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ABSTRACT 
 
The origin and evolution of galaxies remain among the key unanswered questions in astrophysics. The 
galaxies we see within the Local Group are valuable representatives of the extragalactic population and have 
been evolving for the majority of cosmic time. As our nearest neighbors they can be studied in far more 
detail than their distant counterparts, and hence provide our best hope for understanding star formation and 
prototypical galaxy evolution (e.g., Freeman & Bland-Hawthorn 2002, Tolstoy, Hill & Tosi, 2009 Annual 
Review of Astronomy and Astrophysics, in press). Although significant observational progress has been 
made, we are still a long way from understanding the details. Accurate, large area, spatial, kinematical and 
chemical surveys of nearby stellar systems will provide the essential link with results from the high redshift 
Universe.  

In spite of having received less attention than spiral and elliptical galaxies, dwarf galaxies have probably 
more significant cosmological relevance. They are the most diffuse type of systems in the Universe and the 
most sensitive to physical processes which are presumed to occur in all galaxies and lead to the evolutionary 
changes visible in galaxy samples over the history of the Universe. They are supposed to be the basic 
building blocks for the assembly of big galaxies in hierarchical ΛCDM  models for structure formation 
predicting that hierarchical merging of dark mater haloes is the main driver in galaxy formation and 
evolution. Indeed the discovery of the tidally-disrupted Sagittarius dwarf (Ibata et al. 1994), one of the 
closest satellites of the Milky Way, provided the first compelling evidence of nearby merger phenomena. 
However, the detailed process by which galaxies arrive at their current state remains largely speculative. 
Understanding how dwarf galaxies evolve is therefore extremely important. The Local Universe provides us 
with a unique opportunity to study and model the detailed properties of a range of dwarf galaxy types – star 
by star. 

To this aim, we have put together a team that combines complementary (spectroscopic, photometric, 
theoretical) expertises to attack this problem in the most comprehensive possible way. Our primary goal is to 
determine if there is an evolutionary link between early (dwarf spheroidals and ellipticals) and late dwarf 
galaxies (dwarf irregulars and blue compact dwarfs), and we plan to reach it by comparing detailed 
abundance determinations and star formation histories with detailed chemo-dynamical evolution models. 
Through these comparisons, we also plan to quantify the effect of galactic scale winds on the evolution of 
these small systems, and to determine how a starburst can occur and lead to runaway star formation in some 
of them.  

As a by-product, this effort will also prepare the exploitation of future facilities both in space (e.g., JWST, 
GAIA) and on the ground (e.g., VLT/MUSE, Gemini/WFMOS on Subaru). 

 

 
 
 
 



SCIENTIFIC RATIONALE 
 

 
What is a dwarf galaxy ? Is there anything that really distinguishes it from bigger, more massive 

galaxies?   Many galactic properties (e.g., potential well, metallicity, size) correlate with mass and 
luminosity, but all types of galaxies show rather continuous relations in structural, kinematic and population 
features between the biggest and the smallest of their kind (see Fig. 1). So, one cannot say that dwarfs are 
really special in any respect, and thus they can be used as sensitive probes of effects that are important in all 
galaxies. For example these small systems are much more sensitive to the feedback processes that result 
from star formation and also to the influence of environment. This makes them excellent places to study 
these kinds of effects. The conclusions can then be applied on all scales. 

 
Figure 1: Here we display the structural properties of different types of galaxies compared with each other (after 
Kormendy 1985, Binggeli 1994), including as dashed lines the classical limits of the dwarf galaxy class as defined by 
Tammann (1994). In the left plot we show the absolute magnitude (MV)-central surface brightness (µV) plane, and in the 
right the absolute magnitude (MV)-half light radius (r1/2) plane. Marked with coloured ellipses, are the typical locations 
of large galaxies as labeled. Peculiar globular clusters ωCen and NGC2419 are marked close to the globular cluster 
ellipse; M32 in the region of Elliptical galaxies; the SMC on the border of the dwarf class. A sample of well studied 
Blue Compact Dwarfs (BCDs) are marked as blue solid squares. The Ultra-compact dwarfs (UCDs) studied in Virgo 
and Fornax clusters are marked with magenta crosses. Local Group dwarf galaxies are plotted as open pentagons, blue 
for systems with gas and green for systems without gas. The new ultra-faint dwarf galaxies found by Sloan are given 
star symbols, and the same colour code. For more details, see Tolstoy, Hill & Tosi 2009, in press. 

 
Within the Local Universe galaxies can be studied in great detail star by star, using a variety of 

techniques pioneered by members of this team.  The Colour-Magnitude Diagram (CMD) synthesis analysis 
method is well established as the most accurate way to determine the detailed star formation history of 
galaxies back to the earliest times. This approach received a significant boost from the exceptional data sets 
the Hubble Space Telescope could provide. Spectroscopic studies using large ground based telescopes such 
as VLT, Magellan, Keck and HET have allowed the determination of abundances and kinematics for 
significant samples of stars in nearby dwarf galaxies. These studies have shown directly how properties can 
vary spatially and temporally, which gives important constraints to theories of galaxy formation and 
evolution, and have been recently summarized by Team applicants Tolstoy, Hill and Tosi in an invited 



review paper to appear on the Annual Review of Astronomy and Astrophysics at the end of 2009. However 
there has not yet been a full combination of all these different data sets into self-consistent models.  Nor a 
collaboration among scientists involved in observations or modelling in all the relevant sub-topics. This is 
the aim of our collaboration: take the most complete and accurate data sets (both from spectroscopy and 
from photometry acquired at the most powerful space and ground-based telescopes) on individual stars in 
Local Group dwarf galaxies, and incorporate them into state of the art models of chemical and dynamical 
evolution and thus obtain detailed understanding of dwarf galaxy evolution back to the epoch of formation.   

The overlapping properties of early and late-type dwarfs which can be seen in Fig. 1 have long been 
considered as  evidence that early-type dwarfs are late-type systems that have lost their gas (Kormendy 
1985), through either tidal stripping or galactic winds triggered by supernova explosions. This is quite 
different from the distinction between Ellipticals and Spirals (and Spheroids), which show a fundamentally 
different distribution in Fig. 1.  Dwarf galaxies cover a large range of size, surface brightness and distance, 
and so they are usually studied with different techniques with varying sensitivity.  Some galaxies are just 
easier to study in detail than others (due to distance, size, concentration, location in the sky, heliocentric 
velocity etc...).  Because of this, the properties and inter-relations of the various types of dwarf galaxy are 
not always easy to understand. We have undertaken a number of observational programmes (with HST and 
ESO/VLT) to obtain accurate imaging and spectroscopy data sets for a range of dwarf galaxy types, 
including ultra faint galaxies and large and small irregular systems. Additional data sets are being requested 
to further detail some of the features.  Over the lifetime of this project we aim to interpret our consistent data 
sets for different types of systems to be able to make detailed and accurate comparisons of their properties 
and to understand how gas-rich galaxies can transform into gas-poor systems. 

Our primary aim is to quantitatively explain the evolutionary link between early (gas-poor dwarf 
spheroidals and dwarf ellipticals) and late dwarf galaxies (gas rich dwarf irregulars and blue compact 
dwarfs).  All these systems have numerous global properties in common (e.g., luminosity, surface brightness, 
size, metallicity, etc) and, most importantly, the relations between these global properties appear to follow a 
clear trend (see Fig. 1). This suggests that all these systems have had the same type of progenitors and some  
evolutionary effect determines how the star formation rate varies with time. This cannot be the mass alone, 
as galaxies with and without gas overlap at same mass values. Nonetheless, the smaller systems are much 
more susceptible to lose their gas both in the course of active star formation and supernova explosions and as 
the result of weak or strong tidal interactions with a larger system, such as our Milky Way.  

As part of this goal we will also quantify the effect of galactic scale winds on the evolution of these 
small systems by comparing accurate abundance determinations and star formation histories within detailed 
chemo-dynamical evolution models. This will also allow us to determine how a starburst can occur and lead 
to a runaway star formation rate in some of these small systems. 

The first chemical evolution models developed for dwarf galaxies were essentially constrained by the 
end points of galaxy evolution, namely the present-day (gaseous and stellar) masses and abundances for only 
a few elements (e.g., He, N, O, Ne, S and Ar) from observations of HII regions. Nevertheless, important 
conclusions were reached about the evolution of such low-mass systems, such as the need for a certain 
amount of primary nitrogen production in stars (see Lequeux et al. 1979, A&A, 80, 155). At present, for near 
enough objects, we can make use of high-resolution, high signal-to-noise spectroscopy of stars over a range 
of ages, which provides fundamental information about the evolution of several chemical species such as the 
alpha-elements (O, Mg, Si, Ca, Ti), the Fe-peak elements (Sc, V, Cr, Fe, Co, Ni), and the r- (Eu) and s-
process elements (Y, Zr, Ba, La, Nd, Ce). A detailed analysis of how these different elements are synthesized 
by stars of different initial masses, and returned to the interstellar medium on different timescales and by 



different mechanisms over the history of a galaxy has become possible with these new data sets. This allows 
us to accurately verify our understanding of stellar evolution and nucleosynthesis and also to constrain the 
timescale for galaxy formation and various evolutionary stages. The most recent chemical evolution models 
also benefit from a detailed knowledge of the star formation histories of the systems as well as their stellar 
initial mass function, which are both inferred from the analysis of deep CMDs. This allows stringent 
constraints on physical processes, such as the accretion of extragalactic matter from outside and the ejection 
of material previously processed in stars through galactic scale winds (see, e.g., Romano, Tosi & Matteucci 
2006, MNRAS, 365, 759; Lanfranchi & Matteucci 2003, MNRAS, 345, 71). A fundamental goal of our ISSI 
project is to use new generation chemical evolution models to interpret the data available for Local Group 
dwarf galaxies, both early- and late-type, and study any possible connection in between the two classes. 

Our chemical evolution code follows the evolution of more than 30 stable chemical species using a set of 
integro-differential equations describing the variation of the abundance of species by taking into account: i) 
any infall of gas  onto the system; ii)  gas astration according to the SFH specified by previous CMD 
analysis); iii) mass return from dying stars (taking into account in detail the stellar lifetimes, i.e., avoiding 
the instantaneous recycling approximation); iv) any loss of matter through galactic scale winds.. 

This effort will also prepare for future facilites both in space (e.g., JWST, GAIA) and on the ground 
(e.g., VLT/MUSE, WFMOS on Subaru). 

 
EXPECTED OUTPUT 

 
We expect to produce a number of high profile papers and conference talks from this effort.  Depending 

on the outcome of the Team discussions, we might also envisage the possibility of applying for an ISSI 
Workshop to present and discuss with a wider community the results of the project, and its possible 
implications on Cosmology. If that was the case, both the Team results and the Workshop discussions and 
presentations would be published in a book of the ISSI series. 

 
 

VALUE OF ISSI 
 

The primary goal of our Team is to analyse the widely debated questions of whether late and early type 
dwarfs are evolutionary linked and whether they are likely to actually be the building blocks of big galaxies 
such as the Milky Way. Such hot issues require extended, open minded discussions. The team will result 
from the combination of scientists participating to different projects in different sub-topical areas, rarely 
interacting with each other:  the friendly and informal atmosphere typical of ISSI meetings is exactly what is 
needed to allow for the open discussions between the various souls of the team, necessary for a successful 
and efficient collaboration. Moreover, Team members are affiliated to Institutes geographically far away 
from one another, so it is important to have an appropriate meeting venue to establish and maintain our 
collaboration especially in the initial stages. 

 
THE TEAM 

We have put together a team which combines several complementary skills to attack this problem in the 
most comprehensive way. The international team consists of experts in determining and interpreting high 
resolution spectroscopic abundances of individual stars in nearby galaxies, including the Milky Way (e.g., 
Hill, Shetrone, Venn), large-scale low-resolution spectroscopic surveys of nearby early and late-type 



galaxies (e.g., Battaglia, Tolstoy, Irwin) and detailed Colour-Magnitude Diagram analysis of early and late-
type galaxies  (e.g., Tolstoy, Tosi, Cignoni) and HI studies of gas-rich galaxies (e.g., Sancisi). The team also 
includes modellers who will compare these new and highly detailed data sets with chemical evolution 
models (e.g., Romano, Tosi, Jablonka) as well as dynamical models  (e.g., Helmi, Battaglia). We aim to 
make a targeted effort to understand and model recent diverse high quality data sets collected by various 
members of this proposed team. No other group or established team can carry out such an ambitious 
programme at present. 

 
TEAM MEMBERS: 

 
Eline Tolstoy (Groningen, NL)  Donatella Romano (Bologna, I) 

Monica Tosi (Bologna, I)   Matthew Shetrone (Univ. Texas, USA) 

Vanessa Hill (Nice, F)   Giuseppina Battaglia (ESO, D) 

Amina Helmi (Groningen, NL)  Renzo Sancisi (Groningen+Bologna, NL+I) 

Pascale Jablonka (Geneva, CH)  Kim Venn (Victoria, Ca)  

Mike Irwin (Cambridge, UK)   Michele Cignoni (Bologna, I) 

 
SCHEDULE OF THE PROJECT 

 
We propose to hold an initial team meeting of one week to kick off the project during the autumn of 

2009. Followed by a second meeting, also of one week duration about 9-10 months later, during late summer 
or early auumn of 2010. Ideally we would then hold a third and final meeting in spring of 2011. The con 

 
FACILITIES REQUIRED 

 
We only require meeting facilites, which should include a room large enough to comfortably 

accommodate us all, plus an additional 2 Phd students who might attend. We require projection facilites to 
which laptops can be attached. We would also require reasonably fast access to Internet (preferably via 
wireless).  

 
FINANCIAL SUPPORT 

 
We request the standard support provided by ISSI of a per diem for the living expenses of Team 

members while residing in Bern, plus travel costs for the Team Leader/Coordinator or a nominated 
alternative. 

 
 
 
 
 
 
 
 



APPENDIX ITEMS 
 

SHORT CVS FOR THE TEAM 

 



 



 



 
 



 
 



 



 



 



 
 
 
 
 
 



 
 
 
 
 
 
 



Name:    Kim Venn 
Address:  Dept. of Physics & Astronomy, University of Victoria, BC, Canada  
Email:  kvenn@uvic.ca 

 
 
CAREER:  
Aug, 2005-present: Associate Professor, University of Victoria, BC, Canada 
Aug, 2001- Aug, 2005: Associate Professor, Macalester College, Saint Paul, MN, USA 
July 2002-June 2003:   Visiting Astronomer, Institute of Astronomy, Univ. Cambridge, UK 
Aug, 1996- Aug, 2001: Assistant Professor, Macalester College, Saint Paul, MN, USA 
Aug, 1994- Aug 1996: Postdoc, Max Planck Institute for Astrophysics, Munich, Germany 
1994: Ph.D, University of Texas at Austin 
 
Graduate Students: Vermedhal (MSc 2004), Chutter (MSc 2008), Leaman (MSc 2008; PhD present) 
Postdocs: Bart Pritzl (2003-2005) 
Prizes:  Presidential Early Career Award in Science and Engineering (PECASE) 2000 for top young 
scientists in the US (nominated by NSF); Canada Research Chair Tier II (2005-present), national award for 
top Canadian scientists in the early stages of their career. 
 
SELECTED PROFESSIONAL ACTIVITIES:  
- European Southern Observatory (ESO), Observing Programs Committee (OPC): vice-chair of the OPC   
  (Nov 2008 – present), chair of D1 subpanel on stellar evolution (May 2008 – present) 
- National Optical Astronomical Observatories (NOAO): Galactic TAC panel chair (2007-2008), 
  regular panel member (2001-2004) 
- Canada-France-Hawaii Telescope (CFHT); Large Programs review panel member (May 2008),  
  referee for regular proposals (2000-present) 
- National Science Foundation (NSF) panel member; Stars panel (2009), CAREER program (2000),  
  Astronomy Postdoc Fellowships (2007), ILI program (1999) 
- Space Telescope Science Institute (STScI) Hubble Space Telescope  Review Panel; Cool Stars and   
  Stellar Populations (2007, 2004), Hot Stars (1998). 
  Cool Stars (2004), Cool Stars and Stellar Populations (2007) 
- LACIR team member, an adaptive optics lab at UVic with TMT contracts. 
- Gemini WFMOS science team member (2006 – present) 
- TMT IRMOS and TMT HROS science team member 
- SOC for 7 international conferences. 
 
PUBLICATIONS   
Approx. 50 refereed publications (over 2000 citations), 12 invited talks at international meetings and ~50  
other conference contributions. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



CONTACT DETAILS OF PARTICIPANTS 
 
 

Eline Tolstoy       Monica Tosi  
Kapteyn Astronomical Institute   INAF  
Univ. of Groningen     Osservatorio Astronomico di Bologna  
Postbus 800      via Ranzani 1 
9799AV Groningen     40127 Bologna 
the Netherlands     Italy 
tel: +31 50 3638323     tel. +39 051 2095759 
fax: +31 50 3636100     fax. +39 051 2095700 
email: etolstoy@astro.rug.nl    email: monica.tosi@oabo.inaf.it 
 
 


