Star formation at intermediate redshift

« what is the redshift by which half of the stars that we see today were formed ?

(Peebles 1988, The epoch of galaxy formation)
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0.5 — 2.5 intermediate redshift
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Star formation at intermediate redshift

« what is the redshift by which half of the stars that we see today were formed ?

(Peebles 1988, The epoch of galaxy formation)

4 0-25 25-5 5-
votes in 1988 28 o4 4
~85 % ~15% <5% (% age after recombination)

0.5 — 2.5 intermediate redshift

* have we really improved our knowledge of the actual SFR of galaxies ?

(dust extinction, IMF, timescale of star formation)

« assuming that we know when the bulk of present-day stars formed

did they form in a violent/starburst mode or in a more normal/disk-like more ?

David Elbaz
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Resolving and slicing the CIRB: ~75% resolved at 160

Bkg /sources:
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GOODS-Herschel (Herschel Open Time Key Program)
The Great Observatories Origins Deep Survey : far IR imaging with Herschel

Deepest images of the sky in the 2 GOODS fields :
1818 sources down to

1 mJy at 100 um, 2.6 mJy@160um, 5SmJy@250um, 8mJy@350um, 10mJy@500um
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GOODS-Herschel (Herschel Open Time Key Program)

The Great Observatories Origins Deep Survey : far IR imaging with Herschel

Deepest images of the sky in the 2 GOODS fields :
1818 sources down to

1 mJy at 100 um, 2.6 mJy@160um, 5SmJy@250um, 8mJy@350um, 10mJy@500um
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The mid-IR excess problem... SED evolution/AGN/k-correction ?...

1o e M of w il | * mir and far IR consistent with local SEDs
[ Pl | (Chary & Elbaz 01) up to z~1.5
1013‘_LIR (Herschel) s
bt
z « at z>1.5: "mid-IR excess" (Daddi +07,
~ Papovich +07)
© 10" EF E
= (orange, )
icz 10" E E | | T | ]
CEO1 |
i 1012
1010 E_ -
E ~ 1010 \A
o # = W -
) 1100g AN ETT] R S W WA TT1 BT S W WU TT] S R AW A TTT! - 8l f NN ‘k - \

Elbaz +10, 11, Nordon +10

L r(from 24pm using CE01)



The mid-IR excess problem... SED evolution/AGN/k-correction ?...
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IR main sequence : 2 modes of star formation ?
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IR main sequence :

the role of SF compactness
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IR main sequence : the role of SF compactness
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Evolution of sSFR = SFR/M. with redshift and M.

100-350um IR SED fit vs. 1.4GHz Radio
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Evolution of the sFR (=SFR/M.) with cosmic time, redshift

sSFR=SFR/Mx cosmic time [Gyr]

— consistent with radio stacking

— flattening at sSSFR ~ 4 Gyr

around z~2-3
(doubling M* timescale ~250 Myr)

— peak sSFR at z~ 2.5

—
L]
1
[
>
&)
Nod
[+
P
n
n
&0
Q
-

Herschel stacking
PACS 100+160 pm

4 5
redshift

Pannella +11 (in prep.)




Star formation compactness of Main Sequence vs Starburst galaxies

cosmic time [Gyr]

Log SSFR [Gyr-1]

PACS 100+160 pm

Main Sequence

Redshift

Main Sequence

Starburst

Rsp >2 Rsp >3
0.7 5.2 kpc 39kpc  2.5kpc
1.2 4.4 kpc 33kpc 2.5kpc
1.8 3.0 kpc 25kpc 2.0kpc

Starbursts

3 (P9

HST ACS-B(4350A) @z~0.7 > 2700A

HST ACS-V(6060A) @z~1.2 > 27002

HST ACS-I(7750A) @z~1.8 > 27004




Galaxies o Galaxies
Neighbor with Neighbor

T Strongly-interacting
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sSFRs increase by factor of ~4 Hwang +11

1) only when late-type galaxies interact with late-type galaxies
2) for all redshift bins at 0<z<I.1
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1.59<z<2.5
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Weighting the role of starbursts in the cosmic SFR density
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Do we see any evidence for an evolution of Tdust ?
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Proto-typical IR SED of Main Sequence and Starburst galaxies
(high IR8, sSFR)

Main Sequence Starburst
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IR8=L,;/Lq as a tracer of star formation geometry (= mergers)
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Improving the bolometric correction for SF galaxies
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Improving the bolometric correction for SF galaxies
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* Distant (U)LIRGs = normal star-forming galaxies + large Mgas, long-lasting (Gyrs)

* IR8= L g/Lg universal among star-forming galaxies - geometry of SF regions

» High IR8 values for compact starbursts with high SFR / M* (mergers)

* Main Sequence galaxies (disk-like) dominate the cosmic SFR density at all redshifts !

- The fall in cosmic SFR driven by the decrease in gas mass not merger rate

 Starbursts= mergers between late-types, ~10% of cosmic SFR density

* IR SED for MS and SB galaxies = bolometric correction

- LIRG = SB at z~0 but MS at z~1 if M*>5x10'° My (ULIRG@z=2 , M*>2x10™
Mo)

—~ IR dominated by star formation IMAGNs (L <t0**ergs™)




Star formation at intermediate redshift

» what is the redshift by which half of the stars that we see today were formed ?

(Peebles 1988, The epoch of galaxy formation)

yA 0-25 25-5 5-0
votes in 1988 28 54 4

~85 % ~15% <5% (% age after recombination)

* have we really improved our knowledge of the actual SFR of galaxies ?

(dust extinction, IMF, timescale of star formation)
YES NO YES and NO

« assuming that we know when the bulk of present-day stars formed

did they form in a violent/starburst mode or in a more normal/disk-like more ?

Starburst mode not dominant , long duty-cycle dominates
Maybe none of the two - infall driven star formation + dynamical instabilities ?

—> but no observational evidence of cold flows and outflows are ubiquitous...




The power of multi-wavelength imaging against confusion
24um 3.6um 0.8um

7.5'x 6.5' zoom on the GOODS-North field (10" x 15')
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Does the environment play a minor role in the star formation history of galaxies ?

Galaxies in dense environments are redder, deader, fater than in the field
- is it an effect of the environment or a selection effect ?

the fraction of ill people is larger in hospitals than outside

- do hospitals make people sick or do diseased persons go to
hospitals ?

= the H - effect
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is M* or density the key parameter ?
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What is causing the reversal ? Major mergers ?

Morphology of 36 LIRGs at z=0.8+0.4 show only a minority of
obvious major mergers (Zheng+04)

Elbaz +07: complete sample of 140 LIRGs from GOODS-N [ S,,>25

]

wly at 24 um]

z~0
Ishida 04

z~0.7
Bell 05

z~1
Elbaz 07

Spiral (S)

26 %

51 %

46 %

Merger (M)

41%+33%
+close pair

26 %

31 %

Compact (C)

10 %

9 %

Irregular (1)

13 %

14 %

interactions

26-39 %

30-45 %

The role of major
mergers is not

£ 0N
T

-

4

-

o N -8 (o] (o] QO NON &2 OO 0 ONON & OO 0 ONON & O 0 O

average
: Compact

Peculiar

dominant in
LIRGs @ z~1

(22) 11.69, 1.0164

C |
(see also Melbourne, Koo & i ;
Le Floc'h 2005) el

I (20) 11497, 1.0206

sSFR(mergers) ~ sSFR(isolated) x 1.5-1.7
consistent with Lin et al. (2007; x 1.9) DEEP2

(18) 11.85, 1.0150 (14) 11.35, 1.0078




Does the environment play a minor role in the star formation history of galaxies ?

Rapport du nombre de galaxies
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The star formation - galaxy density

relation is reversed at z™1 i L TN
(Elbaz et al. 2007) . o
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The reversal is dominantly

Il

produced in the major z-peaks




