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Main idea

• Use virial theorem
• The radius of satellite orbit

• The speed of the satellite

• We don’t require the mass of satellite!

• How do we get the radius and velocity?
• Ans: reverberation mapping
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What is an AGN



AGN spectra
A continuous emission and a line 
emission. 

The continuous emission closely 
follows a power law, for a wide range 
of frequencies

There are two types of line emissions 
depending on the width: broad and 
narrow.

This already hints that this is a 
superposition of light from multiple 
sources.

How do you explain this spectra?



Unified 
AGN 
model



Cloud model

• How are the Broad emission lines generated
• BLR clouds produce broad lines by photoionization 

and recombination

• Radiation pressure pushes the BLR away from the 
center. The width is due to Doppler broadening.

• The structure of BLR
• The BLR is radially stratified, majority flux comes 

from a narrow range

• The BLR consists of numerous discrete gas nebula 
clouds (aka BLR clouds).



Reverberation mapping

1. The contin. source, much smaller than BLR.

2. BLR clouds themselves occupy a small fraction of the total volume. 

3. There is a simple, not necessarily linear, relationship between the observable UV/optical 
contin. flux and the ionizing contin. flux.

4. The light travel time is much large compared to the cloud response to continuum variations

5. The light travel time is short compared to the time scale over which BLR geometry changes. 
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Basic procedure

• Get data over an extended period of time, probably years*

• Pick a good line, 
• Most of them are too weak

• CIII line is too sophisticated

• Mg II is usually the best, because it has low ionization number

• CIV is also used

• Find time delay with max cross correlation*
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Basic procedure

• Get data over an extended period of time, probably years*

• Pick a good line, 
• Most of them are too weak

• CIII line is too sophisticated

• Mg II is usually the best, because it has low ionization number

• CIV is also used

• Find time delay with max cross correlation*

• Compute radius and the mass  



Data is kinda…. bad



Issues

• Correlated errors in CIV emission line

• Non uniform time interval between data points



Interpolated Cross 
Correlation Function

• Uses linearly interpolate to fill the gaps

• Apply on each series, take avg



Interpolated Cross 
Correlation Function

• Uses linearly interpolate to fill the gaps

• Apply on each series, take avg

Drawbacks

• Validity of interpolation for non-uniform 
time intervals

• Peak at zero time delay

• Hard to quantify error



Discrete Correlation 
function

• Creates bins for each time lag, with some 
tolerance

• Takes the average of all data points that 
are within each bin



Discrete Correlation 
function

• Creates bins for each time lag, with some 
tolerance

• Takes the average of all data points that 
are within each bin

Drawbacks

• Its worse in general, (lol)
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