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ABSTRACT

RESULTS

The recent discovery of a relationship between supermassive black hole (SMBH) mass and
spiral arm pitch angle (P) shows that SMBHs are tied to the overall secular evolution of a
galaxy. Furthermore, the discovery of SMBHs in late-type galaxies with little or no bulge
suggests an underlying correlation between the dark matter halo concentration and SMBH
mass (MBH), rather than the bulge mass and MBH. The goal of our study is to estimate the
theoretical lower limit of the total mass (Mtot) of individual galaxies with low central density
dark matter haloes, or fast rotating bars. This was done by first measuring P for a sample of 40
barred spiral galaxies from the Carnegie-Irvine Galaxy Survey (CGS; Ho et al. 2011) to
determine MBH. Mtot is then estimated by the empirical MBH-Mtot relation of Bandara et al.
(2009). We also produced dynamical simulation models, using Ks-band images to estimate the
gravitational potentials, to discern those galaxies with clearly fast rotating bars. We find 7 clear
examples and the lower limits to their total mass range from 3 < Mtot < 25 x 1011 solar masses.
We also find that galaxies with low central dark halo densities appear to follow more
predictable trends in P, or MBH, versus de Vaucouleurs morphological type index (T) and bar
strength versus T than barred galaxies in general. Future work will involve obtaining detailed
rotation curves of the 7 galaxies with fast bars and determining if their Mtot do indeed exceed
the predicted theoretical values.

Figure 2: A plot of R vs. Mtot showing the galaxies
with fast bars and, thereby, underestimated Mtot
values.

INTRODUCTION
The connection between the overall morphology and dynamics of galaxies and the centrally
located supermassive black holes (SMBHs) they harbor provides a fundamental constraint in
the study of galaxy formation and evolution. The recent discovery of a relationship between
MBH and spiral arm pitch angle (P; Seigar et al. 2008) shows that SMBHs are tied to the overall
secular evolution of a galaxy. The cause of the MBH - P connection is hinted at by the discovery
of SMBHs in the centers of late-type galaxies with little or no bulge (Satyapal et al. 2007,
2008). This discovery suggests that the size, or mass, of SMBHs may be tied to the dark matter
halo virial mass, or concentration (van den Bosch et al. 2007; Ferrarese 2002). More recently
though, Booth & Schaye (2010) have shown that SMBH mass appears to be linked to halo
binding energy rather than halo mass.
The secular evolution of a barred spiral galaxy is chiefly influenced by the rotation rate of the
non-axisymmetric component (e.g., Kormendy & Kennicutt 2004). Simulation models have
shown that after a bar initially forms, the pattern speed (Ωp) remains fast when embedded in a
dark matter halo with a low central density (Debattista & Sellwood 2000). This is due to
reduced dynamical friction between the two components that would otherwise cause a rapid
decrease in Ωp . Ωp also determines the locations of important resonance regions in galaxies
with a single perturbation mode, such as a bar. This allows the rotation of a bar to be described
by the ratio R = RCR/Rbar, where RCR is the corotation resonance radius and Rbar is the bar
semimajor axis length. When 1 ≤ R ≤ 1.4 a bar is deemed to be a fast rotator, while R > 1.4
implies a slow rotating bar.
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METHODS
In order to determine the lower limit of Mtot for galaxies with fast bars, we must measure P
and determine R for each galaxy. When P is known, Mtot is determined via the Seigar et al.
(2008) MBH-P relation as well as the Bandara et al. (2009) MBH-Mtot relation.
P was measured using two-dimensional fast Fourier decompositions of the deprojected B-band
images and assuming logarithmic spirals (Schröder et al. 1994). The Fourier fits were applied
to visually selected annulus regions that range from just beyond the ends of the bars to the
outer limits of the visible arms. P is then determined from peaks in the Fourier spectra as this is
the most powerful method for finding periodicity in a distribution (Garcia-Gomez &
Athanassoula 1993).
Determining R for each sample galaxy was done by matching the simulated morphology of
individual galaxies to B-band images. The models were produced by simulating the behavior of
a two-dimensional disk of inelastically colliding gas particles in potentials derived from Ksband galaxy images. The details of the simulation code we used can be found in Salo et al.
(1999) and Salo (1991). We assumed that each galaxy has only one pattern speed, that of the
bar, and it was the main parameter that was varied.

Figure 1: Example of deprojected B-band and
best gas particle model images from our
sample of galaxies. The models shown
correspond to our estimated values of R. Some
B-band images display black masks that were
used when a foreground star could not be
otherwise removed. The thick tick-marks
along the right edge of the gas particle images
indicate the diameter of corotation.

Figure 3: (a) Estimated SMBH mass vs. measured P. The fit given by equation 2 in Seigar et al. (2008)
was applied to the data. (b) R vs. P. (c) P vs. T taken from HyperLeda. The dashed green line is a fit
through the points corresponding to galaxies with fast bars, the dotted line is a fit through all the points,
and the dot-dashed line is the fit predicted by Roberts et al. (1975). (d) SMBH mass vs. T. The dashed
green line is fit through the fast bar data points. (e) R vs. T. The points denoted by filled or open circles
correspond to our data, while the crosses correspond to R data from Rautiainen et al. (2008). (f) Bar
strength, QB, vs. T for a sample of four sets of galaxies including those listed in Table 1 and their
corresponding Qg, which may be treated as an upper limit estimate of QB; Table 1 and 2 of Rautiainen et
al. (2008) and their corresponding QB (Buta et al. 2005); and Treuthardt et al. (2008, 2009) where Qg was
estimated by the authors.

CONCLUSIONS
We have determined the minimum Mtot values for a small sample of galaxies with clearly
fast bars and therefore low central density dark matter halos. The minimum values are in
the range of 3 < Mtot < 25 x 1011 solar masses. It also appears that galaxies with low central
dark halo densities appear to follow more predictable trends in P, or MBH, versus de
Vaucouleurs morphological type index (T) and bar strength versus T than barred galaxies in
general. Future work will involve obtaining detailed rotation curves of the 7 galaxies with
fast bars and determining if their Mtot do indeed exceed the predicted theoretical values.
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