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• Background:
– Primer on Submillimetre Galaxies (SMGs)
– Why am I giving an SMG talk at the 

growth of black holes workshop?

• Experiment & Results
– Probing the Sanders et al. evolutionary 

sequence at high-redshift by honing in on 
“transition sources”

– Disentangling relative SF and AGN activity 
using the Spitzer-IR Spectrograph

– What did we learn?

• Brief Summary

– KEY take home point

Talk Outline



What are Submillimetre Galaxies (SMGs)?

• Dusty star-forming galaxies at 
z~2-3

• SFR~100-1000 Msun/yr 
(100-1000x that of Milky Way!) 

HST IH-band 
images of SMGs 
(Swinbank et al. 
2010) show a mix 
of morphologies - 
mergers?  Cousins 
of local ULIRGs?

lensed z=2.3 
SMG SED 
(Swinbank 
etal. 2010)



Swinbank et al. (2004)

Chapman et al. (2003, 2005)

Progenitors of 
today’s 

massive 
galaxies?

Greve et al. (2005), Tacconi et al. (2006, 2008)
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Coppin et al. (2006)

SMGs: ancestors of massive ellipticals?



BH growth & galaxy formation are related

THE M• – MB,bulge AND M• – σE CORRELATIONS

The list of BHs is now long enough so that we have finished the discovery era,
when we were mainly testing the AGN paradigm, and have begun to use BH
demographics to address a variety of astrophysical questions.

Two correlations have emerged. Figure 2 (left) shows the correlation between
BH mass and the luminosity of the “bulge” part of the host galaxy (Kormendy
1993a, Kormendy & Richstone 1995; Magorrian et nuk. 1998) brought up to date
with new detections. A least-squares fit gives

M• = 0.78 × 108 M!

(

LB,bulge

1010 LB!

)1.08

. (1)

Since M/L ∝ L0.2, Equation (1) implies that BH mass is proportional to bulge
mass, M• ∝ M0.90

bulge.
Figure 2 (right) shows the correlation between BH mass and the luminosity-

weighted velocity dispersion σe within the effective radius re (Gebhardt et nuk.
2000b; Ferrarese & Merritt 2000). A least-squares fit to the galaxies with most
reliable M• measurements (Gebhardt et nuk. 2001) gives

M• = 1.3 × 108 M!

(

σe

200 km s−1

)3.65

. (2)

FIGURE 2. Correlation of BH mass with (left) the absolute magnitude of
the bulge component of the host galaxy and (right) the luminosity-weighted mean
velocity dispersion inside the effective radius of the bulge. In both panels, filled
circles indicate M• measurements based on stellar dynamics, squares are based on
ionized gas dynamics, and triangles are based on maser disk dynamics. All three
techniques are consistent with the same correlations.
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•~30-50% of SMGs 
host AGNs --> 
indicates a long 
(almost continuous) 
BH growth during an 
intense SF episode 
(Niel Brandt’s talk 
yesterday)

SMGs: evidence for BH growth?

Alexander et al. (2008)

WEIGHING THE BLACK HOLES IN z 2 SUBMILLIMETER EMITTING GALAXIES 11

FIG. 7.— Black-hole–host-galaxymass ratio versus redshift for the z 1 8 X-ray obscured SMGs (circles), X-ray luminous broad-line SMGs (filled square),
obscured ULIRGs with broad Pa! emission (open triangle), and the d 200 Mpc X-ray obscured ULIRG sample (open square). The z 1 8 X-ray obscured
SMGs are plotted using the stellar mass (open circle) and the CO dynamical mass (filled circle) constraints. The dashed line indicates the black hole–spheroid
mass relationship from Häring & Rix (2004), the dotted line shows the radio galaxy constraints from McLure et al. (2006), and the shaded region indicates
the constraints for z 2 quasars from Peng et al. (2006). The error bars correspond to 1" uncertainties. The X-ray obscured SMGs lie marginally below the
local relationship, as also found for the obscured ULIRG populations; however, their black holes are comparatively small compared to the typical z 2 quasar
population, suggesting that they represent an early stage in the evolution of quasars and massive galaxies. The X-ray luminous broad-line SMGs are statistically
consistent with the local relationship, assuming the CO dynamical mass constraints from the SMGs and the average Eddington ratio of # 0 6. We discuss the
overall constraints in 5.1.

star-formation rate of 700 M yr 1 (Kovács et al. 2006;
Swinbank et al. 2006) and ! 0 2 it would take 600 Myrs
for the SMGs to lie on the local relationship; these results
are essentially the same for the range of SMG host-galaxy
mass constraints (see 3.5) since the fractional stellar growth
is less for the more massive objects. This indicates that the
black hole is not growing much quicker than the host galaxy
in SMGs, indicating that a high Eddington-rate phase is re-
quired to place SMGs on the local black-hole–galaxy mass
relationship at z 2.
To date the only candidates for a high Eddington-rate

phase are narrow-line Seyfert 1s and quasars, which can ap-
parently achieve super-Eddington accretion in some cases
(e.g., Boller, Brandt, & Fink 1996; Laor et al. 1997; Brandt
1999; McLure & Dunlop 2004); however, note the Jarvis
& McLure (2006) concerns on black-hole masses and Ed-
dington ratios derived for narrow-line objects using the virial
black-hole mass estimator. The broad-line SMGs in our

formation luminosity with little stellar mass production, does notmatch some
of the basic observational properties of the SMG population (A. M. Swinbank
et al. , in prep).

sample have characteristics similar to narrow-line Seyfert 1s
and quasars (i.e., they have “narrow” broad lines and rela-
tively low [OIII]"5007/H# emission-line ratios; e.g., Swin-
bank et al. 2004; Takata et al. 2006; see 3), and the Edding-
ton ratios of the X-ray luminous broad-line SMGs (LX
1045 erg s 1) are ! 0.4–0.9, depending upon the geome-
try of the BLR emitting gas. In Fig. 8 we show the relative
black-hole and host-galaxy growth times for the X-ray ob-
scured SMGs and X-ray luminous broad-line SMGs, adopting
the SMG CO dynamical mass estimates (Greve et al. 2005)
for the X-ray luminous broad-line SMGs. The black holes of
X-ray luminous broad-line SMGs will grow by a factor 8
in 2 108 yrs for an overall average of ! 0.6; we note
that the black-hole growth will be comparably rapid for larger
host-galaxy masses since the fractional stellar growth will be
smaller. The larger black-hole masses of the X-ray luminous
broad-line SMGs also suggest that they are more evolved than
the X-ray obscured SMGs and, assuming that they have the
same host-galaxy masses, they will have a mean black-hole–
galaxy mass ratio already consistent with that found for com-
parably massive galaxies in the local Universe ( 2 1 10 3);

SMGs lie 
suggestively 
below the local 
relation, and 
statistically below 
the z~2 relation



Normal quasars: not 
undergoing extreme 
star formation

The Sanders et al. evolutionary picture

Page et al. (2004)

Submm quasars

SCUBA galaxies

Alexander et al. (2005)

Warm ULIRGs/IR lum QSOs Normal QSOs

Black Holes getting bigger

Potential evolutionary sequence?



Normal quasars: not 
undergoing extreme 
star formation

The Sanders et al. evolutionary picture

Page et al. (2004)

Submm quasars

SCUBA galaxies

Alexander et al. (2005)

Warm ULIRGs/IR lum QSOs Normal QSOs

Black Holes getting bigger

Potential evolutionary sequence?

We will focus on “missing link” sources 
to probe this evolutionary sequence:   
SCUBA galaxies (SMGs) which show 
extreme star formation AND evidence 
of AGN heating the dust torus



SMGs - energetics dominated by AGN or SF?

• ~80% of SMGs are dominated by star-
formation in the mid-IR (Pope et al. 2008; 
Menendez-Delmestre et al. 2009) 

• A few SMGs show signs in their IR 
spectra for AGN dominance in the mid-IR 
--> are these ‘transition’ objects in the 
evolutionary sequence?

Spitzer colour-colour diagram 
showing that the majority of SMGs 

are SF-dominated in the mid-IR
Pope et al. (2008)

Probing the mid-
infrared with the 

Spitzer-
IRSpectrograph

M82 
track

Mrk231 
track

--- continuum/AGN 
(power-law)

--- StarBurst (M82 
template)

--- TOTAL fit
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-Parent submm sample: 
the largest SCUBA 
850um survey (SHADES; 
Mortier et al. 2005; 
Coppin et al. 2006)

-AGN-candidates: 
24um>200um & 

S8um/S4.5um>2 (Ivison et 
al. 2007; Dye et al. 
2008; Clements et al. 
2008)

Target selection for mid-IR spectroscopy

Mrk231 
track

M82 
track

Pope et al. (2008) GOODS-N SMGs
Menendez-Delmestre et al. (2009) SMGs
Coppin et al. (2006,2010) SHADES SMGs
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Spitzer-IRS spectra of candidate AGN-dominated SMGs

Coppin et al. (2010)

• presence of 
PAHs --> star 
formation

• PAHs give 
redshifts 
2.5<z<3.4

• show a mix of 
SB/AGN 
properties

• some have steep 
continuum 
slopes --> dusty 
torus heated by 
an AGN?

--- continuum/AGN (power-law)
--- StarBurst (M82 template)

--- TOTAL fit
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Key result:  ~15% of SMGs are AGN-dominated in the mid-infrared

62% of our sample 
is continuum- 
(AGN-) dominated 
(~15% of SMG pop)

Median AGN 
content: 56%

85% of SMGs 
are PAH- (SB-) 
dominated

Median AGN 
content <30%
Pope et al. (2008), 

Menendez-Delmestre 
et al. (2009)

SB-dominated SMG 
composite

AGN-dominated SMG 
composite

Mrk231 
track

M82 
track Coppin et al. (2010)

--- continuum/
AGN (power-

law)
--- StarBurst 

(M82 template)
--- TOTAL fit

Probing the mid-infrared 
with the Spitzer-

IRSpectrograph (IRS)



15% of SMGs are AGN-dominated in the mid-infrared, but the 
AGN are unimportant bolometrically

When extrapolated 
to longer 
wavelengths, <5% of 
SMGs contain a 
bolometrically 
important AGN

.....  SB-SMG template
--- Mrk231 template

__ TOTAL

SB-SMG template 
alone is a poor fit to 

the photometry - need 
an additional AGN 

component
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Hopkins et al. (2006); Springel et al. (2005)

• --> these are consistent with being in a 
`transition phase’ in the evolutionary 
sequence of the formation of massive 
galaxies proposed by Sanders et al. (1988)

• implies 15% duty cycle in this phase if all 
SMGs go through a subseqent AGN phase

Mid-IR AGN-dominated SMGs are consistent with the Evolutionary 
Sequence



What’s next?

Herschel 
photometry: 

measure far-IR 
SEDs to better 
constrain Lfir 

and Td

Probe the CO emission 
with PdBI/ALMA: are 

they more evolved 
than typical SMGs in 
terms of their gas 

masses?

near-IR spectroscopy 
(JWST?): measure BH 
masses to help gauge 

their evolutionary 
state compared to 

typical SMGs

(Swinbank et al. 2010)

Broad component of H-alpha 
emission line --> BH mass
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Summary

• Studying the relative SF and AGN activity in these ‘transition’ or 
‘missing link’ sources can thus provide important insight on the validity 
of an evolutionary sequence

• ~15% of SMGs are AGN dominated in mid-IR (IRAC colours S8um/
S4.5um>1.65)

• BUT bolometrically, these mid-IR AGN-dominated systems are 
unimportant in majority of SMGs

• If all SMGs go through a later AGN-dominated phase, the 15% 
detection fraction of mid-IR dominant AGN in SMGs is 
consistent with them being ‘transition objects’ in the Sanders et 
al. (1988) evolutionary sequence



Comparing mid-IR fits with the X-ray constraints

Coppin et al. (2010)

• can tell us about 
intrinsic lum of 
the AGN & see 
if any are 
Compton-thick 
by comparing to 
other SMGs and 
local AGN




