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Calibrating Pre-Main Sequence Models and Building Bridges to Diversity with Time
Domain Astronomy

I. Motivation

Recent advances in instrumentation and computation have ceated a new path to astronomical
discovery through the analysis of large scale surveys. Thisew mode of scienti ¢ inquiry is due
to the development of highly sensitive, wide eld photometric detectors that cover large swaths
of the sky to remarkable depth, as well as to the constructionof massively parallel multi-object
spectrographs, acquiring in an hour spectroscopic sampleghich previously required days to months
to obtain in serial. These highly e cient observing modes produce gigabytes to terabytes of data,
analysis of which, though computationally challenging, ca identify objects and events with spatial
and temporal frequencies at the one in a million level and b&w. Two recent surveys, the Sloan
Digital Sky Survey (SDSS) and the 2 Micron All Sky Survey (2MASS), illustrate the scienti c
productivity of these survey projects: a search of the Astrgphysical Data System for articles which
explicitly describe the use of SDSS and 2MASS data in their astracts returns more than 1300 and
300 results, respectively. The full impact of these project remains to be seen, as the SDSS is still
ongoing and the nal 2MASS data release is just 2 years past.

The surveys of the past decade, however, present fundamerntg static portraits of the sky. In
the decade to come, multiple large scale, time domain survesy seek to unveil the dynamic nature
of the universe, conducting repeat imaging with rapid cadewe to discover transient and variable
astronomical sources. These surveys promise to replicatehé footprint and depth created by the
SDSS and 2MASS, multi-year projects, on daily or weekly timacales. Given the leap in data
volume these surveys represent, their analysis will reque the development of new computational
tools and the application of robust statistical methods to reap their full benets. Progress in
observational astronomy in the 1900s was largelyesource limited, whereby the path to discovery
lay through obtaining access to scarce observational resoces, either in the form of telescope
aperture or instrumental capability. As time-domain work, and survey science more generally,
becomes increasingly prominent, astronomy will becoméabor limited, whereby scienti ¢ discovery
will depend largely on the number of astronomers trained to nanipulate and interpret the contents
of massive public databases.

Time domain science holds particular promise for answerin@g fundamental astronomical ques-
tion: How do stars form? As stars are the fundamental building blocks of the luminousuniverse, a
sound theory of star formation holds keys for understandingthe emergence of life around the early
Sun, the generation and reprocessing of heavy elements ing¢hGalaxy, and the evolution of galaxies.
However, while the development of quantitative models of stllar evolution from the main sequence
onward represents a signal accomplishment of 20th century sironomy, our understanding of the
formation and evolution of stars onto the main sequence remias qualitative in nature. Young

IMost prominent of these time domain projects are the Optical Gravitational Lensing Telescope (OGLE), the
Super Massive Compact Halo Object survey (SuperMACHO), the Panoramic Survey Telescope & Rapid Response
System (Pan-STARRS) and the Large Synoptic Survey Telescope (LSST), though numerous other time domain
surveys are currently being prepared.
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binary systems provide critical laboratories for testing theories of pre-main sequence evolution;
identi cation of such systems relies on the detection of phdéometric or spectroscopic variablity.
Other inherently dynamic processes, mass accretion and ration in young stars, also lend them-
selves to time domain study. As an NSF fellow, | propose to conduct a comprehensive

time-domain study of young stellar clusters to provide crit ical tests for star formation
theories. This survey scale dataset will also provide the fr amework for an educational
program aimed at increasing minority representation in ast ronomy and training future

astronomical survey scientists.

Il. Research Plan

Over the duration of my NSF postdoctoral fellowship, | will carry out coupled photometric and
spectroscopic time-domain surveys of several young stelleclusters. This survey, the Vanderhbilt
Variability Survey, will be conducted within the context of the Institute for Time Domain Astron-
omy (ITDA), an interdisciplinary, multi-institution coll aboration currently being organized with
leadership from Vanderbilt.2 The ITDA will create a uni ed graduate curriculum in time-do main
science and techniques, and will create connections betweanultiple time-domain research pro-
grams as well as with numerous undergraduate minority senrig institutions. The VVS survey,
undertaken as a part of the ITDA e ort, will be designed to add ress two core science goals:

Objective One: Calibrate models of pre-main sequence evolution through th identi cation
and analysis of young binary systems.

Objective Two:  Test theories of pre-main sequence angular momentum evolign by corre-
lating rotation periods, mass accretion rates, and circumgellar disk emission for young stars.

Objective One:  Calibrating models of pre-main sequence evolution with young
binaries

Observational constraints have been determined for sevetghysical parameters key to under-
standing star formation and early stellar evolution: the shape and variation of the stellar initial
mass function (IMF; Muench et al. 2002; Luhman 2004), the prgerties and lifetimes of circum-
stellar disks (Andre & Montmerle 1994; Haisch et al. 2001; Sissun et al. 2001), the dependence of
pre-main sequence rotation on age and stellar mass (Stassut al. 1999; Herbst et al. 2001; Rebull
et al. 2004) and the dependence of the mass accretion rate oteflar mass (Muzerolle et al. 2003;
Mohanty et al. 2005). Through these and similar e orts, we are gaining a more complete under-
standing of the process by which dense cores arise in moleaniclouds, collapse and accrete mass
to form embedded protostars, and contract to their nal positions on the stellar main sequence.

The vast majority of observational studies of star formation, however, require some means of
estimating stellar masses and ages to conduct their analyse These ages and masses are commonly
inferred through a comparison of observed stellar colors ahluminosities with values predicted by
various pre-main sequence (PMS) models (Bara e et al. 1998Siess et al. 2000). In this respect,
the studies described above are representative, as all relgn PMS models to assign ages and/or

2Proposed initial ITDA members: Vanderbilt, Yale, University of Washington, NOAO, Fisk.
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masses to the young stars in their samples. As a result, theiconclusions depend in no small
part on the accuracy of these theoretical calculations. Unértunately, PMS models remain largely

unconstrained; there are dynamical mass estimates for fewe¢han 10 PMS stars with less than the

mass of the Sun. Additionally, recent work has shown that moels appear to underestimate the
mass of PMS objects by a factor of two or more (Hillenbrand & White 2004; Mohanty et al. 2004;
Close et al. 2005; Reiners et al. 2005). Inaccuracies in PMSadels hold the largest rami cations

for studies of the stellar IMF, which depend critically on the relations used to transform observed
stellar colors into derived masses. The implications of chages in PMS models would not be limited
to IMF determinations, however, but would need to be investigated for nearly every study which

involves pre-main sequence age and mass estimates, incladi all the studies in the preceding
paragraph.

Providing meaningful constraints for PMS evolutionary models will require the identi cation of

a signi cant sample of PMS binary systems for the purpose of driving dynamical mass estimates.
Radial velocities of binary systems depend primarily on eigt system parameters: orbital period,
ephemeris, ellipticity and inclination, center of mass vebcity, orbital velocity semi-amplitudes and
mass ratio of the two components. Simultaneous ts to the obgrved radial velocities and light
curves of eclipsing binaries (whose inclinations are tighy constrained to be nearly edge on) provide
precise and accurate dynamical mass estimates with errorsfdess than 1%. The mass, radius,
e ective temperature (T ¢f¢) and luminosity determinations for components of such systms present
powerful tests for the accuracy of PMS evolutionary tracks Stassun et al. 2004). Can models
simultaneously describe these four parameters for a singlgtar? Does this model provide the same
age as that derived for its binary companion or the cluster asa whole? Spectroscopic binaries
without known inclinations provide a measurement of the mas ratio of the binary components;
these systems, under the assumption of coeval formation anithrough the use of spectral type/stellar
mass relationships, can provide similar (though less strigent) tests for PMS isochrones.

The primary focus of the Vanderbilt Variability Survey (VVS ) will be the identi cation of
eclipsing PMS binaries through photometric monitoring of sveral nearby, dense young clusters
accessible from the Southern hemisphere (e.g. Orion, Lagad\ebula, etc.). Telescopes of relatively
modest aperture, when equipped with modern detectors, can ow survey large areas with high
sensitivity and rapid cadence. The SMARTS 1m telescope (to Wwich Vanderbilt and other ITDA
members have dedicated access), equipped with the new Y4K tpal imager, is able to create a
complete survey of a T cluster to a depth of 20th magnitude (S/N  10) in 5 minutes. A single
epoch three color survey to this depth for a typical cluster @n thus be completed in 15 minutes;
multiple surveys can be optimally scheduled over the coursef an observing season to provide
sensitivity to events with cadences from minutes to months.

The resultant VVS photometric time domain database will be analyzed to reveal objects which
undergo photometric variability. These variable objects will be subjected to period nding algo-
rithms (Cstring-length' methods, fast fourier transforms, etc.) to determine if the variability is
well described by a characteristic timescale. Light curvedolded on the appropriate period will be
visually examined to determine the nature of the variability and identify eclipsing systems. The
eclipse light curve reveals the period and precise ephemsrof the orbit, while further analysis of the
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Phase

Fig. 1.| Near-infrared photometric light curves for a low-m ass eclipsing binary candidate system.
Eclipse signatures are clearly detected in all three colots Analysis of the light curves reveal a
1.3195 day period for the system; this period, however, rexas no secondary eclipse. As the eclipse
depth ( .3 mag) implies a companion of signi cant size, this ystem is most likely composed of
nearly equal mass components with an orbital timescale of 839 days, with both the primary and
secondary eclipses being folded together in the best t angkis.

exact eclipse pro le provides constraints on the inclination of the orbit and the ratio of the stellar
e ective temperatures. This method, applied by the University of Washington time domain group
to near-infrared imaging of the Galactic eld, has already produced one low-mass eclipsing binary
candidate system (see Figure 1). A survey similar in nature ¢ the VVS of 3000 ONC members
by Stassun et al. (1999) has revealed several PMS eclipsingnaries, doubling the number of such
known systems. This sample includes the rst sub-solar and sb-stellar mass binaries, providing
new PMS model constraints in unexplored areas of parameterpace.

The spectroscopic component of VVS will use high resolutionmulti-object spectroscopy to
derive orbital solutions for photometrically identi ed ec lipsing binaries and newly identi ed spec-
troscopic binaries. Multi-object spectrographs on moderge aperture ( 4m) telescopes now allow
rapid assembly of spectroscopic samples containing hundds of objects to identify double and
single-lined spectroscopic binaries. The HYDRA spectrogaph on the CTIO 4m, for example, will
provide spectra for 75 targets over a 1 eld, along with concurrent observations of standards for
measuring radial velocities, spectral types and sky backgrunds. This highly e cient observing
mode will allow the derivation of radial velocities accurate to the 2 km/sec level for hundreds
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of cluster members brighter than 17th magnitude, with sampling cadences similar to that of the
photometric survey. Spectroscopic observations of eclipisg binaries provide radial velocities for
each component { this information, used in concert with photometric eclipse observations, enables
precise dynamical mass measurements. Spectroscopic bigaystems, observable over a much larger
range of orbital inclinations than eclipsing systems, geneate a measurement of the ratio of com-
ponent masses, which can be used as an additional constraifibr PMS models. The maturation
of optical and infrared interferometry also allows the measirement of astrometric orbits for spec-
troscopic binaries unresolved by traditional imaging; indeed, this technigque has already generated
dynamical mass estimates for a previously unresolved spatscopic binary (Boden et al. 2005).

Objective Two: Analysis of PMS angular momentum evolution using matched
rotation periods, spectroscopic accretion diagnostics, and circumstellar disk signatures

It is widely understood that angular momentum must be extracted from young stars during their
PMS evolution; if this were not the case, stars on the zero agenain sequence would rotate much
more rapidly than observations indicate (Hartmann & Stau e r 1989). Beyond this point, though,
no clear consensus exists on the mechanism by which these stare rotationally braked. The most
commonly invoked mechanism for PMS angular momentum dissiation is through the interaction of
a young star with its circumstellar disk via magnetosphericaccretion columns (commonly invoked
as ‘disk locking'; Ostriker & Shu 1995). Detailed hydrodynanic simulations of disk locking are
unable to achieve the necessary angular momentum loss rateBowever, suggesting that accretion
powered stellar winds may be the solution to the “angular morentum problem' (Matt & Pudritz
2005b,a).

Recent observational studies of PMS rotation are equally nked. Early evidence in favor of the
disk locking scenario suggested that PMS stars with near imrred excesses indicative of circumstellar
disks tend to be slow rotators, while PMS stars lacking diskgpossess a wide range of rotation rates,
from fast to slow (Edwards et al. 1993). That this correlation represents the expected behavior of
disk locked stars has been challenged (Stassun et al. 200bit new Spitzer data appears to con rm
the underlying distribution of rotation rates and infrared excesses (Rebull et al. 2005). Recent
photometric surveys of star forming regions (Stassun et al1999; Herbst et al. 2001; Rebull et al.
2004) have provided extensive data sets for modeling the elition of rotation rates, particularly as a
function of mass, but have not clearly identi ed an unambiguous signature of the dominant angular
momentum extraction mechanism. The most detailed investigtion of the physical relationships
between the mass, radius, accretion and rotation rates of PN stars (Johns-Krull & Ga ord 2002)
appears to be broadly consistent with the magnetospheric ametion model. As well, new work
has shown evidence for rotational braking consistent with dsk locking prior to the optically visible
PMS phase (Covey et al. 2005). In both these cases, howeveligsi cant uncertainties in derived
stellar parameters prevent a full and robust test of the magretospheric accretion model.

A signi cant product of the VVS catalog will be a comprehensive set of homogeneous PMS
rotation periods as a function of age and environment, coupd with mass accretion rates measured
from emission line strengths in the VVS spectroscopic catalg. Archival Spitzer photometry (to
which we will match our VVS sources) more accurately identies PMS circumstellar disks than
ground based near-infrared excesses, and Sicilia-Aguilat al. (2005) have found that spectroscopic



NSF Astronomy & Astrophysics Postdoctoral Proposal, Kevin R. Covey 6

accretion diagnostics more clearly separate slowly and ragly rotating PMS stars than near-infrared
excesses. Accordingly, VVS will allow the construction of tatistically robust samples of rotating
PMS stars in a variety of environments, capable of de nitively illustrating the statistical connections
between rotation, accretion, and circumstellar disks; VVSwill generate a complete view of any
inter-relations between the rotation of young stars, the ske of their mass reservoirs, and the rate
at which those reservoirs are being tapped.

The masses and radii determined for a sample of PMS binariesiowever, will enable even stricter
physical tests for magnetospheric accretion. The detailedelationship predicted by Ostriker & Shu
(1995) to link stellar properties with accretion phenomenapossesses the form

Rifpce | MPSMOOPR? (1)

With highly accurate measurements of M—and R—for eclipsing binary systems, as well as direct
measurements of mass accretion rates and rotation period8/VS will provide the most accurate
constraints of magnetospheric accretion theory currentlyavailable. The only unconstrained param-
eters in this analysis are the magnetic eld strength and thearea of the accretion column footprint.
High resolution spectroscopic observations of magnetichl sensitive 2.22 m Ti lines reveal Zeeman
broadening for slow rotators su cient to directly measure P MS magnetic eld strengths. Observa-
tions of these systems with PHOENIX on Gemini South will provide nearly completely constrained
laboratories for investigating PMS angular momentum evolttion.

I1l. Broader Impacts

To take fullest advantage of the scienti ¢ opportunities presented by the next generation of
time-domain and large-scale surveys, the American astrormaical community will need to address
two limitations to our scienti ¢ capacity: 1) the ongoing lo ss of scienti ¢ talent from astronomy
caused by disproportionately low involvement by members ofunderrepresented groups, and 2) a
lack of programs to explicitly provide astronomers with the tools necessary for conducting survey
science. By leveraging the scienti ¢ "connective tissue' eveloped through the VVS and Vanderbilt's
leadership role within the Institute for Time Domain Astron omy, | will implement an educational
and outreach program to address both shortfalls:

Objective One: Prepare underrepresented students for astronomy graduatstudies through
personal mentorship and the development of institutional resources.

Objective Two: Develop and lead a summer institute to train future survey sdentists.

Objective One:  Preparing underrepresented students for astronomy graduate school
Numerous studies on the demographic makeup of astronomy havidenti ed the same problem:
the low rates of participation by women and members of ethnicminorities represents a crippling
loss of scienti ¢ talent from the eld. These studies are not anecdotal in nature, but represent
statistically signi cant departures between the astronomical community and the broader public.
While women make up 46% of the US workforce, only 20.6% of Astmomy PhDs received between
1993 and 2002 were awarded to women. Similarly, ethnic minaies make up 30% of all Ameri-
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cans, but they represent less than 5% of Astronomy PhDs awared between 1993 and 2002.The
disconnect between the makeup of the astronomical communytand the broader American public
represents a signi cant loss of scienti ¢ talent from the eld of astronomy. Similar demographic
trends across the physical sciences have led the National i®ace Board to call for additional pro-
grams \to facilitate the progression of bachelor-level s@nce and engineering students to advanced
degrees, post-doctorates, and the professoriate!"To provide leadership on this issue at the local
level, | co-authored a diversity plan for the University of Washington's Astronomy Department,
To Feed, To Fix: Diversity and the Astronomy Pipeline at the University of Washington®. This
document summarized the current status of diversity e orts within the astronomy department and
laid out additional strategies and resources the astronomydepartment could use to recruit and
retain talented, underrepresented astronomers.

As re ected in the title of the UW diversity plan, issues of workforce diversity are commonly
thought of in terms of a metaphorical pipeline whose ultimate goal (in an astronomical context) is
transporting students from high school to a career as a profgsional astronomer. The ine ciency
of this pipeline in producing astronomers from underrepresnted groups reveals shortcomings in
our ability to recruit students from one stage of the pipeline to the next and toretain students
within the pipeline during a given educational phase. Imprwving the retention of underrepresented
students will require enhanced mentorship to sustain studats through the periods of isolation and
intellectual fatigue that frequently accompany transitions to new, majority dominated academic
environments. Most students experience these feelings atbme point in their career, but a lack
of support networks can make their e ects particularly discouraging to underrepresented students.
Fortifying recruitment at the graduate level will require b ridging the disconnect that currently
exists between undergraduate minority serving institutions (MSIs), who produce the lion's share of
underrepresented bachelor degrees in physics and astrongnand the prominent graduate programs
that train astronomers for successful professional career

In collaboration with the American Astronomical Society's (AAS) Committee on the Status of
Minorities in Astronomy (CSMA), | will work to provide talen ted underrepresented undergraduates
at MSls with access to summer astronomical training and resarch experiences which now serve as
de facto requirements for admission to many astronomy gradate programs. | will begin by creating
a set of resources to help connect undergraduates with an intest in astronomy with research en-
richment opportunities available nationwide. In coordination with the NSF REU program o cers
and by surveying the chairs of major astronomical researchristitutions for information concerning
non-REU programs, | will assemble a comprehensive listing foastronomy enrichment programs
open to undergraduates, the Astronomical Opportunities fo Undergraduates Catalog (AOUC).
This catalog will contain descriptions of the focus of each pogram, applicable deadline and stipend
information, as well contact information for the program administrator. These listings will allow

3Statistics derived from the Nelson Diversity Surveys of top 50 research universities in astronomy: http:/
cheminfo.chem.ou.edu/faculty/djn/diversity/PhDTable s/0OlastronPhD.html

“Broadening Participation in Science and Engineering Faculty: http://www.nsf.gov/publications/pub _summ.
jsp?ods _key=nsb0441

Shttp://www.astro.washington.edu/grad/Diversity _plan.html
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undergraduates nationwide, and particularly those at MSIswith relatively small astronomy pro-
grams, to identify programs to strengthen their background in astronomy and give them a fuller
picture of astronomy as a possible career.

Having created the AOUC, | will aggressively promote it to underrepresented students. The
inclusion of numerous MSI institutions as partners in the ITDA will be critical to this e ort. As
MSiIs typically do not have access to observational facilites, the VVS database will represent a
valuable source of cutting edge data for undergraduate thess at these institutions. The ongoing
nature of time-domain surveys will drive these research-bsed institutional connections to develop
into vibrant, ongoing collaborations. Through these colléborations, | will be able to e ciently iden-
tify and promote the AOUC to undergraduates at MSIs most likely to be interested in continuing
on to graduate studies.

| will also create a companion database of undergraduate ptsics and astronomy students
interested in exploring a career in astronomy. Students in he Young Stars database will receive a
bi-weekly email newsletter modeled on theAASWOMEN and CSMA-info mailing lists. Young Stars
will disseminate information of use to undergraduates withan interest in astronomy: descriptions
of research programs (culled from the AOUC described aboveREU and graduate school deadline
reminders, GRE information, articles by fellow students who have successfully made the transition
to graduate school, etc. The newsletter will allow for an enlanced dialogue between the AAS and
undergraduates, identifying issues of concern to burgeong astronomers and o ering a mechanism
to harness the imagination and energy of the AAS's youngest rambers. The database will also serve
as a central repository for REU and graduate department chais to turn to when recruiting students
to their programs. This database will be open to all undergraluates and will be widely advertised
at national AAS meetings. Young Starswill also be aggressively advertised to MSI undergraduates
and department chairs involved in the ITDA, as well as through my continued participation in the
national meetings of the National Society of Black Physiciss (NSBP; Covey & West 2004) and the
Society for the Advancement of Chicanos and Native Americas in Science (SACNAS). Though
establishing and advertising the Young Starsand AOUC databases on a national level will require
a signi cant investment of time and energy, my recent experences helping to create the University
of Washington's new Pre-Major in Astronomy Program® (Pre-MAP) give me con dence | can build
these databases into valuable recruitment tools during thecourse of my NSF fellowship.

Lastly, | will serve as a mentor to MSI undergraduates through participation in the Fisk Sum-
mer Research Program. Students in this program spend 9 weeka residence at Fisk University
conducting independent research projects, and are providewith additional enrichment opportu-
nities including weekly seminars by faculty and visiting sdentists, a mathematical physics course
to prepare students for graduate level courses, and bi-weék presentation sessions leading up to
a capstone written, oral and poster presentation of their sunmer's work. The VVS database will
provide fertile ground for numerous small time-domain projects related to the research goals de-

8This program introduces first year under-represented students to astronomical research through participation
in a seminar attached to the introductory astronomy course, as well as providing one-on-one mentorship and peer
support; http://www.astro.washington.edu/premap/
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scribed in the previous section. Given the observational cdences required to make the VVS a
success, undergraduate students will also participate dectly in one or more VVS observing runs.
Engaging in observing runs was critical in inspiring me to cloose astronomy as a career, and | will
dedicate a portion of my personal research budget to supporstudent travel for data acquisition.

Objective Two: Develop and lead a summer institute to train future survey sci-
entists

I will help cultivate a broader population of astronomers able to support and make use of future
time domain and survey projects by developing an intensive liree-week summer course focusing on
the skillset necessary for astronomical research using sugy scale datasets. O ered as a component
of the Fisk/Vanderbilt Bridge to PhD program, as well as part of the ITDA graduate curriculum,
this course will be complementary to, but distinct from, the approach taken by the current NVO
summer school. Instead of focusing on the tools of the NVO prect itself, | will introduce students
to the tools and techniques necessary to acquire, reduce, alyze, and release to the public data
from astronomical surveys. | will use a series of mini-lecttes to introduce important computational
and statistical tools necessary for survey science. Sped modules will focus on tera-byte data stor-
age and management, creation of software reduction and angdis pipelines, quality assurance, and
multi-wavelength data mining techniques (temporal and spaial source matching algorithms for
catalogs with di ering dynamic ranges, use of data quality ags to assemble high quality samples,
etc.). Students will hone these techniques on archival VVS dta and conclude by conducting small
time domain database research projects. By the end of this elss students will possess powerful
tools and skills for use in their own thesis work, and will be pepared to satisfy a growing demand
for astronomers capable of supporting the infrastructure ad scienti ¢ needs of current and future
survey projects. The three week course will also provide nuerous opportunities for students to
form collaborations and partnerships with graduate studeris and faculty at other ITDA institu-
tions. This will contribute to the goal motivating the previ ous section, generating a network of
informal mentoring relationships to sustain students during their graduate career and strengthening
bonds between MSI programs a liated with the ITDA and the bro ader astronomical community.

IV. Justification of Host Institution

Vanderbilt possesses a number of institutional advantagesvhich make it the ideal location for
the research and education plans | will carry out as an NSF fébw. Keivan Stassun's presence on
the Vanderbilt faculty represents the greatest asset for the scienti ¢ goals of my post-doctoral fel-
lowship. Stassun's research program has a successful trackcord of identifying and analyzing PMS
binaries in the context of PMS evolutionary models (Stassun2004). As well, Stassun's thesis work
and subsequent postdoctoral publications centered on theralysis of time domain survey datasets
(Stassun 1999, 2000, 2001). As | apply my existing data minig (Covey et al. 2002, 2003a) and
spectroscopic skills (Covey et al. 2003b, 2005; Covey et a2005) towards the analysis of eclipsing
binaries, Stassun's expertise and experience in this eld Wl be invaluable for ensuring the success
of the project. Vanderbilt's membership in the SMARTS consatium of small and mid-sized tele-
scopes will provide valuable access to signi cant stretche of time on 1-2 meter class telescopes; this
type of access is perfect for a science program where succespends more on continuous temporal
sampling than sheer aperture size. Lastly, Stassun and Varetbilt are leaders in the e ort to estab-
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lish the multi-institutional, cross disciplinary Institu te for Time Domain Astronomy, of which my
graduate institution, the University of Washington, will b e a member. The ITDA will enable ac-
cess to the world's foremost experts in time domain astronomy numerous institutionally controlled

observational facilities, and the organic growth of scientc collaborations focusing on time-domain
discoveries from Large Synoptic Survey Telescope precunsdatasets. It is hard to imagine a more
fertile environment for post-doctoral research in the eld of time domain astronomy.

Vanderbilt also represents the ideal location to implementmy educational outreach plan. Stas-
sun's support, in his role as the chair of the AAS Committee onthe Status of Minorities in Astron-
omy, will be critical for institutionalizing the undergrad uate resource databases | propose to create
under the auspices of the AAS. Additionally, Vanderbilt has existing and growing connections to a
number of MSls; Vanderbilt is most closely allied with neighboring Fisk University, but has numer-
ous relationships to other MSI science departments in the aatheastern United States. The ITDA
will involve extensive participation from regional MSIs, forming a science based collaboration to
bring together astronomers from a variety of institutions to tackle common scienti ¢ goals. My
plans to build and promote the AOUC and Young Stars databases, recruit MSI undergraduates to
mentor through summer research projects, and design a threeareek ITDA summer course in survey
science, all require establishing and maintaining persoraand institutional connections to recruit
and retain talented underrepresented astronomers as they ove towards a career in astronomy.
Vanderbilt and the ITDA lie at the center of a web of connections between the AAS, national re-
search programs in astronomy, and regional MSI institutiors that will be key assets for the success
of my educational outreach plan.

V. Career Goals

In the long term, | plan to earn a faculty position at a four year college or university where | can
combine my interests in astronomical research, science itrsiction, personal mentorship, and insti-
tutional service. My primary research focus will continue to be measuring fundamental physical
properties (stellar mass, angular momentum, temperature,lJuminosity, disk mass, mass accretion
rate, etc.) of young stars. My observational research progam will provide applications of physical
concepts to enrich my teaching, as well as create opportuniés for student research that fosters
mentoring relationships. My research program will also fom the basis for scienti cally focused
relationships with institutions serving students traditi onally underrepresented in astronomy. These
connections will provide visible career paths to students o may not have previously considered a
future in astronomy, ensuring our eld shares in the bene ts of their scienti ¢ talents. Lastly, | will
work within my institution and the AAS to lessen cultural and institutional barriers that hamper
the progress of these students as they proceed along their owwaried career paths.

The NSF postdoctoral fellowship will play a key role in helping me to develop the wide suite of
professional skills necessary to realize this vision. Theasearch enabled by this fellowship will allow
me to further develop my skills in analyzing survey-scale pbtometric and spectroscopic datasets,
while developing greater facility with rapid cadence time domain techniques. Additionally, the
uniquely explicit support the NSF fellowship provides for broader impact e orts will allow me
to continue my involvement with programs that seek to remove barriers to full participation in
astronomy by members of underrepresented groups.



