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\What is a stellar mass ?
*evolution massive galaxies

Linking progenitors and descendants



Introduction — what does it
mean — massive ?

Typically, meant is “high stellar mass”
Do we have any stellar masses ?
How do you measure stellar masses anyway ?



Why bother using stellar

masses ?

Before 2000, most analyses based on luminosities
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Have we measured any stellar
masses ?

We only have a stellar mass for the Milky Way — where we
can count the stars

Extragalactic: micro-lensing
(for “real” astronomers)

or ...




Have we measured any stellar
masses ?

We only have a stellar mass for the Milky Way — where we
can count the stars

Extragalactic: micro-lensing (for “real” astronomers)

or ...

Modeling ... (IMF, stellar population model, metallicities,
star formation, history, extinction curve, distribution of
dust and stars, emission lines ...)
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log(M/LB)
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ABSTRACT

We discuss a new method for inferring the stellar mass of a distant galaxy of known redshift based on the
combination of a near-IR luminosity and multiband optical photometry. The typical uncertainty for field galaxies
with /< 22 in the redshift range O < z < 1 1s a factor of 2. We apply this method to a newly constructed sample
of 321 field galaxies with redshifts and Hubble Space Telescope morphologies enabling us to construct the stellar
mass density associated with various morphologies as a function of redshift. We find a marked decline with time
in the stellar mass associated with peculiar galaxies accompanied by a modest rise in that observed for elliptical
galaxies. The result suggests that peculiar galaxies decline in abundance because they transform and merge into
regular systems. The star formation rate per unit stellar mass indicates that massive systems completed the bulk
of their star formation before redshift 1, whereas dwarf galaxies continue to undergo major episodes of activity
until the present epoch.

Subject headings: galaxies: evolution — galaxies: fundamental parameters — galaxies: stellar content
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Fig. 2.—Integrated stellar mass density for galaxies with 10.5<

log Mg < 11.6 as a function of redshift and visual morphology. The shaded
regions show the predictions of the mass density in peculiar and elliptical
galaxies from the simple merging models described in the text.
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FiG. 3.—Specific star formation rate R for the galaxies in the sample. The
three lines show orthogonal least-squares fit to the three redshift ranges in-
dicated. The fit parameters are shown in the lower left corner. The right-hand
panel shows the doubling time in Gyr, assuming constant star formation. Ar-
rows show 2 ¢ upper limits for galaxies with no detected [O 11] emission.



How do we get a mass selected
sample at high redshift ?

We need a proper .C?”.S.“.S |
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/>2: selection in observed optical = rest-frame UV
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FOor a mass selected sample, we
need rest-frame optical selected
sample

Observed near-IR at z>1.5
 Many galaxies at z>2 very faint in optical

« Spectroscopic redshifts very hard to get
¢ 33



Next step, stellar mass functions
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Overall results on stellar mass
function

Rapid evolution at lower masses (1e10 Msun)

Much slower evolution at high redshift
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Quiescent fraction

z=[1.4,1.8]
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Main results

1) Slow evolution of mass function at massive end
2) Rapid evolution of density of quiescent galaxies
+ slow evolution for star forming galaxies



Size evolution
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Go to the UDF !
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H (mag arcsec™)

UDF — very deep imaging
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Main results

1) Slow evolution of mass function at massive end
2) Rapid evolution of density of quiescent galaxies
+ slow evolution for star forming galaxies

3) Sizes of quiescent galaxies evolve very rapidly
Re = 1/(1+2)
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What is going on ?

Typical massive galaxy

« Starts forming stars early (z>>2)

» After some time, slows down (driven by halo ?
Merger ? Black hole ?)

* (Gets added to the red sequence which slowly
builds up with time
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The Final Step

* Link galaxies by cumulative number density
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n(>M) (Mpc™3)

The Final Step

* Link galaxies by cumulative number density
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z=0.06
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Main results

1) Slow evolution of mass function at massive end
2) Rapid evolution of density of quiescent galaxies
+ slow evolution for star forming galaxies ->

Some process converts star forming galaxies to
“dead” galaxies

3) Sizes of quiescent galaxies evolve very rapidly
Re = 1/(1+z)

4) Galaxies build up “inside-out” — inner parts In
place at high z.



Why should we believe any of
this 7

* Analyses depend strongly on
“‘photometric redshifts” &
stellar masses

» Spectroscopy required — in the
Near-IR !



X Shooter spectrum of galaxy at z=1.8
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Open questions

1) What drives the formation
« Gas infall versus feedback
2) Why does star formation shut down ?
* Hot gas infall, black holes
Role of environment ?
3) How does growth since z=2.5 occur ?
merging ?
4) What process makes these very small systems?
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