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What is the Virtual Observatory...
and what it is not...

The VO is:

A set of international standards to share complex data

A modular set of tools to work with distributed data

A simple environment to publish data to

An essential part of the research astronomer’s toolkit

A catalyst for world-wide access to astronomical archives
A vehicle for education and public outreach

The VO is not:

A replacement for building new telescopes and instruments
A centralized repository for data

A data quality enforcement organization
Mar.



VO Projects in the world

* 15 countries and a region

* International Virtual Observatory Alliance (IVOA)
Standards to interoperate VOs

« Japan — Language to access
federated DB

http://www.ivoa.net/
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-5 Standardization in IVOA

* Query language to distributed DBs (VOQL)

- Meta-data: contents, protocol to interchange
based on OAI-PMH

» Protocols to retrieve images, spectra, and so on
SkyNode, SIAP, SSAP, STC, etc.

* Unified attribute names in DBs
UCD (Unified Contents Descriptions)

* Qutput Format:VOTable (XML)
incorporates FITS

e etc
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International Endorsements

+ JAU XXVth GA Res. (2003 Jul.)

« OECD Rec. (‘04 Aug)

— place archives that may be accessible
via internet

— provide adequate funding as long-term
Issues
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Schematic diagram of JVO
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DBs available under JVO

* Subaru SupCAM (partial)
« SXDS

« SMOKA (catalog)

« SDSS

« 2MASS

« JAXA/ISAS — ASCA

* More to come

Mar. 30, 2005 AAXXFER2005FFFER



Exchange of Meta Data:OAI-PMH
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Successful Interoperations

 Accesses from/ to .
other VOs in Europe
and US have been i

avalilable since Dec 7
2004 w

« 85 resources are 2
accessible as of today

o
padrd

82
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HyperLeda FITS Archive Simple Spectrum
Data Access

Sloan Digital Sy Survey DE3- Filter =
Sloan Digital Sky Survey DE2- Filter g
Sloan Digital Sky Survey DR3- Filter 1
2NIASE Al-Skoy Quicklook Image Service
TNES: The IUE Newly Extracted Spectra
ASCA STA Service

MAST Image Scrapbook

TV Publishing Registry

NCSA Radio Astronomy Imaging Registry
Minnesota Autemated Plate Scanner
CADC Registry

Astrogrid Full Registry
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JVO IS seen from the UK VO
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Access time to the US VO

#1 H=BEr—a~0ORERY

Table 1 Time to query data of the Crab Nebula
EE | YA H | IRrfEl (¥
X 5 Chandra cda. harvard.edu 1.715
ArTkEE | 2MASS mercury.cacr.caltech.edu 3.530
Eﬁ VLA adil.nesa, mice.edu T.115
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Analysis Tools

Sextractor — extract source parameters
generate personal catalogs

* HyperZ — derive photometric Z
« Aladin — Image viewer

* VOPIlot — Plot VOTables

« SpecView — SED generator

* More to be added

— Legacy softwares, Data mining, personal DBs, etc.
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QSO searches

Image Viewer

ctatus | Begstry | Search | Eesult| Database | 050 Search|Inage Viewer|Logout

Name Origin Scale Contrast
fit=0) httpe s fer idq.dc.nau.e! hust i = 0.0 max = 655290 auto = true
pckle histeq |
| auto o |
Contrast : rin = 0.0 |

mazx = 655290 |

VOTable: | votabled ¥

User ID User Name Group Last Login
ohishi Mlasatoshn Chishi 170 Tue Mar 29 20:13:07 I5T 2005

Mar. 30, 2005 - e
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Science results (EU

- Padovani et al.
(2004))
demonstrates that
VO tools are mature
enough to produce
cutting-edge science
results by exploiting
astronomical data
beyond classical
identification limits
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Discovery of optically faint obscured quasars
with Virtual Observatory tools
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Abstract. We use Virtual Obsetvatory (VO) tools to identify optically faint, obscured (i.e., type 27 active galactic nuclei (AGN)
in the two Great Observatories Origins Deep Snrvey (GOODS) fields. By employing publicly available X-ray and optical data
and catalogues we discover 68 type 2 AGN candidates. The X-rav powers of these sources are cstimated by nsing a previonsly
known correlation between X-ray luminosity and X-ray-to-optical flux ratio, Thirty-one of our candidates have high estimated
powers (L, > 10% erg/s) und therelore qualily as optically obscured quasars, (e so-called “QS0O 27, Based ou e derived
X-ray powers, our candidates are likely to be at relatively high redshifts, z ~ 3, with the QSO 2 at 7 ~ 4. By going ~3 mag
fainter than previously known type 2 AGXN in the two GOODS fields we are sampling a region of redshift — power space which
was previondy nnreachable with classical methods. Our method brings 1o 40 the number of QSO 2 in the GOODS fields,
an improvement of a factor ~ 4 when compated to the only 9 such sources previously known. We derive a QSO 2 surface
densily downt o 10715 erg an® 571 i1 The 0.5-8 keV hanid of 2330 dew2, ~30% of which is made up of previously known
sources. This is larger than current estimates and some predictions and suggests that the surface density of QSO 2 at faint
flux limits has been nndetestimated. "This work demonstrates that YO tecls are mature encugh to produce cntting-edge science
resulrs by exploiting astronomical data heyond “classical” idenrification limits (R < 23) with inferoperahile tools for siafistical

idemntification of sources nsing multiwavelength information.

Key words. astronomical data bases: miscellaneous — methods: statistical — galaxies: quasars: general — X-rays: galaxies

1. Introduction

The unified model for active galactic nuclei (AGN? is largely
accepted (e.g., Urry & Padovani 1995; see also the very re-
cent results by Jaffe ot al. 2004). The apparent disparate prop-
erties and nomenclature of active galaxies can be explained
by Lhe physics ol black hole, accrelion disk, jel, and obscur-
ing torus convalved with the geometry of the viewing angle.
Type 1 sources are those in which we have an unimpeded view
of the central regions and therefore exhibit the straight physics
of AGN with no absorption. Type 2 objects arise when the
view is obscured by the torus. While many examples of lo-
cal, and thereforc relatively low-power, type 2 AGN arc known
(the Seyfert 2s), it has been debated if their high-power coun-
lerparts, (hat is oplically obscured, radio-quiel type 2 QSO,
exist. Tndeed, until very recently, very few, if any, examples

of this class were known. Apart from their impartance for

AGN models, type 2 sources arc cxpected to make a signif-
icant fraction of the X-ray background (see. e.g., Comastri
elal. 20071) and are Lherelore also cosmological ly very Televanl.
These sources are heavily reddened and therefore fall through
the “standard” {optical) methods of quasar selection. The hard
X-rays, however, are thought to be able to penetrate the torus,
Type 2 QSO, therefore, should have narrow, if any, permitted
lines (and might look like normal galaxies in the oprical/TV
band), powerful hard X-ray cmission, and. in some cascs, a
high equivalenl widih Fe K line (e.g., Norman el al. 2002}

Inthis paper we use Virtual Observatory (VO) tools to iden-
tify 68 type 2 ACN candidates in the two Great Observatories
Origins Deep Survey (GOODS) ficlds (Giavalisco cral, 2004a),
~1/2 of which qualify as QSO 2 candidates. Based on the prop-
erlies ol ulready known sources, we expect (he lurge majorily
of thess to he abscured quasars whose identification is only
possible through their X-ray emission.
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Science results (US)

- McGlynn et al. (2004)

classified all unidentified

ROSAT WGACAT
objects using VO data
access methods to
cross-correlate multi-
wavelength catalogs

Technique applied to find

candidate X-ray binaries
and now to SDSS
photometric catalog

- More than 400 papers
related to “virtual
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AUTOMATED CLASSIFICATION OF ROSAT SOURCES USING HETEROGENEOUS
MULTIWAVELENGTH SOURCE CATALOGS
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ABSTRACT
We describe an online system for automated classification of X-ray sources, ClassX, and we present preliminary

results of classification of
“mLu\.e Catalog, RASS Faint Source

It Il represents a svstem of classifi
trees. These trees are built as the classifier
sample of sources of known object types.
attributes; the same set is then used as the cla
ClassX pipeling
online data archi
by the selected classifier and nputs them to the
coordinates, optionally complemented with target 1T
probabilities for all class

performance, and we present the respective validation procedure
external verification, we conclude that the ClassX classifiers

using Virtual Observatory protocol

1 three major catalogs of ROSAT sources, ROSAT All-Sky Survey { RASS) Bright
“atalog, and WOACAT, into six cla
. galaxies, active galactic nuclei, and clusters of palax
&rs, each classifier consisting 0 fa unmderahle number of oblique decision
“trained” to recognize various classes of objects using a training
iach source is characterized by a preselected set of parameters, or
ifier conducts classification of sour
features an awtomatic search for X-ray source counterparts among heterogenseous data sels in
s it retrieves from those archives all the atributes required
fier. The user input to Cla
. The output contains the class name, attributes, and class
ed targets. We discuss ways to characterize and assess the classifier quality and

atepories: stars, white dwarfs, X-ray
sed on a machine-learning tech-

C

of unknown identity, The

X is typically a file with target

Om the basis
eld reasonable and reliable classifications for

of both internal validation and

ROSAT sources and have the potential to broaden class representation significantly for rare object types.

Subject headings: methods: statistical — surveys

L INTRODUCTION

fication of cosmic sources into physically distinet
a key element of research in all domains of astro-
Tlanllll(mallv this has involved painstaking manual
analvsis of detailed, homogeneous sets of observations, More
recently, automated classifier tols have heen used to help in
ification of objects from huge but sull largely homo-
geneous surveys, Examples include analvsis of the First
{Odewszhn 1995) and Second { Weiretal, 1 B‘S}lellal Sky Sur-
veys and the Sloan Digital Sky Survey (SDSS; Stoughton et al,
2002}, In this paper, we discuss how we can go bevond using
single large surveys and combine information from multiple
helemb_ neous databases to clas astronomical sources, Us-
ing dynamic cross-correlations of electronically available data
sets, the ClassX team has developed a series of ¢l
ra]-ld[y sort X-ray sources into classes. These facilities are
now ilable to the community at the ClassX Web site”
Classification is distinct from correlation and identification
with objects at other wavelengths. Our classification tools can
use the nonexistence of counterparts at other wavelengths or

! MASA Goddard S
* Space Telescope §
MDD 21218,
? Seience Systems and Applicstions, Tne., Lanham, MDD 20706,
A Centre de Données Astronomiques de Sirssbowrs, Observaloire Asiro-
mmuq ue, IIMR 7550, 11 sue de ' Undver sdte, P-6T00 Strasbousg, an 13
* Max-Planck-Institut Fiie tache Physik, Gi

Flight Centes, (reenbelt, MD 20771,
fence Institute, 37K San Martin Drive, Balimose,

K-ravs: hinaries

Xeravs: general X-ravs: siars

use ensembles of potential counterparts to establish limis o
parameters.

Our initial work has concentrated on the more than 100,000
unclassified sources detected by the ROSAT observatory” from
1990 10 1999, These high-energy sources are particularly rich
in interesting objects: QS0s and other active palactic nuclei
(AGNs), clusters of galaxies, voung stars, and multiple systems
containing white dwarf (WD), neutron star, or black hole
companions. The ROSAT samples have been used in prior in-
vestigations (e.g., Rutledge etal, 2000; Zhang & Zhao 2003),
but still only shout 109 of the sources observed by ROSAT
have a reliable classification, In most cases this identification
rests on cross-correlation between the ROSAT object and ables
of classified sources. In some cases detailed follow-up ob-
servations have been performed on a source-byv-source basis.
This is extraordinarily expensive in both telescope time andthe
time of astronomers analyzing these data, Direct comparison of
RCISAT sources with massive optical catalogs (e.g., Rutledge
et al, 2000; or the similar efforts for XMM-Newton data; cf.
Watson et al. 2003, Yuan et al. 2003, and Lamar et al. 2003)
gnables the cross-identification of ROSAT sources, bul unless
the class of the counterpart is known, this does not determing
the type of the source. However, flux information from multiple
catalogs allows us to try to classify sources with more infor-
mation than is available from the X-rav observations alone.

Our approach differs from most previous efforts at multi-
-.pechal classification in several basic way irst it does not

ificallv constrain the information that is used to distin guish

CGermany.

* Universities Space Resesch Associstion, 7501 Forbes Boulevard,
Seabrook, MDD 20704,

! Michigan Stste University, Fast Lansing, MI 45834,
oo gl nasa goviclasa.

our autput categories. Other authors have looked at the X-ray
to optical ratios { Maccacaro et al. 1988) or X-ray/optical fradio

See bty wave xmaympe.mp de ROSAT
(V616/59920) 10/13/04



Future Prospects

Start to design / implement operational system
— Upgrade user-interfaces
— Add spectrum data
— Add analysis engines by Java-wrapping
— Download to / Upload from user machines
— Science corresponding to use cases !!
— Design workflows
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