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RECAP 

!  So far in our discussion of supermassive BHs… 
"  Discovery of quasars... 

#  First realization that there are accreting supermassive BHs 
"  Jets and radio-loud AGN 

#  Powerful directed outflows from AGN 
#  Relativistic (one sided; superluminal motion) 

"  Optical properties of AGN 
#  Accretion disk thermal emissions 

"  X-ray properties of AGN 
#  Role of the disk corona 



This class 

!  What about our own Galaxy? 
!  Today… 

"  Evidence for a 4 million solar mass BH at the 
center of the Milky Way 

"  The incredible quiescence of our SMBH 
"  Evidence for past activity 



I : How do we search for a 
massive black hole? 
!  How do you find a black hole when it’s not accreting? 
!  Most direct way to search for black hole is to look for 

the influence of its gravitational field on nearby stars 
and gas 

!  Suppose stars/gas are in circular orbit about black hole 
(but some distance from it)… then 

!  Discussion questions… 
"  Why can we use Newtonian formulae? 
"  When would we expect this formula to break down? 



II : The center of our Galaxy 

!  Cannot see center of our galaxy in optical light [Why?] 

!  Need to look in radio, IR or X-ray 
"  In radio and X-ray, there is a compact source of energy at 

precise center of Galaxy… long suspected that this was black 
hole 

!  Dramatic evidence came from IR observations 
"  In IR band, see dense cluster of young stars within central 

light year of Galaxy 
"  Can see these stars move on orbits about an unseen mass at 

the Galactic center 
"  Infer that there must be 4 million solar masses 

contained within a radius of 40AU… 
"  A black hole is the only viable option (unless there is 

something seriously wrong with our understanding of physics) 
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Artist’s impression of our Galaxy – a huge disk of 100 billion 
stars.  The solar system is 25,000 light years  
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View of our Galaxy’s center in infra-red. 







III : Activity from the Galactic Center 

!  The center of our Galaxy is very weakly active… 
"  Radio source (Sagittarius A*), luminosity L~1029W 
"  X-ray source, luminosity L~1026W 
"  Clearly still some active accretion – see rapid flares 
"  So… at least a million times weaker than “real” AGN 
"  Factor of >108 below its Eddington limit. 

!  Why so weak? 
"  Very little gas is falling towards the black hole. 
"  Plus… accretion disk is so tenuous that it doesn’t even 

radiation the gravitational energy that is liberated. 

!  But… was it always like this? 





X-rays (Chandra) 



IV : Past activity of Sgr A* 

!  X-ray light echoes 
"  Can see echoes of an outburst in the X-ray band from 

gas clouds in the Galactic Center region 
"  Suggests that the Sgr A* was a million times brighter 

(in X-rays) a few hundred years ago 
"  So… the Milky Way flared up to be a low-power AGN a 

few hundred years ago 
"  Maybe the disruption of a passing gas cloud… 

!  The Fermi Bubbles 
"  The Fermi gamma-ray telescope discovered giant 

bubbles above and below the Milky Way 
"  Preferred model : Sgr A* was a jetted AGN ~1 million 

years ago.  The jets blew these bubbles. 
"  Fits with other evidence for activity during this era. 



X-ray light echoes from Sgr A*  



https://www.youtube.com/
watch?v=qkHv0NY5Bvg 






