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MAGN U M. Measuring Active Galactic Nuclei Under MUSE Microscope

O Targeting Nearby AGNs (D < 50 Mpc) observable from ESO with MUSE

O Seeing limited (~1”):
15 pc (@4Mpc)
115 pc (@30Mpc)

U so far 10 objects observed (900,000 spectra!!) + many others in the archive

O Multi-wavelength data available: Chandra, XMM-Newton, Alma, Galex, HST, k-
Spitzer, Herschel,Radio... \;

Pl: A. Marconi (Univ..Firenze)

O ALMA CO follow-up program MAGNUM-FEAR (PI. S. Carniani, see SNS talk)
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A great idea ??

“From the frying pan into the fire”...

IC 5063: 9 components...
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NGC1365: Mapping the mass outflow rate
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Mass outflow rate comparable to

(v ~ 3000 km/s)

from Fe XXV and Fe XXVI absorption

Mass outflow rate decreases
at larger distances

lines M ~ 0.04 M, /yr

AGN activity stronger in the past?
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Modeling ionized gas kinematics
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But velocity fields
are complex: real
motions or effect
of clumpy line
emission?
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Next generation kinematical model

D Vobs

—

Y Datacube

Montecarlo “cloud” model, assumed velocity field

Takes into account all geometrical projection effects and observational effects (e.g.
beam smearing, binning, etc.)

Weigh clouds according to measured flux in spaxel where cloud is “observed”

Extremely versatile: allow tomographic reconstruction of 3D structure following
assumption of velocity field

Marconi et al., in prep.



Next generation kinematical model
Circinus galaxy - MUSE observations, MAGNUM survey

Observed
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Marconi et al., in prep.

Wrong cone
orientation +
aperture, outflow
velocity

Right cone
geometry and
outflow velocity
model reproduces
observations



Next generation kinematical model

NGC4945 MUSE observations, MAGNUM survey

Line velocity-integrated Map Velocity Dispersion Map
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Marconi et al., in prep.



Next generation kinematical model
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Marconi et al., in prep.



Velocity resolved ISM conditions
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Velocity resolved ISM conditions
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Photoionization modeling Model Grid

Existing Photoionisation models mostly consider “single clouds” Average
NH, U
Multiple clouds are considered in LOC (Locally Optimally-emitting Cloud)

models or models with pre-defined density structures (e.g. N(r) ~ r9)

logU

New photoionization models to consider different cloud physical
conditions in a way similar to LOC but which allows more flexibility =51 . . [ .

. : : . " . log ( NH/cm?)
Aims: determine average physical conditions of emitting medium (e.g. to

estimate emitting gas mass for outflow mass rates)

no Z scale {av -0.21 std 0.14)
® Zscale (av-0.06 std 0.13)

o
S
:

Results: being tested with star forming galaxies spectra, observed line ratios
reproduced within ~10%, good agreement with measured abundances

e
N

Future: extension to spectra ionised by AGN-like continua

|
o
N

A(model) - A(measured)

g1 82 83 84 85 86 87 88

A. Amiri et al. in prep Measured A(O) [from measured Ne, Te]




Impact of Outflows: Jet induced turbulence in the disk
NGC 5643

FOV ~ 5 kpc

: 1C 5063

FOV ~ 14 kpc

' Radio jet Cresci+2015
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outflows/turbulence perpendicular to AGN cones and radio jet!



Impact of Outflows: Jet induced turbulence in the disk

- Radio jet

INGC 1386

FOV ~ 5 kpc
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Venturi et al. in prep



Connecting UFOs with large scale outflows
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_ Nardini & Zubovas 2018
Link between pc-scale and kpc-scale (see also Tombesi+15 Nature, Feruglio+15, Veilleux+17, Feruglio+17)

but till now only few sources...
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Connecting UFOs with large scale outflows with MUSE NFM

Close encounters of the third kind: P103
proposal for MUSE NFM+AO (PI Cresci)
to resolve the large scale ionised
outflows in 3 bright UFO hosts :

Marasco et al.
submitted

50% completed, 2 sources observed
MR2251 and PG1126

PSF map (blue) PSF map (red) - PSF profiles
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New version of MAGNUM fitting code optimize for type 1 AGN
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Marasco et al. 2020
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Connecting UFOs with large scale outflows with MUSE NFM

Our data seem to show better
agreement with a momentum ] ® MR2251(Xray) @ PGL126 (X-ray)

B MR2251(Ha) [l PGl126(Ha)
conserving scenario for the 102‘; 1 MR2251([0N) [ PG1126([OIII)

two AO QSO
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e e <. 0 ure
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pressure conserved)

1071 E

energy-driven outflow 1072 E
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ISM outflow velocity [km/s]

~o (B = nlgggl2 wind

g S AEETS shocked,
._. === fast wind adiabatically expanding
-~ )
(£, = NLgge'®)

wind shock

(energy conserved)

ISM shack . -

(energy conserved)

King & Pounds 2015 Marasco et al. 2020



Connecting UFOs with large scale outflows at high-z HS 0810+2554 SDSS 1135306

Two lensed QSOs at z~1.5 hosting a X-ray UFO observed with
SINFONI in P102 (P.I. G. Cresci):

e J-band (1.1-1.4 um) - Seeing limited: angular resolution ~ 0.7"

Outflow Outflow
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HS 0810+2554 SDSS J135306

G. Tozzi et al. in prep



Connecting UFOs with large scale outflows at high-z I
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HS0810: consistent with a momentum-conserving scenario
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10 out of 12 compatible with momentum driven (7) or energy driven (3)

G. Tozzi et al. in prep



The future: from SUPER to HIPER

(High-resolution Investigation of feedback Processes with ERis)

First light
2021

K 1214 i
s band: 2145 nm Main advantages of ERIS:
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