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Multiphase winds in AGN
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AGN outfows  

and all dynamical components  

are multiphase 

Hot, warm and cold phases 

characterisation requires 
multiwavelength 

observations

NGC1068 wind by Chandra

CO(6-5) ALMA  
Garcia-Burillo+16

HCN(3-2) ALMA Impellizzeri+2019

synergy of chandra  
with major observatories

NGC1068 
nested disks /torus 
AND wind

1 pc resolution



AGN multiphase winds models
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Menci+2019, Richings+2017, Faucher-Giguere+2012

AGN outflows models predict            
cooling sequence during wind expansion

Nuclear semi-relativistic wind

Cooling

Shock expanding into the ISM

Warm ionised & cold molecular 
winds on kpc scale              

Molecular outflows -> molecular reformation after shock passage

Richings+2018



agn multiphase winds models

C. Feruglio - 20 years of Chandra Science Symposium - December 3-6, 2019

Menci, Fiore, CF 2019, ApJ,877,74M 

Update Richings & Faucher-Giguere 
model with exponential density 
profile for gas distribution in disk

Lbol Lbol

cooling



NGC6240 Chandra
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Hα image 

fast CO ,  

chandra X-rays

Chandra spectra 
shocked gas at the position of the Hα emission. 

shock propagating eastward  
Compressing molecular gas

Feruglio+2013



The CT Seyfert ESO428-G14 case
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Soft line 
emission 
OVII, OVIII, NeIX, 
MgXI, SiXIII, etc.

Hard 
continuum

Fe K lines 
Neutral and Fe 
XXV

Fabbiano et al 2017, 2018a, 2018b, ApJ 150 ks Chandra, Soft line dominated emission

Also  
ALMA CO(2-1)  

SINFONI/VLT NIR  
MUSE/VLT  

high resolution 
data 

Multi-phase plasma  
shock-heated related to AGN feedback

Gabriele Ponti’s 
talk yesterday



hard x-ray emission
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Chandra Fe K𝜶 map Hardness Ratio map

Compton-thick obscuration  
due to molecular material  

in the inner ~50 pc 
Close to TORUS

ALMA: 

CO(2-1) emission 

Cold molecular gas 

in the CT nucleus

Feruglio, Fabbiano+2019 

Fabbiano et al 2017,  
2018a, 2018b, ApJ 

Fe K𝜶 produced by scattering  
from  COLD and WARM 

molecular material 

SINFONI/VLT: 

H2 1.2μm emission 

at nucleus and in  

Fe K𝜶 emission 
region 

Chandra high resolution spectro-imaging  
+ ALMA CO(2-1) and SINFONI H2 map unveil effect of AGN in the inner ~100 pc region

Resolution 
ALMA 70 pc 

SINFONI/VTL 20 pc

1”

70 pc



soft x-ray emission
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0.3-3 keV

SINFONI 
soft-X coincides  

with warm H2 outflow 
on 150 pc scales 

also [Si VI] 1.9 um 
outflow  

(May+2018)
Outflow  

cooling sequence 
from soft X-rays 

to warm H2  
to cold CO

ALMA 
CO cold outflow 
on larger scales 

out to 700 pc  
·Mout = 0.1 − 0.3 M⊙/yr

CO(2-1) velocity map 
data - disk model



Fast [OIII] wind from MUSE
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MUSE [OIII] velocity map

co outflow

H2 outflow

disk

[OIII] with velocity > 1000 km/s

outflow

outflow
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[OIII] broad 
blueshifted  
component



Conclusions
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• Chandra provided unique observations for feeding & 
feedback in nearby AGN  

• Angular resolution is key   —> chandra, LYNX 

• <0.1 arcsec resolution routinely achieved with ALMA 
(100 pc at 200 Mpc distance, resolve HII regions and 
giant molcular clouds) 

• FUTURE: high-resolution multiwavelength diagnostics
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[OIII] spectra
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center
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Anche questo 

e’ outflow 


ed e’ quello che si  

vede nella mappa dei 

residui 

di Barolo


