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The density wave theory has had one outstanding success since Its creation,

not as applied to galaxies, but in the context of patterns observed in Saturn’s |
rings. In the limit of a very large central mass and a thin disk, the pitch angle of |*
these density waves, as shown by Shu (1975), depends on the ratio of the disk |&

mass density to the central mass. Specifically,
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where P Is the logarithmic spiral arm pitch angle, X(R) is the disk surface
density measured at a given radius of R, and M(R) iIs the mass of the central
planet. Galaxies are generally more complex than Saturn’s rings, for instance
only very bulge- dominated galaxies are even close to the Saturn-like situation
of a small dense core with negligible mass in the disk. Studies based on the
modal density wave theory suggest that the pitch angle of the spiral arms in
galaxies should still depend on a ratio (of half-mass radius to co-rotation radius)
which, in limit of a thin disk and massive central bulge, approximates to the
Shu (1975) result (Equation (1)). This Is not surprising, since we would expect
a standing wave pattern to depend on the ratio of a restoring force or tension (in
this case the central mass, or at least the mass inside a given radius R) to the
density of the medium (in this case the density of gas In the disk at radius R).
Although the precise nature of the relation between these three quantities can be
expected to vary between galaxies of different types (bulge-dominated versus
disk-dominated, for instance) nevertheless we show in this letter that the three
guantities, spiral arm pitch angle, central bulge mass, and gas density in the disk
do strongly correlate to form a fundamental plane which may play a similar role
In tying together gross features of disk galaxies to that played by the
fundamental plane of elliptical galaxies (Djorgovski & Davis 1987; Dressler et
al. 1987).

We studied a sample of disk galaxies from the Disk Mass Survey (DMS)
which was ideal for our purposes, since it dealt with the disk densities of a
sample of face-on galaxies. The DMS had already measured the gas density of
atomic hydrogen in these galaxies, as well as the central bulge mass. Using our
established technique (Davis et al. 2012) we measured the pitch angle for these
galaxies for this paper. We find that the sample of 24 galaxies from the DMS,
when plotted in a volume defined by these three quantities, delineate a plane
which they stay close to with very low scatter. There is only a 0.002% chance
that this plane could have been formed by statistical accident.
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We find a best fit for Equation (1) from the included data sample of 24
galaxies (see Table 1) with a linear fit of

Zmﬁx /(M Sun pC_z)
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The residual standard error (intrinsic dispersion or scatter) is equal to 0.0945
(31.7 % per galaxy on average), with an adjusted R? = 0.321, and a p-value
equal to 0.00232. A plot of this linear best fit is depicted along with the
Included data sample and can be seen in the above Figure 1 with the fit plotted

as a dashed blue line. Alternatively, when taking into account the individual
errors on measurements with a Monte Carlo sampling by creating multivariate

| normal distributions with the mean and variance of each variable for all 24

galaxies with 10° cases for each variable, we find

- (0.098 +0.071).
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