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INTRODUCTION 

New end-to-end science cases using Virtual Observatory (VO) tools and services, 
including examples from galactic and extragalactic astronomy are now available online, 
forming the Final EuroVO-AIDA release of Online Scientific Tutorials.  

The new tutorials, along with older releases, can be found at http://www.euro-
vo.org/pub/fc/ workflows.html.  

In the following, tutorials introducing the basics of data discovery in the Virtual 
Observatory are described first, while more complex science cases using VO tools are 
presented next. 

1. THE CONTENT AND STRUCTURE OF THE TUTORIALS 

1.1. The study of NGC 1068  

NGC 1068 is a very well studied prototype Seyfert 2 galaxy. Throughout the years, it has 
been observed in almost the entire electromagnetic spectrum, from X-rays to radio. This is a 
zero-level science case, whose purpose is to familiarize the user with some basic 
functionalities of the various tools. The user is guided through the use of TOPCAT 
(http://www.star.bris.ac.uk /~mbt/topcat/) as a VO portal. Images and Spectra are 
retrieved in forms of lists and are then sent to tools that are better suited for image and 
spectra handling, namely Aladin (http://aladin.u-strasbg.fr/aladin.gml) and SPLAT-VO 
(http://star-www.dur.ac.uk/~pdraper/splat/splat-vo), for visualization. The full description of 
the tutorial can be found here: http://www.euro-vo.org/pub/fc/workflows/ngc1068.html.  

Figure 1 shows two lists of data loaded in TOPCAT, with some images taken with the 
Hubble Space Telescope (HST) coming from one of the lists shown in Aladin, some HST 
spectra from the other list shown in SPLAT-VO and the partial content of the list of spectra. 

 

Figure 1: TOPCAT sends images of NGC 1068 to Aladin and Spectra to SPLAT-VO 
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1.2. Confirmation of a Supernova candidate 

Supernovæ, stellar explosions, are extremely energetic events that can briefly outshine 
their host galaxy until they eventually fade out in timescales of weeks or months. The 
physical processes driving these explosions are very important for the understanding of 
stellar evolution. Supernovæ are rare events and can only be observed by chance.  

The tutorial (http://www.euro-vo.org/pub/fc/workflows/SN.html) describes how a 
supernova candidate appearing on an image of the galaxy NGC 6946, taken by a project 
“hunting” supernovæ, is confirmed by comparison of the image against archival image 
data retrieved through VO interfaces, namely Aladin. The parent image undergoes some 
manipulation in order for it to be astronomically useful (e.g. modification of the pixel 
distribution, astrometric calibration). The workflow then describes how to identify the 
supernova either by comparing the parent image to other images or by comparing source 
catalogues extracted from other images and overlaid on the parent image. TOPCAT is 
used for the cross-correlation and comparison of the various source catalogues.  

Figure 2 shows the Supernova candidate tagged on the parent image, framed inside the 
Aladin main window. The bulk of the galaxy can be seen at the top part of the image. 

This case relies heavily on a case used for outreach, bearing the same name, within 
EuroVO-AIDA WP5. 

 

Figure 2: Aladin screen shot showing the supernova candidate (red cross) on the parent 

image of NGC 6946 
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1.3. Searching for available data for the bright galaxy M 51 

Various astrophysical processes leave their signatures in different parts of the 
electromagnetic spectrum, i.e. different wavelengths. In order to understand the 
structure and intrinsic properties of an astrophysical object, one is often compelled to 
find as many data as possible for a given object.  

This workflow describes how to collect all available data, through the VO, for the bright 
galaxy M51, making use of a variety of VO tools and services, namely Aladin, VizieR, 
Simbad, TOPCAT and VOSpec. In doing so, it also presents a variety of functionalities of 
the various tools and services. Figure 3 shows part of a spectrum taken on M 51 by the 
Hubble Space Telescope and discovered using SPLAT-VO. 

 

Figure 3: Partial HST spectrum of M51 
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1.4. A VOSpec typical session 

This tutorial, found in the URL http://www.sciops.esa.int/SD/ESAVO/images/ 
VOSpec/VOSpecV5_ABAur_flash.htm, is different from the previous ones. It is actually a 
recorded session of the use of VOSpec (http://www.sciops.esa.int/index.php?project= 
ESAVO&page=vospec), a real step-by-step introduction that takes the user through the 
various capabilities of the tool. It is a navigation through data discovery, comparison with 
theoretical models and examples of some spectral analysis tools. Figure 4 shows a 
screenshot of the recorded VOSpec session. 

 

Figure 4: A screen shot of the recorded VOSpec session 
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1.5. The nature of a cluster of X-ray sources near the Chamaeleon star-

forming region 

This tutorial (http://www.euro-vo.org/pub/fc/workflows/Chamaeleon.html) follows a set 
of scientific steps to identify stars that are members of the Eta Chamaeleontis star 
cluster.  Four 'clustered' X-ray emitting pre-main sequence stars provide the starting 
point for identifying other cluster members. By matching the proper motion of one of 
these stars with stars in the NOMAD catalogue, and then applying additional brightness 
and colour criteria, some 16 or so cluster members emerge as a distinct population from 
the thousands of stars in the same field. Figure 5 shows the selected sequence of stars in 
a colour-magnitude diagram.  

The tutorial uses VODesktop (http://www.astrogrid.org/wiki/Home/AboutAGDesktop), 
Aladin and TOPCAT. It demonstrates different ways of searching for information in the 
VO, and highlights the benefits of interoperability between tools. This tutorial was 
originally developed by S. Murphy, RSSA/ANU and was adapted for the needs of the 
Euro-VO "Hands-on" Workshops.  

It can be found in its original format here:  
http://www.mso.anu.edu.au/~murphysj/topcat/TOPCATtutorial.pdf 

 

Figure 5: Cluster members selected on a colour-magnitude diagram, created with 

TOPCAT 
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1.6. Study of Exoplanets  

This tutorial deals with the idea of searching for objects based on different criteria, and 
looking for additional information on the objects found. It involves searching for nearby 
stars that have massive (>7 Jovian mass) exoplanets with long periods, and gathering 
additional information such as the bibliographic references and catalogued spectral types.  

This workflow uses the TOPCAT tool and the VizieR (http://vizier.u-strasbg.fr/cgi-
bin/VizieR) and Simbad (http://simbad.u-strasbg.fr/simbad/) services. In particular, it 
presents how to query the VizieR service by UCDs (Unified Content Descriptor), followed 
by the display and selection data in TOPCAT (see Figure 6), and how to query Simbad by 
script. 

 

 

Figure 6: A sample of massive nearby exoplanets, selected in VizieR from a catalogue 

that provides information on planet orbital periods. On the right, the distribution on the 

sky of the associated stars is shown on a TOPCAT spherical plot 
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1.7. Classifying the SEDs of Herbig Ae/Be stars 

Herbig Ae/Be stars are intermediate mass, pre-main sequence stars, with spectral types 
B, A and F. The Herbig Ae/Be stars bridge the gap between the low mass T Tauri stars 
and the massive Young Stellar objects and hence, are important for the field of star 
formation and the study of the different mechanisms of low and high mass star 
formation. The Spectral Energy Distributions (SEDs) of Herbig Ae/Be stars fall roughly 
into two groups, with Group I sources having a stronger far-IR flux as compared to 
Group II sources. 

The overall goal of this tutorial (http://www.euro-vo.org/pub/fc/workflows/Herbig.html) 
is to classify the SEDs of a number of Herbig Ae/Be stars. Firstly, a well-known list of 
Herbig Ae/Be stars is loaded into TOPCAT and the IRAS and 2MASS fluxes are found for 
each object. By plotting the difference in IRAS fluxes against the difference in the mid 
and near infrared fluxes, the two SED groups can be distinguished, with Group I sources 
in the top left and Group II sources towards the bottom right of the plot (see Fig. 7, left). 
The workflow then describes how to produce the SEDs of a Group I and a Group II object 
using VOSpec and also describes how to add photometric points to the SED using VOSED 
(http://sdc.laeff.inta.es/vosed/index.jsp) (see Fig. 7, right). Finally, the workflow 
describes further functionality within VOSpec for the analysis of SEDs. 

 

Figure 7: Left: The difference in IRAS fluxes versus the difference in the mid and near 

infrared, plotted using TOPCAT. Right: The SED of MWC 1080, a Group I object, with ISO 

and IUE spectra from VOSpec and photometric points from VOSED. 
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1.8. The Pleiades open cluster 

The Pleiades are an open cluster, a group of stars gravitationally loosely bound, in the 
constellation of Taurus. Because all stars belonging to the same cluster originate from 
the same gas cloud, have the same age and chemical composition, stellar cluster are 
important entities for the understanding of stellar evolution. The Pleiades are one of the 
stellar clusters nearest to earth. Figure 8 shows an RGB image of the centre of the 
cluster created using Aladin. 

This science tutorial describes how to use Aladin to measure the “parallax”, i.e. the 
displacement of the stars relative to the background, of the cluster members. From the 
histogram of the parallax of the objects in the field (using TOPCAT), one can see that 
there are many background stars (with smaller parallax) and a few foreground ones. The 
cluster members will all have the same parallax (8-9”). One can the collect multi-
wavelength data and create a colour-colour Hertzsprung-Russel diagram, i.e. the 
absolute magnitude of a star versus its spectral type, using TOPCAT, in order to study 
the evolution of the cluster. 

 

Figure 8: RGB image of the Pleiades cluster created using Aladin 
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1.9. The discovery of Brown Dwarfs mining the SDSS and 2MASS databases 

Brown dwarfs are objects occupying the gap between the least massive stars and the 
most massive planets. They are intrinsically faint objects and their detection is not 
straightforward. In fact, until large surveys at deep optical and near-infrared bands like 
SDSS, 2MASS or DENIS came along, their discovery was almost impossible. 

This tutorial (http://www.euro-vo.org/pub/fc/workflows/BDs.html) proposes to mine the 
SDSS and 2MASS databases to identify T-type brown dwarfs through an appropriate 
combination of colours in the optical and the infra-red. Figure 9 illustrates colour 
selection criteria for ultra-cool dwarfs in the (J-H)/(H-K) colour diagram: blue triangles 
are nearby main-sequence stars; green points ultra-cool M and L dwarfs; red stars are T-
dwarfs (the objects of the present science case); deep blue circles are M sub-dwarfs; and 
purple crosses are giants. The plot has been taken from a detailed study that can be 
found here: http://www.stsci.edu/~inr/nstars1a.html. This science tutorial explores four 
different ways of performing the same tasks (e.g. cross-matching, sources selection) 
with different VO tools and services, namely Aladin, VizieR and TOPCAT, including the 
scripting capabilities of Aladin. Given the capabilities of each VO tool, there can be indeed 
several ways to execute the same workflow (series of steps in the data processing).  

 

Figure 9: Colour selection criteria for ultra-cool dwarfs in the (J-H)/(H-K) two-colour 

diagram (taken from http://www.stsci.edu/~inr/nstars1a.html) 
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1.10. Search for ULX Sources 

ULXs (Ultra-Luminous X-ray sources) are X-ray sources that are less luminous than 
Active Galactic Nuclei but more luminous than any known stellar process (Lx > 1039 
erg/sec). These sources are hard to find because of the many background X-ray sources 
there are in the sky, which means association of the X-ray source to a given galaxy is not 
easy to prove. 

This tutorial (http://www.euro-vo.org/pub/fc/workflows/ULX.html) starts from a galaxy 
catalogue and adds information on galaxy sizes using HyperLeda (http://leda.univ-
lyon1.fr/, an extragalactic database that contains information, such as morphology and 
kinematics, about thousands of galaxies). It then finds all the X-ray sources in the 2XMMi 
survey (XMM second incremental release), which are within the diameter of each galaxy, 
assuming they are associated to it. Then, it selects all sources with X-ray power >1039 

erg/sec and studies their properties. Sources are then overlaid on some selected 
galaxies. 

Figure 10 shows the six ULX candidates associated with the galaxy NGC 6946. One is 
clearly associated with the nucleus while most of the others seem to fall on the spiral 
arms, which would support a relationship with the galaxy. 

 

Figure 10: Six ULX candidates associated with the galaxy NGC 6946, shown with Aladin 



 05/05/2010 

Author's Name Page 14 of 15 ESO 

1.11. Quasar candidates in selected fields 

Quasars are the brightest representatives of Active Galaxies, galaxies that harbour in 
their centre a super-massive black hole accreting material and releasing huge amounts of 
energy. The understanding of the physics of active galaxies is of great importance for the 
fields of galaxy evolution and cosmology. Quasars are rare objects in the sky and their 
selection among all other astrophysical objects is a difficult task. 

This tutorial (http://www.euro-vo.org/pub/fc/workflows/quasarCandidates.html) deals 
with the issue of quasar candidates' selection from multi-wavelength data. The necessary 
datasets can be located using Aladin, VODesktop or TOPCAT. The quasar candidates are 
then selected based on their “colours”, i.e. the ratio of their fluxes at different 
wavelengths. Figure 11 shows how the quasar colours change as a function of redshift 
(i.e. their cosmological distances from us). Once the candidates have been selected, the 
various data are combined to create the spectral energy distributions (SEDs) using 
VOSED. These SEDs are compared to theoretical models of stars, accessible through VO 
protocols, using VOSpec. Stars are the most important “contaminants” of quasar 
candidate samples when selected based on their colours. 

 

Figure 11: Optical colour-colour diagram showing how the colours of quasars vary with 

redshift 

2. FUTURE RELEASES 

The list of workflows will keep being maintained, updated and enriched after the end of 
the EuroVO-AIDA project. It intends to be a valuable resource for astronomers world-
wide. 
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ACRONYM LIST 

2MASS   Two Mícron All Sky Survey 

2XMMi   XMM second incremental release 

AIDA   Astronomical Infrastructure for Data Access 

Aladin   Sky atlas and data discovery tool 

D#   Deliverable number 

DENIS   DEep Near Infrared Survey 

ESO   European Southern Observatory 

Euro-VO  European Virtual Observatory 

EuroVO-AIDA European Virtual Observatory - Astronomical Infrastructure for Data 
Access (FP7 Project) 

HST   Hubble Space Telescope 

HyperLeda  Database for physics of galaxies 

IRAS   Infra-Red Astronomical Satellite 

ISO   Infrared Space Observatory 

IUE   International Ultraviolet Explorer 

NGC   New General Catalogue 

NOMAD  Naval Observatory Merged Astronomic Dataset 

PU   Public 

RGB   Red-Green-Blue (a three-channel image) 

RSSA/ANU Research School of Astronomy and Astrophysics / Australia National 
University 

SA   Service Activity 

SDSS   Sloan Digital Sky Survey 

SED   Spectral Energy Distributions 

SIMBAD Set of Identification, Measurement and Bibliography for 
Astronomical Data 

SPLAT   Spectral Analysis Tool 

TOPCAT  Tool for Operations of Catalogues And Tables 

UCD   United Content Descriptor 

ULX   Ultra-Luminous X-ray 

URL   Uniform Resource Locator 

VizieR   Database of astronomical catalogues and published tables 

VO   Virtual Observatory 

VODesktop  A VO interface suited for filtering of VO resources 

VOSED  SED builder & Fitting tool 

VOSpec  A tool to handle spectra in the VO context 

WP#   Work Package number 

XMM   X-ray Multi-Mirror Mission 


