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ROSAT 1.5 keV (diffuse) 
The Galaxy’s bipolar wind is seen on 10 kpc scales… 
AGN or starburst driven? 
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Very energetic winds may be common to all galaxies and be 
very difficult to detect… 

JBH & Cohen (2003) 

Two key observations: (1) bipolar structure not seen in soft X 
(2) hard X bipolar structure never seen in OB blow-outs 



Galactic winds arise in  
both ★B and AGN   

KIPAC Stanford 2013 Veilleux+ 2005 



IRAC/Spitzer 

Engelbracht+ 2006 

A question to the audience: 
 
What timescale is associated with 
AGN or nuclear ★B activity? 
 
How well can we distinguish them? 
 
Is there a co-dependence? 

This calls for a differential study: 
 
Ionization vs. dynamical times in 
starburst vs. AGN winds 

Tsvetanov & Tadhunter KIPAC Stanford 2013 
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Origin & physics of filaments: 
Shopbell & JBH 1998; Greve 2004 
J. Cooper+ 2008, 2009 
 
Rotation in the filament system 
tells you all the gas you see is 
entrained from the disk.  

IRAC/Spitzer 

Engelbracht+ 2006 
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It is surprisingly difficult to distinguish the large-scale 
energetic influence of an AGN vs. ★B: 
 
1. Both operate on similar timescales? 
 
2. Both have similar photon budgets scaled to LBOL 

 
3. Both generate powerful outflows 
 
4. Both heat circumnuclear dust 
 
 

Dan Dicken 
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Ionizing photon budget from AGN 
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Ionizing photon budget from nuclear ★B 
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SPIRAL: optical integral field dual-beam spectroscopy 
  A sample of nearby AGN and ★B wind galaxies 

  Luminosity range: 1-10 x 1010 L 

  Most AGNs show evidence of circumnuclear SF 
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AAT 



AAOmega+SPIRAL 

  Dual beam spectrograph 
  512 element fibre feed (now x2) 
  32x16 rectangular array (now 32x32) 
  0.7 arcsec square pixels 
  11.2x22.4 arcsec FoV (now 22.4x22.4) 
  R = 5700-6300 over 370-890 nm 
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AGNs are 3x more luminous than ★B on average  
KIPAC Stanford 2013 

Only sources with known outflows were chosen 
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Example 1. AGN: NGC 1365 

Indicative of the full AGN sample 

Off planer gas is photoionised by a hard spectrum source (AGN) 



AGN: Circinus 

AGN: IC 5063 
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AGN ionisation cones: 

N1365 

N5128 

several recovered, one new 

KIPAC Stanford 2013 



AAT/TTF Veilleux & 
Rupke 2002 

Shocked gas excitation? 

Example 2. ★B: NGC 1482 
No evidence for an AGN 

across multiple frequencies 

 

Indicative of full 

starburst sample 
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Confirming shocks as the most likely excitation mechanism above the disk plane 

Ionisation Diagnostic Diagrams 



★B: NGC 253 
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This holds for either AGN or ★B ionization 

Shock ionization 

Far off the plane: 
 
AGN winds are 
photo-ionized 
 
★B winds are 
shock-ionized 
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So even though ★B and AGN have the same UV 
budget for the same LBOL, stellar photoionization is 
never seen (except for emission close to the plane) 
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★B phenomenon is 
impulsive 
 
★B wind blows after 
initial delay > 10 Myr 

★B99 

new 



★ ★ 
★ ★ 
★ ★ 

★ 

★ ★ 

★ 

★ 

Sequence of events: 
 
1. Massive stars born in 

 dense clouds 
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Sequence of events: 
 
2. Massive stars ionize 
intracloud medium and 
evaporate cloud surfaces 
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Hot young stars ionize the skins of dense clouds: 
 
We need the evaporated material before the onset 
of a large-scale wind. 
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Sequence of events: 
 
2. Massive stars ionize 
intracloud medium and 
evaporate cloud surfaces 
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Sequence of events: 
 
3. O stars go supernova! 

KIPAC Stanford 2013 



★ 
★ ★ 
★ ★ 

★ 

★ 
★ 

Sequence of events: 
 
4. SNe heat the diffuse gas 

KIPAC Stanford 2013 



★ 
★ ★ 
★ ★ 

★ 

★ 
★ 

Sequence of events: 
 
5. UV intensity plummets 
(since ≥13M have gone!) 
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Sequence of events: 
 
6. Hot wind escapes  
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AGN:  why is the wind in synchrony with the UV?  

energy release rate in a Keplerian disk ~ GMBHm/2r 
important to balance local flux to local Eddington flux ~ cGMBHz/κ(r2+z2)3/2 

accrete gas inwards until local super-Eddington emissivity reached 
   

. 
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tA = 2.5, 5, 10, 20 Myr 

AGN result: 

There are few accretion disk predictions, steady state or otherwise, on the 
simultaneous presence of jets, winds, cones. 

AGN timescale tA is long if wind evolution is much like ★B to avoid dominance 
of shock ionization. 

 Colour code: 
 
★B photoionization 
★B mechanical 
AGN photoionization 

AGN normalization:  



With no x-rays With x-rays 

Proga & Kallman (2004) 

They find that MBH ~ 4x106 Mo must be close to fE ~ 1 to have any 
chance of launching a wind (but this can be much less in 108 Mo)  
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What does this teach us about the Galaxy? 
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Seyfert NGC 7213 ionizes 
gas stream at r ~ 30 kpc 



The Magellanic HI Stream 

Wakker+ 2000 
KIPAC Stanford 2013 
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If a past ionizing event (e.g. 
Seyfert phase) took place at a 
time To then it would show up in 
the plasma where Trec ~To . 
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If Proga & Kallman (2004) are right, a 
line driven wind from the GC black 
hole must be close to fE = 1.  
 
This generates strong UV and a wind 
that reaches 1 kpc in 105 yr, 10 kpc in 
1 Myr. 
 
The Stream density is ~ 0.03 cm-3 
suggesting a Seyfert event ~ 10 Myr 
ago.  
 
The present jet/bubble would need to 
arise from a later episode. 
 
New COS data can test this model, 
and the possible poloidal field. 
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The Future:  
 

the first major search for galactic winds 



Sydney-AAO Multibundle Instrument – SAMI	


Croom+ 2012, MNRAS	


10 months from concept to first light... 	

R ~ 5000  (370-550 nm, 620-740 nm)	


1 mm 



SAMI first data (2011)	
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bJ = 15.4 

In the next slide, we show excellent 	

results from dithering over 4 hours	




SAMI first science: ���
serendipitous galactic wind 	


Fogarty et al. (2012) All 13 galaxies are dithered in the same fashion 	




Final thoughts 
 
We can clearly separate AGN from ★B driven winds for galaxies with 
L = 1-10 x 1010 Lo . 
 
The imprint of past AGN activity may be visible across the Magellanic 
Stream. We can look for this with COS absorption line data. 
 
A much larger sample of galactic winds will soon emerge from the SAMI 
survey. 
 
Question: 
 
For the same input energy, how different are AGN driven winds from 
★B driven winds? Are AGN winds always accompanied by strong UV? 
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