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W H Y  A G N  F E E D B A C K ?

Kormendy & Ho 13

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

3) SFR similar to BH accretion history

Aird+15

4) Galaxy luminosity function

2) Galaxy bimodality

Schawinski+14
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Cosmic Baryon Fraction (𝛺b/𝛺0 = 0.15 from WMAP)

Stellar feedback 
cannot explain missing 
massive galaxies (e.g. 
Murray+05, Di 
Matteo+05, 
Hopkins+06,18, 
Croton+06, 
Menci+08, Sijacki+15, 
Schaye+15 …)

SN AGN



E V I D E N C E S  F O R  A G N  F E E D B A C K ?   

Do we have convincing observational evidence for AGN outflows effectively 
quenching star formation? 

✴ Outflows at cosmic noon (z~2):  AGN outflows during the peak of SF and  
AGN activity.  

✴ Outflows nowadays (low z):  outflow in nearby AGN as laboratories for the 
study of high redshift / high L outflows 



I O N I S E D   O U T F L O W S  I N  Z ~ 2  Q U A S A R S
Narrow H𝛼 from SF

Cresci et al. 2015, Brusa et al. 2018

[OIII] blue wing contours

Narrow Hα map

CO(5-4) blue wing
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[OIII]

Cano-Diaz+12

K band: broad H𝛼 sub.[OIII] velocity Host galaxy H𝛼 flux

Carniani+15,17

anti-correlation of fast outflows and SF in host galaxies
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I O N I S E D   O U T F L O W S  I N  Z ~ 2  Q U A S A R S
Narrow H𝛼 from SF

Cresci et al. 2015, Brusa et al. 2018

[OIII] blue wing contours

Narrow Hα map

CO(5-4) blue wing

[OIII] blue wing    

Narrow Hα map

[OIII]

Cano-Diaz+12

K band: broad H𝛼 sub.[OIII] velocity Host galaxy H𝛼 flux

No SF cospatial  with fast outflow:  “Negative” 
feedback 

But …


Star formation in the host galaxies is still significant 

(~100 M☉/yr)

Carniani+15,17

anti-correlation of fast outflows and SF in host galaxies



T H E  S U P E R  S U R V E YCircosta+18

PI: V. Mainieri    
• 280 hours @ VLT/SINFONI (IFS) with 

AO (~2kpc) 
• Blind survey, 40 AGN  at 

z=[2.12-2.49] 
• Ionized outflows ->  [OIII] 5007 (H)                                                
• Star formation -> H  (K)                                      

~

𝝀
𝜶

http://www.super-survey.org
Molecular gas content in AGN host and outflow 

impact  → Circosta et al. submitted

Linking winds in the BLR (<1pc) 
and NLR (kpc) 

Vietri et al. in prep

Demographic of AGN driven 
outflows at z~2 
Kakkad et al. submitted



C O N N E C T I N G  L A R G E   S C A L E  W I T H  N U C L E A R  O U T F L O W S  AT  Z ~ 1 . 5
HS
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[OIII] outflow / BLR maps

W80%

W80%

Tozzi+20, in prep.

Marasco+20, in prep.

Lensed sources



M A G N U M :  M E A S U R I N G  A C T I V E  G A L A C T I C  N U C L E I  
U N D E R  M U S E  M I C R O S C O P E

✴ Targeting Nearby AGNs  
(D < 50 Mpc) with VLT/MUSE 

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

✴ So far 9 objects observed (900,000 
spectra!!),  
more to come 

✴ Multi-wavelength data available:  
Chandra, XMM-Newton, Galex, HST, 
Spitzer, Herschel, ALMA, Radio…

Centaurus A Circinus IC 5063

NGC 1068 NGC 1365 NGC 1386

NGC 2992 NGC 4945 NGC 5643

MUSE FOV 

1’⨉1’



N G C  1 3 6 5 :  D O U B L E - C O N I C A L  O U T F L O W

Outflow spatially traced by motions deviating from rotation
Stellar velocity [OIII] velocity

[OIII] vel. - Stellar vel. [OIII] line width

Venturi et al. 2018
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Outflow spatially traced by motions deviating from rotation
[OIII] velocity

[OIII] vel. - Stellar vel. [OIII] line width

[OIII]
Hα

Venturi et al. 2018
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ṗion = Ṁionvout

M
om

en
tu

m
 ra

te
 [g

 c
m

/s
2 ]
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See Giacomo Venturi’s  talk tomorrow



O U T F L O W S  V S  J E T S

Broad linewidths (outflows/turbulence) perpendicular to AGN cones and radio jet!

NGC 5643

Green: [OIII]    Red: Hα   Blue: stars

IC 5063 FOV ~ 14 kpc FOV ~ 5 kpc

Radio jet
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[OIII] W70 Venturi et al. 20, in prep.
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D I S E N TA N G L I N G  O U T F L O W  A N D  D I S K  P R O P E R T I E S

 Higher [NII]/Hα

• AGN 
• COMP 
• SF Higher [NII]/Hα

• AGN 
• COMP 
• SF

Lowest [NII]/Hα 
corresponds to Highest 

[SIII]/[SII]  

⇓ 
Highest ionisation in the  

inner regions of the 
outflow

• All the spaxels • All the spaxels

Mingozzi et al. 2019

IONISATION PARAMETER
ELECTRON DENSITY ne

Velocity-resolved 
BPT diagrams
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A hollow conical 
outflow?



M A G N U M  S U R V E Y:  O U T F L O W  S T R U C T U R E

CircinusNGC 4945

64 2. MAGNUM: MAPPING GALACTIC IONIZED OUTFLOWS IN NEARBY SEYFERTS WITH MUSE

Fig. 2.22: Maps from MUSE observations of NGC 4945 (top, same as in Figs. 2.16c, 2.17b and 2.17d) and from kine-
matic model (bottom). (a) [N II] flux map. (b) [N II] velocity pixel-by-pixel subtracted by the stellar velocity, in order
to isolate proper motions of the gas w.r.t. stars. (c) [N II] W70 map, i.e difference between the 85th-percentile velocity
and the 15th-percentile one calculated on the fitted line profile. (d) Flux map from simple toy model of hollow cone
having inclination of 75± with respect to line of sight, inner and outer half opening angle of 25± and 35±, respectively
(thus intercepting the plane of the sky), and constant velocity field. (e) Velocity map from model in (d). (f ) Velocity
dispersion map from model in (d).

2.5 Modelling of outflow 3D structure in NGC 4945
One of the main goals of the MAGNUM survey is to study the structure and properties of the

outflow. Here we attempt to infer the outflow 3D shape and kinematic properties of the outflow

in NGC 4945, making use of a simple kinematic model.

[N II] fitted flux, velocity (spaxel-by-spaxel subtracted by the stellar velocity) and W70 maps

of this galaxy, obtained from the fit of the star-subtracted spatially-smoothed data cube, are

presented in Figs. 2.22a, 2.22b and 2.22c, respectively. These are the same reported previously

in Figs. 2.16c, 2.17b and 2.17d and we display them here for a better comparison with hour toy

model. As noted before, the outflowing cones have a peculiar kinematic structure, the NW one

having approaching velocities at its edges and receding ones around its axis, the SE lobe having

conversely receding velocities at its edges and approaching ones around its axis.

The aspect of the velocity map of the NW cone could be explained thinking to a hollow

cone which has an axis inclination < 90± with respect to the line of sight and a sufficient aper-

ture such that the far part of the cone intercepts the plane of the sky (the same holds for the

A hollow conical 
outflow?

A simple kinematical model: hollow cone



M A G N U M  S U R V E Y:  O U T F L O W  S T R U C T U R E

CircinusNGC 4945 But velocity fields 
are complex: real 
motions or effect 

of clumpy line 
emission?
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dispersion map from model in (d).
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N E X T  G E N E R AT I O N  K I N E M AT I C A L  M O D E L

✴ 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



N E X T  G E N E R AT I O N  K I N E M AT I C A L  M O D E L

X

Y

Vobs

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



N E X T  G E N E R AT I O N  O F  K I N E M AT I C A L  M O D E L S

Circinus galaxy - MUSE observations, MAGNUM survey

Flux Velocity Vel. Disp.

Observed

Model

Wrong cone 
orientation + 

aperture, outflow 
velocity

Marconi et al., in prep.
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N E X T  G E N E R AT I O N  O F  K I N E M AT I C A L  M O D E L S

NGC4945 MUSE observations, MAGNUM survey

Flux Velocity
Vel. Disp.

Observed

Model

Observed

Model 
Unweighted

Model Flux 
Weighted



N E X T  G E N E R AT I O N  O F  K I N E M AT I C A L  M O D E L S

Models feature constant velocity field, complexity is given by clumpiness!
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Δt ~3 105 yr
V~ 1000 km/s

Models feature constant velocity field, complexity is given by clumpiness!



N E X T  G E N E R AT I O N  O F  K I N E M AT I C A L  M O D E L S

Δt ~3 105 yr
V~ 1000 km/s

V~ 700 km/s
Δt ~4 105 yr

Models feature constant velocity field, complexity is given by clumpiness!



C O N C L U S I O N S

✴ Outflows are impacting host galaxies (disturbed kinematics, filaments, 
cavities, positive and negative feedback)  

✴ But overall effects are not  significant: we are missing the evidence 
that AGN outflows are  significantly quenching SF  
→ may work slowly on long timescales … 

✴ Complexity and spatial resolution of new IFU data require a new 
approach to model kinematics and to infer outflow properties


