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VO for doing Astronomy

Essential for imminent data volumes and rates
Multi-A science requires

e Data from different telescopes
* Analysis tools

* on-line services

* archived information

to be readily compatible

VO = framework for interoperable systems

VO Vision: All Astronomy resources as if they
were on your desktop
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Astronomy Data interoperability

Images (multi-band, mosaics, cutouts, FT)
Catalogues

Spectra

Time series

Spatial Information
* Sky regions, slits, FoV, etc.
Simulation data — many kinds

Multi-d data sets
* Data cubes, irregularly spaced data



Science Driven
e.g. AVO Science Reference Mission

Circumstellar disks: from pre-Main Sequence stars to stars
harbouring planets

Intermediate Velocity Clouds

Which Star will go Supernova next?

Initial Mass Function within 1kpc: Planetary to Stellar Masses
Initial Mass Function for Massive Stars

Contributions of Low and Intermediate Mass Stars to the ISM
Galaxy Formation and Evolution from z=10 to 0.1

Build-up of Supermassive Black Holes

Formation and Evolution of Galaxy Clusters

Correlation of CMB, radio/mm and optical/NIR Galaxy Surveys



We need (1)

* Visual browsing of data and distributed
information

* Visualizing heterogeneous data

= Combining Multi-wavelength data taking into
account different:

> Units
> coverage

> Resolutions/PSF, observing technique



We need (2)

 Multi-wave cutouts of individual sources

* Generate and visualize SEDs from image,
and spectral and catalogue data

= Taking into account different
> Beams/apertures (extended sources)
> Backgrounds
> Photometric systems

* Time axis:
> Light-curves
> Multi-epoch imaging



We need (3)

* Compare observations with models

e Virtual observations of models

* Projection of models to observed parameter space
e Spectral fitting/classification

e Colour-colour visualization Tool

= Astronomy functionality alongside visualization

= Reproject data, correct for extinction, calulate
luminosities etc.

= Visualization requirements O Analysis requirements



VO Tools

* Prototypes
* VO-enabled existing tools & new tools

* Services
* VO-enabled with 'translation layer’
* New services

* Applications Infrastructure

e Make tools accessible

* Build your own customized system from VO
components



A brief tour of some of the VO
tools available now
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Multi-archive spectra
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Line lists integrated into the tool

STScl Specview



Line lists from a Service

YOSpec Spectra Viewer
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VisIVO : Visualization tools
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INAF, CINEA : visivo.cineca.it
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VO Mega-Plot density plot
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NVO Core Applications

NVO's objective is to enable new science by greatly enhancing access to data and computing resources. In
conjunction with the January 2005 meeting of the American Astronomical Society, NVO is releasing a first set
of software tools and applications that make it easy to locate, retrieve, and analyze data from archives and
catalogs worldwide.

Title Contact Description

NVO Registry Portal at STScl Gretchen Greene Find source catalegs, observation logs, image
archives, and other astronomical resources
registered with the NVO.

DataScope Thomas McGlynn Discover and Explore Data in the Virtual
Observatory

Open Sky Query William O'Mullane Cross match your data with numerous catalogues

Spectrum Services Tamas Budavari Search, plot, and retrieve SDSS, 2dF, and other
spectra.

Web Enabled Source Simon K rughoff Upload images to SExtractor and cross-correlate
Identification with Cross the objects found with selected survey catalogs.

Matching (WESIX)

How to Publish to the NVO Ray Plante Find out how to make your data collection
available to NVO users.

The NV web site is a community-maintained collection with content contral by the NVO Executive Committee. Contentis judged by the extent to
which it: (a) reflects an aspect of the Virtual Obsernvatory, such as astronomy with federted data, (B uses VO standands or software, or ic) exemplifies
giid-based astronomical computing. If you would like a desciiption of your project, data, or software included here, please wiite to web at us-vo.org with
a short description of your work.
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Radio and Infrared ohsenvations of EROs (Smail+, 2002) - ERO Catalog [+

S iQertifiro:tros. ae kDSA_USNOR,

xmlns:vim="http: / [www ivoa.net(xml/VOMetadata jv0. 1"
RIMInswt="http: [ jwww ivoa net /xml (¥OTable[v0 1" >ivo: [ jroe ac uk (D

Application

Title: Radio and Infrared observations of EROs (Srmail+,
2002) - ERO Catalog (Short name: J/ApP]IS81 844 /ta)
Tdentifier: ivo: [ /CDS [VizieR [JJAp] /581 /844 ftablel

Bl Abplication Launcher - 64

FIEEIC]

=TT

sher: VizieR Creator: Srmail 1., Owen F.IN., Morrison
Keel W.C., Ivisonl R.J., Ledlow M. ]
2004-04-20T00:01:08Z Version: 039-Feb-2004

select b . CATNAME
from

where

b.0BIID ,

Query
Parameter DENISI as b

Parameter
XML

Infa

cut
Copy

act: CDS support tearn CDS, Observatoire de
ghourg, 11 rue del'Universite, F-67000
ce question@simbad u-straskg. fr

trasbourg,

ription: The radio image of A851 comprises a

Choaser -l

[»] |[pination of &, B, C, and D configuration observations

| setcatald  selectal

Inputs

the National Radio Astronormy Observatory's VLA

| validate ApaL
—|mat14GHz between 1996 and 2000. Qur primary

I —infrared imaging data set cornes from wide-fisld

Tnsert SQL
Format AGN2MASS

DENISI
DERIS]
DURLKST
FsC

HES

[]/Ees in JHK taken with the KPNO 2.1 m telescope on
ights of 2001 January 4-11. On the nights of 1999
uary 28, March 0102, and March 1516 we cormpleted
band mosaic of SxS pointings using the UFTI imager
KIRT ©On 2000 Decernber 1112 wa used the INGRID
-infrared imager in the WHT to obtain a J-band

ge of the cluster core. The optical imaging to

HYSS

lement our deep near-infrared data sets was
ined from three facilities. We have two wide-field

Result
RASS

SHAPLEY.
SPECTRA
SUMSS

Astrogrid|

Modules  Help

ping data sets of this region. The first comes from

ring Record

3
3
3
3
3
3
HIPASS 3
>
3
3
3
3
3
3

UserIn

Tree view | 2
Tree view

AstroGrid Redshift Maker
Calculate redsfhits from imaging data
5-Pg Sequence
[ set ccdan:= 0
Script WES DQE query

Script

SUPERCOS
Y 3 10d @i v
S|
- scope
Dislogs
& Parallel loop Bl @;ouin $10,1,2,3,41

TARGET
Q. sep
o Flow
Apps =
— & Eise
2 |2 serim
@ set ‘
B Un=m =1 6] For Jin $tccdna)
G Forloop = Tg sequence
A g o0 = Ta sequence
AR & Seript
Astra
Gorid

Step sex_COPT

Astrogrid =& seript scriptx
cource = astro

target = astrag)

ies.info( Cross-m atching tables "
.., Step xmatch Result Variable xmatch

System

L

jes.info("Running SExtractor on image * + runno[i] + * ¢ + band[i] + "7

ioHelper.getExternalvalue (uservorn 105String -+ #votabl
ioHelper.getExternalvalueus erlyorn tostring +"#votabls
table = astrogrid tableHelper builder makeStarTable(source)

astrogrid tableHelperwriteTableftarget table,"votable"y

(] Task org.astrogrid/CrossMatcher

SCOope;

Catalogues

Vizualization Control

Go to Top

10334031

Radfial * Hyperbolic |

10.67,40.56

Festerbork Norhemn Sk )

FST Archived Exposures

mnmomm :

Catalogues Brera Multi—3tale Wavelet

W31 Glabular Cluster

Search Resulis 1l

oV Vinual Observatn

T0.64,4087

=
SIAP service for the INT m
R —
=,

TO6ZA0 80

FMM-Heron Archive

The Westerborc Noriherm Sy

1
10.67,40.99

073407 &

(o0 >

ROSAT All Sky Survey Soft
57405
{

ROSAT All Sky Surve:
TRAG WLAS ky Survey

Treen Bank Gem radin-snverm e onted

0.0
= WONEooRout

New  Manage

JE]

e [
23/11/05 05:36 jes:galahad.st.

Subject

RuN-180480-CCD- Lfits
RLN-180480-CC0D-2.fits
RLN-180480-CCD-3.fits
RUN-180480-CC0-4.fits
RUN-1569604-CCD- 1.fits
RuUN-169604-CCD-2.fits
RLN-169604-CC0D-3.fits
RLN-169604-CCD-4.fits
RUN-169600-CC0- 1.fits
RUN-1569600-CC0D-2.fits
RuUN-169600-CC0-3.fits
RLIN-169600-CCD-4.fits
RLN-168795-CC0- 1.fits
RUN-168795-CC0O-2.fits
RuN-1568795-CC0D-3.fits
RUN-188795-CCD-4.fits

Run-169604-CCD-2.fits

Created
06-Jul-2005 18:45:54
Modified
06-1Ul-2005 18:45:55
MNode Ivorn
ivo:/fuk ac le star fflemanager #no
de-2393

16394 Kb

oAk ac le star flestore-001

55 Advanced

RuUN-188385-CCD- Lfits
RLN-168385-CC0-2.fits
RUN-158385-CC0O-3.fits
RuN-158385-CC0-4.fits
wibble

11/11/05 21:55 JES
11711705 21:55 JES
11711705 21:55 JES
11711705 21:55 JES
1111705 21:55 JES
11/11/05 21:56 JES
23/11/05 05:36 jes:galahad.st

CTIP: mode A 5

AstraGrid Redshift Make
eMovieMaker &
e
TimeMjes:galahac. star. e
eM[L1/09/06 14:55 -
eMovieMaker &
eMovieMaker §
TimeMovieMaker &

ac.uk/143.210.36.238/noelwinstanley @uk.ac.le.star 3276
1/09/06 14:55

Subject: [nformation
Date: Fri Now 11 21:55:49 GMT 2005
From: JES

Will save results to
dvoif/uk.ac.le.star/noelwinstanley#votable
/&112002-07-28T01:00:00.000 . npg
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IVOA Applications Interest Group

e Announcements of new tools
e Discussion on VO tools
e Suggestions for enhancements

* Feedback to IVOA working groups on
standards etc.

e www.ivoa.net - Community - Applications


http://www.ivoa.net/

Working list of applications — add your own!

(v voaApplications - IVOA-ivoa.net-Mozilla s 7 & : e B

File Edit View Go Bookmarks Tools Window Help

L. 2B B [F i -~ s
hatk i Rena \3.['._.|_1 &hrrp.waw.lvoa.netmvwkl,-fbln,fv|ew,-fIVOA,-fIvoa.AppI|cat|ons ot m

“}Home | WfBookmarks ¢ Red Hat Network [ Support 5Shop fProducts [ Training

TAEory

Links

IVOA.NET
Applications (Please add new links by editing this page)

www.ivoa.net NVO List of Tools and Software US National Virtual Observatory

VO projects NVO DIS Data Inventory Service

doc repository RVS Remote Visualization System

ot VOlIndia VOPlot A tool for visualizing astronomical data
TOPCAT Tool for OPerations on Catalogues And Tables
STEES Command-line tools for table/VOTable manipulation
Treeview A viewer for hierarchical structures
NOAO VOTool A VOTable Visualization and Editing Tool
CDS Aladin Image and Catalogue tool
Bell Labs Mirage Multi-dimensional visualization of data from VOTable
ESA VOSpec A tool to handle YO compliant spectra through SSAP
VOSED A tool for building Spectral Energy distributions
AstroGrid Workbench A VO Client Implementation
VisIVO A Visualisation Interface to the Virtual Observatory
A list of Visualization Tools VOTech Project DS6 survey
A Study On Existing Tools VOTech Project
China VO VOFliter VOTable Filter for OpenOffice Calc
VOTable2XHTML XSLT Stylesheet for VOTable to HTML
SPLAT Spectral Analysis Tool

Applications Infrastructure
Astro Client Runtime Uniform way to access VO components from any programming, scripting or
(ACR) shell language on any platform

Libraries and Parsers

JAVOT Java VOTable parser
(CalTech)

SAVOT (CDS) Java VOTable parser
STIL Starlink Tables Infrastructure Library - Generic Java Table Handling for




Summary

* VO tools are ready for doing science
* Varying levels of stability and maturity

* VO services are rapidly coming online
* Data centres implementing translation layers
* Specialized services uptake of VO standards

* Workflows and Grid capabilities
* First steps are promising



