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1. Magnetic Effects in the Heliosheath and Astrosheaths (Prof. Merav Opher)

It is only in the past few years that humanity has taken the first steps towards probing the outer 
limits of the heliosphere. A fortunate confluence of missions has provided a treasury of data that 
will likely not be repeated for decades. There are numerous observations from Voyager, IBEX and 

CASSINI that we have access to and that contain 
mysteries that need to be unraveled. Examples are: 
Why are the flows on Voyager 1 (V1) and 2 so 
different? Why is the energetic particle behavior so 
different on V1 and 2? Did V1 cross the HP or not? 
Can we explain the “magnetic highway” where 
particles in the heliosphere leak? Where are the 
anomalous cosmic rays accelerated? The figure 
shows a recent simulation performed by the Opher 
group where the effects of reconnection were 
explored in the sector region in the heliosheath. 
Reconnection events in such regions have 
numerous consequences. A student participating in 
the group will have access to 3D MHD global and 
local models. They will also have support from the 
other members (postdocs and graduate students) of 
the Opher group. 

2. Constraining the Initial Stages of Planet Formation (Prof. Catherine Espaillat)

Planets form out of protoplanetary disks around young stars.  The details of how the material in 
this disk evolves from an initially well-mixed distribution of gas and dust to a system composed 
mostly of rocky planets and gas giants like our own solar system is not well understood and is a 
fundamental question in astronomy. The best candidates for harboring the youngest planets are 
transitional disks, protoplanetary disks with holes, possibly cleared by planets.  In this project 
students will identify and characterize transitional disks using space-based and ground-based 
data.  This project will involve learning basic tools and techniques to analyze data and running 
physical disk models. 

3. Imaging the Earth’s Ionosphere (Prof. Carlos Martinis)

The BU Imaging Science Group (http://www.buimaging.com) studies processes in the Earth’s 
upper atmosphere using a variety of data and models. The REU student will be involved in the 
analysis of observations coming from optical all-sky imagers built in-house and distributed 
worldwide. BU instruments measure airglow from the earth's ionosphere - a type of faint aurora. 
The processes studied are strongly affected by the terrestrial magnetic field.  In addition, data 
from satellites and ground-based GPS receivers can be analyzed to complement the optical 
information.  

Contours of the magnetic field between 
the termination shock and the heliopause. 
The sector region appears in blue (from 
Opher et al. 2011). 
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4. How is the ionosphere of Mars influenced by the planet's unusual magnetic field? (Prof.
Paul Withers) 

Earth's ionosphere is strongly shaped by our planet's 
magnetic field. In this case, the magnetic field is very 
strong, its geometry is a simple dipole, and its 
direction, strength, and topology only change over 
distances similar to the planet’s radius. Not all 
planetary magnetic fields are so simple. Mars has a 
magnetic environment unlike any other in the solar 
system. Magnetic field strength, direction, and topology 
all vary substantially over distances of a few hundred 
kilometers, less than 10% of the planetary radius. These 
diverse conditions make Mars an ideal counterpart to 
well - studied, but simpler, Earth. 
An REU student will work with a large set of peak 
ionospheric density measurements to identify features 
and characterize how the ionospheric enhancement 
varies with magnetic field strength and direction. 

5. Probing the Magnetic Field Orientation in Star Forming Clouds (Prof. Dan Clemens)

The Clemens group is using the newly completed Galactic Plane Infrared Polarization Survey 
(GPIPS; Clemens et al. 2012) to test current 
models of cloud and star formation in the 
interstellar medium. One application for 
GPIPS data is in creating resolved maps of 
magnetic field orientations and strengths for 
individual molecular clouds in the Milky 
Way. B.U. undergraduates led an effort to 
do so for a quiescent, non-star forming 
cloud (Marchwinski et al 2012), and we 
would like to extend this analysis/approach 
to active, star-forming clouds. An REU 
student would be able to select such a cloud, 
or a small sample of clouds, assemble 
GPIPS and other existing data sets, and with 
them test models of star formation with and 
without magnetic fields. 

Ionospheric peak density (units of 105 
cm-3) vs solar zenith angle (from
Nielsen et al. 2007).

Resolved magnetic field strength for one 40x10 pc 
cloud in the Milky Way disk. Circled regions 
represent new 'magnetic cores' discovered and 
characterized here for the first time. (From 
Marchwinski et al. 2012). 
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6. Upper Atmospheres of Other Planets (Prof. John Clarke)

Prof. Clarke leads several programs to obtain UV data with the 
Hubble Space Telescope on the upper atmospheres of the other 
planets.  Several undergraduates have been involved in the 
analysis of these data.  The main scientific areas being pursued 
at this time are analyses of the auroral emissions from Jupiter 
and Saturn, and escape of H and O from the atmosphere of 
Mars, and the extended hydrogen coronal emissions from 
Titan, Uranus, Mars, and Saturn.  The figure shows an image 
of the H Lyman alpha emission from Mars as an example of 
the high quality of the data, with brightness contours in kilo-
Rayleighs.  The distribution of the emission can be related to 
the line of sight density, and then related to the escape flux of 
H into space.   

7. A Search for AGN in Clusters of Galaxies (Prof. Elizabeth Blanton)

Luminous radio galaxies are found in the centers of galaxies in the cores of most galaxy clusters, 
particularly those with cool cores. These radio sources are powered by the supermassive black 
holes lurking in the hearts of the central galaxies. Particles accelerating around magnetic field 
lines produce the synchrotron-emitting jets and lobes that are easily observed at radio 
frequencies. These radio sources are often enormous, extending to hundreds of kpc. They 
provide a large amount of energy into the surrounding intracluster medium (ICM) in the form of 
AGN feedback. This feedback is an essential ingredient in galaxy formation and evolution, and 
influences the amount of star formation occurring in the galaxies hosting the supermassive black 
holes. In addition, as the radio sources propagate out through the intracluster medium, they 

transport the magnetic fields associated with 
the black holes and contribute to the overall 
magnetism of the ICM. 

Prof. Blanton’s group is engaged in 
multiple studies involving luminous radio 
sources in clusters of galaxies. A large survey 
is underway to discover an estimated 200 new 
clusters of galaxies at large distances (z>0.7). 
The survey is multi-wavelength, and will 
involve observations in the radio (VLA), 
infrared (Spitzer), optical (DCT), and X-ray 
(Chandra and XMM-Newton) regimes. REU 
students would contribute to the reduction and 
analysis of multi-wavelength data relating to 
clusters of galaxies and associated AGN. 

Spitzer 3.6 micron image of a candidate high-
redshift cluster selected using the radio 
synchrotron emission from the central AGN 
(green contours). At an estimated z=1, the figure 
is 1.6 x 1.6 Mpc.	  
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8. Designing the Next Generation High-Resolution Infrared Spectrometer for Measuring
Stellar Magnetic Fields (Prof. Phil Muirhead) 

An REU student will integrate into Prof. Muirhead’s instrumentation program to design and 
build a high-resolution infrared spectrometer for the 4.3-meter Discovery Channel Telescope.  A 
high-resolution infrared spectrometer is capable of robustly measuring Zeeman broadening in 

magnetically active stars (Valenti et al. 
1995) thanks to the wavelength dependence 
of Zeeman broadening; however, few such 
spectrometers exist.  We are designing a 
monolithic infrared spectrometer capable of 
a resolving power of 60,000 and 
wavelength coverage from 1 to 2.5 microns 
simultaneously.  The REU student will 
determine the design requirements for 
directly measuring magnetic fields on 
nearby active stars via Zeeman 
broadening.   

9. Probes of Dark Matter in the Distant Universe (Prof. Tereasa Brainerd)

Professor Tereasa Brainerd’s research focuses 
on the use of weak gravitational lensing and 
satellite galaxies as independent probes of the 
dark matter in the universe.  Examples of 
specific projects in which REU students would 
be involved include investigations of: [1] the 
contribution of “multiple lensing” of 
background sources on the observed weak 
galaxy-galaxy lensing signal and the 
corresponding effects on the use of weak 
lensing to directly constrain the mass 
distributions of the lensing galaxies, [2] the 
underlying cause of the observed anisotropic 
distribution of satellite galaxies and the degree 
to which the anisotropy can be used to probe the 
orbital histories of the satellites, and [3] the 
degree to which the observed weak lensing 
cosmic magnification signal is affected by non-
linear structures in the universe (e.g., galaxies, 
groups and clusters).  Students may be involved 
in observational data analysis using the Sloan 
Digital Sky Survey, or in theoretical studies 
using computer simulations and ray-tracing 
codes. 

Visual demonstration of the frequency of 
“multiple lensing” events in a typical deep data 
set used to study galaxy-galaxy lensing.  
Shown is one 15’ x 15’ region of a simulation 
of galaxy-galaxy lensing. Virtually all galaxies 
(including the foreground galaxies) have been 
lensed multiple times.
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10. Probing the Ultra-high-energy Jets of Blazars across the Electromagnetic Spectrum
(Prof. Alan Marscher & Senior Research Scientist Svetlana Jorstad)

Blazars – the most extreme class of active nuclei of galaxies – contain supermassive (up to 20 
billion times the mass of the Sun) black holes that accrete gas from the central regions of the host 
galaxy. Jets stream out of the nucleus at near-light speeds and emit radiation profusely across the 
entire electromagnetic spectrum. In order to probe the jets, Professor Alan Marscher, Senior 
Research Scientist Dr. Svetlana Jorstad, and their students have developed a comprehensive 
program to monitor changes in their brightness and polarization at microwave, infrared, visible, 
ultra-violet, X-ray, and gamma-ray frequencies. The data collected by the group are combined 
with observations by collaborators using numerous other space- and ground-based telescopes 
around the world. The results are compared with simulated images, light curves, and polarization 
vs. time produced by a computer model of a blazar jet developed by Prof. Marscher. REU 
students will become directly involved with making and analyzing images and graphs of 
brightness and polarization vs. time of blazars. They will concentrate on the behavior of one or 
more selected blazars, looking for repeated patterns in their time variations, connecting these with 
changes in the jets seen in VLBA images, and testing different ideas for explaining their 
behavior. 




