The GOODS-Herschel view of the build
up of SMBH an‘._-_’f alaxy mass since z~3.
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Star formation in mergers and clumps

Low z: Local U@#!G Arp220

% “Starburst” ¥
(Merger)

“Malin
Sequence”

: . Merger
g ‘ (e.g., Tacconi+06)

I EI . 1010 .l(l)n
(Saeggieﬁ(())& megreene+09, Stellar Mass
s Daddi+07
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Star formation in mergers and clumps

Low Zz:
: Arp220 o
| “Starburst”
- (Merger)
“Main
cosmic time
5.9 3.3
Local ULIRG Starbursts e - Elbaz+07
High z:
3
. oz
. ¢
. 1.5 ¢ :
Genzel+08, Elmegree redshift Elbaz+11 10
Daddi+10, “=' ____SS

Daddi+07



Galaxy - SMBH links

? How does black hole
growth, or nuclear activity,
fit in this picture?

®» What type of galaxies do
AGNs “live” In?

Marconi & Hunt (2003)
(also Magorrian+98, Gebhardt+00,
McLure+02 etc.)
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: _-'..’:’."”?S’ta-r formation in AGN hosts

T Chandra Deep Fields
2Ms North; 4Ms South
(Alexander+03, Xue+11)

T Moderate Luminosity AGNSs:
Lx=10%% - 10** ergs/s; “Sub-quasar”

? ~66% of X-ray output at z<1
~55% of X-ray output at z<3

? ~60% of BH growth at z<1*
~40% of BH growth at z<3*
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FIR: Clear measure of SF

e
v
o A BFH

@ r IR from GOODS-Herschel (PI. D. Elbaz):
%2 Deepest FIR survey yet undertaken

AGN & galaxy SED
templates from
Mullaney+11a

107 10° 10
Rest Wovelength (um)

Courtesy of A. Del Moro+ in prep

® FIR largely uncontaminated by emission from AGN.

®» ~46% of AGNs detected at 30 at either 100um or 160um.

» ~2X better detection rate than previous FIR studies of X-ray AGNs in CDFs.
®» Use FIR stacking to measure average of undetected.
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Star formation in AGN hosts

Average of
FIR Detected+Undetected
(log[L,/ergs s™']=42-44)

¥

® log(Ly)=42-43 (ergs/s)

® log(Ly)=42-43 (ergs/s) ® log(L,)=43-44 (ergs/s)

® log(Ly)=43-44 (ergs/s) V log(Ly)=42-44 (ergs/s)
Non AGNs Non-AGNs

0.0 05 1.0 1D 20 29 S5.000 0.9 1.0 1.5 20 29D 50
Redshift Redshift

from Mullaney+11b

® Factor of ~40 increase in the average Lir and SFR of AGNs
with the same X-ray luminosities between z~0 to z~3.
® No significant difference in Lir for different Lx bins.

also Mullaney+°'10, Shao+’10, Lutz+'10
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Star formation in AGN hosts

30 00 05
AACUIDI 1

see Elbaz+11 (from Mullaney-+11b)
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Star formation in AGN hosts

FIR . ver f . o -

R detected | Lok T p|° Moderate lum. X-ray
(toglL./ergs 57')=42-44) . . - 1o AGNSs have similar

P eRe SSFRs as main-seq.

galaxies at all redshifts.

® Backed up by stacks.

SSFR (Gvr™)

B log(L,)=42-43 (ergs/s) . i : :2&3::.3,:3 g::gz:; » No difference for hlgh/

® I0g(L,)=43-44 (ergs/s) | ¥ 10g(Ly)=42-44 (ergs/s) (undet.) low column densities.

© Non-AGNs © Non-AGNs

1. 0 25 0.5
A1 1] ]

“Secularly” evolving galaxies
dominate moderate AGN numbers

Mullaney+11b

Moderate AGNs (Mullaney+11)

Main Sequence 7910% Two modes for moderate and
Starburst 7+2% (SSFR) Quasar AGNs?
Quiesent 15+79% (e.g., Hopkins+06, Lutz+10)

Monday, 1 August 2011




Star formation in AGN hosts

FIR detected I . BRI | © \Voderate lum. X-ray

FIR Detected+Undetected

PR CLCR BRI |  AGNs have similar
N SO e > W Y -
sl SSFRs as main-seq.

£¥02 - .’".
) .,-;-‘3\9.&-- 3,
. ..°. ..‘ - ° ':'. .
A * L ) v

3 Ay galaxies at all redshifts.
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® Backed up by stacks.

SSFR (Gvr™)

B log(L,)=42-43 (ergs/s) o : :g&:;::g:ﬁ g::gz:; > No difference for hlgh/

® I0g(L,)=43-44 (ergs/s) | ¥ 10g(Ly)=42-44 (ergs/s) (undet.) low column densities.

© Non-AGNs © Non-AGNs

0.5

Mullaney+11b

Moderate AGNs (Mullaney+11) Type 2 Quasars (Mainieri+11)

Main Sequence 79+10% 55%
Starburst [+2% (SSFR) 20% (Merger morphology)
Quiesent 15+7% ~25%
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FIR detected

SSFR (Gvr™)

Mullaney+11b

Star formation in AGN hosts

Average of - il © Moderate lum. X-ray

_{ FIR Detected+Undetected ]
bbb i BT |  AGNs have similar

' e SSFRs as main-seq.
galaxies at all redshifts.

® Backed up by stacks.

!
* Quasars . _ |
“[® tog(L)=42-43 (ergs/s) ® No difference for high/

B log(Ly)=42-43 (ergs/s) . ® log(Ly)=43-44 (ergs/s) =
® log(Ly)=43-44 (ergs/s) = | ¥ log(Ly)=42-44 (ergs/s) (Undet.) low column densities.

© Non-AGNs © Non-AGNs

2.5 05 10 _15 20 25 30
|

Redsh ® Similar results for

QSOs ( 1227

Moderate AGNs (Mullaney+11) Type 2 Quasars (Mainieri+11)

Main Sequence 79+10% 55%
Starburst [+2% (SSFR) 20% (Merger morphology)
Quiesent 15+7% ~25%
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(Non)Merger driver black hole growth?

Sub-Quasars:
Redshift < 1

X—=ray
P=0.16

Filed=AGN
-~ ~| Empty=non-AGN

Redshift ~ 2

(a)

Filled=AGN
% Hatched=non-AGN
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Gabor+09 Schawinski+11

(Cisternas+11) ® Lack of starburst/merger activity from FIR-derived
SSFRs is consistent with morphological studies.

-

0 2 4 6 8 10 12
Sersic index n

%

also yesterday’s presentation by Dale Kocevski
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Where do AGNSs live?

i T AR * Qverall, 6-7% of main-
Magin—sequence Blue: z=0.5-1

~ — Quiescent Red: 2=1-2 seguence galaxies host
: moderate X-ray AGNSs.

® But these fractions are
heavily dependent on host
galaxy stellar mass.
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Xue+10, llbert+10
(from Mullaney+11b)
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Credit: Di Matteo+

LA

Secular feedlng mode

Bournaud, Dekel, Teyssier+11

® |dealised model starting with bulge + gas-rich disk
» High central surface densities of gas
» (Gas torquing makes gas-rich bulge
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Secular feedlng mode

f’a
09 HR1 t=R275Myr
Q’ ( ¢ o | - = — MRI t=275Myr
. @ a2 HR1 t=315Myr
s HR1 t=355Myr
o
-
Y ¢ -
.

Smooth inflow region

net inflow rate (M, yr_l)
P )

1

o 100 1000 10000
radius (pc)

Credit: Di Matteo+ | Bournaud, Dekel, Teyssier+11

® |dealised model starting with bulge + gas-rich disk
» High central surface densities of gas

® (Gas torquing makes gas-rich bulge but...

® ...need very high AGN duty cycles to grow BH.
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The growth of BHs and galaxies

Looksbanke(Qye) 1€ * Today’s AGN and SF enough
to roughly maintain M-sigma.
® Less-so in past.

1. ‘Catching up to M-sigma?

2. Redshift-dependent bol.
correction, duty cycle,...”?

3. Obscured AGN?

4. Fraction of bulge/disk

Alexander SMGs grOWthr)

5. etc, etc...
n=1.0

“S~AMgr/AMga

4
Redshift (z)

courtesy of D. Alexander McLure+’04,Peng+’06, Targett+11
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The growth of BHs and galaxies

Look back (Gyr) 12

® Apparent mismatch between
local M-sigma relationship.

® Today’s AGN and SF enough
to roughly maintain M-sigma.

® Less-so In past.

1. ‘Catching up to M-sigma?
2. Redshift-dependent bol.
correction, duty cycle,...”?

3. Obscured AGN?
4. Fraction of bulge/disk
Alexander SMGs grOWthr)
5. etc, etc...
n=1.0
A
S ~—~AMgH/AMgai
4
Redshift (z)
courtesy of D. Alexander McLure+’04,Peng+'06, Targett+11
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Summary

® No correlation between the global FIR output and X-ray
luminosities of moderate AGNSs at any redshift.

® The Lir of moderate AGNs was much higher at high
redshifts than it is today.

®* The SSFRs of moderate luminosity AGNs are remarkably
similar to main-seguence galaxies.

® The vast majority of these AGNs ‘live’ In
main-sequence galaxies.

® Suggests non-merger driven BH growth in these
moderate AGNSs.

® Paints an “interesting” picture of BH and galaxy growth.
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