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Background: HST image of NGC 5247

1-D vs. 2-D Bulge 
Magnitudes.

Bulge magnitudes 
derived from 1-D 
and 2-D 
decomposition 
techniques.  While 
there is some 
scatter, the data is 
well correlated to 
the x=y axis.  This 
confirms that there 
are no systematic 
differences between 
the 1-D and 2-D 
methods.

Most galaxies contain supermassive black holes. By measuring the masses of enough of 
these black holes, we can learn something about galaxy formation and evolution. Black 
hole masses in many galaxies can be measured with stellar and gas dynamics. This is not 
the case with Seyfert galaxies, which harbor bulges that are too bright for the standard 
dynamical methods to be effective.        
                                                         
Reverberation mapping, which allows black hole masses to be estimated from the time lag 
associated with variations in the brightness of Seyfert galaxies, offers a potential solution. 
The black hole masses of normal galaxies are correlated with observable quantities like 
velocity dispersion (the standard deviation of the stellar velocities in the galactic core) and 
bulge magnitude (a measure of bulge luminosity). Reverberation mapping can be tested 
with these correlations because active galaxies ought to follow the same correlations.          
  

Most recently, it has been determined that reverberation mapping provides reliable black 
hole masses if we are willing to concede intrinsic differences in the brightness of Seyfert 
and normal galaxies, namely that Seyfert galaxies are brighter per unit black hole mass. 

It is the purpose of this project to investigate this apparent difference with a large sample of 
Seyfert galaxies using the Faber-Jackson relation, a correlation between bulge magnitude 
and velocity dispersion. 

Our investigation is based on a sample of 25 Seyfert 2 galaxies imaged with the Hubble 
Space Telescope.  The images were taken with the WFPC-2 camera in the F606W filter 
centered at a wavelength of 6060 Å.  Exposure time was 500 seconds per image.  Initial 
processing consisted of removing cosmic rays and subtracting the sky background.              
                 

With the clean images, we fit elliptical contours to levels of constant surface brightness.  
These were used to produce one-dimensional luminosity profiles, which enable us to 
parameterize how galaxy brightness, I(R), declines with distance from the center, R.  An 
example of this is shown in the graph in the first column on the right.  We then 
decomposed each luminosity profile into bulge and disk components, which are drawn as 
light blue and dark blue, respectively.  The bulge portion of the profiles was fit with a de 
Vaucouleurs law,

                        
 typically seen in bulge-dominated galaxies, and the disk portion was fit with a exponential   
                                                

The two-dimensional approach introduces a model galaxy composed of bulge and disk 
components.  The model is fitted directly to the image pixels rather than the average 
surface brightness, which makes this method less susceptible to deviations caused by 
spiral arms, dust lanes, and other peculiarities.  An illustration of this technique appears in 
the images on the right.

Data Description and Analysis

Results and Discussion
Our 1-D and 2-D model bulge magnitudes show a strong correlation, as seen in the 1-D vs. 
2-D graph.  The mean difference is 0.05 magnitudes, the median difference is 0.07 
magnitudes and the standard deviation is 0.36.  This shows that there is no systematic 
difference between the fits.
                                                                                 
We observe the Faber-Jackson relationship between velocity dispersion (σ) and bulge 
magnitude (Mbulge) in our sample of Seyfert galaxies, as seen in Faber-Jackson Relation 
graph.  The fit to the Seyfert galaxies has a correlation coefficient (R value) or -0.62, with a 
0.005 % chance of no statistical relationship.  There is a systematic shift in Seyfert Mbulge 

values of -0.45 ± 0.2 magnitudes, more than twice the standard error, so it is significant 
with a 98% confidence. This indicates that Seyferts have greater bulge magnitudes than 
normal elliptical galaxies.  More corrections for extinction effects will lead to a more 
significant offset and close analysis of the scatter will will lead to a more robust 
determination of the origin and veracity of the offset.

Conclusion

The correlation between 1-D and 2-D fits verifies that the methods we 
are using are valid.  It does not indicate which one is more correct, but 
there are no systematic differences.  Our sample of Seyfert galaxies 
shows a correlation between σ  and Mbulge,similar but offset from the 
Faber-Jackson relation for normal galaxies.  This indicates that Seyferts 
have brighter bulges for given a velocity dispersion.  This supports the 
idea that Seyfert galaxies have younger stellar populations and greater 
rates of star formation in their bulges.
                           

Faber-Jackson Relation

Velocity dispersion vs. 
Bulge magnitude for 
normal, Seyfert I and 
Seyfert II galaxies
Red crosses: Normal 
galaxies, Gebhardt et al. 
2000.
Blue dots: Seyfert I 
galaxies, Nelson et al 2004
Green dots: Seyfert II 
galaxies
The green line is a fit to 
both Seyfert I and Seyfert 
II galaxies.
We note a small but 
significant offset in the fits, 
indicating that Seyfert 
galaxies have brighter 
bulge magnitudes than 
normal galaxies.

HST Image 
of NGC 513.  
The change 

in color 
corresponds 

with a 
logarithmic 
increase in 
brightness.

In this image 
the elliptical 

brightness 
contours are 

shown.

Functions fit 
to the bulge 

and disk 
component 
brightness 
contours.

A two-
dimensional  
model of the 

galaxy.

Subtracting 
the model 

from the 
actual image 

yields this 
residual.  

The red 
indicates 

where the 
galaxy is 

brighter than 
the model; 

blue, darker.

MRK 573
Easy to fit 

because of 
near-round 

appearance.
Prominent 

NLR region 
in center.

NGC 1358
Symmetrical, 

but not 
perfectly 
elliptical.

This is a bar 
feature.

MRK 533
Spiral 

structure 
causes some 

fit 
imperfection.

MRK 607 is 
nicely 

elliptical, but 
larger than 
the image.

NGC 1068
Prototypical 

Seyfert 
galaxy.

Known burst 
of star 

formation in 
core.

Below is an example 
of the process for 
each galaxy.

Below is a sample of 
the Seyfert galaxies 
studied.
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