
Introduction to VO

The google telescope? (Chris) Not so ambitious but 
in that direction…

         Amelia Bayo

Disclaimer: decent amount of slides 

shamelessly stolen from E. Solano 



What are “Astronomical data”??

• Raw images (with no processing, B.A.B = before  
Andrew Becker)


• 2-D spectra


• A collection of visibilities from  
some interferometer?


• Theoretical models: predicted images, fluxes, spectra, low or high resolution 
simulations of structures, etc.



What are “Astronomical data”??

• Calibrated images with all metadata concerning spatial and flux metadata


• 1D spectra (calibrated to what extent?)


• A data cube (again calibrate to what extent?)


• A catalog of observables


• A time series


• Theoretical predictions of stellar/population spectra (what resolution? high? 
extremely low, -SED-), of a functional form for the behavior of a multiple 
system, etc.
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• A data cube (again calibrate to what extent?)


• A catalog of observables


• A time series


• Theoretical predictions of stellar/population spectra (what resolution? high? 
extremely low, -SED-), of a functional form for the behavior of a multiple 
system, etc.

Olofsson et al. 2013



What are “Astronomical data”??

• A catalog of parameters derived “directly” from one dataset, from several 
including literature, (line widths, velocities, strengths, integrated fluxes, 
periods, etc.).


• The results from some model fitting (not only derived parameters but 
goodness of the fit, etc.), some more “handwaving” or just general 
interpretation of the data in a broader context.


• Momentum maps, any kind of direct or “massaged” projections of a cube


• ……

All of the above!!!



How do we deal with this mess??

• One needs to know how to “ask” for data: to the different servers, for the 
different kinds of data


• Data providers need to “speak the same language” or at least interpret the 
questions in a compatible way


• Data providers need to “compile” and answer


• Provided it to the “demander” in a compatible way

Data needs to be defined with metadata and 
standardization is needed for this exchange to be efficient!
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“I want to know everything about Vega”
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The VO approach

standards

tools

science

Principles of the philosophy behind the VO
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Standards:
standards

tools

science

fits format for imaging (established)


Table format?


Photometric systems and how to mix 
data from different ones? + data 
coming in physical units?



standards

tools

science

Aligning, rotating, scaling, 
arithmetics


Combining local and archival data
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Combining local and archival data

Principles of the philosophy behind the VO


TOPCAT



Principles of the philosophy behind the VO: tools
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Chile is part of this effort




Science:
standards

tools

science

Principles of the philosophy behind the VO




Multiwavelength


Exotic objects identification

Science:
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Does really anybody use the VO??

Disclaimer: I am not claiming to be complete or 
unbiased, in fact quite some part is a collection 

of my own experiences 



What do these papers “talk” about?


“H-index” of ~50 vs SDSS ~70 (to be taken with a pinch of salt, 
and  I personally believe these comparisons are… not too smart)
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Transition phase 

AGB -> PN

!

Multiple (and 
variable) components 
in their SEDs



Some examples: 1.- Back in 2004-2005 the AVO


Distribution of 
identified sources 
in the GLMP 
catalog

Garcia-Lario et al. (1997)



Some examples: 1.- Back in 2004-2005 the AVO


✓17657 sources 
with good quality 
MSX photometry 
8-14 micron



Some examples: 1.- Back in 2004-2005 the AVO


✓17657 sources 
with good quality 
MSX photometry 
8-14 micron

✓3278 with 
SIMBAD class.

✓155 known PNe 
or Post-AGB stars

✓Confusion with 
other type of 
sources



Some examples: 1.- Back in 2004-2005 the AVO


If we harden our 
selection criteria:

✓|b| ≥ 2 degrees

✓[A]-[C] ≥ 0.7

✓[C]-[D] ≥ 0.7

!

Large majority of 
PNe and Post-AGB 
stars...

and many new 
candidates!



Some examples: 1.- Back in 2004-2005 the AVO


With the AVO 
prototype -> reach 
the same point in 
minutes...
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Warning! self-promotion

Cool objects: From SED fitting to age estimation.
A. Bayo1, D. Barrado y Navascués1, M. Morales–Calderón1, E. Solano1,2, C. Rodrigo1,2, R. Gutiérrez1,2, F. Allard3

1Laboratorio de Astrof́ısica Espacial y F́ısica Fundamental (LAEFF-INTA), P.O. 50727, E-28080 Madrid, Spain
2Spanish Virtual Observatory, Spain

3Centre de Recherche Astronomique de Lyon (CRAL), Ecole Normale Supérieure de Lyon, 69364, Lyon, France

Abstract

One of the typical tools to estimate physical parameters of almost any kind of astronomical object is to perform a fitting of
synthetic spectra or photometry extracted from theoretical models to observational data. This process usually involves working
with multiwavelength data, which is one of the cornerstones of the VO philosophy. From this kind of studies, when combining
with theoretical isochrones one can even estimate ranges of ages. We present the results from a code designed to perform χ2

tests following two different methodologies to fit observational data: using grids of models (on their synthetic photometry),
and combinations of blackbodies (including modified blackbodies). In particular, we use the models by the Lyon group. Some
steps in this process can already be done in a VO enviroment, and the rest are in the process of development. We must note
that this kind of surveys in star forming regions, clusters, etc. produce a huge amount of data, very tedious to analyse using
the traditional methodology. Therefore this is an ideal example of the VO capabilities.

Starting point:
Your own data (photometry or spectra)

Photometric data in four bands.

⇒

⇒

Searching “non-spectroscopic” data:

Photometric catalogues, radial velocities measurements,
Simbad classification, ...

Searching spectroscopic data:
via batch mode query to VOSED.

wget −−save−cookies cookies.txt −−load−cookies cookies.txt −−keep-session-cookies
http://sdc.laeff.inta.es/vosed/jsp/form search.jsp

wget −−save−cookies cookies.txt −−load−cookies cookies.txt −−keep-session-cookies
http://sdc.laeff.inta.es/vosed/jsp/res search.jsp?obj id=&ra=83.446596&de=9.9273633
&rad=0.01&ssap services=all&src uvbybeta=0&src 2mass=0&src hip=0&teo dalessio=on&submit
=Submit+Query

wget −−save−cookies cookies.txt −−load−cookies cookies.txt −−keep-session-cookies
http://sdc.laeff.inta.es/vosed/jsp/res search.jsp?submitGetData=Retrieve+Marked+Data
&filas ssap=all&filas stromgren=0&filas 2mass=0 -O object1.zip

.........................................................

⇒

⇒

Building the multiwavelength SEDs

⇒

Blackbody fittings (combinations,
modified by different β)

Under development

Synthetic photometry fittings

⇒

log g, Teff

⇐

⇐

Filter selection.

Filter+Synthetic spectra = Synthetic photometry.

⇐

Obtaining synthetic spectra.

Comparison with theoretical isochrones and evolutionary tracks.

⇒

Estimation of physical parameters.

log g= 4.44 + log M(M⊙)−2 log R(R⊙)

d(pc) = 2.26 × 10−8R∗(R⊙)

√

(

FModel

FObs

)

FObs =
(

MG
gd

)2
σTeff

4

!
✓March

 200
7




Warning! self-promotion

Cool objects: From SED fitting to age estimation.
A. Bayo1, D. Barrado y Navascués1, M. Morales–Calderón1, E. Solano1,2, C. Rodrigo1,2, R. Gutiérrez1,2, F. Allard3

1Laboratorio de Astrof́ısica Espacial y F́ısica Fundamental (LAEFF-INTA), P.O. 50727, E-28080 Madrid, Spain
2Spanish Virtual Observatory, Spain

3Centre de Recherche Astronomique de Lyon (CRAL), Ecole Normale Supérieure de Lyon, 69364, Lyon, France

Abstract

One of the typical tools to estimate physical parameters of almost any kind of astronomical object is to perform a fitting of
synthetic spectra or photometry extracted from theoretical models to observational data. This process usually involves working
with multiwavelength data, which is one of the cornerstones of the VO philosophy. From this kind of studies, when combining
with theoretical isochrones one can even estimate ranges of ages. We present the results from a code designed to perform χ2

tests following two different methodologies to fit observational data: using grids of models (on their synthetic photometry),
and combinations of blackbodies (including modified blackbodies). In particular, we use the models by the Lyon group. Some
steps in this process can already be done in a VO enviroment, and the rest are in the process of development. We must note
that this kind of surveys in star forming regions, clusters, etc. produce a huge amount of data, very tedious to analyse using
the traditional methodology. Therefore this is an ideal example of the VO capabilities.

Starting point:
Your own data (photometry or spectra)

Photometric data in four bands.

⇒

⇒

Searching “non-spectroscopic” data:

Photometric catalogues, radial velocities measurements,
Simbad classification, ...

Searching spectroscopic data:
via batch mode query to VOSED.

wget −−save−cookies cookies.txt −−load−cookies cookies.txt −−keep-session-cookies
http://sdc.laeff.inta.es/vosed/jsp/form search.jsp

wget −−save−cookies cookies.txt −−load−cookies cookies.txt −−keep-session-cookies
http://sdc.laeff.inta.es/vosed/jsp/res search.jsp?obj id=&ra=83.446596&de=9.9273633
&rad=0.01&ssap services=all&src uvbybeta=0&src 2mass=0&src hip=0&teo dalessio=on&submit
=Submit+Query

wget −−save−cookies cookies.txt −−load−cookies cookies.txt −−keep-session-cookies
http://sdc.laeff.inta.es/vosed/jsp/res search.jsp?submitGetData=Retrieve+Marked+Data
&filas ssap=all&filas stromgren=0&filas 2mass=0 -O object1.zip

.........................................................

⇒

⇒

Building the multiwavelength SEDs

⇒

Blackbody fittings (combinations,
modified by different β)

Under development

Synthetic photometry fittings

⇒

log g, Teff

⇐

⇐

Filter selection.

Filter+Synthetic spectra = Synthetic photometry.

⇐

Obtaining synthetic spectra.

Comparison with theoretical isochrones and evolutionary tracks.

⇒

Estimation of physical parameters.

log g= 4.44 + log M(M⊙)−2 log R(R⊙)

d(pc) = 2.26 × 10−8R∗(R⊙)

√

(

FModel

FObs

)

FObs =
(

MG
gd

)2
σTeff

4



Warning! self-promotion

Cool objects: From SED fitting to age estimation.
A. Bayo1, D. Barrado y Navascués1, M. Morales–Calderón1, E. Solano1,2, C. Rodrigo1,2, R. Gutiérrez1,2, F. Allard3

1Laboratorio de Astrof́ısica Espacial y F́ısica Fundamental (LAEFF-INTA), P.O. 50727, E-28080 Madrid, Spain
2Spanish Virtual Observatory, Spain

3Centre de Recherche Astronomique de Lyon (CRAL), Ecole Normale Supérieure de Lyon, 69364, Lyon, France

Abstract

One of the typical tools to estimate physical parameters of almost any kind of astronomical object is to perform a fitting of
synthetic spectra or photometry extracted from theoretical models to observational data. This process usually involves working
with multiwavelength data, which is one of the cornerstones of the VO philosophy. From this kind of studies, when combining
with theoretical isochrones one can even estimate ranges of ages. We present the results from a code designed to perform χ2

tests following two different methodologies to fit observational data: using grids of models (on their synthetic photometry),
and combinations of blackbodies (including modified blackbodies). In particular, we use the models by the Lyon group. Some
steps in this process can already be done in a VO enviroment, and the rest are in the process of development. We must note
that this kind of surveys in star forming regions, clusters, etc. produce a huge amount of data, very tedious to analyse using
the traditional methodology. Therefore this is an ideal example of the VO capabilities.

Starting point:
Your own data (photometry or spectra)

Photometric data in four bands.

⇒

⇒

Searching “non-spectroscopic” data:

Photometric catalogues, radial velocities measurements,
Simbad classification, ...

Searching spectroscopic data:
via batch mode query to VOSED.

wget −−save−cookies cookies.txt −−load−cookies cookies.txt −−keep-session-cookies
http://sdc.laeff.inta.es/vosed/jsp/form search.jsp

wget −−save−cookies cookies.txt −−load−cookies cookies.txt −−keep-session-cookies
http://sdc.laeff.inta.es/vosed/jsp/res search.jsp?obj id=&ra=83.446596&de=9.9273633
&rad=0.01&ssap services=all&src uvbybeta=0&src 2mass=0&src hip=0&teo dalessio=on&submit
=Submit+Query

wget −−save−cookies cookies.txt −−load−cookies cookies.txt −−keep-session-cookies
http://sdc.laeff.inta.es/vosed/jsp/res search.jsp?submitGetData=Retrieve+Marked+Data
&filas ssap=all&filas stromgren=0&filas 2mass=0 -O object1.zip

.........................................................

⇒

⇒

Building the multiwavelength SEDs

⇒
Blackbody fittings (combinations,

modified by different β)

Under development

Synthetic photometry fittings

⇒

log g, Teff

⇐

⇐

Filter selection.

Filter+Synthetic spectra = Synthetic photometry.

⇐

Obtaining synthetic spectra.

Comparison with theoretical isochrones and evolutionary tracks.

⇒

Estimation of physical parameters.

log g= 4.44 + log M(M⊙)−2 log R(R⊙)

d(pc) = 2.26 × 10−8R∗(R⊙)

√

(

FModel

FObs

)

FObs =
(

MG
gd

)2
σTeff

4

Cool objects: From SED fitting to age estimation.
A. Bayo1, D. Barrado y Navascués1, M. Morales–Calderón1, E. Solano1,2, C. Rodrigo1,2, R. Gutiérrez1,2, F. Allard3

1Laboratorio de Astrof́ısica Espacial y F́ısica Fundamental (LAEFF-INTA), P.O. 50727, E-28080 Madrid, Spain
2Spanish Virtual Observatory, Spain

3Centre de Recherche Astronomique de Lyon (CRAL), Ecole Normale Supérieure de Lyon, 69364, Lyon, France

Abstract

One of the typical tools to estimate physical parameters of almost any kind of astronomical object is to perform a fitting of
synthetic spectra or photometry extracted from theoretical models to observational data. This process usually involves working
with multiwavelength data, which is one of the cornerstones of the VO philosophy. From this kind of studies, when combining
with theoretical isochrones one can even estimate ranges of ages. We present the results from a code designed to perform χ2

tests following two different methodologies to fit observational data: using grids of models (on their synthetic photometry),
and combinations of blackbodies (including modified blackbodies). In particular, we use the models by the Lyon group. Some
steps in this process can already be done in a VO enviroment, and the rest are in the process of development. We must note
that this kind of surveys in star forming regions, clusters, etc. produce a huge amount of data, very tedious to analyse using
the traditional methodology. Therefore this is an ideal example of the VO capabilities.

Starting point:
Your own data (photometry or spectra)

Photometric data in four bands.

⇒

⇒

Searching “non-spectroscopic” data:

Photometric catalogues, radial velocities measurements,
Simbad classification, ...

Searching spectroscopic data:
via batch mode query to VOSED.

wget −−save−cookies cookies.txt −−load−cookies cookies.txt −−keep-session-cookies
http://sdc.laeff.inta.es/vosed/jsp/form search.jsp

wget −−save−cookies cookies.txt −−load−cookies cookies.txt −−keep-session-cookies
http://sdc.laeff.inta.es/vosed/jsp/res search.jsp?obj id=&ra=83.446596&de=9.9273633
&rad=0.01&ssap services=all&src uvbybeta=0&src 2mass=0&src hip=0&teo dalessio=on&submit
=Submit+Query

wget −−save−cookies cookies.txt −−load−cookies cookies.txt −−keep-session-cookies
http://sdc.laeff.inta.es/vosed/jsp/res search.jsp?submitGetData=Retrieve+Marked+Data
&filas ssap=all&filas stromgren=0&filas 2mass=0 -O object1.zip

.........................................................

⇒

⇒

Building the multiwavelength SEDs

⇒
Blackbody fittings (combinations,

modified by different β)

Under development

Synthetic photometry fittings

⇒

log g, Teff

⇐

⇐

Filter selection.

Filter+Synthetic spectra = Synthetic photometry.

⇐

Obtaining synthetic spectra.

Comparison with theoretical isochrones and evolutionary tracks.

⇒

Estimation of physical parameters.

log g= 4.44 + log M(M⊙)−2 log R(R⊙)

d(pc) = 2.26 × 10−8R∗(R⊙)

√

(

FModel

FObs

)

FObs =
(

MG
gd

)2
σTeff

4



And VOSA came to life!

Bayo et al. (2008)



And VOSA came to life!

Bayo et al. (2008)



And VOSA came to life!

Bayo et al. (2008)



And there was room for improvement

• “Limited to” / “conceived for” stars and brown dwarfs, what about older sources? 
and more massive? and science-fiction uhmm extragalactic studies?


• Reflected in the available collections of models: Kurucz, NextGen, COND, DUSTY 
and not many more


• Brute force fitting but no study of the relevance of the individual parameters to the 
fit


• No AV estimation 


• Not design to work with a single object (input format)


• Variety of catalogs offered but you can always do better and also look for more 
than photometry


• No Isochrone interpolation, make it even more VO!


• Anything else in the wish-list?



VOSA 2: the new generation

Bayo et al. (2008, 2014a subm.)~200 regular users, cited in ~ 50 papers 

http://svo2.cab.inta-csic.es/theory/vosa
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Some examples: 2.- 


✓ Scale-lengths for 30374 galaxies in all SDSS bands:

     Unprecedented sample (at most few hundreds in previous studies).


!

✓ Scale-length:

 Fundamental parameter in the 

study of the morphology and 
dynamic of galaxies

✓ Multi-wavelength study using SDSS:

 Differences in scale-length as a function of lambda can be used to derive 

information about the structure and contents of galactic disks




Some examples: 2.- 


✓ Filtering (SDSS catalogue): 95735 galaxies

✓ Galaxy, low extinction (Ar < 1.0), z available , i < 70° (reliable scale lengths), 24” 

< diam < 80”

✓ X-match (LEDA) to get Hubble classification: 56096 classified as spirals

✓ Estimation of scale length and asymmetry parameters        

✓ 30374 reliable determinations


!



Some examples: 3.- A product from “YOU”


• Data related:


• CDS wonders vs pain of getting, for example,  IOP tables


!

• The “sasmirala” atlas


• Tool related (development)


• The final AVO science demo


• The birth of VOSA


• Tool related (exploitation)


• High proper motion object characterization ()
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• Data related:


• CDS wonders vs pain of getting, for example,  IOP tables


• The “sasmirala” atlas


!

• Tool related (development)


• The final AVO science demo


• The birth of VOSA


• Tool related (exploitation)


• High proper motion object characterization ()

Some examples: 3.- A product from “YOU”

Asmus et al 2014



Some examples: 4.- 


✓ Bright objects with blue colors and high proper motions are rare on the sky

   The “usual suspects”: Nearby white dwarfs, hot subdwarfs, runaway stars or 

early type stars in nearby young moving groups

!
   Important in many fields

✓ WDs are used as spectrophotometric standards

✓ Early-type stars in young moving groups are fundamental to understand the 

evolution of star-forming regions (closer -> studies in greater detail)        

!



Some examples: 4.- 


early type

hot sub-dwarfs

white dwarfs

Reduced ppm diagram



Some examples: 4.- 


early type

hot sub-dwarfs

white dwarfs

Reduced ppm diagram



Some examples: 5.- The DUNES prep. work


!
✓ System. survey for faint, cold debris disks (EKB)

✓ Around 133 (up to 250) stars. Volume-limited sample 

(distances  25 pc)

✓ Detecting extremely faint excesses requires a very 

detailed knowledge of the photospheric level -> 
fundamental parameters




Some examples: 5.- The DUNES prep. work


!
   Tell me everything about my targets




Some examples: 5.- The DUNES prep. work
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Some examples: 5.- The DUNES prep. work




Some examples: 6.- 


✓Metal-poor dwarfs with 
spectral types later than M7

!

✓Less lum. (act. hotter) than 
their solar met. counterparts

!

✓Population II. Tracers of the 
galact. chem. history

!
✓Rare objects: around 50 in 
2011




Some examples: 6.- 




Some examples: 6.- 


!
!
✓ 20 new spectroscopically 
confirmed UCSDs

!

✓ > 80% success rate after 
proper motion refinement




Some examples: 7.- 


✓Uncertain origin

!

✓Need of significant number 
of “bona-fide” hot sds. to 
perform statistical studies

!

✓Problems to identify them: 
High degree of contamination 
(WDs, CVs, OBs,...)




Some examples: 7.- 


Looking for blue targets? 

!

X-match: GALEX-2MASS

!  X-match: GALEX – 2MASS.  



Some examples: 7.- 


Remember the 
reduced ppm diagram?

!
Add SuperCosmos for ppm...



Some examples: 7.- 


!
Filter temperature: 
multi-wavelength 

photometry -> SED fit



Some examples: 7.- 


!
Filter temperature: 
multi-wavelength 

photometry -> SED fit

87% success rate!!



Thank you!...

... let’s play in 
the VO!



from Chirs talk fo the hands-on

• overpolot 2MASS over an image, for example



Hands on: lets explore Trumpler 20

• Trumpler 20 is an old open cluster (OC) located toward the Galactic centre, at 
about 3 kpc from the Sun and ~7 kpc from the Galactic centre


