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Galaxy evolution: the need for feedback
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Kormendy & Ho 13

1) MBH-Lbul, MBH-σbul, MBH-Mbul scaling relations

3) SFR similar to BH accretion history Stellar (SN) feedback accounts for the 
lack of low-mass galaxies

AGN feedback for lack 
of massive galaxies

Silk & Mamon 12Aird+15

4) Galaxy luminosity function

2) Galaxy bimodality

Schawinski+14
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Searching for feedback in action
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Feedback from radio

jets in massive


elliptical galaxies

Balmaverde,GV+18

X-rays

radio

optical

[NII]+Hα

Outflows ubiquitously observed…

But not clear actual impact of outflows on host 

galaxy, and their driving mechanisms: major 
challenge!

Indeed, usually outflows observations are

spatially unresolved/marginally resolved


—> Outflow properties (e.g. extension) need to 
be assumed; no spatial information on structure 
and different properties throughout the outflow 
(velocity, mass, density, shape, direction etc…)

Harrison+14

Integrated

spectrum [OIII]

Broad wing: outflow
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[OIII] blue wing 
contours

Star Formation (Hα)
Cresci+15a

Outflows: open problems and questions
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XID2028 
z ~ 2.4Outflows traced by

broad wings in
emission lines

   Brusa+18

Molecular + 
ionized outflow

Low gas fraction (<5%) and 
depletion timescales (<108 yr)

[OIII] velocity
Star Formation (Hα) vs 

[OIII] blue wing contours

z ~ 2.4
Carniani+15,16

Spatially-resolved observations of powerful quasars at z~1-3 (peak of 
AGN activity) successfully found few cases of feedback from outflows
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[OIII] blue wing 
contours

Star Formation (Hα)
Cresci+15a

Outflows: open problems and questions

4

XID2028 
z ~ 2.4Outflows traced by

broad wings in
emission lines

But low spatial resolution due to distance and data quality —> 
difficult to study in detail feedback and outflow physical properties…

   Brusa+18

Molecular + 
ionized outflow

Low gas fraction (<5%) and 
depletion timescales (<108 yr)

[OIII] velocity
Star Formation (Hα) vs 

[OIII] blue wing contours

z ~ 2.4
Carniani+15,16

Spatially-resolved observations of powerful quasars at z~1-3 (peak of 
AGN activity) successfully found few cases of feedback from outflows



G. Venturi Dissecting ionized galactic outflows in nearby AGN

MAGNUM survey
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Centaurus A Circinus IC 5063 NGC 1068 NGC 1365

NGC 1386 NGC 2992 NGC 4945 NGC 5643

Nearby (D<50 Mpc) Seyferts provide much larger intrinsic spatial resolution  

to characterize outflow properties and feedback in detail

VLT/MUSE FOV

1'⨉1'

VLT/MUSE FOV spans 1-15 kpc with resolution: 15 pc (@4Mpc) to 115 pc (@30Mpc)

Venturi+17, 18, Mingozzi+19, Venturi+in prep.
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Part 1: NGC 1365
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Detailed study of ionized gas in the central kpcs of NGC 1365: 

AGN vs star formation, mapping the outflow properties 

from optical (MUSE) and X-ray (Chandra) data 

Venturi et al., 2018 
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NGC 1365: complex environment in central kpcs
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Massive barred galaxy (4⨉1011 M⊙)

hosting a low-luminosity AGN:
LAGN ~ 2×1043 erg/s
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NGC 1365: complex environment in central kpcs
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MUSE FOV
~ 5 kpc

Spatial res. —> ~60 pc

Star formation (~7 M⊙/yr):

Hα follows dust lanes along
the bar + circumnuclear

ring (~5.6 M⊙/yr)

Hα
Stars

Massive barred galaxy (4⨉1011 M⊙)

hosting a low-luminosity AGN:
LAGN ~ 2×1043 erg/s
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Density from [SII] doublet
up to 103 cm-3 in the ring

NGC 1365: complex environment in central kpcs

7

MUSE FOV
~ 5 kpc

Spatial res. —> ~60 pc

Star formation (~7 M⊙/yr):

Hα follows dust lanes along
the bar + circumnuclear

ring (~5.6 M⊙/yr)

Hα
Stars

Massive barred galaxy (4⨉1011 M⊙)

hosting a low-luminosity AGN:
LAGN ~ 2×1043 erg/s
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NGC 1365: complex environment in central kpcs

7

MUSE FOV
~ 5 kpc

Spatial res. —> ~60 pc

Star formation (~7 M⊙/yr):

Hα follows dust lanes along
the bar + circumnuclear

ring (~5.6 M⊙/yr)

[OIII] ⟂ double cone

[OIII]

HαSE

NW

SE less obscured

! above disk,

NW ! behind disk

Hα
Stars

Massive barred galaxy (4⨉1011 M⊙)

hosting a low-luminosity AGN:
LAGN ~ 2×1043 erg/s
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NGC 1365: source of gas ionization 
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Spatially resolved
BPT diagrams

Double cone
ionized by AGN

SF dominates
along the bar

AGN

SF

LINER

AGN

SF
LINER

AGN

SF

Composite

[OIII]
Hα

lo
g 
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]/H
β

log [NII]/Hα
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g 

[O
III

]/H
β
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NGC 1365: double-conical outflow
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Outflow spatially traced by motions deviating from rotation
Stellar velocity [OIII] velocity

[OIII] vel. - Stellar vel. [OIII] W70
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NGC 1365: mapping the mass outflow rate
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NW cone: positive velocity 

! receding

Outflow sliced in a grid to separate 
outflow from disk component in fitting

SE cone: negative velocity 

! approaching

Mass outflow rate

[OIII] vel. - Stellar vel.

Mass outflow rate
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NGC 1365: mapping the mass outflow rate

10

NW cone: positive velocity 

! receding

Outflow sliced in a grid to separate 
outflow from disk component in fitting

[OIII]

Hβ

[NII]
Hα

[SII]

Left comp.: outflow blueshifted;   Right comp.: disk

outflow

outflow

Stellar 
velocity

SE cone: negative velocity 

! approaching

Mass outflow rate

[OIII] vel. - Stellar vel.

Mass outflow rate
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NGC 1365: mapping the mass outflow rate
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NW cone: positive velocity 

! receding

Outflow sliced in a grid to separate 
outflow from disk component in fitting

[OIII] dominated by outflow, 

Hα dominated by disk

[OIII]

Hβ

[NII]
Hα

[SII]

Left comp.: outflow blueshifted;   Right comp.: disk

outflow

outflow

Stellar 
velocity

SE cone: negative velocity 

! approaching

Mass outflow rate

[OIII] vel. - Stellar vel.

Mass outflow rate
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NGC 1365: mapping the mass outflow rate
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NW cone: positive velocity 

! receding

Outflow sliced in a grid to separate 
outflow from disk component in fitting

[OIII] dominated by outflow, 

Hα dominated by disk

[OIII]

Hβ

[NII]
Hα

[SII]

Left comp.: outflow blueshifted;   Right comp.: disk

outflow

outflow

Stellar 
velocity

SE cone: negative velocity 

! approaching

Brusa+16
Outflow is not a broad wing 

as at low resolution 

in more powerful AGN

Mass outflow rate

[OIII] vel. - Stellar vel.

Mass outflow rate
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|v
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ion

v
out

Decreasing trend with 
distance

(see also Karouzos+16a,16b, Bae
+17, Crenshaw+15, Revalski+18)

• AGN more powerful 
recently than in the past

• Outflow does mass 
loading and slows down 
(but mass not radially 
increasing)

• We sample only ionized 
gas (lacking neutral 
atomic + molecular), 
which depends on 
ionizing flux ∝ r -2

NGC 1365: outflow radial profiles
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Radial profiles as a function of distance from the AGN
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Ṁion ≪ SFR (7 M⊙/yr)
—> outflow unable

to affect SF
(at least in the ionized 

phase)
|v
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NGC 1365: outflow radial profiles
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Radial profiles as a function of distance from the AGN
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Ṁion ≪ SFR (7 M⊙/yr)
—> outflow unable

to affect SF
(at least in the ionized 

phase)
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NGC 1365: outflow radial profiles
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Radial profiles as a function of distance from the AGN
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Working on NaID 
absorption lines to add 
neutral atomic gas to 

mass and energy 
budget of the outflow

(Perna,GV+in prep.)
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Ṁion ≪ SFR (7 M⊙/yr)
—> outflow unable

to affect SF
(at least in the ionized 

phase)
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NGC 1365: outflow radial profiles
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Radial profiles as a function of distance from the AGN
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3-5 keV
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Not excluded that SF ring
contributes to outflow,

as we observe hard X-ray 
emission from ring in principle
ascribable to SNe producing 

shocked wind
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ion

v
out

Mass outflow rate of 
nuclear X-ray wind 

(vout,X ~ 3000 km/s) from 
FeXXV and FeXXVI 

abs. lines

NGC 1365: outflow radial profiles
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Radial profiles as a function of distance from the AGN
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Radial profiles as a function of distance from the AGN
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Ėk,ion ≲ 10-3 Ėk,X            
—> would need too  
much neutral atomic + 
molecular for Ėk,tot ~ Ėk,X 
(see Carniani+15, Fiore+17, 
Fluetsch+19)

• Direct AGN radiation 
pressure on dusty  
clouds (e.g. Thomson+15, 

Ishibashi+18):                   
ṗion  ≲ 1/20 LAGN/c 
(models: ṗtot ~1-5 LAGN/c) 
—> in principle could be 
the driver
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Comparison with AGN outflow samples 
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Extend at low luminosity the AGN ionized outflow sample of Fiore+2017

(NGC 1365: AGN Lbol ~ 2⨉1043 erg/s)


NGC 1365
(this work)Ṁ

o
u
t

[M
�
yr

�
1

]
<latexit sha1_base64="SnRTssqNHnFmFLUvpHaN6UM+Zvg=">AAACHnicbVDLSgMxFM34rPVVdekmWAQXWmZEUVwV3bgpVLAP6IxDJk3b0MxkSO4IZZgvceOvuHGhiOBK/8b0IWjrgcDJOfdy7z1BLLgG2/6y5uYXFpeWcyv51bX1jc3C1nZdy0RRVqNSSNUMiGaCR6wGHARrxoqRMBCsEfSvhn7jninNZXQLg5h5IelGvMMpASP5hVO3LSGtZL4bEuipMJUJZNi9wD//VsV3panB7iEeqLv0yMm8zC8U7ZI9Ap4lzoQU0QRVv/Bh5tAkZBFQQbRuOXYMXkoUcCpYlncTzWJC+6TLWoZGJGTaS0fnZXjfKG3ckcq8CPBI/d2RklDrQRiYyuHSetobiv95rQQ6517KozgBFtHxoE4iMEg8zAq3uWIUxMAQQhU3u2LaI4pQMInmTQjO9MmzpH5ccgy/OSmWLydx5NAu2kMHyEFnqIyuURXVEEUP6Am9oFfr0Xq23qz3cemcNenZQX9gfX4DtJKiyQ==</latexit><latexit sha1_base64="SnRTssqNHnFmFLUvpHaN6UM+Zvg=">AAACHnicbVDLSgMxFM34rPVVdekmWAQXWmZEUVwV3bgpVLAP6IxDJk3b0MxkSO4IZZgvceOvuHGhiOBK/8b0IWjrgcDJOfdy7z1BLLgG2/6y5uYXFpeWcyv51bX1jc3C1nZdy0RRVqNSSNUMiGaCR6wGHARrxoqRMBCsEfSvhn7jninNZXQLg5h5IelGvMMpASP5hVO3LSGtZL4bEuipMJUJZNi9wD//VsV3panB7iEeqLv0yMm8zC8U7ZI9Ap4lzoQU0QRVv/Bh5tAkZBFQQbRuOXYMXkoUcCpYlncTzWJC+6TLWoZGJGTaS0fnZXjfKG3ckcq8CPBI/d2RklDrQRiYyuHSetobiv95rQQ6517KozgBFtHxoE4iMEg8zAq3uWIUxMAQQhU3u2LaI4pQMInmTQjO9MmzpH5ccgy/OSmWLydx5NAu2kMHyEFnqIyuURXVEEUP6Am9oFfr0Xq23qz3cemcNenZQX9gfX4DtJKiyQ==</latexit><latexit sha1_base64="SnRTssqNHnFmFLUvpHaN6UM+Zvg=">AAACHnicbVDLSgMxFM34rPVVdekmWAQXWmZEUVwV3bgpVLAP6IxDJk3b0MxkSO4IZZgvceOvuHGhiOBK/8b0IWjrgcDJOfdy7z1BLLgG2/6y5uYXFpeWcyv51bX1jc3C1nZdy0RRVqNSSNUMiGaCR6wGHARrxoqRMBCsEfSvhn7jninNZXQLg5h5IelGvMMpASP5hVO3LSGtZL4bEuipMJUJZNi9wD//VsV3panB7iEeqLv0yMm8zC8U7ZI9Ap4lzoQU0QRVv/Bh5tAkZBFQQbRuOXYMXkoUcCpYlncTzWJC+6TLWoZGJGTaS0fnZXjfKG3ckcq8CPBI/d2RklDrQRiYyuHSetobiv95rQQ6517KozgBFtHxoE4iMEg8zAq3uWIUxMAQQhU3u2LaI4pQMInmTQjO9MmzpH5ccgy/OSmWLydx5NAu2kMHyEFnqIyuURXVEEUP6Am9oFfr0Xq23qz3cemcNenZQX9gfX4DtJKiyQ==</latexit><latexit sha1_base64="SnRTssqNHnFmFLUvpHaN6UM+Zvg=">AAACHnicbVDLSgMxFM34rPVVdekmWAQXWmZEUVwV3bgpVLAP6IxDJk3b0MxkSO4IZZgvceOvuHGhiOBK/8b0IWjrgcDJOfdy7z1BLLgG2/6y5uYXFpeWcyv51bX1jc3C1nZdy0RRVqNSSNUMiGaCR6wGHARrxoqRMBCsEfSvhn7jninNZXQLg5h5IelGvMMpASP5hVO3LSGtZL4bEuipMJUJZNi9wD//VsV3panB7iEeqLv0yMm8zC8U7ZI9Ap4lzoQU0QRVv/Bh5tAkZBFQQbRuOXYMXkoUcCpYlncTzWJC+6TLWoZGJGTaS0fnZXjfKG3ckcq8CPBI/d2RklDrQRiYyuHSetobiv95rQQ6517KozgBFtHxoE4iMEg8zAq3uWIUxMAQQhU3u2LaI4pQMInmTQjO9MmzpH5ccgy/OSmWLydx5NAu2kMHyEFnqIyuURXVEEUP6Am9oFfr0Xq23qz3cemcNenZQX9gfX4DtJKiyQ==</latexit>

Ė
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AGN L
bol

[erg s�1]
<latexit sha1_base64="OMoYdGo8cGp43KuMp4pjOzjR/QM=">AAACI3icbVDLSsNAFJ3UV62vqEs3g0VwoSURQemq6kIXIhXsA5IYJtNJO3TyYGYilJB/ceOvuHGhFDcu/BenbQraemDgzDn3cu89XsyokIbxpRUWFpeWV4qrpbX1jc0tfXunKaKEY9LAEYt420OCMBqShqSSkXbMCQo8Rlpe/2rkt54IFzQKH+QgJk6AuiH1KUZSSa5etQMkezxIL67vMmhX4a07VbyIjZXp3yK8C+0jKB7TYzNzMlcvGxVjDDhPzJyUQY66qw/tToSTgIQSMySEZRqxdFLEJcWMZCU7ESRGuI+6xFI0RAERTjq+MYMHSulAP+LqhRKO1d8dKQqEGASeqhztK2a9kfifZyXSP3dSGsaJJCGeDPITBmUER4HBDuUESzZQBGFO1a4Q9xBHWKpYSyoEc/bkedI8qZiK35+Wa5d5HEWwB/bBITDBGaiBG1AHDYDBM3gF7+BDe9HetKH2OSktaHnPLvgD7fsH+b+j1Q==</latexit><latexit sha1_base64="OMoYdGo8cGp43KuMp4pjOzjR/QM=">AAACI3icbVDLSsNAFJ3UV62vqEs3g0VwoSURQemq6kIXIhXsA5IYJtNJO3TyYGYilJB/ceOvuHGhFDcu/BenbQraemDgzDn3cu89XsyokIbxpRUWFpeWV4qrpbX1jc0tfXunKaKEY9LAEYt420OCMBqShqSSkXbMCQo8Rlpe/2rkt54IFzQKH+QgJk6AuiH1KUZSSa5etQMkezxIL67vMmhX4a07VbyIjZXp3yK8C+0jKB7TYzNzMlcvGxVjDDhPzJyUQY66qw/tToSTgIQSMySEZRqxdFLEJcWMZCU7ESRGuI+6xFI0RAERTjq+MYMHSulAP+LqhRKO1d8dKQqEGASeqhztK2a9kfifZyXSP3dSGsaJJCGeDPITBmUER4HBDuUESzZQBGFO1a4Q9xBHWKpYSyoEc/bkedI8qZiK35+Wa5d5HEWwB/bBITDBGaiBG1AHDYDBM3gF7+BDe9HetKH2OSktaHnPLvgD7fsH+b+j1Q==</latexit><latexit sha1_base64="OMoYdGo8cGp43KuMp4pjOzjR/QM=">AAACI3icbVDLSsNAFJ3UV62vqEs3g0VwoSURQemq6kIXIhXsA5IYJtNJO3TyYGYilJB/ceOvuHGhFDcu/BenbQraemDgzDn3cu89XsyokIbxpRUWFpeWV4qrpbX1jc0tfXunKaKEY9LAEYt420OCMBqShqSSkXbMCQo8Rlpe/2rkt54IFzQKH+QgJk6AuiH1KUZSSa5etQMkezxIL67vMmhX4a07VbyIjZXp3yK8C+0jKB7TYzNzMlcvGxVjDDhPzJyUQY66qw/tToSTgIQSMySEZRqxdFLEJcWMZCU7ESRGuI+6xFI0RAERTjq+MYMHSulAP+LqhRKO1d8dKQqEGASeqhztK2a9kfifZyXSP3dSGsaJJCGeDPITBmUER4HBDuUESzZQBGFO1a4Q9xBHWKpYSyoEc/bkedI8qZiK35+Wa5d5HEWwB/bBITDBGaiBG1AHDYDBM3gF7+BDe9HetKH2OSktaHnPLvgD7fsH+b+j1Q==</latexit><latexit sha1_base64="OMoYdGo8cGp43KuMp4pjOzjR/QM=">AAACI3icbVDLSsNAFJ3UV62vqEs3g0VwoSURQemq6kIXIhXsA5IYJtNJO3TyYGYilJB/ceOvuHGhFDcu/BenbQraemDgzDn3cu89XsyokIbxpRUWFpeWV4qrpbX1jc0tfXunKaKEY9LAEYt420OCMBqShqSSkXbMCQo8Rlpe/2rkt54IFzQKH+QgJk6AuiH1KUZSSa5etQMkezxIL67vMmhX4a07VbyIjZXp3yK8C+0jKB7TYzNzMlcvGxVjDDhPzJyUQY66qw/tToSTgIQSMySEZRqxdFLEJcWMZCU7ESRGuI+6xFI0RAERTjq+MYMHSulAP+LqhRKO1d8dKQqEGASeqhztK2a9kfifZyXSP3dSGsaJJCGeDPITBmUER4HBDuUESzZQBGFO1a4Q9xBHWKpYSyoEc/bkedI8qZiK35+Wa5d5HEWwB/bBITDBGaiBG1AHDYDBM3gF7+BDe9HetKH2OSktaHnPLvgD7fsH+b+j1Q==</latexit>

AGN L
bol

[erg s�1]
<latexit sha1_base64="OMoYdGo8cGp43KuMp4pjOzjR/QM=">AAACI3icbVDLSsNAFJ3UV62vqEs3g0VwoSURQemq6kIXIhXsA5IYJtNJO3TyYGYilJB/ceOvuHGhFDcu/BenbQraemDgzDn3cu89XsyokIbxpRUWFpeWV4qrpbX1jc0tfXunKaKEY9LAEYt420OCMBqShqSSkXbMCQo8Rlpe/2rkt54IFzQKH+QgJk6AuiH1KUZSSa5etQMkezxIL67vMmhX4a07VbyIjZXp3yK8C+0jKB7TYzNzMlcvGxVjDDhPzJyUQY66qw/tToSTgIQSMySEZRqxdFLEJcWMZCU7ESRGuI+6xFI0RAERTjq+MYMHSulAP+LqhRKO1d8dKQqEGASeqhztK2a9kfifZyXSP3dSGsaJJCGeDPITBmUER4HBDuUESzZQBGFO1a4Q9xBHWKpYSyoEc/bkedI8qZiK35+Wa5d5HEWwB/bBITDBGaiBG1AHDYDBM3gF7+BDe9HetKH2OSktaHnPLvgD7fsH+b+j1Q==</latexit><latexit sha1_base64="OMoYdGo8cGp43KuMp4pjOzjR/QM=">AAACI3icbVDLSsNAFJ3UV62vqEs3g0VwoSURQemq6kIXIhXsA5IYJtNJO3TyYGYilJB/ceOvuHGhFDcu/BenbQraemDgzDn3cu89XsyokIbxpRUWFpeWV4qrpbX1jc0tfXunKaKEY9LAEYt420OCMBqShqSSkXbMCQo8Rlpe/2rkt54IFzQKH+QgJk6AuiH1KUZSSa5etQMkezxIL67vMmhX4a07VbyIjZXp3yK8C+0jKB7TYzNzMlcvGxVjDDhPzJyUQY66qw/tToSTgIQSMySEZRqxdFLEJcWMZCU7ESRGuI+6xFI0RAERTjq+MYMHSulAP+LqhRKO1d8dKQqEGASeqhztK2a9kfifZyXSP3dSGsaJJCGeDPITBmUER4HBDuUESzZQBGFO1a4Q9xBHWKpYSyoEc/bkedI8qZiK35+Wa5d5HEWwB/bBITDBGaiBG1AHDYDBM3gF7+BDe9HetKH2OSktaHnPLvgD7fsH+b+j1Q==</latexit><latexit sha1_base64="OMoYdGo8cGp43KuMp4pjOzjR/QM=">AAACI3icbVDLSsNAFJ3UV62vqEs3g0VwoSURQemq6kIXIhXsA5IYJtNJO3TyYGYilJB/ceOvuHGhFDcu/BenbQraemDgzDn3cu89XsyokIbxpRUWFpeWV4qrpbX1jc0tfXunKaKEY9LAEYt420OCMBqShqSSkXbMCQo8Rlpe/2rkt54IFzQKH+QgJk6AuiH1KUZSSa5etQMkezxIL67vMmhX4a07VbyIjZXp3yK8C+0jKB7TYzNzMlcvGxVjDDhPzJyUQY66qw/tToSTgIQSMySEZRqxdFLEJcWMZCU7ESRGuI+6xFI0RAERTjq+MYMHSulAP+LqhRKO1d8dKQqEGASeqhztK2a9kfifZyXSP3dSGsaJJCGeDPITBmUER4HBDuUESzZQBGFO1a4Q9xBHWKpYSyoEc/bkedI8qZiK35+Wa5d5HEWwB/bBITDBGaiBG1AHDYDBM3gF7+BDe9HetKH2OSktaHnPLvgD7fsH+b+j1Q==</latexit><latexit sha1_base64="OMoYdGo8cGp43KuMp4pjOzjR/QM=">AAACI3icbVDLSsNAFJ3UV62vqEs3g0VwoSURQemq6kIXIhXsA5IYJtNJO3TyYGYilJB/ceOvuHGhFDcu/BenbQraemDgzDn3cu89XsyokIbxpRUWFpeWV4qrpbX1jc0tfXunKaKEY9LAEYt420OCMBqShqSSkXbMCQo8Rlpe/2rkt54IFzQKH+QgJk6AuiH1KUZSSa5etQMkezxIL67vMmhX4a07VbyIjZXp3yK8C+0jKB7TYzNzMlcvGxVjDDhPzJyUQY66qw/tToSTgIQSMySEZRqxdFLEJcWMZCU7ESRGuI+6xFI0RAERTjq+MYMHSulAP+LqhRKO1d8dKQqEGASeqhztK2a9kfifZyXSP3dSGsaJJCGeDPITBmUER4HBDuUESzZQBGFO1a4Q9xBHWKpYSyoEc/bkedI8qZiK35+Wa5d5HEWwB/bBITDBGaiBG1AHDYDBM3gF7+BDe9HetKH2OSktaHnPLvgD7fsH+b+j1Q==</latexit>
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<latexit sha1_base64="OMoYdGo8cGp43KuMp4pjOzjR/QM=">AAACI3icbVDLSsNAFJ3UV62vqEs3g0VwoSURQemq6kIXIhXsA5IYJtNJO3TyYGYilJB/ceOvuHGhFDcu/BenbQraemDgzDn3cu89XsyokIbxpRUWFpeWV4qrpbX1jc0tfXunKaKEY9LAEYt420OCMBqShqSSkXbMCQo8Rlpe/2rkt54IFzQKH+QgJk6AuiH1KUZSSa5etQMkezxIL67vMmhX4a07VbyIjZXp3yK8C+0jKB7TYzNzMlcvGxVjDDhPzJyUQY66qw/tToSTgIQSMySEZRqxdFLEJcWMZCU7ESRGuI+6xFI0RAERTjq+MYMHSulAP+LqhRKO1d8dKQqEGASeqhztK2a9kfifZyXSP3dSGsaJJCGeDPITBmUER4HBDuUESzZQBGFO1a4Q9xBHWKpYSyoEc/bkedI8qZiK35+Wa5d5HEWwB/bBITDBGaiBG1AHDYDBM3gF7+BDe9HetKH2OSktaHnPLvgD7fsH+b+j1Q==</latexit><latexit sha1_base64="OMoYdGo8cGp43KuMp4pjOzjR/QM=">AAACI3icbVDLSsNAFJ3UV62vqEs3g0VwoSURQemq6kIXIhXsA5IYJtNJO3TyYGYilJB/ceOvuHGhFDcu/BenbQraemDgzDn3cu89XsyokIbxpRUWFpeWV4qrpbX1jc0tfXunKaKEY9LAEYt420OCMBqShqSSkXbMCQo8Rlpe/2rkt54IFzQKH+QgJk6AuiH1KUZSSa5etQMkezxIL67vMmhX4a07VbyIjZXp3yK8C+0jKB7TYzNzMlcvGxVjDDhPzJyUQY66qw/tToSTgIQSMySEZRqxdFLEJcWMZCU7ESRGuI+6xFI0RAERTjq+MYMHSulAP+LqhRKO1d8dKQqEGASeqhztK2a9kfifZyXSP3dSGsaJJCGeDPITBmUER4HBDuUESzZQBGFO1a4Q9xBHWKpYSyoEc/bkedI8qZiK35+Wa5d5HEWwB/bBITDBGaiBG1AHDYDBM3gF7+BDe9HetKH2OSktaHnPLvgD7fsH+b+j1Q==</latexit><latexit sha1_base64="OMoYdGo8cGp43KuMp4pjOzjR/QM=">AAACI3icbVDLSsNAFJ3UV62vqEs3g0VwoSURQemq6kIXIhXsA5IYJtNJO3TyYGYilJB/ceOvuHGhFDcu/BenbQraemDgzDn3cu89XsyokIbxpRUWFpeWV4qrpbX1jc0tfXunKaKEY9LAEYt420OCMBqShqSSkXbMCQo8Rlpe/2rkt54IFzQKH+QgJk6AuiH1KUZSSa5etQMkezxIL67vMmhX4a07VbyIjZXp3yK8C+0jKB7TYzNzMlcvGxVjDDhPzJyUQY66qw/tToSTgIQSMySEZRqxdFLEJcWMZCU7ESRGuI+6xFI0RAERTjq+MYMHSulAP+LqhRKO1d8dKQqEGASeqhztK2a9kfifZyXSP3dSGsaJJCGeDPITBmUER4HBDuUESzZQBGFO1a4Q9xBHWKpYSyoEc/bkedI8qZiK35+Wa5d5HEWwB/bBITDBGaiBG1AHDYDBM3gF7+BDe9HetKH2OSktaHnPLvgD7fsH+b+j1Q==</latexit><latexit sha1_base64="OMoYdGo8cGp43KuMp4pjOzjR/QM=">AAACI3icbVDLSsNAFJ3UV62vqEs3g0VwoSURQemq6kIXIhXsA5IYJtNJO3TyYGYilJB/ceOvuHGhFDcu/BenbQraemDgzDn3cu89XsyokIbxpRUWFpeWV4qrpbX1jc0tfXunKaKEY9LAEYt420OCMBqShqSSkXbMCQo8Rlpe/2rkt54IFzQKH+QgJk6AuiH1KUZSSa5etQMkezxIL67vMmhX4a07VbyIjZXp3yK8C+0jKB7TYzNzMlcvGxVjDDhPzJyUQY66qw/tToSTgIQSMySEZRqxdFLEJcWMZCU7ESRGuI+6xFI0RAERTjq+MYMHSulAP+LqhRKO1d8dKQqEGASeqhztK2a9kfifZyXSP3dSGsaJJCGeDPITBmUER4HBDuUESzZQBGFO1a4Q9xBHWKpYSyoEc/bkedI8qZiK35+Wa5d5HEWwB/bBITDBGaiBG1AHDYDBM3gF7+BDe9HetKH2OSktaHnPLvgD7fsH+b+j1Q==</latexit>

v
max

[km s�1]
<latexit sha1_base64="VGVm3WfLm2m5H5cPqI3pIcTIc64=">AAACEnicbZDLSsNAFIYnXmu9RV26GSyCgpZEBMVV0Y3LCvYCTQyT6aQdOpOEmUmxhDyDG1/FjQtF3Lpy59s4aSNo6w8DH/85hznn92NGpbKsL2NufmFxabm0Ul5dW9/YNLe2mzJKBCYNHLFItH0kCaMhaSiqGGnHgiDuM9LyB1d5vTUkQtIovFWjmLgc9UIaUIyUtjzzcOg5HKm+4ClH9xl0LmDnxxhw6BxBeZce21nmembFqlpjwVmwC6iAQnXP/HS6EU44CRVmSMqObcXKTZFQFDOSlZ1EkhjhAeqRjsYQcSLddHxSBve104VBJPQLFRy7vydSxKUccV935tvK6Vpu/lfrJCo4d1MaxokiIZ58FCQMqgjm+cAuFQQrNtKAsKB6V4j7SCCsdIplHYI9ffIsNE+qtuab00rtsoijBHbBHjgANjgDNXAN6qABMHgAT+AFvBqPxrPxZrxPWueMYmYH/JHx8Q2svp1v</latexit><latexit sha1_base64="VGVm3WfLm2m5H5cPqI3pIcTIc64=">AAACEnicbZDLSsNAFIYnXmu9RV26GSyCgpZEBMVV0Y3LCvYCTQyT6aQdOpOEmUmxhDyDG1/FjQtF3Lpy59s4aSNo6w8DH/85hznn92NGpbKsL2NufmFxabm0Ul5dW9/YNLe2mzJKBCYNHLFItH0kCaMhaSiqGGnHgiDuM9LyB1d5vTUkQtIovFWjmLgc9UIaUIyUtjzzcOg5HKm+4ClH9xl0LmDnxxhw6BxBeZce21nmembFqlpjwVmwC6iAQnXP/HS6EU44CRVmSMqObcXKTZFQFDOSlZ1EkhjhAeqRjsYQcSLddHxSBve104VBJPQLFRy7vydSxKUccV935tvK6Vpu/lfrJCo4d1MaxokiIZ58FCQMqgjm+cAuFQQrNtKAsKB6V4j7SCCsdIplHYI9ffIsNE+qtuab00rtsoijBHbBHjgANjgDNXAN6qABMHgAT+AFvBqPxrPxZrxPWueMYmYH/JHx8Q2svp1v</latexit><latexit sha1_base64="VGVm3WfLm2m5H5cPqI3pIcTIc64=">AAACEnicbZDLSsNAFIYnXmu9RV26GSyCgpZEBMVV0Y3LCvYCTQyT6aQdOpOEmUmxhDyDG1/FjQtF3Lpy59s4aSNo6w8DH/85hznn92NGpbKsL2NufmFxabm0Ul5dW9/YNLe2mzJKBCYNHLFItH0kCaMhaSiqGGnHgiDuM9LyB1d5vTUkQtIovFWjmLgc9UIaUIyUtjzzcOg5HKm+4ClH9xl0LmDnxxhw6BxBeZce21nmembFqlpjwVmwC6iAQnXP/HS6EU44CRVmSMqObcXKTZFQFDOSlZ1EkhjhAeqRjsYQcSLddHxSBve104VBJPQLFRy7vydSxKUccV935tvK6Vpu/lfrJCo4d1MaxokiIZ58FCQMqgjm+cAuFQQrNtKAsKB6V4j7SCCsdIplHYI9ffIsNE+qtuab00rtsoijBHbBHjgANjgDNXAN6qABMHgAT+AFvBqPxrPxZrxPWueMYmYH/JHx8Q2svp1v</latexit><latexit sha1_base64="VGVm3WfLm2m5H5cPqI3pIcTIc64=">AAACEnicbZDLSsNAFIYnXmu9RV26GSyCgpZEBMVV0Y3LCvYCTQyT6aQdOpOEmUmxhDyDG1/FjQtF3Lpy59s4aSNo6w8DH/85hznn92NGpbKsL2NufmFxabm0Ul5dW9/YNLe2mzJKBCYNHLFItH0kCaMhaSiqGGnHgiDuM9LyB1d5vTUkQtIovFWjmLgc9UIaUIyUtjzzcOg5HKm+4ClH9xl0LmDnxxhw6BxBeZce21nmembFqlpjwVmwC6iAQnXP/HS6EU44CRVmSMqObcXKTZFQFDOSlZ1EkhjhAeqRjsYQcSLddHxSBve104VBJPQLFRy7vydSxKUccV935tvK6Vpu/lfrJCo4d1MaxokiIZ58FCQMqgjm+cAuFQQrNtKAsKB6V4j7SCCsdIplHYI9ffIsNE+qtuab00rtsoijBHbBHjgANjgDNXAN6qABMHgAT+AFvBqPxrPxZrxPWueMYmYH/JHx8Q2svp1v</latexit>

—>         and          for the integrated outflow consistent with extrapolation of 
relations from Fiore+2017 within scatter,           barely consistent

Ėkin
<latexit sha1_base64="Q3YPwRrzEJHl24C4rrQpjdDg7vM=">AAAB/XicbVDLSsNAFL2pr1pf8bFzM1gEVyURQZdFEVxWsLXQhjCZTtqhk0mYmQg1BH/FjQtF3Pof7vwbJ20W2npg4HDOvTNnTpBwprTjfFuVpeWV1bXqem1jc2t7x97d66g4lYS2Scxj2Q2wopwJ2tZMc9pNJMVRwOl9ML4q/PsHKhWLxZ2eJNSL8FCwkBGsjeTbB/1BrLPr3O9HWI9klI2ZyH277jScKdAicUtShxIt3/4y15A0okITjpXquU6ivQxLzQinea2fKppgMsZD2jNU4IgqL5umz9GxUQYojKU5QqOp+nsjw5FSkygwk0VGNe8V4n9eL9XhhZcxkaSaCjJ7KEw50jEqqkADJinRfGIIJpKZrIiMsMREm8JqpgR3/suLpHPacA2/Pas3L8s6qnAIR3ACLpxDE26gBW0g8AjP8Apv1pP1Yr1bH7PRilXu7MMfWJ8/Y+mV0Q==</latexit><latexit sha1_base64="Q3YPwRrzEJHl24C4rrQpjdDg7vM=">AAAB/XicbVDLSsNAFL2pr1pf8bFzM1gEVyURQZdFEVxWsLXQhjCZTtqhk0mYmQg1BH/FjQtF3Pof7vwbJ20W2npg4HDOvTNnTpBwprTjfFuVpeWV1bXqem1jc2t7x97d66g4lYS2Scxj2Q2wopwJ2tZMc9pNJMVRwOl9ML4q/PsHKhWLxZ2eJNSL8FCwkBGsjeTbB/1BrLPr3O9HWI9klI2ZyH277jScKdAicUtShxIt3/4y15A0okITjpXquU6ivQxLzQinea2fKppgMsZD2jNU4IgqL5umz9GxUQYojKU5QqOp+nsjw5FSkygwk0VGNe8V4n9eL9XhhZcxkaSaCjJ7KEw50jEqqkADJinRfGIIJpKZrIiMsMREm8JqpgR3/suLpHPacA2/Pas3L8s6qnAIR3ACLpxDE26gBW0g8AjP8Apv1pP1Yr1bH7PRilXu7MMfWJ8/Y+mV0Q==</latexit><latexit sha1_base64="Q3YPwRrzEJHl24C4rrQpjdDg7vM=">AAAB/XicbVDLSsNAFL2pr1pf8bFzM1gEVyURQZdFEVxWsLXQhjCZTtqhk0mYmQg1BH/FjQtF3Pof7vwbJ20W2npg4HDOvTNnTpBwprTjfFuVpeWV1bXqem1jc2t7x97d66g4lYS2Scxj2Q2wopwJ2tZMc9pNJMVRwOl9ML4q/PsHKhWLxZ2eJNSL8FCwkBGsjeTbB/1BrLPr3O9HWI9klI2ZyH277jScKdAicUtShxIt3/4y15A0okITjpXquU6ivQxLzQinea2fKppgMsZD2jNU4IgqL5umz9GxUQYojKU5QqOp+nsjw5FSkygwk0VGNe8V4n9eL9XhhZcxkaSaCjJ7KEw50jEqqkADJinRfGIIJpKZrIiMsMREm8JqpgR3/suLpHPacA2/Pas3L8s6qnAIR3ACLpxDE26gBW0g8AjP8Apv1pP1Yr1bH7PRilXu7MMfWJ8/Y+mV0Q==</latexit><latexit sha1_base64="Q3YPwRrzEJHl24C4rrQpjdDg7vM=">AAAB/XicbVDLSsNAFL2pr1pf8bFzM1gEVyURQZdFEVxWsLXQhjCZTtqhk0mYmQg1BH/FjQtF3Pof7vwbJ20W2npg4HDOvTNnTpBwprTjfFuVpeWV1bXqem1jc2t7x97d66g4lYS2Scxj2Q2wopwJ2tZMc9pNJMVRwOl9ML4q/PsHKhWLxZ2eJNSL8FCwkBGsjeTbB/1BrLPr3O9HWI9klI2ZyH277jScKdAicUtShxIt3/4y15A0okITjpXquU6ivQxLzQinea2fKppgMsZD2jNU4IgqL5umz9GxUQYojKU5QqOp+nsjw5FSkygwk0VGNe8V4n9eL9XhhZcxkaSaCjJ7KEw50jEqqkADJinRfGIIJpKZrIiMsMREm8JqpgR3/suLpHPacA2/Pas3L8s6qnAIR3ACLpxDE26gBW0g8AjP8Apv1pP1Yr1bH7PRilXu7MMfWJ8/Y+mV0Q==</latexit>
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Ṁ
out

<latexit sha1_base64="ZezdExO5Da3+BYovi5Y6KMNjZM4=">AAAB/XicbVDLSsNAFJ3UV62v+Ni5GSyCq5KIoMuiGzdCBVsLbQiT6aQdOpmEmRuhhuCvuHGhiFv/w51/46TNQlsPDBzOuXfmzAkSwTU4zrdVWVpeWV2rrtc2Nre2d+zdvY6OU0VZm8YiVt2AaCa4ZG3gIFg3UYxEgWD3wfiq8O8fmNI8lncwSZgXkaHkIacEjOTbB/1BDNlN7vcjAiMVZXEKuW/XnYYzBV4kbknqqETLt7/MNTSNmAQqiNY910nAy4gCTgXLa/1Us4TQMRmynqGSREx72TR9jo+NMsBhrMyRgKfq742MRFpPosBMFhn1vFeI/3m9FMILL+MySYFJOnsoTAWGGBdV4AFXjIKYGEKo4iYrpiOiCAVTWM2U4M5/eZF0Thuu4bdn9eZlWUcVHaIjdIJcdI6a6Bq1UBtR9Iie0St6s56sF+vd+piNVqxyZx/9gfX5A5H7le8=</latexit><latexit sha1_base64="ZezdExO5Da3+BYovi5Y6KMNjZM4=">AAAB/XicbVDLSsNAFJ3UV62v+Ni5GSyCq5KIoMuiGzdCBVsLbQiT6aQdOpmEmRuhhuCvuHGhiFv/w51/46TNQlsPDBzOuXfmzAkSwTU4zrdVWVpeWV2rrtc2Nre2d+zdvY6OU0VZm8YiVt2AaCa4ZG3gIFg3UYxEgWD3wfiq8O8fmNI8lncwSZgXkaHkIacEjOTbB/1BDNlN7vcjAiMVZXEKuW/XnYYzBV4kbknqqETLt7/MNTSNmAQqiNY910nAy4gCTgXLa/1Us4TQMRmynqGSREx72TR9jo+NMsBhrMyRgKfq742MRFpPosBMFhn1vFeI/3m9FMILL+MySYFJOnsoTAWGGBdV4AFXjIKYGEKo4iYrpiOiCAVTWM2U4M5/eZF0Thuu4bdn9eZlWUcVHaIjdIJcdI6a6Bq1UBtR9Iie0St6s56sF+vd+piNVqxyZx/9gfX5A5H7le8=</latexit><latexit sha1_base64="ZezdExO5Da3+BYovi5Y6KMNjZM4=">AAAB/XicbVDLSsNAFJ3UV62v+Ni5GSyCq5KIoMuiGzdCBVsLbQiT6aQdOpmEmRuhhuCvuHGhiFv/w51/46TNQlsPDBzOuXfmzAkSwTU4zrdVWVpeWV2rrtc2Nre2d+zdvY6OU0VZm8YiVt2AaCa4ZG3gIFg3UYxEgWD3wfiq8O8fmNI8lncwSZgXkaHkIacEjOTbB/1BDNlN7vcjAiMVZXEKuW/XnYYzBV4kbknqqETLt7/MNTSNmAQqiNY910nAy4gCTgXLa/1Us4TQMRmynqGSREx72TR9jo+NMsBhrMyRgKfq742MRFpPosBMFhn1vFeI/3m9FMILL+MySYFJOnsoTAWGGBdV4AFXjIKYGEKo4iYrpiOiCAVTWM2U4M5/eZF0Thuu4bdn9eZlWUcVHaIjdIJcdI6a6Bq1UBtR9Iie0St6s56sF+vd+piNVqxyZx/9gfX5A5H7le8=</latexit><latexit sha1_base64="ZezdExO5Da3+BYovi5Y6KMNjZM4=">AAAB/XicbVDLSsNAFJ3UV62v+Ni5GSyCq5KIoMuiGzdCBVsLbQiT6aQdOpmEmRuhhuCvuHGhiFv/w51/46TNQlsPDBzOuXfmzAkSwTU4zrdVWVpeWV2rrtc2Nre2d+zdvY6OU0VZm8YiVt2AaCa4ZG3gIFg3UYxEgWD3wfiq8O8fmNI8lncwSZgXkaHkIacEjOTbB/1BDNlN7vcjAiMVZXEKuW/XnYYzBV4kbknqqETLt7/MNTSNmAQqiNY910nAy4gCTgXLa/1Us4TQMRmynqGSREx72TR9jo+NMsBhrMyRgKfq742MRFpPosBMFhn1vFeI/3m9FMILL+MySYFJOnsoTAWGGBdV4AFXjIKYGEKo4iYrpiOiCAVTWM2U4M5/eZF0Thuu4bdn9eZlWUcVHaIjdIJcdI6a6Bq1UBtR9Iie0St6s56sF+vd+piNVqxyZx/9gfX5A5H7le8=</latexit>
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Part 2: Outflow structure
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Insights on outflow 3D structure 

with MUSE data of nearby galaxies
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MUSE FOV
~ 1.2 kpc

MAGNUM survey: outflow structure
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NGC 4945
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MAGNUM survey: outflow structure
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NGC 4945
[NII] map [NII] vel. - Stellar vel. [NII] W70
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MAGNUM survey: outflow structure
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NGC 4945

Blue: Flux[NII] < -300 km/s

Green: -300 km/s < Flux[NII] < 300 km/s

Red: Flux[NII] > 300 km/s

Double conical outflow 

with complex structure

[NII] map [NII] vel. - Stellar vel. [NII] W70
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MAGNUM survey: outflow structure
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NGC 4945

Circinus

Zoom on the cone:

same velocity structure 

of the outflow


Edges —> approaching

Axis —> receding

[OIII] vel. - Stellar vel.

[NII] map [NII] vel. - Stellar vel. [NII] W70

FOV ~ 850 pc
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MAGNUM survey: outflow structure
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CircinusNGC 4945

A hollow conical 
outflow?

[NII] vel. - Stellar vel. [OIII] vel. - Stellar vel.
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MAGNUM survey: outflow structure
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NGC 4945

A simple kinematic model: hollow cone
Venturi et al. 2017

Uniform flux Velocity Velocity dispersion

[NII] vel. - Stellar vel.[NII] map [NII] W70
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Summary
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• MAGNUM survey: ionized gas kinematics and ionization, outflows and feedback 

in nearby AGN down to ~10 pc with VLT/MUSE 

• NGC 1365 (Venturi et al. 2018) 

✦ Hα —> star formation in disk/bar; [OIII] —> AGN-ionized double-conical kpc-

scale outflow —> outflow not broad wing like at low-resolution in more 

powerful objects 

✦ Radial profiles of outflow velocity, mass outflow, kinetic and momentum rate 

—> decrease at larger distance: AGN more powerful recently? mass loading? 

✦ Extended vs nuclear X-ray wind —> energy- and momentum-driven scenarios 

unlikely, radiation pressure-driven feasible. Neutral atomic + molecular gas 

needed!


