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The link between AGN and host 
galaxy properties 

AGN-Host Interplay 

• Black hole mass correlated to stellar mass of the 
host galaxy bulge 

• Similar evolutionary pattern 

Gultekin et al. 2009 

Hopkins & Beacom 2006 

Hasinger et al. 2005 

« M-σ relation (e.g., Magorrian+ 
1998; Ferrarese & Merritt 2000; 
Haring & Rix 2004) 

AGN-Galaxy Connection 

•  M-σ relation (e.g., Magorrian+ 
1998; Ferrarese & Merritt 2000; 
Haring & Rix 2004) 

•  Similar cosmic growth 
history: peak at z≈2, 
decline at later times (e.g. 
Barger+01, Merloni+04,06, Hopkins+04; 
Bouwens+10, Gruppioni’s & Burgarella’s 
talk) 

•  Need for negative AGN 
feedback in cosmological 
simulations (e.g., Croton+06) 

AGN and their host Galaxies are intimately connected 



The link between AGN and host 
galaxy properties 

«  Similar cosmic 
growth history: 

  peak at z~2,  
  decline at later  
  times (e.g.,  
  Barger+01,   
  Merloni+04,06,  
  Hopkins+04,  
  Delvecchio+14,     
  Madau&Dickinson   
  15, …) 

from Herschel 
Delvecchio+ 14 

from Herschel 
Gruppioni+ 13 

BHARD 
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Bowens+11	  



Mid-IR Spectroscopy: AGN versus Starburst 



Mid- and Far-IR Diagnostics 

at z>2 PAH lines 
redshifted in 
the SAFARI 
range 

Tommasin+10	  
Spinoglio+15	  

Plenty of strong 
mid‐ and far‐IR 
features to 
detect high-z 
galaxies and 
measure redshifs 

ê 
Disentangle AGN 
from starburst 



Broad-band SED-fitting Decomposition 

     	  

Modified MAGPHYS + AGN 
(daCunha+08 + Feltre+12 => Berta+13) 

CG, Berta, Spinoglio+2016, MNRAS subm. 

Some Examples of  
SED-decomposition 

Self-consistent link 
of the energy 
absorbed by dust in 
the UV-  and 
dust emission in 
the MIR/FIR + 
torus emission 

 
 
 
 
 
 
 
 
 

 
LACC from AGN  
torus model  
 
LSF from re-emitted 
 stellar light  
(LIR[8-1000μm] is a 
 proxy) 

MIR: 
for AGN 

FIR: 
for SF 



•  %AGN(5-‐40μm)<15%	  
•  %AGN(5-‐40μm)=15-‐40%	  
•  %AGN(5-‐40μm)=40-‐70%	  
•  %AGN(5-‐40μm)>70%	  

Lacc(IR) derived 
from SED-fitting  
(= Lbol

AGN(IR) ) 
compared to 
Lbol

AGN from 
other estimators 
(i.e. X-ray, [NeV], 
[OIV]) 

obscured? 

(From	  Brighman	  &	  Nandra	  2011)	  

(From	  Tommasin+	  2010)	  

(From	  Tommasin+	  2010)	  

CG, Berta, Spinoglio+ 2016, MNRAS submitted 



AGN vs. SF 

CG, Berta, Spinoglio+ 2016, MNRAS submitted 
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CG, Berta, Spinoglio+ 2016, MNRAS submitted 
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Redshift 
distributions of 
objects 
detectable in 
the different IR 
lines with 
MIRI/JWST and 
SMI+SAFARI/
SPICA 

Far-IR Line Luminosity as a tracer of BHAR 19

Figure 12. Redshift distribution (per unit area) of sources with fluxes of the different mid-IR lines larger than the MIRI-JWST
sensitivities (5σ, 10000s; left) and the SPICA ones (5σ, 10,000s; right), as expected based on the method described in this work. The
total (e.g., AGN+galaxies) number of sources per unit area (for SPICA it is the number detectable by both SMI and SAFARI instruments)
is shown as grey-filled histogram, while the AGN contribution is shown in red. The yellow and green histograms enlighten the SMI total
and AGN contribution respectively.

MNRAS 000, 1–23 (2015)

Able to observe 
100s of sources 
in the strongest 
lines (e.g. [OIV]) 
to z~3-4 



How deep? How far? 



Rodighiero+11 

MS @ z~2 



LIR~1011.5 L¤ 

LIR~1011 L¤ 

Rodighiero+11 

MS @ z~2 
z~2.5 z~3.5 

z~2 



SPICA SMI Photometric Survey 
at 30-37 μm

What if we want to reach higher redshifts?

Growth'of'Cosmic'Star0Forma2on'

SF'history:''Planck'Paper'30'

We'would'like'to'chart'the'
onset'and'early'growth'of'star'
forma2on'in'the'epoch'prior'to'
z=4'(the'first'1.5'Billion'years)'?'

e.g.'was'this'dominated'by'
massive'galaxies'or'small'ones?''
How'much'does'dusty'SF'
contribute?'

z>4'has'large'uncertain2es'and'
all'data'on'this'epoch'comes'
from'rest0frame'UV'/'op2cal'
surveys'(Lyman'break'sources)'
(GRB'measurements'and'
reionizaton'constraints'suggest'
flaWer'SFR'at'e.g.'z~7.)'

Require'redshi+,resolved'far,
IR'/'submm'luminosity'
func:ons'to'complement'UV,
based'studies.'

21/01/16' 4'MaW'Bradford'

Planck Collaboration: CIB anisotropies with Planck

of statistical and beam errors. The calibration uncertainties are
treated following the method described Sect. 5.2.

To be independent of the exact level of the Poisson and 1-
halo power spectrum in our linear analysis, we fit only for ` 
600 measurements. For such `s, contamination by the Poisson
and 1-halo terms is lower than ⇠10% (except for 3000⇥3000
where it reaches ⇠25% at `=502, see Fig. 10). We neverthe-
less add to our model the small correction due to the 1-halo
and Poisson terms, as derived from the Béthermin et al. (2013)
model.

5.4.2. Results

With a best-fit �2 value of 35 for 41 degrees of freedom, we ob-
tain a very good fit to the data. In Table 8 we quote median values
and marginalized limits for the parameters. The posterior value
of parameters for which we imposed a Gaussian prior (local ef-
fective bias and SFRD, plus calibration factors) are all within
the 1� range of the prior values (except the 857 GHz calibration
factor which is at 1.2�).

Fig. 11 shows the evolution of the star formation den-
sity with redshift (upper panel). Our derived star formation
history nicely agrees with the infrared measurements of the
dust-obscured star-formation rate density of Rodighiero et al.
(2010) and Magnelli et al. (2011), up to z ⇠ 2. At higher
redshift, our determination is marginally compatible (2�) with
Gruppioni et al. (2013), but in very good agreement with the
recent work of Burgarella et al. (2013) at z=3. We also com-
pared our measurements with the UV estimate of star formation
(not corrected for dust-attenuation) from Bouwens et al. (2007),
Cucciati et al. (2012), and Reddy & Steidel (2009). Below z ⇠ 3,
the bulk of the UV light emitted by young, short-lived stars is
reprocessed in the infrared. Above this redshift, we find that the
star formation probed in the UV and IR regimes have roughly an
equal contribution. The infrared regime alone is thus no longer a
good measure of the total star-formation rate density.

We also studied the evolution of the e↵ective bias (lower
panel of Fig. 11). We measure an increase of the bias with red-
shift. In Fig. 11 we compare the evolution of the galaxy dark
matter bias with that of dark matter halos of various mass (from
Tinker et al. 2008). Our results are compatible with the track of
dark matter halos with 1-3 1012 M�, corresponding to the halo
mass of maximal e�ciency of star formation, as found in re-
cent works (e.g., Béthermin et al. 2012b, Wang et al. 2013, and
Behroozi et al. 2013, and compatible with the related lensing
magnification study of Hildebrandt et al. 2013).

5.5. Halo model for CIB anisotropies

The halo model is a standard approach to describe the cluster-
ing of matter at all scales (Cooray & Sheth 2002). Starting from
the assumption that all galaxies live in dark matter halos, the
clustering power spectrum can be considered as the sum of two
components: the 1-halo term (labelled P1h), due to correlations
of galaxies within the same halo, is responsible for the small-
scale clustering; while the 2-halo term (P2h), sourced by galaxy
correlations in di↵erent halos, describes the large-scale cluster-
ing.

The galaxy power spectrum is completely characterized by
four main ingredients: the halo bias between dark matter and ha-
los; the halo density profile, describing the spatial distribution of
dark matter inside a given halo; the halo mass function, speci-
fying the number density of halos with a given mass; and a pre-

Fig. 11. Evolution of the star formation density (upper panel)
and e↵ective bias as a function of redshift (lower panel), as con-
strained by the linear part of the power spectra. In both panels,
the median realization of the model is represented with a red line,
the ±1� confidence region with a dark orange area, and the ±2�
region with a light orange area. In the upper panel, we added
the measurements of obscured star formation from infrared
(Magnelli et al. 2011, squares), (Rodighiero et al. 2010, aster-
isks), (Cucciati et al. 2012, diamonds), (Gruppioni et al. 2013,
crosses), and unobscured star formation from uncorrected UV
(Bouwens et al. 2007, triangles; Reddy & Steidel 2009, circles).
In the lower panel, we also plot the evolution of the dark mat-
ter halo bias for dark matter halo mass of 1011 M� (dashed line),
1012 M� (dot-dashed line), and 1013 M� (three-dots-dashed line).

scription for filling dark matter halos with galaxies, the so-called
Halo Occupation Distribution (HOD).

A common assumption in the simplest versions of the
halo model is that all galaxies have the same luminos-
ity, regardless of their host dark matter halo (Viero et al.
2009; Amblard et al. 2011; Planck Collaboration XVIII 2011;

21
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of statistical and beam errors. The calibration uncertainties are
treated following the method described Sect. 5.2.

To be independent of the exact level of the Poisson and 1-
halo power spectrum in our linear analysis, we fit only for ` 
600 measurements. For such `s, contamination by the Poisson
and 1-halo terms is lower than ⇠10% (except for 3000⇥3000
where it reaches ⇠25% at `=502, see Fig. 10). We neverthe-
less add to our model the small correction due to the 1-halo
and Poisson terms, as derived from the Béthermin et al. (2013)
model.

5.4.2. Results

With a best-fit �2 value of 35 for 41 degrees of freedom, we ob-
tain a very good fit to the data. In Table 8 we quote median values
and marginalized limits for the parameters. The posterior value
of parameters for which we imposed a Gaussian prior (local ef-
fective bias and SFRD, plus calibration factors) are all within
the 1� range of the prior values (except the 857 GHz calibration
factor which is at 1.2�).

Fig. 11 shows the evolution of the star formation den-
sity with redshift (upper panel). Our derived star formation
history nicely agrees with the infrared measurements of the
dust-obscured star-formation rate density of Rodighiero et al.
(2010) and Magnelli et al. (2011), up to z ⇠ 2. At higher
redshift, our determination is marginally compatible (2�) with
Gruppioni et al. (2013), but in very good agreement with the
recent work of Burgarella et al. (2013) at z=3. We also com-
pared our measurements with the UV estimate of star formation
(not corrected for dust-attenuation) from Bouwens et al. (2007),
Cucciati et al. (2012), and Reddy & Steidel (2009). Below z ⇠ 3,
the bulk of the UV light emitted by young, short-lived stars is
reprocessed in the infrared. Above this redshift, we find that the
star formation probed in the UV and IR regimes have roughly an
equal contribution. The infrared regime alone is thus no longer a
good measure of the total star-formation rate density.

We also studied the evolution of the e↵ective bias (lower
panel of Fig. 11). We measure an increase of the bias with red-
shift. In Fig. 11 we compare the evolution of the galaxy dark
matter bias with that of dark matter halos of various mass (from
Tinker et al. 2008). Our results are compatible with the track of
dark matter halos with 1-3 1012 M�, corresponding to the halo
mass of maximal e�ciency of star formation, as found in re-
cent works (e.g., Béthermin et al. 2012b, Wang et al. 2013, and
Behroozi et al. 2013, and compatible with the related lensing
magnification study of Hildebrandt et al. 2013).

5.5. Halo model for CIB anisotropies

The halo model is a standard approach to describe the cluster-
ing of matter at all scales (Cooray & Sheth 2002). Starting from
the assumption that all galaxies live in dark matter halos, the
clustering power spectrum can be considered as the sum of two
components: the 1-halo term (labelled P1h), due to correlations
of galaxies within the same halo, is responsible for the small-
scale clustering; while the 2-halo term (P2h), sourced by galaxy
correlations in di↵erent halos, describes the large-scale cluster-
ing.

The galaxy power spectrum is completely characterized by
four main ingredients: the halo bias between dark matter and ha-
los; the halo density profile, describing the spatial distribution of
dark matter inside a given halo; the halo mass function, speci-
fying the number density of halos with a given mass; and a pre-

Fig. 11. Evolution of the star formation density (upper panel)
and e↵ective bias as a function of redshift (lower panel), as con-
strained by the linear part of the power spectra. In both panels,
the median realization of the model is represented with a red line,
the ±1� confidence region with a dark orange area, and the ±2�
region with a light orange area. In the upper panel, we added
the measurements of obscured star formation from infrared
(Magnelli et al. 2011, squares), (Rodighiero et al. 2010, aster-
isks), (Cucciati et al. 2012, diamonds), (Gruppioni et al. 2013,
crosses), and unobscured star formation from uncorrected UV
(Bouwens et al. 2007, triangles; Reddy & Steidel 2009, circles).
In the lower panel, we also plot the evolution of the dark mat-
ter halo bias for dark matter halo mass of 1011 M� (dashed line),
1012 M� (dot-dashed line), and 1013 M� (three-dots-dashed line).

scription for filling dark matter halos with galaxies, the so-called
Halo Occupation Distribution (HOD).

A common assumption in the simplest versions of the
halo model is that all galaxies have the same luminos-
ity, regardless of their host dark matter halo (Viero et al.
2009; Amblard et al. 2011; Planck Collaboration XVIII 2011;
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SPICA SMI Photometric Survey

MIRI Capabilites - Imager 

• Sampling of 0.11 arcsec /  pixel 

• Diffraction limited  λ > 5.6 µm 

• Additional capabilities: 

• Coronagraphy 
• Single object R ~100 

  spectroscopy. 
The mass assembly of galaxies 

• Detection of bright high redshift  

   sources (lensed or not-lensed, QSOs..) 

Î Imaging deep fields. 

• Mass and morphology of the older  

  stellar population. 
 Î Deep images in the 6-8 micron  

domain provide direct measurement of  

the rest-frame red/near-IR light of z=6-10 

galaxies. • Role of starbursts and AGNs in galaxy  evolution  

z=6                         
Millennium-II Simulations

SMI FOV (10’x10’)

JWST/MIRI FOV (1.8’x1.4’)

C. Gruppioni, D. Clements, L. Ciesla: 
Photometric Survey: SPICA use case 

1 deg2

observable
with SMI in
~64 h to 
confusion
limit (9μJy)



•  Survey Strategy (total amount of time ~210 hours):

•  Ultradeep (sub-confusion):
   to ~3 μJy in two 10’x10’ fields (32 hours)
   + six lensing fields for greater effective depth, >10x fainter 
   fluxes (100 hours)

•  Deep (confusion): 
   to ~9 μJy in 1 deg2 

    (64 hours)

•  Shallow:
   to ~0.2 mJy in 100 
  deg2 (13 hours)

SPICA SMI Photometric Survey

C. Gruppioni, D. Clements, L. Ciesla: 
Photometric Survey: SPICA use case 
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SPICA Concept as Developed in Japan�

Thank You ! 


