AGN feeding & feedbac'k | '

revealed in detail by f
MeerKAT and the SKA.

Filippo Maccagni - INAF Osservatorio Astronomico di Cagliari e

F.Maccagni, P.Serra, F.Enriques; INAF, SARAO



AGNgare the most disruptive event in the Universe
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The many scales of AGN Feeding & Feedback

* SPACE

* from the circum-nuclear scale (pc)
of the SMBH to the to the circum-
galactic scale (hundreds of kpc)

* TIME

* AGN are rapid & recursive while
galaxy evolution is slow and
continuous

[Gaspari & Sadowski 2017]

* radio jets trace the timescales of
nuclear activity
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Neutral Hydrogen traces AGN feeding on all scales

HI in-falling clouds from circum-nuclear disks
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Neutral Hydrogen traces AGN feedback on all scales

Radio jets eject HI outflows on circum-nuclear scales Radio jets shock HI on circum-galactic scales

T I RN
HI from WSRAT {(Gereb ¢l &, 2015)
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Previous absorption

Past HI studies in AGN " s
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HI column density sens

Circum-nuclear scale Galactic scale Circum-galactic scale

HI has column density - Spatial resolution
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MeerK AT array configuration
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MeerKAT array configuration

* Flat noise answer between 6” and 90”

noise (mJy beam™')
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Previous absorption MeerKAT Observations
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Previous absorption MeerKAT Observations
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MAGNHIFFIC - goals

* Detailed high resolution wide-field studies to:

log(Ny/cm~2) (30 over 16 km s71)
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Resolution: 10” - 90”

Av=14km s B

27 mag/arcsec?

10M02™ o1m
RA (j2000)

NGC3100 is located in an HI rich group

-Previous HI detections

Nip= 1.57 X 2010 % 204 ¢m=2 %, "

Nygi = 2.93 x 1018:x 204 ¢ : 7"
Nui=1.92 x 10%8%:2%4 cm~2 "

- HI detections without optical counterpart

[Maccagni+, in prep]
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/ ‘Dark cloud’

* remnant of

interaction between |

surrounding

‘Dec (J2000)

Dec (J2000)

galaxies
¢ falling onto
NGC3100

=L157% 102 %204 cm=2 " :

N"mv
N =293 x 1018.x 2%¢ cm 2 -
Ny =1.92 x 10185204 cm=2 " . =

Ni™= 1.66 X 101 x 204 cm 2

Np =3.33 x 1018 x 204.cm =2
Ny =2.29 % 1018 x 20’4 cm2 «
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HI filament falling onto the  gianzetmaps=ti oD

circum-nuclear disk Qf NGC3100
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Fornax A
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* How did the radio lobes and inner"j.éfs ’_f:o_rm'_?'_ﬂ .

* In which timescales?

MeerKAT commissioning Observatlons
Serra et al. 2019 : merger history of Fornax A L&
Maccagni et al. 2020 : flickering activity of the AGN
Kleiner et al. 2021 : HI and Ha content of group

Maccagni et al. 2021 : feeding & feedback in Fornax A
Loi et al. 2022 : HI and Ha depolarizing co-ntmuum from lbbes
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* Synchrotron emission: high energy :
ACTIVE

- PHASE

particles are injected in a medium with 0 oo e IR T T
v(MHz) v(MHz)

constant magnetic field, and then loose

—
o

—

energy over time.

Flux Density (Jy)
©

* Active phase + turn off

o
=
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* Timescale measured from distance
Courtesy of
10 100 1000 104 105 10¢

between frequency breaks M. Murgia Jooo
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East Lobe
o . West Lobe
* 24 Myr ago began the last injection of Jets
the lobes

kpc-core

* 12 Myr ago AGN switch-off

* Phase 2 — Jets
* 3 Myr ago AGN formed the jets
* 1 Myr ago AGN switch-off

* Phase 3 — Core
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* kpc-core is active (< 1 Myr)

10 10 :
[Maccagni et al., 2020Frequency [MHz]



https://www.aanda.org/articles/aa/abs/2020/02/aa36867-19/aa36867-19.html

Fornax A & HI R
.'.o, . v .

- What is fuelling and sustaining the rapid & A0

duty cycle of the AGN? i > | AT

*Is AGN feedback Changing the conditions " . 8 % N
of the ISM and IGM? . -
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Dust
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kinematics
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[Maccagni et al., 2021]
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similar kinematics

HI distribution over radio jets
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AGN feeding

HI distribution over radio jets
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infall and cooling caused 50[e HI rotating disk

by turbulence ® Hinflow
@ HI outflow

entrained by radio jets 10, ' —
r [kpc] [Maccagni et al., 2021]



https://www.aanda.org/articles/aa/abs/2020/02/aa36867-19/aa36867-19.html

fifdl,sk and the SMBH ?-a;. R cedips & feedbaekloop |

‘_‘NHI 782X1019X20416

Nip=.1.57 % 101° % 2°4cm St
NH|+7’23><1018><204cm 2:
Ny = 2.93 x 1018:x 2%4 cra™2

Ny = 192x1018x204cm . A

Fornax A 1s+rap1dly ﬂlckermg bécause of

_ . V*' T \‘ « :
SK@ low + SKA-mld contmuum &- spectral will enable detaﬂed studles of the

‘_ physms of AGN feedmg and feedback over statlstlcal samples of nearby galaxies

F.Maccagni, P.Serra, FEnrlques INAF, SARAO
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MeerKAT+ 1s a

joint venture
between MPAR,
INAF & SARAO
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INAF is involved in MeerKAT+
commissioning and legacy surveys BUT
most researchers actively working are
post-docs with expiring contracts
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A
INAF employees:

Vs 650 precari: pitt di 1 precario ogni 2 persone di ruolo.

[ Commal
Comma 2

In media 8 anni d

esperienza
post-dottorato

Eta media
40 anni

3456 7 8 91011121314151617 18 19 2021 o 30 =
Anzianita' precariato Anzianita' anagrafica

Piu di 100 precari con esperienza decennale rischiano 1’esodo da INAF
L'impatto sui progetti nazionali e internazionali di INAF sarebbe dirompente.

Per sostenere la rete stabilizzandi firmate qui!
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‘Dark cloud’

* spatially and kinematically connected with HI

Ni'= 1.66 x 1019 x 204 cm~2

Np =3.33 x 108 x 20 4.cm~2
Ny =229% 1018 x 204 tm=2 »

10M00™

150
Radial offset [kpc]
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