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Introduction
● The cosmic history of star-formation can be studied in more than one 

way. 
● Directly, one uses the universe as a time-machine and obtains the 

"Madau-Lilly Diagram" by direct observation and analysis of the 
universe as a function of distance or look-back time. 

● Indirectly we can use the "fossil"  or “Astroarcheology" model, 
analyzing the     z ~ 0 universe as seen by (for example) SDSS and, 
from the numbers of stars/galaxies of different ages and metallicities, 
extrapolate back to earlier times. 

● Also  we can compute forward from the era of decoupling via 
computer simulations and a theoretical model normalized to the 
observed CBR at z ~ 1000. 

● Amazingly, the three methods seem to agree fairly well. 
● New issues like the "downsizing" evolution of ellipticals seem to fit 

into the overall picture without need for exotic physics.



Dependence of the star formation history on galaxy mass

● How does the evolution depend on the galaxy mass? 
● We have known for many years that faint, low mass galaxies on 

average are bluer than high mass galaxies, and have stronger star 
formation. 

● Recently, the interest in this well established observational result has 
grown, and its implications have been more and more appreciated. In 
all environments, lower mass galaxies have  a more recent star 
formation history. This implies that, on average, going to lower
redshifts, the maximum luminosity/mass of galaxies with significant 
star formation activity progressively decreases. 

● This “downsizing effect” might suggest an  “anti-hierachical” history 
for the star formation in galaxies, which parallels a similar effect 
observed for AGNs .



Recent results suggest that the SF takes place in 
progressively smaller galaxies as time goes on (e.g., 
Heavens et al. 2004(MOPED collaboration), Bouche
& Lowenthal 2005, Juneau et al. 2005, Le Borgne et 
al. 2005, Shapley et al. 2005,……)

Bundy, Ellis & Conselice (2005) argue that 
downsizing also proceeds from early to late Hubble 
types.

Downsizing



“Local” Madau-Lilly diagram

MOPED collaboration results. Based on stellar population analysis in 
local galaxies, i.e. fossil method



MASS-DEPENDENCE IN THE MADAU-LILLY DIAGRAM
MOPED collaboration results. Based on stellar population analysis in local galaxies, i.e. 

Astroarcheology

Two effects are evident:

First, the SF history is very different 
for galaxies of different masses. 
Massive ones evolved much faster 
than lower mass ones.

Second, on average massive galaxies 
are older than low mass galaxies. 
This result applies to masses 
larger than  1010   Msun.

We have extended this result to the 
starforming galaxies with the 
lowest masses



Mass assembly history and chemical enrichment 
of star forming galaxies

Cid Fernandes, Asari, Sodre, Stasinska et al 2006, MNRAS 

Method of analysis  of the SDSS spectra

•~600000 galaxies from the SDSS DR5

• the spectra are analyzed with the STARLIGHT code, being decomposed in a 
combination of 150 simple stellar populations characterized by Z* and t*



Mass assembly history and chemical enrichment

Galaxies are binned by total stellar mass

• high M* systems (top curves) have 
completed their mass assembly and 
chemical enrichment long ago

• low M* systems (bottom curves) 
evolve slowly

M*

Zneb



Mass assembly history and chemical enrichment
• high Zneb systems have completed 
their mass assembly and chemical 
enrichment long ago
• low Zneb systems evolve slowly

M*

Z*



The SF history of HII Galaxies

– Probably the youngest i.e. less evolved  galaxies are the HII Galaxies.

– HII Galaxies are selected because their optical spectrum resembles that of 
Superassociations like 30-Doradus in the LMC  or NGC 604 in M33.

– HII galaxies tend to be luminous and compact bursts of star formation in low 
mass galaxies. 

– The stellar make-up indicates an extremely  young stellar population.

– Their strong emission lines make them ideal for studies of chemical abundances 
and chemical evolution.

– Basically, HII galaxies are among the youngest stellar systems that can be 
studied in any detail.



“Oldish” HII Galaxy optical spectrum



Strong line “young” HII galaxy  spectrum



Blue section



Visual section



Red-IR section



• Young stellar systems have no strong 
absorption lines making very difficult or 
impossible  the application of spectral 
population fit methods to determine their 
ages or history of star formation.

• But, emission  line methods can provide 
information on the ages 



For many years we argued about the possible origin of
the apparent lack of strong emission line systems, and the
pros and cons of the different explanations without reaching
a convincing case.

In collaboration with Daniel Rosa, Sergei Silich and 
Elena Terlevich we  developed a new approach 

Terlevich etal 2004



We have shown that for a population of independent events that have 
a monotonic evolution ,  the probability density function is: 

With inverse transformation:

i.e. the original distribution can be recovered



For samples of events that are randomly distributed 
in time, for parameters that evolve monotonically, it is 
possible to recover the shape of its time dependence .

The reconstructed  distribution  has an undetermined  
scale factor. 



Observed distribution from
the Spectrophotometric Catalogue
of HII Galaxies.

Hβ Equivalent Width Å

N



Model prediction

Inversion from data

Instantaneous  SF (SCHIIG)



Continuous  SF (SCHIIG)



Results are similar for the SCHIIGx and UCM sample and also for individual 
HII regions in spiral arms.

Single Burst model predictions do not fit the shape of the  observed  evolution  
of the  Equivalent width of Hβ.

Continuos SFR models give a reasonably good description  of the shape of the  
evolution of the Equivalent width of Hβ.

The conclusion is perhaps obvious:  

While the observed emission lines in HII galaxies track the 
present burst properties,  the underlying continuum contains the
whole history of SF.



Application to SDSS HII galaxies

● The availability of large number of good spectra of 
HII galaxies from SDSS prompted us to investigate 
the history of SF in HII galaxies for a range of 
masses and metallicities

● Out of more than 300,000 emission line galaxies in 
SDSS DR3 we have selected those with the strongest 
Hα emission line (EqW Hα > 100Å), giving an initial 
sample of about 120,000 galaxies.



BPT diagrams showing the 
effect of constraining the 
S/N of the data



Population of the BPT 
diagram for different   
emission line widths 



Excluded objects



Final sample

Objects outside the line width limits.



Final sample isocontours



Hα EW distribution



Hα EW  vs time



Optical continuum luminosity distribution



Optical continuum luminosity dependence



Models with decreasing SFR



Fits



Optical continuum Luminosity vs AGE

More luminous 
galaxies (starlight) 
are older 

Nice fit!!



Metallicity distribution



Metallicity dependence



Metal content vs AGE

Metal rich 
galaxies are 
older 

Z  α t0.2



Distribution of IR luminosity  (Z’)



Mass estimate from IR luminosity and concentration 
parameter



Mass distribution



Mass dependence



Stellar mass vs AGE

Massive galaxies are 
older. 

Low mass galaxies 
are younger

MOPED



Continuity with  higher masses



Conclusions

The Madau-Lilly diagram is an average over galaxy mass

Galaxy formation seems to follow different paths according to the total galaxy mass.

Our analysis indicates that even among the lowest mass starforming galaxies:

● The most massive galaxies formed their stars in a short time long time ago.

● The lowest mass galaxies are still forming stars

The results support downsizing even down to the lowest mass galaxies known.

Therefore if there is a single mechanism responsible  for downsizing over 
the whole galaxian mass range from giant ellipticals down to low mass 
starforming dwarfs, quenching of starformation by AGN activity cannot 
be the main mechanism behind downsizing.



Metallicity vs AGE for all HII galaxies



















Slope of the SFR vs AGE



Extremely low metallicity range



Extremely low metallicity dependence


