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Abstract. The Spanish Virtual Observatory1 maintains a service that provides ∼ 45 libraries of theoretical and observational spectra that can be
accessed through a web interface or using Virtual Observatory protocols
(mainly from VO tools like TOPCAT or VOSpec). For each collection of
spectra we also provide the associated synthetic photometry using the set
of > 3000 filters available in the SVO Filter Profile Service. All this information is also used by VOSA (the VO Sed Analyzer) to analyse observed
spectral energy distributions for comparisons with collections of theoretical
or observational spectra.
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1.

Introduction

Stellar Spectral Libraries, both theoretical and observational, constitute a very useful
tool in astronomy. They are used, for instance, to analyse observations and infer
physical properties of the observed astronomical objects, or to build models for stellar
population studies. However, the results obtained often depend on which libraries
are used, so inter-comparing libraries that have different coverage of the parameter
spaces, wavelength ranges or physical assumptions can be a very important task in
many cases.
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1 http://svo.cab.inta-csic.es/
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But comparing different libraries can, in practice, be a difficult, laborious and
time-consuming activity. First, it is not so easy to find out which libraries are available. What many people do is to search in the literature or consult dedicated web
pages that attempt to compile lists of available libraries2 . Unfortunately, links to web
pages as given in published papers are often outdated after only a few years, making
it difficult to locate the libraries and maintain web repositories.
Even when web pages are located, astronomers have to deal with the different
user interfaces for access and download procedures, each being different. That can
involve downloading the data using ftp servers, clicking on links one by one, using
specific (and sometimes complicated) forms, etc.
Once the data are retrieved, the next step is understanding the different formats
provided by each author. That can include different types of FITS files, self-extracting
fortran programs, ASCII files, etc. And, finally, understanding the data is not always
straightforward. Sometimes exotic operations are needed to retrieve the expected
output of “wavelength–flux” columns.
All this makes it difficult to work with several stellar libraries at the same time,
and makes it impossible to develop applications that are able to work with them “onthe-fly”. Everything would be much easier if all collections could be accessed, retrieved and described in a standard way.

2.

The Virtual Observatory (VO)

The International Virtual Observatory Alliance3 is an international effort that aims to
provide standards for astronomical data. In particular, there are Virtual Observatory
standards that facilitate all the tasks mentioned above.
VO Registries4 are standardised repositories that provide information about all
the available VO services; they constitute the “yellow pages” that can be consulted
by users and applications to find data collections of interest. The VO SSA Protocol5
defines how to access spectroscopic data, both observed and theoretical. The VO
Spectral Data Model6 explains how to describe spectra properties in a standard way.
The VOTable standard7 provides a common format for all the data.
When these standards are employed to implement services for stellar libraries, it
2 See for instance, http://pendientedemigracion.ucm.es/info/Astrof/invest/actividad/
spectra.html
3 http://www.ivoa.net
4 See for instance http://registry.euro-vo.org/eurovo/
5 http://ivoa.net/documents/SSA/
6 http://ivoa.net/documents/SpectralDM/
7 http://www.ivoa.net/documents/VOTable/
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is much easier to find, retrieve and use the data. There are some dedicated VO applications like VOSpec8 , Splat-VO9 or Cassis10 which are designed to handle spectral
data using VO standards; those facilitate the tasks even more. Furthermore, other
applications like VOSA (see below) can also use the VO standards to access spectral
libraries in a seamless way for analysing observations.
There are also some applications that are designed to implement VO services
for spectral libraries in an easy way. In particular, MySpec11 has been developed
by the Spanish Virtual Observatory team both as a web page and as a VO SSAP
service, to facilitate the publication of spectra. It is designed to build the services
from a collection of spectra without the requirement of a previous knowledge of any
programming language.

3.

The SVO Theoretical Data Server

The Spanish Virtual Observatory (SVO) has currently developed services for 42 libraries of theoretical spectra and observational templates implementing VO standards.
It includes ∼120,000 spectra (∼ 500 Gb of data) for 32 theoretical stellar models, 5
evolutionary synthesis models, and 5 collections of observational templates. All come
with a uniform description, access interface, data model, units, and file formats.
We have implemented a web portal12 (see Fig 1) with an interface that allows one
to search in terms of different parameter spaces, download the spectra (in ASCII or
VOTable format, and also in FITS when available) or plot and compare them. We have
also implemented the VO SSA service for each collection so that it can be accessed
by VO tools.

3.1

Astronomical filters and synthetic photometry.

At the SVO we maintain the “SVO Filter Profile Service”13 (see Fig. 2)to provide
information about > 3000 astronomical filters, including transmission curves and calibration properties.
We have calculated synthetic photometry for all the spectral libraries in the SVO
Theoretical Data Server and all the filters in the Filter Profile Service. The total is ∼
4 × 108 synthetic photometry values.
8 https://www.cosmos.esa.int/web/esdc/vospec
9 http://www.g-vo.org/pmwiki/About/SPLAT
10 http://cassis.irap.omp.eu/
11 http://svo.cab.inta-csic.es/docs/index.php?pagename=Projects/MySpec
12 http://svo2.cab.inta-csic.es/theory/newov2/
13 http://svo2.cab.inta-csic.es/theory/fps/
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Figure 1. Left: The SVO theoretical spectra data server (see footnote 12), offering more than 40
libraries of theoretical spectra. Right: The synthetic photometry server provides synthetic photometry for all those collections of spectra computed from > 3000 astronomical filters available
in the SVO Filter Profile Service.

All these data are offered in the Synthetic Photometry service, both as a web
page14 so that they can be searched, downloaded or plotted (see Fig 1), and as VO
services through SSA protocol.

3.2

VOSA: VO SED Analyzer.

VOSA (VO SED Analyzer) (see Fig 3) is a web tool15 designed to determine automatically the physical parameters of stars by comparing observed photometry with
collections of theoretical models (Bayo et al. 2008). It has been available since 2007,
and has attracted more than 1000 users. More than 2 million objects have been analysed so far, and more than 90 published papers use the tool.
VOSA is a great example of how scientific applications can benefit from the use
of VO standards and services. On the one hand, it uses VO services for resolving coordinates, finding distance and extinction information for the analysed objects, looking
for photometry in VO catalogues, etc. On the other hand, it uses VO services for synthetic photometry (as explained above) to analyse the observed SED of an object by
comparing it to the closest corresponding one in a spectral library, using both brute
force chi-square fitting and Bayesian analysis in order to find the physical parameters
that best fit the observed data.

14 http://svo2.cab.inta-csic.es/theory/newov2/syph.php
15 http://svo2.cab.inta-csic.es/theory/vosa/
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Figure 2. The SVO Filter Profile Service (see footnote 13) provides information about > 3000
astronomical filters. [(url as for Fig.1)

Figure 3. VOSA (see footnote 15) uses the SVO theoretical data services to analyse observed
SEDs by comparing observed photometry with the synthetic values corresponding to spectral
libraries, and can thus infer the physical properties of the objects studied objects.
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4.

Summary

The use of VO standards for stellar libraries provides seamless access to the spectra.
That makes it much easier to develop applications using these libraries, so that (for
instance) astronomers can analyse observed data and compare the results.
At the Spanish VO we have developed the following services related to spectral
libraries:
• A VO-compliant repository of theoretical spectra and observational templates
for more than 42 spectral libraries.
• A Filter Profile Service.
• Spectra to synthetic photometry conversion.
• VOSA: the determination of physical parameters.
• MySpec: a VO-publishing tool for spectroscopy.
Our experience allows us to offer our help to host your spectral data collections
(or to help you to make them VO-compliant), and collaborate in scientific projects
involving stellar spectra, especially if they involve VO aspects.
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