Virtual Observatory (VO)
An Introduction

SudhanshBarway
South African Astronomical Observatory (SAAQ), Capmvn

March 19th, 2009




About this presentation

What is a Virtual Observatory?
How does it work?

VO Tools and applications
VO-enable research
Introduction to VO tools

VO at SAAO

Summary




What's a Virtual Observatory?




What's a Virtual Observatory?

First, a real observatory-

Telescope (optical, infrared, ultra-violet, radio,
X-ray)

Detectors, instruments (cameras, spectrographs,
photometers)

Site (ground, space)

Computers (telescope control, instrument

control, data acquisition, data processing, data \
storage [archive])
Astronomers, technicians, engineers, support

staff, ...




What's a Virtual Observatory?

Virtual observatory -

Telescope — digital data accessible on
the Internet

Detectors, instruments — computer programs
Site — the user’s desktop
Computers (telescope control, instrument

control, data acquisition, data processing, data b

storage)

Astronomers, technicians, engineers, support
staff, ...




What's a Virtual Observatory?

A suite of software applications on a set of computers that allows users
to uniformly find, access, and use resources (data, software, document,
and image products and services using these) from a collection of
distributed product and service providers. (B. Weigel, GMU; ViRBO)

A virtual observatory is a collection of interoperating data archives
and software tools which utilize the internet to form a scientific

research environment in which astronomical research programs can
be conducted.

-Wikipedia
e A collection of integrated astronomical data archives and software tool

that utilize computer networks to create an environment in which
research can be conducted. (answers.com)




The Virtual Observatory...

Provides observers/astronomers with access to
all archived astronomical data as if it were stored
on the local computer

Provides tools to locate and retrieve data of
interest, regardless of where it is stored

Provides tools to compare data from different real
telescopes and instruments

Provides computational services and data
management services on a supercomputer scale

All of the above requires the various VO players to speak the same language
Need to define VO standards and protocols

International Virtual Observatory Alliance (IVOA)




16 Member Organizations

Australia
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Images cutouts in many wavelengths

VIM: Visual Integration and Mining

Hosted By

Posiﬁuﬁ list is from:Arp peculiar galaxies that are also members of the Revised Shapley-Ames Catalog of Bright Galaxies. Correlations by Al Kelly from tables
assembled by Dennis Webb, originally to support the Johnson Space Center Astronomical Society Texas Star Party 1997 Supernova Campaign.

Bench has 90 sources: below is from 1 to 90
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This page is hrepi/fenvoyS.cacr.caltech.edu:88887benchiD=keep/abell

|Find Catalog Objects Near My Sky Positions # read in URL for abell table

sourcesURL.run(bench, sourceslURL="htrp://enve

Search radius, arcseconds: ;20

# some dss cutours, 400 pixels across
Catalog: |The MNASA/IPAC Extragalactic Database o | skyview.run(bench, isize=400, surveylist=[D552B'

Verbosity I minimal :J # rosat broadband intensity cutout images

skyview.run{bench, isize=60, surveylist=RAS57,
Threads [ multicio) ~| hor { eylist=[RASS]

# try the rosat faint sources
New Table Name: l proxsearch.run(bench, survey="ROSATIFSC), sr=

Start Proximity Search ! # some more cutouts in the xray

dss2 more_xray

RCE_ID DSS2IR DS52B Count hardness_ratie_| count_rate

IRXS [003940.04211519  7.400e-02

IRXS |004039.4+180916  4.2B8le-02
IRXS [004036. 14181638 4.600e-02

IRXS|004147.5+211832  3.656e-02
IRXS [004132.3+212844  3.4%0e-02

TRXS |004444.6+202243 3.426e-02
IRXS [004330.7+203734 |.641e-02

I RXS [004736.94+202526 |.B60e-02
|RXS [004635.0+4201554 3.737e-02
IRXS [004625.8+201305  2.450e-02
IRXS [004635.54202726 | 4.046e-02
| RS [004444.6+202243 3.426e-02

1RXS |004949.3+242707 |.6Bae-0l

IRXS JO05158.1+215918 |.B51e-02
IRXS 0535314221750 2.406e-02




sdss-spec

(MinAxis | | AcRef TargetName

SDEE M 22549.531-0112000.00

/ J122849.31-01 | 2000.00

ISDSS
] 1355 16.06+59354000.00

Fluz (1017 ergfafom” 208,

|SDSS
|J123121.78+57342000.00

5,000 7,000
‘Wizvelength (Angstroms)

[SDS5S
J115610.33+60360000.00
[SD3S




Data integration

Radio (VLA)

Optical (HST) CasA supernova remnant

X-ray (Chandra)
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Why not just use Google?

Very little astronomical data is text-based
Text-based searches are unstructured

Need to get inside data archives and databases
to find the actual measurements and their
uncertainties

Google just leads you to web sites; the VO finds
data and delivers it




How does it work?




How Do You Build a Virtual Observatory?

Good news- do not have to invent everything from scratch

e Build on existing data archives, on-line catalogs
e Exploit advances in computer and networking technology
e Utilize new grid technologies for high performance computing

But there are challenges-

Metadata standards

Data quality and completeness

Cross-correlation of TB-scale databases at different locations
Visualization of large parameter spaces




The Virtual Observatory concept
S mma Ue" Interface.

Find all radio-loud, early-type l

galaxies with 0.4 < z < 0.7that Virtual Telescope _
lie within 2’ of extended x-ray . P < Data Access Layer
emission, please . — Metadata Services

Archive : services
Metadata services Arehve eta_data
services

Information

_ Informatio
Servicas Other services Services

Other
! services
Data Data




The Virtual Observatory concept
- e o, S22 Saleles

What now?

Find all radio-loud, early-type
galaxies with 0.4 < z < 0.7 that - _
lie within 2’ of extended x-ray Virtual Telescope Data Access Layer

emission, please. Middleware Layer .
P L Metadata Services

Archive : services ,
Metadata services Archive Meta_ ata
Information \__ services
Informatio

Services Services

Other
services




VO Standards & Protocol




VO Standards & Protocol

VOTable -
The VOTable is an XML standard for representing tabular data.

SDSS ID RA Dec

587722952230175145 236.35011657 | -0.59824048
587722952230175173 236.36935401 | -0.57445286
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VO Standards & Protocol

e VOTable -
The VOTable is an XML standard for representing tabular data.

Cone Search -

This protocol defines a simple query protocol for retrieving records from
a catalog of astronomical sources. The query describes sky position and
an angular distance, defining a cone on the sky.

SIAP - Simple Image Access protocol

This specification defines a protocol for retrieving image data from a
variety of astronomical image repositories through a uniform interface.

Many more — FITS, ADQL, UCD, DAL...




VO Tools And Services

e Web-based applications
e Stand-alone applications
e Scripting and programming environments —

IDL, java, Python and IRAF




VO Tools And Services

e Plotting — provide variety of display options

includes some analysis facilities — statistics, filtering, corssmatching

VOPIlot http://vo.iucaa.ernet.in/~voi/voplot.htm  (VO-India)
TOPCAT http://www.star.bris.ac.uk/~mbt/topcat/ (Astrogrid)

e Visualization — image display, catalogue overlay

Aladin http://aladin.u-strasbg.fr/aladin.gml  (CDS)
Mirage http://cm.bell-labs.com/who/tkh/mirage/index.html




VO Tools And Services

e Data discovery — locate (find), compare & retrieve data from variety

of VO-accessible data archive... one-stop shopping

Datascope http://heasarc.gsfc.nasa.gov/cgi-bin/vo/datascope/init.pl
(NVO)

SkyView http://skys.gsfc.nasa.gov/

e Analysis Tools — provide sophisticated analysis capabilities for making
queries, cross-correlating catalogues, spectrum analysis

Open SkyQuery http://openskyguery.net/Sky/skysite/browse/Browse.aspx

VOSpace http://esavo.esa.int/vospecapp

VOSed http://sdc.laeff.inta.es/vosed/jsp/form search.jsp

SPLAT http://star-www.dur.ac.uk/~pdraper/splat/splat-vo/
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VO-enabled research




Current VO-based research

Studies of merging galaxies

Automated supernova detection

Environments of starburst galaxies and relationship
of starbursts with active galaxies

Quasar discovery and analysis

Search for clusters of galaxies and distance
estimation

Structure of the Milky Way halo

Infrared properties of radio galaxies

Super star clusters in nearby galaxies




Current VO-based research

Some Examples -

e Using VO tools to investigate distant radio starburst hosting obscured AGN in
the HDF(N) region, , A&A, 2007, 472, 805

Albus 1: a very bright White Dwarf candidate, , ApJ, 665,
L151 (2007)

http://www.euro-vo.org/pub/fc/papers.html
Flare produ Pi/l 9/pub/tc/pap ive regions,

http://www.us-vo.org/pubs/notable_pubs.cfm

Radio-loud Narrow-Line Type 1 Quasars, ., AJ, 132, 531
(2006)

Luminous AGB stars in nearby galaxies. A study using VO tools,
, ARA, 447, 89 (2006)

Discovery of optically faint obscured quasars with Virtual Observatory tools,
, 2004, A&A, 424, 545




Introduction to VO Tools

e VOPlot

e Aladin

e TOPCAT

e VO Desktop
e VOStat




VOPIlot

VOPIot is a tool for visualizing astronomical data.
VOPIot is developed in JAVA.
VOPIot can be used to -
To plot two data fields against each other
Display the distribution as a histogram - 3D Histogram Plot

Surface Plot
3D Scatter Plot

Simple transformations can be applied to data
Simple statistical analysis

VOPIot is fully integrated with VizieR
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Simbad ViFleR Aladin Catalogs Dhctionary Bibilie Iitorials Developers

VizieR Result Page

Result of VizieR Search (no constraint specified) My the Quary
Max. Entries: Dutput layout: ALL columns ) O
18 . HTML, Tile . A

Third Reference Cat. of Bright Galaxies (RC3) {de Vaucouleurs+ 1991)

The revised RC3 catalog (23011 rows) ReadMe
To get all details for a row, just ciick on the row numberin the leftmost Full' column

The 2 columns in color are computed by VizieR, and are not part of the original data.

Full RAJ2000 _DEJ2Z000 RA2000 DE2000 altname PGC type T D25 R25 BT BI code cz
“himis”  Cdimss® Chemis®  “dims” [0, Larmin] Mg kim/s
00001.9 +47 16280000 01.8+47 16 28UGC 12889 PGC 2 .SBT3.. 3.0 1.330.07
0 00 0 D6 22200000087 -0622 29MCG-1-1- 16PGC 12.S.1P7 1.0 180.74 (493
| 00 21 2 35380000 21.3 -02 36 38MCG -1-1- 20PGC 23.E+.*. 4.0 150.25

1226 8047300000225 -8047 30ESO12-12 PGC 30PSXT4R: 4.0 190,07 7900
1241 43930000000 24.0 43030 00UGC 12804 PGC 35.1.9.  10.0 1,96 0.00

024.1 +17 00000 24.0417 13 00UGC 128593 PGC 38 548, 8.0 1.23:0.01

)00 24.1 +07 50 D000 00 24.0 +07 50 00UGC 12892 PGC 39.5R.2. @ 2.0 0.91 0.24

000281 -40 29 000000 29.0 40 28 00ESO 293- 27 PGC 43.SBR4*.| 4.0 1.28 0.55 3164
90000 368.1 +20 03 3300 00 38.0+42003 33UGC 128085 PGC53.5.7. | L0 0.90 0.09

1000 00 384 +28 23 0600 00 38.3 +28 23 06UGC 12867 PGC Y4 .5.2. 20 1.060.4814.845 8705

(Result truncated to 10 rows)

Availabre-Visuaiisations:
*Plot the resulls with I.IJq.-_’j{.f"![JII;_L_H!.':D

VIV D

== = By N - R ]
aieer [, T T S




¥ YOPlot - F:\woildatalHST Color.xml

|File  Edit Mode Miew  Functions Interop  PlotPanel  Look-n-Feel Help

P

52> ) 5/s(=(s]> Holx]v]s]>

60T [ | | .

=
=
T
L ]
L]

201 . T | = | 3 -:". ':.': s
B T S TR N S
L

DEJ2000 ['d:m;:s"]

= P
= —
T T
™ }
' }
L ]
L 3
L ]
L )

]

=

&
o -
x

JIA+AS/145/111/colour
T

Data Points

Vil/i158/table1

(T T

_RAJ2000 ['him:s!]

¥10

3.3822 3.3824
_RAJ2000 ['him:s']

3.3820 33826 w10

{}HST_CDDrmI

' Plat |
.. Histogram '_




£, 3D Histogram

Wl = | =

[

sy

=]

z
E-T
o

S




Aladin is a VO tool allowing one to visualize
images of the sky and to superimpose entries
from catalogs.
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Aladin - v3.5 multiview
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Aladin

« allows the user to visualize digitized imagesmf part of the
sky.

e to superimpose entries from the CDS astronomg@logues
and tables.

e to interactively access related data and inforomafiiom
SIMBAD, NED, VizieR, or other archives for all know
objects in the field.




Topcat

Tool for OPerations on Catalogues And Tables; Is al
about tables; view and manipulate tables, and make

plots in many different formats; cross-match
catalogues.
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VO Desktop

This is the core application, containingOExplorer,
Astroscope/Helioscope, File Explorer, Task Runaed
Query Builder. It also provides the background mew -
Astro Runtime and PLASTIC.

Search for resources and data in the VO;
bookmark your favourites;

fetch images, spectra and catalogues;
run queries on databases;

save and share files in VOSpace; and
Invoke remote applications.




2 NaNa VO Explorer - VO taster list

s Resource Lists Contents of WO taster list - 5 resources L
¥ o Examples

Status Flag.., Title Capability Data |
Recent Lhanges 2nd Digitized Sky Survey (Blue) L 2007-01-16
VO taster list HyperZ L 2008-02-22
Cone search example Sloan Digitized Sky Survey i 2007-01-16
Image access exampl SCArRUFST 94 L JOOR-02-2¢
Third Reference Catalog of Bright Galaxies == 2007-08-03

Spectrum access exar

Remote apphcations :
Queryable database ¢ L Information  [_| Table Metadata =[] XML

IR redshift &
Lalar services b

ANNDIATE

2nd Digitized Sky Survey (Blue) i
__| Flag ‘a

=% Mew Smart List Short Mame D552 10 ivoiinasa heasarc/skyview/dss2 .
' | 1yps CatalogService Created 2007-01-16T00:00:00 Highlight | [ 1'%

ed 2007-01-16TCO00:00

il Type BrChIVe Subiect SUNVEYS Level research Jotes

Sacond Generation Digitized Sky Survey This survey includes
high-resalution all sky optical Images in wo colars. This surey
i5 not local o SkyView, il is served remotely from the ST Scl
Processing of the survey s ongoing. The current state is of each
of the elements is described in the plate stalus table atthe ST
Scl

Selection: CatalagService

@ Further Info Data are retrieved from the ST Scl site in 18" tiles that are 4
cached atthe SkyView server. Thus users may note that when é;ﬂ%ﬁ&’;ﬂ 29 up al

multiple images are retrieved from near the same region, the 10:4511.005

first requesi takes substantially longer. SR

Monitonng sendce

2 Email Curator

The native projection of these dala s described as a high-order




VOStat

e Simple and sophisticated statistical routines on
large datasets.

e Uses statistical computing package called

e Developed jointly by VO-I and the Center for
Astrostatistics at Penn State
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VOStat

VOStat it
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Regression

Developed by MOl in collaboration with PENNSTATE




VOStat

V0Stat

VOStat £

Siuiisﬂcal Analysis for the Virtual Dbsewalaw

b @ = E] Q

Tast List Help Wiew File Wiew [rata WO Plot

UPLOAD FILEURL

File Type: i ASCI ® VOTABLE

TypeinaURL:  |http:/vo.iucaa.ernet.in/Sample_files/H]

OR Choose a File: |

| Load Takle or File

Input File: HDF Galaxies.zml

Developed by WO-1 in collaboration with PENNSTATE

SELECT CATEGORY

Descriptive "

SWlISUCS | pseriptivn Statistics

Multivariate -
Analysis | @ Mean Standard Deviation

Censored Da ' BoxPlot

{_) Histogram

) Weighted Mean

i) Correlation Matrix

Cancel

Etatictical Tacte

Exploratory Tools

Curve Fitting

Two and k-sample
Tests




VOStat

Statistical-Analysis for the Virtual

3 2 b B @ E

F Code Flatz Save Tes=t List Help Wigw File Wiew Data WO Plot

RESULT
MEAN STANDARD DEVIATION

Columns Mean SD Median Mad
Ra.J2000 189.2064 0.02218875 189.2062 0.0252042

DE.JZ2000 1.036918 0.0002201704 1.036873 0.0002271947
Xpos 1126.767 568.3535 1183.5 739.8174
Ypos 1204.481 549.7623 1223 750.9369
Imag 23.69011 0.943918 23.92 0.978516

u_B -0.4807407 0.7539843 -0.735 051891

B_ W 0.7631481 0.5199708 0.625 0437367

W 1l 0.9223333 0.4341621 0.865 0.415128
recno 135.5630 78.18918 135.5 100.0755

BoxPlot

Histogram

View plot

View plot

View plot

View plot

View plot

View plot

View plot

View plot

View plot

View plot

View plot

VWiew plot

View plot

View plot

View plot

View plot

View plot

View plot

Developed by YO-1  in collaboration with PEMNSTATE




VO at SAAQO

The Beginning....




VO at SAAO

Connecting South Africa internally and to the world

(in collaboration with staff from AstroGrid)

VO activities at SAAO-

 SAAO Virtual Observatory webpage — http://www.saao.ac.za/resources/virtual-observatory

« Installing, running and maintaining AstroGrid software’s /applications as well as VO
tools from various VO projects.

A new updated version of the AstroGrid desktop software's (V1.2.2) for astronomers are available locally at SAAO
through http://www.saao.ac.za/~barway/vo/astrogrid/feb09

The training of the South African students/astronomers/technical personal in the-
use of AstroGrid and various other VO tools and applications
preparation and the storage of the data for access via VO (AstroGrid)

Adopting PySALT pipeline to VO tools.

Ensuring that SALT data can be accessed through VO to-
SALT partners
South African astronomical community

rest of the world

Coordinating VO activities with South African National Grid and Centre for High
Performance Computing (CHPC).




Summary

VO relies on data collected and archived from real observatories.
All astronomical databases

All major data centers provide or planning VO-compatible interface to their
data.

VO enables research that cannot be done with one telescope or instrument.

VO provides a computational framework that supports research questions
that are now difficult, if not impossible, to carry out.

Foe less than 1% of the cost of building new telescopes, the VO allows
astronomers, educator, and the public to explore, synthesize, and learn. Add
value to all observational facilities.

The final goal is Science.




VO exercise

Each student has to do one exercise. Students should
produce report on the project with all relevant text
and figures. For assistance, a brief write-up is provided
for all exercises can be download from —

http://www.saao.ac.za/~barway/vo/vo_project/nassp




VO exercise

Here is the list — (http://www.saao.ac.za/~barway/vo/vo_project/npssp
Astrometric calibration with Aladin

The HI shells of the Small Magellanic Cloud.

Looking for optical counterparts of X-ray sources.
Photometric calibration with Aladin.

Quasars in SDSS.

Galaxy Clusters from SDSS.

H-R Diagram of a Globular Clust‘

Open cluster membership.

Red objects in the Pelican nebula (IC 5070).

Proper motion of stars with Aladin.
Search for high-Z quasar from the SD‘.
Surface Photometry of gala>‘



Thank Youl!
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