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Why    outflows    in    Galaxies? 

Silk & Mamon 2012
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Outflows   in   Starburst  and AG N 
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M82 from Mutchler+2007 

M82 from Mutchler+2007 Centaurus A ESO public images



Open    Questions: 

    	


1. Are the Galactic Outflows “ubiquitous”? 

!

2. Are the Galactic Outflows related to a particular 
ejection mechanism? SF and/or AGN feedback? 

!

3. Can the Galactic Outflows reduce the gas reservoir 
and than regulate the SF activity? 
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credit:Miguel Aragon (Johns Hopkins University) berkeleylab 

Data   Sample  
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Outflows   in   the   “normal” Galaxies 

Concas,Popesso,Brusa,Mainieri+2017

Stacked Spectra of 600000 galaxies  
Bins:                                       

Searching   for  Galactic    

Outflows 

 SFG vs AGN SFR & Mstar

SF  
!

TYPE 2 

SFAGN 

AGNSF 

LINERS 
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Data   Sample  &  M ethods    

Sloan Digital Sky Survey DR7
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[OIII]

NaI D

Hα+[NII]

Tracers of gas winds
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Neutral Gas: NaI D  
in Absorption

• @ 5890,5900 Å 
• resonant line      (T< 10^3K)	

!

N eutral  Galactic    Outflows
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Concas+2018 arXiv:1710.08423

NaID abs only at high SFR (>10 M⊙/yr) 

NaI5890 NaI5896 

N eutral  Galactic    Outflows
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Concas+2018 arXiv:1710.08423

NaID abs only at high SFR (>10 M⊙/yr) 

NaID winds

N eutral  Galactic    Outflows
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Gas wind perpendicular to the disk

face-on

edge-on

Concas+2018 arXiv:1710.08423

NaI5890 NaI5896 

N eutral  Galactic    Outflows
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Gas wind perpendicular to the disk

face-on

edge-on

Concas+2018 arXiv:1710.08423

20 40 60 80
inclination

NaI5896 NaI5890 

N eutral  Galactic    Outflows
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Gas wind perpendicular 
to the disk in both SFGs 

and AGN

N eutral  Galactic    Outflows

6540 6560 6580 6600

0.0

0.2

0.4

0.6

0.8

1.0

6540 6560 6580 6600
wavelength [Å]

0.0

0.2

0.4

0.6

0.8

1.0

re
la

tiv
e 

flu
x

H�+[NII][OIII]NaD

SF

AGN

4980 4992 5005 5018 5030

0.0

0.2

0.4

0.6

0.8

1.0

4980 4992 5005 5018 5030
wavelength [Å]

0.0

0.2

0.4

0.6

0.8

1.0

re
la

tiv
e 

flu
x

6540 6560 6580 6600

0.0

0.2

0.4

0.6

0.8

1.0

6540 6560 6580 6600
wavelength [Å]

0.0

0.2

0.4

0.6

0.8

1.0

re
la

tiv
e 

flu
x

4980 4992 5005 5018 5030

0.0

0.2

0.4

0.6

0.8

1.0

4980 4992 5005 5018 5030
wavelength [Å]

0.0

0.2

0.4

0.6

0.8

1.0

re
la

tiv
e 

flu
x

�
�� �
	� �


 ���	 ���

����

���	

���


����

����

�
�� �
	� �


 ���	 ���
�������������

����

���	

���


����

����

��
��
���
��
���
�

���

���

�
�� �
	� �


 ���	 ���

����

���	

���


����

����

�
�� �
	� �


 ���	 ���
�������������

����

���	

���


����

����

��
��
���
��
���
�

���

���

i = [0,50] i = ]50,90]

Gas wind perpendicular 
to the disk in both SFGs 

and AGN

Concas+2018 arXiv:1710.08423
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Ionized Gas: [OIII]5007  
in Emission

• @ 5007 Å 
• forbidden line       (T~ 10^4K)	

!

Ionized  Galactic    Outflows
Concas,Popesso,Brusa,Mainieri+2017
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Concas,Popesso,Brusa,Mainieri+2017

SF SFAGN AGNSF

LINERs TYPE2 TYPE1

Outflows evidence only in AGN2 Gauss
1 Gauss

Ionized  Galactic    Outflows
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Concas,Popesso,Brusa,Mainieri+2017

SF SFAGN AGNSF

LINERs TYPE2 TYPE1

Outflows evidence only in AGN2 Gauss
1 Gauss

Ionized  Galactic    Outflows
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Concas,Popesso,Brusa,Mainieri+2017

on!
MS

Ionized  Galactic    

Outflows
No dependence on SFR
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Concas,Popesso,Brusa,Mainieri+2017

on!
MS

Ionized  Galactic    

Outflows

above!
MS

No dependence on SFR
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Concas,Popesso,Brusa,Mainieri+2017

on!
MS

No dependence on SFR

Ionized  Galactic    

Outflows

below!
MS

above!
MS
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Gas wind perpendicular 
to the disk in both SFGs 

and AGN
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[OIII]
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Two-Faces   Outflows
Concas+2018 arXiv:1710.08423

Alice    Concas (ECU)                                                                                                                                                                        EUCLID  JWST Synergy , ESTEC 2018                                                                                        
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Ionized winds!
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activity!



NaID &  [OIII] winds

Outflows     I mpact    on    Galaxy    Host
Concas+2017, Concas+2018 arXiv:1710.08423

▪ outflow only at 
high SFR & high Mstar    
Mhalo~1012-12.5 Msun 

       Vesc ≃ 1000 km/s 
▪V[OIII] ≃ max 450 km/s  

▪ VNaD ≃ 150-200 km/s

Vout <<Vesc 
Alice    Concas (ECU)                                                                                                                                                                                                                                              AG N13    M ilano    2018 



Outflows     I mpact    on    Galaxy    Host
Concas+2017, Concas+2018 arXiv:1710.08423

▪ outflow only at 
high SFR & high Mstar    
Mhalo~1012-12.5 Msun 

       Vesc ≃ 1000 km/s 
▪V[OIII] ≃ max 450 km/s  

▪ VNaD ≃ 150-200 km/s

Vout <<Vesc 

The gas does not escape!!!

Marasco, Fraternali & Binney 2012, MNRAS
Alice    Concas (ECU)                                                                                                                                                                                                                                              AG N13    M ilano    2018 



Open    Questions: 

    	


1. Are the Galactic Outflows “ubiquitous”? 

!

2. Are the Galactic Outflows related to a particular 
ejection mechanism? SF and/or AGN feedback? 

!

3. Can the Galactic Outflows reduce the gas reservoir 
and than regulate the SF activity? 

Neutral gas outflows only at high SFR (>10 M⊙/yr)
Ionized gas outflows only in AGN systems
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Open    Questions: 

    	


1. Are the Galactic Outflows “ubiquitous”? 

!

2. Are the Galactic Outflows related to a particular 
ejection mechanism? SF and/or AGN feedback? 
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Neutral gas outflows only at high SFR (>10 M⊙/yr)
Ionized gas outflows only in AGN systems

YES Ionized gas outflows are driven by AGN feedback
Neutral gas outflows are related to SF activity
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They are not strong enough to leave the GalaxyNO
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Thank   You 

credit:Miguel Aragon (Johns Hopkins University) berkeleylab 
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