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Star ting point:
the stellar populations of galaxies 
are strongly correlelated with 
their masses  and their structural 
parameters, with an apparent 
“discontinuity”  at certain 
characteristic scales.

Questions:
1) Is galaxy mass or structure 
more fundamental in determining 
its star formation history?

2) What is the nature of the
star formation histories  of 
galaxies on either side of the 
discontinuity?

3)Which physical processes 
regulate the global star formation
rates in local galaxies?



Sear le, Sargent, Bagnuolo 1973

The SCATTER in colour  among
populations of “ l ike”  galaxies can 
distinguish continuous star  
formation histor ies from ir regular  
or  “ bursty”  star  formation 
histor ies

Larson &  Tinsley 1978: Galaxies from the Arp atlas “bursty”  compared to 
galaxies from the Hubble Atlas

Seiden &  Gerola 1979:  Introduction of models of self-propagating 
stochastic star formation. Can explain burstiness in low mass galaxies.

  2nd order  analysis :  What can we learn from VARIANCE?
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Procedure:
We create a sample of matched galaxy
pairs with 

�

z<0.005 �

�

log M*<0.05,
 

�

log �

*  <0.05, 

�

C<0.05, 

���

 < 15 km/s.

Sample: 150,000 unique pairs

Question: If we know the mass and the structural properties of a 
galaxy, how well can we predict its stellar population?



Within each stellar mass bin, the variance increases with
stellar surface density up to log �

*  = 8.5 and then decreases.



                         LOW VARIANCE



                         HIGH VARIANCE



DISTRIBUTION FUNCTIONS

Dn(4000)=1.3-1.4
appropriate for 
continuous star 
formation for a 
Hubble time.
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TWO SCENARIOS:

1) As the surface density increases, more and more galaxies
“switch off” . Galaxies move from the blue to the red peak and
remain red forever. The blue and red peaks are DISJOINT.

2) Star formation occurs as a series of events. As the galaxy surface
density increases, the timescale over which the events occur gets 
shorter. Galaxies can move from blue to red and back again.

The Test:

In scenario (1),  the star formation integrated over the whole population
decreases as a function of density.

In scenario (2), the atr formation integrated over the whole population 
remains constant as a function of density.



Using star formation rates derived directly from emission line
fluxes  (Brinchmann et al 2004), we show that both scenarios are 
relevant, but in different regimes of parameter space.



       CONCLUSIONS   (from empirical analysis)

1)  For star formation: DENSITY IS DESTINY

2) A REGIME CHANGE AT 3 x 108 solar  masses kpc -2.

At surface densities lower than this value,  the specific star formation rate
 averaged over the population is remarkably CONSTANT. Higher
density galaxies form the same amount of stars as lower density galaxies,
but in events of shorter duration.

At surface densities higher than the critical value, the specific star 
formation rate averaged over the population declines. Star formation
has apparently SWITCHED OFF.



Question: What tr iggers the recur r ing episodes of star  
formation in galaxies below the cr itical sur face density?

We propose that star formation is triggered by infall of gas from
the surrounding dark matter halo.

Infall is not smooth, but occurs sporadically and in lumps. We use
high resolution N-body simulations to track this stochastic accretion.



A new generation of simulation: Springel et al 2005

The M illennium Run



Average accretion histories Individual accretion histories



From mass accretion histor ies to star  formation histor ies

         1 free parameter: the gas consumption time tcons



Final step: Constrain the gas consumption times directly 
from the data



                 OPEN QUESTIONS

1) Do these trends continue into the regime of dwar f galaxies?
Two kinds of star-forming dwarfs: 
1) dwarf irregulars with gas in a thin, rotationally supported disk, low 
star formation rates and very long inferred gas consumption times (van 
Zee 2001).
2) Blue compact dwarfs (BCDs) that have extended gas halos, messy gas 
kinematics and are currently undergoing star bursts.

2) What happens at higher  redshifts?
Models tell you that gas infall more important in the past.

 3) Why does star  formation switch off beyong the cr itical density?
Dark matter accretion still going on in massive halos. No longer linked to 
triggering of star formation (dry mergers). Why?


