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Introduction

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 on average 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 on average 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” indicates an “anti-hierachical” history for 
the star formation in galaxies, which parallels a similar effect observed 
for AGNs .



Recent results suggests 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.



MOPED collaboration results (based in stellar population 
analysis in local galaxies)



The SF history of HII Galaxies

– Perhaps 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 a young/very young stellar population.
– Their strong emission lines makes 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.



Typical HII Galaxy optical spectrum



Predicted evolution of  the Equivalent width  of Hbeta 
for  a coeval burst

From SB99

If burst are coeval, and given that there is no 
correlation between bursts between galaxies, 
catalogues of strong emission line Starburst 
should show a median Equivalent Width of 
Hbeta  around 200A.



But surveys of  strong emission line HII Galaxies 
find few with EqwHBeta > 200Å

Spectrophotomeric Catalogue of HII Galaxies
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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 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



The Equivalent width evolution case

Random number generator

Input distribution

Reconstructed distribution

Computed Distribution Function



Comparison of the original function with 
the result of the inversion

....... Original
Inversion



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. 



Initially we applied the inversion method to 3 different samples:

1 – SCHIIG that includes the youngest systems

2 – UCM complete sample of nearby emission line galaxies

3 – Sally Oey’s sample of  HII regions in spirals



Observed distribution from
the Spectrophotometric Catalogue
of HII Galaxies.
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Instantaneous  SF (SCHIIG)

Model prediction

Inversion from data



Continuous  SF (SCHIIG)



Instantaneous  SF  (UCM)



Continuous SF (UCM)



Instantaneous SF (Oey's HII regions)



Continuous SF (Oey's HII regions)



Results are similar for the SCHIIGx and UCM sample and also in 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

● Of the more than 500,000 emission line galaxies of 
SDSS DR3 we selected those with the strongest 
Halpha emission line (EWHa>100A)



BPT diagram showing the 
effect of constraining the 

S/N of the data



Excluded objects



Population of the BPT 
diagram for different   
emission line widths 



Final sample

Objects outside the line width limits.



Final sample isocontours



Halpha EW distribution



Halpha EW  vs time



Optical continuum luminosity distribution



Optical continuum luminosity dependence



Models with decreasing SFR



Ajustes



Optical continuum Luminosity vs AGE

More luminous 
galaxies (starlight) 
are older 



Metallicity distribution



Metallicity dependence



Extremely low metallicity range



Extremely low metallicity dependence



Metal content vs AGE

Metal rich 
galaxies are 
older 



Metallicity vs AGE for all HII galaxies



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



Slope of the SFR vs AGE



Slope = -1



Conclusions

The Madau diagram is an average over galaxy mass
Galaxy formation seems to follow different paths according to 

total mass.
Our analysis indicates that:
● Massive galaxies formed in a short time long time ago.
● Low mass galaxies are still forming
● Very low mass galaxies have not yet reach their 

maximumSFR.
All this supports downsizing even down to the lowest mass 

galaxies known
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