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Introduction: The Arkansas Galaxy Evolution
Survey (AGES) seeks to understand the growth of the
early universe by analyzing galactic evolution over
time. In Seigar et al. 2008[1], AGES collaborators dis-
covered a correlation between galactic central black
hole masses and the pitch angles of spiral arms in local,
quiescent, disk galaxies. This mass-pitch angle corre-
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Figure 1: Mass - Pitch Angle Correla-
tion from Seigar et al. 2008
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validated, the correlation could be useful in studying
the evolution of galaxies that were not previously
measurable.

Active galaxies are those which contain at their
centers active galactic nuclei. Active galactic nuclei
(AGN) are so named because their galactic central su-
permassive black holes are accreting matter at such a
rate that highly luminous radiation is emitted by the
accretion disks. Among the most luminous AGN’s are
quasars, which are highly emissive, distant objects at
relatively high redshift. Due to their extreme luminosi-
ties, quasars can be observed at far greater distances
than can quiescent galaxies. Spectral emissions from
such distant quasars can be analyzed to provide insight
into the physical properties of the quasars.

In this study, quasars of intermediate redshift in
disk galaxies exhibiting spiral structure were analyzed
to explore the possible correlation between morpholog-
ical features of the galactic disks and the masses of the
galactic central supermassive black holes. In so doing,
a sample of quasars at intermediate redshift was drawn
from the Sloan Digital Sky Survey (SDSS), whereupon
those galaxies exhibiting visible spiral structure were

selected for analysis. Each galaxy’s spiral arm pitch
angle was measured utilizing a two dimensional fast
fourier transform (2DFFT) code, then plotted against
its supermassive black hole mass. The statistical rela-
tionship between the two features was then evaluated.

Data Sample: For the purposes of this study, Data
Release 7 (DR7) of the SDSS was utilized. Upon fil-
tering the DR7 data for quasars with strong broad line
regions at intermediate redshifts, an initial sample of
4,124 galaxies was selected.[2] From this sample, each
galaxy was visually inspected for evidence of observa-
ble spiral structure. Following the visual inspection, a
subset of 75 galaxies was selected for analysis, with
redshifts ranging from z = 0.06 through z = 0.4.

For each of the 75 galaxies that were selected, fil-
tered images in flexible image transport system (FITS)
format were downloaded from the SDSS DR7 data-
base, to be analyzed via the Image Reduction and
Analysis Facility (IRAF) and DS9 graphical interface
softwares. For each galaxy in this sample, the r filter
was chosen for pitch angle evaluation, corresponding
to a central wavelength of 6165A. This image filter
provided the most sharply defined morphological struc-
ture across the range of redshifts being observed.

For each image in the sample, the IRAF ELLIPSE
task was utilized
to determine the
inclination  and
position angles of
the galaxies.
Utilizing the
ROTATE and
MAGNIFY tasks
within IRAF,
each galaxy was
deprojected to a
face-on configu-
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measurement. Fol-

lowing deprojection, each galaxy’s pitch angle was
measured as a function of the galactic disk’s inner ra-
dius using a proprietary 2DFFT routine coded by
AGES members[3]. For detailed explanation of the



deprojection and pitch angle measurement procedures,
consult Davis et al. 2012.
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Figure 3: SDSS DR7 spectral 2006 (V1?06)- (5]
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urements for each galaxy in the sample, a small valida-
tion subset using SDSS DR7 spectral data and the
VP06 scaling relation demonstrated extremely strong
agreement with the mass estimates from the DR7 qua-
sar catalogue.

Results: Following thorough evaluation and analy-
sis, 21 galaxies from the 75 galaxy sample possessed
spiral structure measurable by the 2DFFT routine.
Among those 21, 7 exhibited inconsistencies in spiral
mode and stable radii which were sufficient to disquali-
fy them from the study. Pitch angle measurements with
uncertainties were acquired for the remaining 14 qua-
sars, ranging from z = 0.06 through z = 0.4, which
were then plotted against their respective supermassive
black hole masses. Pitch angles for these galaxies were
between 5 and 40 degrees, with percent errors general-
ly  around
10-15%.
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(8.36 £ 0.33) - (0.026 + 0.009)P, where P is the pitch

angle in degrees, with a correlation coefficient of R* =
0.458 , indicating a moderate correlation. When com-
pared to the established correlation for local, quiescent
galaxies:

log o(Mgn) = (8.44 £ 0.10) - (0.076 £ 0.005)P it is ap-
parent that the line is shifted downward by 0.08 and the
magnitude of the slope is decreased by 66%. This in-
dicates that for active galaxies at intermediate redshift,
black hole masses within tightly wound spirals are con-
sistent with those for local, quiescent galaxies, but the
mass falls off less quickly as the spiral becomes more
open.

Conclusions: The data indicates that a moderate
correlation between galactic central black hole mass
and spiral arm pitch angle does exist for active spiral
galaxies at intermediate redshift. However, the correla-
tion differs from that established for local, quiescent
galaxies, and is much less tight. The results herein
indicate spiral arm pitch angle is less effective as an
indicator for black hole masses in distant, active galax-
ies than in local, quiescent galaxies.

Unfortunately, the images obtained from the SDSS
DR?7 lacked sufficient resolution for high confidence
pitch angle measurements. The 2DFFT code, which
was validated and optimized with high resolution im-
ages of local galaxies, struggled with the more distant,
lower resolution images in this study. The stable range
of the galactic disk was often less than 10 pixels,
providing very little information for the code to ana-
lyze. As such, the results herein are far from conclu-
sive. Given higher quality images and less restrictive
time constraints, more satisfying conclusions could be
drawn. Future investigations utilizing higher quality
image data are recommended to further evaluate the
correlation.
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