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Testing Stellar Evolution Theory with the Binary Fraction of L ow-MassWhite
Dwarfs

Justin Brown (Franklin & Marshall College),
Mukremin Kilic, Warren Brown, (Harvard-Smithsonian Center for Astrophysics)

We describe spectroscopic observations of 21 low-ma®s45M., ) white dwarfs from the Palomar-
Green Survey obtained over a period of four years. We use ttaalial velocity analysis and in-
frared photometry to identify binary systems, and find that fraction of single, low-mass white
dwarfs is 30 with an uncertainty of 18%. We discuss the irveetationship between the mass and
the binary fraction of white dwarfs and compare this relasioip to existing theoretical models.
We also compare the period distribution o2@&nd 04 solar mass white dwarfs and find that lower
mass white dwarfs have systematically shorter orbitalqusri Our results support the idea that
single low-mass white dwarfs can be formed through enhantass-loss from a metal-rich pro-
genitor star. This work is supported in part by the NSF REU @D ASSURE programs under
NSF grant no. 0754568 and by the Smithsonian Institution.

Multi-Transiting Systems and Exoplanet Mutual Events

Jared Coughlin (Villanova University)
Darin Ragozzine, M att Holman (Harvard-Smithsonian Center for Astrophysics)

Until recently, studies of transiting exoplanets- plartéts cross in front of their host star- have
focused almost exclusively upon systems where there is@mmytransiting planet. Those studies
that have considered additional planets have mostly dometedhe goal of determining the per-
turbing effects that additional planets would have uponatiet, and therefore the light curve, of
the transiting planet. This work considers, in detail, ac#petype of event known as an exoplanet
mutual event. Such events occur when one planet passesitrofranother. While such events can
occur whether or not these planets are transiting, pregj@nd understanding these events is best
done in systems with multiple transiting planets. We edtamthrough an ensemble simulation,
how frequently exoplanet mutual events occur and whichesystare most likely to undergo ex-
oplanet mutual events. 8We also investigate what information can be learned abaubmly the
planets themselves but also the orbital architecture ih systems. We conclude that while ODT
(overlapping double-transit) events occur with a much lofsequency than PPO (planet-planet
occultation) events, ODT mutual events are capable of miodudetectable signals, that Kepler
will detect a few, and recommend that candidate systemsuch svents, such as KOI 191 be
observed in the short cadence (Steffen et. al 2010, Holmaal &010). This work is supported
in part by the NSF REU and DOD ASSURE programs under NSF gran0i@54568 and by the
Smithsonian Institution.



Fornax A’'s Western Radio L obe Composition

J. J. Kong (University of California - Berkeley )
P. E. J. Nulsen, R. P. Kraft (Harvard-Smithsonian Center for Astrophysics)

We present an analysis of the western radio lobe of Fornax gedb@n an XMM-Newton ob-
servation. We find little evidence for the inverse-Comptoattseing of the cosmic microwave
background as reported previously. The spectra in the grrargge of 05-5keV are well fitted
by a thermal plus power law model for every spectral regionexeacted. With a fixed photon
index of 168, the X-ray flux density at 1 keV from the power law fit was mead to be< 28 nJy
at the 90% confidence level, leading to a lower limit on the nedig field in this region of aG.
Our spectral fits suggest that there is hot gas surroundinggitiio lobe. A filament of dense, cool
gas extends from the central galaxy in the direction of tltkordobe of Fornax A. Spectral fits
give a temperature KT = 0.76 keV over the radio lobe arkd = 0.32 keV for the cool filament.
The thermal emission from the radio lobe region is best empthas emission from a thin shell
of shocked gas swept up by the rapidly expanding lobe. Thikwosupported in part by the
NSF REU and DOD ASSURE programs under NSF grant no. 075456&wathe Smithsonian
Institution.

New M ethodsfor Identifying Near by Gravitational L ensesin All-Sky Surveys

Samuel M cCandlish (Brandeis University)
Rosanne DiStefano (Harvard-Smithsonian Center for Astrophysics)

All-sky catalogs provide a wealth of information about gtattonal lensing events that has not
yet been utilized. We present a method for matching lensuagts to catalogs and finding the
probability that the association is genuine. Given a likedydidate for the lens object associated
with an event, it is possible to break the inherent degeyeraenicrolensing and estimate the
mass of the lens, depending on its distance. Eight percemiablensing events have matches
in the 2MASS catalog, and there are many more matches irogatéhat cover other wave bands.
In addition to detecting the associated lens or source,gossible that the cataloged object is a
companion or host to the actual lens. This opens up the pligsds finding dark nearby lenses,
such as stellar remnants or planets that are associatedataloged objects. We propose various
methods for determining which events are most likely to besed by nearby lenses, and apply
them to our matches. We present some interesting matchedtslgnd the results of observations
of those objects. This work is supported in part by the NSF Riad DOD ASSURE programs
under NSF grant no. 0754568 and by the Smithsonian Ingfituti



A New Digital S Star Atlasand ItsUses

Elizabeth Otto (The Ohio Sate University )
Paul Green, Doug Mink (Harvard-Smithsonian Center for Astrophysics)

S and carbon (C) stars are traditionally thought to be on thenp®otic giant branch because of
their high C/O ratios and enhanced s-process elements. Alsahf stars at high Galactic lat-
itudes would help us understand their formation and evatuin disk to halo populations, at a
variety of metallicities and with minimal reddening. Fafistars would either be at large Galac-
tocentric radii, or dwarfs. S dwarfs are in analogy to dwast@rs, which are thought to originate
from mass transfer in a binary system. Dwarf C stars are nawkino be the numerically dom-
inant type of C star in the Galaxy, but no S dwarfs have evenlieend. Their discovery and
knowledge of their space density could closely constramesof the many available channels of
binary evolution. The Sloan Digital Sky Survey (SDSS) seam&leal place to find faint S stars,
but the colors of these stars are largely unknown, sinceraiiwk S stars (median V magnitude
of ~ 10.5) are saturated in the SDSS. We use the FAST spectrogragtecrillinghast reflector
on Mt. Hopkins to obtain the spectra of 57 known S stars thpeapin the Two-Micron All Sky
Survey (2MASS). We flux calibrate these spectra, providentleéectronically as a digital atlas,
and convolve them with SDSS bandpasses to generate likldysdor S giants and dwarfs. We
find that these S star colors are not clearly distinguishenhfthe colors of M giants and C stars.
We also present initial results of a cross-correlation Wit SDSS spectral database, using the
FAST spectra as templates. This work is supported in parhbyNSF REU and DOD ASSURE
programs under NSF grant no. 0754568 and by the Smithsonsitution.

Massive Star For mation in the Cygnus-X Region

Dominique Segura-Cox (University of Michigan),

J.L.Hora, H. A. Smith, G. G. Fazio, E. Keto (Harvard-Smithsonian CfA), K. E. Kraemer, S.
Price, D. Mizuno (Air Force Research Laboratory), J. D. Adams (Cornell University), L. E. Allen
(NOAO), R. A. Gutermuth (Smith College), S. Bontemps (Obs. de Bordeaux), S. T. Megeath
(Univ. of Toledo), N. Schneider, F. Motte (CEA-Saclay), S. Carey (Spitzer Science Center), R.
Simon (Univ. of Cologne)

Massive stars shape galaxy evolution and nearby star famtitrough feedback mechanisms, yet
many aspects of how they form and how they evolve towardseh@age-main-sequence are still
a mystery. The Cygnus-X region contains many massive youwhigisbbjects (YSOs), and at only
a distance of I kpc, this complex is ideal for studying massive star fororatWe have observed
a list of 25 sources with the IRS, basing our source selectiocandidates previously identified in
the Cygnus-X Spitzer Legacy Survey using the MIPS and IRA@unsents, the IRAM 2 mm
survey of the region, and combining these with some oldeaiefl surveys. Common features
in the spectra include molecular hydrogen lines tracingckb@t the HIl region boundary, poly-
cyclic aromatic hydrocarbon emission in the Hll region, @adoon dioxide ice absorption in the
envelope. Silicate absorption is also present, allowingpwetermine interstellar extinction to the
sources. Neon and sulfur forbidden emission lines fromziedigas were also detected. Using the
objects. spectral energy distributions, along with lina flatios derived from the new IRS spectra,
we fit models of YSOs to derive stellar mass, age, and temyrerads well as total luminosity of
the system, envelope accretion rate of mass onto the stadspther physical parameters. This
work is supported in part by the NSF REU and DOD ASSURE programder NSF grant no.



0754568 and by the Smithsonian Institution.

Radial Distribution of M oleculesand lonsin the Protoplanetary Disk Around
IM Lup

Brian Svoboda (Western Washington University )
Karin Oberg (Harvard-Smithsonian Center for Astrophysics)

We present spatially and spectroscopically resolved Sllibreter Array (SMA) observations of
12CO J=2-1, 13CO J=2-1, DCO+ J=3-2, N2H+ J=3-2, and H2CO J=4148) line emission
from the IM Lup protoplanetary disk. We use Monte Carlo radetransfer calculations to com-
pare the SMA visibilities with tapered disk models, and useresults to constrain the outer radi
of the emission regions. N2H+ and H2CO are proposed to trasiegilains at temperatures below
20K, and DCO+ are proposed to trace gas temperatures below Bl@eKinferred outer radii for
N2H+ and H2CO are both 600 AU, and 36600 AU for DCO+. These values are consistent with
thermally decoupled gas and dust in the outer disk. This vaxskipported in part by the NSF REU
and DOD ASSURE programs under NSF grant no. 0754568 and yrthasonian Institution.

The Dynamical State of the Telescopium Galaxy Group - Deegp Chandra Ob-
servations of NGC 6868 and NGC 6861

Kimberly Ward-Duong (Northern Arizona State University )
Scott Randall, Marie M achacek
(Harvard-Smithsonian Center for Astrophysics)

We present results from deep Chandra observations of NGC &6&8GC 6861, the two dom-
inant elliptical galaxies in the Telescopium galaxy grodpé€ll S0851). We examine the diffuse
gas in and around these galaxies to establish the possibladtions occurring within the group.
Surface brightness images exhibit bright edges and talig;iwindicate that the galaxy group is
not dynamically relaxed. Spectral analysis reveals a bpireool gas with an associated cold front
edge in NGC 6868, indicative of gas sloshing initiated by sspag galaxy or subgroup. NGC 6861
shows bright, swept back arms and a broad tail of emissiaih, toche northwest, suggesting that
it is being ram pressure stripped due to interactions wittifag intracluster medium as it moves
to the southeast. We find evidence that the arms are compés®mlogas originating from the
galaxy core, and propose that, as seen in other systemsptagybe filaments that have been
buoyantly lifted by putative radio lobes inflated by the eehAGN. Our results are consistent
with previous suggestions that NGC 6868 and NGC 6861 areah&al dominant members of
two distinct subgroups, which are currently merging to fdhma Telescopium galaxy group. This
work is supported in part by the NSF REU and DOD ASSURE programder NSF grant no.
0754568, by Chandra grant GO0-1009X issued under NASA conidAS8-03060, and by the
Smithsonian Institution.



Radio Observations Reveal the Mass Loss History of Type Ibc Supernova
Progenitors

Sarah Wellons (Princeton University)
Alicia Soder berg (Harvard-Smithsonian Center for Astrophysics)

We present extensive radio observations of the nearby Typsupernovae 2004cc, 2004gq, and
2004dk spanning\t ~ 8-1800 days after explosion. Using a dynamical model develdpe
synchrotron emission from a slightly decelerated blaseyave estimate the velocity and energy
of the fastest ejecta and the density profile of the circullastmedium. The blastwaves for all
three supernovae are characterized by non-relativistamcitees ofv ~ (0.1 -25)c and associated
energies of ~ (2-10) x 10* erg, in line with the expectations for a typical homologoxple-
sion. Smooth, stellar wind density profiles are indicatedh®yearly radio data and we estimate
the progenitor mass loss rates toMex (8—40) x 10°¢ M, yr~* (wind velocity,v,, = 103 km s%).
These properties are consistent with those of Wolf-Rayes sthe favored progenitors of SNe Ibc
including those associated with long-duration gamma-nargtls. However, at late time, each of
these SNe show evidence for abrupt radio variability whiehattribute to significant circumstellar
density modulations (factor ef 5—100) at radii ofR ~ (1—-50) x 10*® cm. For SN 2004gq, the
density modulations are marginally consistent with theeexations for a variable and/or clumpy
Wolf-Rayet line-driven wind. However, in the case of SNe 200and 2004dk, the density mod-
ulations are more intenst] > 10 M, yr't, and possibly attributed to continuum-driven winds
or hydrodynamic eruptions. We compare the circumstellairenments for these three SNe with
those of other Type Ibc supernovae and nearby gamma-ratstand find that they are character-
ized by a more violent progenitor mass loss history in theades leading up to explosion. This
work is supported in part by the NSF REU and DOD ASSURE programder NSF grant no.
0754568 and by the Smithsonian Institution.

| nvestigating the Dynamical History of the Solar System

Schuyler Wolff (Western Kentucky University)
Ruth Murray-Clay, Rebekah Dawson (Harvard-Smithsonian Center for Astrophysics)

The current dynamical structure of the Kuiper belt was sbdpethe evolution of giant planet or-
bits during the era of planet formation. Numerical modelthes process, while reproducing many
properties of the belt, have difficulty generating the higblinations and eccentricities observed
for some objects while maintaining a low eccentricity and laclination "cold classical” popula-
tion. We present a parameter study of the effect of diffedymtamical histories on orbits in the
Kuiper belt using N-body simulations. In particular, we lpeowhich combinations of migration,
eccentricity damping, and inclination damping of Neptumerdhe history of the solar system al-
low the cold classical population to survive. This work ipparted in part by the NSF REU and
DOD ASSURE programs under NSF grant no. 0754568 and by th&éhSomian Institution.



