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Project Overview

Cambridge, 2018

• M - σ relation, overgrowth problem, properties of 
“red-and-dead” ellipticals 

Goal: 
• 1) Characterising in detail and with “large” statistics 

the properties and scaling relations of molecular 
outflows 
• dependence on SF, AGN luminosity, stellar mass 
• —> comparison with models

• 2) link to ionised and neutral gas phases, global 
impact of outflows on SF  



Methods
• Molecular outflows using low-J CO lines 

• 45 galaxies (literature & ALMA archive) 

• z < 0.2 

• ~ 0 M⦿/yr < SFR < ~ 750 M⦿/yr 

•  1010M⦿< M* < 1012.2M⦿                                                          

• homogenise (outflow & ancillary properties) 

• outflow identification 

• a) double component fitting of continuum-subtracted CO spectra  

• b) line maps of wings 

• c) position-velocity (pv) diagrams
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IRAS 20100: local 
ULIRG 

Ṁ= 1400 M⦿/yr 
vOF = 450 km/s 

IRAS 05189: local 
ULIRG 

Ṁ= 220 M⦿/yr 
vOF = 490 km/s 

Examples
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Scaling Relations

a) correlation with LAGN and SFR, but several galaxies deviate 
b) AGN host galaxies have higher outflow mass rate at the same 

SFR (cf. Cicone+14, Fiore+17)
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Multilinear Regression

(Note: this is the total 
outflow rate, molec.
+atomic+ion. see 
later)

Dependence on mass 
close to -0.5 as 

expected by models
Cambridge, 2018



Outflow driving mechanism and 
AGN fossil outflows

- Mechanisms: either energy-driven with a broad range of (poor) 
coupling with ISM, or radiation pressure-driven 

-> “Fossil Outflow”: Outflow outlasting faded AGN (e.g. Zubovas+15)
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Escape Fraction

In most cases <10% outflowing gas escapes the galaxy 

=> Outflow can quench SF centrally, but much of the 
gas will be re-accreted 
=> no global galaxy quenching 
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Outflow depletion timescales
Molecular Total (H2+HI)

• Depletion timescale anti correlates with LAGN 

• The depletion of the molecular gas can be fast (~107 yrs) -> 
central quenching 

• The depletion of the total gas content (HI+H2) is much 
longer (> typical AGN lifetime) -> no global quenching
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(for 30% galaxies with information on both phases available)

Possibly more powerful AGN results in stronger 
gas compression -> more molecular gas in outflow 
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Multiphase Outflow
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• Investigate dense gas phase of molecular 
outflows (new and archival HCN ALMA data) 

• Investigate the fate of (dense) molecular gas in 
outflows => possibility of star formation in 
outflow (see talks by Gallagher and Venturi) 

• Ongoing MUSE + X-shooter observations of 
molecular outflows in our sample to investigate 
the presence of star formation inside outflow and 
its SF efficiency (Fluetsch+ in prep.)

Next steps

Cambridge, 2018



Conclusions
• New tight scaling relation between outflow rate and SFR, LAGN 

and Mstar => disentangling individual dependences  

• Existence fossil outflows outlasting faded AGN 

• Multiphase component investigated and incorporated in the 
analysis; different trends than previously reported. 

• Driving mechanisms: radiation pressure-driven and/or energy-
driven with range of coupling of efficiencies 

• Very low fraction of gas escaping the galaxy 

• Depletion time, decreasing with LAGN, short for the molecular 
central) phase, but long for total (HI+H2) component 

• Next step: investigating star formation inside the outflowing 
molecular gas

Outflows can 
quench SF in 

the central  
(bulge) region  

but not globally 



Scaling Relations with 
Eddington Ratio

Eddington ratio more fundamental quantity,  
but correlation is weaker 
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Multilinear Regression

disentangle contributions from host galaxy properties 
—> powerful tool for predicting outflow rate 

negative dependence on stellar mass  
(expected by models, e.g. Mitra+15) 

molecular outflow rate total outflow rate
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Mass-loading factor

strongest correlation at LAGN/Lbol > 0.75, below data points 
scatter between η = 1 and 10

a) contribution from  
star formation (η = 1) 
b) flickering AGN          
(Schawinski+15)
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Comparison with atomic Neutral 
and Ionised Outflow phases

in SB galaxies, winds have substantial contribution of both ionised and 
neutral atomic gas, whereas in AGN the molecular phase dominates

galaxies with BOTH molecular and atomic measurements: from 
literature and analysis of MUSE data
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Atomic Neutral and Ionised Outflow 
from Nebular Emission Lines

[CII] data from 
Janssen+16

Similar contribution of atomic neutral gas  
and molecular gas in AGN outflow
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