
 1 

 
Convocatoria de ayudas de Proyectos de Investigación Fundamental no orientada 

 
TECHNICAL ANNEX FOR TYPE A or B PROJECTS  

 
1. SUMMARY OF THE PROPOSAL (the summary must be also filled in Spanish) 

 
PROJECT TITLE: Stellar Clusters as Probes of The Local Universe 
 
PRINCIPAL INVESTIGATOR: Emilio J. Alfaro Navarro 
 
 
SUMMARY  
(brief and precise, outlining only the most relevant topics and the proposed objectives): 
We propose a project based on the study and analysis of star clusters, both in optical and in infrared wavelengths. These 
systems serve as probes and/or laboratories for different processes closely related to star formation at different scales. Star 
clusters represent a singular stage inside the hierarchical star formation ladder that allows us to address to the following 
scientific questions: 

¥ The spatial distribution of stars inside clusters and its connection to the inner structure of the forming cloud. How 
does this spatial distribution evolve with time? 

¥ How are massive stars formed? Can massive stars form in isolation? Is there an upper mass limit to the IMF? 
¥ Are all stars in a cluster formed at the same time? Does a universal IMF (Initial Mass Function) for star clusters 

exist? Is there a characteristic stellar mass? If so, what is its meaning? 
¥ What is the role of the central cluster of the Galaxy in the process of formation of the massive black hole at the 

Galactic nucleus? Is the Milky WayÕs nuclear star cluster  (NSC) a template for other spiral galaxy nuclei? What is 
the distribution of massive young stars in the central cluster and how is this connected to the ISM?  

The following methodological aspects will be assessed as well: 
¥ A precise and unique estimation of the physical variables for a star from photometric data. 
¥ Combining high spatial-resolution images with optical distortion corrections to reach sub-milliarcsecond astrometry 
¥ Developing algorithms to search for stellar systems in huge astrometric catalogues.  
¥ Simulating fractal interstellar clouds from different physical approximations.   
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TITULO DEL PROYECTO: Cœmulos Estelares: Catas del Universo Local 
 
 
 
RESUMEN  
(breve y preciso, exponiendo s—lo los aspectos m‡s relevantes y los objetivos propuestos): 
Proponemos un proyecto basado en el estudio y an‡lisis de cœmulos estelares, tanto en el —ptico como en infrarrojo, 
que sirvan como catas y/o laboratorios de diferentes procesos ligados a la formaci—n estelar. Los cœmulos estelares 
representan un estad’o singular dentro de la escala jer‡rquica de formaci—n estelar, que nos permitir‡n abordar las 
siguientes cuestiones cient’ficas: 

¥ La distribuci—n espacial de las estrellas en los cœmulos estelares y su conecci—n con la estructura interna 
de la nube. ÀComo evoluciona la distribuci—n espacial con el tiempo? 

¥ ÀC—mo se forman la estrellas masivas?, Àpueden formarse estrellas masivas aisladas?, Àhay un l’mite 
superior de masa en la IMF?  

¥ ÀSon coŽtaneas las estrellas en un cœmulo?, Àexiste una FIM (Funci—n Inicial de Masas) universal en 
cœmulos? Àhay alguna masa estelar caracter’stica?,  y en ese caso, ÀquŽ representa? 

¥ ÀquŽ papel juega el cœmulo central de la Galaxia en la formaci—n del agujero negro nuclear? Àpuede 
considerarse el cœmulpo central de la V’a L‡ctea como protot’pico en galaxias espirales? Àcual es la 
distribuci—n de estrellas masivas en el cœmulo central, y su relaci—n con el medio interestelar en el centro 
gal‡ctico?  

y aspectos metodol—gicos:  
¥ La estimaci—n precisa y œnica de las variables f’sicas de una estrella a partir de datos  fotomŽtricos 
¥ Combinaci—n de im‡genes de alta resoluci—n espacial y correciones de distorsi—n —ptica para producir 

astrometr’a con precisi—n inferior al milisegundo de arco. 
¥ Desarrollo de algoritmos para la bœsqueda de sistemas estelares en grandes cat‡logos astromŽtricos 
¥ Simulaci—n de nubes interestelares fractales a partir de diferentes aproximaciones f’sicas 
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2. INTRODUCTION 
(maximum 5 pages) 

 
¥ The introduction should include: the aims of the project; the background and the state of the art of 

the scientific knowledge, including the essential references; the most relevant national and 
international groups working in the same or related topics.  

 
Most of the visible matter in the universe is condensed into stars, with densities more than 30 orders of magnitude 

higher than the average density of the universe and more than 20 orders of magnitude higher than the densities of the 
interstellar clouds in which they form (Larson 2007). Thus, the fundamental question is not how baryons end up as stars, but 
how some of them form stars and others remain as hot, low-density interstellar gas. This enigma lies at the core of a 
predictive theory of star formation, one of the main goals of modern astronomy. We are still far away from a global solution to 
this complex problem, whose answer depends very much on the existence of a well-structured and complete set of empirical 
data, as well as on the building of reliable and precise simulation tools.  

Nowadays, it is widely accepted that stars form in highly hierarchical stellar systems that mimic, in some way, the 
stepped structure of the interstellar medium or, at least, the morphology of the densest regions. This hierarchical pattern, 
both spatial and temporal, presents singular condensations, the stellar clusters, whose main physical characteristics make 
them reliable tracers of the star forming processes in galaxies. Hierarchical structure extends from star complexes (or large 
portions of spiral arms in flocculent galaxies) through embedded clusters to individual young stars inside those embedded 
clusters. The cluster scale is the best metric to measure and analyze the whole spatial range in the formation of stellar 
systems.  

In this project we attack the study of the formation of star clusters and its not so lineal connection with the forming 
processes that lead to the generation of stars. In particular, our framework is determined by several scientific aims: 
 

1) What is the influence of the geometric structure of a star-forming cloud on the internal spatial structure of the stellar 
population formed from it? How does it evolve with time? What are the external and internal variables controlling the 
efficiency of the clustered star formation? 

2) Where and how are massive stars forming in the Galaxy? Is the fraction of massive stars linked to the mass or/and 
spatial structure of the stellar system where they were formed? Do, low mass and high mass stars, form via the same 
scaled mechanism?  

3) How do stars form inside a cluster? Are they coeval? How precise can we measure the individual stellar masses in a 
cluster? Does a typical stellar mass exist there? Is it universal? If so, what does it mean in terms of physics? 

4) What is the role played by the nuclear Giant Molecular Clouds (GMC) and massive stellar clusters, in the formation of 
the Central Black Hole? Is the Nuclear Stellar Cluster formation mechanism similar to those generating other 
massive clusters in the Galaxy? Could this mechanism be related to the formation of Central Black Holes in general? 
Why is the central parsec of the Milky Way such a prolific site for star formation? 

 
Furthermore, there are several methodological questions intimately connected to the main goals of this project which require 
new mathematical or/and computational tools: the unique and precise determination of physical variables of stars from 
photometric data; the determination of the sub-millimeter astrometry on high spatial resolution images; searching for stellar 
systems in large astrometric catalogues; and the simulation of fractal clouds with different physical approaches, among 
others. 
 
Our group is part of the GAIA Spanish Network (REG in its Spanish acronyms) which applied for financial support to the 
MICINN (we are expecting an answer soon) and belongs to the GAIA Research for European Astronomy Training (GREAT) 
consortium (http://www.great-esf.eu/) which has been recently approved by the European Science Foundation (NSF) within 
the Research Networking Program.  A scientific meeting on ÒStellar Clusters and AssociationsÓ, to be held in 2011 at 
Granada, has been proposed by our group to the respective working groups and Steering Committee of GREAT, which 
clearly express our compromise with ESA greater galactic space mission for the next future (GAIA). Thus, most of the main 
scientific and methodological objectives in this project have been designed to be easily extended for the exploitation of the 
data to be provided by GAIA. 
 
2.2 State of the Art and Antecedents 
 
2.2.1 Birth and Internal Evolution of Stellar Clusters 
 
 Most stars form in embedded clusters (Lada et al, 1991; Carpenter, 2000; Rom‡n-Zœ–iga et al. 2008), stellar systems 
of moderate size (compared to large systems like globular clusters) that in most cases disperse before reaching maturity. 
Only a minority of them continues their evolution to reach the open cluster stage (Lada & Lada 2003). Therefore, 
understanding young clusters implies understanding the basic units of star formation and the initial stages of stellar 
populations. 
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 Stellar clusters form through the fragmentation and gravitational collapse of dense cores within giant molecular 
clouds (Lada & Lada 2003). The process of cluster formation is highly complex and many of the processes involved are still 
under debate. For instance, it appears that the distribution of gas and dust in these clouds determines the initial conditions of 
a newborn cluster because star formation follows the patterns defined by the densest regions (Bonnell et al. 2003). Thus, the 
fractal (self-similar) distribution of the gas in molecular cloud complexes may account for the hierarchical structure observed 
in some open clusters (Elmegreen 2009). However, observations show that the morphologies of young clusters show a wide 
variety, from hierarchical to centrally condensed ones, often being elongated or surrounded by a low-density stellar halo 
(see, for example, Ma’z Apell‡niz 2001; Hartmann 2002; and Caballero 2008). The reasons for this heterogeneity of shapes 
are still poorly understood. 
 There is some evidence that suggests that clusters are born having a fractal, clumpy distribution of stars, and that 
they eventually evolve toward centrally concentrated structures (Cartwright & Whitworth 2004; Schmeja & Klessen 2006; 
Schmeja et al. 2008; S‡nchez & Alfaro 2009). However, the degree of structure of the youngest clusters differs significantly 
from that expected from the molecular cloud properties in the Galaxy (S‡nchez & Alfaro 2009). Goodwin & Whitworth (2004) 
showed that substructure in a fractal cluster may be erased rapidly, or, on the contrary preserved for a long time, depending 
on the initial velocity dispersion. In fact, open clusters as old as 100 My can exhibit a fractal structure (S‡nchez & Alfaro 
2009). Clusters in an initially homogeneous configuration can develop substructure if the initial velocity dispersion is coherent 
(Goodwin & Whitworth 2004). The work of Schmeja et al. (2008) suggests that a cluster evolving from the embedded toward 
the open cluster phase can develop a more hierarchical configuration. Thus, the observed morphology in a given open 
cluster may depend on both the initial distribution of newly formed stars (linked to the structure of the parental molecular 
cloud) and its early dynamical evolution. 
 However, even in our Galaxy, not all star-formation produces dense clusters. In the Gould Belt, supposedly the 
nearest complex of star formation, clustering varies spatially with a larger fraction of stars ending up in clusters in the Orion 
region than in the Sco-Cen region (El’as, Alfaro & Cabrera-Ca–o 2009; Alfaro, El’as & Cabrera-Ca–o 2009).  This gradient in 
cluster fraction corresponds to a gradient in young cluster density, suggesting that the dense and high-pressure centers of 
star complexes produce stars more efficiently than low-pressure peripheral regions. Higher efficiency means that the final 
ratio of star-to-gas mass is higher, and that the region is more likely to end up bound as a cluster after the gas leaves 
(Elmegreen 2009).  
 Over the past years, our group has been developing, improving, and applying different tools to characterize both the 
spatial structure of interstellar clouds and the distribution of stars (S‡nchez et al. 2005, 2007a, 2007b, 2008, 2009). At this 
moment, we are in a position to apply these tools to a sample of young clusters (both embedded and open clusters) in order 
to look for answers to some basic questions. Does the internal structure of a very young (embedded) cluster always reflect 
the structure of its parental molecular cloud? How (and how fast) does the initial star distribution evolve? What variables 
does the early evolution depend on? The characterization of the distribution of stars in a statistically significant sample of 
stellar clusters, and the comparison with the structure of the surrounding gas and dust may yield important clues about the 
star formation mechanism and the initial conditions, as well as about the subsequent evolution of the cluster. 
 During the past two years, group members and collaborators (J.L. Yun, A.A. Djupvic, C. Rom‡n Zœ–iga, J. Alves and 
E. Lada) have obtained high-quality near-infrared images of embedded clusters in several active star forming regions: the 
Rosette, the W3 (Heart Nebula) complex, Sh-252 in the Gemini, and the Cygnus complex, among others. Some data, 
obtained with the camera OMEGA 2000 at the 3.5 m telescope in Calar Alto are already reduced and ready for analysis. We 
expect to sample a minimum of 30 known embedded clusters and young open clusters at different stages of evolution. The 
data will be explored to characterize the properties (density distributions, luminosity and mass functions, age ranges) of all 
known and any new systems in the context of the different environments they live in. For example, some clusters formed 
near a prominent OB association, while others are distributed over a large area with much less obvious source of triggering 
of cloud dynamics toward collapse. Most of the fields we observed have coincidental observations in one or all of Spitzer 
(mid-IR), SDSS (Optical) and Galex (UV) surveys, allowing us to perform, in many cases a detailed multi-wavelength 
analysis that will permit the classification (via spectral energy distributions) of individual members, the isolation of cluster 
members against the Galactic and extragalactic background, and the basic characterization of the cluster structures all the 
way to the external halos and surrounding distributed population. The gas and dust in which the clusters are embedded will 
be studied with the aid of archival radio and spectral line survey (H!, [SII]) data. The embedded cluster population of the 
Gould Belt will be also analyzed to study the clustering in the very early phase of the star formation process, as well as its 
comparison with the spatial distribution of older, supposedly bound, clusters.  
 We have also obtained HST imaging in multiple filters of two more massive (1-2 x 104 MSol), slightly more evolved (~1 
Ma), more distant (2-7 kpc) and centrally concentrated clusters, Tr 14 and NGC 3603 for which we will carry out a similar 
analysis.  
 
2.2.2 Massive Stars in the Milky Way 
 

Massive stars play a crucial role in the dynamic and chemical evolution of galaxies. They are the major source of 
ionizing and UV radiation and, through their huge mass-loss rates, they have a strong mechanical impact on their 
surroundings. Massive stars are also important because the nuclear reactions in their interiors create most of the heavier 
chemical elements. These nuclear products are blasted out into space in the final supernova explosions that put an end to 
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the massive stars lifetimes. Despite their importance, our knowledge of these objects and of their evolution is still 
fragmentary due to their small numbers and their concentration along the Galactic plane. 

Massive stars spend most of their lifetimes as objects of spectral type O. We have compiled the most complete 
Galactic O-star catalog with accurate spectral types ever (Ma’z Apell‡niz et al. 2004). The catalog in its first version included 
378 objects and was complete to V<8 (including many fainter stars). The catalog has been recently updated to increase the 
sample to over 1000 O stars in a second version (it now includes more than 95% of the objects that have been classified as 
O stars by anybody at any time) and has quickly become the standard reference for O-star spectral classification, having 
been cited 74 times in the last five years. Even with this large sample, the new version reveals two critical deficiencies in our 
knowledge of Galactic massive stars: [1] The expected number of O-type stars in the Milky Way is of at least 10 000, so we 
are only directly aware of ~10% of them. [2] Many stars have only uncertain classifications, have been observed just once or 
with low-quality data, and there is little or no information about their multiplicity (through high-resolution imaging or multiple-
epoch spectroscopy). When this is coupled with the large and uncertain values of the distances and extinctions for Galactic 
massive stars, we are presented with a picture in which the initial mass function (IMF) for either clusters or the field is 
unconstrained to a high degree.  

We have formed a large multi-country observational program called The Galactic O-Star Spectral Survey 
(GOSSS). The responsible for the program is Jesœs Ma’z Apell‡niz and, besides the people listed in this project, the core 
team includes collaborators from Chile (Rodolfo H. Barb‡ and Julia I. Arias, Universidad de La Serena, ULS; Nidia I. Morrell, 
Las Campanas Observatory, LCO) and Argentina (Roberto C. Gamen, Universidad Nacional de La Plata, UNLP). There are 
also plans to create an extended team for some specific tasks that would include collaborators from other institutions such as 
the Instituto de Astrof’sica de Canarias (IAC) and the Universidad de Alicante.  
 
2.2.3 Pre-Main Sequence (PMS) Stars in Clusters  
 

Several issues on PMS stars are to be considered in the framework of our project: 1) Age structure of forming 
clusters: age spread, sequential or episodic star formation, induced star formation; 2) Time scale of disk dissipation, 
depending on mass; 3) Mass function of forming stars; and 4) Check of evolutionary models. 

Current research on these questions is being performed with a the following approach: 
Study of clusters where membership information is available, from spectroscopic observations or more recently X-

ray measurements (Dahm and Hillenbrand 2007; Dahm et al 2007; Delgado et al. 2006; Flaccomio et al. 2006). The masses, 
mass functions, and features of the age structure are then measured from one set of isochrone models. In recent works, the 
use of mid-infrared observations from the Spitzer telescope makes feasible to investigate the evolution and dissipation of 
circumstellar disks (Getman et al. 2009). In some cases, the same cluster parameters and properties of the members are 
investigated after a previous member selection on the basis of a statistical cleaning of the CM diagrams (Samal et al. 2007, 
Sharma et al. 2007, Bonatto and Bica 2009). Questions related to the sequential or induced star formation have been also 
investigated in detail also on the basis of previously obtained membership information (Negueruela et al. 2007, Makarov 
2007a,b, Bieging et al. 2009). 

On the other hand, several methods have been applied to the measurement of ages of PMS stars (Hillenbrand 
2009, Naylor et al. 2009). Age spread, which is reflected as luminosity spread among cluster members, is studied through 
different comparison techniques to observed clusters (Leone 2007; Mayne &  Naylor 2008; Jeffries 2009). This research also 
refers to well-known objects, where additional information is available from independent sources. 
  Finally, the performance of different PMS evolutionary models has been checked with several approaches. The 
measurement of masses is obtained from spectroscopic measurements or dynamical estimates, and then compared to the 
predictions of several theoretical models (Hillenbrand 2004). A different and more general approach is based on the 
statistical simulation of color-magnitude diagrams using various sets of models, and a comparison of the results to real 
observed clusters (Hillenbrand 2008). The increasing detail (both in time and light amplitude) of the stellar bright variability is 
being used in recent years through the so-called asteroseismological techniques to compare observed variations to 
predictions from interior models (Zwintz et al. 2008). 

For the youngest stellar populations, typically those found using IR excess as a selection tool, the spatial 
distribution and sub-clustering may give good indications on age ranges (e.g. Kaas et al. 2004, Gutermuth et al. 2009).  
Embedded cluster members that are bright enough may be spectrally typed to an accuracy of 1-2 spectral sub-classes using 
near-IR low-resolution spectroscopy  (R ~ 1000) following the strategies of e.g. Luhman & Rieke (1998) and Winston et al. 
(2009). The fainter population may not be studied spectroscopically, but its presence gives important clues to the star 
formation history of the cluster and any possible sequential star formation (e.g. Deharveng et al. 2003). 

In general, this research refers to well-known clusters and star forming regions, or particular stars in some cases, 
for which a wealth of data is available from observations with various techniques and in a wide range of wavelengths. Recent 
work in our research refers to less studied objects, and is based on membership assignment and estimate of the physical 
parameters of members, both on the basis of comparison to model isochrones (Delgado et al. 2007, Yun et al. 2008, 
Delgado et al. 2009). 
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2.2.4 The Nuclear Star Cluster of the Milky Way  
 

 The detection and study of nuclear star clusters (NSCs) of galaxies has only become feasible from the middle of 
the 1990s on with the high sensitivity and spatial resolution offered by the Hubble Space Telescope. NSCs are located at the 
photometric and dynamical centre of most spiral and dwarf elliptical galaxies, being clearly absent only in the most massive 
elliptical galaxies. With effective radii of a few parsecs and typical masses of 106 - 107 M! , they are among the most 
massive and certainly densest star clusters in the Universe (Bšker 2008). There exist competing hypotheses for their 
formation, but the observation that many NSCs show signs of star formation within the last 100 Myr suggest that they form at 
least partially from infalling material from the host galaxy. The recent discovery that NSCs obey similar scaling relationships 
with respect to their host galaxy masses as do supermassive black holes has raised even higher interest in these still poorly 
studied objects (Ferrarese et al. 2006; Graham & Spitler 2009). Studying NSCs is a difficult task, however, because due to 
their great distance and compact size they are barely spatially resolved, even with the HST or with 8-10m ground-based 
telescopes equipped with adaptive optics. This makes the nuclear cluster at the centre of the Milky Way a special target: It is 
the only NSC that can be resolved down to milli-parsec scales with current instrumentation. It serves as a unique template to 
study the interaction of a massive black hole with the surrounding nuclear star cluster and interstellar matter. 

The Milky Way NSC shows signs of repeated star forming activity, with the latest starburst-like events having 
occurred about 100 million and 4 million years ago (Krabbe et al. 1995; Paumard et al. 2006). Visual extinction toward the 
Galactic center exceeds AV! 40. Therefore, the stars at the Galactic center (GC) can only be studied in the infrared regime, 
with reasonable S/N at bands redder than J. This poses serious, but not unsurpassable, problems, particularly as concerns 
classifying different stellar populations photometrically. In addition to the strong extinction, extremely high surface densities 
of stars pose a special difficulty for observations of the Galactic center, making the use of adaptive optics mandatory for 
resolving the central few arcseconds or for detecting faint stars. It is therefore not surprising that our knowledge about the 
Milky Way NSC is still limited. Since GC research in the past decade was focused strongly toward the central massive black 
hole, Sagittarius A*, only the central 0.5 to 1 pc has been studied intensely. Also, there exist large-scale surveys of the 
central hundreds of parsecs of the Milky Way with the Spitzer and HST telescopes. However, we clearly lack detailed, multi-
wavelength studies on scales between 0.5 pc and 5 pc from Sagittarius A*. We only have rough estimates of the structure, 
size, and mass of the Milky Way NSC from recent research (e.g. Philipp et al. 1999; Launhardt et al. 2002; Genzel et al. 
2003; Schšdel et al., 2007a, 2009; Graham & Spitler 2009), and definitely need a more accurate knowledge of these 
parameters. Important progress has been made recently in improving our knowledge of the near-infrared extinction law 
toward the Galactic center (e.g., Nishiyama et al. 2006; Schšdel et al. 2010) and in developing special techniques to classify 
stars via narrow band imaging in the K-band (Buchholz et al. 2009). A topic of high interest is the interaction of the NSC with 
the central massive black hole, which is reflected in the cluster structure. Three studies published in 2009 pointed out the 
absence of a so-called stellar cusp in the old (late-type) stellar population around Sagittarius A*, in spite of such a cusp being 
a firm prediction of theoretical stellar dynamics (Buchholz et al. 2009; Do et al. 2009; Bartko et al. 2010). The absence of the 
cusp may have profound implications, e.g. for our understanding of stellar dynamics and for the expected rate of gravitational 
wave emission from extreme mass-ratio inspiral events (Merritt 2009). Intriguingly and contrary to the pronounced absence 
of old giants around Sagittarius A*, young and massive stars appear to be concentrated around the black hole. A complete 
census of young, massive stars in the entire NSC is needed to understand better the spatial distribution of young stars and 
the related implications for star formation in the NSC.  

In our group we are in an excellent position to advance research in this highly competitive area and have made 
important contributions in the past years (e.g., Buchholz et al. 2009; Schšdel et al. 2007a,b, 2010a, 2010b). R. Schšdel has 
been involved in numerous observational campaigns of the Galactic Center with the ESO adaptive optics instrument NACO 
at the VLT as well as with the mid-infrared camera VISIR/VLT. We were granted two nights of observations with NACO/VLT 
in July 2009 (PI: Schšdel) and service mode observations with ISAAC/VLT in 2008 (PI: Schšdel). For summer 2010, we 
have been granted 18h with CanariCam/GTC and 5h at the ESO VLT to determine the distortion solution of the NACO S27 
camera. 

The most important international groups working on Galactic center research are the group of R. Genzel at the 
Max-Planck-Institute for Extraterrestrial Physics in Garching, Germany (competitors), the group of A. Eckart at the University 
of Cologne, Germany (collaborators), and the group of A. Ghez at the University of California, Los Angeles, USA (former 
competitors; still some competition, but mostly collaboration on issues such as optical distortions of cameras, image 
processing of adaptive optics data, high-precision astrometry; Schšdel has been in their group for a 4 week visit in 2009 and 
will go there for another 5 week visit in 2010). 

The responsible researcher for this objective is R. Schšdel and, besides K. Muzic, listed as external collaborator in 
this project, close collaboration exists with a large number of international researchers (W. Clarkson, S. Yelda, A. Ghez, M. 
Morris from UCLA, USA; F. Najarro, CAB, Spain; S. Nishiyama, Kyoto University, Japan; A. Eckart, R. Buchholz, University 
of Colong, Germany). Several of them will be co-authors on the publications resulting from this project in the next year.  

  
 
2.2.5 Methodology and tools 
 
 Modern astronomy is being driven (among others) by two forces: [a] the huge increase in input data coming from 
large detectors and the even larger surveys conducted with them and [b] a similar increase in the quantity and quality of 
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models with which to compare those data as a result of the so far unstopped effect of Moore's law in the evolution of 
computing. The data tendency in Galactic astronomy is likely to continue at least for the next decade, as new surveys (Gaia, 
Pan-STARRS, LSST, LAMOST, VISTAÉ) will be able to provide, for the first time in history, photometric, spectroscopic, and 
astrometric information for a non-negligible fraction of the stars in the Milky Way. Those two increases will undoubtedly 
require the use of tools that are capable of converting the observed information (magnitudes, spectra, distances) into 
astronomical parameters (luminosities, masses, temperatures). 

 CHORIZOS (Ma’z Apell‡niz 2004) is a Bayesian code that compares multi-wavelength (spectro)photometric 
observations with multi-parameter spectral energy distribution (SED) models and determines which of the SEDs is 
compatible with the data. It is a general-purpose program that can be adapted to arbitrary filters and SEDs and that is 
especially well-suited to extract information about a large sample of stars in a cluster where several different parameters 
(temperature, luminosity, metallicity, amount of extinction, extinction lawÉ) can be varying and where anomalous objects 
such as binaries or emission-line stars need to be detected from the data. 

Otherwise we are collecting and evaluating old codes and designing and developing new tools for searching and 
characterizing stellar systems in astrometric catalogs. The CdC-SF astrometric catalog recently elaborated by Vicente et al. 
(2010) is our best laboratory for the searching of those structures in the different subsets of the phase space. An example of 
this is the determination of the best spatial sampling radius for membership evaluation from proper motion data (S‡nchez et 
al. 2010).  

Some team members (NS, EJA) have developed numerical codes for the generation of fractal clouds in the last five 
years. Now, the challenge is to compare the internal structure, in terms of density distribution, of the clouds generated under 
different physical hypothesis and numerical algorithms.  

Intimately connected to the scientific objectives of this proposal is the ability to make use of accurate, high 
precision astrometry. This includes methods of reliable extraction of stellar positions and their transformation into a reference 
coordinate system as well as know-how on how to calibrate and apply precise correction matrices for the optical distortion of 
the instruments used. Our group has experience in both of these fields (Ma’z Apellaniz & Cox, 2008: determination of the 
distortion solution for HST ACS/SBC; Schšdel et al. 2009: measurement of proper motions in the central parsec of the Milky 
Way). We have been granted 5h of observing time by ESO for summer 2010 for our project to calibrate the distortions of the 
NACO (VLT) S27 camera to sub-milliarcsecond accuracy (PI: Schšdel). 

 
 
 

References: The bibliography referring all the project sections is collected and shown at the end of section 4. 
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3. OBJETIVES 
(maximum 2 pages) 

 
!  3.1 Describe the reasons to present this proposal and the initial hypothesis which support its 

objectives (maximum 20 lanes) 
One of the main goals of modern Astronomy is to formulate a predictive theory of star formation. This requires a set of 
empirical data that gathers the fundamental variables of the problem covering different scales and in different environmental 
conditions. It is also necessary to develop mathematical tools and simulations that will allow us to go beyond the reach of the 
current theoretical approaches to the problem, on the sole basis of physical principles.   
Keeping in mind that a definitive answer to this problem lies beyond the three years of this project, we have developed a 
project that will contribute to this objective on its two main cornerstones: observational and methodological.  
We will do this focusing on star clusters that represent a singular stage in the wide range of scales where coherent star 
formation is found. Star clusters and their environments will give us insight into how individual stars are formed inside them, 
which external variables control the formation of these stellar systems, and how they are connected to several structural 
properties of the parental gas clouds. Our project is defined by the development of this analysis in very diverse 
environments, such as the Galactic centre or GouldÕs Belt, and at scales covering from binary stellar systems to whole 
galaxies in the Local Group. 
 
!  3.2. Indicate the background and previous results of your group or the results of other groups 

that support the initial hypothesis  
Objective 1: Birth and Internal Structure of the Stellar Clusters 
- The 3D Fractal Dimension of ISM is in between 2.6 and 2.7 and not around 2.3 as previously thought. (S‡nchez et al. 

2005, 2006, 2007a).   
- The internal Structure of Stellar Clusters (observed in the optical range) presents clumpy, fractal-like, or radially 

concentrated internal spatial distributions depending on age (S‡nchez & Alfaro 2009).  
- IR Photometry of Embedded Clusters has given support to the hypothesis of Carpenter (2000) and Allen et al (2007) 

that there is an observable distributed population that represents a significant mode of star formation competing with 
cluster formation in giant molecular clouds (Rom‡n-Zœ–iga et al. 2008; Wang et al. 2009).    

- Gould’s Belt harbors two star forming regions with different modes of star formation; while the Orion complex shows a 
high fraction of star clusters, Sco-Cen has a very low number of clustered stars (Elias et al. 2009; Alfaro et al. 2009). 

- The large-scale spatial distribution of HII regions in galaxies shows, on average, a fractal distribution with a 3D 
dimension similar to that observed for the galactic ISM (S‡nchez & Alfaro 2008).  

Objective 2: Massive Stars in the Milky Way  
- The Galactic O-star catalog. We have compiled the most complete Galactic O-star catalog with accurate spectral 

types ever (Ma’z Apell‡niz et al. 2004) and expanded the sample to over 1000 objects (Sota et al. 2008). 
- The Galactic O-star Spectroscospic Survey. We have started a massive spectroscopic survey of Galactic O stars, 

whose first results are being published in 2010 (Arias et al. 2010, Walborn et al. 2010, Sota et al. 2010). 
- Individual O stars. We have studied individual Galactic massive stars using HST and ground-based data (Arias et al. 

2006; Benaglia et al. 2006; Ma’z Apell‡niz et al. 2007,2008,2009; Gamen et al. 2007,2008a, 2008b; Campillay et al. 
2007). 

Objective 3: PMS Stars in Stellar Clusters 
- A method for simultaneous determination of membership and physical variables of PMS stars in clusters has been 

designed  (Delgado et al. 1998, 2007) 
- Seventeen clusters up to date have been analyzed with this method and a first catalog with around 850 PMS 

candidates has been released (Delgado et al. 2007, 2010) 
- Sequential and/or induced star formation has been found from optical and NIR photometry in the Galactic star 

forming regions, Sh284 and  Sh294 (Yun et al. 2008; Delgado et al. 2010). 
Objective 4: The Nuclear Stellar Cluster of the Milky Way 
- With an innovative method for classifying early- and late-type stars in the highly extincted Galactic center region, we 

find that old stars, contrary to theoretical predictions, do not form a stellar cusp around the massive black hole 
(Buchholz et al. 2009). 

- The NIR Extinction Law in the central parsec of the Milky Way has been determined. It has been found to have a 
steeper power-law than assumed for the past decades, but in agreement with recent, similar work (Schšdel et al. 2010). 

-  Proper motions for more than 6000 stars within a projected distance of 1 pc of Sgr A* have been measured. This 
catalogue has been published, including the first unambiguous detection of the mass of the nuclear star cluster within 1 
pc of the massive black hole (Schšdel et al. 2009). 

Objective 5: Methodology and Tools 
- CHORIZOS code and Star Clusters. We have written the main CHORIZOS code (Ma’z Apell‡niz 2004) and updated 

the associated zero points by comparing HST and ground-based data (Ma’z Apell‡niz 2005, 2006, 2007), which has 
been applied to the study of stellar clusters and field populations (Melo et al. 2005, Arias et al. 2006, Ma’z Apell‡niz et 
al. 2004, 2007; òbeda et al. 2007a,b). 
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- Fractal Clouds and Fractal Dimension. Several methods for simulating fractal clouds (S‡nchez et al. 2005, 2006, 
2007a) have been designed and implemented in the last years. In addition, we have improved some algorithms for 
determining fractal dimension of clouds [continuous structure] and point distributions [discrete structure](S‡nchez et 
al. 2005, 2006, 2007a,b, 2008, 2009) 

- Sub-milliarcsecond astrometry. We have determined the optical distortion of the HST camera ACS/SBC (Ma’z-Apell‡niz & 
Cox, 2008), as well as the distortion in photographic plates, modern infrared detectors and CCD mosaic-camera (Cabrera et 
al. 2006; Garc’a et al. 2009) 

- The best sampling radius for membership analysis of stellar clusters based on proper motion data, has been analyzed 
and found a method for its determination (S‡nchez et al. 2010) 

 
!  3.3. Describe briefly the objectives of the project. 
Objective 1: Birth and Internal Structure of the Stellar Clusters 
- Study of the modes of Star Formation To make a near-IR survey of different active cluster forming regions to quantify 

the influence of local environment (massive associations, HII regions) on the modes of formation (clustered, distributed) 
of newly formed populations. We will test whether the local environment affects star formation efficiency, star formation 
rate and the relative percentages of cluster vs distributed populations. Observation, data reduction and analysis of a 
sample of around 30 embedded clusters.  

- Internal Structure. Determine the internal structure of a significant sample of young embedded clusters and analyze 
how this property varies with the local environment and how it evolves with age. 

- Gas, Dust and Stars in Clusters. Compare, when possible, the structure of clusters with that of the surrounding gas 
and dust envelopes. Construct dust extinction maps in the star-forming regions using color excess of background stars. 
Determine the current values for the star formation efficiency.   

- Embedded Clusters in the Gould Belt. Analyze the distribution of embedded clusters in the Gould Belt. 
- Star Formation at Galactic Scale. Dust, gas, stars and stellar clusters in M33, compare the different spatial 

distributions at galactic scale. 
Objective 2: Massive Stars in the Milky Way 
- Database. Create the largest possible spectral database for visually observable Galactic O stars using high-quality, 

high-S/N, uniform data. 
- Spectral Morphology. Reanalyze the fundamental spectral morphology for O stars. 
- Multiplicity. Analyze the multiplicity of massive stars. 
- Galactic Extinction. Obtain a new Galactic extinction law and analyze its relationship with the DIBs . 
- Spatial Distribution. Study of the spatial distribution of massive stars and dust within 3 kpc of the Sun. 
- Massive- star IMF. Derive the massive-star IMF in the solar neighborhood for both the field and some clusters. 
Objective 3: PMS Stars in Clusters 
- Determination of the PMS population for a larger sample of young clusters in optical and NIR bands. 
- Mass Function and Age structure of the PMS sequences in the different clusters. Variations with Post-Main 

Sequence age and model dependences. 
- Determination of a complete and precise IMF combining data for all our sample of clusters. 
- Derivation of Constraints to the Physical Inputs in PMS evolutionary models. 
Objective 4: The Nuclear Star Cluster of the Milky Way 
- Structure of the NSC. Improve current models for cluster with particular emphasis on size and mass of the cluster.  
- Massive, young stars in the NSC. Obtain a complete census of young, massive stars in the cluster to constrain their 

formation within about 5 pc of the massive black hole, Sagittarius A*. 
- Extinction. Determine extinction law and its variability over the central ~5 pc and create an extinction map for this 

region with resolution of ~5 arcseconds. 
- MIR study of NSC. Study the MIR emission by stars and ISM in the NSC with VISIR/VLT and Canaricam/GTC. 
- Proper motions. Improve precision and magnitude limit of stellar proper motions in the central parsec of the Galaxy. 
Objective 5: Methodology and tools 
- Update CHORIZOS and implement the calculation of distances to individual stars and star clusters. 
- Development of tools to perform a systematic search of kinematic stellar systems as moving groups, open clusters, 

associations and tidal streams, using the database of the astrometric catalogue CdC-SF (Vicente et al. 2010), being the final 
aim the application to the GAIA catalogue.  

- Comparison of new algorithms for generating fractal clouds based on different physical principles.  
- Optical distortion of NACO S27. Determine the optical distortion solution for the S27 camera of NACO/VLT to sub-

milliarcsecond precision. 
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4. METHODOLOGY AND WORKING PLAN  
(in the case of coordinated projects this title must include all the subprojects)  
 
Detail and justify precisely the methodology and the working plan. Describe the working 
chronogram. 
 
" The working plan should contain the tasks, milestones and deliverables. The projects carried out in 

the Hesperides or in the Antarctic Zone must include the operation plan. 
 
" For each task, it must be indicated the Centre and the researchers involved in it.  
 
" If personnel costs are requested, the tasks to be developed by the personnel to be hired must be 

detailed and justified. Remember that personnel costs are eligible only when personnel is 
contracted, fellowships are not eligible as personnel costs. 

 
 
 

1. Birth and Internal Structure of Stellar Cluster 
 
Responsible: NS & CRZ, Co-Is: BV, EJA, JA, JCC, MCSG 
 
1.1 Modes of Star Formation 
a) Observe, reduce and analyze deep near-IR images of star forming regions in distinct environments. High quality, 
deep near-IR images (K<19.5) of star forming regions in the complexes W3, Sh-252, Rosette and Cygnus will be 
collected using the OMEGA 2000 camera at the 3.5m telescope in Calar Alto. The proposals have been accepted and 
all data collection is expected to be completed before the beginning of the funding timeline. Reduction of data will be 
performed with a standardized pipeline (combining IRAF tasks with standalone Fortran routines; Rom‡n-Zu–iga 2006). 
Pipelines will produce fully processed images with optimized quality (middle of 2011, CRZ, JA). 
b) Create photometric catalogs complete to low-mass regimes. A second standard IRAF will automatize the production 
of complete photometric catalogs. Astrometric solutions and photometric calibration will be done with respect to the 
2MASS survey. Assessments of data quality, including corrections for color terms and zero-point uniformity will also be 
fully characterized previous to data analysis. We expect that data reduction, building of photometric working catalogs 
and assessments of all regions will be completed during the first year of the project run (end of 2011, CRZ, JA). 
c) Determine the membership of local populations in clusters, associations and distributed modes. For this task, we will 
also process archival data of corresponding fields from Spitzer, UKIDSS, GALEX and SLOAN surveys. This will allow 
for the construction of midIR-nearIR, nearIR-Optical and Optical-UV color-color and color-magnitude diagrams that will 
separate local from background populations. We will also obtain spectral energy distributions, which will also help to 
discriminate between YSOs and extragalactic sources. Then, surface densities of most likely member candidates will be 
used to determine extension of small groups, associations and clusters. This task will likely be finished for all regions 
before the middle of the second year of the project run (middle of 2012, CRZ, JA) 
d) Obtain luminosity distributions of local members and translate into mass distributions to study the variation of IMF in 
different environments. Once member populations are isolated, we will determine their luminosity distributions (K and 
Spitzer-IRAC 3.6 micron bands are best). We will use the techniques of Muench et al (2000) to determine the most 
likely mass distributions corresponding to these IR luminosity functions. This will allow us to construct a useful catalog of 
cluster properties (total luminosities, total mass, densities) for all the regions in our survey. By comparing to the most 
popular determinations of the IMF in well-known regions, we will determine any significant variations of the IMF from 
region to region. This task will be done for all regions by the end of the second year of the project run (end of 2012, 
CRZ, JA) 
e) Perform a statistical analysis of the properties of each star-forming region to determine differences relative to the 
distinct environments. The database we will construct will be used to compare the properties of young stellar groups 
within regions and from region to region. If, as hypothesized, the local environment influences the characteristics of the 
populations, our study will add crucial evidence, important to understand the origin of different galactic populations. We 
expect that these results will be published in 5 papers (one for each region analyzed in the survey plus a data release 
paper) by the end of the third year (end of 2013, CRZ, JA).  
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1.2 Internal Structure 
a) Analysis of the spatial internal structure of cluster members; determination of Q structural parameter for the whole 
sample of clusters and calculation of fractal dimension for those clusters with a clumpy non-radial distribution (NS, CRZ, 
EJA) (end of 2011 and 2012).  A paper with these results will be published at the end of 2012. 
b) Derivation of the 2D spatial structure for gas and dust in these regions (2012, NS, EJA, CRZ). Compare  with  that of 
the stellar structure and analyze their correlations (if so) with properties of the stellar component (i.e. age) (2012, NS, 
CRZ, EJA). Publication of the results (2013, NS, CRZ, EJA). 
c) In addition to the analysis of the embedded clusters, we will also study a sample of clusters with proper motion data 
contained in the CdC-SF astrometric catalog, searching for clusters with peculiar distribution either spatial and/or on the 
proper motion space (BV, EJA, NS, results and publication in 2012). 
 
1.3 Embedded clusters in the Gould Belt 
a) Analysis of the distribution of embedded clusters in the Gould Belt. We will construct a map of cluster-to-field OB star 
ratio for comparing the clustered SFR with that derived from the field population. Then, this result will be compared with 
the pattern of clustered star formation rate derived from open clusters in the optical range (2011, EJA, NS, JCC, 
MCSG). Expected to be sent to publication in the beginning of 2012. This study will provide important clues on the 
external and internal variables inducing clustered star formation, as well as on the nature and origin of the Gould Belt.  
 
1.4 Star Formation at Galactic scale 
a) M33 is our closest face-on spiral galaxy. Thus it becomes a natural lab for the study of several important scientific 
questions. Many gas tracers and stellar components (stars and clusters) have been observed, with good spatial 
resolution, in the last years, we will make use of these data to derive and compare the fractal dimension for the different 
tracers at galactic scale with those derived for the open clusters. . Data will be taken from the literature. Expected to be 
done and send for publication in 2011 (end of 2011, NS, EJA). 
 

2. Massive Stars in the Milky Way  
 
Responsible: JMA   Co-Is: NRW, EJA, ASB, MPO, ATG 
 
2.1 The Galactic O-star Spectral Survey (2011-2013). 
a) Obtain intermediate-resolution (R=3000) blue-violet spectroscopy (ASB, MPO). We are observing all (~1500) 
Galactic stars with B < 13 that have ever been classified as being of spectral type O. The northern portion is being done 
with the OSN 1.5 m telescope and the CAHA 3.5 m telescope; the southern part is being done with the LCO 2.5 m 
telescope. 40% of the sample has already been observed at least once and 20% has repeated observations. In the last 
two years we have obtained ~50, ~10, and ~12 nights/year at OSN, CAHA, and LCO, respectively, for this program.  
b) Obtain low-resolution (R=1500) flux-calibrated optical spectroscopy (ASB, MPO). We are observing a subsample 
(~100) of the stars above with the OSN 1.5 m telescope at lower resolution but calibrating in flux and covering the full 
optical range (3000 • - 10 000 •). 20% of the sample has been observed and the rest will be done by the end of 2010. 
c) Obtain high-resolution (R=20 000 - 40 000) optical spectroscopy (ASB, MPO, Chilean and Argentinian collaborators). 
We are doing multiple observations of another subsample (~240 stars) of the stars using echelle spectrographs at LCO, 
La Silla (Chile) and CASLEO (Argentina). So far we have obtained a total of ~3000 spectra and we plan to collect ~3000 
more in the 2010-2013 period. 
d) Obtain high spatial-resolution imaging (JMA). We have high-resolution imaging from: [1] HST imaging from our own 
(GO 10205, 10602, and 10898) and archival data; and [2] Lucky imaging observations with the AstraLux instrument at 
the CAHA 2.2 m telescope. We have data for ~150 stars and we will observe another ~150 in the next two years. 
e) Reduce and calibrate the data above using devoted pipelines and make them available to the community in the form 
of calibrated spectra by expanding the web infrastructure of the online version of Galactic O-Star Catalog, which is 
currently available at the URL http://dae45.iaa.csic.es:8080/~jmaiz/research/GOS/GOSmain.html (ASB, MPO, ATG).  
 
2.2 The fundamental spectral morphology of O stars (2011-2012).  
a) Spectroscopically classify the ~1500 stars observed under objective 2.1(a) (NRW). The currently published atlases of 
digital spectrograms of O stars at R~3000 (e.g. Walborn & Fitzpatrick 1990, 2000; Walborn et al. 2002) [a] are far from 
exhaustive since they include less than 100 O stars, [b] include only a few northern stars, and [c] the quality of their data 
can be significantly improved with modern detectors. An improvement in size (from 100 to 1500 O stars), quality (from 
S/N of ~50 to ~300), and uniformity of a spectral library similar to the one proposed here has always led in the past to 
new discoveries in the observed spectral morphologies. Those discoveries have produced, first, changes in the 
classification criteria and, later on, significant advances in the understanding of the underlying physical principles 
through comparison with atmosphere models. We expect those two steps to take place in this project as well (see 
Walborn et al. 2010 for two examples).  
b) Compare the spectral classifications from 2.2(a) with those derived from the high-resolution spectra, i.e. 2.1(b) 
(NRW). Such an analysis may reveal new, previously unknown spectral morphologies invisible at lower resolution.  
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c) Compare the spectral classifications from 2.2.1(b) with the results of the VLT FLAMES Tarantula survey by Evans et 
al. 2009 (NRW). That project shares team members with this one and has already observed several hundred O stars in 
the 30 Doradus region. We will search for metallicity effects in the spectral morphology of O stars with an hitherto 
unknown detail. 

 

 
 
Figure 1: Sample GOSSS R=3000 blue-violet spectrograms for representatives of different types of the massive star zoo: an 
Of?p, an Oe, an Ofc, an Onfp, an ON, an OC, a double-lined spectroscopic binary, an early-B, and a WR+O binary. 
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2.3 The multiplicity of massive stars (2011-2013).  
a) Search our 2.1(a) and 2.1(c) data to detect radial velocity variations and follow the subsequent orbits (ASB, MPO, 
Chilean and Argentinian collaborators).  
b) Detect multiple components in our 2.1(d) data and compare with literature values to detect possible motions (JMA). 
c) Compile multiplicity information from the literature (ASB, MPO).  
d) Analyze the statistics from 2.3(a), (b), and (c) and use a completeness analysis to derive the period and mass 
distributions for massive multiple systems (JMA, NRW, ASB, MPO). Analyze if, as expected, most massive stars are 
born in multiple systems (Mason et al. 1998, Zinnecker & Yorke 2007). Our preliminary results are spectacular: out of 
185 O and WN stars without previous spectroscopic evidence of multiplicity, we have detected 73 new binaries and 
higher-order multiples, for which we already have 26 calculated orbits (Barb‡ et al. 2010a,b). This raises the fraction of 
spectroscopic multiples among massive stars from 19% to 51%. Furthermore, the period distribution appears to be very 
different when one compares O and B stars. 

 
2.4. The Galactic extinction law and its relationship with the Diffuse Interestellar Bands (DIBs, 2011-2012). 
a) Compile photometric information from the literature (ASB). This will include optical/NIR data in the Galactic O-star 
catalog (Ma’z Apell‡niz et al. 2004, Sota et al. 2008) and the MIR if WISE data (Liu et al. 2008) is available in time. 
b) Combine the data from 2.1(b) and and 2.4(a) and process the data through CHORIZOS to obtain the extinction and 
the extinction law as parameterized by Cardelli et al. 1989 (JMA, ASB). Study the residuals in the CHORIZOS fits to 
measure the deviations from the Cardelli extinction laws (Nishiyama et al. 2009, Fitzpatrick & Massa 2009). 
c) Use the data from 2.1(b) and and 2.4(b) to derive a new family of Galactic extinction laws using the newly 
recalibrated zero photometric points by Ma’z Apell‡niz 2005, 2006, 2007 (JMA, ASB). The new extinction laws will have 
variable NIR slopes and will be derived using a larger and more extinguished sample than the one used by Cardelli et 
al. (1989). 
d) Use the 2.1(a) and 2.1(c) data to measure the equivalent widths of the DIBs for the stars in our sample (JMA, ASB). 
The intermediate- and high-resolution data will be used to study the broad, and narrow DIB lines, respectively (Fig. 1). 
Study the correlations between extinction, extinction law, and DIB intensities in order to reanalyze the decades-old 
problem of the nature of the DIBs (Herbig 1995, Galazutdinov et al. 2008) with a fresh impulse. 

 
2.5. The spatial distribution of massive stars and dust (2012-2013). 
a) Combine the results from the previous objectives (spectral types, multiplicities, extinctions) and use CHORIZOS to 
derive spectroscopic parallaxes for all Galactic O stars with B<13 (JMA, MPO).  
b) Use 2MASS, IPHAS, and WISE photometry to obtain the completeness of our sample within 3 kpc of the Sun (MPO). 
c) Study the spatial distribution of massive stars and dust within 3 kpc of the Sun (JMA, MPO, EJA). Most recent studies 
of the spatial distribution of Galactic extinction (e.g. Juri" et al. 2008, Alves et al. 2001, Churchwell et al. 2009) have 
been based on photometry and have concentrated either on other regions of the Galaxy. On the other hand, the once 
popular surveys based on OB-star spectroscopy (e.g. Neckel & Klare 1980) have faded out of style, leaving the region 
within 3 kpc of the Sun mostly unstudied even though the quality of the available data is much better than 30 years ago.  
d) In the long term, use our results as a preparatory study for both LAMOST and Gaia (EJA). 
 
2.6. The massive-star IMF (2012-2013). 
a) Combine the results from the previous objectives (spectral types, multiplicities, extinctions, and distances) to derive 
evolutionary masses all Galactic O stars with B<13 (JMA, MPO).  
b) For multiple systems where keplerian masses can be obtained, compare the results with those from 2.6(a) (JMA, 
MPO). 
c) Derive the massive end of the IMF in the solar neighborhood using data of unprecedented quality and lacking many 
of the biases present in previous attempts; see above and Ma’z Apell‡niz & Ubeda 2005 and Ma’z Apell‡niz 2008 
(JMA, NRW, EJA, MPO). Reanalyze the work done by Massey et al. (1995) with better data, a larger sample, and 
improved numerical techniques. 
 
 

3. PMS Stars in Stellar Clusters 
 
 

Responsible: AJD Co-Is: AAD, JLY, EJA, DG, NS 
 
Previous remarks. The present objective continues work done in the past years. The techniques used are photometry 
and spectroscopy, with medium to large size telescopes. New emphasis is put now on deep NIR photometry for the 
youngest objects, and the use of available multiobject spectrographs at ESO and ORM observatories. The sample of 
clusters selected for this objective is different but complementary of that of the embedded clusters (objective 1). Here 
we select a sample of young clusters with a stellar population visible in the optical range and extend the observations to 
the IR wavelength to improve the Spectral Energy Distribution of the individual stars. The specific tasks, timing and 
team members involved are: 
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3.1 Determination of the PMS population 
a) Definition of a cluster sample, within the age range from 1 My up to 20-30My, classified according to their level of 
complexity (degree of extinction), age and galactic location, and amount of available information in the literature. This 
sample will be established by the starting of the project. All team members are involved. 
b) Completion of photometric observations in the optical UBVRIH$\alpha$ and NIR JHK ranges. At present we dispose 
of own results on 17 clusters, observed with different degrees of completeness (Delgado et al. 2010, and their 
references). We plan the realization of at least 10 observing campaigns at the OSN, CAHA, ORM observatories, (in 
Spain) and at the Observatorio Astron—mico Nacional de Venezuela (2011-2012. AJD, AAD, EJA, JLY, NS).  
c) Data reduction with current public image reduction software and analysis with own codes. This includes matching 
with USNO and 2MASS databases for astrometry and NIR calibration purposes. Improved determination of cluster 
parameters, distance, color excess and post-MS age and the first determination of cluster parameters for previously 
unstudied objects that do not have CCD photometry in the optical or IR wavelength range (2011-2012. AJD, AAD). 
 
3.2 Mass Function and Age Structure 
a) Definition of the optical samples of candidate members, PMS members included (2011-2013. AJD). 
b) Determination of spatial distributions, PMS mass and age properties, depending on post-MS cluster age, and of the 
differences between PMS member samples from different evolutionary models (2011-2013. AJD, AAD) 
c) Deep JHKs photometry, several magnitudes deeper than currently available surveys such as 2MASS, is needed to 
search for possible IR-excess populations. Embedded cluster members are typically detected through IR excess arising 
from circumstellar disks. We plan campaigns for all clusters with optical results (2011-2013. AAD, JLY). 
d) Selection of IR-excess sources, typically Classical T-Tauri type PMS members. Comparing properties of IR selected 
members with optical members and complementing the optical sample for statistical distribution studies (2011-2013. 
AAD, JLY, AJD, EJA) 
e) Program of spectroscopic observations: 1) Optical multiobject (R  10000-20000) spectroscopy in the blue to use the 
CaIIK (3933), HeI (4026\AA), and Balmer series line for spectral classification, and in the red to include H$\_alpha$ and 
the 6707\AA LiI line. 2) Near-IR spectroscopy (~2µ) of selected embedded candidates not optically visible (2011-2013. 
AJD, AAD, EJA). These observations will provide: 
f) Classification through IR spectroscopy for the bright sources in the not optically visible clusters. From experience the 
vast majority of non-visible, IR-excess objects constitute a separate population with most likely a younger age, as 
estimated from their spatial sub-clustering distribution (2012-2013. AAD,JLY). 
g) Indications of PMS nature, and of PMS age, through the equivalent width of the possible LiI detected line. Spectral 
types and radial velocities for the PMS candidates, which imply and independent assessment of membership, and the 
way to check the evolutionary models used in the photometric estimate (2011-2013. AJD, EJA). 
h) Verification of membership and constraints for the evolutionary state of the objects not detectable at optical 
wavelengths (2012-2013. AAD,JLY.AJD,EJA). 
i) Installation of an on-line facility to make accesible to the community the revised PMS catalogue, with candidates 
obtained from published grigs of evolutionary models (D'Antona & Mazzitelli 1998, Palla & Staller 1999, Siess, Dufour & 
Forestini 2000, Yi et al. 2001) (2013)  
j) Results on the PMS ages and mass functions depending on age. Description of the differences shown by these 
results as obtained from various PMS evolutionary models. Constraints on physical inputs of the models from 
observations (2013. AJD, AAD, EJA, JLY). 
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4. The Nuclear Star Cluster of the Milky Way 
 

Responsible: RS   Co-Is: KM, EJA, JMA 
 

General remarks on data and temporal planning. Much of the data necessary for our objectives have already been 
acquired either by our group or are available via public archives. Some of it will be acquired in summer 2010 
(NACO/VLT, CanariCam/GTC if commissioned by then). It is quite probable that analysis of the data, especially the 
ISAAC/VLT images and the CanariCam and VISIR images will lead to follow-up observations at higher spatial 
resolutions or at different wavelengths, e.g. to resolve putative dense accumulations of young stars. However, the 
realization of follow-up observations, although highly probable, is an unknown that cannot be quantified at this point of 
time.  
 
4.1 Structure of the NSC 
a) Collect data with large FOV and accurate multi-wavelength near-infrared photometry (ISAAC data described under 
Objective 4.2, IRSF/SIRIUS data from collaborators Nishiyama, and possibly UKIRT) and produce calibrated images 
(early 2011, RS). 
b) Determine light-profile with various methods (total flux, flux after subtraction of brightest and/or all point sources, with 
and without extinction correction), determine crowding corrected stellar surface density, separate contribution from 
nuclear bulge. Analyze with various mathematical models, e.g., SŽrsic, King (middle 2011, RS, KM, EJAN).  
c) Based on integrated cluster flux and assumptions on the stellar population, estimate total mass and density function 
of the NSC. Methods will be broadly inspired by methodology in, e.g., Philipp et al. (1999), Schšdel et al. (2007), 
Graham & Spitler (2009). Submit paper (end 2011, RS, EJAN,KM). 
 
4.2 Massive, young stars in the NSC 
a) Seeing limited multi-wavelength narrow-band imaging data with an FOV of approximately 5.5 pc x 5.5 pc on the NSC 
were acquired with ISAAC/VLT in summer 2008 (PI: Schšdel).  
b) Data reduction and analysis with particular emphasis on highly accurate photometry (early 2011, RS, KM). c) 
Identification of young, massive stars following broadly the methodology developed in Buchholz, Schšdel et al. (2009). 
Write paper on distribution of those stars and consequent implications on star formation in the NSC (middle-end 2011, 
RS, EJAN, KM). 
 
4.3 Extinction.  
a) Seeing limited multi-wavelength narrow-band imaging data with an FOV of approximately 5.5 pc x 5.5 pc on the NSC 
were acquired with ISAAC/VLT in summer 2008 (PI: Schšdel).  
b) Data reduction and analysis with particular emphasis on highly accurate photometry (early 2011, RS).  
c) Use multi-wavelength near-infrared photometry to determine the extinction law along various lines-of-sight toward the 
NSC. Create extinction map following the method by Schšdel et al. (2010). Write paper (early 2012, RS, JM, EJAN,KM). 
 
4.4 MIR study of NSC 
a) Collect existing high-resolution imaging data (cube mode) on central 0.5 pc of GC obtained with VISIR/VLT from ESO 
data archive. Process with speckle holography algorithm (already implemented and tested by RS) to obtain deepest 
ever image of GC at 8.6 micron (early-middle 2011, RS). 
b) Combine final 8.6 micron image with existing NIR data and analyze SED of stellar and ISM sources, write paper 
(middle 2011, RS, KM). 
c) Observe the central few parsecs of the GC with CanariCam/GTC in N and Q bands. Reduce and analyze data, with 
particular search for compact dusty sources due to young, massive stars. Observations have been granted by GTC 
CAT and will take place at the earliest in summer 2010, depending on successful commissioning of CanariCam. Write 
paper (end 2011 - middle 2012, depending on availability of CanariCam, RS, EJAN, KM). 
 
4.5 Proper motions 
a) Prerequisite is the successful determination of the NACO S27 distortion solution, see objective 5.4 (end 2011-middle 
2012, RS, JM). 
b) Collect NACO S27 imaging data on NSC obtained since 2002, apply astrometric flat field and combine images. 
Subsequently, determine proper motions and analyze data following broadly the strategy in Schšdel et al. (2009) (early 
2013, RS, KM).  
c) The astrometric flat field plus additional data should significantly improve the accuracy of the proper motions. We also 
expect to approximately double the number of measured proper motions in the central parsec of the Galaxy through 
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mosaicing (image stacking without deterioration of astrometry will be made possible with astrometric flat field) and 
improved PSF fitting methods (see Schšdel 2010). Write paper (end 2013, RS, KM). 
 
 
 
4.6 State-of-the-art and future goals 
Near the end of this sub-project we will summarize and discuss the achieved progress. Possibly, we will write a paper 
that summarizing the current state of research on the MIlky Way's nuclear star cluster. We will identify open questions 
and necessary future observations, especially with a focus toward upcoming observational facilities, like the up-graded 
VLT interferometer or the JWST (middle-end 2013, RS, JM, EJAN, KM). 

 
 
5.     Methodology and tools 
 

5.1 CHORIZOS 
a) Transform the likelihood estimation algorithm from color-based to magnitude-based. This will allow the use of 
distance as a sixth independent parameter (2011, JMA) 
b) Implement additional features in CHORIZOS. Arbitrary wavelength grids and extinction laws, detection limits, AB and 
ST magnitudes, and HR output diagrams (end of 2011, JMA, EJA) 
c) Create new model grids for stars and stellar clusters and update the existing ones (2012, JMA) 
d) Test and optimize all of the above (2013, JMA, EJA)  
 
5.2 Searching Stellar Systems in Astrometric Catalogs 
a) Collect and evaluate, in terms of different variables and control parameters, the current methodology for detecting 
and isolating stellar systems of different nature, such as (stellar clusters, associations, moving groups, etc.) (2011, BV, 
NS, EJA) 
b) Characterize, in function of the results obtained in a), the most efficient algorithms and best figures of merit to 
improve the detection methodology (2011, BV, NS, EJA) 
c) Propose, according to the results in previous steps, new algorithms (if needed) for detecting structure in astrometric 
catalogs (2012, BV, JCC, NS, EJA) 
d) Apply the algorithms (old and new, if any) to the CdC-SF catalog in a systematic way and cataloguing the stellar 
systems found in (2012, BV) 
e) Compare the results with previous works concerning the same stellar systems (2012, BV) 
f) Perform specific analysis of selected systems, using kinematic and photometric information from the literature (2013, 
BV, EJA, NS) 
g) Construct a database including membership and main physical properties of the stellar systems in the CdC-SF 
catalog (2013, BV, ATG) 

 

5.3 Simulating fractal interstellar clouds from different physical approximations 
a) Generation of fractal clouds. Our group has already developed some numerical codes for the generation of fractal 
clouds (recursive nesting). We now are generating fractal Brownian motion (fbm) clouds because their statistical 
properties mimic very well the properties of the observed clouds (Miville-Dechenes et al. 2003). We to finish and test the 
codes during the next few months (end of 2011, NS). 
b) Characterization of simulated clouds. Besides fractal analysis, also complementary techniques can be used to 
quantify the degree of complexity of simulated and/or observed clouds. We are designing a new algorithm that uses the 
Metric Space Technique (Khalil & Joncas 2004) for this purpose. The application of this technique to the simulated 
fractal clouds, and a comparison with some observed emission maps might provide valuable information on the 
structure of molecular clouds. Results and publications expected in 2011- 2012 (NS, EJA) 

 

 
5.4 Optical distortion solution for NACO  (VLT) S27 camera 
a) Acquire observations of dense stellar field in globular cluster 47 Tuc at a large number of dither positions. 5h of 
observing time with NACO S27 have been allocated by ESO for summer 2010 (PI: Schšdel). 
b) Reduce imaging data, determine stellar positions. Match positions with predicted ones from HST ACS/WFC 
astrometry and proper motions (external calibration). Determine optical distortion of NACO S27 from residuals. 
Disentangle the relative contributions of the optical system and the anisoplanatic effect on the overall distortion solution 
from observations at different pointings relative to the adaptive optics guide star .  (2011, RS, KM, JMA) 
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c) Publish astrometric flat field for NACO S27 camera (beginning of 2012, RS, KM, JMA; important coIlaborators for this 
objective are W. Clarkson and S. Yelda, both currently at Department of Astronomy and Astrophysics, UCLA, USA) . 
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4.1 CHRONOGRAM MODEL (Objective 1) 
 
This chronogram must indicate the persons involved in the project, including those contracted with project funds. 
Underline the name of the person responsible of each task. 
 

Tasks 
 Centre Persons First Year (*) Second Year (*) Third Year (*) 
1.1 Modes of Star Formation. Observe, reduce and analyze deep  CAHA, IAA CRZ, JA    
near-IR images  of star forming regions   X|X|X|X|  |  |  |  |  |  |  |   |  |  |  |  |  |  |  |  |  |  |   |  |  |  |  |  |  |  |  |  |  | 
      
Create photometric catalogs complete to low-mass regimes IAA CRZ, JA    
    |  |X|X|X|X|X|X|X|X|X|X   |  |  |  |  |  |  |  |  |  |  |   |  |  |  |  |  |  |  |  |  |  | 
      
Determine the membership of local populations in clusters,  IAA CRZ, JA    
associations and distributed modes     |  |  |  |  |  |  |  |X|X|X|X  X|X|X|X|X|X|X|  |  |  |  |   |  |  |  |  |  |  |  |  |  |  | 
      
Obtain luminosity distributions of local members and  IAA CRZ, JA    
translate into mass distributions     |  |  |  |  |  |  |  |  |  |  |   |  |  |  |  |X|X|X|X|X|X|X   |  |  |  |  |  |  |  |  |  |  | 
      
Perform a statistical analysis of the properties of  IAA CRZ, JA    
each star-forming region     |  |  |  |  |  |  |  |  |  |  |   |  |  |  |  |  |  |  |  |X|X|X X|X|X|X|X|X|X|X|X|X|X| 
      
      
     |  |  |  |  |  |  |  |  |  |  |   |  |  |  |  |  |  |  |  |  |  |   |  |  |  |  |  |  |  |  |  |  | 
      
      
     |  |  |  |  |  |  |  |  |  |  |   |  |  |  |  |  |  |  |  |  |  |   |  |  |  |  |  |  |  |  |  |  | 
      
(*) Mark an X inside the corresponding boxes (months) 
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Tasks 
 Centre Persons First Year (*) Second Year (*) Third Year (*) 
1.2. Internal Structure. Analysis of the spatial internal structure IAA NS, CRZ, EJA    
of cluster members    |  |  |  |  |  |  |  |X|X|X|X  X|X|X|X|X|X|X|X|X|  |  |   |  |  |  |  |  |  |  |  |  |  | 
      
Derivation of the 2D spatial structure for gas and dust IAA NS, CRZ, EJA    
    |  |  |  |  |  |  |  |  |  |  |    |  |  |  |  |X|X|X|X|X|X|X   |  |  |  |  |  |  |  |  |  |  | 
      
Search for peculiar distributions in clusters IAA BV, EJA, NS    
     |  |  |  |  |  |  |  |  |  |  |     |  |  |X|X|X|X|X|X|X|X|X   |  |  |  |  |  |  |  |  |  |  | 
      
1.3. Embedded Clusters in the Gould Belt.  IAA EJA, NS, JCC, MCSG    
     |  |  |  |X|X|X|X|X|X|X|X   |  |  |  |  |  |  |  |  |  |  |     |  |  |  |  |  |  |  |  |  |  | 
      
1.4 Star Formation at Galactic Scale IAA NS, EJA    
   X|X|X|X|X|X|X|X|  |  |  |   |  |  |  |  |  |  |  |  |  |  |     |  |  |  |  |  |  |  |  |  |  | 
      
      
     |  |  |  |  |  |  |  |  |  |  |   |  |  |  |  |  |  |  |  |  |  |   |  |  |  |  |  |  |  |  |  |  | 
      
      
     |  |  |  |  |  |  |  |  |  |  |   |  |  |  |  |  |  |  |  |  |  |   |  |  |  |  |  |  |  |  |  |  | 
      
(*) Mark an X inside the corresponding boxes (months) 
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4.1 CHRONOGRAM MODEL (Objective 2) 
 
This chronogram must indicate the persons involved in the project, including those contracted with project funds. 
Underline the name of the person responsible of each task. 
 

Tasks 
 Centre Persons First Year (*) Second Year (*) Third Year (*) 
2.1 The Galactic O-star SPectral Survey IAA,ULS,LCO JMA,ASB,MPO,ATG    
   X|X|X|X|X|X|X|X|X|X|X|X X|X|X|X|X|X|X|X|X|X|X|X X|X|X|X|X|X|X|X|X|X|X|X 
      
2.2 The fundamental spectral morphology of O-stars IAA , STScI JMA,NRW    
   X|X|X|X|X|X|X|X|X|X|X|X X|X|X|X|X|X|X|X|X|X|X|X   |  |  |  |  |  |  |  |  |  |  | 
      
2.3 The multiplicity of massive stars IAA, ULS, LCO JMA,ASB,MPO    
   X|X|X|X|X|X|X|X|X|X|X|X X|X|X|X|X|X|X|X|X|X|X|X X|X|X|X|X|X|X|X|X|X|X|X 
      
2.4 The Galactic extinction law and its relationship with  IAA,  JMA,ASB    
the DIBs   X|X|X|X|X|X|X|X|X|X|X|X X|X|X|X|X|X|X|X|X|X|X|X   |  |  |  |  |  |  |  |  |  |  | 
      
2.5 The spatial distribution of massive stars and dust IAA,  JMA,MPO,EJA    
     |  |  |  |  |  |  |  |  |  |  | X|X|X|X|X|X|X|X|X|X|X|X X|X|X|X|X|X|X|X|X|X|X|X 
      
2.6 The massive star IMF IAA, STScI JMA,MPO,EJA,NRW    
     |  |  |  |  |  |  |  |  |  |  | X|X|X|X|X|X|X|X|X|X|X|X X|X|X|X|X|X|X|X|X|X|X|X 
      
      
     |  |  |  |  |  |  |  |  |  |  |   |  |  |  |  |  |  |  |  |  |  |   |  |  |  |  |  |  |  |  |  |  | 
      
(*) Mark an X inside the corresponding boxes (months) 
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4.1 CHRONOGRAM MODEL (Objective 3) 
 
This chronogram must indicate the persons involved in the project, including those contracted with project funds. 
Underline the name of the person responsible of each task. 
 

Tasks 
 Centre Persons First Year (*) Second Year (*) Third Year (*) 
Definition of the cluster sample, observation (optical and NIR       
photometry and spectroscopy), and data reduction IAA, NOT, UL AJD, AAD, EJA, JLY | X| X| X| X| X| X| X| X| | X| X| X| X| X| X| X| X|  
      
Determination of physical parameters, dependence on post-MS  
cluster age, and differences between evolutionary models 

IAA, NOT, UL AJD, AAD, EJA, JLY,  
DG 

   

   | X| X| X| X| X| X| X| X| | X| X| X| X| X| X| X| X| | X| X| X| X| X| X| X| X| 
      
 NOT, UL AAD, JLY    
NIR spectroscopy of embedded objects. IR classiffication     |  |  |  |  |  |  |  |  |  |  |  | X| X| X| X| X| X| X| X| | X| X| X| X| X| X| X| X| 
      
Installation of a public data base with protometric and  IAA, NOT, UL AJD, EJA, AAD, JLY    
membership results. Establishing of differences beetween      |  |  |  |  |  |  |  |  |  |  |   |  |  |  |  |  |  |  |  |  |  | | X| X| X| X| X| X| X| X| 
models. Analysis of constraints for the input physics      
      
     |  |  |  |  |  |  |  |  |  |  |   |  |  |  |  |  |  |  |  |  |  |   |  |  |  |  |  |  |  |  |  |  | 
      
      
     |  |  |  |  |  |  |  |  |  |  |   |  |  |  |  |  |  |  |  |  |  |   |  |  |  |  |  |  |  |  |  |  | 
      
      
     |  |  |  |  |  |  |  |  |  |  |   |  |  |  |  |  |  |  |  |  |  |   |  |  |  |  |  |  |  |  |  |  | 
      
(*) Mark an X inside the corresponding boxes (month
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4.1 CHRONOGRAM MODEL (Objective 4) 
 
This chronogram must indicate the persons involved in the project, including those contracted with project funds. 
Underline the name of the person responsible of each task. 
 

Tasks 
 Centre Persons First Year (*) Second Year (*) Third Year (*) 
4.1 Structure of the Milky Way NSC  IAA, UT RS, KM, EJA    
   X|X|X|X|X|X|X|X|X|X|X|X   |  |  |  |  |  |  |  |  |  |  |   |  |  |  |  |  |  |  |  |  |  | 
      
4.1 Massive, young stars in the NSC IAA , UT RS, KM, EJA    
     |  |  |X|X|X|X|X|X|  |  |   |  |  |  |  |  |  |  |  |  |  |   |  |  |  |  |  |  |  |  |  |  | 
      
4.3 Extinction toward the NSC IAA, UT RS, JMA, EJA, KM    
     |  |  |X|X|X|X|X|X|X|X|X X|X|X|  |  |  |  |  |  |  |  |   |  |  |  |  |  |  |  |  |  |  | 
      
4.4 MIR study of NSC IAA, UT, other RS, EJA, KM, others    
(uncertainty depends on availability of CanariCam)     |  |  |X|X|X|X|X|X|X|X|X X|X|X|X|X|X|X|X|X|X|X|X X|X|X|  |  |  |  |  |  |  |  | 
      
4.5 Proper motions in central parsec IAA, UT, other RS, KM, others    
     |  |  |  |  |  |  |  |  |  |  |   |  |  |  |  |  |X|X|X|X|X|X X|X|X|X|X|X|X|X|X|X|X|X 
      
4.6 State-of-the-art and future goals IAA, UT, other RS,EJA,KM,JMA    
     |  |  |  |  |  |  |  |  |  |  |   |  |  |  |  |  |  |  |  |  |  |   |  |  |X|X|X|X|X|X|X|X|X 
      
      
     |  |  |  |  |  |  |  |  |  |  |   |  |  |  |  |  |  |  |  |  |  |   |  |  |  |  |  |  |  |  |  |  | 
      
(*) Mark an X inside the corresponding boxes (months) 
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4.1 CHRONOGRAM MODEL (Objective 5) 
 
This chronogram must indicate the persons involved in the project, including those contracted with project funds. 
Underline the name of the person responsible of each task. 
 

Tasks 
 Centre Persons First Year (*) Second Year (*) Third Year (*) 
5.1 (CHORIZOS) Likehood estimation algorithm from color-based to  
magnitude-based  

IAA JMA    

     |  | X|X|X| X|  |  |  |  |  |   |  |  |  |  |  |  |  |  |  |  |   |  |  |  |  |  |  |  |  |  |  | 
      
Implement additional features in CHORIZOS IAA  JMA, EJA    
     |  |  |  |  |  |  |  |X|X|X|   |  |  |  |  |  |  |  |  |  |  |   |  |  |  |  |  |  |  |  |  |  | 
      
Create new model grids IAA JMA    
     |  |  |  |  |  |  |  |  |  |  |   |X|X|X|X|X|X|X|  |  |  |   |  |  |  |  |  |  |  |  |  |  | 
      
Test and optimize IAA JMA, EJA    
     |  |  |  |  |  |  |  |  |  |  |   |  |  |  |  |  |  |  |  |  |  |  X|X|X|X|X|X|  |  |  |  |  | 
      
5.2 (Searching Stellar Systems) Collect and evaluate  
current methodology 

IAA BV, NS, EJA    

   X|X|X|X|  |  |  |  |  |  |  |   |  |  |  |  |  |  |  |  |  |  |   |  |  |  |  |  |  |  |  |  |  | 
      
Characterize the most efficient algorithms IAA BV, NS, EJA    
     |  |  |  |  |  |  |X|X|X|X|X   |  |  |  |  |  |  |  |  |  |  |   |  |  |  |  |  |  |  |  |  |  | 
      
Propose new algorithms IAA BV, JCC, NS, EJA    
     |  |  |  |  |  |  |  |  |  |  |  X|X|X|X|  |  |  |  |  |  |  |   |  |  |  |  |  |  |  |  |  |  | 
      
(*) Mark an X inside the corresponding boxes (months) 
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Tasks 
 Centre Persons First Year (*) Second Year (*) Third Year (*) 
 Apply the algorithms to the CdD-SF catalog IAA BV    
     |  |  | | |  |  |  |  |  |  |   |  |  |  |  |  |X |X| |  |  |   |  |  |  |  |  |  |  |  |  |  | 
      
Compare results with previous works IAA  BV    
     |  |  |  |  |  |  |  |X|X|X|   |  |  |  |  |  |  |  |  |X |X|   |  |  |  |  |  |  |  |  |  |  | 
      
Analysis of selected systems  IAA BV, EJA, NS    
     |  |  |  |  |  |  |  |  |  |  |   |  |  | | |  |  |  |  |  |  |  X|X|X|X|  |  |  |  |  |  |  | 
      
Construct the database IAA BV, ATG,    
     |  |  |  |  |  |  |  |  |  |  |   |  |  |  |  |  |  |  |  |  |  |  |  |  |  |  |  |  |  |X|X|X| 
      
5.3 (Simulating Fractal Clouds) Generate new codes for 
Fractal Brownian Motion (FBM) clouds  
 

IAA NS    

   X|X|X|X|X|  |  |  |  |  |  |   |  |  |  |  |  |  |  |  |  |  |   |  |  |  |  |  |  |  |  |  |  | 
      
Characterize the simulated fractal clouds IAA NS, EJA    
     |  |  |  |  |  |  |  |  |  | X|X   X| X| X|  |  |  |  |  |  |  |  |   |  |  |  |  |  |  |  |  |  |  | 
      
5.4 (Optical distortion for NACO (VLT) S27 camera.)  
  

IAA, other RS, KM, JM, others    

   X|X|X|X|X|X|X|X|X|X|X|X  X|X|X|X|X|X|  |  |  |  |  |   |  |  |  |  |  |  |  |  |  |  | 
      
(*) Mark an X inside the corresponding boxes (months) 
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5. BENEFITS DERIVED FROM THE PROJECT, DIFUSION AND EXPLOTATION OF RESULTS 
(maximum 1 page) 
 
The following items must be described: 
 
!  Scientific and technical contributions expected from the project, potential application or transfer of the 

expected results in the short, medium or large term, benefits derived from the increase of knowledge and 
technology.   

 
!  Diffusion plan and, if appropriate, exploitation plan of the results.  
 
The net benefit that can be expected from this project is to widen and improve our knowledge of the Universe in the specific field of 
the Stellar Clusters and how they provide us with new insights about how stars form individually inside the clusters, and how star 
formation mechanisms arrange the final structure we observe in galaxies. Nevertheless, our project will have a bearing on two other 
important items: 
 
a) The formation of young scientists and the generation of new tools for the exploitation of the forthcoming ESA Galactic 
mission (GAIA). Our incorporation to the GREAT consortium and the compromises derived from it made us to design an 
important part of our objectives following the main guidelines of that project.  
b) A singular component that could be described as Òscientific serviceÓ, because we intend to provide the astronomical 
community not only with ideas and results, but also with catalogues, databases, computational tools and analysis software.  
 
The EPO (Observing and Promoting Entity) BFI-Optilas has, again, shown interest for the outcome of these results. Finally, 
we want to stress that reaching our objectives implies the exploitation of a considerable part of the set of telescopes 
accessible to the Spanish astronomical community, including ESO, GTC and other 3-5m class telescopes at Roque de los 
Muchachos and Calar Alto.    
 
Plan for the diffusion of the results and public outreach 
The results of this project will be disseminated through the usual ways in the scientific community, as articles in specialized 
journals, and oral and poster contributions to conferences. With respect to the diffusion among the general public, we foresee 
the following actions: 
- Participating in the public outreach activities organized by the research institutions to which the team members are 
adscribed. 
- Participating in external public outreach activities in the form of talks and conferences.  
- Preparing popular science articles that will be published in the most important media for amateur astronomers in Spanish. 
Versions of these texts, with accompanying images, will be available at the web pages of the Stellar Systems group of the 
IAA.  
Along the International Year of Astronomy 2009, members of the group had an active participation in numerous outreach activities 
scheduled for this celebration in Spain:  Public conferences, media articles, popular science papers, media interviews, TV 
documents, books, etc. In addition, team members have appeared as investigators or principal investigators in 7 press releases 
since 2006:  

Pismis 24: http://www.spacetelescope.org/news/html/heic0619.html 
NGC 3603: http://www.spacetelescope.org/news/html/heic0715.html 
WR25 and Tr16-244: http://www.spacetelescope.org/news/html/heic0822.html 
Jewel Box: http://www.spacetelescope.org/news/html/heic0913.html 
Sagittarius dwarf galaxy: http://www.iaa.es/prensa/pdf/070706124031.pdf 
Sagittarius A*: http://www.eso.org/public/outreach/press-rel/pr-2008/pr-41-08.html 
Gould Belt: http://www.iaa.es/prensa/pdf/090806110336.pdf 

At least, three press releases connected with the results of this project are expected to be released by different agencies.  
All the results obtained will be posted on the web page of the group (which will be finished in 2010). Databases will also be 
incorporated to the page with free access to the community. Aurelia Teresa Gallego is the person in charge of the design and 
maintaining  active the web page, as well as of elaborating the tools needed for maintaining the different databases. David Galad’, 
with an ample experience in science popularization, will help to build up the popular science corner.   
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6. BACKGROUND OF THE GROUP 
(In the case of a coordinated project the topics 6. and 6.1. must be filled by each partner)  
(maximum 2 pages) 
 
!  Indicate the previous activities and achievements of the group in the field of the project: 
  

If the project is related to other previously granted, you must indicate the objectives and the results 
achieved in the previous project. 

 
If the project approaches a new research field, the background and previous contributions of the group in 
this field must be indicated in order to justify the capacity of the group to carry out the project.  

 
 
The research Group ÒStellar SystemsÓ at IAA is the basis for the team in the present Project. This Group has two characteristics, 
which we consider very indicative and we want to stress here. 
 
First, the Group is stable and has a high degree of internationalization. The core of the Group has been working together for 
more than ten years, and the team for the present project continues to be quite the same as in the previous one, with two 
withdrawals and two additions, out of 15 team members. In addition to the corresponding experience in the research topics included 
in the project, this fact indicates a spirit of cohesion in line with the directives of the Plan Nacional. The internationalization of the 
Group is patent from its very composition: aside from the team members in other institutions, three of the IAA researches performed 
their PhD work at foreign research centers, and all the remaining ones with a PhD degree got this from universities other than 
Granada, but one. Nevertheless, the internationalization most clearly reflects in the number of groups with which we maintain regular 
collaboration (specifically defined as the production of at least two joint papers published in refereed journals during the past three 
years): Center for Astrophysics, Harvard University, USA (C. Lada); Space Telescope Science Institute, USA (N. Walborn; team 
member); Las Campanas Observatory, Chile (N. Morrell); Universidad de La Serena (Chile) (R. Barb‡); Nordic Optical Telescope 
(owned and managed by Nordic Countries and located at Canary Islands, Spain) (A. A. Djupvik, team member); Universidad de 
Lisboa, Portugal (J. L. Yun, team member); University of Florida (E. Lada); Kšln UniversitŠt, Germany (A. Eckart); Instituto de 
Astrof’sica de Canarias, Spain (F. Garz—n, A. Herrero); Finally the Group belongs to the Spanish national network for the exploitation 
of GAIA (REG), and is a member of GREAT (GAIA Research for European Astronomy Training), which has been recently approved 
by the European Science Foundation (ESF) within the Research Networking Program. In the framework of GREAT, our Group has 
been granted the organization of a conference during 2011 on ÒStellar Clusters and AssociationsÓ. 
 
Second, the Group is very active in science and has published several papers with high impact in the last years. Most of the 
refereed publications are included in the list of references above. Here we just list the numbers for the years 2005-2009, not 
including those by J. Alves and C. Rom‡n-Zœ–iga, who became group members in the past year: 85 SCI publications (35 ApJ, 33 
A&A, 3 MNRAS, 3 AJ, 3 RMAA, 1 Nature, 7 other journals); 3 scientific books as Editors; 67 publications in non-refereed journals, 
conference proceedings and other scientific publications; 9 invited talk at conferences; ~20 scientific seminars; and 9 memberships 
to conference committees. 
 
Third, our group is highly and intensely active in all kinds of divulgation and outreach activities, from the publication of research 
results in refereed journals and contributions to workshops and conferences to outreach activities addressed to the public, through 
the production of various kinds of reports, press releases, and lectures and talks at different levels: Over 60 public lectures and 20 
articles in popular science journals; 2 popular books as editors, and 2 more with chapter contributions; press releases at STScI (4), 
ESO (1), CSIC (4) and CAHA (2); more than 15 journal interviews, TV contributions, radio broadcast ÒtertuliasÓ,  and interviews. 
 
More relevant results obtained in the previous project connected with the current objectives: 
 
Objective 1 
 
S‡nchez, N., & Alfaro, E.J. 2009, The Spatial Distribution of Stars in Open Clusters, ApJ, 696, 2086  
Elias, F., Alfaro, E.J., & Cabrera-Ca–o, J. 2009,  Hierarchical star formation: stars and stellar clusters in the Gould Belt,  MNRAS, 
397, 2  
S‡nchez, N., & Alfaro, E.J. 2008,  The Fractal Distribution of H II Regions in Disk Galaxies,  ApJS, 178,  
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Objective  2 
 

¥ Walborn, N.R, et al. 2010, Early Results form the Galactic O-Stars Spectroscopic Survey: C III emission lines in Of spectra, 
ApJL, in press 

¥ Arias, J.I., et al. 2010, On The Multiplicity of the Zero-Age   Main-Sequence O Star Herschel 36,  ApJ, 710, L30 
¥ Ma’z Apell‡niz, J. 2008, Biases on Initial Mass Function Determinations. II. Real Multiple Systems and Chance 

Superpositions  ApJ,  677, 1278  
 
Objective 3 
 

¥ Delgado, A.J., Alfaro, E.J., & Yun, J.L.   2007,  Pre-main sequence stars in open clusters. I. The DAY-I catalogue, A&A,  
467, 1397  

¥ Yun, J.L., Djupvik, A.A., Delgado, A.J., & Alfaro, E.J.  2008,  A young double stellar cluster in an HII region, emerging from 
its parent molecular cloud, A&A  483, 209  

¥ Delgado, A.J., Djupvik, A.A., & Alfaro, E.J.  2010,  Analysis of the stellar population in the central area of the HII region Sh 
2-284, A&A, 509, 104 

 
The objectives 4 and 5 were not specifically included in the previous project but since the incorporation of Rainer Schšdel and BelŽn 
Vicente to the Group, they produced several important results in connection with them.  
 
Objective 4 
 

¥ Schšdel, R., Najarro, A., Muzic, K., & Eckart, A. 2010, Peering through the veil: near-infrared photometry and extinction for 
the Galactic nuclear star cluster, A&A, in press (arXiv0912.1273) 

¥ Schšdel, R., Merritt, D., & Eckart, A.  2009,  The nuclear star cluster of the Milky Way: proper motions and mass  A&A,  
502, 91  

¥ Buchholz, R.M., Schšdel, R., & Eckart, A.  2009,  Composition of the galactic center star cluster. Population analysis from 
adaptive optics narrow band spectral energy distributions  A&A,  499, 483  

¥ Moultaka, J., Eckart, A.,  & Schšdel, R.  2009, M-band Spectra of Dust-embedded Sources at the Galactic Center  ApJ,  
703, 1635 

¥ Muzic, K., Schšdel, R., Eckart, A., Meyer, L., & Zensus, A. 2008, IRS 13N: a new comoving group of sources at the 
Galactic center, A&A, 482, 173 

 
Objective 5 
 

¥ Schšdel, R.  2010,  Accurate photometry with adaptive optics in the presence of anisoplanatic effects with a sparsely 
sampled PSF. The Galactic center as an example of a challenging target for accurate AO photometry , A&A,  509, 
A260000 

¥ Vicente, B., Abad, C., Garz—n, F., & Girard, T.M.  2010,  Astrometry with Carte du Ciel plates, San Fernando zone . II. 
CdC-SF: a precise proper motion catalogue, A&A,  509, A260000  

¥ S‡nchez, N., Vicente, B., & Alfaro, E.J.  2010, Cluster radius and sampling radius in the determination of cluster 
membership probabilities, A&A, in press.  

¥ Ma’z Apellaniz, J. & Cox, X. 2008, A new geometric distortion solution for the ACS/SBC, Instrument Science Report ACS 
2008-02 

 
 
Joao Alves and Carlos Rom‡n-Zu–iga joined the team last year, both are involved in the consecution of objective 1 connected with 
the study of embedded clusters, where they have published important contributions in the last three years. 
 
 

¥ Rom‡n-Zœ–iga, C. G., Elston, R., Ferreira, B., & Lada, E. A.  2008,  A FLAMINGOS Deep Near-Infrared Imaging Survey of 
the Rosette Complex. I. Identification and Distribution of the Embedded Population,  ApJ,  672, 861  

¥ Rom‡n-Zœ–iga, C. G., Lada, C. J.,  & Alves, J. F.  2009,  High Resolution Near-Infrared Survey of the Pipe Nebula. I. A 
Deep Infrared Extinction Map of Barnard 59, ApJ,  704, 183 

¥ Rathborne, J. M., Lada, C. J., Muench, A. A., Alves, J. F., Kainulainen, J., & Lombardi, M.  2009,  Dense Cores in The Pipe 
Nebula: An Improved Core Mass Function  ApJ,  699, 742 
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6.2 PUBLIC AND PRIVATE GRANTED PROJECTS AND CONTRACTS OF THE RESEARCH GROUP  
Indicate the project and contract grants during the last 5 years (2005-2009) (national, regional or international) 
Include the grants for projects under evaluation  
 

 
Budget 

 
Title of the project or contract 

Relationshi
p with this 
proposal 

(1) 

 
Principal Investigator 

EUROS 

 
Funding agency and 

project reference 

Project 
period 

 (2) 

Estudios en los Rangos Visible e Infrarrojo de Estrellas 
de Pre-Secuencia Principal 

0 Emilio Javier Alfaro 
Navarro 

50 000 MEC, AYA 2004-05395 2004-2007 
C 

Estallidos de formación estelar en galaxias 2 José Manuel Vílchez 
Medina 

136 000 MEC, AYA 2004-08260-
C03-02 

2004-2007 

The orbit of the most massive known astrometric binary 2 Jesús Máiz Apellániz 38 410 USD NASA: HST GO 10898, 
GO 11294, GO 11784 

2006-2009 
C 

Las distribuciones de masa y espacial de las estrellas 
O1 

1 Jesús Maíz Apellániz 15 000 MICINN, Programa Ramón 
y Cajal 

2006-2011 
C 

Filling the period gap for massive binaries 1 Doug Gies 100 000 USD HST ciclo 16 (NASA), 
SNAP-11212 

2007-2009 
C 

A general Tool for Astrophysics Data Analysis (TA-DA) 1 Massimo Robberto 278 218 USD NASA, 06-ADP06-0026 2007-2010 
C 

Paticipación española en la misión COROT 3 Rafael Garrido Haba 719 950 MICINN 2007-2010 
C 
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Explotación de la primera luz del GTC (Proyecto 
CONSOLIDER INGENIO 2010) 

2 José Miguel Rodríguez 
Espinosa 

5500000 MEC CSD2006-70 2007-2011 
C 

Formación estelar en sistemas estelares 0 Emilio Javier Alfaro 
Navarro 

215 380 MICINN, AYA 2007-64052 2008-2010 
C 

Estructura y evolución de la formación estelar violenta: 
desde 30 Doradus hasta los cuásares 

0 Enrique Pérez Jiménez 157 400 MICINN, AYA 2007-64052 2008-2010 
C 

Young massive star clusters 2 Enrique Pérez Jiménez 10 000 Ministerio de Educación y 
Ciencia, AYA 2007-28640-
E 

2008-2010 
C 

High resolution observations of the Galactic center and 
low-luminosity galactic nuclei 

1 Rainer Schödel 15 000 MICINN, Programa Ramón 
y Cajal 

2008-2012 
C 

FUV Imaging of Galactic Open Clusters 1 Jesús Maíz Apellániz 126 891 USD HST cycle 16 (NASA), GO-
11981 

2009-2010 
C 

Cúmulos Estelares 0 Emilio Javier Alfaro 
Navarro 

13 480 Junta de Andalucía, TIC-
101 

2009-2011 
C 

Explotación de los nuevos recursos observacionales de 
los observatorios de ESO y Calar Alto 

1 Emilio Javier Alfaro 
Navarro 

296 924 Junta de Andalucía, TIC-
4075 

2009-2013 
C 

GREAT (GAIA Research for European Astronomy 
Training) 

0 Nicholas Walton 375 000 European Science 
Foundation 

2010-2012 
C 

(1) Write 0, 1, 2 or 3 according to: 0 = Similar project; 1 = Very related; 2 = Low related; 3 = Unrelated. 
(2) Write C or S if the project has been funded or it is under evaluation, respectively.  
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7. TRAINING CAPACITY OF THE PROJECT AND THE GROUP  
(In the case of Coordinated Projects this issue must be filled by each partner)  
 
This title must be filled only in case of a positive answer to the corresponding question in the application form. 
Justify that the group is able to receive fellow students (from the Suprograma de Formaci—n de Investigadores) 
associated to this project and describe the training capacity of the group. In the case of coordinated projects, each 
subproject requesting a FPI fellowship must fill this issue.  

Note that all necessary personnel costs should be included in the total budget requested. The 
available number of FPI fellowships is limited, and they will be granted to selected projects as a 
function of their final qualification and the training capacity of the groups.  

 
 

 
The teaching and supervising capacity of the different members of the group is quite profound with a large accumulated experience 
in the supervising of PhDs, Master thesis, teaching in doctoral courses, undergraduate courses, other courses, and public outreach.  
More specifically: 
 
¥ PhD supervising: 
 

- J. Ma’z Apell‡niz has supervised in the past one PhD at the Universidad de La Plata, Argentina, and four summer students. 
He is currently supervising three PhD students at the Universidad Aut—noma, the Universidad Complutense (both in Madrid) 
and the Universidad de Granada. 

 
- E. J. Alfaro has supervised in the past two PhD at the Universidad de Granada and the Universidad de Sevilla, respectively, 

five Master thesis at the University of Granada and two summer students. Alfaro is currently supervising two PhD students at 
the University of Granada.  

 
- R. Schšdel has co-supervised the master thesis of R. Buchholz and the PhD thesis of K. Muzic during his stay as a 

postdoctoral researcher at the University of Cologne. 
 

- N. S‡nchez has supervised or co-supervised five Physics graduate thesis and one Master thesis (in progress) at Universidad 
del Zulia (Venezuela). 

 
- Carlos Rom‡n-Zœ–iga supervised a summer student (Guillermo Megias, Universidad de Sevilla) during 2009. 

 
 

¥ Lecturing:  
 

- J. Ma’z Apell‡niz has taught undergraduate Physics and Astronomy courses at U.C. Berkeley and UAX Madrid for seven 
years. 

 
- E. J. Alfaro has taugh undergraduate Physics courses at the University of C‡diz for six years, and a post-graduate Astronomy 

course (now a Master Program) at the University of Granada  for more than twenty years.  
 

- R. Schšdel tutored undergraduate physics and natural science (biology, chemistry) students in the beginners' physics lab 
course at the University of Cologne. He tutored undergraduate physics students in the problems class that accompanied the 
fundamental physics lectures at the University of Cologne. 

 
- N. S‡nchez has taugh undergraduate Physics and Astrophysics courses at Universidad del Zulia (Venezuela) since 1992 to 

2003. 
 

- B. Vicente has taught for undergraduate students of Mathematics Sciencies, at Universidad de Zaragoza (Spain) in 
1998/1999;and has taught Celestial Mechanics for Physics undergraduate and graduate students of Fundamental Physics at 
Universidad de los Andes (Venezuela) in 1997. 

 
- A. Djupvik has taught Master and PhD students enrolled in the NOT studentships, with emphasis in IR instruments, in the past 

ten years. She also lectured on IR astronomy at summer schools organized by NOT. 
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- J. Delgado has taught undergraduate Physics courses for three years and post graduate Astrophysics courses at the 

University of Granada. 
 

 
 
 

¥ PhD Thesis panels: 
 
- J. Ma’z Apell‡niz has been a member of two PhD thesis panels in Spain. 
 
- E. J. Alfaro has been member of more than thirty PhD thesis panels in Spain, Portugal, and Egypt. 
 
- J. Delgado has been member of a DEA commission at the University of La Laguna (Spain) and member of 4 PhD panels in 

Spain. 
 

 


