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Talk Outline 

•  AGN/Galaxy Co-evolution 
 
•  Dust Obscured AGN Phase: few 
cases 

•  Why high resolution observations 
in the far-IR? 



far-IR: what do we need to know? 

HERSCHEL	   SPICA	  

Far-‐IR	  
High-‐resolu7on	  
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Key Science 
•  Energy budget of a galaxy throughout its 

evolution è interplay between accretion onto 
black holes in AGN, star-formation and the 
feedback related to both  

•  Much of this evolution is hidden by dust !!! 
   -> Only rest-frame MIR/FIR spectroscopy is  
   able to trace these physical processes. 
 
•  IR spectroscopy provides the diagnostics to 

distinguish between and quantify the two,  
  è measuring the separate luminosity density   
     due to accretion and star formation as a   
     function of cosmic time. 



AGN/Galaxy Formation  
& Co-evolution 

Hopkins+’08	  
Hopkins+2008 



From Herschel (Galaxy evolution in 
the 0<z<4 range; Gruppioni+13): 

     	  Twofold evolutionary scheme for IR gal’s: 
 
1)  Obscured/Unobscured AGN-dominated 
sources detected in far-IR during an active 
starburst phase  
 è likely red spheroid.  

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



OBSCURED	  PHASE	  

OBSCURED/LOW	  LUMINOSITY	  

Gruppioni+ 2013 
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Figure 2: Schematic diagrams to illustrate the large-scale processes
that are thought to be responsible for triggering AGN activity: major
mergers of gas-rich galaxies, secular evolution (which includes both
internal secular evolution and external secular evolution, the latter of
which is driven by galaxy interactions), and hot halo accretion, which
is presumed to be the dominate BH growth mode for low-excitation
radio-loud AGNs.

ski 2004) are predicted to drive the gas down to ⇥ 10–
100 pc.

The physics of gas inflow can be explored in some de-
tail using multi-scale smoothed-particle hydrodynami-
cal simulations. For example, adopting this approach
Hopkins & Quataert (2010) traced the dynamics of gas
inflow over a broad range of scales (from ⇥ 10 kpc
down to < 1 pc), taking into account the e�ects of
stars, star formation, stellar feedback, and the gravita-
tional influence of the BH. Their simulations revealed a
much broader range of gas morphologies than typically
expected, including spirals, rings, clumps, bars within
bars, and nuclear spirals. All of these processes were
e�ective at driving the gas down to ⇥ 10–100 pc but
the gas inflow was found to be neither smooth nor con-
tinuous. Any individual process was also found to be
comparatively short lived, complicating attempts of re-
lating morphological features to the presence of AGN
activity, particularly on > 100 pc scales.

Indeed, there is at best a marginal relationship be-
tween the presence of AGN activity and galaxy bars in
the local Universe, with AGNs and galaxies not host-
ing AGN activity equally likely to host kpc-scale bars
(e.g., Mulchaey & Regan, 1997; Knapen et al., 2000;
Martini et al., 2003; Simões Lopes et al., 2007); how-
ever, we note that a relationship is found for narrow-line
Seyfert 1 galaxies (see §3.2.3). On smaller ⇥ 100 pc
scales, high-resolution imaging of nearby systems has
also failed to reveal any strong di�erences between
the circumnuclear morphologies of AGNs and late-type
galaxies not hosting AGN activity, with nuclear bars,
spirals, discs, and circumnuclear dust equally likely to

be found in all late-type systems (e.g., Laine et al., 2002;
Pogge & Martini, 2002; Martini et al., 2003; Hunt &
Malkan, 2004). By contrast, a di�erence in the cir-
cumnuclear regions between AGNs hosted in early type
galaxies and inactive early type galaxies is found, with
the AGNs only found in dusty environments (Simões
Lopes et al., 2007), suggesting that dusty structures are
a necessary but not su⇥cient condition for BH growth.
Although imaging studies have not revealed a morpho-
logical signature on 100-pc scales that uniquely reveals
the trigger of AGN activity, triggers of AGN activity and
the identification of significant gas inflow may be more
discernable using spectroscopic data.

Integral Field Unit (IFU) observations provide spa-
tially resolved spectroscopy and are a key tool to deter-
mine the dynamics of gas and stars in nearby systems.
IFU observations of nearby AGNs have revealed clear
di�erences between the gas and stellar kinematics on
< kpc scales, with the gas velocity fields showing signif-
icant departures from the regular circular orbits traced
by the stars (e.g., Dumas et al., 2007; Stoklasová et al.,
2009; Rodrı́guez-Zaurı́n et al., 2011). The gas kinemat-
ics uncover a broad range of features not revealed by
the photometric data, including warps, counter-rotating
discs, and motions out of the galactic plane, likely due
to gas inflow and outflow. However, these features are
also seen in galaxies not hosting AGN activity, indicat-
ing that the gas inflow that feeds the BH must occur on
yet smaller scales.

IFU observations on ⇥ 10 pc scales of several nearby
AGNs are starting to reveal nuclear gas inflows, when
contributions from the stellar potential are carefully
modelled and removed from the ionised gas kinemat-
ics (e.g., Fathi et al., 2006; Dumas et al., 2007; Storchi-
Bergmann et al., 2007; Ri�el et al., 2008; Davies et al.,
2009; Schnorr Müller et al., 2011). The strongest
evidence for a nuclear gas inflow to date is from
NGC 1097, where the gas is seen streaming along spi-
ral structures towards the nucleus on ⇥ 3.5 pc scales,
with inflow velocities of up to ⇥ 60 km s�1 (e.g., Fathi
et al. 2006; Davies et al. 2009; see also Prieto et al.
2005). However, a significant restriction in the identi-
fication of nuclear-scale gas inflows is that the gas kine-
matics of luminous AGNs are often dominated by gas-
outflow signatures (e.g., Storchi-Bergmann et al. 2010;
Hicks et al. in prep), and therefore the best constraints to
date are limited to low-luminosity AGNs where the gas-
inflow rates are comparatively low. This observational
challenge can be overcome, in at least some cases, us-
ing spectropolarimetry, which can help distinguish be-
tween structures with di�erent geometries (such as gas
inflow from gas outflow) even in spatially unresolved
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SMG 

QSO 

Elliptical 

Low-L AGN 

Spiral 

… same as from other studies 



SED de composition:   
χ2 fitting procedure  
(see Hatziminaoglou 
et al. 08; Pozzi et 
al. 10) 
 

•  direct light (opt/UV)   

•  re-emission (IR)  

•  scattered light      

 face	  on	  

 edge	  on	  

Low τeq(9.7µm) ⇒ Silicate  
feature in emission 

High τeq(9.7µm) ⇒ Silicate 
feature in absorption  2)	  Nuclear (Fritz et al. 2006)  

1) Evolved stars: opt/NIR   
2) Nuclear: MIR  
3) Starburst: FIR 

	  
	  è AGN and galaxy co-exist in the same object  
A simple way to estimate SFD and BHAR vs z: 

➜ Decompose template SEDs 



KBOL =
Laccr,INPUT
L1−1000µm
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Hopkins+07  Almost 1 dex smaller 
than other bands 

 
No dependance 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 

SED-decomposition : BHAR Density 

�DelVecchio+2014	  



SED-decomposition : BHAR LF 
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Agreement with Hopkins+07:  
BUT Completely independent determination  
=> first from far-IR 

DelVecchio, Gruppioni+2014 



SED-decomposition : BHAR Density 

€ 

ΨBHAR (z) =
(1−εrad )LBOL,AGN

εradc
2 Φ(LBOL,AGN )d logLBOL ,AGN0

∞

∫

Ø  ASSUMPTION 
BH grows mainly by accretion 
LBOL=ε c2 dM/dt 
ε = radiative efficiency 
 
Ø  RESULTS 
First time ψBHAR from IR  
 
ρBH,0=4.2 X 105 M¤Mpc-3   
(Shankar, 2009) è ε =0.08 
 
0<z<3  
ψBHAR,IR ~ ψBHAR,X  
 
(consistent with Merloni+2012 

& Hopkins+2007) 
	  

DelVecchio, Gruppioni +2014 



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

 
 
 
 
 
 
 

Large degeneracies in the AGN models 
 

NEED for spectroscopic classification 
unaffected by obscuration 

NEED for high angular resolution for 
resolving AGN and its effects on gas  

     	  

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

AGN	  

extincted 
Stars+starb	  

Un-extincted 
Stars	  

TOTAL 



Why infrared spectroscopy is the best tool to 
isolate star formation and accretion? 
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IR fine structure lines:  
- separate different 
physical mechanisms, 
- cover the ionization-
density parameter space 
- do not suffer heavily 
from extinction 

Spinoglio & Malkan (1992) 
predicted for the first time 
the line intensities of IR 
lines in active and 
starburst galaxies, before 
the launch of ISO. 

Why infrared spectroscopy is the best tool to isolate star 
formation and accretion? 
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IR fine structure 
lines: 
 
- separate different 
physical mechanisms, 
 
-  cover the 
Ionization/density 
parameter space 
 
- do not suffer from 
extinction 

Spinoglio & Malkan (1992) 



	  	  

[OIII], [OIV], and mid-IR as proxies of 
AGN intrinsic emission 

Sey 2s: SDSS-[OIII] and 12µm sample 
– La Massa+11 (see also Weaver+10) 

F2-‐10	  keV/F[OIII]obs	   F2-‐10	  keV/F[OIV]	   F2-‐10	  keV/Fmid-‐IR	  

L 2
-‐1
0	  
ke
V	  

Type	  1	  
	  AGN	  

L[OIII]	   L[OIV]	   Lmid-‐IR	  

Underlying thought: [OIII], [OIV], 
mid-IR continuum are nearly 
isotropic AGN indicators 



Why high-resolution far-IR spectroscopy? 

•  The most dramatic phase of evolution for AGN and their host 
galaxies occurred between z~3 and the present day (84% of the 
age of the Universe) è obscured by dust  

•  Thermal continuum peak (Tdust, Mdust, LIR, SFR) and the fine-
structure lines of ionised atoms ([O III] 88μm,  

   [C II] 158μm, …) è far-IR (0<z<3) 

•  [Only at z > 3 these enter into the ALMA range.] 

•  A spatial resolution of 0.1” samples sub-kpc structure at 
any redshifts 

   (dusty torus: 1-10 pc; gas inflow: <100-1000 pc) 



Why high-resolution far-IR spectroscopy?	  

•  AGN are identified in the rest-frame mid-IR through high-
excitation lines and by hot dust re-radiating the absorbed primary 
AGN emission.  

è detect Compton-thick sources (NH > 1024 cm-2) that 
largely escape X-ray surveys (even at hard X-ray) 

•  Low- and intermediate-luminosity (Seyfert-like) AGNs are 
completely diluted within starburst galaxies 

•  moderate star formation is difficult to detect in powerful quasar 
host galaxies. 



Finding the “sweet spot” for feedback 
Hopkins et al. 2008 (see also Lamastra+2013) 

	 

 

MERGERS MODEL PREDICTIONS/IMPLICATIONS: 
 
• 1) blow-out/feedback phase very short (≤ 100 Myr) - RARE ! 
• 2) BH growth and SF almost “simultaneous”   
• 3) blow-out/feedback phase X-ray obscured (torus+host ISM)  
• 4) blow-out/feedback phase IR bright 

Lbol=45.5 

Narayanan et al. 2010 



Fischer+ 10 

@	  <	  400	  um	  	  up	  to	  z~1.5	  

@	  <	  400	  um	  	  to	  z~1.8	  

@	  <	  400	  um	  	  to	  z~2.3	  

@	  <	  400	  um	  	  to	  z~3.5	  

@	  <	  400	  um	  	  to	  z~5.3	  

@	  <	  400	  um	  	  to	  z~6	  

@	  <	  400	  um	  	  up	  to	  z~1	  

Fischer+10: P-Cygni 
profiles in OH lines, 
with broad blue-shifted 
absorption  
Feruglio+10: broad CO 
Line 
  
èAGN driven outflow 

Mrk231 è caught in the act  
of feedback 

A&A 518, L155 (2010)

Morganti et al. (2010) reported evidence for AGN-induced mas-
sive and fast outflows of neutral H in powerful radio galaxies,
possibly driven by the AGN jets.

The bulk of the gas in QSO hosts, i.e. the molecular phase,
appears little affected by the presence of the AGN. Indeed, most
studies of the molecular gas in the host galaxies of QSOs and
Seyfert galaxies have found narrow CO lines (with a width
of a few 100 km s−1), generally tracing regular rotation pat-
terns, with no clear evidence for prominent molecular out-
flows (Downes & Solomon 1998; Wilson et al. 2008; Scoville
et al. 2003), even in the most powerful quasars at high redshift
(Solomon & Vanden Bout 2005; Omont 2007). Yet, most of the
past CO observations were obtained with relatively narrow band-
widths, which may have prevented the detection of broad wings
of the CO lines possibly associated with molecular outflows.
Even worse, many CO surveys were performed with single dish,
where broad CO wings may have been confused with baseline
instabilities and subtracted away along with the continuum.

We present new CO(1–0) observations of Mrk 231 obtained
with the IRAM Plateau de Bure Interferometer (PdBI). Mrk 231
is the nearest example of a quasar object and is the most lu-
minous Ultra-Luminous Infrared Galaxy (ULIRG) in the local
Universe (Sanders et al. 1988) with an infrared luminosity of
3.6 × 1012 L⊙ (assuming a distance of 186 Mpc). A significant
fraction (∼70%) of its bolometric luminosity is ascribed to star-
burst activity (Lonsdale et al. 2003). Radio, millimeter, and near-
IR observations suggest that the starbursting disk is nearly face-
on (Downes & Solomon 1998; Carilli et al. 1998; Taylor et al.
1999). In particular, past CO(1−0) and (2−1) IRAM PdBI ob-
servations of Mrk 231 show evidence for a regular rotation pat-
tern and a relatively narrow profile (Downes & Solomon 1998),
as well as a molecular disk (Carilli et al. 1998). The existence
of a quasar-like nucleus in Mrk 231 has been unambiguously
demonstrated by observations carried out at different wave-
lengths, which have revealed the presence of a central compact
radio core plus pc-scale jets (Ulvestad et al. 1999), broad optical
emission lines (Lipari et al. 2009) in the nuclear spectrum, and a
hard X-ray (2−10 keV) luminosity of 1044 erg s−1 (Braito et al.
2004). In addition, both optical and X-ray data have revealed that
our line of sight to the active nucleus is heavily obscured, with
a measured hydrogen column as high as NH = 2 × 1024 cm−2

(Braito et al. 2004). The quasar Mrk 231 displays clear evidence
of powerful ionized outflows by the multiple broad absorption
lines (BAL) systems seen all over its UV and optical spectrum.
In particular, Mrk 231 is classified as a low-ionization BAL
QSOs, a very rare subclass (∼10% of the entire population) of
BAL QSOs characterized by weak [OIII] emission, in which the
covering factor of the absorbing outflowing material may be near
unity (Boroson & Meyers 1992). Furthermore, giant bubbles and
expanding shells on kpc-scale are visible in deep HST imag-
ing (Lipari et al. 2009). Recent observations with the Herschel
Space Observatory have revealed a molecular component of the
outflow, as traced by H2O and OH molecular absorption features
(Fischer et al. 2010), but the lack of spatial information has pre-
vented an assessment of the outflow rate.

2. Data

We exploited the wide bandwidth offered by the PdBI to observe
the CO(1−0) transition in Mrk 231. The observations were car-
ried out between June and November 2009 with the PdBI, using
five of the 15 m antennas of the array. We observed the CO(1−0)
rotational transition, whose rest frequency of 115.271 GHz is
redshifted to 110.607 GHz (z = 0.04217), by using using both
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Fig. 1. Continuum-subtracted spectrum of the CO(1−0) transition in
Mrk 231. The spectrum was extracted from a region twice the beam size
(full width at half maximum, FWHM), and the level of the underlying
continuum emission was estimated from the region with v > 800 km s−1

and v < −800 km s−1. Left panel: full flux scale. Right panel: expanded
flux scale to highlight the broad wings. The line profile has been fitted
with a Gaussian narrow core (black dotted line) and a Gaussian broad
component (long-dashed line). The FWHM of the core component is
180 km s−1 while the FWHM of the broad component is 870 km s−1,
and reaches a Full Width Zero Intensity (FWZI) of 1500 km s−1.

the C and D antenna configurations. The spectral correlator was
configured to cover a bandwidth of about 1 GHz in dual po-
larization. The on-source integration time was ∼20 h. The data
were reduced, calibrated channel by channel, and analyzed by
using the CLIC and MAPPING packages of the GILDAS soft-
ware. The absolute flux was calibrated on MWC 349 (S (3 mm)=
1.27 Jy) and 1150+497 (S (3 mm) = 0.50 Jy). The absolute
flux calibration error is of the order ±10%. All maps and spec-
tra are continuum-subtracted, the continuum emission is esti-
mated in the spectral regions with velocity v > 800 km s−1 and
v < −800 km s−1.

3. Results

Figure 1 shows the spectrum of the CO(1−0) emission line,
dominated by a narrow component (FWHM ∼ 200 km s−1),
which was already detected in previous observations (Downes
& Solomon 1998; Bryant & Scoville 1997). However, our new
data reveal for the first time the presence of broad wings ex-
tending to about ±750 km s−1, which have been missed, or pos-
sibly confused with the underlying continuum, in previous nar-
rower bandwidth observations. Both the blue and red CO(1−0)
wings appear spatially resolved, as illustrated in their maps
(Fig. 2). The peak of the blue wing emission is not offset
with regard to the peak of the red wing, indicating that these
wings are not caused by to the rotation of an inclined disk,
which leaves outflowing molecular gas as the only viable ex-
planation. A Gaussian fit of the spatial profile of the blue and
red wings (by also accounting for the beam broadening) indi-
cates that the out-flowing medium extends over a region of about
0.6 kpc (0.7′′) in radius. To quantify the significance of the spa-
tial extension of the high-velocity outflowing gas, we fitted the
visibilities in the uv-plane. We averaged the visibilities of the
red and blue wings in the velocity ranges 500 ÷ 800 km s−1 and
−500 ÷ −700 km s−1, and we fitted a point source, a circular
Gaussian, and an inclined disk model. The results of the uv-
plane fitting are shown in Fig. 3 and summarized in Table 1. The
upper panels of Fig. 3 show the maps of the residuals after fit-
ting a point-source model. The residuals of the red wing are 5σ
above the average rms of the map and those of the blue wing 3σ
above the rms. The lower panels of Fig. 3 show the CO(1−0)

Page 2 of 4

Feruglio+ 10 



Cicone+ 2013 

 
 
Similar studies in nearby  
ULIRGs 
 
1) AGN dominated sources 
have higher mass outflow 
rate than SB dominated 
sources, and higher than 
that predicted from the SFR 
 
	  

IRASF2030	  

Mrk231	  

 
 
 
 
 
 
 
2) detection rate of CO broad 
wings/outflow higher for objects 
with already reported OH outflows! 
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Fig. 2: Continuum-subtracted IRAM-PdBI spectra, maps and position-velocity diagram of the CO(1-0) emission line of IRAS
F10565+2448. Panels (a) and (b) show the spectra extracted from a circular aperture with diameter of 10 arcsec and from the
central pixel, respectively. For display purposes, the spectra are re-binned in channels of 27 km s�1. In both panels the narrow core
of the line is fitted with a single Gaussian function (red dashed line). Note the appearance, in both spectra, of broad CO wings up to
±600 km s�1. (c-d) Cleaned map of the emission integrated in the blue and red-shifted CO(1-0) wings. Contours correspond to 1�
(1� rms level of the two maps is 0.2 mJy beam�1). The cross indicates the peak of the radio (VLBI) emission. The physical scale
at the redshift of the source is 0.846 kpc arcsec�1. (e-f) Position-velocity diagram along the major axis of rotation. The inset (f)
highlights the rotation pattern traced by the narrow component of the CO(1-0) line. Contours are in steps of 1� (up to 10�) in panel
(e), and 5� in panel (f) (starting from 10� in panel (f)); negative contours are in steps of 1� (magenta dashed lines). Each pixel
corresponds to 1.3 arcsec ⇥ 53 km s�1 in diagram (e), and to 0.6 arcsec ⇥ 26 km s�1 in the inset (f). Note the clear signature of gas
at velocities |v| > 300 km s�1, which does not follow the rotation curve and is therefore ascribed to the molecular outflow detected
by Herschel–PACS.

Our observations resolve the outflow traced by the broad
wings of the CO(1-0) line, and the fit to the uv data results in
an outflow radius of 1.1 kpc (see Appendix A for details). We
note that this is probably a conservative estimate of the outflow
extension, since the maps of the wings in Fig. 2(c-d) suggest the
presence of even more extended structures, although at a low sig-
nificance level (3�). The molecular outflow discovered in IRAS
F10565+2448 appears to be less powerful than in the other Sy-
ULIRGs Mrk 231 and IRAS F08572+3915: indeed it has lower
velocity and, carrying a mass of molecular gas of ⌅ 2 ⇥ 108 M⇤,
has a mass-loss rate of “only” 300 M⇤ yr�1.

IRAS 23365+3604

Previous IRAM PdBI observations of the CO(1-0) transition in
IRAS 23365+3604 suggest the presence of a compact rotating
ring or disk (Downes & Solomon 1998), responsible for the ob-
served narrow line profile with a FWZI ⌅ 500 km s�1. Our
new observations recover a total CO flux of SCO,TOT = (48.90
± 0.20) Jy km s�1 (Table 2), which is 60% larger than the IRAM

PdBI flux measured by Downes & Solomon (1998), but consis-
tent with the IRAM 30m flux reported by the same authors (see
also Papadopoulos et al. (2012b)).

In Fig. 3 we present the continuum-subtracted CO(1-0)
spectrum, extracted from an aperture with a diameter of 5 arc-
sec (a) and from the central pixel (b). The continuum emis-
sion was evaluated in the velocity ranges v⇧(-3700, -1200) km
s�1 and v⇧ (1200, 4000) km s�1. The 5 arcsec aperture spec-
trum shows wings of the CO(1-0) emission line which extend
to about ⌅ 600 km s�1 from the systemic velocity, as well as
some low significance emission at higher velocities. The CO(1-
0) wings are instead less prominent in the spectrum extracted
from the central pixel. The cleaned maps of the blue and red-
shifted CO(1-0) wings (Fig. 3(c-d)), integrated within the veloc-
ity ranges (-600, -300) km s�1 and (300, 600) km s�1, show that
these are detected at 4� and 8� significance, respectively. By
combining their emission, we reach a signal-to-noise of 9 (the
combined map and uv plot are shown in the Appendix, Fig. A.5).
The position-velocity diagram along the rotation major axis
(Fig. 3(e-f)) reveals that such molecular gas at |v| > 300 km s�1

Article number, page 6 of 26



Best targets to look for / detect outflows: 
 
coevolution models (Xshooter rationale): 
• X-ray luminous, obscured and “dusty” 
 
Cicone+13 (observational results):  
   high SFR and/or AGN presence   
 

Mrk	  231:	  
*	  SFR=235	  Msun/yr	  
*	  L(AGN)=45.72	  (34%)	  
*	  L’(CO)=10.15	  
*	  Type	  1	  (BAL!!)	  
*	  evidence	  of	  ouTlows	  from	  other	  
	  	  	  lambda	  (OH,	  spectrum	  SPIRE)	  



Mid-IR/Near-IR to optical Colour Selection  
(e.g. Fiore+ 2008) 
 

z~1.5 analogous of Mrk231 

MIPS/O>1000, R-3.6>4 



XID 2028  
 
logLx~45 
logLIR=12.47 
SFR~500Msun/yr 
Type 1.8 (broad Hα) 
evidence of outflow:  
FWHM([OIII])=810 km/s 
	  

XID 5321  
	  
logLx=45 

logLIR=12.2 
SFR~350 Msun/yr 

Type 1.8 (broad Hα) 
evidence of outflow:  

FWHM([OIII])=1200 km/s 
 
	  

z~1.5 analogous of Mrk231 in COSMOS 

outflow of ~300 km/s 

Courtesy of M. Brusa  



Herschel Compton Thick AGN  
(undetected in X-ray ) 

Herschel has discovered sources showing unambiguous evidence 
for the presence of a powerful, buried AGN that are not detected 
in X-rays (even in the deepest exposures)  
 
 

ID-PEP z    SFR   LogM* logLFIR  logLbol;agn  logL[2-10];intr logL1.4GHz 
           [M¤ yr-1]  [M¤]   [L¤]     [L¤]       [erg s-1]    [W Hz-1] 
 
1096 1.245  125   11.08   12.30     12.91       44.7          24.3 

Gilli+	  2010	  

CT	  

I. DelVecchio et al., in prep. 



 
 

Space	  density	  of	  CT	  AGN	   AGN	  vs	  SF	  luminosity	  

Rosario+	  2012	  

The intrinsic X-ray luminosity expected is L2-10;intr  1044.73 erg/s 
 
The presence of a high degree of obscuration is also suggested 
by the relatively low (<10) X-to-[NeV] flux ratio observed for 
this source (Gilli+ 2010 
 I. DelVecchio et al., in prep. 

Herschel Compton Thick AGN  
(X-ray undetected) in COSMOS 

having a reliable spectroscopic reshift: PEP1096 (z=1.245). This object is also very peculiar, since it has
been classified as AGN from several independent diagnostics. (1) Radio excess at 1.4 GHz with respect
to radio emission ascribed to star-formation only (Schinnerer et al. 2007, ApJS, 172, 46; Del Moro et al.
2013, A&A, 549, 59). (2) Presence of the [NeV]3426 emission line in the optical spectrum (Trump et al.
2007). (3) Fitting within the “IR-AGN” region of the mid-IR colour-colour selection criterion by Donley et
al. (2012). (4) Broad-band SED fitting decomposition. Surprisingly, this object has not been detected in
deep Chandra-COSMOS X-ray observations (with �140 ks exposure time at the source position).
The intrinsic X-ray luminosity expected for our target is L2�10,intr � 1044.73 erg/s, which suggests it to

be a candidate Compton-thick QSO. Our estimate is in very good agreement with the intrinsic 2–10 keV
luminosity predicted from the IR-to-X relation by Gandhi et al. (2009, A&A, 502, 457, L2�10,gandhi �1044.66

erg/s). This enforces the robustness of our derivation.
The presence of a high degree of obscuration is also suggested by the relatively low (<10) X-to-[NeV] flux

ratio observed for this source (from Gilli et al. 2010, see Fig. 1, right). In Table 1 we have summarized the
main properties of our target.
In addition, for our target we found that the luminosity (�L� at 60 µm) due to star-formation and that

related to the AGN lie on the relation presented by Netzer (2009), as shown in Fig. 2 (right). This finding
might imply that integrated properties of the AGN and its host are intimately connected.

!"#$%&
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Figure 2: (Left): Simulated 12CO(5-4) contour superimposed on the I-band optical image of the target from
HST. In the upper-right corner we show for comparison the simulated 12CO(5-4) map for a point-like source.
See the text for details. (Central): Space density of CT AGN studied in the literature, as a function of redshift
and intrinsic 2–10 keV X-ray luminosity. The coloured curves are the XRB model predictions from Gilli et
al. (2007), while the yellow circle highlights the location of our “pilot” target. (Right): Figure from Rosario
et al. (2012, A&A, 545, 45) showing the AGN luminosity (x-axis) vs SF luminosity (y-axis). The dashed
line represents the correlation found by Netzer (2009, MNRAS, 399, 1907) and extended at high-redshift
(z�2) by Lutz et al. (2008, ApJ, 684, 853). The green star represents our Compton-thick QSO.

1.3 The need for ALMA

Observations of 12CO transitions are known to be good tracers of the total molecular gas mass of a galaxy
(see the comprehensive review by Carilli & Walter 2013, ARA&A, 51, 105). Recent 12CO observations
of ULIRGs and quasar hosts, both in the local Universe and at high (z> 1) redshift (Weiss et al. 2007,
ASPC, 375, 25; Riechers et al. 2009, ApJ, 690, 463), have revealed the presence of high-excitation 12CO
line emission (Carilli & Walter 2013) concentrated in �few kpc from the centre, expecially for quasar host
galaxies. ALMA represents the only current instrument capable to reach our required sensitivity (0.2 mJy)
with 0.2” angular resolution, that is essential to address our scientific goals.

3

Spa7ally	  resolved	  CO	  line	  

CO(5-‐4)	  



Herschel is well suited to surveying large regions of the sky, 
detecting thousands of obscured sources 
 
è high angular resolution images in far-IR spectral line 
and continuum, <0.1” in size, crucial in disentangling AGN 
from SF activity, constraining Mgas, Mdust, NH 
 
put strong constraints on ρSFR and ΨBHAR vs. z at 1<z<3   

The role of far-IR high-resolution imaging 
and spectroscopy 

Michalowski,	  Hjorth	  and	  Watson	  2010	  

Large spread:  
 
optical/UV  
➜ correct for extinction 
 
Sub-mm  
➜ z-distrib., completeness 



Key Requirements 
 
«   medium/high spectral resolution (>2000-3000) over a wide 

wavelength range (30-400 μm) to detect the diagnostic and 
interstellar gas cooling lines up to high-z; 

«  high angular resolution (≤ 0.1 arcsec) to: 

   - measure the molecular gas mass and study the gas kinematics 
     on sub-Kpc scales 

   - spatially resolve the gas column density  
 
   - constrain the size of dusty torus  
  
   è verify whether the host gas density in the nuclear region    
   is large enough to produce the high degree of obscuration inferred 

from multi-band diagnostics  

«   high sensitivity (~few μJy) to detect z > 3 galaxies (when most of 
the building takes place).  


