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Outline: 
Energetic feedback (2003-13): starburst or AGN? 
Fermi bubbles mystery solved (2011-13) 
Magellanic Stream mystery solved (1996-2013) 
New insight on AGN feedback (2011-13) 
Better prescription for galaxy models 

Question: Sgr A★ is 108 below Eddington today. When was 
it last a full blown Seyfert? 



The Galaxy’s bipolar wind seen on 10 kpc scales… 
AGN or starburst driven? 

Two key observations argue for a 
Galactic Centre outflow:  
1. GC bipolar structure not seen 
in soft X-rays (JBH & Cohen 2003) 
2. hard X-ray bipolar structure 
never seen in OB blow-outs  
(McClure-Griffiths+ 2005) 

ROSAT 1.5 keV (diffuse) Estimated energy ~ 1055 erg 

JBH & Cohen (2003) 
 



Giant Gamma-Ray Bubbles at the 
Galactic Centre Su+ 2010 





Guo & Mathews 2012 



30 or more nearby 
Seyfert examples: 
 
0313-192 
NGC 1068 
NGC 2992 
NGC 3079 
NGC 3801 
NGC 5506 
NGC 6764 
Circinus 
Markarian 6 
M51 
… 
 
 

Keel et al 2006 



The mystery of the Magellanic Stream’s ionization 



The Magellanic HI Stream 



Conventional units of Hα surface brightness: 
 
< ne

2 L >   = 1 cm-6 pc       emission measure  
    = 2 × 10-18 erg cm-2 s-1 arcsec-2  cgs units 

    = 330 mR       milli-Rayleighs 



JBH & Maloney (1999, 2002) 

UV escape fraction Factor ~ 2 for poorly known UV sources 

E > 13.6 eV 
E < 13.6 eV 



Seyfert NGC 7213 ionizes 
gas stream at r ~ 30 kpc 

New: Kreimeyer & Veilleux (2013) see 
ionization cone out to r ~ 90 kpc 

Galaxy Zoo has discovered dramatic 
ionization cones on scales ~ 10 kpc 



The Stream’s ionization powered by Seyfert activity? 



AGN model 

UV escape fraction Beam factor 

Peak brightness 

Eddington luminosity fraction 
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Time-dependent ionization using new MIV code 

Recombination is faster than cooling 

Photoionizing flash followed by fading recombination emission 



Timescales 

Consider a Seyfert flare that took place at t = To 
 for a burst time TB 

We must consider other timescales: 
 
Double-crossing time TC   ~ 2x105 (D/55 kpc)  yr  
Photoionization time TP   ~ 4x103 φ6  yr  
Recombination time TR    ~ 8x104 /nH  yr  
 
 



Best estimate is Seyfert flash at To ~ 1-3 Myr ago 



Final slide of Guo & Mathews (2013 Kavli talk) 



Novak, Ostriker & Ciotti (2011, 2012): 
 
SMBH growth and accretion within CDM. 
 
Complex activity on all temporal scales. 
 
50 dB variation in 1 Myr largest seen in  
these simulations… 



Final thoughts 
 
 
Nuclear activity allows galaxies to be observed to z~7. The Galactic Centre 
provides us with a front-row seat. 
 
The imprint of full-blown Seyfert activity is visible across the Stream.  
 
Excellent match to the Fermi bubbles model: alignment – energetics – timescale. 
  
SMBH feedback can be very strong but difficult to detect beyond the LG. 
 
Hard to explain 80 dB variation in 2 Myr without MHD (Balbus). 
 
We can expect great advances in GC research in the near future. 


