
ASTR398B Black Holes (Fall 2015) 
Prof. Chris Reynolds 

Class 23 : 
Observing GR effects around 
black holes 



RECAP 

!  The course so far! 
!  Part I : Background physics of black holes 

"  Newton’s and Einstein’s theories of gravity 
"  General Relativistic description of black holes 

!  Part II : Stellar mass black holes 
"  Life and death of massive stars 
"  Neutron stars, pulsars and stellar mass black holes 
"  Accretion disks; X-ray binaries 

!  Part III : Supermassive black holes 
"  Discovery of quasars and AGN 
"  Properties of AGN; properties of jets 
"  AGN feedback on galaxy evolution/formation 



This class 

!  Come to final part of course… 

!  Black holes as laboratories for fundamental 
physics 
"  TODAY : Current probes of GR around BHs 

(or what Prof. Reynolds does in his spare 
time!) 



I : Observing the effects of GR 
close to black holes 

!  What kind of data can we collect when looking 
at an accreting black hole?  [Discussion] 

!  Given realistic kinds of observations, what GR 
effects can we look for when studying an 
accreting black hole?  [Discussion] 

!  Why is this interesting?  What do we hope to 
learn?  [Discussion] 



II : X-ray emission from 
accreting black holes 

!  Reminder from class 17… 
"  Accreting BHs are powerful X-ray sources 
"  Stellar mass BHs…  

#  thermal emission from hot accretion disk 

"  AGN (and stellar mass BHs)…  
#  X-ray emission from very hot corona associated 

with accretion disk   

!  In both cases… X-rays are coming from very 
central regions of the accretion disk close to 
the black hole, where the GR effects are strong 
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III : Spectroscopic study of GR 
close to accreting black holes 

!  X-ray corona irradiates the accretion disk 
"  Excites atoms in the surface layers  
"  As atoms relax back to their normal “ground” 

state, they emit very specific frequencies of 
light (fluorescent emission lines) 

"  Most prominent emission line is iron 

!  Our view of the iron line is then affected by 
the fact that the disk is rotating and that it 
is close to the black hole [Why?] 





Doppler shifts… 

Line from 
approaching 
side of disk is 
blueshifted 

Line from 
receding side 
of disk is 
redshifted 

Line from material moving transverse to line 
of sight has no “normal” Doppler shifts.  



Special relativistic effects… 

SR beaming 
boosts the 
approaching 
line 

SR beaming 
de-boosts the 
receding line 

All emission is redshifted some due 
to time-dilation effects 



General relativistic effects… 

Light bending effects distort the image of the disk 

All emission suffers gravitational redshift 
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R=1000rg R=100rg R=30rg R=10rg R=6rg 
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NGC3783  
(Suzaku) 



What do we learn? 

!  Seeing these very broad/skewed lines… 
"  Confirms the basic predictions of the black 

hole picture (rules out many alternative 
theories of AGN activity) 

"  Confirms that X-rays are coming from 
innermost regions close to the black hole 

"  Allows us to measure fundamental 
parameters… particular important one is 
black hole spin 



IV : Measuring black hole spin 

!  Recall…  
"  Accretion disk extends down to the 

innermost circular stable orbit… 
"  … then the matter just plunges into the 

black hole 

!  But the location of the innermost stable 
circular orbit depends on black hole spin 
"  Schwarzschild BH : ISCO is at 6GM/c2 

"  Extreme Kerr (a=1) : ISCO is at GM/c2 
"  So, accretion can get closer, and GR effects 

get stronger, if the black hole is rapidly 
spinning 
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Reynolds et al. (2012) 

The subtle effects of black hole spin 



Compilation of spin constraints 
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Selection bias 
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Higher spin ! higher efficiency ! more luminous 

Expect high spin sources to be over-represented 
in samples 

Vasudevan et al. (2015) 


