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* Dark matter
collects into halos

* Small halos form
first

® Lots of merging,
especially at early

halo similar times

Scale-free, so galaxy




., Abell 1689

V. Springel 77?




Dark matter
virializes.

Gas heats &

. A | cools.

Or 1t doesn't.

Dense gas
forms stars.




» |Infalling gas shock heats to the virial
temperature of the dark matter halo.

NGC 4649




o Infalling gas-shack heats-tgthe virial
temuseraidre of the dark matier-halo.

Simulation by Kravstov

Dekel & Birnboim 2004




e (Gas that comes in with high angular
momentum forms a rotating disk.
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NGC 2403










 They tend to preserve the motion with
which they were formed.

Courtesy K. Johnston




Bullock & Johnston 2005
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NGC 1482

L‘S"triekland et al 2004




e rotation
e ages
e 5|zes

20 X 6.5 Kpc. Blue= Gas Red=Stars

F. Governato




Heirarchical /oo Few low mass galaxies

Lots of small Young low mass galaxies &
old high mass galaxies

scale power Massive objects at high
Small stuff first redshift.

Large stuff last ® Anti-Heirarchical?




Milky Way data is
“missing” galaxies
If ACDM Is correct

Cumulstive number of halce

Ies)

-0-galax

Himmulated clustar

Simulated galaxy

Virge cloater deta




. e “Feedback”

W = “Squelching”

o gl
-~

Dwarf galaxies have
small gravitational e “Tidal Disruption”
potentials




* Smaller fraction of
baryons wound up
IN massive galaxies

Star formation
feedback &
reionization won't
work for deep
potential wells
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van den Bosch et al 2004




V. Springel et al
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van den Bosch et al 2004

Bigger spheroid =
Bigger Black Hole

Feedback stronger in
more massive galaxies

Star formation shuts
down earlier and more
completely in massive
galaxies
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1l In massive galaxies:
No cooling cutoff 1 " Stars form early

e Mass assembles
late

_ Low mass
rHigh mass
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Courtesy G. Stinson & F. Governato




» Predicting internal structure

e |Internal kinematics

* Numbers/Masses at high redshift?
e Compatibility with reionization?

But, given our success of making the
Impossible possible, I'd be optomistic.
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Theorist

We've proven that
ACDM is not

necessarily wrong.

This doesn’'t mean
It's right!




7™ Theory starts with

_ %% ACDM as an a priori
.+ assumption

“~ % Tunes “gastrophysics”

% to match observations

Moore et al




Himmulated clustar
dimulated galaxy

Virge cluster deta
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Start with Adust star formation and SN
predicted dark “feedback” to suppress the
matter distribution “right number” of galaxies
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Real Otflows

QuickTime™ and a
TIFF (Uncompressed) decompressor
are needed to see this picture.

—_—,. 'Real Star Formation
= |0nized 3 . _
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Cluster
abundance

Gravitational
lensing

[} ;
Cosmic

microwave
background
SDSS
galaxy
clustering
o

5% normal matter
25% dark matter
70% dark energy

10

100 1000 10000 108
Scale (millions of lightyears

Not on
large
(>Mpc)
scales




1 © Fix shape of the linear power spectrum
°* o0 %6 is lower when measured on
small scales, than for CMB+SN

average
M/L

10! 10!z 10!3 104 1015
M, [C‘Jo.s h~! M@]

Tinker et al 2005




ACDM

e Too many small lumps
e Too high a central density

Too much small scale power
Too high initial phase space
density
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Cluster
abundance

Gravitational

lensing

Cosmic

microwave
background

5% normal matter
25% dark matter
70% dark energy

10

100 1000 10000
Scale (millions of lightyears

108

CDM iIs an
absurdly
minimal
description
of dark
matter




Don’t ignore theories whose power
spectra deviate at small scales.
Improve constraints on gastrophysics.
Look for better observational tests.

Increase dynamic range of simulations.
Aggressively pursue dark-dark halos







