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TABLE 2
Pysical Parameters of Maser Galaxies with

Optical Spectroscopy

Object name Vsys LH2O Morphology Reference

NGC...
NGC...

a

TABLE 3
Mean Values for Maser/Non-maser Galaxy

Samples

Variable Masers Megamasers Control

z 0.019 ± x 0.026 ± x 0.025 ± x
H↵/H� 6.6 ± x 6.5 ± x 4.7 ± x

Log(SFR) 0.0 ± x 0.4 ± x �0.8 ± x
Log L[O III] 41.1 ± x 41.6 ± x 40.1 ± x
Log L[O I] 40.0 ± x 40.6 ± x 39.3 ± x
S[II] Ratio 1.2 ± x 1.2 ± x 1.3 ± x

�⇤ 129.4 ± x 151.4 ± x 113.8 ± x
L/Ledd �1.2 ± x �1.1 ± x �1.9 ± x

TABLE 4
K-S Statistics for Maser/Non-maser Parameter Comparisons

Variable Masers/Control Maser/Megamasers Control/Megamasers

z 0.72 0.91 0.91
Log(SFR) 0.0018 0.85 < 1⇥ 10�4

Log L[OIII] < 1⇥ 10�4 1.00 < 1⇥ 10�4

Log L[OI] 0.00065 0.98 < 1⇥ 10�4

S[II] Ratio 0.091 0.91 0.00030
H↵/H� 0.52 0.43 < 1⇥ 10�4

�⇤ 0.0026 0.73 < 1⇥ 10�4

L/Ledd 0.10 0.90 < 1⇥ 10�4

-Perform comparison of SDSS and Palomar narrow-line
properties –motivate the choice of one or the other; for
Palomar instead of SDSS?
-present distributions of a variety of measures: red-

shift, line luminosities (O III, O I, H↵ and derived SFR),
Balmer Decrements, stellar velocity dispersions �⇤ as
proxies for the black hole masses M , the D4000 break
index; Figure 2.
-list and compare average values for all these parame-

ters, Table 3.
-list and compare K-S statistics for probabilities that

distributions of masers and non-maser galaxies are drawn
from the same parent populations; Table 4
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4.1. Projected Detection Rates
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  currently	
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  to	
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Table 3
Sample Data for NGC 6264

Vop
a R.A.b δR.A.b Decl.b δDecl.b Fν

c σF
c

(km s−1) (mas) (mas) (mas) (mas) (mJy B−1) (mJy B−1)

10918.33 0.399 0.008 −0.021 0.018 6.0 0.3
10914.71 0.407 0.010 −0.001 0.021 4.8 0.3
10911.09 0.401 0.005 0.000 0.011 10.2 0.4
10907.47 0.397 0.013 0.041 0.029 3.7 0.3
10903.85 0.395 0.011 −0.050 0.027 3.8 0.4
10900.23 0.388 0.009 0.044 0.022 4.6 0.3
10885.74 0.369 0.019 0.053 0.038 2.6 0.4
10871.26 0.400 0.018 0.061 0.037 2.9 0.3
10856.77 0.467 0.011 −0.038 0.029 3.8 0.3
10853.15 0.484 0.005 −0.038 0.011 9.7 0.4
10849.53 0.490 0.005 −0.006 0.011 9.4 0.3
10845.91 0.492 0.002 −0.016 0.006 18.3 0.4
10842.29 0.494 0.002 −0.005 0.005 24.4 0.4
10838.67 0.505 0.004 −0.010 0.009 11.7 0.4
10835.05 0.543 0.012 −0.094 0.032 3.5 0.4
10831.43 0.542 0.017 −0.039 0.031 3.1 0.3
10827.81 0.518 0.012 −0.101 0.027 3.9 0.3
10824.19 0.533 0.007 −0.040 0.016 6.9 0.4
10820.56 0.493 0.012 −0.041 0.026 3.8 0.3

Notes. Sample of data for NGC 6264.
a Velocity referenced to the LSR and using the optical definition (no relativistic
corrections).
b East–west and north–south position offsets and uncertainties measured
relative to the average position of the systemic masers in the VLBI map
(Figure 2). Position uncertainties reflect fitted random errors only. In NGC 1194
and NGC 2960, there may be additional uncertainties caused by the poorer
tropospheric delay calibrations due to their low declinations (low elevations
during the observations).
c Fitted peak intensity and its uncertainty in mJy beam−1.

(This table is available in its entirety in a machine-readable form in the online
journal. A portion is shown here for guidance regarding its form and content.)

Equation (5) to convert the corrected frequency to its rela-
tivistically correct radial velocity v = βc. For the megamaser
disks, typically βm < 0.003. So, for galaxies in the Hubble
flow (z > 0.01), the general relativistic corrections are smaller
than the special relativistic corrections. For example, for masers
in UGC 3789, which has an optical-LSR recession velocity of
3262 km s−1, the special relativistic corrections range from 10
to 26 km s−1 whereas the general relativistic corrections range
from 0 to ∼2 km s−1.

Finally, when fitting the rotation curves, we used the rela-
tivistic formula for the addition of velocities to decompose the
observed β value of each maser spot into a common βg asso-
ciated with the radial velocity of the center of each megamaser
disk and an individual βm associated with orbital motion of a
specific maser spot. The redshifted maser spots have βm > 0
and blueshifted maser spots have βm < 0.

β =
βg + βm

1 + βgβm
. (6)

3. RESULTS

3.1. VLBI Images, Rotation Curves, and BH Masses

Figure 1 shows the GBT single-dish spectra for all megamaser
galaxies presented here except for UGC 3789, which can be
found in Reid et al. (2009a). Figures 2, 3, and 4 show the
VLBI maps and the position–velocity (P –V ) diagrams along
with the fitted rotation curves of the maser spectral components

(spots) in UGC 3789, NGC 1194, NGC 2273, NGC 2960 (Mrk
1419), NGC 4388, NGC 6264, and NGC 6323. Reid et al.
(2009a) published the UGC 3789 VLBI map and the rotation
curve, and we performed a new analysis of the BH mass for
this galaxy based on those data. We show the VLBI map and
rotation curve for this galaxy again for direct comparison with
the other six megamaser disks. The data points in the VLBI
maps and rotation curves are color-coded to indicate redshifted,
blueshifted, and systemic masers, where the “systemic” masers
refer to the maser spectral components having velocities close
to the systemic velocity of the galaxy. Except for NGC 4388,
the maser spot distributions are plotted relative to the average
position of the systemic masers. Systemic masers are not
detected in NGC 4388, so we plotted its maser distribution
relative to the dynamical center determined from fitting the data
in the P –V diagram with a Keplerian rotation curve.

To estimate the inclination and dynamical center (i.e., the
position of the BH) of each disk, we rotated the coordinate
system to make the disk horizontal and used the fitted horizontal
line that passes through the high-velocity masers as the zero
point of the y-coordinate of the dynamical center (see Figures 3
and 4). The zero point of the x-coordinate is defined to be the
unweighted average θx of the systemic masers.

We assumed that the systemic masers have about the same
orbital radii as the high-velocity masers to estimate the maser
disk inclination cos−1(〈θ (sys)

y 〉/θr), where 〈θ (sys)
y 〉 is the average θy

position of the systemic masers and θr is the orbital radius of the
systemic masers. In principle, one can determine θr exactly only
when good rotation curves for both systemic and high-velocity
masers can be obtained, and precise acceleration measurements
for the systemic masers are available. Among our data we only
have such information for UGC 3789 at this point (Braatz et al.
2010), and so we use 〈θx〉 of high-velocity masers as an estimate
of θr. We note that all our megamaser disks with systemic masers
detected have inclinations larger than 80◦, so assuming the disk
is exactly edge-on will only cause errors less than 1% in the
derived BH masses. In NGC 4388 we could not measure a disk
inclination, but even if the disk were 20◦ from edge-on, the
contribution to the error in the BH mass would be only 12%.

We determined the rotation curve for each megamaser disk
as a function of the “impact parameter” defined as the projected
radial offset θ = (θ2

x + θ2
y )1/2 of the maser spots so that we can

account for the warped structures in some megamaser disks.
We then performed a nonlinear least-squares fit of a Keplerian
rotation curve to the P –V diagram with the assumption that the
high-velocity masers lie exactly on the mid-line of the disk. In
addition, the systemic velocity of each galaxy was fitted as a free
parameter, and we report the best fits of the systemic velocities
of our megamaser galaxies in Table 1.

The fitted Keplerian rotation curves can be expressed with
the following form:

|vK| = v1

(
θ

1mas

)−1/2

, (7)

where |vK| is the orbital velocity (after relativistic corrections)
of the high-velocity masers and v1 is the orbital velocity at a
radius 1 mas from the dynamical center. The BH mass is

M• =
( |vK|2θ

G

)
DA =

(
πv2

1

6.48 × 108 G

)
DA, (8)

where DA is the angular diameter distance to the galaxy. We
show all the measured BH masses in Table 4.
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Tables 2–4 list the accelerations measured for each line. The
uncertainties listed in these tables are formal values from the
global fit and may underestimate the true uncertainties.

4. MODELING SYSTEMIC MASER EMISSION
IN A THIN RING

In this section, we discuss the “megamaser disk method” for
measuring the angular-diameter distance to a galaxy based on
a straightforward model of the maser emission arising from an
edge-on Keplerian disk. This model gives a good approximation
to the maser emission from NGC 4258. To measure the distance
to UGC 3789, we make a simple extension of this model, as
presented in Section 5.

First, we consider a model in which maser emission originates
in a thin, flat, edge-on disk and the dynamics are dominated by a
central massive object, with all maser clouds in circular orbits. In
this model, high-velocity masers trace gas near the disk midline.
Systemic masers occupy part of a ring orbiting at a single radius
and covering a small range of azimuthal angles on the near
side of the disk. When plotted on a position–velocity (P–V)
diagram, the high-velocity masers trace a Keplerian rotation
curve and the systemic masers fall on a line segment. If the line
segment is extended to the rotation curve traced by the high-
velocity features (as in the dotted lines shown in Figure 3 of
Paper I), the intersecting points (θ1, v1) and (θ2, v2) determine
both the angular radius (θ ) and magnitude of the rotation velocity
(vr) of the narrow ring traced by systemic masers, according
to θ = |θ1 − θ2| /2 and vr = |v1 − v2| /2. In this model, the
angular-diameter distance to the galaxy is

Da = r/θ = v2
r /(aθ ), (1)

where r is the radius of the ring traced by the systemic maser
components (r = v2

r /a) and a is the centripetal acceleration
of systemic components, measured from the change in Doppler
velocity with time.

In practice, we do not measure θ and vr directly. Instead
we measure the Keplerian rotation constant k, which we de-
termine by fitting the high-velocity lines to the rotation curve
v = k(θ − θ0)−1/2 + vsys. In addition, we measure a curvature
parameter Ω, which is the slope of the line traced by systemic
features on the P–V diagram (Ω " dv/dθ for the systemic
features). With this parameterization, we can write the angular-
diameter distance to the galaxy as

Da = a−1k2/3Ω4/3. (2)

The fractional uncertainty in Da is

σDa

Da

"
√(σa

a

)2
+

4
9

(σk

k

)2
+

16
9

(σΩ

Ω

)2
. (3)

Here, we use a notation in which the uncertainty in a measured
or derived value, x, is represented as σx , so the fractional
uncertainty in x is σx

x
.

The straightforward method for measuring the angular-
diameter distance described above works well for NGC 4258,
where systemic accelerations fall in the range
7.7–8.9 km s−1 yr−1 (Humphreys et al. 2008), indicating that
they are seen within a narrow range of radii, r, from the cen-
tral black hole (r ∝ 1/

√
a). The tightly confined range of radii

in NGC 4258 is a consequence of the masers forming in the
bottom of a bowl-shaped region of the warped accretion disk

Table 2
Results from the Global Fitting Program for “Blue” High-velocity

Features in UGC 3789

vLSR σv Width σwidth Acceleration σaccel
(km s−1) (km s−1) (km s−1) (km s−1) (km s−1 yr−1) (km s−1 yr−1)

2468.05 0.08 2.66 0.48 −0.69 0.06
2472.17 0.03 2.34 0.37 −0.48 0.05
2474.67 0.05 2.38 0.39 −0.36 0.05
2477.91 0.07 2.91 0.44 −0.26 0.06
2544.05 0.04 3.57 0.38 −0.04 0.04
2550.06 0.05 3.17 0.39 0.33 0.05
2565.69 0.05 3.96 0.25 −0.49 0.02
2568.75 0.06 2.83 0.36 0.04 0.03
2572.66 0.03 2.74 0.39 0.06 0.03
2577.69 0.04 2.88 0.41 −0.16 0.04
2585.18 0.06 2.36 0.35 0.06 0.05
2588.53 0.02 2.53 0.21 −0.21 0.03
2591.47 0.04 2.55 0.28 −0.51 0.03
2594.75 0.03 2.78 0.27 −0.27 0.02
2604.26 0.02 3.39 0.38 0.40 0.04
2608.58 0.04 3.08 0.33 0.37 0.03
2612.02 0.03 2.96 0.24 −0.47 0.03
2615.66 0.03 3.24 0.24 −0.73 0.03
2629.70 0.05 3.41 0.33 0.12 0.05
2633.39 0.04 3.22 0.29 −0.32 0.03
2637.35 0.05 2.97 0.39 −0.29 0.05
2644.94 0.16 2.28 0.44 0.29 0.09
2649.86 0.06 2.34 0.41 0.52 0.05
2655.45 0.10 2.20 0.40 −0.02 0.08
2659.43 0.06 2.33 0.40 −0.51 0.05
2667.76 0.05 3.55 0.45 0.05 0.04
2672.00 0.09 2.93 0.55 0.04 0.08
2676.38 0.05 2.40 0.31 −0.05 0.04
2678.72 0.07 2.22 0.32 0.10 0.04
2680.98 0.04 2.39 0.22 −0.01 0.02
2683.75 0.04 2.72 0.18 −0.18 0.03
2686.15 0.04 2.60 0.18 −0.13 0.04
2688.51 0.03 2.68 0.14 −0.29 0.02
2691.23 0.03 3.00 0.16 −0.53 0.03
2694.07 0.03 3.16 0.25 −0.31 0.03
2697.66 0.03 4.50 0.29 −0.19 0.03
2701.07 0.06 2.68 0.38 −0.00 0.06
2703.39 0.07 2.23 0.42 −0.26 0.05
2705.55 0.06 2.65 0.41 −0.44 0.05
2708.68 0.06 2.90 0.51 −0.40 0.05
2709.49 0.03 3.44 0.34 0.04 0.03
2713.66 0.04 3.08 0.34 0.04 0.04
2717.58 0.05 2.79 0.33 −0.31 0.04
2720.75 0.03 2.70 0.26 −0.25 0.03
2723.95 0.05 2.57 0.35 −0.48 0.05
2727.92 0.05 2.66 0.38 −0.53 0.03
2729.07 0.05 2.16 0.30 −0.30 0.04
2732.37 0.03 2.35 0.27 −0.49 0.03
2735.34 0.01 2.18 0.23 −0.36 0.02
2737.18 0.03 2.05 0.22 −0.22 0.01
2739.66 0.04 2.19 0.23 −0.27 0.02
2741.63 0.03 2.23 0.22 −0.11 0.02
2744.07 0.03 2.35 0.20 0.08 0.02
2746.56 0.05 2.33 0.28 0.24 0.03
2759.16 0.04 2.62 0.47 0.10 0.04
2762.64 0.07 2.52 0.53 0.24 0.07
2823.26 0.04 2.05 0.28 0.11 0.03
2829.84 0.04 2.05 0.33 −0.75 0.04

Notes. The columns show (1) the LSR velocity of the maser component at the
reference epoch (2006 December 10) determined from the Gaussian fit, (2) the
uncertainty in the fit velocity, (3) the FWHM of the Gaussian fit at the reference
epoch, (4) the uncertainty in the width, (5) the fit acceleration, and (6) the
uncertainty in the acceleration. Velocities use the optical convention.
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water maser emission has been detected, together with a
comprehensive comparison with those of a large control
sample of galaxies that do not appear to have masers.

2.1. The samples & parameters involved

The Megamaser Cosmology Project (MCP; Reid et
al. 2009; Braatz et al. 2010) makes publicly available the
entire sample of galaxies surveyed in H2O emission. The
data is presented in the form of separate atlases for detec-
tions and non-detections, that comprise sky positions, re-
cession velocities, the sensitivity of each observation, and
the corresponding source brightness temperature. For
the maser detections, the corresponding discovery refer-
ence are also indicated. By October 2012 these data are
available for 147 maser galaxies and 3242 galaxies where
the water maser emission remained undetected; for some
non-detections, there are multiple survey entries associ-
ated with each galaxy. These data provide for the first
time a su�ciently large sample of maser galaxies and a
control sample of non-detections for which a wide variety
of properties can be compared at a statistically signifi-
cant level.
Cross-matching of the MCP catalogs with the optical

surveys mentioned above and the NASA/IPAC Extra-
galactic Database 5 together with careful duplicate re-
moval reveal a total of 71 maser galaxies and 1339 maser
non-detections (i.e., the control sample) for which high
quality spectroscopy and/or associated measurements
are available. Table 1 lists the number statistics corre-
sponding to the final cross-matching of the MCP samples
with the optical catalogs. Note that we searched the lit-
erature for additional spectroscopic information only for
the maser galaxies; the control sample o↵ers as is a su�-
ciently high number statistics, i.e., the control sample is
more than 10 times larger than the maser sample.
We note that visual inspection of the cross-matching

results are crucial for identifying correctly the nuclear
spectra from the non-nuclear ones associated with a given
host galaxy. For example, for the well known maser disk
galaxy NGC 1068, the nearest and brightest narrow-lined
Seyfert, the SDSS survey provides quite a plethora of
spectroscopic information, however, not for the nucleus.
Figure ?? shows the SDSS gri mosaic image of this
galaxy with the locations of the spectroscopic fibers in-
dicated in small red squares.
Optical spectral and photometric measurements for

these objects are obtained mainly from wide sky sur-
veys, like the Palomar Survey (e.g., Ho et al. 2009, and
references therein), and the latest data release (DR9) of
the SDSS (Ahn et al. 2012). Measurements of the nu-
clear nebular emission of the SDSS galaxies are either
drawn from the catalog built by the MPA/JHU collab-
oration (Brinchmann et al. 2004, for DR7 objects)6,
or are performed by us using the same code (Christy
Tremonti, private communications). For both Palomar
and SDSS objects, the emission-line component is mea-
sured after it is separated from the host stellar emission
based on fits of stellar population templates. BH masses
and corresponding accretion rates dM/dt (measured via
the Eddington ratio L/LEdd) will be obtained based on
estimates of the stellar velocity dispersion (�⇤), that are

5 http://ned.ipac.caltech.edu
6 Available at http://www.mpa-garching.mpg.de/SDSS/

Fig. 1.— SDSS gri mosaic image of NGC 1068 (M77, SDSS
objID=1237666407923318886). Open green square indicates the
galaxy center, identified as such based on the coordinates of the
maser detection (listed int eh MCP catalog). Open red squares
indicate locations where SDSS spectroscopy has been performed
for this galaxy.

TABLE 1
Sample Statistics

Source Control Masers Mega-masers Disks

SDSS 1181 46 34 9
Palomar 183 25 11 4
Palomar & SDSSa 25 7 2 1
Other 0 7 5 1
Total 1339 71 48 13

a Galaxies with both Palomar and SDSS spectra; in these cases,
we adopt the Palomar spectra and measurements.

available via careful spectral fitting of the host stellar
light component in galaxy spectra or from the literature.
To relate the maser and the central BH accretion activity
to the host properties, we employ stellar masses and the
H�A Balmer absorption-line index and the D4000 break
index7 as proxies for the age of the associated stellar
population, as in Kau↵mann et al. (2003; 2004).
Table 2 lists the maser galaxies with available opti-

cal spectroscopic data, that we use in this study, along
with the source for optical spectroscopy and measure-
ments and their maser emission properties, including the
22 GHz flux, the water maser luminosity LH2O calculated
assuming an isotropic emission, as well as its most prob-
able origin and possible morphology (i.e., disk, jet, star
forming region, etc.).
XXX what cosmology (H0 value) was used in calculat-

ing LH2O?

2.2. General properties of the sample

We examine in this section several properties of both
the nebular line emission behavior and some of the host
galaxy characteristics in conjunction with the traits of
the associated water maser activity.

7 the ratio of the average flux density in the continuum bands
3850-3950Åand 4000-4100Å; Balogh et al. 1999
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Line	
  DiagnosMc	
  Diagram	
  (Above)	
  
	
  
Line	
  diagnos+c	
  diagrams	
  are	
  useful	
  for	
  dis+nguishing	
  between	
  
star	
  forma+on	
  and	
  SMBH	
  accre+on	
  as	
  the	
  dominant	
  ioniza+on	
  
mechanisms	
  in	
  galac+c	
  nuclei.	
  Star	
  forming	
  galaxies	
  (H	
  II’s),	
  
where	
  ioniza+on	
  is	
  produced	
  by	
  hot	
  young	
  	
  stars,	
  have	
  low	
  [O	
  
III],	
  [N	
  II],	
  [S	
  II]	
  and	
  [O	
  I]	
  emission	
  while	
  Seyfert’s	
  show	
  strong	
  
emissions	
  in	
  the	
  same.	
  There	
  are	
  also	
  objects	
  which	
  show	
  a	
  
mix	
  of	
  these	
  two	
  ioniza+on	
  types.	
  Separa+on	
  lines	
  between	
  
types	
  are	
  semi-­‐empirical	
  fits	
  from	
  Kewley	
  et	
  al.	
  (2006).	
  
Our	
  comparison	
  reveals	
  that	
  maser	
  emission	
  is	
  not	
  exclusively	
  
associated	
  with	
  Seyfert	
  type	
  ac+vity	
  as	
  previously	
  believed.	
  
The	
  maser	
  detec+on	
  rate	
  is	
  clearly	
  non-­‐zero	
  for	
  non-­‐accre+ng	
  
sources.	
  It	
  is	
  also	
  apparent	
  that	
  maser	
  galaxies	
  tend	
  to	
  have	
  a	
  
higher	
  [O	
  III]/Hβ	
  flux	
  ra+os,	
  a	
  property	
  that	
  can	
  be	
  exploited	
  in	
  
future	
  survey	
  target	
  selec+on.	
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  sound	
  waves	
  (Le\).	
  To	
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  at	
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  graph	
  below	
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  per	
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Comparison	
  of	
  Nuclear	
  
Emission	
  ProperMes	
  (Le_)	
  
	
  
For	
  masers,	
  the	
  subsets	
  of	
  mega-­‐masers	
  
and	
  ones	
  showing	
  disk	
  like	
  configura+on,	
  as	
  
well	
  as	
  for	
  the	
  non-­‐maser	
  (control)	
  galaxies,	
  
we	
  compare	
  redshi\,	
  nuclear	
  star	
  forma+on	
  
rate	
  (via	
  Hα	
  luminosity),	
  [O	
  I]	
  and	
  [O	
  III]	
  line	
  
luminosi+es	
  (measures	
  of	
  ioniza+on),	
  
electron	
  density	
  (via	
  [SII]	
  ra+o),	
  internal	
  
dust	
  reddening	
  (Balmer	
  Decrement),	
  black	
  
hole	
  mass	
  (via	
  stellar	
  velocity	
  dispersion,	
  
σ*),	
  and	
  accre+on	
  rate	
  (via	
  the	
  Eddington	
  
rate	
  L/Ledd).	
  We	
  find	
  that	
  mega-­‐maser	
  
galaxies	
  and	
  par+cularly	
  those	
  with	
  disks	
  
exhibit	
  a	
  narrow	
  “goldilocks”	
  range	
  of	
  
values	
  in	
  all	
  of	
  these	
  parameters.	
  

Kolmogorov-­‐Smirnov	
  StaMsMcs	
  (Le_)	
  
	
  
The	
  K-­‐S	
  sta+s+c	
  is	
  a	
  method	
  of	
  quan+fying	
  the	
  similarity	
  of	
  
two	
  distribu+ons.	
  If	
  two	
  distribu+ons	
  have	
  a	
  low	
  K-­‐S	
  
probability,	
  it	
  is	
  less	
  likely	
  that	
  they	
  were	
  drawn	
  from	
  the	
  
same	
  parent	
  distribu+on.	
  K-­‐S	
  probabili+es	
  are	
  consistently	
  
low	
  for	
  the	
  control/mega-­‐maser	
  comparison,	
  showing	
  that	
  
they	
  do	
  not	
  share	
  the	
  same	
  parent	
  popula+on.	
  	
  

Constraining	
  The	
  DetecMon	
  Rate	
  (Right)	
  
	
  
Here	
  is	
  an	
  example	
  of	
  how	
  a	
  two	
  parameter	
  constraint	
  can	
  
increase	
  the	
  mega-­‐maser	
  detec+on	
  rate	
  by	
  at	
  least	
  a	
  factor	
  of	
  
two.	
  If	
  the	
  survey	
  for	
  maser	
  emission	
  is	
  conducted	
  only	
  for	
  
galaxies	
  with	
  a	
  [S	
  II]	
  ra+o	
  between	
  1.0	
  and	
  1.4	
  as	
  well	
  as	
  an	
  
[O	
  III]	
  luminosity	
  greater	
  than	
  1040	
  ergs/s	
  (as	
  shown	
  in	
  the	
  
distribu+on	
  above),	
  the	
  detec+on	
  rate	
  jumps	
  from	
  5%	
  to	
  
11%.	
  	
  
We	
  are	
  working	
  on	
  a	
  Principle	
  Component	
  Analysis	
  to	
  
determine	
  the	
  op+mal	
  range	
  of	
  nuclear	
  and	
  host	
  proper+es	
  
for	
  which	
  the	
  detec+on	
  rate	
  is	
  maximized.	
  	
  

MoMvaMon	
  for	
  Study	
  
	
  
Mega-­‐maser	
  disks	
  are	
  sparse.	
  The	
  detec+on	
  rate	
  
of	
  maser	
  emission	
  in	
  galac+c	
  nuclei	
  is	
  only	
  ~4%.	
  
Out	
  of	
  ~3500	
  galaxies	
  surveyed	
  only	
  ~150	
  galaxies	
  
were	
  found	
  to	
  host	
  maser	
  emission	
  (Reid	
  et	
  al.	
  
2009).	
  Only	
  20%	
  of	
  these	
  appear	
  to	
  be	
  mega-­‐
masers	
  (LH2O	
  >	
  10	
  Lsun)	
  and	
  occur	
  in	
  a	
  disk	
  like	
  
configura+on.	
  In	
  an	
  atempt	
  to	
  increase	
  the	
  
efficiency	
  in	
  maser	
  detec+on	
  in	
  future	
  surveys,	
  
we	
  characterize	
  and	
  compare	
  the	
  nuclear	
  and	
  
host	
  op+cal	
  proper+es	
  of	
  galaxies	
  with	
  and	
  
without	
  detected	
  maser	
  emission.	
  
	
  

Comparison	
  of	
  Stellar	
  ProperMes	
  
(Below)	
  
	
  
Comparison	
  of	
  distribu+ons	
  of	
  stellar	
  age	
  and	
  stellar	
  
mass	
  (measured	
  via	
  two	
  parameters	
  as	
  described	
  by	
  
Kauffmann	
  et	
  al.	
  2003)	
  for	
  maser	
  galaxies,	
  non-­‐maser	
  
galaxies	
  (control),	
  and	
  the	
  mega-­‐maser	
  subset.	
  This	
  
comparison	
  uses	
  only	
  the	
  SDSS	
  spectroscopy	
  (46	
  
maser	
  galaxies	
  &	
  ~1200	
  non-­‐masers).	
  While	
  there	
  is	
  
no	
  apparent	
  difference	
  in	
  the	
  host	
  stellar	
  masses	
  
there	
  seems	
  to	
  be	
  a	
  significant	
  difference	
  in	
  age,	
  in	
  
the	
  sense	
  that	
  maser	
  galaxies	
  are	
  younger	
  than	
  the	
  
non-­‐maser	
  ones.	
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   AGN	
  

The	
  Very	
  Long	
  Baseline	
  Interferometry	
  discovery	
  of	
  a	
  
Keplerian	
  disk	
  surrounding	
  the	
  SMBH	
  in	
  NGC-­‐4258	
  
(e.g.,	
  Braatz	
  et	
  al.	
  2010,	
  Miyoshi	
  et	
  al.	
  1995).	
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