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Feeding & Feedback
in galaxies & AGN

“"AGN" is a phase
Harrison 2017 review
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Models predictions for the feedback phase

Hopkins+2008
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Major mergers model predictions:

1) BH growth and SF almost “simultaneous”

2) blow-out phase very short (< 100 Myr)

3) blow-out phase IR bright (dusty)

4) blow-out phase X-ray obscured

5) blow-out phase radiates at the 0.1-1 L/
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Models predictions for the feedback phase
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X1D2028 (z=1.5930)
a QSO selected to be in the blow-out phase

Discovery R
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A spatially resolved ionised outflow

Cresci, Mamlen, MB+20I5 Ap]
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Residual map of narrow Hx component
(tracing star formation) from H+K SINFONI data
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1) A compact nucleus

Brusa et al. 2017, A&A re-submitted
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ALMA band 6 (6.5hr)
continuum image, 200 detection

host galaxy resolved in LUCI, radius 5-10 kpc

Elongation seen in K-band, corresponding ~ to the
plume location (North-East), nothing on HST/ACS

resolved in “nucleus” and “plume” , , : :
Merging faint source! tidal tail?

Dust emitting region: ~1.5 kpc radius



2) A fast rotating disk
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Brusa et al. 2017, A&A re-submitted
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(merging unlikely as gradient origin)



3) A spatially resolved molecular outflow
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Brusa et al. 2017, A&A re-submitted



3) A spatially resolved molecular outflow

continuum gubtrected 'blue tail' flux map
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Imaging of the blue (< -350 km/s)
and red (>350 km/s) channels

bi-directional outflow out to ~ |10
kpc and v~700 km/s

perpendicular to the rotation axis

Brusa et al. 2017, A&A re-submitted
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High velocity gas: well Maiolino+12, Cicone+15

developed outflow
extending out to 30 kpc

~1n8
- lasted at least ~10° yrs

_— 5
Low velocity (dynamically
quiescent) gas:

mostly within 1.5kpc,

is forming stars

at 1000 Mg/yr




3) A spatially resolved molecular outflow

continuum gubtrected 'blue tail' flux map
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Brusa et al. 2017, A&A re-submitted
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The blueshifted outflow is co-spatial with the ionized
outflow from [OIlll], in between the star forming

regions traced by HX, dust continuum and U band

First direct detection of a resolved CO outflow

spatially coincident with the ionized outflow
component



4) An (exceptionally) low

gas fraction...

|.3mm cont + CO(5-4): ALMA Cycle 3
CO(3-2): PdBI

CO(2-1):ALMA Cycle 3 (PI: Daddi)
850micron cont: ALMA Cycle 3 (Pl: Scoville)

CO excitation ladder consistent with
ULIRGs, SMGs and BzKs

—> inferred CO(1-0) within a factor 3
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4) An (exceptionally) low

gas fraction...

Brusa et al. 2017, A&A re-submitted

|.3mm cont + CO(5-4): ALMA Cycle 3
CO(3-2): PdBI

CO(2-1):ALMA Cycle 3 (Pl: Daddi)
850micron cont: ALMA Cycle 3 (Pl: Scoville)

CO excitation ladder consistent with
ULIRGs, SMGs and BzKs

—> inferred CO(1-0) within a factor 3
compact SF galaxy (2, ~ 25 M/yr kpc2)

(comparable with bright sub-mm galaxies)
Dust temperature from Greybody fit ~50 K

—> SB like _=0.8

Total M, = 1¥0.5 x 10'° Mg
(consistent with R] continuum estimate)
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An (exceptionally) low
gas fraction... and depletion timescale

Gas fraction < 5% (<10%) tdepl ~40 Myr (< 100 Myr)
Schinnerer+2016
: . i l T T
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Evidence for removal of molecular gas in
AGN systems with outflows

Brusa et al. 2017, A&A re-submitted Brusa/et al. 2015b, PdBI data
I XID2028: ] obscured QSO0s:
(&) CO | Aravena et al. (2008) SB
I sub—mm ] ® Feruglio et al. (2014) SB
1 L -~ continuum _ ® Popping et al. (2017) outflow / see also Polletta+11
g ] + Mrk 231 (Flore et al. 2017) SB+outflow
I ] reference samples:
3 i .\:\ | o e D<Z<R.5 MS galaxies (Sal4)
O, . X\\ % z~0 starburst (U)LIRGs (S087)
4 0.1 F A - » z~1.5 off-MS starbursts (Si15)
R : K . ® 1.2<z<3.4 SMGs (Bo13)
i N ) e 1<z<1.5 AGN (Kakkad et al. 2017)
- -.\. —
* literature scaling relations
0.01 ¢ r (z=1.6 & 10.7<log(M,/M;)<11.6):
[ 3 - .
i Depletion time scale vs. - - . 'I’o.cc-oxu i
I “normalised” sSFR for ] .+*" Scoville et al. (2017)
o | ax1010<MP<5x107T " Sargent et al. (2014)
0.1 1 10 100
sSFR/{sSFR )irc

Depletion time scale below that of inactive galaxies of similar SFR/M%* properties
Evidence for removal of molecular gas (or change into ionised phase?) and/or of higher SFE in converting into
stars the residual gas



Summary

RESULTS on a prototypical luminous, obscured QSO (X1D2028)

Fast and powerful ionised/neutral/molecular winds with negative and
positive feedback effects

[O I, [O 1], Mgll, CO(5-4) asymmetric line profile, v>700-1500 km/s, up to ~10 kpc !
ionised component comparable or larger than molecular one

XID2028 (+XID5321, XID5395) in the NIRSpec GTO target list !

Compact and rotating SF molecular disc + high >SFR into an (already)

massive galaxy
ALMA [.3mm continuum and CO(5-4) sizes

Molecular gas has been removed (or destroyed?) in AGN systems (with

outflows)
Very low molecular gas fraction and depletion timescale



Summary

(1)AGN outflows do have effects on host galaxy properties

(2) Effects of outflows can be studied only through multiwavelength approach
Importance of survey + dedicated follow-up

* XMM-Newton + COSMOS + multiwavelength photometry
* X-shooter + SINFONI + DEIMOS + LUCI/ARGOS + PdBI + ALMA +....

(large) obscured AGN samples mapped in CO/dust

200 |- at z=1-3 are still MISSING....

150 |- =7 Need more molecular gas observations of AGN host

galaxies at z~|-3, coupled with information on
presence of winds and reliable measurements of
stellar masses

" QSO
100 |-

00

; -_.,.- SUPER-ALMA survey (Pl: Mainieri;~few
| B tens sources)
0

1990 1995 2000 2005 2010 2015
Year Carilli & Walter 2013

Number of objects with CO line detection

courtesy R. Decarli
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Feeding & Feedback
in galaxies & AGN

IR radiation pressure suppresses star formation efficiently

Costa+2017
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ofar formation drops hy factors ~ 7 - 3 halo-wide due to 111 radiation pressure.

Slar formalion cornplelely guenchied in lhe innermosl ~ 1 koe.

BUT need gas to be optically thick in IR.

Need high central gas densities, high dust masses, high
gas covering fraction.



Multiphase winds

Fiore et al. 2017

compilation of ~90 AGN with outflows in different phases
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AGN L, [ergs s“]
con:
- only few sources with 2 gas phases
- statistical relation / biases samples!

1040

at the highest AGN luminosity (Lbol>10%46) molecular
and ionised winds have comparable mass outflow rates

XID2028:
mass outflow rate in the ionised gas component
comparable or larger than molecular component



CO bursters: SMGs, (U)LIRGs

CO xCOLDGASS

dust 1mm photometry
CO PHIBSS 1.2

dust FIR SED
other CO
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