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First Results from the DEEP2 Redshift Survey
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The clusienng patiern of galaxies 15 shown
in the upper left panel by zooming in on a
section of the DEEP2 survey. Tesik show
that galaxies made up of mosily young stars
4.3 bilion (blue diamonds) are less sirongly clusiered
yerrs @90 than those made up of mosily old staxs (red
Zarth diamonds) This properiy of distant galaxies
¥ quahifatively similar i what is seen in
clhusienng studies of nearby galaxies.

The extreme depth of the DEEP2 redshifi
survey i¢ indicaied by the long and narrmow
cone, relative i “local’ galaxy surveys such as
the Las Campanas redshift survey (helow) The
combined power of the Keck ielescope and
DEIMOS specirograph enabhles us b carry out
exiensive and detailed studies of galaxies at a
time when the universe was less than half i
present age of 14 hilkion years.

3 Wilion years @g0; | B
Fzrstmjggﬁargﬁ m

The miation speed of a spiral
galaxy is relaied o ik mass (and

150 pillon size)} The DEIMOS specirograph
y years ago functions as a galaxy “weighing

Dinosanrs

equal and opposie relative
2 mildon Doppler shifts of the ends of each
Sl s & galaxy (blueshift/redshifi, see
illusiration on the =nghil, and
thexreby infer its mass.
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DEEPZ2 Basics

14 17 +52 30 (Groth Strip; became AEGIS)
16 52 +34 55 (zone of very low extinction)
23 30 +00 00 (on deep SDSS strip)
02 30 +00 00 (on deep SDSS strip)

30° x 120°
15’ x 120’ for Groth field

z = 0.75-1.4, pre-selected using BRI
photometry to eliminate objects with z<0.75

R <24.1

1200 I/mm: ~6500-9100 A
[OI1] 3727A doublet visible for 0.7<z<1.4

R =5500: FWHM=1.3A » 50 km/s

Completed spectra: 50.000 Successful redshifts: 40.000
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...iIs unlocking the s¢ NWDFS
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Allwavelengtl sroth strip International Survey

Home AEGIS Teams For the Public Papers & Talks For Astronomers Team Site

New: AEGIS is in Google Sky! ciick here to explore X-ray, ultraviolet, visible, and infrared images.

The AEGIS Survey...

...iIs unlocking the secrets of galaxy and
large-scale structure formation over the last 9
billion years.




Morphologies in the Hubble Deep Field

Irr/Pec/Mrg

Abraham et al.




Peculiars dramatically increase back in time
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ISOCAM: The number of IR-luminous galaxies
Increases rapidly back in time

“A large fraction of present-day stars must have been formed in a dusty starburst event.”
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Fundamental plane for E's:

* Only 30% scatter in M/L

* New regularities even within this envelope (Graves et al.)
TF relation for spirals:

* Their FP edge on

Mass-metallicity relation

Mass-age relation

Schmidt/Kennicutt star formation law

Physics-based hints:
* Pressure-based star formation (Blitz & Rosolowsky 2006)
e Structural scaling laws preserved in mergers




Hierarchical clustering of dark-matter halos




Hierarchical clustering of dark-matter halos

Simultaneous collapse of baryons towards center




Smaller satellite galaxies can orbit for a time within larger halos without
merging onto the central galaxies.

Satelllteé \ / Cluster of galaxies




GALics DM halos by Cattaneo et al. 2006

Clusters

Milky Way and
M31 halos
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Red, dead, massive

Redshift, z




SDSS: Star-Forming Sequence in Stellar Pop Indices
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Kauffmann et al. 2003




DEEP2: The Same Smooth Sequence at z=0.8
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SFR-color trend closely follows the T-model line

2.0A o cut; HO—HPB corrected

Scatter only £0.3 dex
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AEGIS: Star-forming “main sequence’

0, 20<=2<0.45 0. 45< 2<0.70 0.70<=2<0. 85 ' 0.85<=2<1.10 |

10 11
log (M[Msun]) log (Mi[Msun))

Noeske et al. 2007

e Star formation declines exponentially in each galaxy

* Bigger galaxies turn on sooner and decay faster

« Downsizing!




AEGIS: Star-forming “main sequence’
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Smooth star formation histories allow linking
progenitors and descendants across time

Example:

Progenitors of
Milky Way-like
galaxies had
about 60% of
their stellar mass
at z ~ 1 as today.

log (SFRR+380nm,/ M)
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Noeske et al. 2007




SDSS+GALEX: Similar trend based on absorption-corrected UV flux

"""""" frrrfrrrrrrrrrrrrrrrrrrrprrrrrrrorory
8
-~

Blue, active, small

ce)
>
59
(&)
i)
O
o
go
(@)
()
Qo .=
X o
5 o
»n o
p

Red, dead, massive

L0 11
Log Stellar Mass

Salim et al. 2007




Halo-based model is good match fromz=0toz =1
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z=0.1, Salim et al. & i

Specific SFR rate
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except for mergers

Cattaneo et al. 2005
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Kollipara et al. 2008




Merger/burst contribution to stellar mass buildup
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Confirmation: LIRG morphologies are “normal”

spirals .
| peculiar - I:
compac o
early—tfype 4 J
undefected e

(U-B) < 0.2 @ 1
(U-B) > 0.20 1

Melbourne et al. 2005;: HST




large galaxies are LIRGs

10 11 10 11
log (M[Msun]) log (Mi[Msun)) log (M«[Msun]) log (M[Msun])

Noeske et al. 2007

e Star formation declines exponentially in each galaxy

* Bigger galaxies turn on sooner and decay faster

« Downsizing!




mergers
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¥ EGS mergers
A Patton 02
O Lin 04

P | | | | P B

* EGS mergers
O Le Fevre 00
A Conselice 03
O Cassata 05

+ Scarlata 07
X dePropris 07

02 04 06 08 10 12 1400 02 04 006 08 10 12 14

redshift

redshift

Lotz et al. 2008




Specific SFR from absorption-corrected GALEX UV flux

L0 11
Log Stellar Mass

Salim et al. 2007




“Red-and dead” ellipticals/S0s populate the red sequence

Star-forming blue, disky galaxies populate the “blue cloud”
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Color vs. stellar mass for Sloan Digital Sky Survey galaxies




Color bimodality persists out to beyond z ~ 1

Combo-17 survey:
e 25,000 galaxies

e R-band selected to
R =24

U = ¥ (reat—frama)

e 17-color photo-z’s
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Similar results from
DEEP2.

U — ¥ (reat—frama)}

=20 -158 —16 —22 =0 -158

—22
Hl.; - 5 ‘C‘gvm h

HU - 5 [C‘g-m h

Bell et al. 2004




DEEP2 and COMBO-17: At least half of all L*
spheroidal galaxies were quenched after z = 1

Mp
-21

-20

-19

‘arHs*: ‘

b4,
() VVDS 5 1
* Im ® COMBO-17
DEEP1 2dF

-8 DEEP2 © Blanton SD$S-+
7;? Bell SDSIS C] FDF |

0 0.5 1 | o 0.5 1
Redshift

L°g1o¢’
-356 -3 -25 -2

<--- Fewer galaxies

Back in time --->

Bell et al. 2004, Willmer et al. 2006, Faber et al. 2007




“Red-and dead” ellipticals/S0s populate the red sequence

Star-forming blue, disky galaxies populate the “blue cloud”
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Color vs. stellar mass for Sloan Digital Sky Survey galaxies




“central”

Red sequence
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Faber et al. 2007




“satellite”

<¢— Quenching band

Blue cloud

Log stellar mass, Mg
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Faber et al. 2007




“Red-and dead” ellipticals/S0s populate the red sequence

Star-forming blue, disky galaxies populate the “blue cloud”
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General reason: Gas infall onto all halos is slowing.

e Rate of gas infall falls by x5 from z = 1.5 to now, all cosmologies.

e But this is not enough. Gas continues to fall in, galaxies stay blue.

e Sharp break in SSFR at threshold stellar mass suggests a second
process

Two specific mechanisms:

. triggered by major mergers

halos pass over critical mass threshold




Major merger trigger for AGN formation

NGC 6240

Binary X-
ray AGN

HST+Chandra High Energy

Hopkins et al. 2006




Velocity dispersion or Temperature --->
V(km s7l)
10 30 100 300 1000

1 \ [
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Blumenthal, Faber, Primack & Rees 1984; after Rees & Ostriker 1977
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Faber et al. 2007, Kauffmann et al. 2003




Hydro simulations with gas + dark matter switch from
cold flows to at M_; ~ 1012 Mg

Blue gas is
cooling S~
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AGN feedback:
e Rapid quenching
* “Green-valley” galaxies should be disturbed or bulge-dominated

* All red sequence galaxies are ellipticals

 AGNs associated with mergers and postmergers.

Massive-halo quenching:

e Gradual quenching
e Green-valley: some mergers, many fading disks
e Mixture of E’'s and SOs on red sequence

e Green valley: in dark halos near 102 Mg




AGNSs are NOT preferentially in mergers

:-'(a.u) Control
 Interacting. 4

A a 4
WP

Pierce et al. 2008




Stellar mass

Cheng et al. 2008




Lo+ f 1 %
- Green valley morphologies
0.8
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“Post-starbursts

00 02 04 06 08 1000 02 04 06 0.8

fa Ratio A stars/K stars
Yan et al. 2008, based on Quintero et al. 2005
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Standard Model

Cattaneo et al. 2006

-.TOO many Semi-analytic model

masswe centrals
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Color-mag and color-mass diagrams back in time

Color vs mag Color vs mass

95 105 115 95 105 11.5 95 105 118 95 105 11.5

Log(Mge/Mo) Log(Mg/Me) Log(Mg/Me) Log(Mg/Me)

Cattaneo, Dekel, and Faber 2006 Semi-analytic model for RS galaxies
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SDSS, z~0.1, Hogg et al. 2004 DEEP2, z~0.8, Cooper et al. 2006




Redshift, z




Cold Streams in Big Galaxies at High z

unstable shock BEaig
lo 20/0)

Dekel &
' ' Birnboim 06
2 3 Fig. 7

redshift z




Cold Streams in Big Galaxies at High z

all cold
10' 20/0)

Dekel &
' ' Birnboim 06
2 3 Fig. 7

redshift z




Cold Streams in Big Galaxies at High z

Dekel &
| Birnboim 06
2 3 Fig. 7

redshift z
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Gas Density in Massive Halos 2x10'2M
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Three things happen at z ~ 1-2

Gas accretion onto
halos falls by x5

M. crosses M.«
Typical halos start

to quench

old flows shut down

lo (220/0)

Mshock

20 (4.70/0) —

Dekel &
Birnboim 06
Fig. 7




