers expect that many stars that explode as supernovae 
exist in regions of space where the environment is highly nonuniform. 

Dohm-Palmer and Jones set out to simulate supernova behavior in this nonuniform setting. In its 
collision with denser molecular gas they expected that the explosion would be severely distorted, 
however, as we shall see, this was not immediately the case. 

Creating Models using Supercomputer Simulations 

Two-dimensional, axisymmetric, simulations based on high order finite difference gas-dynamics 
techniques were used to study the behavior of an expanding stellar explosion as it runs into a molecular 
gas cloud. The molecular cloud edge was modeled with a smooth transition from a relatively dense 
region, representing the molecular material, to a more diffuse region, representing the low density 
interstellar gas. Because the motions initiated through this interaction were expected to be very 
complex, it was necessary to use a very high numerical resolution - in this case 2048 by 1024 zones. In 
addition to being very high resolution, this study is unique in that it included the stellar mass in the 
explosion. In the past such studies included only the energy of the explosion. While this can accurately 
model older remnants that have swept up so much external mass that the stellar mass is insignificant, 
Dohm-Palmer and Jones felt it was important to include young remnants in their study. For this they 
needed to include the stellar mass and momentum in the explosion. 

The simulations were carried out using the Cray C90 at Minnesota Supercomputer Center Inc. Each of 
the four experiments required between five and six processor hours to complete. 

Supernova 
Remnants in Disguise 

One of Dohm-Palmer and Jones' most significant findings was that the overall shape of a remnant may 
not distort enough to reveal its interaction with a molecular cloud edge until it has expanded quite some 
distance. An isolated remnant in a uniform density will expand spherically and appear circular when 
observed in the sky, whereas in this instance the nonuniform molecular cloud interaction was predicted 
to dramatically alter the shape of the remnant from early stages. However, it turns out that this does not 
occur until late stages of evolution, once the remnant has expanded entirely through the density 
transition region. Thus, a young remnant may be disguised as an isolated, circular object, while in fact 
it has run into a molecular cloud. 

There is one clue that could lift the disguise much earlier; namely, gas motions in the interior of the 
remnant. Despite the remnant remaining circular at early stages, the internal motions are strongly 
affected by the nonuniform density. The high density end of the remnant builds up a higher pressure 
than the low density end. This pushes the internal gas flow toward the low density end. The result is a 
system of highly asymmetric motions, which can be observed. Before the shape is significantly altered, 
the internal motions can reveal the interaction with a molecular cloud edge. This fits nicely with 
observations of some young supernova remnants that appear circularly symmetric but show chaotic, 



asymmetric gas motions inside. In fact, looked at closely, these motions exhibit patterns that are similar 
to those seen in the computer simulations. 

These supercomputer simulations demonstrate that it can be misleading to interpret remnant dynamics 
based solely on their shapes, but that more detailed information is capable of revealing the true nature 
of the situation. Not surprisingly, they also reveal that a more complete understanding of the situation 
allows astronomers to make a better assessment of such basic information as the amount of mass and 
energy involved in the explosion and the age of the supernova remnant. 

• High-Performance Computer Applications in the Behavioral 
Sciences
May 10-12, 1996

• Conference on New Methods in Electronic Structure 
Calculation
June 15-17, 1996

• Workshop on Evolutionary Algorithms
October 21-25, 1996 

Seiro Omata, Kiyoshi Nishikawa, and Hiroshi Iwasaki of the Department of Mathematics at Kanazawa 
University in Japan visited the Supercoputer Institute on December 7, 1995. 

Students from Onamia High School visited and toured the Supercomputer Institute on December 6, 
1995. 

Alexei Poliakov, Laboratoire de Geophysique et Tectonique, University of Montpellier, France and Yuri 
Podlachikov, Department of Earth Sciences, Vrije Universititeit, Amsterdam, visited David Yuen's 
Geology and Geophysics research group during the month of December. 

Obituary

Jan Almlöf, Supercomputer Institute Researcher in 
Chemistry & Chemical Physics Dies at Age 50 

It is with great regret that we announce that Professor Jan Almlöf passed away on January 17, 1996. 

Jan Erik Almlöf was born in Malung, Sweden on April 1, 1945. He received the degree of Fil. kand at 
the University of Uppsala in Sweden in 1967 and graduated from the same university with the degree 



of Fil. lic. in 1971, with thesis on the crystal structures of hydrates of perchloric acid. 

He received the degree of "Philosophia Doctor" from the University of Uppsala in 1974 with a thesis 
on hydrogen bonding. His research mentors were Professors Ivar Olovsson and Björn Roos. 

He entered a chair in Theoretical Chemistry at the University of Oslo in Norway in 1976, where he 
began a career of teaching and research in computational physical chemistry, becoming Professor of 
Chemistry in 1982. In September 1985 he moved to the University of Minnesota in Minneapolis as 
Professor of Chemistry and Chemical Physics where he continued these pursuits. He was appointed a 
Fellow of the Supercomputer Institute, he taught both undergraduate and graduate courses, and he had 
28 predoctoral (graduate and undergraduate) and 16 postdoctoral research students. 

Professor Almlöf was highly regarded in the international scientific community for his 
accomplishments in advancing the theory of molecular structure and for his work in the development of 
efficient algorithms for carrying out calculations of the structures of molecules. His most widely known 
work is the development of so called "direct" quantum mechanical methods for calculating electronic 
wave functions and energies of molecules; these methods allow one to take advantage of the high speed 
of state-of-the-art computers even when the computer does not have enough memory to store all the 
intermediate calculations, and these methods have been widely used in many chemical companies and 
national laboratories, as well as by the academic research community. In 1993, he was awarded the 
Schrödinger Medal by the World Association of Theoretical Organic Chemists, in honor of his 
development of direct methods. 

Professor Almlöf served on the advisory editorial boards of two international journals, the International 
Journal of Quantum Chemistry and Theoretica Chimica Acta. Almlöf was one of the initiators of the 
European Summer School in Quantum Chemistry and was a highly appreciated lecturer on integrals 
and SCF theory since the start of the school in 1989. 

Professor Almlöf was engaged in collaborative research with Battelle Pacific Northwest Laboratory, 
Cray Research, Inc., IBM, NASA Ames Laboratory, and Sandia National Laboratory on both the 
development of new computational techniques for supercomputers and applications of these techniques 
to problems in chemical physics. He also had a long-standing collaboration with the University of 
Tromsø in Norway, where he was a frequent visitor. 

Professor Almlöf died on January 17, 1996. He is survived by his wife Elisabeth, his sons Anders and 
Martin, and his daughter Mia. 

Structure-Preserving Integrators for Hamiltonian and Mechanical 
Systems
Laurent Jay
Computer Science, University of Minnesota 

This seminar was concerned with the numerical solution of Hamiltonian and mechanical systems with 
holonomic constraints. Such problems arise, for example, in multibody dynamics. A class of methods 
was presented based on Lobatto points which preserve (or quasi-preserve) certain features of the flow: 
symplecticity, reversibility, the manifold of constraints, momentum, and energy. Conservative 
mechanical systems do not even need to be rewritten in Hamiltonian form to preserve these invariants. 
The Coriolis forces even cancel out in the new formulation. The proposed methods are superconvergent 
and they possess good stability properties: L-stability, P-stability, and unconditional explosivity. 
Structure-preserving methods are of interest for the long-time integration. Some issues related to a 



reversible variable-stepsize implementation were briefly discussed. 

Langevin Dynamics Simulations of a New Simplified Model of 
Protein Folding
Germana Paterlini
Medicinal Chemistry Department, University of Minnesota 

The de novo prediction of the native structure of proteins by all-atom models is encumbered by the 
large number of variables in the system and by the complexity of the resulting energy landscape. One 
approach to solve the protein folding problem has been to create simplified models which use a reduced 
representation of the protein's geometry and energetics. A key element for the success of simplified 
models is the ability to capture the nature of both short and long range interaction energies and the 
interplay between them. Furthermore, an accurate representation of the geometry of the polypeptide 
backbone is crucial, if any comparisons to actual all-atom native protein structures are to be made. In 
this seminar, a simplified model was presented. 

The Chemodynamics of Superbubbles in Dwarf Galaxies
Robert Benjamin
Astronomy Department
University of Minnesota 

The ejection of interstellar gas due to the energy input from supernovae is fundamentally associated 
with the life history of a galaxy. These mass flows are indicators of supernova and star formation 
activity in a galaxy and drive mass flows that affect chemical evolution. This speaker presented the 
results of two-dimensional hydrodynamical simulations designed to study the chemical and dynamical 
evolution of dwarf irregular galaxies. He examined the effects of the energy and mass injection of 
supernovae and followed the evolution of the resultant "superbubble" of hot interstellar gas. Benjamin 
discussed two unique features of the code; namely, the ability to track the cosmic chemical abundances 
as a function of time and position in a galaxy, and the inclusion of radiative cooling in the interstellar 
plasma. 

Numerical Modeling of Folds and Other Structures in Layered 
Rocks
Labao Lan
Geology & Geophysics Department
University of Minnesota 

Laboratory studies indicate that most rocks behave as fluids under slow natural deformation, and that 
linear flow is expected for diffusion-controlled deformation and non-linear flow is expected for crystal- 
plastic deformation. The contrast in rheological properties between rock layers give rise to 
perturbations in flow resulting in geological structures such as folds, boudinage, inverse folds and 
mullions. Folds, the most common of these structures, result from deformation involving layer-parallel 
compressive stresses. This talk focused on the role of non-linearity of viscosity in the development of 
folds in isolated single layers. The supercomputer research has employed a two-dimensional finite 



element model of incompressible flow in power-law viscous fluids to investigate how fold shape and 
associated strain pattern vary as a function of the power-law exponent of the stiffer layers. 

Elaborate Microstructures Produced By Diblock Copolymers
Mark Matsen
Chemical Engineering
University of Minneosta 

Diblock copolymer molecules are linear polymers with two chemically distinct portions-the usually 
immiscible A and B blocks. Without the chemical bond joining them, the blocks would phase separate. 
But, because they are connected, the A and B blocks can only separate on the microscopic scale. The 
resulting microphase separation produces a periodic ordered structure. which can assume numerous 
geometries, depending on the relative size of the two blocks. This speaker discussed an experimental 
phase diagram and described the complicated geometries involved. A simple model was introduced that 
included all the relevant details of a diblock copolymer melt and some simple "back of the envelope" 
calculations explained the physics in such a system. To conclude he presented the results of more 
advanced mean-field treatment, which have produced remarkable agreement with experiment. 

Rayleigh-Taylor Instability in Young Supernova Remnants
Byung-Il Jun
Astronomy Department
University of Minnesota 

Supernova remnants are the relic of the vigorous explosion of stars in the late stage of their evolution. 
Young supernova remnants (age of a few hundred years) generally show very bright circular clumpy 
shell in radio emission. The magnetic field strength in the radio shell has been inferred to be in the 
range of 10^-4 to 10^-3 Gauss which is much higher than the field strength in the interstellar medium 
(10^-6). The interface between the star material and the interstellar material is known to be Rayleigh-
Taylor unstable. This speaker has modeled the Rayleigh-Taylor instability to explain the origin of 
strong magnetic field in young supernova remnants. He talked first about the results of three-
dimensional magnetohydrodynamic simulations of classical Rayleigh-Taylor instability. Secondly, the 
speaker presented the results of more realistic modeling of Rayleigh-Taylor instability in supernova 
remnants by using a moving grid technique in three-dimensional space. 

Molecular Dynamics Study of the Metal-Liquid Interface
Yu Zhou
Physics & Astronomy Department
University of Minnesota 

Quantitative, predictive theories for metal-electrolyte interfaces require an atomic-scale representation 
of the interface and a description of the electronic density and structure. Such a complex system 
presents a difficult computational problem which has historically been tackled in pieces. A complete 
and self-consistent determination of the surface structure would involve a simultaneous calculation of 
both the atomic and electronic structure of the interface. This seminar included a discussion of a Car-
Parrinello type combination of molecular dynamics and density functional methods in simulations of 



metal-electrolyte interface. The research discussed involved investigation of chlorine ion adsorption on 
the copper surface in contact with water. This was investigated to better understand the strong catalysis 
of electrode reactions by Cl ions that have been observed experimentally. This study will allow analysis 
of the charge-transfer process at the interface, which is of great importance to such technological 
subjects as batteries, fuel cells and corrosion. 

Polarizable Continuum Model: Recent Developments and 
Applications
Laura Coitiño
Chemistry Department
University of Minnesota 

Most processes of interest in biochemistry and industry take place in solution. A proper understanding 
of the complex nature of chemical reactivity in the presence of solvent is the ultimate goal of 
theoretical chemistry in this area. The Polarizable Continuum Model (PCM) developed at the 
University of Pisa has become recognized for accurate studies on small solutes (ab initio evaluation of 
properties, both at the Hartree-Fock and correlated levels, detailed description of reaction mechanisms, 
etc.). Large or very large molecular solutes can also be treated by PCM using a simpler description of 
the solute charge distribution (semiempirical, semiclassical) with the loss of some accuracy. In recent 
years this speaker has devoted her efforts to developing more efficient and complete versions of the 
model that enable extension of the field of application of PCM to larger systems. A description of the 
most recent developments and their performance was given in this seminar. 
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