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Deep IR Surveys: 
what did we know before Herschel? 

LeFloch et al. ‘05 

•  CIRB + Source Counts: Strong Evolution for Galaxies & AGNs in the MIR/FIR 

•  LF up to z~1: LIRGs dominance at z>0.5,  
     ULIRGs prominence at z>1-2 

•  At z~2 (but also at z~0-1?) MIR samples are  
     rich in embedded AGNs and MIR-enhanced  
     SEDs  

LIR > 1012 L LIR > 1011 L 

LIR < 1011 L 
Gruppioni+ ‘05 

Frayer+ ‘07 

15/24 µm 

70 µm 

Houck et al.  ‘04 



Deep IR Surveys: 
what do we need to learn from Herschel? 

•  CIB poorly constrained in FIR 
•  Total energetics of known  
    galaxy populations? 
•  z>1  Universe? 
•  Accretion/SF activity vs z ? 

AGN/galaxy formation/co-evolution 
Complete census of SMBH in the  
Universe 

Merloni, Rudnik & Di Matteo 2006    
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PEP GTO blank fields

PEP GOODS-N 30h

100+160µm during

Science demonstration phase

~300 sources

PEP GOODS-S 113+113h

70+100+160µm

~1000 sources

10’

COSMOS 24/100/160 µm



Resolving the Cosmic Infrared Background 

Berta+ 2010, 2011 

10x deeper than Spitzer 

Resolved into individual 
sources: 
(~35% @ 70µm) 
~58% @ 100µm 
~74% @ 160µm 



   First Herschel Probe of Dusty Galaxy Evolution 
up to z∼3         

•  First Rest-frame 60 and 90 µm LF 
up to z∼4 

•   ➜ strong evolution 

•  Good agreement between data and 
models 

•  Total IR LF up to z=3 
•  PEP total IR LF in agreement with 
previous derivations from MIR  
•  STRONG EVOLUTION up to z∼1.5-2 
(∝(1+z)4) 
•  almost constant at z > 2 (NOT 
well constrained) 

90 µm Rest-frame LF 

Total IR LF 



•  Galaxies containing a LLAGN dominate the LF around L★ 
(1010.5L<L90<1011.5L) at 0.5<z<1.2 (then starburst galaxies prevail) 

•  The AGN1 and AGN2 populations are never dominant in the FIR,  
significantly contributing to the LF only at z > 2  

•  spiral galaxies dominate at z<0.3, while starbursts at high L and z>1  

Starburst 

First Herschel Probe of Dusty Galaxy Evolution 
up to z∼3 

Spiral     
Starburst            
AGN2 
LLAGN 
AGN1 
Total 



First Herschel Probe of Dusty Galaxy Evolution 
up to z∼3 

PEP SDP data 

IR Luminosity density & SF density up to z∼3-4 

PEP ALL data 



The need for far-IR calorimetric star formation rates  

•  Our community has been relying almost exclusively on extrapolation from the 
optical and mid-infrared as the avenue towards studying galaxy evolution.and 
star formation rates 

•  We know this extrapolation is pretty good 
•  But how good? 

COSMOS 24µm image 

From 24µm From rest frame UV From submm/radio 
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•  But how good? 

COSMOS 24µm image 

From 24µm From rest frame UV From submm/radio 

Our community has been relying almost exclusively on 
extrapolation from the optical and mid-infrared as 
the avenue towards studying galaxy evolution.and 
star formation rates 



The IR ‘excess’: overpredicted SFR from 24µm at z∼2 
SFRs based on 24-μm and Chary & Elbaz 01  templates 

overpredict the calorimetric FIR by factors of 4-7.5 at 
z∼2 

Change of SEDs’ PAH/IR at given L, or mid-IR contribution by 
(obscured) AGN? 

Nordon et al. 2010, 2011 + Elbaz et al. 2010 

Extrapolations from rest-frame UV overpredicts by a factor of ∼2 
 modification of extinction law needed? 



Reconstructing average mid-to FIR SEDs of z∼1-2 FIR 
detected galaxies 

SEDs and νLν(8)/IR from combination of Herschel/PEP with deep 
Spitzer MIPS/IRS peakup imaging  

Nordon+ 1106.1186 



BzK 

PACS-deep 

PACS-shallow 

What is the importance of above-MS star 
formation? 

Rodighiero+11 
A&A in press 



Objects >4x above main sequence 

∼10% of SF density 

~2% of number 
density 

On average, each galaxy 
~20Myr in this phase - 
short wrt period of 
elevated SFR in major 
mergers 

Not all galaxies going 
through major merger in 
1.5<z<2.5 



Properties of the most luminous IR galaxies:  
the case for SMGs 

Star formation rates ∼1000 M⁄/yr 

..  Note selection effects 

Magnelli et al. 2010 and in prep., see also Chapman et al. 2010 

SMGs 

OFRGs 

Heterogeneity of the 
SMG 
population: 

1. Extreme LIR (~1013 L⁄) 
and warm Tdust (50 K) 

2. Fainter LIR (few 1012 
L⁄) and colder Tdust 
(20-30 K) 

1.  Major Merger       
        vs. 
2. Secular Evol. 
         ? 



Using Herschel to study AGN host star formation 

QSO SEDs from Netzer+07 

FIR is SF indicator down 
to L(FIR)~0.1 L(BOL,AGN) 

F. Pozzi et al.: The AGN content in ULIRGs at z∼2

Fig. 1. b) As in Fig. 1a.

component, the free parameters is related to the choice of the
best-fitting template among the starburst template library.

The given number of free parameters means that the accept-
able solutions, within 1(3)σ confidence levels, are derived, for
each source, by considering the parameter regions encompassing
χ2min+(12.65, 28.5), respectively, in presence of 8 and 9 degrees
of freedom (d.o.f.; see Lampton et al. 1976).

4. AGN fraction
4.1. SED-fitting results

In Fig.1a,b the observed UV–160 µm SEDs are reported along
with the best-fitting solutions (black lines) and the range of AGN
models within the 3σ confidence level (filled region).

All the sources need a host-galaxy (red dotted line) and a
starburst component (green dot-dashed line). The host galaxy
dominates the UV–8 µm photometry (at z ∼ 2, the IRAC 8 µm
filter samples the 2.7 µm rest-frame), while the starburst compo-
nent dominates at longer wavelengths. For the 3 sources with no
PACS detection (U5050, U5152, and U5153), the starburst com-
ponent is required by the SED-fitting procedure to reproduce the
mid-IR spectral data, although its shape is not well constrained.

5

Pozzi+11, A&A  
submitted 

The AGN 
content in 
ULIRGs at z∼2 
from Herschel 

ULIRGs at z∼2 are 
mainly powered by 
star-formation. AGN 
detected in ∼35% of 
the sources but its 
energy contribution 
L(8-1000 μm) is only 
∼5% (∼23% over the 3–
35 μm range)  



AGN over a wide L,z range 



P. Santini et al.: Enhanced SFR in AGN hosts from PEP-Herschel observations

Fig. 8. Same as Fig. 5, for low luminosity AGNs (see text) on the le f t and high luminosity AGNs on the right. The non-active galaxies are also
slightly changed, since they are randomly extracted from the total control sample to be mass-matched to the corresponding AGN subsample.

not strongly correlated. These two modes reflect in different loci
occupied on a νLν(60µm) vs LAGN plane (see Fig. 6 of Shao et al.
2010 and discussion therein): the co-evolution phase takes place
along a diagonal line (Netzer 2009), since the large amount of
gas driven to the centre triggers both AGN fuelling and intense
SF bursts, leading to a correlation between AGN luminosity and
SF activity in the host; on the other side, low luminosity AGNs
lie on flatter relations, and the nuclear accretion and secular, non-
merger driven SF are expected to evolve independently.

The luminosity thresholds adopted to split the sample were
chosen according to the results of Rosario et al. (in prep.), where
we extend the Shao et al. (2010) analysis by including more
Herschel fields and make use of a larger dataset which allows
sampling of both low and high luminosity AGNs. We present
similar results with respect to the Shao et al. (2010) study up
to z ∼ 1, while the transition between low-LX/secularly evolv-
ing AGNs and high-LX/co-evolving systems seems to flatten out
at higher redshift. This explains the larger SF enhancement ob-
served at low redshift with respect to higher z. This behaviour
is expected for two reasons: first, given the lower normalization
of the main sequence at low redshift, we are more sensitive to
merger-induced SF bursts; second, larger errors at high z and
possible gas feeding through secular processes (besides major
mergers) can wash out the observed SF offset.

The above scenario explains the larger νLν(60µm) enhance-
ment (with respect to mass-matched inactive galaxies) observed
in high-LX AGN hosts, whose bolometric AGN luminosities are
greater than log LAGN ∼ 44.5 − 45.5 erg s−1 3, and therefore
mostly lie on the co-evolution relation in the νLν(60µm) vs LAGN
plane (see above). We remind that contamination from the AGN
could affect the FIR luminosity estimate in a fraction of the
brightest (log LX > 44 erg s−1) hosts (see Rosario et al. in prep.
for further details).

On the other hand, the Shao et al. (2010) picture does not pre-
dict any νLν(60µm) enhancement, i.e. SF enhancement, in low-
LX AGNs. The offset in low-LX is therefore, rather surprising.
We suggest some interpretations to explain it in the next section.

3 Intrinsic 2-10 keV luminosities are converted into bolometric AGN
luminosities by using Eq. (5) of Maiolino et al. (2007) and adopting a
ratio of 7 between bolometric and 5100 Å luminosity.

5.2. SF enhancement in low-LX AGN hosts:
non-synchronous accretion/SF histories or break in the
dichotomy?

While the FIR enhancement in bright AGN hosts can be ex-
plained by merger-induced SF bursts, the twofold AGN evolu-
tionary path that we suggested in Shao et al. (2010) cannot ex-
plain any SF enhancement in low-LX AGN hosts. However, a
modest but significant offset of ∼ 0.3 − 0.4 dex at a > 5σ confi-
dence level is measured with respect to the mass-matched inac-
tive control sample. We suggest here some possible reasons for
this enhancement. They may be broadly classified as enhance-
ments in a subset of AGN hosts, due to major galaxy mergers, or
enhancements in most AGN hosts, due to secularly driven rela-
tionships between accretion and star formation.

The first group of possibilities implies that in objects fol-
lowing a ’merger’ co-evolution, the instantaneous AGN accre-
tion and star formation rate are not well synchronised, even if
causally linked. This will lead to complex evolutionary tracks in
a LFIR/LAGN diagram such as Fig 6 of Shao et al. (2010), and to
merger-enhanced SFRs being present in objects with low AGN
luminosity. Specifically, it is plausible to discuss the case of de-
layed AGN feeding with respect to the onset of the SF episodes
induced by the gas inflow during major interactions. This cir-
cumstance is suggested by several models (DiMatteo et al. 2005;
Hopkins et al. 2006; Netzer 2009), which assume that AGNs are
fuelled only when substantial amounts of gas can reach the cen-
tral black holes. It is in line with the classical local ULIRG-to-
QSO transition scenario (Sanders et al. 1988b, 1989; Sanders &
Mirabel 1996), and would concern a small number of strongly
SF galaxies. It is also supported by simulations of accretion/SF
histories in SMGs, which show they are not strictly synchronized
(e.g. Hayward et al. 2011). Netzer (2009) argues that the left up-
per portion of the νLν(60µm) vs LAGN diagram is not empty, but
it is rather filled by ULIRGs and SMGs, characterized by huge
SFRs and modest AGN contribution (see also Fig. 6 of Lutz et al.
2010). According to the evolutionary sequence for the starburst–
AGN co-evolution suggested by Netzer (2009), the SF episode
starts first, and only after a certain time lag (∆tS F) does enough
cold gas reach the centre and the black hole accretion begin.
Simulations prefer a long ∆tS F compared to the rise time of the
AGN phase (∆tAGN). Such a model is qualitatively compatible
with the SF offset we measure only if AGN duty cycles are long
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 Smaller enhancement in 
moderate luminosity AGN 

(Lx<1044.5) 

Enhanced SFR in AGN hosts 

Larger enhancement in  
high luminosity AGN 

(Lx>1044.5) 

   Low LX AGN hosts undergo secular evolution 
   Luminous AGNs co-evolve with their hosts 
through major merger iteractions 

Santini et al. 2011, in preparation 



AGN / host coevolution: Merger vs. secular 

Shao et al. 2010, Rosario et al. in prep. 
(see also Lutz et al. 2010 submm results, Mullaney et al. 2010 
Spitzer, Mullaney+ 2011 GOODS-Herschel) 

IRAS/BAT 



Feeding the Giants with PEP 

Morphology of 
high-z dusty 
galaxies 

3-D spectra of 
high-z ULIRGs 

Thousands of 
IR galaxies 
and AGNs 


