Gas I nfall and Stochastic Star formation
INn Galaxiesin the Local Universe
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Starting point:

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

Questions:

1) Isgalaxy mass or structure
more fundamental in determining
Its star formation history?

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

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



2" order analysis: What can we learn from VARIANCE?

. | i Searle, Sargent, Bagnuolo 1973

The SCATTER in colour among
populations of “like’ galaxies can
distinguish continuous star
formation historiesfrom irregular
or “bursty” star formation
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Fio. 4.—The two color relations for ies with secularly declining rates of star formation.
The line B, 9, 10 is the relation for uniform galaxies. The line 8, %', 10’ is that for initial-burst
galaxies, The dashed lines show the locations of galaxies 107 and 10'® years old. All galaxies in de
Vaucouleurs's (1961) sample of 148 bright galaxies lie to the right of the dotted line.
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Larson & Tindley 1978: Galaxiesfrom 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.
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Footprint
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Imaging 180 milion unigue chjects
catalog
|images ||?.5 TB|
Data lcatalogs (DAS, fits formaty 1.5 TB)
volume Satalogs (CAS, SGL A
atabase)
Average
wavelengths
and
magnitude | [u I Ir Il |z |
::'g”éii [3551A][4686A/6165A]7481A][893 1A
detection  ||[220 |222 |222 213 |205 |
repeatability
for point
souUrces)
PSF width  ||1.4" median in r
Photometric || lt-gllg— |l iz |
calibration || [3%|[3%][2%[2%]|[3%)
Astrometry |< 0.1" rms absclute per coordinate

|Spectroscopic area ||4E381 s0. deg.

Wavelength

BO0-9200A
coverage

IResolution 11800

|Signa|—to—noise ||:=4 per pixel at g=20 2

30 kmifsec rms for main galaxy
sample (from repeat
ocheervations)

Redshift accuracy

Target magnitude
limits for main
samplaes

Galaxies: Petrosian r <17 .77
Cluasars: PSF <181

845,820 spectra, classified
into
565 715 Galaxies

67,382 Guasars (redshift
<23}

8,101 Quasars (redshift =2 3)
102,714 Stars

50,373 M stars and later

44 63 Sky spectra

Spectroscopic
cataleg

10,272 Unknown class




Matched: M,,u., R90/R50 ,0
T 0.4 .

0.4 M | ] Sl IR B LR L
0.3 | - 0.3 |- .
L -
S oz ~“°\ 4 Soz2l _‘;"x _
- 3 .
3 I 1 8 '
T 01 41 ® o1 —
ili ll[.'l ‘Ill '?Iﬁ | é | EIE ; 9.5
log M, log p.
04 m T
: _ Procedure:

03 - 1 Wecreate asample of matched galaxy
b L s 1 parswith z<0005 log M.<0.05,
S [T L T log . <0.05, C<0.05, < 15km/s.
=] - -

T 0.1 -

g C Y '3'_; Sample: 150,000 unique pairs

Concentration

Question: If we know the mass and the structural propertiesof 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.
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DISTRIBUTION FUNCTIONS
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TWO SCENARIOS:

1) Asthe 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. Asthe 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 afunction 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.
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CONCLUSIONS (from empirical analysis)

1) For star formation: DENSITY ISDESTINY
2) A REGIME CHANGE AT 3 x 108 solar masses kpc .

At surface dengities lower than thisvalue, the specific star formation rate
averaged over the population isremarkably CONSTANT. Higher
density galaxies form the same amount of stars aslower density galaxies,
but in events of snorter 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 triggerstherecurring episodes of star
formation in galaxies below the critical surface density?

We propose that star formation istriggered by infall of gasfrom
the surrounding dark matter halo.

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



The Millenntium Run

A new generation of smulation: Springel et al 2005




Average accretion histories Individual accretion histories



From mass accr etion historiesto star for mation histories

1 free parameter: the gas consumptiontimet .



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



OPEN QUESTIONS

1) Do thesetrends continueinto theregime of dwarf galaxies?
Two kinds of star-forming dwarfs:

1) dwarf irregulars with gasin athin, 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?
Modelstell you that gasinfall more important in the past.

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



