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The aims of the workshop were to present recent efforts in the domain of stellar spectral libraries and describe their usage. Quoting from the Workshop poster,
“Libraries of stellar spectra play an important role in different fields of astrophysics. In particular they serve as reference for the classification and automatic
analysis of large stellar spectroscopic surveys and are fundamental ingredients of the
models of stellar populations used to study the evolution of galaxies. These libraries
may either consist of observed or theoretical spectra, and they vary by their spectral
coverage/domain and resolution.
The goals of the workshop are to present the recent efforts in this domain and
to describe the usage of the libraries. Beside the collections of spectra themselves,
the description of the spectra and of the stars composing the libraries (e.g. the atmospheric parameters) will be a focus of the meeting.”
The 4 day workshop consisted of several talks that can be grouped under the broad
topics of (a) Stellar Libraries, (b) Application of Stellar Libraries and (c) Databases.

Stellar Spectral Libraries: The workshop began with an excellent review on empirical stellar spectral libraries (ESSL) by Scott Trager, who emphasized the utility of
ESSL in (a) understanding various aspects of stellar physics, some of the important
ones being physics, compositon and motion of stars, (b) build stellar population models. Mention of the history of such libraries was also made, the beginnings of which
was with the library of solar spectrum in the 1840s. The 1870s and the 1890s saw the
beginnings of stellar spectral libraries, to which libraries for radial velocitiy studies
(1928) were added. The advent of modern ESSL can be linked to the spectral library
for stellar populations studies by Pickels in 1983. The review set the tone of the workshop with a mention of the present status of the ESSLs and what is needed for a wider
application. Trager stressed on the need for spectral libraries over all wavelengths
with good calibration, over a wider parameter space. Theoretical libraries would help
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in addressing some of the shortcomings of the ESSLs. While no present day empirical
or theoretical libraries meet all the requirements, the talks that followed throughout
the workshop and the posters presented were a good indication of how these aspects
are being addressed.
C.C. Worley described the AMBRE project that is aimed at creating a spectral
library based on ESO archived spectra. The ESO/OCA project provides a homogeneous determination of the stellar parameters using archived spectra from various
facilities such as FEROS, HARPS, UVES and FLAME/GIRAFFE. Stellar parameters
are determined based on a homogeneous analysis of ∼ 150, 000 stars. Issues related
to simultaneous wavelength and missing parameter coverage are, to some extent being addressed by the X-Shooter stellar library (Y. Chen), the atlas of L-T transition
brown dwarfs (F. Marocco) and the library of M stars based on H band spectra (A.
Manchando). About 400 stars have been observed to create the X-Shooter spectral
library. An important feature of this library is the spectra of AGB stars in the Galaxy
and Magellanic Clouds and spectra of hot stars. ESSLs using available catalogues
and their parameters are also being created for use by specific projects such as the one
being constructed for LAMOST (Y. Guo). There is also a need for empirical libraries
for ”non-standard” stars which would be very useful for spectral identification and
classification in the large spectroscopic surveys. One such expample is the requirement of a library of spectra of novae (G.C. Anupama). The talk by A. Ambastha on
the line profile changes associated with energetic solar transients provided thought for
generation of highly specialized spectral libraries.
Theoretical spectral libraries range from the extensive, generic, to those for specific spectral types. A. Palacios described the Pollux database which provides stellar
spectra and energy distribution from the UV to NIR wavelength regions. This database offers easy and direct comparison to observational data and is available via a
user-friendly web interface. T-O Husser provided a detailed description of the library
of synthetic spectra from PHOENIX atmospheres. The library covers the UV to NIR
spectral range, currently for an effective temperature, T eff , range of 2300 – 8000 K,
to be extended to 25,000 K. It also employs a self consistent way of describing microturbulence and can determine stellar parameters as well as single line abundances.
On the specfic types, P. de Laverny presented details of the synthetic grid of FGKM
spectra computed for the AMBRE project, which are available to the community via
the Virtual Observatory portal. C. Leitherer described the spectral models for hot
stars, covering a wavelength range of 100 - 10,000 Å. These models provide a complete coverage of the upper H-R diagram, covering the mass ranges of 10 − 100 M
for the UV continuum and 2 − 10 M for the optical and NIR continuum. The models include optical emission lines too and cover the all important hot stars for which
detailed models were somewhat lacking.

Application of stellar liraries: The application of stellar libraries vary from estimation of stellar parameters to the study of integrated stellar systems. Several talks and
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posters were devoted to automated approaches for stellar parametrization using large
data sets. The approach can either be unsupervised, or supervised. A. Recio-Blanco
and S. Giridhar discussed the supervised approach. Recio-Blanco described the MATISSE software that has been developed for analysis of massive spectral surveys
like GAIA. The presentation included discussions on the mathematical approaches of
parametrization and on optimization methods. Giridhar discussed the artifical neural
network approach and as an example discussed the application of the method for identification of metal-poor field stars. A related and an important application, i.e. to the
atomic line lists was discussed by L. Martins. Such studies are important to improve
stellar atmosphere models that are used in generating synthetic spectra.
The application of stellar libraries is varied. The talks by A. Goswami, U.C. Joshi
and A. Subramaniam highlighted the application for specific types of stars. The application to the interstellar matter studies was discussed by J. Murthy, and K. Sahu
discussed an interesting possiblity of application to spectra of micro-lensed objects.
The application to studies of globular cluster properties were discussed in the talks
by P. Coelho and R. Cannon, and M. Koleva discussed the stellar population studies
in galaxies using medium resolution spectral models extended to blue generated from
empirical stellar libraries. The talks by P. Ramya, D.K. Ojha, Y.B. Kumar and S. Sahijpal discussed the application to Galactic studies, such as the structure and chemical
evolution of the Galaxy.

Databases: For a wide use of the various spectral libraries being generated, both
empirical and theoretical, it is important that these are available in databases that allow
for an easy retrival of the information. A. Kembhavi suggested one such approach
could be making the stellar libraries available within the Virtual Observatory format.
The poster by E. Griffin described the Dominion Astrophysical Observatory’s Science
Archive of the observations obtained with the DAO’s 1.8-m Plaskett telescope as well
as the 1.2-m telescope and McKellar spectrograph. It allows searches by important
criteria such as object name, date, and wavelength and presents the results of the
search in a tabular format. The talk by R. Gupta highlighted the stellar spectroscopic
studies using the various Indian facilities.

What do we take back?: At the end of any meeting, it is important to set goals for
the future. In addition to the talks, the meeting had two very lively panel discussions
to specifically address this issue. I summarize here my impressions gathered from the
talks and the panel discussions.
1. Do we need more spectral libraries? Yes. Both empirical and theoretical.
2. Address the shortcoming in the existing libraries in areas such as wavelength
coverage, peculiar and “non-standard” stars.
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3. Improve line lists - need for an improved atomic and molecular line data. Bring
in physicists for improved data.
4. Create libraries of the “usually ignored” stars such as binaries, variable stars,
white dwarfs, etc.
5. Libraries to be shared and open for use by the community (use VO for a wider
application?).
6. Libraries should clearly state the short comings and missing parameters.
7. Most importantly - Do Not Use Libraries as a Black Box.

Thanks to the organisers: I finally come to the most pleasant task of thanking the
organisers. The Scientific Organizing Committee did an excellent job of bringing together scientists working not only in the area of stellar libraries, but also scientists
from diverse areas. Personally for me the meeting was very educative and interesting. I am sure the workshop also helped the stellar library group realize the potential
application of such libraries over diverse fields. The Local Organizing Committee
did a great job with all the local arrangements. A special thank you to Prof. H.P.
Singh and his young colleagues. I also take this opportunity to thank Sunetra Giridhar and Aruna Goswami for the late night discussions, without which my conference
summary would be incomplete.

