AGN and galaxies

Vincenzo Mainieri

Based on conversations with Andrea Merloni and Paolo Padovani
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AGN activity Is not a rare event

NGC4395 (Filippenko & Ho 2003)
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Similar mass build-up history
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AGN feedback:

ES+
0
+

Galaxy luminosity

Silk+12

‘It has been realized over the past decade
that the black hole at the center of a galaxy
bulge Is no mere ornament but may play a
major role In determining the final stellar
mass of the bulge. The process by which
this occurs is known as AGN (active galactic

nuclei) feedback”
Fabian+12
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AGN feedback: radio and quasar mode

Radio Lood

Radio Quiet

/L. =<0hi]
Fdd =~

L/L
Fdd

> 0,01

Jet mode

Radiative mode

Low=excitation radio source
* Yery massive early—type galaxy
* Yery massive black hole
* (ild stellar population; litthe SF
* Moderate radio lominosity
* FR1 or FR2 radio morphology

* Weak (or absent) narrow, low
ionisation envission lines

AN LINER
* Massive early—tvpe galaxy
* Massive black hole
® Oid stellar populatbon: little 5F
* Weak, small-scale radio pets

* Maoderate strength, low-lonisation
parrow enission limes

High=excitation radio source
* Massive early—iype galaxy
* Massive black hole

= {(Md stellar population with soeme
of—going star formation

* High radio leminosity
* Mostly FR2 morphology
= htrong high—ionsatkon narcow lines

Type 2 Q50 beyiert 2

* Moderately massive early—type disk :
ealaxy with psewdo—bulge |

* Moderate mass black hole :

* Rignificant central star—formation
* Weak or no radio jets :

® Strong high—jonksatkon narrow lines :

= 508 more luminoos than Seyferts

Radio=loud {s()

Host galaxy properibes like high—
excitation radio source, but with
additbon of:

* Direct AGN light
* Broad permitted emission lines
* Sometimes, beamed radio embissbon

Radio Quiet 50/ Seviert 1

Haost galaxy properties like Type-2
Q50 and Sevlert 2, respectively, but
with additkon of:

* Direct AGHN light
* Broad permitted emission lines

* Hias towards face—on orfentation

S i

Light dominated by host galaxy

Direct AGN light
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What have we learned?

AGN outflows are common
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AGN feedback: radio mode
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McNamara+09




AGN feedback: local Universe

Molecular gas lonized gas Neutral gas
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Massive multi-phase outflows extended on kpc scales.
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AGN-driven outflows
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AGN feedback: high-z

Ha @ 1.5<z<2.4

Forster Schreiberl+14
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[Cll] @ z=6.4

[O W] velocity O |

—-2000 —-1000 0
Velocity (km/s)
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Is AGN affecting the host galaxy?

Cano-Diaz+12

10.15

-2

arcsec

2
arcsec

cm

50.10

1

0.05

107" erg s~

drCseC
arcsec

Star-formation (narrow H,) Is heavily suppressed in the
region where the strongest outflow is traced by [OII]JA5007
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Timescales

“normal’ galaxy
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AGN feedback: positive

Theory: AGN-induced pressure on gas rich disk or triggered sf in the outflow
(e.g. Silkk+13; Ishibashi & Fabian 13; Zubovas & King 13, 14)

Observations

Croft+06

Cresci+14
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Where we stand and (near) future
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* Tracing feedback at different cosmic epochs
* Characterize the physic of the feedback process

How representative iIs my sample of the overall AGN population?
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BH demography
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X-ray. Athena+

Wide Field Imager (WFI)

Barret+13

Mumber of source/log{flux) per pointing

1500

1000

500

-
() et

Launch date: 2028

Angular resolution: 5" (goal 3") on axis

Energy range: 0.3-12 keV 0
Field of view: 40’ (goal 50’
(9 ) — 12m Fixed
Focal Focal
Length
— Athena+ WFI - 1 Msec
Athena+WFI - 300 ksec
——  (Chandra ACIS - 1 Msec
XMM-EPIC PN - 300 Ksec

Survey Speed

Mirror Assembly

1016 10°15
1

- . . E 3,
0.5-2.0 keV flux (erg s cm =)
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X-ray. Athena+

-13

The Epoch of Re-ionization
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Athena+ will allow us to trace the BH growth at the re-ionization epoch BUT
we will get also for “free” large samples of Seyfert like AGNs at 2<z<6
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X-ray:. Athena+ 1Ms field

. Athena+/WFI 1Ms_

CDF-S

Chandra/ACIS 1Ms

Athena+ WFI 1Ms
,simulated with SIXTE
* Christian Schmid, ECAP
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X-ray:. Athena+ - follow-up

28| v v d ':u:ag Source density
g o B e g N(S>10165 cgs, z>1) ~10,000 deg
Far “iﬁ"&a M,
L ST L NR: 21
P - .1« FoV~500armin?
3 ST s g e ? ) +  Multiplexing: > 500 (~1300 targets)
Sl k" Y1+ R>5,000 (HR for BH masses)
sof BT R<26:0 VLT (e.g. MOONS)
wis cors,  R>26:NIRMOS @ E-EL

0.5-8.0 keV Flux (erg em™ 57")
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Radio: SKA deep radio surveys ... . .

2018 2015 2020 2021 2022
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LEatIyl_Sx:jann&
Separate RQ AGN and SFG R

2018 2015 2020 2021 2022

The pJy sky will be dominated by SFG, and RQ AGN.

1.0

® SFG : —T

A AGN — L
osl| ® radio-quiet AGN ”’

-] A

radio-loud AGN

o
o

Fraction

o
.

Bonzini+13

log(Sg 0/S4.5)

0.2r

0.0

) 1.0

" Sr (1.4GHz) [m)y]

The radio emission in RQ AGN is probably due to SF activity (e.g. Padovani+13;
Bonzini+15) - need multi-wl ancillary data (X-ray, optical, IR).
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Separate RQ AGN and SFG

|

[Early.Science.

2018

2019 2020 2021 2022

X-ray counterparts
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Updated from Padovani+11
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Separate RQ AGN and SFG R

2018 2019 2020 2021 2022

Optlcal counterparts

22 — . o —
@ RQ AGN i :
-y _ﬂapb.u.pm_ .................... E‘.‘_?ER_R.SL (3/4 sky)|
a sp:rals
245 o dwarf | y
| _._._.i._E'-E'?"_FEE:'!'H,.::.l P‘““E‘.‘*E'?E*_z,‘_ﬁ?ﬂ’ﬁ.i".ﬂ_._
= RL AGN .
' I
2| 4 |
- i
] ——
£
o BEL'P_ILM?_-FLL ....... S I S —
28 JWST {100 2&1 f“" B/§0 m ftelescopes (5o, ~: lﬂh)
HST Surveys l:fll aremin®) :;‘
.................. f e
3 5 :
% E._B.L'r_fs_v._wﬂ._._.l_._é-. _____________ a._ _
3 El £
E : il T
g | o
o i
o i _
32 Il Il IIIIIIE Il Il IIIII&- 'l Il IIIIIII 'l I;IIIIIII ' Il 4 1 i1
0.01 0.1 1 10 100 1000

radio flux density (1.4 GHz) [microly]

Updated from Padovani+11



UEatI;ILS;z'L&n;:eL
Separate RQ AGN and SFG I

2018 2015 2020 2021 2022

ES+
0
+

IR counterparts

10' ———

S>1pJy good match with LSST and
Seltzer Despest Survergoza et ________ __ JWST and ELTs (but limited region

>
‘g . ;JTS'T(TOF.?BT:"[EESZ:, 18%) | Of the Sky)
§  [omon G sy [T T e { * S<luly radio pnly information (H|
I redshifts, Size, morphology,
O [ o s spectral index)
o1t s El * RL AGN -

radio flux density (1.4 GHz) [micrody]

Updated from Padovani+11



Barret+13

The Epoch of Re-ionization

6
Redshift (z
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Forster Schreiberl+14

ES+
0
+

Tracing AGN feedback at different epochs

:

Q2343-BX610 )

A

Deep3a-15504

racing the ionized component at z>1.:
NIR IFU (e.g. [OlIIJA5007)
mass-outflow rate & kinetic energy

0.2” resolution
(1" @ z~2=8.3kpc)
AQO assisted
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Tracing AGN feedback at different epochs

Genzel+14

of 31 broadmuclel, racing the ionized component at z>1:

NN | Ho | NIR IFU (e.g. [OlII]A5007)

0p  wmes mass-outflow rate & kinetic energy
05 | @8/ 7 .
] 70,77 0.2” resolution
N ﬁiﬂm (1” @ z~2=8.3kpc)

e N, AO assisted

T elocity (k) NIR IFU MOS + LTAO @ VL

Source density and survey speed:
N(S>1016 cgs, z>1) ~400 deg~ (20 objects in a KMOS like patrol field)
N(S>10-16-5¢cgs, z>1) ~10,000 deg (480 objects in a KMOS like patrol field)
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Tracing AGN feedback at different epochs

f‘gi,[;f“g] lllllllllll racing the ionized component at z>2:
- o " | NIR IFU (e.g. [OII1]A5007)
py Op  vmess mass-outflow rate & kinetic energy
qN) é 0.5 @8/ - .
s - 70, 0.1” resolution
G s ol | _ (1” @ z~2=8.3kpc)
~5 ' AO assisted
C sy (o NIR IFU + LTAO @ E-EL
spaxel: 20 x 20 mas l
HARMONI  fov: 3.0"x4.3” MOS

A: 0.47-2.5 ym

Vincenzo Mainieri - ES0O2020



ES+
0
+

Tracing AGN feedback at different epochs

CO(1-0)- PdBI

o b o Tracing the molecular component at
z>1:
Chs N ; ALMA
= o0 Lo - COJ 2-1, 3-2,....

D I P — — — —-LFI-l-l-l-I-ll
NN EEEEEE R EEE RN EE R NN . T'I]Y'TI]QTSOII.r
; ) 1000 | psc |
1000 -500 0 500 1000 i TS
Velocity [Km/s] s
wiAA

Feruglio+10

0.2” resolution
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—
D
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. —_—
E ©
Z~£=0.0KpPC 5100 |- iy e
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Y B | i, :('O{; jk 05
g i 3 T i -] CO(4-3) . —_—
NG B L e . " lcos-2) p—
/ . e 7 =
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‘ 7 ~Hcot1-0)

jol—u 1 1
0 2 4 6
Redshift
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Zubovas & King 14

Physics of the AGN feedback

(COSMOS)
I
]
|
|

I
H
I|IIIIIIIII TTTTTTTTTIITTTTTT

log Aggy

Aegq@ Mgy/Ly,: mid-high resolution NIR spectroscopy & UV-NIR photometry

Trace the multi-phase gas outflows as f(Agyg) NIR IFU MOS + LTAC @ VLT

ALMA (CO, HCN)
Vincenzo Mainieri - ES0O2020
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AGN feedback impact on the host: statistical studies

& PHIBSS z=2-3
L ] PHIBSS z=1.5

A finet ges = 1JIf|[I1I+ (0.7 » s-.SFFi',r'}I ] |
_ ] Does the AGN triggered outflows affect the
S ..;D:"if‘ ﬁ cold gas reservoir and modify the SFE of Its
T} os) i.g";::"" - host?
= | 2T 1 “Normal” galaxies at z>1: PdBI and now ALMA
: . Tacconi+13
| N T SFE, f,, for statistical samples of AGN hosts
 smen (sampling the MS) In comparison to “normal”
100 L 3.}D':::Idl.el.al.{2ﬂ1n'b} s PHIBSS _ gaIaXIES (e'g SSFR! Z! M*)
2 g 10¢ i;‘%iﬂmiﬁ | 3 i
il B z ALMA (CO and continuum)
L & SRR XN '
U) : T_ff &‘;?dET:@
[ Ly otme - e oo
o1} WSargent+14 e - (e.g. Scoville+14 ; Genzel+14)
! 1BSFRj{ BSFR}Illzﬂ N |
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AGN feedback impact on the host: detailed studies

Which impact has AGN-driven outflows
on on-going star formation in the host?

Once we have detected the presence of an
outflow we need to trace the star-formation
In the host at (sub)-kpc scales:

Cresci+14

NIR IFU + AO
(e.g narrow H, but reddening)
6h SINFONI (J-band, 0.77) —> 20h-30h for
H
B

Vincenzo Mainieri - ES0O2020
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AGN feedback impact on the host: detailed studies

Which impact has AGN-driven outflows
on on-going star formation in the host?

0.0

Once we have detected the presence of an
outflow we need to trace the star-formation
In the host at (sub)-kpc scales:

Cresci+14

-0.5 .

-1.0

NIR IFU + AO
e.g narrow H, but reddening)
6h SINFQNI (J-band, 0.77) —> 20h-30h for

SR
BAND 8
<l
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AGN feedback impact on the host: detailed studies

Which impact has AGN-driven outflows
on on-going star formation in the host?

Once we have detected the presence of an
outflow we need to trace the star-formation
In the host at kpc scales:

Cresci+14

NIR IFU + AO

(e.g narrow H, but reddening)
FONI (J-band, 0.77) —> 20h-30h for

BRI
BAND 8
<l
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AGN feedback impact on the host: detailed studies

Which impact has AGN-driven outflows
on on-going star formation in the host?

Once we have detected the presence of an
outflow we need to trace the star-formation
In the host at kpc scales:

Cresci+14

NIR IFU + AO
(e.g narrow H, but reddening)
INFONI (J-band, 0.77) —> 20h-30h for

SR
BAND 8
<l
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Gabor & Bournaud 14
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AGN feedback impact on the host: detailed studies

Which impact has the AGN-driven
outflow on dense molecular gas clouds?

Dense gas mass (Mg

0

1.0+10"°}

5.0-10°}

Aalto+12

—— w/ AGN
- - - no AGN

ALMA
(e.g. HCN J=3->2 Iin band3 @ z~2)

Is the AGN outflow mostly made of hot gas
of low density?

0

20 40 60 80 100

Time (Myr)
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Challenges and wish list

» Select representative AGN arge LPs
samples Athena+
SKA + NIRMOS @ VLT/
| SST NIR MOS @ E-ELT

* Trace AGN feedback at z>1

MOS NIR IFU +LTAO @ VLT |
(MOS) NIR IFU + LTAO @ E- ALMA (CO, HCN)

ELT
* AGN feedback impact on the host galaxy and feedback physics
MOS NIR IFU + LTAO @ VLT N ALMA
(MOS) NIR IFU + LTAO @ E- (continuum, CO, HCN)

EL\Incenzo Mainieri - ES0O2020



