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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
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Dusty star-forming galaxies at
z~2-3

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

CFRS03-15
z=1.408

LOCKMAN-06
2=2.611

LOCKMAN~-08
2=0.689

HDFN-0930

z= o4

HDFN-1430
z=2.466

N\

1,000.000

What are Submillimetre Galaxies (SMGs)?
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Action: AGN activity
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. evidence for BH growth?
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The Sanders et al._gus picture

Warm ULIG IR Excess QSO QSO

®Warm:N.IRGS/IR lum QSOs . Normal QSOs

Cool ULIG

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




' ~80% of SMGs are dominated by star-

GNO6

formation in the mid-IR (Pope et al. 2008;
Menendez-Delmestre et al. 2009)
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' ~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 _: 10'
--> are these ‘transition’ objects in the

evolutionary sequence?

Probing the mid-
infrared with the
Spitzer-
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Spitzer colour-colour diagram
showing that the majority of SMGs
are SF-dominated in the mid-IR
Pope et al. (2008)
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Probing the mid-infrared ¢,

with the Spitzer-

IRSpectrograph (IRS)

85% of SMGs

dominated
Median AGN

Pope et al. (2008),
Menendez-Delmestre
\ et al. (2009)
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15% of SMGs are AGN-dominated in the mid-infrared, but ‘rh
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WaN * -->these are consistent with being in a
\ \J " 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 subsegent AGN phase

hierarchical

, growth - 7 .
galaxy normal galaxies

mergers _ (dead quasars)

gas galaxy formation AGN
inflows and evolution feedback

starbursts & - active

buried quasars quasars
growth of
supermassive black holes

Hopkins et al. (2006); Springel et al. (2005)
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Probe the CO emission
with PdABI/ALMA: are
they more evolved
than typical SMGs in
terms of their gas
masses?

redshift
2.510 2.520

r SMM J04431+0210

| CO line

R 1 emission -->
| measure of
1 the total

- ] cold gas

| ﬂ . T | mass

il i

-1000

-500 0 500 1000
LSR velocity [km s7]

redshift

1,000.000

z=2.3259

H er SChe I J00.000 | Lo = (12202 x 102L, k _
photometry:  toooor :
measure far-IR ff? 1.000
SEDs to better| =~ *% x .
constrain Lfir 0010 -
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near-IR spectroscopy
(JWST?): measure BH
masses to help gauge
their evolutionary
state compared to
typical SMGs
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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 Ssun/
S45m>1.6D)

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



Rest—frame 2-10 keV luminosity [erg s"]
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AGN continuum luminosity vLv(6um) [erg s-!]

Coppin et al. (2010)

1 047

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