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Pence (1976) first paper on K corrections 
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3D Mapping of AGN and 
Starburst Driven Outflows 





Strickland 2004 Outflow sources 



Thanks to Dan Dicken  



ROSAT 1.5 keV (diffuse) JBH & Cohen (2003) 

The Galaxy: bipolar wind seen on 10 kpc scales! 



Su, Slayter, Finkbeiner (2010) 

The Galaxy: γ-ray bubbles discovered by Fermi  



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 



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 dust (AM, DD talks) 

With thanks to Dan Dicken 



Ionizing photon budget from AGN 



Ionizing photon budget from nuclear ★B 



Origin & physics of filaments: 
Cooper+ 2008, 2009 

Rotation in the filament system 
tells you all the gas you see is 
entrained from the disk.  

IRAC/Spitzer 

Engelbracht+ 2006 



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 



AAOmega+SPIRAL 

  Dual beam spectrograph 
  512 element fibre feed 
  32x16 rectangular array 
  0.7 arcsec square pixels 
  11.2x22.4 arcsec FoV 
  R = 5700-6300 over 370-890 nm 



AGNs are 3x more luminous than ★B on average  



Dwarf 

The 
Starburst
sample 

The AGN sample 

Multi-pointing 
IFS mosaics 





~55,000 spectra later… 

Full sample in 

Sharp & Bland-Hawthorn (2010)‏ 

Spectral data cubes 
across a range of key 
diagnostic features 

He/Hβ/[OIII] 

[OI]/Hα/[NII]/[SII] 





Ionisation Diagnostic Diagrams 
Baldwin, Phillips & Terlevich 1981 

Veilleux & Osterbrock 1987 

Kewley et al. 2001 

Strong signatures from star formation in disk 

Spectral line profile deconvolution is possible when guided 
by kinematic modelling 

Blue – AGN photoionisation 

Red - Shocks 



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 



AGN ionisation cones: 

N1365 

N5128 

several recovered, one new 



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 



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

Ionisation Diagnostic Diagrams 



★B: NGC 253 



AGN:shocks 



This holds for either AGN or ★B ionization 

Shock ionization 

Far off the plane: 

AGN winds are 
photo-ionized 

★B winds are 
shock-ionized 



★B phenomenon is 
impulsive 

★B wind blows after 
initial delay > 10 Myr 

★B99 

new 



Conclude: 
Starbursts are an impulsive phenomenon; continuous SF unlikely 

Long delay (>10 Myr) after ★B initiates before wind launch 

(SB99 model, upper mass cut-offs of 30 and 100 Msun ) 
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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 



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! 
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Sequence of events: 

4. SNe heat the diffuse gas 
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Sequence of events: 

5. UV intensity plummets 
(since ≥13M have gone!) 
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Sequence of events: 

6. Hot wind escapes  



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 

. 



tA = 2.5, 5, 10, 20 Myr 

AGN result: 

There are no accretion disk predictions yet, 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:  



Final thoughts 

Can we say that AGN winds are photoionized unlike nuclear ★B?  
Is this how to distinguish ★B vs. AGN? 

The importance of high resolution and broad wavelength range 
(e.g. AM's talk on ISO). A broader sample is close to completion. 

Even in the domain of complexity, ratio plots can be very clean (i.e. 
a differential measure). 


