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ABSTRACT

My primary research interest is in observational stellar astrormay. Broadly speaking,
| work on two di®erent groups of objects. One is ordinary stars, pycally less massive
than the Sun, which are using the conversion of hydrogen into néan in their cores to
prevent gravitational collapse. Many such stars have strong aratctive magnetic elds
that are responsible for the production of X rays, and in a numbeof di®erent projects
| am working to identify and characterize these X{ray bright stas. | also study white
dwarfs and neutron stars, two of the possible endpoints of stellavolution, where fusion
has ended and degeneracy pressure is preventing gravitatiboallapse. White dwarfs
are typically the size of the Earth but over half the mass of the &, while neutron
stars, city{sized but roughly one{and{a{half times the mass of he Sun, are even more
compact. In this report | discuss three projects related to tree research interests that
have seen signi cant progress in the past year.

My current outreach work has two main goals. One is to collabate with science
teachers, and to this end | wrote a successful Education/Public @reach proposal to
fund a teacher{training program, Rooftop Variables, that jist completed its rst year.
My other goal is to challenge the historic under{representatn of women and minorities
in our discipline and in the natural sciences. This past August | wakired as the
Associate Director for a new post{baccalaureate program here@blumbia, and | worked
with a cohort of eight post{bacs to prepare them for the transibn to graduate school. |
discuss these outreach programs and my role in each below, ansballescribe a number
of other activities in which | have been involved over the pasgear.

1. Research
1.1. Multi{Wavelength Observations of Low{Mass White Dwar fs

The number of known white dwarfs (WDs) has increased dramatiltg since the beginning of the
Sloan Digital Sky Survey (SDSS). The most recent SDSS WD cata) yielded 9300 spectroscopically
con rmed WDs, of which 6000 are SDSS discoveries (Eisenstein et20006). The majority of these
objects are hydrogen (DA) WDs for which the mass distribution peks at the expected value of
0:6 M-. But among the new SDSS WDs there are also a handful of candidavery low{mass
WDs (LMWDs) with M < 0:45 M-. Such objects are noteworthy not only because of their rarity
but because the Galaxy is not thought to be old enough to prodecLMWDs through single star
evolution. The youngest WDs in the oldest Milky Way globular alsters have masses of 0.5 M-
(Hansen et al. 2007). Lower mass WDs must therefore undergo sigr@int mass loss, presumably
because they form in close binaries whose evolution includestape of mass transfer. During this
phase, much of the WD progenitor's envelope is removed, stumgj the WD's evolution by preventing
a helium °ash in its core and resulting in the observed low{mass, hein{core WD. As Marsh et al.
(2995) put it, \low-mass WDs need friends."

Studies of large samples of DAs have found that roughly 10% havesses; 0:4 M-, and that
in the majority of these binaries the companion is likely to be degenerate star (Liebert et al. 2004,
2005). The Marsh et al. (1995) systems are WD/WD binaries, but th& MWD companions can
also be neutron stars (NSs; cf. discussion in Driebe et al. 1998). lese systems, binary evolution
produces a LMWD in a near-circular orbit around the NS \reborti as a millisecond pulsar (MSP;
for discussion of di®erent evolutionary scenarios involving NSseskuris & van den Heuvel 2006).
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Fig. 1.| Log g vs. logTee for the SDSS LMWDs overlaid on tracks of constant mass (in unitsf

M-) from Serenelli et al. (2001) for M = 0148 and 0160 M- and from Althaus et al. (2001) for
M, 0:169 M-. Note that a canonical 06 M- DA WD has log g = 8 and that the observed peak in
the temperature distribution for SDSS DAs is loglee ¥4 4. The tracks are color{coded to indicate
the age of a LMWD of a given mass, calculated by these authors fraire end of mass transfer onto
the WD companion. The solid data point is J2049, identi ed as a A3tar by Kilic et al. (2007b).

Because of the theoretical and observational connections iveen LMWDs and MSPs, we began
by using the Green Bank Telescope (GBT) to search for radio pulsahs from putative pulsar
companions to 15 spectroscopically con rmed SDSS LMWDs. (The $ace gravities (logg) vs.
temperatures (logTee) Of all the candidate LMWDs are plotted in Figure 1.) No conviring pulsar
signal was detected in our data. This is consistent with the ndigs of van Leeuwen et al. (2007),
who conducted a search for radio pulsations at 340 MHz from unseeompanions to eight SDSS
LMWDs (three of which are no longer considered LMWDs). Our norgetections place stronger
constraints on the probability that the companion to a given IMWD is a radio millisecond pulsar;
we lower this likelihood from< 26% to < 10:"'2% (AgAieros et al. 2009a).

Separately, we observed SDSS J091709.55+463821.8 (heeeaf®917), the lowest surface grav-
ity WD currently known, with the GBT and XMM{Newton, in an attempt to uncover a potential
NS companion. J0917 has log = 5:558 0:05 (M ¥ 0:17 M-; Kilic et al. 2007a,b), and an optical
search for its unseen companion showed that it must be a compactjett with a mass, 0:28 M-
(Kilic et al. 2007a). Once again, no convincing pulsar signas idetected in our radio data. Our
XMM observation also failed to detect X{ray emission from J0917's cqmranion, while we would
have detected any of the MSPs in 47 Tuc. We conclude that the mpanion is almost certainly
another WD (AgAieros et al. 2009b).

If the LMWD companions are not NSs, the likelihood is that theircurrently unseen companions
are also (very faint) WDs. Roughly two dozen WD/WD binaries are&known and in ten such systems
both WD masses have been measured (see Nelemans et al. 2005, aretertes therein). The
individual masses of WDs in these systems range betwee@®and 071 M-; the median mass for
those with measured masses (and not just lower limits) is4B M-. The majority of these double
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WD systems have mass ratios near unity, which is contrary to what expected from standard
population synthesis models (Nelemans & Tout 2005). This has &® used to argue that energy
balance ®{formalism), the standard prescription for common envelope @ltion, should be replaced
by angular momentum balance {{algorithm; Maxted et al. 2002; Nelemans et al. 2005).

In particular, Nelemans et al. (2005) found that the®{formalism cannot be used to describe
the rst phase of mass transfer for nine of the ten double WD systems which both WD masses
have been measured. The exception is WD1704+481, which has asw ratio = 0:7, similar to the
expected ratio from the®{formalism. The mass ratio for the JO917 binary system is 0:61. Recent
observations of another LMWD, LP40Q 22, showed that it is in a binary with a mass ratio 0:46
(Kilic et al. 2009). The mass ratios of these systems imply that th®formalism may explain at
least some of the WD/WD binaries. Determining the mass ratios ofe other SDSS LMWD systems
for which the nature of the companion is currently unknown Wi be important in understanding
the role of energy versus momentum balance in reconstructingmmamon envelop evolution.

| am therefore planning to monitor radial velocity variations in several other SDSS LMWDs
with Mukremin Kilic (Center for Astrophysics) using the 65{m telescope at the MMT Observatory,
AZ. We have an observing run in September that will add to an aleely fairly extensive data set
(including Gemini 8{m telescope observations that | have yeta analyze); in all of the data we have
looked at so far we have detected radial velocity shifts, suggesiithat we are closing in on these
LMWDs' friends.

1.2. Identi cation of ROSAT Stellar Sources

For my Ph.D. thesis, | constructed a sample of stellar X{ray emittes cataloged in theROSAT
All-Sky Survey (RASS; Voges et al. 1999) and falling within thdootprint of the SDSS Data Re-
lease 1. | identi ed 709 stars, most of which are coronal X{ray emgts that are unsuitable for SDSS
spectroscopy, which is designed for fainter objectg & 15 mag). Instead, | used SDSS photometry,
correlations with the Two Micron All Sky Survey and other cat#éogs, and spectroscopy from the
Apache Point Observatory (NM) 35{m telescope to identify these stellar X{ray counterparts. The
resulting sample of 707 X{ray emitting F, G, K, and M stars is one othe largest X{ray selected
samples of such stars.

In AgAieros et al. (2009c), we derived distances to these starsngsphotometric parallax re-
lations appropriate for dwarfs on the main sequence, and useletse distances to calculate ,L
Furthermore, we identi ed a previously unknown cataclysmic vaable (CV) as a RASS counter-
part. Separately, we used correlations of the RASS and the SDSBectroscopic catalogs of CVs
and WDs to study the properties of these rarer X{ray emitting stas. We examined the relationship
between €x =f,) and the equivalent width of the H emission line for 46 X{ray emitting CVs and
discussed tentative classi cations for a subset based on these qudatt We identi ed 17 new X{ray
emitting DA (hydrogen) WDs, of which three are newly identi edWDs. Finally, we reported on
follow{up observations of three candidate cool X{ray emittigy WDs (one DA and two DB (helium)
WDs); we have not con rmed X{ray emission from these WDs.

A subset of stars for which we obtained multiple APO spectra were Maits with what appeared
to be stronger{than{average emission lines. Figure 2 shows the sfra for the target with the
largest number of observations, the proposed counterpart to 1IRX®80826.7+434745. The initial
spectrum suggested that we caught this M4 star °aring, and we retned to it regularly over the
course of the next two years. All of the spectra include the Balmemnd Call H & K emission lines
typical of M star spectra. However, these features are much strasgin the initial spectrum, as
can be clearly seen in the bottom panel of Figure 2, where the spra have been normalized to the
value of their °ux at 4600 A. In addition, an emission feature at 4471 is evident in the initial
spectrum and absent in the quiescent spectra. During a °are, the amnt of material emitting at
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chromospheric temperatures increases, and lines due to higtcigation species such as Hel, which
is responsible for this feature, appear. The blue continuumsible in the initial spectrum is also
typically observed in °are events. In a forthcoming paper (Hilta et al. in prep.) we describe the
properties of M stars for which we detected similar changes tbé emission lines and continuum.
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Fig. 2.| APO spectra of the proposed stellar counterpart to 1RXS J®B0826.7+434745Top: The

spectra are arti cially o®set from each other in °ux; two spectra we obtained on 2005 Apr 21
and Dec 20.Bottom: The blue continuum and strong Balmer emission visible in the 2@80Dec 03
spectrum are even more apparent when all of the spectra are naimed to their °ux value at 4600
A. The dot{dashed lines indicate the positions of the Ca H & K ling (at this resolution, Ca H is

blended with H?), while the dashed line is Hel (4473).

1.3. Con rmation of Candidate Isolated Neutron Stars

More than a decade after the discovery by Walter et al. (1996) &®X J1856.4 3754, the rst
X{ray bright, radio{quiet isolated neutron star (INS), INSs remain rare, with only seven currently
known. Revised models of interstellar accretion onto INSs, thght to be the main mechanism
for reheating older NSs, suggest that most such objects will in fabie invisible to current X{ray
telescopes (Perna et al. 2003). Meanwhile, Popov et al. (20@@ve suggested that at the bright end
of the X{ray log N{log S distribution, where most INS searches haveaken place, the current number
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of known INSs is compatible with population models for young;ooling neutron stars. However,
given the potential usefulness of INS observations in constrang the equation of state of matter at
extreme densities, there continue to be catalog{level attentpto identify new INSs. While several
INS candidates have recently been suggested, their exact natemains open to interpretation or
their faintness at X{ray and optical wavelengths severely contigates their con rmation.

The Magni cent Seven were discovered in RASS data. The merged R&®Bright and Faint
Source Catalogs (BSC, FSC) lists 124 000 sources. Identifying the counterparts to these X{ray
sources is on-going work, for which SDSS has emerged as an lexgetool by virtue of its scale
and depth. In AgAieros et al. (2006), we used the RASS BSC and FS@ldahe SDSS Data Release
4 to identify candidate INS elds. None of the Magni cent Seven istighter than B = 25:2 mag,
and given the highfyx =f,y ratios expected for INSs, any optical counterpart is likely tdoe well
beyond the SDSS faint limit,g » 22 mag. Instead we relied on SDSS data to remove contaminants
to INS searches and reduce the number of RASS error circles in efhto search for new INSs. We
excluded 99% of the RASS error circles in our initial sample, and charaaieed a dozen surviving
RASS elds as optically blank to the SDSS limit.

In a paper currently in preparation, we report on our observabns to determine whether our best
candidates are indeed INSs, other exotic X{ray sources, or transteX{ray sources. In particular,
we discuss the especially interesting case of RXS J140654.5+5Z681RXS J1406). This is the
only source for which we have &handradetection (SNR» 4) within the RASS eld and no SDSS
counterpart. Crucially, in overlaying the Chandraand SDSS astrometry, we nd that this source
lacks a detectable optical counterpart in the SDS8griz images within the Chandra error circle.
A stack of the gri SDSS images, which yields an e®ective imaging depth23 mag, also shows no
SDSS optical counterpart positionally consistent with the X{rg source, all of which is consistent
with this source being a strong candidate INS.
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Fig. 3.] Smoothed co{added g{band GMOS image of the 1RXS J1406 eld. SDSS objects 1 and
2 are the two objects visible in the original (shallower) SDSSniage of this eld. The Gemini and
SDSS positions are o®set by 2°°

INSs typically have blackbody spectra with a peak in soft X rays. & observed 1RXS J1406
with XMM on 2007 June 21 for» 25 ks. The spectral analysis was restricted to events with
energies below 4 keV, and model spectra were tted simultaneousty data from the three XMM
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detectors. We tested a number of spectral models individuallynd combined, and found that the
power law and bremsstrahlung models represent the observed speat comparably well, while a
simple blackbody did not t the data well. Furthermore, a tto a composite power law + blackbody
model indicated that no second component is required in adéh to the power law.

Separately, we used the Gemini Multi{Object Spectrograph (®OS) to obtain deeper optical
images of the 1RXS J1406 eld. Five Gemini queue mode observasowere carried out on 2008
January 17, May 3, and May 4; each observation was 750 s long.the resulting image (Figure 3),
the positions of the objects visible in the original SDSS imagare indicated with the small red
circles; these are o®set from the Gemini positions by 2% If we shift the Chandra source position
by this o®set, it is positionally consistent with ag » 25 mag object. This implies that the source
has log €x =fopt) » 2:4, which is high, but unlikely to be an INS. Together, the Geminand XMM
data suggest that 1RXS J1406 is a likely (optically obscured) AGN.

So it appears that this search for new INSs has been unsuccessfall ghe question is why.
One approach to answering this is to look at the most recent pofation models for these objects,
and apply our X{ray sensitivity and the size of the SDSS footprin{and perhaps its position away
from the Galactic plane, which is presumably where one wouldgect to nd most neutron stars)
to predict how many INSs we think are in the RASS/SDSS data. Depeling on what we nd, it
may be worthwhile to re ne our search algorithm, particularlysince the SDSS area is now several
thousand square degrees larger than it was when we identi ed oceindidates.

I will end my description of my research e®orts here and turn to mgutreach work over the
past year.

2. Outreach
2.1. Rooftop Variables, a Training Program for Science Teac hers

In November 2007 | submitted a proposal in response to thehandra Cycle 9 call for Ed-
ucation/Public Outreach proposals. My goal was to fund a new hais{on training program for
middle{ and high{school science teachers, Rooftop VariableRY), which would also assist teachers
who completed the program in setting up astronomy clubs in theschools. Rooftop Variables was
awarded $45000 over two years and we are now preparing for the transitioretween our rst and
second cohort of teachers (see Figure 4 for a picture of this yeaeam).

The four participating teachers were selected through Coluona University's Summer Research
Program for Science Teachers (SRP). SRP teachers are higtmhotivated New York City{area
science teachers interested in acquiring research experienday Dubner, the SRP's coordinator,
was instrumental in putting together the proposal and is a key mmber of our team. Two of our
teachers work in middle schools and teach astronomy as part dfeir Earth Sciences classes; two
are in high schools, and teach astronomy as an elective or in thentext of a science club.

The rst half of the program was spent helping the teachers acqe background knowledge. We
organized four sessions during which the teachers engaged imagh hands{on learning as possible,
and for which our graduate students designed a number of veryeative activities (for example, for
an activity intended to illustrate how CCDs work, the materids were \A lot of beans, 25 small
paper cups, and one baseball."). In the new year, we shifted to spng as much time as possible
on our roof with our 6*°Celestron and Meade Deep Sky Imager IlI:4 megapixel camera. This is
when the real challenge to RV's success became apparent|not thiechnical challenges (which are
many), not the light pollution, not the endless construction hat eats into the fraction of the sky
visible from our roof... no, the real challenge is the weatheSimply put, it has been atrocious.
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Not Pictured: T ay Dubner & Neil Z-hxnl]crl!;an - \

Fig. 4.]| The Rooftop Variables team. Back row: Erika Hamden, Duane Lee (CU grad students),
and Anthony Finney (high school teacher). Middle row: Cameromdummels (CU), Liz Castelli,
Scott Misner (middle school teachers), and Tom Cork (high schoteacher). Front row: Destry
Saul, Lia Corrales, Maria Pereira (CU), and me.

Our initial plan was to focus on the observing campaigns condied by the American Asso-
ciation of Variable Star Observers (AAVSO). But discussions at theanuary AAS meeting with
members of Suzanne Hawley's Red Army, a group at the University ®¥ashington studying the
properties of M stars, convinced me to switch our focus for thentie being. As part of his Ph.D.
thesis, one of Suzanne's students, Eric Hilton, is monitoring twdozen M dwarfs in order to mea-
sure their °are rates|and asked us to provide as muchB{band data as we could. After some test
observations in January, we determined that we could reachngets as faint as 11 mag irB and
obtain good signal{to{noise images in 15 second integrations|ach of which is useful for Eric's
project. Our most successful run was in late May, when on three aatutive nights we were able
to observe Gl 412A for a total of roughly 8 hours. We just recentlynished transferring all of these
data onto a 1 Tb hard drive that is now accessible via our website Our second potential project,
a collaboration with another of Suzanne's students, Adam Kowski, for which we planned to con-
duct coordinated observations of well{known °aring M dwarfs vih the Apache Point Observatory,
has been far less successful. Weather has prevented us from papéiting in any of the scheduled
observing nights to date.

While our programmatic emphasis over the past few months has dre on observing, we have
also provided the teachers with teaching resources (such asiespf the AAVSO's \Hands{on Astro-
physics") and with opportunities to develop their own astronornyrelated materials. Two sessions
this semester were dedicated to brainstorming lesson plans, sharicurricula and/or activities, and
general discussions about astronomy instruction.

We have now loaned the same telescope + CCD combination they werained on to two of
the teachers, who have moved this equipment into their schoofthe two other teachers will be
doing the same later this summer). In the fall, our graduate stughts will work with the teachers

Lhttp://rv.astro.columbia.edu/
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as they set up the astronomy clubs in their schools. Meanwhile,yJand | have started the process
of identifying three to four new teachers who will join the pogram in October|and | am also
recruiting new graduate students to join our team.

One of our teachers, Anthony Finney, is something of a poet, andehd this description with
an extract from an email he sent me:

\One of things I'm noticing right o® the bat with the RV experience is that | actually
spend more time and attention to Astronomy [...]. When | saw the "&ad to Palomar'
topic on Nova, | watched it carefully, instead of just leaving iton in the background.
When there's a news piece on NPR about the next manned space’ighission, | turn
up the volume and prick up my ears. | try to nd Vega as | warm up a btile during a
3 AM feeding, and feel unexpected consternation with cloudy ather.

What the program succeeds so well at already is reinvigoratirthe excitement of dis-
covery and thrill for learning something new."

2.2. The Columbia Bridge to Ph.D. Program

This past fall, Columbia University's Vice{Provost for Diversity launched the Bridge to Ph.D.
Program in the Natural Sciences, which helps prepare underfyeesented students for the transition
to graduate schodl. The Bridge program o®ers post{baccalaureates the opportiyito work as
research scientists while simultaneously undertaking coursewoand other activities required for
admission to a Ph.D. program. These activities are designed to strigthen their graduate application
portfolios while providing a realistic basis for assessing whetha@ Ph.D. program is the right path.

In August of last year | was hired by the Vice{Provost to serve as the Asst@te Director of
the program. | took a leave of absence from the AAPF through Febauy of this year to focus
on my new responsibilities, which include a mixture of adminisaitive work (identifying research
mentors, reaching out to local institutions to build a post{bacpipeline, coordinating recruitment,
organizing professional development activities, etc.) and miring work (monitoring the post{bacs'
research progress, assisting in networking, etc.). Seven of our mhort of eight post{bacs will
be returning for a second year; the missing post{bac, Vanessa Mohdwill be entering the Ph.D.
program in Biology at the University of California, San Diegothis fall. We have six new post{bacs
joining us this summer, including Nick Hunt{Walker, a graduateof York College (City University
of New York), who will be joining Ximena Fernfindez and Nitza Saiago in our department. By
all measures Ximena and Nitza had very successful rst years in our degpment, and they will be
applying to graduate programs this fall.

| have committed to continuing in my current role for anotheryear and will therefore once
again be on leave from the fellowship from August of this year uhtJlanuary of next year.

2.3. The Always Useful \Other"

2 With Kevin Covey (Center for Astrophysics), Andrew West (MIT), and Keivan Stassun (Van-
derbilt), I helped organize and then co{chaired the three asbtnomy sessions at this year's joint
meeting of the National Society of Black Physicists (NSBP) and Nainal Society of Hispanic
Physicists (NSHP) in Nashville, TN. The astronomy presence at the maeg was by far the
largest since | rst attended this meeting ve years ago (see Figur®). As was reported in
the June 2009 issue dbpectrum the newsletter of the Committee on the Status of Minorities
in Astronomy:

Zhttp://www.columbia.edu/cu/vpdi/bridge _students.htm
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Fig. 5.] Group shot of astronomers at the NSBP/NSHP annual meeting following one of the
astronomy/astrophysics sessions. | am at the far left.

\About fty astronomers gave poster or oral presentations on theiresearch, and
about fty more represented their departments, universities, amh laboratories as
recruiters and exhibitors. Additionally, this year had a marled increase in astron-
omy faculty attendance, with professors from MIT, Harvard, Yat, Arizona, UNC
Chapel Hill, UC Berkeley, Vanderbilt, Case Western, and elsewhef

Planning is currently underway for next February's meetingto be held in Washington, DC.

2 At the AAS winter meeting in Long Beach, CA, and later at the NSBP meting, | was in-
terviewed for Jarita Holbrook and Romeel Davg's documentgr\Hubble's Diverse Universe."
This 45{minute documentary focuses on the impact of the Hubbl8pace Telescope and NASA
on the careers of nine African{American and Latino astrophysists, and it will premiere on
July 10 in Oakland, CA. It will also be shown at the next AAS meetingn Washington, DC.

2 In April, I was interviewed by a local TV station looking for a reaction to the \Hand of God"
image produced byChandra of the supernova remnant G320i41.2 and its associated pulsar
(PSR B1509 58) and pulsar wind nebula. A clip was used on \Inside Edition." @e of the
post{bacs reported being very disturbed when she recognized rhgir as she was clicking
through some channels to ght o® insomnia at 2 AM that night.

2 Finally, for the second straight year | am acting as a research m@r to under{represented
undergraduate students participating in the Graduate Schdof Arts and Sciences/Leadership
Alliance's summer program here at Columbia. None of these studenis doing research un-
der my supervision; rather, my responsibility is to monitor thei research progress, assist in
organizing professional development activities, provide féleack on written assignments, and
generally support them in their experience.

And that is all for this year!
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