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1. Introduction

Observations of the angular distribution of the water masers in the nucleus
of NGC4258 reveal the presence of a thin molecular disk in nearly perfect
Keplerian orbit (Miyoshi et al., 1995; Moran et al., 1995). About 300 galax-
ies have been searched for nuclear water masers to a limiting sensitivity of
about 0.1 Jy (e.g., Braatz, 1996); and 16 masers have been detected. The
maser imaged by Miyoshi et al. (1995) offers the best example of disk struc-
ture. VLA data of NGC1068 shows evidence of disk structure (Gallimore
et al., 1996; Greenhill & Gwinn, 1996) and NGC2639 has drifting features,
which may be due to centripetal acceleration (Wilson et al., 1995).

2. Parameters of the Disk in NGC4258

The morphology and kinematics of the molecular disk in the nucleus of
NGC4258 are delineated by water masers, which have unresolved angular
extents and narrow linewidths. The accurate definition of the disk prop-
erties were made with the Very Long Baseline Array (VLBA), which has
both high angular resolution (0.2 mas at 1.35 cm wavelength) and high
spectral resolution (0.2 km/s or v/6v ~ 10°). The high resolution image of
the maser and its velocity field show that the disk is viewed nearly edge
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Figure 1. Keplerian rotation curve (magnitude of the line-of-sight velocity with respect
to the systemic velocity versus radius from center) of the high velocity masers in the
nucleus of NGC4258. Redshifted features, filled circles; blue shifted features, open squares.

on (inclination angle = 97°). The high—velocity features have a Keplerian
distribution of velocities to an accuracy of better than 1 percent within
an annulus of inner radius of 0.13 pc (4 mas and a distance of 6.4 Mpc)
and outer radius of 0.26 pc (see figure 1), which requires a binding mass
of 3.5 x 107 M. The masers near the systemic velocity of the galaxy show
a nearly linear dependence of line-of-sight velocity with impact parameter
(apparent solid body rotation). The most reasonable explanation for these
features is that they lie near the inner edge of the disk at a radius of about
0.13 pc with a spread of about 0.01 pc.

The disk is slightly warped and its mean position angle is about 83°.
The disk axis is parallel, at least in projection, with the synchrotron jet
emerging from the nucleus, and inclined by 120° to the rotation axis of
the galaxy. Optical emission from the nucleus is linearly polarized in the
direction parallel to the disk and may be due to Thomson scattering from
electrons located along the spin axis of the disk (Wilkes et al., 1995).

The disk is very thin and we have not yet been able to measure its thick-
ness. The systemic features have a vertical extent of < 0.01 mas, and since
their radius is about 4 mas, the ratio of height to radius is <0.0025. The disk
is probably in hydrostatic equilibrium with a temperature of <1000K and
a toroidal magnetic field of strength <250 mG. The Toomre stability pa-
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rameter is probably in the range 1-10, implying that the disk is marginally
stable (Moran et al. 1995; Maoz, 1995). The inward drift velocity is less
than 1 m/s and the accretion rate is less that 10 3aMg y~!, where a is the
viscosity parameter. Detailed modelling (Neufeld & Maloney, 1995) sug-
gests that the accretion rate might be about 10~*aMg y~!. The emission
is extremely sub-Eddington (Lg = 4.5 x 10%° erg s~!, X-Ray luminosity =
4 x 10*° erg s~!) (Lasota et al., 1996).

3. Black hole

The well defined Keplerian curve leaves little doubt that the gravitational
binding mass is 3.5 x 107 Mg, which must be concentrated within a radius
of 0.13 pc. The density of a spherical concentration of mass with that radius
is 3.8x10° Mg pc~3 or 3x10713 g cm~3. Table 1 gives the minimum inferred
central mass density for other massive black hole candidates.

TABLE 1. Galaxies with Possible Massive Black Holes

Galaxy Distance Mass Diameter Density M/L Ref
Mpc 10° Mg pc 10° Mg pc™?®
Gal Center 0.0085 2 0.3 90 1
M32 0.7 2 0.7 12 2
M31 0.7 30 0.7 180 100 2
NGC4258 6.4 35 0.26 3800 3
NGC3115 8.4 1000 10 2 40 1
NGC4594 9.2 500 18 0.2 100 1
NGC3377 9.9 80 24 0.01 8 2
Ms87 15 2400 36 0.1 4
NGC4261 30 1200 14 0.8 5200 5

ref: (1) Genzel & Harris (1994); (2) Kormendy & Richstone (1995); (3) Miyoshi et al.
(1995); (4) Harms et al. (1994); (5) Ferrarese et al. (1996)

4. Centripetal Acceleration

The features in the systemic group have long been known to drift in ve-
locity. The interpretation of this phenomenon in terms of a rotating disk is
clearly centripetal acceleration. Figure 2 shows spectra at two epochs. The
high velocity features drift at less than 1 km s~!y~!, whereas the systemic
features drift at about 9 km s~'y~! (see, e.g., Greenhill et al. 1995). The
amplitude variations and high spectral density of features in the systemic
group make a precise estimate of their drifts difficult to estimate.
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Figure 2. Centripetal acceleration evidenced by drifts in spectral features. (top) high
velocity red—shifted features show less than 1 km s~'y~" drift; (bottom) systemic velocity
features drift at about 9 km s~'y~!, which is consistent with a distance of 6.4 Mpc
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