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Some of the Tools of the Trade 
IRAS 

ISO 

Spitzer Herschel 

60-cm 65-cm 

84-cm 

3.5-m 



The emission of dust:  
mid and far-IR 

Warm dust 
heated by AGN 



IRAS found a mid-IR excess 
in some galaxy SEDs 

25-μm excess observed with 
IRAS (Miley+ 1984) modeled by 
Rowan-Robinson & Crawford 
(1989) as dust thermal emission 

 Galaxy SEDs are a 
mixture of 3 components: 

 * optically thin ‘cirrus’  
 * M82-like starburst  
 * AGN dust torus    



HOW TO GET A 
TORUS MODEL 

1.  geometry 
2.  dust distribution and properties 
3.  grid of parameters 
4.  input primary source  
5.  solve the radiative transfer eq. 
6.  SED output 

SMOOTH CLUMPY 

Pier+Krolik+92, Granato&Danese+94, 
Stenholm+94, Efstathiou&Rowan-
Robinson+95, Manske&Henning +98, 
van Bemmel&Dullemond+03, 
Schartmann+05, Fritz+06, Feltre+12 

Nenkova+02,08a,b,  
Dullemond&vanBemmel+05, 
Hönig+06, Schartmann+08 

Courtesy of A. Feltre Bi-phase model (Stalevski+13) 



ISO SWS Spectroscopy: powerful tool to 
distinguish star-formation (PAHs) from 

AGN activity (continuum) 

(i.e. Laurent+ 2000) 

•  PAH features: star-formation 

•  Warm continuum: AGN 



Spitzer-IRS: the 9.7 μm silicate 
absorption feature & obscured AGN  

9.7 μm 



SPITZER-IRS Spectroscopy: AGN vs. SB 



Bologna	


pre- and post-Spitzer mid-IR line 
diagnostics for SF galaxies and AGN FIR Template Spectra

• 6 – 11 m PAH features: good star formation tracer
(insensitive to old stellar population)

• Shifted into FIR for high-z sources

Genzel et al., 1998

AGN 1
AGN 2
SB

Highly
obscured 
ULIRG

Tomassin et al, 2010
Tomassin et al, 2010
Brandl et al., 2006

Sturm 2011
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BUT: Spectroscopy is not often 
available…. 

AGN selection from IRAC colours 

Problems: 
- galaxy contamination 
- at z>2 IRAC samples a mixture 
of stellar and AGN emission  
=> difficult to model 

Donley+12 

  z=2 

z=0 

z=2 

z=0 

Stern+05 

SB 
Normal 
gal 

AGN 



AGN & QSO 

Polletta+ 07 

Chary & Elbaz 01 

 Star forming gal’s

Siebenmorgen & Krügel 07 

~7000 SEDs 

Template SED of normal 
and active galaxies 

Draine & Li 2007 

105 semi empirical templates 



Main differences 



The HERSCHEL observatory 

Launched May 14th 2009 

Died officially April 29th 2013 



Galaxy SEDs after Herschel 

Elbaz+ 11 

The measure of LIR
tot 

remains  ~robust IF 
Herschel data are 
available 

Casey+ 12 

At z>1.5 CE01 templates 
fail in estimating LIR 

BUT… 



Interpretation 
The local templates fail in reproducing the  
SEDs of high redshift galaxies 

Why? 

Because high-z (U)LIRGs are not analogs of  
local ones. 

They are analogs of local “normal” galaxies,  
Simply scaled in luminosity (luminosity  
evolution) 

Basically NO SED EVOLUTION 



AGN SED in the far-IR is always 
dominated by SF (NOT in the mid-IR) 

•  mid-IR sensitive to 
AGN contribution 

•  Far-IR dominated 
by star formation, 
secure measure of 
the (obscured) SFR  

Blue: AGN-torus 
model 
Green: IR starburst 
Dark green: stellar 
component 
Black:total SED  

Hatziminaoglou+ 10 



SED/Galaxy evolution in the IR 

Large variety of IR  
SEDs :  
Many (≥50%) show  
the presence of AGN  
(in agreement with local 
Spitzer works, i.e. Schmidt+07) 

Polletta+ 07 templates still  
representative of the bulk of Herschel sources up to z~4,  
with some modifications, mainly for AGN SEDs (higher far-
IR, Gruppioni+ 10; +13) 

Gruppioni+ 13 

SED-fitting for >7000 Herschel-PEP 
sources (PACS+SPIRE fluxes) 



The Total IR LF up to z≈4 
 STRONG EVOLUTION with z 

z 

Gruppioni+ 13 



GLOBAL EVOLUTION 

EVOLUTION OF DIFFERENT SED-TYPES 

Gruppioni+ 13 

Evolution of the total IR 
Luminosity Function in terms 
of L* (luminosity) and Φ* 

(density) evolution with z 



The Total IR Luminosity Density ρIR: 
contribution from different SEDs 

 	  	  	  	  	  	  	  	  	  Herschel (Gruppioni+13) 
        Spitzer (Le Floc’h+ 05) 
      Spitzer (Caputi+ 07) 
      Spitzer (Magnelli+ 11) 
      Spitzer (Rodighiero+ 11) 

Gruppioni+ 13 

SF-AGN dominate ρIR at 
1 < z < 3 

BUT two types of  
SF-AGN  

SF-AGN(Spiral) 
SF-AGN(SB)   



The Total IR Luminosity Density ρIR: 
contribution from different SEDs 

 	  	  	  	  	  	  	  	  	  Herschel (Gruppioni+13) 
        Spitzer (Le Floc’h+ 05) 
      Spitzer (Caputi+ 07) 
      Spitzer (Magnelli+ 11) 
      Spitzer (Rodighiero+ 11) 

Gruppioni+ 13 

SF-AGN dominate ρIR at 
1 < z < 3 

BUT two types of  
SF-AGN  

SF-AGN(Spiral) 
SF-AGN(SB)   

SF-AGN(Spiral) 

SF-AGN(SB) 



What do we learn ? 

Twofold evolutionary scheme for IR 
gal’s: 

1)  AGN-dominated sources detected in 
far-IR during an active starburst phase  
 red spheroid?  

2)  low-l AGN systems: in a (long-
lasting) transition phase between 
moderate starbursts and steady spiral 
galaxies. 



What do we learn ? 

Twofold evolutionary scheme for IR 
gal’s: 

1)  AGN-dominated sources detected in 
far-IR during an active starburst phase  
 red spheroid?  

2)  low-l AGN systems: in a (long-
lasting) transition phase between 
moderate starbursts and steady spiral 
galaxies. 

z!1 z!4z=0

SPIRAL SF-AGN(Spiral) STARBURST

SF-AGN(SB)AGN1 / AGN2ELLIPTICAL



Rodighiero+2011 

Which is the role of AGN in the 
SFR-M* relation? 



New Templates for MS and SB 
galaxies: no AGN? 

!"#$%&'()"*! !!! """#$%&$'$()"*+,"-*'*.)"/0$'12$+"3""!#"$%&!'()*+!,%&!-./01 !"!"" "456#7"489/+8/":$;<%=$>""!"?@"A*)"?BCD"

5;$E$FE)>98*'"6G"4HI%"$J""
A*9+"4/K1/+8/"L"4E*;M1;%E"(*'*.9/%"

Elbaz +11 
CD"

Elbaz+ 11 

the mid-to-far 
IR emission of 
X-ray active 
galactic nuclei 
(AGN) is 
predominantly 
produced by 
star formation 

Just 2 
prototypical 
SEDs needed 
to reproduce 
all the 
luminosity 
relations 



✚      SF-AGN     ✚     AGN1         ✚     AGN2   

Looking at the SED-class of MS/
off-MS sources we find that … 

MS: @z=1 
Elbaz+07 

off-MS: 
> 4xMS 

MS: @z=2 
Daddi+07 

(Rodighiero+11)	  

off-MS: 
> 4xMS off-MS: 

> 4xMS 

At any redshfts most of the off-MS sources  
(SFRs > 4 x (SFRs)MS at a given M*; Rodighiero+ 
11) have AGN SEDs (SF-AGN or Power-Law) 

High SFRs -> AGN activity -> ?positive Feedback? 

Gruppioni+ 13 



MS or not MS ? 

8 LEE ET AL.

(2003) with an IMF from Chabrier (2003) and an expo-
nentially declining star formation history, and we convert
these masses to a Salpeter (1955) IMF by multiplying
by a factor of 1.8 (as in Micha�lowski et al. 2012). We
calculate total SFRs for each galaxy by combining their
unobscured SFR from GALEX (Muzzin et al. 2013) with
obscured SFR from LIR using the conversion

SFR(M⊙ yr−1) = 4.5× 10−44LIR(erg s−1) (1)

given in Kennicutt (1998), although due to our Herschel
selection, the obscured star formation dominates the SFR
in most of our galaxies. We plot SFR and M∗ of all our
galaxies in Figure 7. For comparison, we also include
“main sequence” lines for three redshift bins: z ∼ 0, 1, 2
(Daddi et al. 2007; Elbaz et al. 2007).
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Figure 7. Stellar Mass vs. SFR of our entire Herschel sample,
colored by redshift. Our redshift bins span z < 0.5 (purple), 0.5 <
z < 1.5 (blue), 1.5 < z < 2.5 (yellow), and 2.5 < z < 3.0 (red).
Colored solid lines represent the “main-sequence” of galaxies at
z ∼ 0 (purple, Daddi et al. 2007), z ∼ 1 (blue, Daddi et al. 2007),
and z ∼ 2 (yellow, Elbaz et al. 2007), and the horizontal dotted
lines simply mark the star formation rates that correspond to the
infrared luminosities of LIRGs, ULIRGs, and HyLIRGs.

At all redshifts, we see no evidence that the Herschel-
detected galaxies in the COSMOS field concentrate on
the nominal main-sequence trends plotted, but instead
appear to have a much flatter distribution with stellar
mass. We stress that Herschel observations of COS-
MOS generally sample only the most luminous regime
of the SFR/M∗ plane, so we can not make any state-
ments about galaxies at lower luminosities. Indeed, in a
mass-selected sample, the Herschel-selected galaxies rep-
resent only a small percentage of the total number of
galaxies (e.g. Rodighiero et al. 2011). However, our sen-
sitivity in SFR is sufficient enough such that we should
still see evidence of galaxies clustering or concentrat-
ing around the “main sequence” relation if such were

the case. To demonstrate this, we model a population
of 4000 galaxies at a redshift z = 1 with masses be-
tween 9.5 <log(M∗) < 11.5 that follow the SFR/M∗
main-sequence from Bouché et al. (2010), who provide a
redshift-dependent functional form of the main-sequence.
We then simulate our Herschel selection by removing
all sources with SFR< 50M∗/yr, the approximate se-
lection function at z = 1 (see Figure 1). Over 1000
such simulations, we find an average of 37% of the re-
maining simulated galaxies lie more than 0.3 dex off the
main-sequence, with a maximum of 44%. In contrast,
∼ 60% our Herschel galaxies lie more than 0.3 dex above
the redshift dependent main-sequence. Thus, we find
almost twice as many galaxies above the SFR/M∗ main-
sequence as would be expected.
These results are similar to those found in Rodighiero

et al. (2011), who see that the Herschel PACS detected
galaxies in their sample have a relatively flat distribu-
tion across stellar mass. However, Rodighiero et al.
(2011) suggest that the presence of a large population
of color-selected BzK galaxies that lie on the main-
sequence dominate the number counts such that the over-
all population of star-forming galaxies still follows the
general main-sequence trend. This may be the case at
low masses, but at the high mass end where the main-
sequence lies above the Herschel sensitivity limits, this
cannot be the case unless there exists a large popula-
tion of extremely UV bright, infrared dim objects with
high star formation rates (SFR > 100 M⊙/yr) that are
missed by Herschel. A more likely explanation is that
SFR indicators based on IR data, which directly mea-
sure the obscured star formation, differ greatly from SFR
indicators that are based on measuring the unobscured
star formation rate and applying a correction for dust.
Indeed, for our sample of Herschel sources, we find that
the optically derived total SFRs (corrected for dust) un-
derpredict the far-infrared derived total SFR by a factor
of 2.7 (median) to 9.6 (mean).
Because our sample is essentially a SFR selection,

we cannot infer anything about the main-sequence be-
low our selection limits. It may be that galaxies at
low star formation rates follow the “main sequence”,
but at star formation rates above a specific limit (e.g.
SFR> 100M⊙/yr at z ∼ 1), galaxies deviate significantly
from the main sequence, as seen in local galaxy samples
(Larson et al. in prep). One possible physical explana-
tion may be that the high star formation rates probed
by Herschel observations require more extreme physical
processes, such as galaxy mergers (Hung et al. 2013).

5.2. Mid-Infrared to Far-Infrared Diagnostics

Recent studies of Herschel-selected galaxies in
GOODS-N and GOODS-S (E11, Nordon et al. 2012)
have concluded that most infrared luminous galaxies at
redshifts z ∼ 0–3 have a constant ratio of total in-
frared luminosity (LIR) to νLν at 8µm (L8), defined as
IR8 ≡ LIR/L8. E11 find that most infrared luminous
galaxies at these redshifts follow a Gaussian distribution
centered on IR8 = 4 (σ = 1.6), which they claim defines
an “infrared main sequence for star-forming galaxies in-
dependent of redshift and luminosity”. Those few galax-
ies which lie above the “infrared main sequence” were
classified by E11 as a population of “compact starburst
galaxies”, as opposed to more extended star-forming re-

“At all redshifts, we see no evidence 
that the Herschel- detected galaxies 
in the COSMOS field concentrate on 
the nominal main-sequence trends.” 

Lee+ 2013 

A Multiwavelength Consensus on the Main Sequence of Star-Forming Galaxies at z ∼ 2 11

Figure 7. Comparison in the SFR-stellar mass plane of the SFR from stacked radio data (magenta shaded region, Karim et al. 2011)
and stacked far-IR data (green data points, as in Figure 2 for the good-sBzK). We also report SFR(global SED-fit) for sBzK sources as
derived in three mass bins using the median SEDs (from near-IR up to submillimeter) as derived by Magdis et al. (2012). The small
black points refer to the SFR(UV) for the good-sBzK.

ous mass bins along the MS. As anticipated in Section 3.2,
Magdis et al. (2012) have obtained average mid- to far-IR
SEDs of z ∼ 2.0 MS galaxies in three stellar mass bins, de-
rived by stacking observed data from 16µm up to 1100µm.
They also provide the total IR luminosities of each tem-
plate for each mass bin, that we converted into an average
SFR with Kennicutt (1998). The results of this exercise are
shown as blue filled squares in Figure 7, and the resulting
SFR-mass relation is fully consistent with the MS defined
by UV, Herschel and radio data, providing a further sup-
port to the concordance of average SFR indicators at z ∼ 2.
It is certainly reassuring that by applying different crite-
ria for mass-selected samples and different SFR indicators
we obtain consistent results in such a wide range of stellar
masses.

3.5 SFR from Hα Luminosity

As mentioned in Section 2.3, a fraction of the star-forming
with photometric redshifts in the range 1.4<∼z<∼1.7 have been
selected as targets for the Intensive Program at the Subaru
telescope with the FMOS near-IR spectrograph (J. Silver-
man et al. in preparation; Kashino et al. 2013). The first
observing runs in the H-long band have provided the de-
tection of Hα and spectroscopic redshifts for 271 galaxies,
168 of them having high quality (flag = 2) line detections.
Kashino et al. include in their analysis also FMOS spec-
troscopy in the J-band, to assess the level of dust extinction
by measuring the Balmer decrement using co-added spec-
tra. They found that the extinction at Hα is an increasing
function of stellar mass and they provide a linear empiri-
cal relation between these two quantities, as AHα " 0.60 +
1.15 (log[M∗/M"] − 10). In this work we adopt this recipe

c© 2012 RAS, MNRAS 000, 1–14
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Figure 1. Left panel: comparison of SFR(UV) and SFR(FIR) for a sample of 473 sBzK at 1.4 < z < 2.5 with a PACS/Herschel detection
in the COSMOS field. The right panel shows the SFR-stellar mass relation for various samples, namely: parent sBzK sample (the so-called
good subsample, see text for details, small black dots) for which SFR(UV) is reported, the PACS-detected sBzK sources shown in the
upper panel, with SFR(FIR), and for the same group of galaxies the green open circles represent the corresponding SFR(UV). The solid
(dotted) line indicates the MS (SFR(UV)= 4×SFR(MS)) relation at z ∼ 2 (Rodighiero et al. 2011).

The results of this procedure are presented in Figure 2. We
considered the whole sBzK sample at 1.4 < z < 2.5, and
then separately the good- and bad-sBzK sub-samples, rep-
resented by small black dots and small magenta dots, re-
spectively. The big red filled circles show the average SFR
derived by stacking on the PACS maps only the good-sBzK
(with the corresponding best linear fit shown as a dashed
red line, slope α = 1−β = 0.86±0.08). The magenta circles
refer instead to the stacking results for the bad-sBzK (slope
α = 1−β = 0.47± 0.12) whereas the green data points rep-
resent the SFR obtained by stacking the whole sBzK pop-
ulation, with the corresponding best linear fit shown as a
dashed green line (slope α = 1− β = 0.74 ± 0.11).

Overall, there is a nice agreement of SFR(UV) and
stacked SFR(FIR) for the good-sBzK sample, largely amend-
ing the discrepant results when using only the individu-
ally PACS-detected sources (Figure 1). The MS slope us-
ing SFR(FIR) (α = 1 − β = 0.86 ± 0.11) is consis-
tent within the errors with that derived using SFR(UV)
(α=1 − β=0.79±0.10, Rodighiero et al. 2011). This argues
for the correlation of SFR(UV) and SFR(FIR) to be fairly
good for the general MS population at z ∼ 2, a correlation
that instead clearly fails catastrophically for the most ob-
scured starburst sources, which represent only few percent
of the star-forming galaxies at the same cosmic epoch (Fig-
ure 1). Still, it is somewhat intriguing that for these galaxies
(the green open circles in Figure 1) the ‘wrong’ SFR(UV)
places them within the main sequence, probably because the
optical colours refer only the small fraction of the SFR which
is not fully buried in dust.

Figure 3 further illustrates and quantifies these findings.
The data points represent the SFR(FIR)/SFR(UV) ratio for
the good-sBzK galaxies which are individually detected by
the Herschel/PACS PEP survey over the COSMOS field. At

low masses this ratio is very high (∼ 10) and decreases with
increasing mass reaching near unity towards the high mass
end. However, at low masses only 0.4% of the good-sBzK
galaxies are detected in the infrared, i.e., only the extreme
outliers. Then the fraction of FIR-detected galaxies increases
with stellar mass, reaching ∼ 16% at the top end. This is
still far from 100%, as the PEP data are not deep enough
to recover all galaxies even at the top mass end. Notice that
the minimum measured SFR(FIR) (# 200M!yr

−1) refers
to z = 2, and increases with redshifts, whereas the com-
pleteness of the PEP catalog starts dropping at substan-
tially higher values (Rodighiero et al. 2011). In deeper PEP
observations, such as those on the GOODS-South field, the
fraction of massive galaxies which are detected does indeed
approach 100% (Rodighiero et al. 2011). A further confir-
mation that SFR(UV) does not systematically deviate from
SFR(FIR) comes from the stacking of the Herschel/PACS
data discussed above and illustrated in Figure 2. The al-
most horizontal line in Figure 3 shows the ratio of the best
fit SFR(FIR)−M∗ and SFR(UV)−M∗ relations from Figure
2, thus emphasizing that both methods of deriving the SFR
are fully consistent for the vast majority of the galaxies, with
the exception of a lesser minority of outliers.

When including all sBzK in the far-IR comparison
(green circles and green line), the slope of the Herschel de-
rived MS (α = 1 − β = 0.74 ± 0.08) is still largely over-
lapping with that derived from the UV. For what concerns
the bad-sBzK sample alone, Figure 2 indicates that at low
masses (M∗ < 1011M!) the mean SFR(FIR) is consistent
with that of the most reliable SFR(UV) sample, while at
higher masses it is systematically lower, hinting for a con-
tamination by passive sources into the star-forming color
selection. To check for this possibility in the next section we

c© 2012 RAS, MNRAS 000, 1–14

Rodighiero+ 2014 

“There is overall agreement between 
the main sequences derived with the 
two SFR indicators [IR, UV], when 
stacking on the PACS maps the BzK-
selected galaxies.” 

1.4 < z < 2.5 



Delvecchio+13	

Merloni+08	

Merloni+12	

Hopkins+07	


SFRD 

Burgarella+13	  

BHARD vs z from IR SEDs 

I) Galaxy: MAGPHYS (da Cunha+08) 
   Energy balance 

II) Torus: Fritz+ 06 (Feltre+ 13) 

[ implemented in MAGPHYS by 
Berta+ 13 ] 

BHARD 

Delvecchio+14	  



KBOL =
Laccr,INPUT
L1!1000µm

"

#
$
$

%

&
'
'BEST!FITMODEL

Hopkins+07  Almost 1 dex smaller 
than other bands 

No dependence on 
 bolometric  luminosity  
(required by Hopkins+07 
 to match type I AGN LF 

in different bands. 
Mainly based on 

Richard+06 SED). 

Weakness of IR 
relies on assumed torus 
model 

Bolometric Correction 

DelVecchio+ 2014 



BHAR LF 
Agreement with Hopkins+ 07:  
BUT Completely independent determination 

DelVecchio+ 2014 
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Figure 10. Accretion LF (open circles with 1σ Poissonian uncertainties) derived from PEP data. The black solid line represents our best-fit LF, whereas the
red dash-dotted line is the best-fit curve of the AGN bolometric LF, as derived by Hopkins et al. (2007, hereafter H07). In each redshift bin we report the
median redshift value of the AGN population, both for this work and for H07.

Table 1. List of best-fit parameters of the AGN bolometric LF with related ±1σ uncertainties.

z-bin α σ log10(L
�/L⊙) log10 Φ

� ( Mpc−3 dex−1)

0.1 ≤ z < 0.3 1.97±0.25 0.54±0.31 10.91±1.96 –4.35+0.93
0.3 ≤ z < 0.7 1.48±0.22 0.54±0.31 11.34±0.14 –4.03±0.31
0.7 ≤ z < 1.2 1.48±0.22 0.54±0.31 11.96±0.15 –4.47±0.31
1.2 ≤ z < 1.8 1.48±0.22 0.54±0.31 12.61±0.24 –5.00±0.55
1.8 ≤ z < 2.5 1.48±0.22 0.54±0.31 12.96±0.18 –5.15±0.44
2.5 ≤ z ≤ 3.8 1.48±0.22 0.54±0.31 12.92±0.22 –5.40±0.61

by Herschel, is expected to be placed. We carried out this analy-
sis separately for GOODS-S and COSMOS fields. As mentioned
before, the AGN bolometric LF shown in Fig. 9 already incorpo-
rates the correction for incompleteness. This means that our LF is
supposed to account for all active galaxies with Saccr ≥ Saccr,lim,
either above or below the Herschel detection limit. This allows us
to remove the observational bias due to our FIR selection.

In the luminosity bins which are populated by both GOODS-S
and COSMOS AGN at the same time, the two accretion luminosity
functions are in reasonably good agreement one with the other. In
the first redshift bin we find a large gap (∼1 dex) in the connection
point between the two surveys, but the very low statistics (only two
objects per field) makes the two LF broadly consistent within 2σ.

A Monte Carlo (MC) simulation has been performed to ac-
count for all the uncertainties in Lbol,AGN associated to the objects

in the same redshift and luminosity bin. For each object belonging
to a given (Lbol,AGN, z) bin, we randomly extract an individual
Lbol,AGN value from the whole PDF distribution, using the intrin-
sic shape of the PDF as the weight. Then, using these random val-
ues of Lbol,AGN, we compute the LF for this simulated sample.
By iterating the same MC simulation 100 times, we characterise
a range of ΦMC(L, z) defining the uncertainty region associated
with each LF datapoint Φ(L, z). In Fig. 9 we show our accretion
LF (black circles) with its related ±1σ confidence region (green
dashed areas). The size of the uncertainty region is tipically compa-
rable to the Poissonian error bars, except for the less populated bins
(large Poissonian error bars). The limits drawn by MC simulations
have been used to provide an uncertainty range for the integrated
LF (see § 5).

c� 20?? RAS, MNRAS 000, 1–20
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Figure 12. Black Hole Accretion Rate Density estimate from the AGN bolometric LF as a function of redshift (black circles). The red shaded area shows the
± 1σ uncertainty region. Previous estimates from different selection wavelengths (from Merloni & Heinz 2008, and H07) are reported for comparison.

5 SMBH GROWTH ACROSS COSMIC TIME

Given the estimated LF, we are able to derive the Black Hole Ac-
cretion Rate Density (BHAD or Ψbhar) over cosmic time, from
z ∼3 down to the present epoch. This quantity is fundamental for
characterising the effective growth of AGN and is defined by the
following expression:

Ψbhar(z) =

� ∞

0

1− �rad
�rad c2

Lbol,AGN φ(Lbol,AGN) d logLbol,AGN

(7)
where all the ingredients are already available. The only parameter
that still needs to be adopted is the radiative efficiency. We use �rad
= 0.1 and constant with redshift and intrinsic AGN luminosity (see
H07).

5.1 Comparison with previous results

In Fig. 12 we report our BHAD estimate compared with previous
findings from the literature.

Merloni & Heinz (2008, hereafter MH08) estimated the
BHAD from the evolution of the hard X-ray LF taken by Silver-
man et al. (2008) and accounting for a distribution of luminosity-
dependent NH (Hydrogen column density along the line of sight)
and a set of X-ray bolometric corrections from Marconi et al.
(2004). By solving the continuity equation for the SMBH mass
function (assuming its local value from Shankar et al. 2009) and
combining that with the evolution of the hard X-ray LF, they were
able to trace the BHAD also as a function of black hole mass and
accretion rate. It is worth mentioning that from Fig. 4 of MH08 it
is shown that most of the local (z ∼0.1) SMBH growth is hidden
in radiatively inefficient accreting systems, whose released energy
is dominated by kinetic feedback rather than radiative losses. Such
“silent” (Eddington ratio λEdd < 3×10−2) AGN population prob-
ably does not enter our sample and could be responsible for the
discrepancy (by a factor of about 1.7) shown in Fig. 12 in the lo-
cal BHAD between MH08, H07 and our estimate. As mentioned in

§ 3.2.2, H07 built up an observed quasar LF by consistently con-
necting different LFs, each one computed in a single wave band.

To guarantee a coherent comparison between our study and
other works taken from the literature, we checked that both MH08
and H07 have accounted for the fraction of missed AGN because of
their own selection effects. MH08 estimated the fraction of highly-
obscured (NH > 1.5×1024 cm−2) AGN from the X-ray back-
ground (XRB) sythesis models by Gilli et al. (2007). In particular,
they calculated the expected fraction between observed and unab-
sorbed 2–10 keV X-ray luminosity, by assuming a canonical AGN
X-ray spectrum (absorbed power-law with photon index Γ=1.8;
Tozzi et al. 2006), and as a function of obscuration in the range
21 < log(NH/cm

−2) < 24. For log(NH/cm
−2) > 24 they as-

sumed that the ratio between observed and intrinsic X-ray luminos-
ity was of the order of 2 per cent (Gilli et al. 2007).

H07 estimated the incompleteness fraction with a set of lumi-
nosity dependent NH distributions. First, they collected a wide set
of luminosity-dependent AGN spectral shapes and calculated the
bolometric correction distributions, in case of no obscuration. In
addition, they implemented three possible models for obscuration.
For each parametrization, H07 calculated the expected amount of
extinction in X-rays, optical and mid-IR. Finally, through a convo-
lution between AGN templates, bolometric correction distributions
and NH distributions, they were able to predict the incompleteness
fraction of AGN in each band.

Our estimates (black circles) have been derived by integrating
the best-fit curve of the LF, down to 108L⊙, in each redshift bin.
The red shaded area represents the ± 1σ uncertainty region. The
latter has been computed by accounting for the 100 different inte-
grated ΦMC(L, z) values and plotting their cumulative distribution
at 16 and 84 percentiles in each redshift bin. The BHAD seems to
evolve quickly from z > 3 to z ∼ 2, where it shows a peak, then
decreases towards the present epoch. Despite our AGN sample hav-
ing been selected and analysed independently of the previous ones,
the overall trend is consistent with others taken from the literature,
as shown in Fig. 5. This is not surprising, as both our estimate and
that obtained by H07 and MH08 have been already corrected for
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"BHAR (z) =
(1#$rad )LBOL,AGN

$radc
2 %(LBOL,AGN )d logLBOL ,AGN0
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  ASSUMPTION 
BH grows mainly by accretion 
LBOL=ε c2 dM/dt 
ε = radiative efficiency 

  RESULTS 
First time ψBHAR from IR  

ρBH,0=4.2 X 105 MMpc-3   
(Shankar, 2009)  ε =0.08 

0<z<3  
ψBHAR,IR ~ ψBHAR,X  

(consistent with Merloni+2012 
& Hopkins+2007) 

DelVecchio+ 2014 



BUT: sources classified on photometric 
basis only (SED-fitting) 

Large degeneracies in AGN models 

NEED for spectroscopic classification 
unaffected by obscuration 

MAGPHYS + AGN 
(daCunha+08 + Fritz+06 => Berta+12) 

AGN	  

extincted 
Stars+starb	  

Un-extincted 
Stars	  

TOTAL 



Main Herschel Results on SEDs 
• Distant (U)lIRGs are NOT analogs of Local  
  (U)LIRGs  

• Mergers are not critical and starbursts are not 
primary in the high-z Universe 

• Higher SFR sources have SEDs showing the 
presence of AGN	  

• Most AGN reside in normal galaxies   

• Far-IR SEDs of AGN dominated by SF 

• Be careful in conclusions on SFRs w/o far-IR 



Thank You ! 


