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Morphological evolution of galaxies

Outline:

2 why ?
2 universeout to z=2
2 higherredshifts

2 conclusions
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google \galaxy morphologies"

[astro-ph/0202466]The Hierachical Origin of
GalaxyMorphologiesM. Steinmetz& J. Navaro

We ... study the origin of galaxymaorphologies
... We nd ... that the presenceof the main
morphologicalcomponentsof galaxies{disks,
spheroids pars{is regulatedby the mode of gas
accretionand intimately linked to discreteac-
cretion events. This demonstratesthat mor-
phology is a transient phenomenonwithin the
lifetime of a galaxy and that the Hubble se-
guencere’ects the varied accretion histories of
galaxiesin hierarchical formation scenarios.
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In particular, we demonstratedirectly that disk/bulge
systemscan be built and rebuilt by the smaooth
accretionof gasonto the remnantof a maja

merger...
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How to prove/dispro ve ?

2 Cannottrace individual galaxies

2 Measurebulge and disk massdistributions
out to high z

2 measuresizes,stella ages,temperatures,
etc

2 nd the mergers



Why HST ?

Hubble Ultra Deep Field Details
lubble Space Telescope » Advanced Camera for Surveys

ASA. ESA. S. Beckwith (STScl) and the HUDF Team
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Simple approac h:
\Classical Morphologies”
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Driver et al.
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Coun ts of Sd/lrr 25 < |1 < 26

Redshift
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Excess Sd/lrr

simpleluminosiy brightening ?
selectione®ects?
restframeUV versusoptical ?
merging?

?7?7?
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Correct luminosit y evolution: Brinc h-
man & Ellis
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Understanding growth of bulges and
disks requires

2 guantitative determinationof bulge and disk
luminosily, size

2 masses

2 |arge volumesto beat cosmicvariance

2 understandingof selectione®ects
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Example: Evolution of disks to z=1

select\disk-like" galaxies

sersicindexn - 2

n=1 : exponentialn=4: ri=*
measuresurfacebrightnessat half-light radius
newest results:

GEMSsurvey(Barden et al)

GOODSsurvey(Ravindranathet al.)
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Results widely div ergent

Issuels surfacebrightnessselection

Either we miss, 60 % of the (disk) galaxiesat
z=1

or

galaxiesevolvestronglyin surfacebrightnessand
not In masssurfacedensiy

number densiy evolution?
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Disk-lik e galaxies to signi can t redshifts

Conseliceat al 2004
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Evolution of Spheroids

2 measurduminosity densiy evolution

2 measuremass-to-lightratio evolution
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mass-to-lightratios from HST imagingand in-
trinsic velacity dispersions

M / [ Y4
L rzle

at low z, M =L verywell behaved

M=L/ MY



Observ ed M/L evolution

Aln(M/L,)

Redshift
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Morphology - density relation in clusters
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Dressler et al
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Needed both for clusters and eld

2 study of massselectedsamples
2 compehensivestudies- not just onetype

2 massdensiy evolution



stsci04-100

Redshifts higher than 2

Universelooks very di®erent

Lyman-lreak galaxies!



Hubble Deep Flelds z=2-3 Lyman Breaks
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Sizes & Evolution
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size evolution
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- corrected for brigh tening
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Selection e®ects ?



Selection e®ects ?
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Selection e®ects ?
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restframe UV versus restframe optical



High redshift galaxies 2< z< 3.5



High redshift galaxies 2< z < 3:5 BVI(HST)
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Restframe optical versus UV selection

spec. limit




large disks at z > 2
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2 Restframeoptical very much needed

2 Better statisticsrequired
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Summary

2 \We can study galaxymorphologies sizesetc
to to high redshift

2 We are far from getting mass(bulge,2,
mass(disk,z)

2 selectione®ects
2 pbandpass®ects

2 |lack of understandingof physicalpro-
cesses
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Needed

2 Very deep(groundbasedjmagingto nd
the \missing galaxies"[out to z=1.3]

2 Very deep(spacebasedNea-IR imaging
2 rest-frameoptical z > 1.5
2 \red galaxies"at z=2-4
2 highestredshift galaxies

2 Better understandingof z > 2 galaxies
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Surface Brigh tness Selection z> 2



