Searching for the dominant mode of galaxy growth
from deepest far-IR Herschel surveys

How did galaxies acquire their mass ?

the Large Herschel telescope for Cosmology (LHC)
—> galaxies have been traveling in a field that gave them their mass
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Discovery of luminous IR galaxies, >90% of light in IR

mergers & 2% local luminosity density !

Space density of LIRGs x70 at z~1
Extrapolation to FIR - CIRB resolved

rise of ULIRGs up to z™2
Stacking in FIR = CIRB resolved at 70um

. Herschel:

- robust SFR

IR Mdus’r > Mgase SFE
| - SED: Tdust, FIR/MIR

-—> signature of mergers
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The GOODS-Herschel Survey

Welcome on the Herschel Database in Marseille section dedicated to the
“Great Observatories Origins Deep Survey: far-infrared imaging with

What's new?

Herschel” (GOODS-Herschel, Elbaz et al., 2011) survey. « September 2012: Opening of the
site and first release of GOODS-

GOODS-Herschel is an open time key programme of more than 360 hours of Herschel public data.

observation with the Herschel instruments SPIRE and PACS from 100 gm to

500 Jpm on the two fields of the Great Observatories ”1';;‘111.\ Deep Survey

(GOODS).
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SFR(IR+UV) vs SFR(SED,

Herschel vs no Herschel

Uv)

Ayy SED fit or [} slope
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Mstar = best proxy for A,y
(for MS galaxies)

SFR overestimated atz <1
SFR underestimated atz > 2
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dN(S,4,)/dS,ge * 528 [deg-2 mJy!®]
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Magnelli +13 (GOODS-H+PEP)
* 100, 160pm down to 0.6 & 1.3 mJy
—>rise of LIRGs & ULIRGs to z~2
—>make up ~80% of SFR density

* resolve 75% of cosmic IR background

- SPIRE confusion limit 15-20 mJy,
<15% resolved (Oliver +10)
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real (250um, 9%

Simulating realistic
Herschel images to
identify faint & robust
faint detections

Leiton +13 (in prep)
8x< "standard" confusion limit !

12m tel. standard confusion limit
(Béthermin +11 model)

15% > 72% of 250um resolved
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Astrodeep FP7-SPACE project
Unveiling the power of the deepest images of the Universe
CANDELS fields + COSMOS + ECDFS

Pl Adriano Fontana (Obs.Rome)
co-l J.Dunlop (Edinburgh) / D.Elbaz (CEA Saclay)
+ S.Derriere (CDS Strabourg)

—> objective : improve and publicly distribute multi-wavelength catalogs from

SPACE experiments (HST+Spitzer+Herschel+XMM)

Saclay:

* Xinwen Xu & Tao Wang

- test src extraction methods

e - develop techniques for identification of z>2.5 Herschel sources ,
e Corentin Schreiber (PhD) = stacking + Main Sequence vs SB

http://lwww.oa-roma.inaf.it/astrodeep




The SFR M* maln sequence as probed by Herschel up to z= 2 6
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Main sequence longevity

o
-

F N | Py : ~1 billion heart beats

heart rate ~ 1/SFR

J Gerontol A Biol Sci Med Sci. 2007 February ; 62(2): 149-160.

An Analysis of the Relationship Between Metabolism,
Developmental Schedules, and Longevity Using Phylogenetic

2 - Independent Contrasts
Mai n S eq ue n Ce Jodo Pedro de Magalhées1, Joana Costaz, and George M. Church'
1- | |
1456 mammals, birds, amphibians, reptiles
0 'i T T

0 5 10 15 MASS



SFR~ 4.5x10°% M

Aquila complex in MW
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10 kpc scales = galaxies

(Gao & Solomon 04)
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[ for SFR < 20 Mg yr™
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O Normal Spirals Y
3 o

t The fit line: SFR=1.8M,,,../10®
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Implications of the main sequence

M*=5x10"°M, galaxy at z~2 has Mgas=5x10""M ~“cold flow”
MS-> SFR~90Mgyr' - gas exhausted in 570 Myr |

main sequence= probably best indirect evidence that
galaxies are fed continuously by extragalactic matter !

M, ,,=3x10"2Mg - infall rate 50 Mgyr'
infall rate= 6.6 f,,,0.s (Mq0/1€12)115 (1+2)22 (Dekel +09)
—> presence of massive reservoir (accumulated)

Strong dynamical instabilities induced by large
infall of intergalactic matter

' gasIMstars Mstars~5X1070M@

& —Wx .
vy - ¢ e

N=3618

SSFR/sSFRys=1

M.=5x10" [Mg]

Redshift



LIR (LG)

L, (ergs s7')

107 108
2| (8) -7
10 E //./ E 102’\
//‘ 5 IL'
1 A )
1| (e : ]
10 E _ - o o) r 10 5
- Lo o
I el : =
10"} ‘
41
44 [ :
107 (b) .
+/’/ 191 ¢
104} R 5
- "] 0]
- f 2
P 5 =z
102 _ + ] =
. ) {107
 (c) |
0.01
1073}

16[0 161]
Stellar mass (Mg)

co-eval growth of BH and stars

sSFR(z) Elbaz +11

SSFR, Mgy/Mgy (Gyr™)

Mullaney +12
0.5 1.0 1.5 2.0 2.9
Redshift

(1 — G)Lbol(Mgal’ z) e =0.1
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L,o=Lx x 22.4 (Vasudevan & Fabian 07)

MBH(Mga.la z) =




Environment or no environment effect on SFR ?
Beware of enhancement of attenuatlon in sub-population of starbursts...

LB I LI I L l LB L l L] l.l L] I l‘ L I LB - - l T - T - ] - T T T l T T T
109 |- - ) 2 —
 |-#: red HAEs . 1079 . _ ! . i
- |-@=: all HAEs —
5. [ |- : blue HAEs ;. I . i
Q i > 1.5 | A(Ha) from _|
- - - [ SFRg iia
Sed = bo o A
s s © + SFRy,ops
= = = ) o
o a4 = ¥
o o 1 , -
2% = i -
7)) n :5: ] A(Ha) from |
n 10-10 - 4 = - T stellar mass .
N < i L ] ;
1010 |- : o5 [ ]
- (Ib)_ (d) of Koyama +13 ]
Ll Ll Ll Ll RN EEEEE RN . ot L L S B S
1.5 2 2.5 1.5 2 25 1.5 2 2.5
logZ,, [1/Mpc?] logZ,, [1/Mpc?]
GOODS—N Elbaz07 Coppln +12
! ; ~0.9 lust
fﬁ Z~0.Y supercluster
Bl & QIE

GOODS—N

Ziparo, Popesso +13

- — ““‘1‘0 ' E’q‘F (central cluster gals)
~1.5X% rest of supercluster

2 [Mpc7?) 250+350+500)/




Main results from Herschel surveys on star-formation mode of galaxies

proof that star formation has been dominantly sustained by gas
support external to galaxies over > 12 Gyr

> next step: observe infall/gas haloes (ALMA abs°/SKA)

role of mergers secondary = paradox in expanding Universe !
> What causes the % of starbursts to remain nearly constant at
the level of a few % 7 Ellipticals mostly formed in main sequence !

Herschel resolves >70% of 100-160-250um CIRB
- global budget of star-formation

Drop of SFR density since “8 Gyr mostly due to lack of gas rather
SF efficiency !

- problem: what is preventing gas from infalling onto galaxies.

role of large-scale environment secondary vs internal physics
= hidden role of environment since infall from Mpc scales !

Black holes grow in parallel with stars (& mildly affect IR)
- what feeds the central SMBH ? Infall ?...




Main sequence or not main sequence ?
Beware of selection effects in SFR > limit (Herschel depth)

z~0.5-1.5
E._f\ O.85<z<1.20l
L _:10-3
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68% of Herschel selected galaxies in COSMOS 2sq.deg. are >0.3 dex offset



