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1. Looking for AGN in SMGs was an obvious idea 
given the proposed merger scenario 

Hopkins et al. 2007 

Why should we talk about AGN at SMG20? 



Theories for triggering AGN 
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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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2. Looking for AGN in SMGs was an obvious idea 
given the local ULIRGs 

Tran et al. 2001 
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3. AGN were found in some of the first SMGs 

A hyperluminous galaxy at z ¼ 2:8 found in a deep submillimetre survey

R. J. Ivison,1 Ian Smail,2 J.-F. Le Borgne,3 A. W. Blain,4 J.-P. Kneib,3 J. Bézecourt,3
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A B S T R A C T
We present a detailed study of SMM 02399¹0136, a hyperluminous, active galaxy selected
from a submm survey of the distant Universe. This galaxy is the brightest source in the fields of
six rich, lensing clusters, with a total area of 0.01 deg2, that we have mapped with a sensitivity
of ,2 mJy beam¹1 at 850 mm. We identify a compact optical counterpart with an apparent
magnitude of B , 23 and a low surface-brightness companion ,3 arcsec away. Our spectro-
scopy shows that both components have the same redshift; z ¼ 2:803 6 0:003. The emission
line widths, FWHM . 1000–1500 km s¹1, and line ratios, along with the compact morphol-
ogy and high luminosity (MB . ¹24:0) of the galaxy, indicate that SMM 02399¹0136
contains a rare dust-embedded, narrow-line or type-2 active galactic nucleus (AGN). The
source is gravitationally lensed by the foreground cluster, amplifying its apparent luminosity
by a factor of 2.5, and our detailed lens model allows us to accurately correct for this. Taking
the amplification into account, we estimate that SMM 02399¹0136 is intrinsically a factor of
five times more luminous than IRAS F 10214+4724. Its far-infrared (FIR) and Ha luminosities
and low surface-brightness radio emission are indicative of an interaction-induced starburst,
and the star formation rate (SFR) could be several thousand solar masses per year. This
assumes that the starburst is the dominant source of energy, but we cannot yet determine
reliably the relative contributions of the starburst and the buried AGN. A dust mass of
5–7 × 108 M( is indicated by our data for a dust temperature of 40–50 K, independent of the
dominant energy source. We estimate the possible space density of such luminous submm
sources, and find that while a large population of these obscured sources could be detected in
future wide-field submm surveys, they are unlikely to dominate the faint counts in this
waveband. Galaxies such as SMM 02399¹0136 and F 10214+4724 cannot easily be detected
in conventional AGN/QSO surveys, and so estimates of the prevalence of AGN in the early
Universe may require significant revision.

Key words: galaxies: active – galaxies: formation – galaxies: individual: SMM 02399¹0136
– galaxies: starburst – cosmology: observations – early Universe.

1 I N T R O D U C T I O N

There is abundant evidence that a large amount of dust exists in
galaxies in the distant Universe. Many submm detections of known
high-redshift radio galaxies and quasars have been made following
the identification of the ultraluminous IRAS source, F 10214+4724,
at z ¼ 2:286 (Rowan-Robinson et al. 1991), for example: 4C 41.17
(Dunlop et al. 1994), BR 1202¹0725 (Isaak et al. 1994) and
8C 1435+635 (Ivison et al. 1998). These observations detect star-
light, and/or quasar light, re-radiated by dust in the rest-frame
far-infrared (FIR) waveband. The discovery of F 10214+4724

suggested that the selection of distant, star-forming sources in the
submm would become commonplace. This is still the perceived
wisdom, although more recent work has provided a cautionary
lesson by demonstrating that the extremely high luminosity of
F 10214+4724 is the result of a strongly-lensed, dust-embedded
AGN rather than of a starburst (e.g. Broadhurst & Lehar 1995;
Eisenhardt et al. 1996; Goodrich et al. 1996; Serjeant et al. 1998).

Nevertheless, the submm waveband still offers excellent pro-
spects for the detection of a large population of very distant, star-
forming galaxies and, based on F 10214+4724, dusty AGN. The
steep slope of the modified blackbody spectrum of dusty galaxies in

Mon. Not. R. Astron. Soc. 298, 583–593 (1998)
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From the abstract:  
 
… The emission line widths, FWHM~1000–1500 km/s, 
and line ratios, along with the compact morphology and 
high luminosity of  the galaxy, indicate that SMM 
02399-0136 contains a rare dust-embedded, narrow-line 
or type-2 active galactic nucleus (AGN)  … 
 

the submm and FIR wavebands leads to large, negative K–corrections,
which can even be sufficient to overcome the effects of the inverse
square law (Blain & Longair 1993). A flat flux density–redshift
relation is predicted for star-forming galaxies and dusty AGN at
z > 0:5, and so the selection function of a submm survey is expected to
be relatively constant and to extend out to redshifts z , 10. This
unusual selection function is expected to increase the detectability of
lensed galaxies in submm surveys (Blain 1996a, 1997a,b).

The first discovery of a population of galaxies in the submm
waveband has recently been made with the new Submillimetre
Common-User Bolometer Array (SCUBA — Holland et al. 1998)
on the 15-m James Clerk Maxwell Telescope (JCMT). Smail,
Ivison & Blain (1997, hereafter SIB) took advantage of the
gravitational amplification of the background sky seen through
rich, lensing clusters to undertake the first, effectively blank-field,
submm survey. The sources detected in the fields of the rich cluster
lenses, A 370 and Cl 2244¹02, have allowed the submm counts of
distant galaxies to be measured for the first time, as compared with
recent upper limits reported at other mm and submm wavelengths
by Phillips (1997) and Wilner & Wright (1997). Our data set has
now expanded to cover seven independent fields (Smail et al., in
preparation), all mapped with a sensitivity of ,2 mJy beam¹1 at
850 mm. The cumulative 850-mm source counts at faint flux
densities are substantially higher than those predicted by a simple

non-evolving extrapolation of the local 60-mm galaxy luminosity
function (Saunders et al. 1990). SIB concluded that the comoving
star formation density in the Universe associated with sources that
have apparently very high star formation rates (SFRs), in excess of
about 100 M( yr¹1, evolves strongly between z ¼ 0 and z > 1 (also
see Blain et al. 1998).

In view of the impact of the submm surveys on our view of galaxy
formation in the distant Universe, a more detailed study of the
individual galaxies detected by SIB is clearly warranted. Here we
present the results of follow-up observations of the brightest of
these submm sources, SMM 02399¹0136, in the field of A 370. A
similar analysis of our full submm-selected sample of galaxies is
presented in Smail et al. (in preparation). We have exploited the
excellent archival data available for these rich clusters, as well as
obtaining new data, in order to investigate the properties of
SMM 02399¹0136. First, we discuss the archival data; deep
UBVRI images, ultra-deep 1.4- and 8.7-GHz radio maps and
limits from ROSAT and IRAS. Secondly, we introduce the new
observations; more sensitive SCUBA submm maps and photometry,
CFHT/UKIRToptical/near-IR imaging and spectroscopy and CAM
imaging data from ISO. Thirdly, we discuss the nature of the
source, and finally its implications for the interpretation of our
submm survey and the population of AGN in the distant universe.
Throughout we assume Q0 ¼ 1 and H0 ¼ 50 km s¹1 Mpc¹1.

584 R. J. Ivison et al.
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Figure 1. Maps of SMM 02399¹0136: 850-mm SCUBA image; 450-mm SCUBA image; 1.4-GHz VLA A-configuration map; and the 850-mm SCUBA map
overlaid on a CFHT I-band image. North is up and East is to the left. Each panel is 1 arcmin square.
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Why should we talk about AGN? 

 

 

Why are we not talking about AGN? 

SMGs are dominated by intense star formation 
(e.g. Fabian et al., 2000; Alexander et al., 2005a,b; Pope et al., 2006, 2008; Valiante et al. 2007; 
Menendez-Delmestre et al. 2009, Laird et al., 2010; Lutz et al., 2010; Georgantopoulos et al., 2011; 
Gilli et al., 2011; Hill & Shanks, 2011; Bielby et al., 2012; Johnson et al., 2013; Wang et al., 2013a,b)  

Credit: K. Cordes & S. Brown (STScI)] 
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SMGs may not be dominated by AGN …    
 

but AGN will still be crucial for their evolution  

Image credit: NASA/MIT 

Alexander & Hickox 2012 

Feedback – Quenching – Triggering 



How do we observe AGN ? 

Image credit: X-ray: NASA/CXC/Univ of  Sydney/R.McElroy et al,  
          Optical: ESO/CARS Survey. S. Juneau et al. in prep. 

•  X-ray spectra and imaging 

•  Mid-IR spectra and imaging 

•  Radio spectra and imaging 

•  Optical spectroscopy 

•  Submm/radio spectroscopy 

Image credit: NASA/JPL-Caltech 



AGN in SMGs: X-ray insight 

Alexander  et al. 2005, 2008 



AGN in SMGs: X-ray insight 

Laird et al. 2010 



Hollenbach & Tielens 1997 
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Star formation heats the interstellar medium 
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Active Galactic Nuclei 

Active Galactic Nuclei heat the interstellar medium 
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Mid-infrared	is	a	good	tracer	of	AGN	

Chen et al. 2017 



Mid-infrared spectral signature of AGN 
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Local ULIRGs: Stierwalt et al. 2013 



Pope et al. 2008; Riechers et al. 2014 



Pope et al. 2008; Riechers et al. 2014 



Pope et al. 2008; Riechers et al. 2014 



Mid-IR picks up obscured AGN 

Alexander et al. 2008 



Pope et al. 2008; Riechers et al. 2014 



AGN in SMGs: Mid-infrared color diagnostics 

Coppin et al. 2010; see also Ivison et al. 2004; Pope et al. 2008 



What is the impact of  the AGN on the full IR SED? 



Roebuck et al. (2016) 

Simulations show AGN heating the ISM 

The AGN can heat the ISM throughout the galaxy 



What is the impact of  the AGN on the full IR SED? 

 

Empirical SED templates 
based on Spitzer (IRS 
spectroscopy) and Herschel 
observations of  343 dusty 
galaxies from z=0.5-4 

 

Goal: Understand the impact 
of  the mid-IR diagnosed 
AGN on the full IR SED 

Kirkpatrick, Pope, et al. 2015  
 http://daisy.astro.umass.edu/~pope/Kirkpatrick2015/ 
 



Kirkpatrick, Pope, et al. 2015 

Observations of  AGN heating the ISM 

AGN fraction 



Are AGN an epidemic in dusty galaxies? 
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What to do with AGN in dusty galaxies?  

Step 1: Identify   
  

Step 2: Quantify AGN luminosity 
   (-> Eddington ratio) 

 
Step 3: Determine impact of          

       AGN on host galaxy ISM 
 
Step 4: Quantify black hole mass 
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Step 4: Quantify black hole mass 
 
 

✔

✔

Sort of  
Need resolved studies 
 
 
TBD 

 
 



Open questions 

1.   What is the sphere of influence of AGN within galaxies? How much 
does it contribute to heating the gas and dust on galaxy scales? How 
does this contribute to triggering or quenching the star formation? 

2.  How does the M-sigma relation evolve over cosmic time? How does it 
vary in individual galaxies over their lifetime? 

SMGs/DSFGs are excellent laboratories for addressing 
these broad questions in galaxy evolution  

 

 



Black hole masses from mid-IR spectroscopy 

Dasyra et al. 2008 

Spinoglio et al. 2012 



JWST can see PAHs back to cosmic noon and AGN 
diagnostic lines (Ne lines) only out to z~1 



SPICA and Origins Space telescope can see the 
AGN diagnostic lines out to cosmic dawn 



	
NASA	Mission	concept:	a	Far-Infrared	Surveyor	for	the	

2020	Decadal	review	
~10	μm	–	1000	μm,	cold,	large	aperture	~8-15	m	

launch	~2030	
	
	
	











Summary 
 
•  AGN may not dominate the 

bolometric luminosity of  dusty 
galaxies, but they are lurking in 
a significant fraction (~25%) of  
the population  

•  We can exploit SMGs/DSFGs 
to understand the coevolution 
of  star formation and 
supermassive black hole growth 
at early times  

•  JWST – SPICA – OST will be 
crucial for weighing the black 
holes in these active systems  

 

Image credit: NASA/JPL-Caltech 
 


