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The following projects were given $25k stipends to further development software tools
and/or research investigations that were based on or extend the VO infrastructure. Many
of these projects were initiated during one of the NVO Summer Schools. The programs
below were selected through a peer review process organized by the NVO Project Scien-
tist and supported by the NVO Science Steering Committee. Funding began in early
2006 and was slated to conclude on 30 September 2006. A number of teams were slow
to begin work, however, often as a result of administrative delays in distributing the funds
from JHU to the PI. Thus, all groups were given no-cost extensions through 30 Septem-
ber 2007.

Sahar Allam, University of Wyoming
“Finding and Exploring Merging Pairs of Galaxies in 2MASS Using the NVO”

Jeremy Brewer, University of Pittsburgh
“An Image Pipeline for Supernovae Detection”

Harry Ferguson, Space Telescope Science Institute
“A Search for Dusty Halos Around Post-Starburst Galaxies”

Tim Heckman, The Johns Hopkins University
“Redshift X-Ray Galaxies from SDSS and ROSAT PSPC Pointed Observations: The
Catalog and Initial Applications to AGN-Starburst Connections”

Mark Huber, Lawrence Livermore National Laboratory
“Incorporating Time-Series Datasets into the VO to Use RR Lyrae and Other Tracer
Populations for a Large Scale Galactic Structure Study”

Julia Kennefick, University of Arkansas/Fayetteville
“Utilizing Catalog Cross-Matching for Discovery and Study of Quasars”

Charles Kerton, Iowa State University
“Detecting Embedded Intermediate Mass Stars Using the NVO”

Ray Lucas, Space Telescope Science Institute
“Multiwavelength Exploration of a Complete Sample of Steep Spectrum Sources from
the Texas Interferometer Survey: A Database Incorporating VLA 20cm Snapshots”

Christopher Miller, National Optical Astronomy Observatories/CTIO
“Simulatneous Multicolor Detection of Objects Using the Virtual Observatory”

Joseph Mohr, University of Illinois
“Photometric Redshifts and Galaxy Cluster Finding with the NVO”



Ryan Scranton, University of Pittsburgh
“Mapping the Virtual Universe”

Rob Seaman, National Optical Astronomy Observatories
“Enabling Follow-Up Observations of Supernovae: Sky Transient Event Infrastructure”

Branimir Sesar, University of Washington
“Charting the Milky Way Halo with GALEX and SDSS RR Lyrae Candidates”

Yogesh Wadadekar, Space Telescope Science Institute
“Large Area Multiwavelength Characterization of Faint VLA FIRST Radio Sources See
in the Spitzer SWIRE Survey”

Bradley Whitmore, Space Telescope Science Institute
“NVO Study of Super Star Clusters in Nearby Galaxies”

Principle Investigators were asked to provide brief final reports. These could be simply
citations to papers published based on the NVO-sponsored research, or links to websites
with software and tools. The final reports are appended below.



Sahar Allam, University of Wyoming
“Finding and Exploring Merging Pairs of Galaxies in 2MASS Using the NVO”

Project Personal:-

Sahar S. Allam, Douglas L. Tucker, Stephen Kent, Perry Gee, Yeong-Shang Loh, I. Pu-
erari, J.A. Smith

Grant No. :-
JHNHPKNS48220
Overview of the project:-

We used the National Virtual Observatory (NVO) facilities and tools to identify (rela-
tively) isolated merging pairs of galaxies covering the sky from the 2MASS eXtended
Source Catalog (XSC). We found 19,769 merging pairs. This sample is the first large,
homogeneous, and truly all sky catalog of such galaxy systems based upon modern
detector technology. Using the NVO tools and facilities (e.g., the NVO Registry, Open
Sky Query, TOPCAT, VOPlot), SkyView, and the SDSS DRS5 SkyServer, we explored
the physical properties of this sample.

Description of the project:-

Interacting/merging galaxies are among the most beautiful and fascinating of galaxy sys-
tems. These systems are major sites of enhanced star formation (Allam 1998, Lambas et
al. 2003). Ultra Luminous InfraRed Galaxies (ULIRGs) have also been shown to be asso-
ciated with mergers and merger remnants (Sanders & Mirabel 1996, Genzel et al. 2001,
Pihlstrom 2005, Conselice 2006).

Until now most catalogs of merging pairs have been selected using optical data (e.g.,
Vorontsov-Velyaminov 1959, 1977, Karachentsev 1972, Barton et al. 2000, Patton et al.
2002, Allam et al. 2004; which is based upon the SDSS). Since optical emission is
strongly associated with star formation (via, e.g., OB associations in the blue and Ha in
the red), most current catalogs of merging pairs have an inherent bias towards systems
with high star formation rates.

Observations in the near infrared (NIR) more faithfully trace the underlying stellar mass
distribution of galaxies, since most of the stellar mass of galaxies is tied up in low-mass,
red dwarfs. Also, the NIR is less affected than the optical by absorption by interstellar
dust grains. Therefore, a catalog of merging pairs extracted from the 2MASS eXtended
Source Catalog (XSC; Jarrett et al. 2000) would provide an interesting new 'mass-
selected' sample of merging pairs.



Furthermore, a merging-pairs catalog based upon the 2MASS XSC would be the first
large, homogeneous, and truly all-sky catalog of such galaxy systems based upon modern
detector technology. Using a very different selection algorithm, Xu et al. 2004, found 19
close galaxy pairs in a combined 2MASS/2dF catalog in the southern sky.

During the National Virtual Observatory (NVO) Summer School 2005, Allam et al.
(2005) performed a pilot study by downloading 2MASS XSC data for a 125 sq. deg
(2.5deg times 50deg) region of sky using the NVO Open Sky Query tool. With this set of
extended 2MASS objects, we used a modified Karachentsev (1972) criteria to extract
merging pairs of galaxies. We found 91 merging pairs in these 125 sq. deg of sky, of
which only ~10% appeared to be artifacts (e.g., image defects in the 2MASS XSC). Us-
ing the NVO tools and facilities (e.g., the NVO Registry, Open Sky Query, TOPCAT,
VOPIlot), SkyView, and the SDSS SkyServer, we explored the physical and star formation
properties of these 91 merging pairs over different wavelength regimes (see
http://chart.stsci.edu/twiki/pub/Main/NVOSS2CourseNotes/NVOProjectMerging-
Pairs.ppt). Our results demonstrated the simple facilities of the NVO could quickly
uncover scientifically interesting objects from a sample data set.

Finally, we extended this pilot study to include all the 2MASS XSC data set. Through
this project we have compiled the largest sample to date of near infrared selected galaxy
pairs. A total of 19,769 pairs were found. The data we consider include 2MASS JHK
photometry for the full sample. The results of this study are presented in Allam et al.
2006, and in Allam et al. 2007.

A project income and expense budget:-

The total budget of the project “Finding & Exploring Merging Pairs of Galaxies in
2MASS using the NVO” was awarded through the Grant No. JHNHPKNS48220 with a
total of 25K for one year. An extra six months was extended with no extra cost which
was needed for writing the final results which is presented in Allam et al. 2007.

The grant was awarded in 03/08/06. The grant covered 5 months each half-time salary for
the PI, as well as a small number of computer supplies. The indirect cost was 40.5%
which was also covered by the grant. Table (1) shows the cost that the grant has covered
during March 2006- June 2007.

Data reduction was carried out during the first year, using the NVO tools and facilities
(e.g., the NVO Registry, Open Sky Query, TOPCAT, VOPlot), SkyView, and the SDSS
SkyServer. Results from the project were presented in Allam et al 2007.

Astronomy research papers:-

1- Title: “Finding & Exploring Merging Pairs of Galaxies in 2MASS using the NVO.”



Authors: Allam, S. S.; Tucker, D. L.; Gee, P.; Loh, Y.; Puerari, 1.
Publication: American Astronomical Society Meeting 207, #25.04; Bulletin of the

American Astronomical Society, Vol. 37, p.1200

2- Title: “Finding & Exploring Merging Pairs of Galaxies in 2MASS using the NVO.”
Authors: Allam, S. S.; Tucker, D. L.; Gee, P.; Loh, Y.; Puerari, I. ; Smith A. J; and Kent,

S.;
Publication: 2007, ASP in press.

Table(1) Budget for the Grant No. JHNHPKNS48220

Johns Hopkins UNV Finding and Exploring Merging Pairs of Galaxies in 2 Mass Using the NVO GRANT# | JHNHPKNS48220 PI: Allam
JHNHPKNS48220
10/01/05-09/30/07 BALANCE:
PO# VENDOR NAME DESCRIPTION DATE BUDGET AMOUNT | Pistol | BALANCE
Award Sponsored Programs Aggregate Award 03/09/10 25,000.00 | FY2006 10 25,000.00
Payroll Sahar Allam April Salary 05/01/10 2,084.000 10 22,916.00
Payroll Sahar Allam April Benefits 05/01/10 178.80, 10 22,731.20
IND Indirect Cost Indirect Cost for 04/06 05/01/10 91643 10 21,820.77
Payroll Sahar Allam May Salary 06/01110 2,084.000 11 19,736.77
Payroll Sahar Allam May Benefits 06/01/10 17880 11 19,557.97
IND Indirect Cost Indirect Cost for 05/06 06/01/10 91643 11 18,641.54
Payroll Sahar Allam June Salary 07/01110 5,084.000 12 13,557.54
Payroll Sahar Allam June Benefits 07/01/10 436.19] 12 13,121.35
IND Indirect Cost Indirect Cost for 06/06 07/01/10 2,23568) 12 10,885.67
Payroll Sahar Allam July Salary 08/01/10 FY2007 2542.00 1 8,343.67
Payroll Sahar Allam July Benefits 08/01/10 21811 1 8,125.56
IND Indirect Cost Indirect Cost for 07/06 08/01/10 1,117.84 1 7,007.72
IND Indirect Cost Indirect Cost Encumbrance 03/09/10 2,020.03] obl 4,987.69
Pymt. Req. |Sahar Allam Computer Supplies 05/11/111 695.27| obl 4,292.42
Payroll Sahar Allam June Salary 06/08/11 3,953.00/ obl 33942
Payroll Sahar Allam June Benefits 06/08/11 33942 obl -




Jeremy Brewer, University of Pittsburgh
“An Image Pipeline for Supernovae Detection”

Subject: Re: NVO research award 8601-06852

Date: Monday, 16 July 2007 10:09 PM

From: Jeremy Brewer <jeremy.d.brewer@gmail.com>

To: Robert Hanisch <hanisch@stsci.edu>

Cc: Simon Krughoff <simon.krughoff@gmail.com>, Andrew
Ryan Scranton <ryan.scranton @gmail.com>

Conversation: NVO research award 8601-06852

Hi Bob,

The gestalt server is now up and running on nvogre.phyast.pitt.edu port 8000. The WCS page
(http://nvogre.phyast.pitt.edu/wcs/example.fits) has alink to the source code of the server, which
is licensed under the LGPL. There's quite a bit of useful code there in addition to the servers and
clients, including code for fast cross matching and FITS reading.

Jeremy



Harry Ferguson, Space Telescope Science Institute
“A Search for Dusty Halos Around Post-Starburst Galaxies”

Dr. Bob Hanisch

Space Telescope Science Institute
3700 San Martin Drive
Baltimore, MD 21218

Dear Bob,

This is a brief progress report on A Search for Dusty Halos around Post-Starburst Gal-
axies, an NVO-sponsored research project carried out in collaboration with Anatoly Such-
kov JHU) and Ray Lucas (STScI).

The project has not yet resulted in a publication, but Anatoly has put together a very detailed
draft. Surprisingly, the topic is not dust.

Our strategy to search for dust was to examine the magnitudes, counts, and colors of back-
ground galaxies projected within about 100 kpc of foreground post-starburst galaxies, the
rationale being that these galaxies are likely to have ejected substantial amounts of dust in
the billion years prior to our observations, and at least some of this dust could survive today
in their halos. Our first attempt to look for this dust used the Quintero et al. (2004, ApJ,
602, 190) catalog of K+A galaxies as the foreground sample and galaxies from the SDSS
DR4 spectroscopic data release as the background sample. Background galaxies were re-
quired to have redshifts at least Az=0.01 higher than the K+A galaxy. To our great surprise,
we found a significant effect: background galaxies projected within r=200 of each K+A
galaxy were on average 0.5 mag fainter in the SDSS g band than galaxies in a control annu-
lus from =200 to 500 kpc. There was a clear color trend that matched the expectations
from a standard Galactic extinction curve.

However, the effect was far larger than we expected. If due to dust, at a standard Milky-Way
dust-to-gas ratio, the result would have implied that the K+A galaxies ejected 1011 solar
masses of gas and that all of the associated dust survived. Estimates of the amount of gas
ejected from ultra-luminous infrared galaxies (ULIRGS) are 3-10 times smaller, and most
of the dust ought to be sputtered away.

We began to inspect the redshift distribution, and discovered that the redshifts of the galax-
ies in the inner annuli were slightly higher, on average, than the redshifts in the control an-
nuli. We could think of no way to produce such an effect with dust. We invested significant
effort in exploring other possible systematic effects in SDSS photometry or spectroscopic
selection that could produce this trend, but were unable to find any. We began to think that
the effect could be real, and perhaps be due to gravitational lensing.

If due to lensing, the effect is subtle. Lensing magnification tends to make galaxies brighter,
not fainter, yet the galaxies in the inner annuli were fainter. Furthermore, lensing is mono-
chromatic, while the effect we were seeing was stronger at blue wavelengths than red wave-
lengths. Our working hypothesis is that we are seeing a “magnification bias” effect. The
number counts in the high-redshift portion of the SDSS spectroscopic survey are suffi-
ciently steep that lensing tends pull galaxies up from just below the magnitude limits of the
survey. These galaxies tend to have higher redshifts, and therefore be redder simply due to
standard k-dimming (redshifting). Because we get a few more of these faint, distant, reddish
galaxies in the inner annuli, the mean magnitudes end up fainter, and the mean colors end up
redder than the outer annuli.



Pursuing the lensing angle, we began to explore other samples of foreground galaxies. The
effect is seen around individual random SDSS galaxies, although at a level much smaller
than for K+A sample. The size of the effect scales with galaxy mass as expected from lens-
ing (we used two independent sets of mass estimates, one based on velocity dispersion and
the other based on luminosity parameters). Using QSOs and massive galaxies from the
SDSS as foreground galaxies, we find an effect that is as strong as it is for K+A galaxies,
while lower luminosity AGN and less massive galaxies show a smaller effect.

Anatoly has drafted a paper describing the effect and its interpretation as lensing has been
drafted. We hope to submit in the next few months. We are of two minds about whether to
submit without including some gravitational lens modeling, but our schedules and the fact
that we have now run out of NVO grant funding may make it impossible to carry out the
modeling to the level we would like.

Sincerely,
Henry C. Ferguson



Final Report
ON THE NVO ProrosaL ¢ REDSHIFT X-RaAy GALAXIES FROM SDSS aAND ROSAT PSPC
PoOINTED OBSERVATIONS: THE CATALOG AND INITIAL APPLICATIONS TO AGN—STARBURST

CONNECTIONS”

Administrative PI: T. M: Heckman
Science PI: A. A. Suchkov
Department of Physics and Astronomy, Johns Hopkins University, 3400, North Charles
Street, Baltimore, MD 21218.

The goal of this project was to create a uniform catalog of > 1,000 X-ray AGN and
starburst galaxies with optical spectra and redshifts using facilities of the National Virtual
Observatory (NVO); with that catalog, topical issues of AGN and starburst galaxies were to
be addressed. The project was successfully accomplished, its goal fully achieved, the results,
including the catalog, were published in this refereed paper:

Suchkov, A. A., Hanisch, R. J., Voges, W., and Heckman, T. M. 2006, Astronomical Journal,
v. 130, p. 1475. Sloan Digital Sky Survey Active Galactic Nuclei with X-Ray Emission from
ROSAT PSPC Pointed Observations

Summary of the Project Results

The catalog we created in this project contains 1744 of Type 1 AGN galaxies from the
Sloan Digital Sky Survey Data Release 4 (SDSS DRA4) spectroscopic catalog with X-ray
counterparts in the White-Giommi-Angelini catalog (WGACAT) of ROSAT PSPC pointed
observations. Of 1744 X-ray sources, 1410 (80.9%) are new AGN identifications. Of 4,574
SDSS DR4 AGNs for which we found radio matches in the catalog of radio sources from
the Faint Images of the Radio Sky at Twenty centimeters survey (FIRST), 224 turned up
in our sample of SDSS X-ray AGNs. The catalog contains optical and X-ray parameters
and supporting data, including redshifts; it also contains radio emission parameters where
available. The content of the catalog and its potential for the AGN science was illustrated
by providing statistical relationships for the catalog data. The potential of the morpholog-
ical information was emphasized by confronting the statistics of optically resolved, mostly
low-redshift AGNs with unresolved AGNs that occupy a much wider redshift range. The
immediate properties of the catalog objects include significant correlation of X-ray and opti-
cal fluxes, which is consistent with expectations. Also expected is the decrease of X-ray flux
toward higher redshifts. The X-ray-to-optical flux ratio for the unresolved AGNs exhibits
a decline toward higher redshifts, in agreement with previous results. The resolved AGNs,
however, display the opposite trend. The X-ray hardness ratio shows a downward trend with



—

increasing low-energy X-ray flux and no obvious dependence on redshift. At a given optical
brightness, X-ray fluxes of radio-loud AGNs are on average higher than those of radio-quiet
AGNs by a factor of 2.



Mark Huber, Lawrence Livermore National Laboratory
“Incorporating Time-Series Datasets into the VO to Use RR Lyrae and Other
Tracer Populations for a Large Scale Galactic Structure Study”

PI: Mark E. Huber (Johns Hopkins University, Lawrence Livermore National Labora-
tory), Andrew Drake (Caltech/CACR), Roberta A. Allsman (NOAO/LSST Project),
David Gasson (NOAO), Kathy Vivas (Centro de Investigaciones de Astronomia), Kem
Cook and Sergei Nikolaev (Lawrence Livermore National Laboratory)

While the motivating goal of this project is to collect legacy time-domain surveys to
study Galactic structure via tracer populations, the fundamental work is the development
and implementation of those datasets into formats to be accessible with Virtual Observa-
tory (VO) tools and standards to promote and facilitate future large-scale project use. The
ambitious research goal is still a ways off and the majority of the work continues on in-
corporating time-series datasets into different formats for testing and access with VO
tools. Summarized here is the accomplished and in-progress work to date as well as brief
mention of future plans. The NVO mini-grant supported attendance at two meetings, the
winter AAS (January 2007) and the VOEvent/HTN meeting in Tucson (June 2007) that
provided the opportunity for presentations and continuing to make contacts with other
interested groups. A web site for this project is also being setup at
http://www.pha.jhu.edu/~mhuber/NVOTS/index.html to maintain a progress report and
listing of implemented datasets as well as provide access to computer codes developed.

Fully public web based surveys — MACHO, NSVS, OGLE:

Similar to the method setup at the second NVO Summer School of web access for the
publicly available MACHO datatset, access to the NSVS (all sky, clear filter) and OGLE
(LMC and bulge fields, I filter) datatsets has been attempted. The NSVS has two avenues
of access, downloading large chunks of SQL datafiles to rebuild the dataset locally or
SQL-type query access via PHP generated web pages. The web pages have a clear struc-
ture and can be queried in a brute force manner with the VO::Service::GET and
HTML::PARSER perl modules via scripts. The results can then be pushed into a VO-
TABLE format for packaging. This has proven successful for single source/cone searches
for variables and slowly collating objects that may be variables based on selecting the
mean mag scatter keyword. Currently this method is being used to match with LONEOS1
RR Lyr for additional light curve data for improved phasing for follow-up studies in
characterization of the RR Lyr from Miceli et al. (arXiv:0706.1583) work. Methods for
accessing the OGLE dataset have proven more difficult and are still in progress.

Faint Sky variability Survey (FSVS) — SkyNode, SED, general testing dataset:

The FSVS dataset (BVI photometry with time-series data in the V band) has been chosen
as the primary dataset for testings as it is also fully public, portable, and still looking for a
site for serving up to the astronomical community at large. The full FSVS catalog of ob-
jects and light curve data is currently setup as a minimally configured full skynode using
the 2006 NVO Summer School software (FSVS test; http://dev.voservices.net/ opensky-
queryFT/Sky/SkySite/browse/Browse.aspx) for testing purposes, similar to that setup at
the Summer School for the Questl RR Lyr, but with a full dataset of all object detections



and light curves. This simple skynode has been used with OpenSkyquery to xmatch the
FSVS with the SDSS to identify RR Lyr in overlapping regions that may have been
missed by either color cuts or under-sampled light curves. The mini-grant supported at-
tendance and presentation of this work at the 2007 American Astronomical Society
(Huber et al. 2006, AAS, 209,9901). A testbed setup is now in process utilizing the SED
libraries built by McCusker at CfA (McCusker, 2006, AAS, 209, 7808).

While the FSVS dataset is fully public and the images have recently been made to con-
form to VO standards and available at the NOAO DPP/Science Archive (ar-
chive.noao.edu/nsa/showell.html), the photometry catalogs are only available as FTP
products (archive.noao.edu/catalogs/fsvs/phot/). Discussions are in progress with 1. Barg
and C. Smith at NOAO for possibly making a skynode available for it online, similar to
the NOAO Deep project skynode. Another contact was made with D. Ciardi at
IPAC/Michaelson Science Center as they are constructing a repository of time-series data
and are starting off looking at how to serve up the FSVS and an open cluster dataset on
NGC 2301 (Howell et al. 2005, PASP, 117, 1187) to the astronomical community. While
at LLNL, we had been awaiting the delivery of the Green Data Oasis (GDO;
www.lInl.gov/icc/lc/gdo/gdo home.html) to see what possibilities it could provide for the
FSVS, LONEOS, and SuperMACHO datasets, but it is still in the launching stage and it
is unclear yet how well it may serve these needs.

LONEOS!I and LONEOS? - still in production

While these two surveys will likely contribute significantly to the driving research goal of
RR Lyr in terms of a Galactic structure study, they have also been the slowest to become
available. With the soon to be published LONEOS1 results (Miceli et al.
arXiv:0706.1583), the light curves will also soon be available. The first application will
be cross-matching to SDSS-II time-series data for improved phasing for on going follow-
up studies to characterize with the Miceli et al. group. While a preliminary test version of
a database has been setup, similar to one for the SuperMACHO data, the LONEOS2 data
not properly photometrically calibrated yet and are thus still in production.

SuperMACHO — developments at the IIC:

While the SuperMACHO dataset is also still in production, the SuperMACHO collabora-
tion (as well as ESSENCE) has partnered with a group at the Initiative in Innovative
Computing (IIC) Time Series Center and CfA for collecting, indexing, and archiving data
(timemachine.iic.harvard.edu/). While preliminary database development was worked on
at LLNL, the delay of the GDO again limited collaborative access and testing and the IIC
may provide facilities and development more in the near term and for other datasets (i.e.,
LONEOS) as well. A dialog has been started with P. Protopapas with regards to utilizing
VO tools and the applicability of the SED data model.

VOEvent/HTN meeting, June 2007 :

The mini-grant also provided support for the PI to attend the VOEvent/HTN meeting in
Tucson, June 2007. This was of great benefit as additional contacts were made in the
VOEvent arena as interest is greatly growing for inclusion of time-series data. An infor-
mal working group coalesced that prompted discussions on mandatory and optional pa-



rameters specific to use by VOEvent and are still ongoing by that group.

Future plans:

This project will continue in different ways as the members are either working on many
of the current major time-domain survey projects directly (PQ, PS1, LSST) and/or di-
rectly with the data products for science from these projects. A full testbed implementa-
tion of the SED model for time-series is the next major step in order to demonstrate its
usefulness or shortcomings directly for comparison as other groups explore different
methods. The interest growing in other projects and groups, VOEvent, IPAC, IIC, will
also help bring more manpower to developing useful tools within the VO as well as the
major projects.



Kennefick
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Dr. Bob Hanisch

Space Telescope Science Institute
3700 San Martin Drive
Baltimore, MD 21218

Dear Bob,

This is to report on my NVO-sponsored research program entitled Multiwavelength
Exploration of a Complete Sample of Steep Spectrum Sources from the Texas
Interferometer Survey: A Database Incorporating VLA 20cm Snapshots, which is
in collaboration with Neal Miller (JHU/NRAO), Kenneth C. Chambers (U. Hawai’i),
Anton M. Koekemoer (STScl), and Jeffrey van Duyne (Yale).

Thanks to the addition of Neal Miller and his skills and familiarity with the data reduc-
tion and production of VLA images and associated products via the NRAO’s AIPS
software, we have been able to achieve reliable production of calibrated, reduced radio
data at no cost to the NVO grant. As a NRAO Jansky Fellow currently residing across
the street from STScl at JHU, Neal has been of great benefit to this project and has am-
ply fulfilled the ideals of his Jansky Fellowship in helping to facilitate the use and visi-
bility of NRAO data, and this has in turn contributed to the greater visibility of this
NVO project. Since he had his own funding and a mission of “community service in the
name of NRAQO” associated with it, Neal’s reduction and calibration of the data and
production of the associated UV, FITS, and postscript files has represented both a great
value and a great savings to the NVO project.

We have given the data to the MAST staff at STScl since they have indicated that it
would be a useful dataset for them to store there, in addition to data such as the VLA
FIRST Survey. Our data, taken from the field of one UK Schmidt Survey plate of ~6.5
degrees on a side, is in fact complementary to the VLA FIRST data, and according to the
MAST staff with whom we spoke, will also be useful for functional development of the
NVO aspects of MAST (being able to provide and cross-match VLA-A array data with
HST/ACS data, if applicable, for instance), as well as for the obvious scientific benefits
to the community of such a capability.

We have not yet produced a publication, but that is the ultimate goal, along with any
other value-added features we ultimately hope to produce, such as a database in the



form of a VOTABLE of various multiwavelength properties of each source we are able
to identify and correlate with the radio sources.

One of the interesting things we have learned in the course of investigating this sample
further using various NVO-related tools and facilities is that our sample is not quite what
we thought we remembered. Instead of it being a complete sample of steep spectrum
sources, it was a complete sample of Texas Interferometer Survey sources (i.e. not all
steep spectrum sources), but of course, since it is a complete sample of that survey, any
subset of steep spectrum sources within it would of course consist of a complete, though
smaller, subsample, as well. So our title, while still appropriate in a sense, is not com-
pletely accurate or comprehensive enough. This illustrates the value of such facilities in
helping overcome what memory and personal documentation may have lost, since we
first defined this sample in 1989, and made the VLA observations in 1990, immediately
before the launch of HST. We have also learned that several sources which we observed
in our 1989 version of the Texas Survey catalog were later dropped from the final pub-
lished 1996 version. These will be dropped from our official sample for statistical etc.
purposes, but we have included all our data in that which we gave to MAST. Similarly,
we learned that we had included and observed a few objects which were just off the edge
of the UK Schmidt survey plate. One of these was 3C273. We also learned that the
Schmidt plate we picked was just on the edge of the Virgo Cluster. Since, where possi-
ble, “foreground” objects in the Virgo Cluster may be distinguished from more distant
ones, we are not overly concerned about any “contaminating” effect of Virgo galaxies in
our sample. The effect of a quasar such as 3C273 on the edge of the field may be a bit
more problematic, since there are sometimes known to be enhancements in the number
counts of objects in the vicinity of bright quasars. Still, though somewhat small and on
the edge of the Virgo Cluster and near 3C273, we believe the objects in our list repre-
sent a good, broad sampling of the contents of the Texas Interferometer Survey and ob-
jects both nearer by in Virgo and ones much more distant, and all as observed with the
VLA A-array. In our text provided to MAST, we have indicated which sources were
spurious, which were off the edge of the survey plate, and which were simply non-
detections (a few) in our A-array observations.

To show the complementary nature of our survey with that of VLA FIRST, we have also
provided MAST with a few postscript files showing comparisons between FIRST im-
ages and ours.

The sample has also yielded some objects of such an interesting nature that they inspire
more questions. One example is the source 1245-025. There are radio contours which
clearly align with an elliptical galaxy, but the pair of long, extended, curved tails are not
physically aligned at their base with the elliptical galaxy, leading one to ask whether
they may be associated with some physical phenomenon which would make them ap-
pear to be somewhat displaced from the elliptical, or if they may in fact be associated
with a more distant source which has a chance near-superposition with the brighter,
more nearby elliptical galaxy. Issues such as the identification of the correct (or at least
most likely, or even the identification of several possibly likely) optical and/or infrared
or x-ray sources (where data are available and sufficient at all wavelengths) associated



with those in our list is on-going. We have at least Sloan (SDSS) ugriz coverage for all
of our sources, and are in the process of extracting images, etc. where available.

In summary, on this occasion of the ending of the NVO grant funding, we have saved
quite a bit of money by not having to pay for the processing and production of the VLA
images and the start-up and work time which would have been associated with the PI or
another col without the experience and benefit of a Jansky Fellowship doing it, and that
money is reverting to the NVO on this occasion. The funds which have been used (far
less than the majority, numerically) have been used primarily by the PI for presentations
at the IAU Special Session on the VO in Prague in 2006, and to present the VLA im-
ages at the AAS in Honolulu, especially as a chance to show them to the original co-
investigator on the VLA project, Ken Chambers, who is on the faculty at the University
of Hawai’i, and to get to discuss more about them with him. The Prague IAU presenta-
tion was at the request of the NVO, which requested that PIs of NVO grant projects con-
sider talking about their projects at the meeting. The PI of this project used the NVO
grant funding for travel, room and board, as well as for salary during the attendance at
the IAU and AAS since he does not have science time of his own and was required by
STScl to pay himself from the grant during those two trips. He has also spent a much
smaller amount on salary during other work done by himself here at STScl, including
the creation of the IAU talk and the AAS poster, and in fact, this report, as well as work
on image extractions, generating radio contours for overlay on optical etc. images, and
etc., - work for the research aspect of the project, which is still on-going.

The PI is grateful to the peer review committee and its members which supported the
selection of this program for funding, and is similarly grateful to the NSF and NVO for
funding it. Though it may yet take some time, the PI retains a great interest in the pro-
gram and in continuing the research on his own time whenever possible, and maintains a
commitment to production of a paper as soon as possible, for which he will seek alter-
nate funding (from a source TBD) for page charges whenever one is accepted and ready
for publication.

As a visual aid to this report, the pdf file of the PI’s AAS poster showing all of the
VLA A-array images and the comparison of VLA FIRST images to ours, as well as the
images of the aforementioned interesting source 1245-025 will be attached to the email
with this report.

Sincerely,

Ray A. Lucas
lucas@stsci.edu

STScl

3700 San Martin Drive
Baltimore, MD 21218
28 September, 2007
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Bradley Whitmore, Space Telescope Science Institute
“NVO Study of Super Star Clusters in Nearby Galaxies”

We used NVO tools (primarily WESIX) to obtain a more uniform (SDSS images) data-
base of super star clusters in nearby star-forming galaxies in order to address the ques-
tion "Is the initial luminosity function of star clusters universal"? This was essentially a
follow-up to work begun by Whitmore (2003) who addressed this question by making a
simple plot of the brightest cluster versus the number of clusters in a galaxy. While
some models predict that the resulting distribution should be bimodal (i.e., there are two
modes of star cluster formation), Whitmore (2003) found that the distribution could be
described by a simple power law, suggesting that the process of cluster formation is uni-
versal.

The project consisted of using the VO tool WESIX to construct photometric catalogs
from SDSS images of nearby star forming galaxies. Stars are separated from clusters
using a combination of resolution and magnitude information. The brightest cluster for
each galaxy is then plotted vs. the log of the number of clusters brighter than Mv = -9.
The results are interpreted using Monte-Carlo simulations described in Whitmore,
Chandar and Fall (2007).

Our work was briefly described in a small publication (and presentation) at the VO ses-
sion at the 2006 IAU meeting in Prague (Whitmore 2006). While the project was suc-
cessful, limitations inherent to the SDSS dataset (e.g., limited resolution), and
the pending availability of a much more powerful dataset (i.e., the catalogs being devel-
oped using ACS observations with the Hubble Space Telescope as part of the Hubble
Legacy Archive) have taken the project in a different direction. We expect to pick up the
project following Data Release 1 of the Hubble Legacy Archives (January, 2008) when
the number of usable catalogs will grow from about the 20 we were able to develop for
the NVO project due to limitations in the SDSS dataset, to hundreds from the HLA
dataset. The current NVO project was an important precursor to this project, and will be
prominently acknowledged in this more extensive paper.
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