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Cosmic Star Formation Rate evolution

e Cosmic Star Formation Rate as a
probe for galaxy formation and
evolution

e SFR decreasing strongly since ~ 7
billions years

e Time evolution of galaxies’
contribution to SFR ?

Hopkins & Beacom (2006)
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Downsizing of galaxy formation

all galaxies—
log(Mx*):
9.0 - 10.2

—
|

10.2 — 10.8

%*708 - 11.5

1.5 2.0 2.9
redshift
Juneau et al (2005)

Morph.
e (U-B)

- % [0Nn] SFR

0.8

Bundy et al (2005)

e Downsizing: “more massive galaxies form at higher redshift” (Cowie et al 1996)

e Galaxies stop actively forming stars sooner if more massive

e Physical mecanisms responsible ?
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Downsizing - Internal processes
AGN Feedback |
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Adapted from Hopkins et al (2008)

: o log,o(L/Le)
e Galaxy mergers trigger AGN activity

Hopkins et al (2006)

e AGN feedback quenches star formation
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Downsizing - Internal processes
AGN Feedback Il

e Use of AGN feedback in simulations
helps to agree with observations

e Fraction of objects with AGN peaks In

O REUE

A~ 1 S
D .0 z X X .07 0.08V0. A\ .00
P 0F BPOE 003~Q0® 0037008 0@05 0.04 \00
bid

-24 -283 -22 -21
M,

20 -19 -18 -17

D, (4000)
1.93 -

1.87
1.80
1.73
1.67
1.60
1.53
1.47
1.40
1.33
1.27
1.20
1.13
1.07
1.00

® Cole et al. (2001)
O Huong et aol. (2003) g
o

-24 =22
Mk — Slogigh

M,

Martin et al (2007)

AGN radio heating
no heating source = == =
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Downsizing - Environmental processes
Dark matter and galaxies
z =20.0

50 Mpc/h
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Downsizing - Environmental processes
e Simulations: halo properties depend on .
environment at a fixed halo mass (135 14.0]

e Observations: galaxy properties depend on
environment at a fixed halo mass

e Simulations involving environmental effects
agree well with observations

all

———— ] < lOg NIDM/}\ACD

12 < log(Mpy/Me
N 13 < log(Mpm/Mo
e 14 < l0g(Mpy /Mo

Khochfar & Ostriker (2007)
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Clustering as a tracer of environment

. ‘ ; * ¢ 8
" L “ ’ " ,‘
" - 5 5 (¢
o <0 o« VIRt
P i
§
2 Mpc/h

2 Mpc/h

Springel et al (2005)

M>10"2" [h™" M
M>10"2* [ M
M>10"20 [h" M

e (Galaxies reside in Dark Matter haloes M 10" 0 M

e (Galaxy distribution reflects their host haloes
distribution

e Haloes distribution depends on halo mass

Somerville et al (2001)
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Ultraviolet as a tracer of star formation

N\

AR

10000

A [Angstroms]

Martin et al (2005)
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Ultraviolet as a tracer of star formation
fromz=61t0z=0

e UV galaxy samples
available fromz~6toz=0

® Clustering of LBGs studied

atz>1.5 -/ all
: ~ — ] < log MDM/M@
e Extension at lower [/ 12 < log MDM/ Mo

dshifts with GALEX dat ” e 13 < log(Mpy/Mo
reasnitts wi dld : 14 ¢ log MDM/MQ

Khochfar & Ostriker (2007)
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Ultraviolet as a tracer of star formation
fromz=6t0z=0

e UV galaxy samples
available fromz~6toz=0

® Clustering of LBGs studied
atz>15

all
: — ] < log MDM/M@
e Extension at lower | 12 < log(Mpy/Mo

dshifts with GALEX dat “ remrerm 13 < log(Mpy/Mo
reasnitts wi dld : 14 ¢ log MDM/M®

Khochfar & Ostriker (2007)
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Ultraviolet as a tracer of star formation
fromz=6t0z=0

e UV galaxy samples
available fromz~6toz=0

® Clustering of LBGs studied
atz>15

all
: — ] < log MDM/M@
e Extension at lower | 12 < log(Mpy/Mo

redshifts with GALEX data ' remrerm 13 < log(Mpy/Mo
| —— |4 < log MDM/M@

Khochfar & Ostriker (2007)
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|. Data samples

Galex presentation
Samples: MIS r-selected / AlIS UV selected

Il. Correlation function basics

Outline

l1l. Results from MIS full sample

NUV-r cuts: Star Formation History tracer

IV. Results from AIS UV-selected sample

NUV luminosity and NUV-R cuts

V. Gonclusion
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e Imaging, spectroscopy

e 2 bands: FUV (1540 A) NUV (2315 A)

e FOV 1.2 degrees

GALEX

A presentation

GALEX AIS GR3
GALEX MIS GR3
SDSS DR6

Survey Area (sqdeg) # of Objects <FUV exptime> (s) <NUV exptime> (s)
AIS 13,566 83,358,979 111 111
MIS 880 13,586,221 1,780 2,232
DIS 113 2,971,137 21,210 26,387
NGS 304 3,853,946 2,232 2,595
Gl 318 4,224,949 2,393 ekeich

G AL EX G‘l'/o_xﬁ_—wi-oﬁ_fx;)lorer
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Sample(s) selection

e GALEX GR3 data cross-matched to SDSS DR6 (4 arcsec radius )
e Objects with only one GALEX-SDSS counterpart

e SDSS spectrocopic galaxies with r<17.6
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3D correlation function

e Correlation function: excess of pairs with
respect to random at a given scale

e Estimator: Landy & Szalay (1993)

DD - 2DR + RR

E(rp y “) = RR
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3D correlation function

e Correlation function: excess of pairs with
respect to random at a given scale

e Estimator: Landy & Szalay (1993)

DD - 2DR + RR

E(rp y “) = RR
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Fiber collision correction

e Finite fiber size constraints: fiber collision at © < 55 arcsec
e Statistical approach (Hawkins et al, 2003; Li et al, 2006)

e Use angular correlation function from target and spectroscopic galaxies

Target galaxies @
Spectro galaxies =
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Fiber collision correction

e Finite fiber size constraints: fiber collision at © < 55 arcsec
e Statistical approach (Hawkins et al, 2003; Li et al, 2006)

e Use angular correlation function from target and spectroscopic galaxies

: Target galaxies @
Spectro galaxies without fiber correction =
Spectro galaxies with fiber correction 4

CAS Seminar May 27t 2008 Sébastien Heinis



Redshift space correlation functions

MIS Full sample

AlIS UV selected sample

e Redshift space correlation functions show effects due to peculiar velocities:

small scales (fingers of God)
large scales (coherent infall)
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Redshift space correlation functions
to real space correlatlon functions

[ T I
by 00 0

Projected correlation function w,(r,) ——> Real space correlation function &(r)
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Correlation function as a power law

o &(r) = (r/ro)Y
e 1o correlation length: strength of the correlation

e Y slope: balance between small and large scales

g(r)
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o E(r) = (r/ro)Y

Correlation function as a power law

e 1o correlation length: strength of the correlation

e Y slope: balance between small and large scales
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Correlation function as a power law

o &(r) = (r/ro)Y
e 1o correlation length: strength of the correlation

e Y slope: balance between small and large scales
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MIS Full sample
NUV - R cuts

® b = SFRecent / ¢ SFR )

e NUV - R color traces Star Formation
History

Salim et al (2005)

-16 100 200 300 400 500 600
N
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® b = SFRrecent / ¢ SFR )

e NUV - R color traces Star Formation
History

Salim et al (2005)

MIS Full sample
NUV - R cuts

£3 7____T____1____T____T____1____Y____!____Y____[____1____7____f___T____?____T____1

AR R PR iata R a i aRatata i niatatataintatatatataiatal
| |

-16 100 200 300 400 500 600
N
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MIS Full sample
NUV - R cuts / results

e Steepening of correlation function with NUV-R color (y increases from ~ 1.6 to 1.8)

e Increase of correlation length with color (ro increases from ~2 to 7 h-'TMpc)
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MIS Full sample
NUV - R cuts / results

e Steepening of correlation function with NUV-R color (y increases from ~ 1.6 to 1.8)

e Increase of correlation length with color (ro increases from ~2 to 7 h-'TMpc)
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MIS Full sample
NUV - R cuts / Halo masses

-16 100 200 300 400 500 600
N

M> 10" [h" M

e Masses of Dark Matter haloes with similar

bias range from 10" to 10’3 h-' M@
0.06 0.08 0.10 0.12 0.14 0.16 0.18 0.20

y4

e The more recent the star formation, the less
massive the haloes
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MIS Full sample
NUV - R cuts / Halo occupation (crude)

-16 100 200 300 400 500 600
N

e Mean halo occupation number increases
with NUV-R color

e The more recent the star formation, the
smaller average number of galaxies per halo
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AIS UV selected sample
NUV luminosity cut

Al
NUV,,.<-18.3
NUV, > -18.3

1.5 2.0 2.5
r, [ Mpc]

e Slope constant with luminosity (~1.8)

e Increase of correlation length with NUV luminesity (ro increases from ~1.7 to 2.7 h-'Mpc)
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AIS UV selected sample
NUV - R cut

e Slope constant with luminosity (~1.8)

e Slight increase of correlation length with NUV - R color (ro increases from ~1.9 to 2.39 h-"'Mpc)
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Bias evolution of UV-selected star forming galaxies

Halo mass [Log (M,,,/Mg)]

s

7 8 9 10 11 12 13 14 15

e Bias of UV-selected star forming
galaxies decreases from ~3 atz=410 0.5
atz=0

e Masses of Dark Matter haloes with
similar bias decreases from 102 to 1010
h1 Mo

Adelberger et al (2005
Arnouts et al (2002
Foucaud et al (2003

Quchi et al (2005
Heinis et al (2004

Migration of star forming galaxies from Heinis of ol (2007
high mass haloes at high z to low mass
haloes at low z

(2005)
(2009
Giavalisco & Dickinson (2001)
(2005)
(2004)
(2007)

" ® *x » X OD ¥ O

GALEX NUV e
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Bias evolution and fraction of FUV luminosity density

redshift ]

0.0 0.7 1.3 2.0 2.7 3.3 4.0

e SFR o< FUV Luminosity Density

e FUV luminosity density > 0.5 ~ bulk of
star formation at a given epoch

Bias of star forming galaxies increases
o Adelberger et al (2005)

with redshift at a given fraction of FUV % Amouts et al (2002)
: 3 > o Foucaud et al (2003)
luminosity density o Giavalisco & Dickinson (2001)

» Heinis et al (2004)
* Heinis et al (2007)
e GALEX NUV

Downsizing in terms of dark matter

halo mass 0.10
FUV LD, fraction
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Summary
e GALEX data as a tool for linking global star formation and environment
® Use of NUV-R color to link star formation history with environment
Minimum mass of haloes increases for earlier star formation epochs
Galaxies in green valley reside in environments similar to small groups
Average halo occupation increases for earlier star formation epochs
® Use of low redshift UV-selected sample to link star formation intensity with environment
Clustering strength of UV-selected galaxies increases with redshift
Minimum mass of haloes hosting UV-selected galaxies increases with redshift

Bias of UV-selected galaxies increases with redshift at a given fraction of FUV
luminosity density fraction
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