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ABSTRACT

We discuss the morphology and kinematics of the extended gas in the type 2 Seyfert galaxy NGC
5252 based on Hubble Space Telescope (HST) WFPC2 continuum and emission-line images (including a
new [O mr] 15007 image) and a ground-based Fabry-Perot (F-P) velocity map of the ionized gas. The
fine-scale morphology of the ionized gas in this galaxy’s very extended (~40 kpc) ionization bicone con-
sists of a complex network of filamentary strands. The new WFPC2 [O mi] image also reveals more
detail in the circumnuclear (~ 3 kpc) gas disk than is seen in the Ha + [N 1] image presented previously
by Tsvetanov and coworkers. The F-P velocity map shows an obvious antisymmetry of the velocity field
of the ionized gas across the nucleus. We conclude that there are three dynamical components to the
extended gas in NGC 5252. Two of these components are gas disks aligned with the stellar disk, one
rotating with the stars and the other counterrotating. The third component is the circumnuclear gas disk
seen in the HST observations and its extension to larger scales; this disk has an inclination of ~40° and
a kinematic major axis in P.A. ~ 90°-135°, some 80°-125° from the major axis of the stellar disk. This
simple model of two inclined rotating disks, superposed along the line of sight, describes well the seem-
ingly complex kinematics observed in the optical emission lines and the H 1 21 cm radio maps. The large
misalignment between the second disk and the stellar disk suggests that the gas distribution, and poss-
ibly the nuclear activity, in NGC 5252 may have resulted from a galaxy merger event. The absence of
significant radial motions, together with the well-defined ionization cones, strongly suggests that the gas
is photoionized by a compact nuclear source rather than being ionized in situ by shock waves in a large-

scale outflow.

Subject headings: galaxies: elliptical and lenticular, cD — galaxies: kinematics and dynamics —
galaxies: Seyfert — galaxies: structure

1. INTRODUCTION

The ionized gas comprising the extended emission-line
regions of active galaxies is generally presumed to represent
ambient interstellar gas excited by the active nucleus. In
late-type galaxies, the interstellar medium is intrinsic to the
galaxy disk, while in early-type galaxies (E and SO) it may
have an external origin, such as a merger with a gas-rich
galaxy. An active galactic nucleus (AGN) ionizes and excites
this gas; the resulting emission lines can be studied with
high spatial resolution at optical and UV wavelengths, pro-
viding a wealth of information on the physical properties,
chemical abundances, kinematics, and the nature of the
excitation. Close to the AGN, the kinematics are affected by
the nuclear activity, but farther away gravitational forces
should dominate the motions. Thus, studies of large,
extended emission-line regions can probe the settling of gas
acquired by an early-type galaxy in a merger and the rele-
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vance of such mergers for initiating nuclear activity. Fur-
thermore, the line ratios and kinematics provide keys to the
issue of whether the line emission is excited through photo-
ionization by the active nucleus (e.g., Ho, Filippenko, &
Sargent 1993; Binette, Wilson, & Storchi-Bergmann 1996)
or through high-velocity shocks generated at the interface
between an outflow (e.g., a radio jet) and the interstellar
medium (e.g., Dopita & Sutherland 1995). In the former
case, the properties of the nebulosity can indicate any
anisotropy in the ionizing radiation escaping from the
nucleus.

In this paper, we present a detailed investigation of the
morphology and kinematics of the extended emission-line
region of the early-type (SO) Seyfert 2 galaxy NGC 5252.
The large angular extent of the ionized gas, distributed in a
remarkable bicone extending =50” (>20 kpc, assuming
H, =75 km s~! Mpc™?!) from the nucleus (Tadhunter &
Tsvetanov 1989; hereafter TT89), arguably provides a
unique opportunity for investigating the above issues.
Acosta-Pulido et al. (1996; hereafter A-P96) have presented
long-slit spectroscopy of the nebulosity, obtaining physical
parameters of the gas, including evidence for matter-
bounded clouds, and properties of the ionizing radiation.
The 21 cm H 1 distribution in NGC 5252 has been mapped
by Prieto & Freudling (1993, 1996), who found that the
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neutral gas avoids the ionization bicone, suggesting that the
large-scale biconical structure is ionization bounded.
Wilson & Tsvetanov (1994; hereafter WT94) mapped a 2”
(900 pc) linear radio source that aligns with the bicone axis.
They also found a point radio source with a relatively flat
spectrum ~ 22" north of the nucleus. Tsvetanov et al. (1996;
hereafter TMWC) have presented Hubble Space Telescope
(HST) images revealing an ionized, spiral gas disk of diam-
eter ~7" (~3 kpc) surrounding three colinear clumps of
ionized gas within the central 1” (450 pc) of the galaxy. The
spiral arms on the northwest side of the gas disk are seen in
absorption against the background of the stellar disk, while
those on the southeast side are not, suggesting that the
spiral gas disk is substantially inclined with respect to the
stellar disk.

Here we continue our study of the extended gas in NGC
5252. We have mapped the two-dimensional velocity field of
the ionized gas with an imaging Fabry-Perot (F-P) spectro-
meter. F-P spectrometers are efficient tools for investigating
the kinematics of spatially extended line emission with
seeing-limited angular resolution (e.g., Cecil, Bland, & Tully
1990; Hartigan et al. 1993; Morse, Winkler, & Kirshner
1995). We have also obtained a new [O 1] 45007 image of
NGC 5252 with HST, which we combine with our previous
HST images to characterize the fine-scale morphology of
the ionized gas.

Combining the two-dimensional F-P velocity field with
the high-resolution HST images and 21 cm H 1 data of
Prieto & Freudling, we address the following questions: (1)
What is the relationship, if any, between the kiloparsec-
scale spiral gas disk and the tens of kiloparsecs-scale ionized
arcs within the bicone? (2) Are the velocity field and
emission-line widths consistent with gravitationally-
dominated motions, or do they reflect outflow from the
galaxy nucleus? (3) Do the kinematics suggest a common
origin for the ionized arcs and the neutral gas observed in
21 cm emission?

Throughout this paper, we assume a distance to NGC
5252 of 92 Mpc (H, = 75 km s~! Mpc~'), which corre-
sponds to a spatial scale of 1” = 450 pc.

2. OBSERVATIONS AND REDUCTIONS

2.1. HST WFPC2 Imaging

We observed NGC 5252 with the Wide Field and Planet-
ary Camera 2 (WFPC2) of HST through several narrow-
band and broadband filters in order to study the fine-scale
morphology of the line-emitting gas near the nucleus and
farther out within the bicone. Most of these images—Ha +
[N ] 246548, 6583, [O 1] 13727, and [Ne v] 143346, 3426
emission-line images and a line-free continuum image near
5900 A—were presented by TMWC. Here we discuss a new
WFPC2 image taken on 1995 July 23 through the linear
ramp filter (LRF) FR533N, which isolates the redshifted
[O m] 45007 emission line. This [O n1] line is the brightest
emission line in the optical spectrum and traces fainter fila-
ments than were visible in the Ha + [N 11] image. In addi-
tion, comparing the [O n1] and Ha + [N 1] images allows
us to map spatial variations in the gaseous excitation and
extinction of the line-emitting filaments.

To obtain the [O m] HST image, we placed the nucleus
of NGC 5252 on the WF?2 chip at pixel position (278, 219).
The spacecraft roll orientation was such that the direction
of the gradient in the LRF central wavelength coincided

roughly with the axis of the ionization bicone. With an
approximate bandpass 64/ ~ 1.3% for the FR533N LRF,
all [O mr] 45007 emission within ~ 10" of the nucleus was
included in the image; emission at larger radii was attenu-
ated by the spatially varying bandpass of the LRF. The
total exposure was 2 x 1200s.

We followed the data reduction procedures outlined in
TMWC (see also Heathcote et al. 1996) to process the
WPFPC2 images. Briefly, standard STSDAS/WFPC2 pipe-
line files and procedures were used for bad pixel masking,
analog-to-digital correction, and bias subtraction. Then,
using by-hand methods described in Holtzman et al. (1995),
we corrected remaining low-level bias structure and “hot”
pixels using suitable “superbias,” “superdark,” and “delta-
dark ” frames obtained from the WFPC2 instrument team.
We used the standard WFPC2 F547M flat-field frame—the
most suitable for the wavelength we observed—to correct
for pixel-to-pixel sensitivity and low-frequency response
variations in the region near the nucleus. Finally, flux cali-
bration was achieved using the standard techniques out-
lined in the WFPC2 Instrument Handbook (Biretta et al.
1996), except that we estimated the total system throughput
of the FR533N filter by comparing the continuum flux
transmitted to that observed through the F588N filter (see
TMWC), which has a known throughput. Applying a color
correction of 0.3 magnitudes (appropriate for a typical SO/E
galaxy) to account for the difference between the central
wavelengths of the two filters, we adopted a system
throughput for the FR533N filter of ~4.5%. This through-
put is consistent with the ratio of the published filter trans-
missions in the F502N and FR533N filters, where the color
correction is minimal. We removed the continuum from the
[O m] image by aligning, scaling, and subtracting the
F588N image, as described in TMWC.

We first used the STSDAS task WMOSAIC to scale all of
our WFPC2 images to a common pixel scale of 071 pixel ~*
and to correct image distortions. Then we rotated and regis-
tered all of our WFPC2 images in order to make detailed
comparisons. We registered the emission-line images by
assuming that both the middle blob of the three colinear
nuclear clumps and a point source ~22” north of the
nucleus (see TMWC and the present Fig. 1) are coincident
in the various lines. The peak of the continuum image was
also assumed to coincide with the position of the middle
nuclear emission blob.*

2.2. Fabry-Perot Velocity Maps

We mapped the velocity field of the extended line-
emitting gas in NGC 5252 using the Rutgers/Cerro Tololo
Inter-American Observatory (CTIO) imaging Fabry-Perot
(F-P) spectrometer on the CTIO 4 m telescope on 1994
April 1. Observations were made in the light of redshifted
[O u1] 45007. The F-P was configured with a camera lens of
135 mm focal length and a Tek1K CCD, yielding a field of
diameter ~ 2/5 and a spatial scale of ~0736 pixel !. We
used the Rutgers “narrow” etalon, which has a spectral

4 The HST absolute astrometry contained in the image headers could
not be used to align the images because there was a ~1"4 discrepancy
between the right ascensions and declinations of both the middle nuclear
blob and the off-nuclear point source in the Ha + [N 1] image (taken on
the PC1 CCD) compared with the [O 1] image (taken on the WF2 CCD).
The discrepancy results from using different guide stars and different
spacecraft orientations during the observations on the different chips.
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F16. 1..—WFPC2 images of NGC 5252 in (a) Ho + [N 1] 146548,6583 (F673N), (b) [O m] 45007 (FR533N), (c) [Ne v] 4143346,3426 (F336W), and (d)
yellow continuum (F588N). North is to the top and east is to the left. Intensities are shown with a logarithmic stretch in the “negative ” images displayed. The
middle blob of the three collinear nuclear clumps (see TMWC) is roughly at position (AR.A., Adecl. = 0, 0”) in each emission-line image; we also assumed
that the peak of the continuum image coincides with the middle clump. The off-nuclear point source is at position (4", 22”). The plots are truncated in the
south because of the limited field of view of the planetary camera in (a) and (c) and the sloping bandpass of the LRF in (b).
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resolution of ~30 km s~* FWHM and a free spectral range
of ~13.5 A (790 km s~ 1) at 5125 A. The [O mI] emission-
line profiles were Nyquist-sampled with a sequence of 600 s
exposures at 15 km s~ ! intervals over a total velocity range
of 210 km s~ !, centered on the galaxy systemic heliocentric
velocity V,,, = 6925 km s~ '. We chose this range based on
the radial-velocity observations of Held, Capaccioli, & Cap-
pellaro (1992, hereafter HCC). The images at the most
extreme velocities did not contain extended line emission,
so these were summed and used to subtract the stellar con-
tinuum from the other images.

The redshift of NGC 5252 shifts the [O m] A5007 line to
~5122 A. We placed a narrowband filter centered at A, =
5125 A with a FWHM of 64 =44 A in the converging
telescope beam above the F-P. This filter passed ~ 3 spec-
tral orders at each point in the galaxy, isolating the [O 1]
A5007 emission line from neighboring lines but allowing
three times more continuum flux than from a single order.
The filter was tilted to ensure that ghost images did not fall
on the CCD. In addition, we placed the galaxy off-center in
our field of view to avoid confusion with the antisymmetric
CCD/etalon ghost. The seeing, as determined from radial
brightness profiles of a faint star in the images, was gener-
ally ~1"4 FWHM, though ranged between ~ 172 and 1”8
FWHM. Drifts in the wavelength zero point due to tem-
perature variations in the etalon were monitored hourly by
obtaining exposures of the Ne 1 15113.8 line in a calibration
lamp.

We processed the F-P data using our standard pro-
cedures (Morse et al. 1992, 1993; see also Atherton et al.
1982 and Bland & Tully 1989 for more detailed
discussions). The images were cleaned of cosmic rays, bias-
subtracted, corrected for atmospheric extinction using stan-
dard CTIO extinction coefficients, and assembled
sequentially into a velocity “data cube.” A corresponding
“white light” cube of dome flat fields, taken at every etalon
gap setting for which galaxy data were obtained, was used
to correct for pixel-to-pixel sensitivity variations and the
transmission profile of the order-separating filter. We
summed these flat-field frames to improve signal statistics,
smoothed the resulting “superflat” with a broad Gaussian
function, and then divided the unsmoothed by the
smoothed image. Each image of the data cube was next
divided by this normalized superflat to remove pixel-to-
pixel variations. The images of the white light cube at the
individual etalon settings were then smoothed with the
same broad Gaussian function. The resulting smoothed
white light cube was normalized to the maximum of the
filter transmission profile and divided into the velocity data
cube to remove modulations in the filter response at each
pixel. Individual frames in the data cube were registered
using the galaxy nucleus and a faint star ~65” south-
southeast of the nucleus as tie points. Finally, the data
cubes were phase-corrected to stacks of monochromatic
images (see Bland & Tully 1989).

3. EMPIRICAL RESULTS

3.1. Small-Scale Structure near the Nucleus

Figure 1 shows a mosaic of our HST WFPC2 images of
the circumnuclear region of NGC 5252. The region shown
is 25” x 40" and is truncated, especially to the south, by the
field of view afforded by the Planetary Camera (PC) and
by the wavelength gradient of the LRF in the [O 1] image.

In fact, as mentioned earlier, the [O m1] emission from the
northernmost arcs shown is significantly attenuated by the
filter bandpass.

TMWC have discussed in detail the morphology of the
ionized gas within 5” (2.2 kpc) of the nucleus. The line emis-
sion in the inner 1” (450 pc) concentrates in three bright
collinear blobs. The middle and brightest of the three blobs
appears to be the nucleus, or lies very close to it (within 072).
This blob is essentially pointlike in our PC images, and
HST Faint Object Spectrograph (FOS) spectra show that it
has much broader line profiles than the two clumps
bracketing it (Tsvetanov et al. 1998). The outer two blobs
have filamentary extensions in the PC images. The fine-
scale morphology of the three nuclear clumps is not shown
as well in the 071 pixel ! images presented here, and the
interested reader is referred to TMWC for details.

On larger scales, the line-emitting gas is distributed in
two major and several smaller “spiral arms” wound
counterclockwise that extend ~3” (1.3 kpc) to the north-
west and ~ 4”5 (2.0 kpc) to the southeast. These spiral arms
and other arcuate features in our field of view are seen
particularly well in the Ho + [N 1] and [O 1] images (Fig.
1; see also Fig. 2 of TMWC). The detailed substructure and
changes in line ratios within the spiral arms are depicted in
the upper right-hand panel of Figure 2, which shows a false-
color composite of the three emission-line images from
Figure 1. Here the [Ne v] image is blue, [O m1] is green, and
Ha + [N 1] is red. The southeast arm contains knots and
filaments 072-075 (~90-225 pc) in size and is brightest in
[O m]. In contrast, in the northwest arm, some filaments
that are prominent in Ho + [N 11] are very faint in [O m1].
The [O m]/(Ha + [N 1]) ratios, shown in the lower right
inset of Figure 2, thus tend to be high in the southeast arm
and low in the northwest arm.

The arcs of emission beyond 5” (2.2 kpc) radius usually
resolve into separate strands that overlap in a complicated
fashion. These strands are typically 072-0"3 (90-135 pc)
wide but may be several arcseconds long. We show below
that some extended filaments that appear adjacent on the
sky actually have rather different kinematics; such is the
case for the group of strands ~ 8"-10" (3.6—4.5 kpc) north of
the nucleus (see Figs. 1a and b). There is also a suggestion
that filaments with different kinematics have different cur-
vatures. These observations taken together may indicate the
presence of distinct gaseous structures at different locations
within the ionization bicone but projected close to each
other on the sky.

An unresolved radio source ~22" north of the nucleus of
NGC 5252 (see WT94; TMWC) is detected in all three
emission-line images of Figure 1 and perhaps marginally in
the F588N continuum image. The mysterious nature of this
source is not clarified by our new FR533N image, wherein
the point source is faint. It could be either a continuum
source (within NGC 5252 or foreground/background to it)
or an emission-line object associated with the galaxy.
However, the very blue color of the source (Figs. 1 and 2)
suggests it may be a background quasar, in which case it
may contribute significant 2-10 keV flux to the ASCA
X-ray spectrum of NGC 5252 reported by Cappi et al.
(1996).

3.2. Large-Scale Morphology and Kinematics

Figures 3 and 4 summarize our F-P data. Figure 3 shows
a mosaic of [O m] F-P velocity slices spanning the total
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F1G. 2—Color composite images of the line emission from the ionized gas surrounding the nucleus of NGC 5252. The composite was made by combining
the flux-calibrated emission-line images from Fig. 1, with Ho + [N 1] in red, [O m1] in green, and [Ne v] in blue. The left-hand panel shows the same region
as Fig. 1, while the upper right-hand panel magnifies the central 10” square region. Most of the extended emission arcs and clumps are dominated by [O 1]
emission. However, the three nuclear blobs and several filaments in the northwest spiral arm are relatively bright in Ha. The lower right-hand panel displays
these trends in the line ratios, with lighter shades representing higher [O m]/(H« + [N 1]) ratios. A minimum in the line ratio occurs at the position of the
middle nuclear blob. The off-nuclear point source near the top of the left-hand image appears very blue because of its brightness in the [Ne v] (F336W)
image. It is unclear at this time whether the point source is a blue continuum source or an emission-line object.
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F1G. 3.—Subset of the individual, continuum-subtracted [O 1] 25007 velocity slices of NGC 5252 from our F-P data cube. The velocities indicated are

relative to the systemic velocity of the galaxy (V,,,

= 6925 km s~ !). A white cross marks the approximate position of the nucleus in each panel. The shrinking

circular background seen in the most redshifted slices is an artifact of the phase correction. Although the detailed morphology of the individual arcs of
emission is different, a stark antisymmetry in the velocity field across the nucleus is evident (see also Fig. 4).

velocity range of the extended line-emitting gas. The veloci-
ties indicated in each panel are relative to the systemic
velocity of the galaxy (V,,, = 6925 km s~ '; Huchra & Burg
1992). The mosaic highlights an obvious antisymmetry of
the velocity field of the ionized gas across the nucleus but
also clearly reveals that both blueshifted and redshifted fea-
tures are found on each side of the nucleus (see also HCC).
We also see that emission arcs projected next to each other
can have quite different kinematics. In general, the highest
gaseous velocities with respect to systemic are seen rela-
tively close to the nucleus.

The left panel of Figure 4 displays the logarithm of the
[O mx] 25007 emission intensity summed over the individual
velocity slices (equivalent to a narrow-band [O m1] image)
and indicates the large-scale morphology of the extended
ionized gas. This image shows the full ionization bicone,
discovered by TT89, extending +45"-50" from the nucleus.
The bicone has an apparent opening angle of ~75°, and its

axis lies along P.A. ~ 163°, misaligned with the photo-
metric major axis of the galaxy by ~30°. The emission is
distributed in a series of arcs, some of which resolve into
complex networks of strands in the HST images (Figs. 1
and 2).

The right-hand panel of Figure 4 depicts in color the
Doppler velocities of the gas relative to the systemic veloc-
ity of the galaxy.> Outside the nuclear region, the deepest
blue and red colors show that the highest gaseous velocities
(+£>100 km s~ ') are found in the circumnuclear spiral
arms within ~5” of the nucleus (Fig. 1) and in regions

5 The thin bands of blue and red right at the continuum peak (cross)
reflect the double-peaked line profiles at the position of the nucleus (e.g.,
Acosta-Pulido et al. 1996). This region, within ~1"-2" of the nucleus, is
spatially unresolved in the ground-based F-P data. We use HST FOS
spectra and a decomposition of the F-P line profiles to study the nuclear
region in a later paper (Tsvetanov et al. 1998).
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Fi1G. 3.—Continued

located 5"-15" north and south of the nucleus (see also Fig.
3). Gas velocities in the latter regions are comparable to the
stellar velocities, but of opposite sign (see HCC).

In the line-flux image (Fig. 4), the circumnuclear spiral
arms are the emission blobs immediately northwest and
southeast of the cross. The spiral structure evident in the
HST images is not resolved, but the general morphology
follows that seen in the WFPC2 images (Fig. 1). In the
velocity map, the northwest arm is redshifted, and the
southeast arm is blueshifted, as previously noted by
TMWC. The southeast arm also shows a velocity gradient,
with velocities increasing from east to west.

The bicone defined by the most extended emission arcs
(e.g., the northern cone seen in the +45 km s~ ! slice and the
southern cone in the —45 km s~ slice in Fig. 3) does not
contain all of the line emission. In particular, the circumnu-
clear spiral arms, especially the one to the southeast, extend
outside the cone edges and seem almost to surround the
nucleus (Fig. 2). In the next section, we argue from the
spatial distribution and kinematics of the ionized gas that
more than one dynamical gaseous component exists in
NGC 5252.

In Figure 5, we plot the space-velocity diagram of the
extended ionized arcs, summed azimuthally at each radius.
Arcs north of the nucleus are shown in red and arcs south of
the nucleus in green. Large azimuthal gradients in velocity
along some arcs, especially those within ~10” of the
nucleus, project to large velocity ranges at a given distance
R from the nucleus. This effect is particularly large in the
circumnuclear spiral arms at R < 5”. However, the large
arcs beyond ~20” from the nucleus have small projected
velocity ranges. There is an obvious antisymmetry in the
velocities to the north and south, although the brightest
features on opposite sides of the nucleus sometimes inter-
leave in projected distance.

4. DISCUSSION

4.1. Physical Conditions in the Line-emitting Filaments

The morphology of the circumnuclear spiral arms within
~5" of the nucleus, seen clearly in the HST [O m] and
Ha + [N 1] emission-line images (Fig. 1), strongly suggests
a rotating gas disk (TMWC). Consistent with this, the
velocities relative to systemic of the arms on opposite sides
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F1G. 5—Radial velocity field of the ionized gas in NGC 5252 projected to the R—V plane, where R is the radial distance from the nucleus and V is the
velocity with respect to the galaxy systemic. Emission from structures north of the nucleus is colored red, and emission from south of the nucleus is colored

green.

of the nucleus are roughly equal in magnitude and of
opposite sign, and there is a large azimuthal gradient of
velocity along the southeast arm (Figs. 3 and 4).

TMWC showed that the gas disk containing the circum-
nuclear spiral arms has a projected major axis of
P.A. ~ 135° and, assuming the disk is intrinsically circular,
is inclined ~40° to the line of sight. If the arms trail, the gas

disk rotates clockwise on the sky, with the northeast side
being the near side. Based on the obscuration pattern pre-
sented by TMWC, in which the filaments in the northwest
spiral arm are also seen in absorption against the back-
ground starlight, the stars lie behind the northwest arms
and in front of the southeast arms. TMWC also estimated
that the neutral hydrogen column density through the fila-
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ments is Ny~ 5 x 102° ¢cm™2, assuming the standard

Galactic extinction law and a normal gas-to-dust ratio.

TMWC calculated that the Ho flux and the extinction
observed in the filaments in the northwest spiral arms imply
ionized and neutral hydrogen volume densities of a few
cm~3. In this section, we present a more extensive dis-
cussion of the physical conditions in the ionized gas in
NGC 5252.

We begin by deriving the density in the southeast arms of
the circumnuclear spiral in a similar manner to that used by
TMWC. Assuming case B conditions, the Ha luminosity is

LHa =jHa erI'gS S_l ’ (1)

with V the total volume of the emitting cloud or filament,
Jua the volume emissivity, and f the volume-filling factor of
the gas responsible for the line emission. For an electron
temperature in the Ha-emitting gas of T = 10* K,

Jia =36 x 1072, n, ergs cm 357!, )

where n, is the number density of protons, which we
approximate to be ~0.9 times the number density of elec-
trons, n,. Combining the above equations leads to the
expression

12 Ly, 1z 3
n,=18 x 10 <Vf> cm™° . 3)
For a bright cloud in the southeast arm, which we
approximate as a sphere of radius r ~ 90 pc (072), the mea-
sured Ha flux from our WFPC2 image is Fy;, ~ 8.3 x 107 1¢
ergs cm~ 2 s~ !, which corresponds to a luminosity of Ly, ~
8.4 x 1038 ergs s~ ! after correcting the Ho flux and lumi-
nosity for contamination by the [N m] A116548,6584 lines in
the manner described in TMWC. With a volume of
V ~ 10%? c¢m?®, the number density of ionized gas is n, ~
5/(f)!? em ™3,
The total mass of ionized gas, M,,,, considering the con-
tributions of hydrogen and helium only, is

Mion = (np mp + Nye mHe)Vfg ’ (4)

which, using the approximations ny, ~ 0.1n, and n,~
(n, + 1.5ny,), reduces to

M;,,=12n,m,Vf g ®)]
=1x10""n,Vf M. (6)
Using the electron density and volume calculated above,
the mass of ionized gas in the southeast arm cloud is
Mion =5 x 105(f)1/2 M@‘
The number of recombination photons observed per
second, Q.. is

op Ly,
— | 2B =Ha 7
Ql’ec (aHa tha) ( )
= 7.3 x 10'1L,, photons s~ !, 8)

where hvy, is the energy of an Ha photon, and we have used
op/o4, = 2.2. Then Q... = 6.6 x 105° photons s~ ! for the
southeast arm cloud. Using the geometry of the spiral disk
and dimensions of the cloud cited above, the cloud is
R ~ 1700 pc from the nucleus and subtends a solid angle on
the sky of Q ~ 8.8 x 1073 sr as seen from the nucleus.
Assuming that the gas is ionized by a point source at the
nucleus and that this source radiates isotropically, the
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number of ionizing photons emitted is Q;,, = 9.4 x 10331
photons s~ !, where € is the fraction of ionizing photons
incident on the cloud that are absorbed. The ionization
parameter I (the ratio of the ionizing photon density at the
cloud to the electron density) is

_ Qion
"~ 4nR%cn,’ ©)

where c is the speed of light. Inserting the above values, we
find T’ ~ 1.8 x 10~ %€~ }f 1/2, The values we have derived for
Ney Mign, Qrecs and Q;., should be considered lower limits,
since we have not corrected the observed Ha flux for
reddening; even a modest correction of E(B— V) ~ 0.1 will
increase these values by >12%-25%. Also, modest extinc-
tion between the nucleus and the cloud will increase Q,,;
such extinction is likely in a thin disk geometry.

We can also estimate the density of ionized gas from the
flux of the [O m] 45007 forbidden-line emission
(Osterbrock 1989). The volume emissivity j 059 5007 Of the
[O 1] 144959,5007 lines is related to the number density of
doubly ionized oxygen atoms in the excited state n, and in
the ground state n,, within the [O 1m]-emitting region of the
ionized filaments, by the equation

. _ _ -3 -1
Jaoso,5007 =Ny Az hvyy =nyn,q v,y ergsem™>s™

(10
where

8.63 x 107°Y,, e~ 12/kTo)
91 T;/Z

is the collisional excitation rate coefficient, A,; is the total
Einstein A-value for the transition, Y,, is the collision
strength, g, is the ground state statistical weight, and T, is
the electron temperature. Equation (10) assumes that the
electron density is much lower than the critical density
(nc ~ 8.1 x 10° cm™3) for this transition, which is almost
certainly the case, given the density estimates based on the
Ho flux. The total number n, of doubly ionized oxygen
atoms in the ground state can be expressed in terms of the
total number of atoms by

_ ny n(O + +) n(O) n(H)
" _[n(0++)][ n0) ][n(H)][an]"mT’ 12

where n(O* *), n(O), n(H), and nyor are the number densities
of doubly ionized oxygen atoms, oxygen atoms, hydrogen
atoms, and total atoms in the region of interest, respectively.
Equation (10) can then be written

oo |54 | "o Lo v
J4959,5007 X nO+* N nO) [ n@) || nror

8.63 X 10_6Y12e_(hv12/kTe)
g9, T.”?

st 13)

To a good approximation [n,/m(O* *)]~ 1. We assume
an electron temperature T, ~ 15,000 K in the [O n1]-emit-
ting region (Tadhunter et al. 1989; Morse et al. 1996). For
cosmic abundances (e.g, Allen 1973), [n(O)/
n(H)] ~ 6.6 x 10~*. We also approximate [n(H)/nor] ~
0.9 and nor ~ n,. Using the ground state statistical weight
g: =9, collision strength Y,, =230 (Mendoza 1983),
hvyy =397 x 10712 ergs, and n=[n(O"*)/nO)],

qis = cm?3 s7! (11)

X Mror "e|:

x hv,, ergs cm ™3
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equation (13) reduces to j4os0. 5007 ~ 6.3 x 107 2*nn? ergs
cm ™3 s~ 1. Using the familiar 3:1 ratio of [O m] 15007/
24959, we obtain

Jso07 & 4.7 x 107 **yn2 ergscm 3 s~ 1. (14)
The observed 15007 volume emissivity is
. 4nd*F .
Js007 = % ergsem *s !, (15)

where d = 92 Mpc is the distance to NGC 5252. The elec-
tron density can then be calculated from the observed 15007
flux via the relation

4nd?F 500, \ 12
n, = 4.7 x 10%%) (16)
_ 11 Lsoor\'"? 3

For an [O m] 45007 flux of Fo0; = 3.8 x 10713 ergs
cm~ 2 s~ ! observed from the same cloud in the southeast
arm as considered above, the calculated electron density
n, = 3/(nf)"/?. This density estimate is comparable to that
derived from the Ha flux, as long as # ~ 1. The density
calculated from the [O m] 45007 flux would be larger if a
modest correction for extinction were introduced, or if the
oxygen abundance were smaller than assumed here.

The electron density estimates for the northwest and
southeast circumnuclear spiral arm filaments are thus com-
parable. However, the ratio [O m]/(Ha + [N 11]) > 1 in the
southeast arm, but <1 in the northwest arm. This gradient,
if due to extinction, is in the same sense as the map of dust
obscuration obtained by TMWC (their Fig. 2b). In addition,
although our F336W image shown in Figure 1 has low
signal-to-noise ratios, the [Ne v] emission, which would be
even more seriously affected by extinction, is seen only from
the southeast arm and nuclear clumps, but not at all from
the northwest arm. The observed gradients suggest both
continuum and lines are reddened preferentially to the
northwest, but it is not obvious why. TMWC argued that
the continuum obscuration to the northwest implies that
the stellar disk of the galaxy lies behind the gas disk, so that
dust in the gas disk can obscure the background starlight.
But if dust residing in the gas disk also reddens the line
emission, we would expect to observe similar reddening
effects on the [O m]/(Ho + [N 1]) line ratio in the north-
west and southeast arms, in apparent contradiction to the
observed [O m]/(Ho + [N 1]) distribution (Fig. 2). Either
the northwest arm contains far more dust than the
southeast arm, or there is foreground obscuration prefer-
entially in front of the northwest side of the nucleus. We
also cannot exclude intrinsically lower excitation conditions
as the cause of the lower [O m]/(Ha + [N 1]) ratios and the
absence of [Ne V] emission in the northwest arms. The
shorter wavelength emission lines we have observed orig-
inate from increasingly more highly ionized species; the
effects of higher extinction and lower intrinsic ionization
thus work in the same sense.

Beyond ~5” radius, the line-emitting filaments are more
luminous in [O nr] than in Ha + [N 1] both north and
south of the nucleus (Figs. 1 and 2). A-P96 presented long-
slit spectra and optical line ratios in the extended emission
arcs. The narrow filament at the bottom of the emission-line
images of Figure 1 (at AR.A., Adecl. & —3, —15.5), labeled
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“SH15” by A-P96, was analyzed in detail by those authors.
We repeat some of their calculations of the physical condi-
tions, because this feature appears narrow and filamentary
in our HST images, rather than the intersection of a spher-
ical shell and the ionization cone that they assumed. Focus-
ing on the long, contiguous filament at the bottom of our
images that appears to emit most of the Ho + [N 1]
emission from the SH15 complex, the dimensions are ~ 073
x 8”. Assuming the filament is cylindrical, the emitting
volume is V ~ 1.7 x 103 cm3 ~ 0.05 kpc®. The Ha flux
from this region is Fy, =52 x 107'> ergs cm™2% s~ !
(corrected for contamination by [N II] emission), corre-
sponding to a luminosity of Ly, = 5.3 x 103° ergs s~ !, and
the [O m] A5007 flux is F5o0; = 1.7 x 1071% ergs cm 2
s~ 1, corresponding to a luminosity of L5y, = 1.7 x 10*°
ergs s~ 1. Using equations (3) and (17), the electron densities
derived from the Ho and 45007 luminosities are 3/(f)/?
cm ™ and 1.5/(nf)"/? cm 3, respectively. From equation (6),
the mass of ionized gas in the SH15 filament is M, , ~
5 x 10°(f)'*M . From equation (7), we obtain Q.. = 4.1
x 10! photons s~ ! for SH15, leading to a value of Q;,, =
5.2 x 10°*¢~ ! photons s !, assuming a cylindrical filament.
Here Q,,, is a lower limit, because we have used the project-
ed distance of SH15 from the nucleus (7 kpc), which will
underestimate the true distance if the sight line from the
nucleus to the SH15 filament is significantly out of the plane
of the sky (see below). From equation (9), we find
I'~9 x 1073 !f1/2 for the SH15 filament, roughly two
times lower than for the southeast spiral arm, if the values of
€ and f are similar in the two regions. A drop in ionization
parameter would be consistent with the decrease in the
observed (i.e., uncorrected for reddening) [O m]/Ha ratio of
~4.5 (adjusted for [N m] emission) in the cloud in the
southeast arm to ~3.3 in the SH15 filament. Our value
of Q,,, =94 x 10°3¢~! photons s~! calculated for the
southeast circumnuclear spiral arm is a factor of ~5 lower
than Q;,, = 5.2 x 10°*¢~ ! photons s~ * found for the SH15
filament (assuming similar values of €). This may indicate
that the circumnuclear spiral disk intersects the ionization
cone near its edge and does not “see” the nuclear ionizing
source as directly as some of the outer filaments such as
SH15.

4.2. Kinematics of the Gas: Two Inclined Disks

Two prominent patterns in the F-P data are (1) the anti-
symmetry of the velocity field of the ionized gas across the
nucleus (see Figs. 3-5), and (2) azimuthal velocity gradients
along several arcs, including the circumnuclear spiral arms
within 5” radius (see Fig. 4; right-hand panel). Given that the
velocity field shows blueshifted (with respect to systemic)
and redshifted gas on both sides of the nucleus, we discuss
two types of models to explain the kinematics:

1. The gas follows circular orbits in the gravitational
potential of the galaxy, in which case more than one rotat-
ing gaseous disk must be present. A single disk, whatever its
rotation and orientation, will show redshifted velocities on
one side and blueshifted velocities on the other. A warped
disk would show a more complex velocity field, but the
warping would need to be extremely convoluted to project
large blueshifted and redshifted velocities on both sides of
the nucleus.

2. Noncircular motions are present. For example, a
conical, outflowing nuclear wind with sufficiently large
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opening angle and in an appropriate orientation could
project both blueshifted and redshifted velocities on each
side of the nucleus.

If we confine our attention to ionized gas, our analysis of
the velocity field is overly restricted, because we see only the
fraction of the gaseous arcs that fall within the bicone. To
gain a more complete understanding of the gas distribution
and kinematics, we therefore include the 21 cm H 1 velocity
field observed by Prieto & Freudling (1993, 1996). The 21
cm H 1 measurements have low spatial resolution (11”
FWHM), but both the distribution and kinematics of the
neutral hydrogen appear to join onto the ionized arcs in a
continuous fashion. These observations suggest that the
ionized bicone delineates the illuminated sectors of a larger
gaseous structure (TT89). The combined Fabry-Perot and
21 cm H 1 data sets now provide us with sufficiently com-
plete spatial and velocity coverage to investigate detailed
models of the gas motions.

4.2.1. Photometric Constraints

In order to understand the observed gas motions, we
began with planar, circular disk models of the type
described in Cecil, Wilson, & Tully (1992) and adopted the
following procedure:

1. We fitted isophotes to both ground-based and HST
continuum images (TMWC) to derive the inclination of the
stellar disk. The ellipticity (e = 1 — b/a) increases from 0.4
at 0”5 radius to 0.54 at ~20”, then declines to 0.4 at ~1’
radius. Assuming we are viewing an inclined circular disk,
these values indicate an inclination of the disk spin axis to
the line of sight of 54°— 63°. In the following, we adopt 63°.

2. The isophotal fits show that the P.A. of the major axis
of the stellar disk decreases monotonically from ~ 16° close
to the nucleus (<1”) to ~8° at ~1’ radius. This twist
follows a “lazy S” morphology, suggestive of a slightly
warped stellar disk.

3. The HST emission-line images reveal a gas disk with
major axis P.A. ~ 135° and inclination ~40°. A similar
major axis and inclination are obtained from the obscuring
filaments seen against the background stellar light to the
northwest of the nucleus (TMWC).

In summary, there is photometric evidence for two disks in
NGC 5252: the stellar disk, whose spin axis is inclined
~63° to the line of sight and with photometric major axis
projected along P.A. ~ 15°; and the circumnuclear gas disk,
which is inclined ~40° and with major axis projected near
P.A. ~ 135°

4.2.2. Kinematic Constraints and Disk Models

We used the stellar velocities measured by HCC to obtain
the rotation curve of the stellar disk of NGC 5252,
assuming an inclination of 63° (§ 4.2.1). These absorption-
line measurements of HCC span only the inner 20"-
30"radius of the galaxy, where starlight is sufficiently bright.
To span the rest of the disk, we extrapolated beyond 30"
with a flat rotation curve of semiamplitude 120 km s~ *. The
precise form of the extrapolation is not critical to the
success of the model described below; qualitatively similar
results are obtained with a falling rotation curve. We
assume circular orbits and that the gravitational potential
of the galaxy is spherically symmetric, so that the rotation
curve is the same in different planes.

In this scenario, we found that we can attribute all
observed gas motions (Fig. 4) to three systems in two disks:

1. Two high-velocity clumps—one 5"-10" north and
blueshifted and the other 10"-13" south and redshifted (Figs
3 and 4)—suggest gas in a ring or torus residing in a plane
close to the stellar disk and following the stellar rotation
curve but counterrotating with respect to the stars. Our
model of this component, extrapolated to the full extent of
the stellar disk for clarity, is shown in Figure 6a along with
the observed velocity field. Such a counterrotating gas disk
was suggested by HCC and A-P96 and has been observed in
other SO galaxies (e.g., Galletta 1987; Bertola et al. 1992).

2. Much of the gas on intermediate scales (radii <40")
appears to lie in a disk approximately coplanar with the
small scale (~7" diameter) spiral gas disk revealed by the
HST observations, i.e., major axis P.A. ~ 90°-135° and
inclination ~40°. The properties of this disk are further
discussed below.

3. The outermost filaments at radii >40" appear to
rotate roughly in the plane of (and in the same sense as) the
stellar disk. On this large scale, we therefore add a com-
ponent representing gas coplanar and corotating with the
stars.

The model velocity field obtained by superposing these
three components is shown in Figures 6¢ and 6d. This veloc-
ity field may be compared with the velocities observed in
H 121 cm emission (labeled contours in Fig. 6¢) and in the
ionized gas (Fig. 6a). It is evident that the combination of
these three systems faithfully reproduces the observed
motions, unlike the case of simple rotation (either with the
stars or in the opposite sense; Fig. 6a), or some combination
of outflow and rotation (Fig. 6b, discussed below), in the
plane of the stellar disk. In fact, we find no compelling
kinematic evidence for large-scale radial outflow from the
nucleus.

Figure 6b shows the velocity field expected for a model
including radial outflow. The gas is confined to a single disk
and undergoes both rotation and outflow in the disk plane.
The parameters are chosen to reproduce the observed
velocities at large radii. However, the observed relatively
small azimuthal velocity gradients along many of the arcs
within the bicone, the larger radial gradients down the axis
of the cone, and a broad strip of near-systemic gas motions
almost north-south are completely at odds with this model.
Large radial motions are not expected in the neutral gas, so
models invoking such motions for the ionized gas have diffi-
culty accounting for the close kinematic association
between the neutral and ionized gases.

As discussed above, we require that the second gaseous
disk be inclined by ~40° and have a major axis along
P.A. ~ 135° at small radii (within a few arcseconds of the
nucleus). This orientation is consistent with that inferred for
the circumnuclear spiral gas disk observed with HST. In
our preferred model (Figs. 6¢c and 6d), we have smoothly
decreased the major axis P.A. of this gaseous disk to
P.A. ~ 90° beyond ~5” radius in order to account for the
velocity field of most of the gas in the bicone. Figure 6¢
shows that the model is consistent with the limited informa-
tion available on the H 1 velocity field. Further models (not
presented here) showed that alternative inclination angles
or additional skewing of the disk major axis P.A. by more
than +4° are excluded because they project the motions
close to systemic velocity in the wrong place or deviate from
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Fic. 6.—Predicted radial velocities (see the color bar at the bottom) for various kinematic models of gas motions in NGC 5252. The observed velocities
from the [O 1] line emission are superposed in (a) and (b). Flux contours of H 121 cm emission (Prieto & Freudling 1996) are shown in (c). Rectangular field
of view is 9276 x 131”7 (R.A. x decl.). (@) Gas in the stellar disk plane following the stellar rotation curve, but with the gas counterrotating with respect to the
stars. The inclination was derived from photometry of optical continuum images (see text). The model describes well the observed gas motions ~ 10"-15"
from the nucleus. The slight deviation of the kinematic major axis from a straight line results from the warping inferred from the isophote fitting (see § 4.2.1).
Most of the ionized gas motions deviate from this model. (b) Rotating gas with an additional 80 km s~* gaseous outflow within the disk plane. This disk is
oriented with the same major axis as the stellar disk and rotates in the same sense as the stars, but has rotation axis inclined 35° from our line of sight. With
these parameters, the maximum radial velocities project close to the ionization cone axis and are forced to agree with those observed at large radii in the
ionized gas. However, the model accounts for neither the H 1 kinematics nor the ionized gas kinematics through most of the bicone. (c) Inside the circular
area, velocity field of a model combining (1) patches of counterrotating gas in the stellar disk plane (from the model in [a]), (2) gas in a disk with major axis
P.A. 90°-135° and inclination 40°, and (3) at large radii, gas in the plane of the stellar disk and rotating with the stars. H 1 flux contours and labeled peak
velocities (in km s~ !, relative to the galaxy systemic velocity) are superposed. The velocity field outside the circular area is the model describing the rotation
of the stars. (d) Model velocity field for the ionized gas from the composite model shown in (c). This model velocity field may be compared with the observed
velocity field shown in (a).
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the measured H 1 velocities. In our model, the disk with
P.A. ~ 90° is truncated at radii ~40"; as noted above, gas
at still larger radii appears to rotate roughly in the plane of
(and in the same sense as) the stellar disk. This truncation
accounts for the rapid swing in the model’s major axis P.A.
from ~90° to ~195° between radii of 40”and 50" (Figs 6¢
and 6d). It is unclear whether the two gas disks are physi-
cally separate and simply superposed along the line of sight
or there is actually a large warp between 40”and 50" radii.
Despite this uncertainty, the presence of two highly inclined
gas disks must project gas in many different directions as
seen from the nucleus, allowing the bicone of ionizing radi-
ation to be clearly traced by the ionized gas. The spectacu-
lar nature of the extended nebulosity in NGC 5252 may
thus result from the presence of the second disk.

Based on the model shown in Figures 6¢—6d, we can draw
a kinematical connection between the circumnuclear spiral
gas disk, most of the gaseous arcs within the bicone, and the
neutral hydrogen gas in the western and eastern quadrants.
The blueshifted H 1 emission observed ~50” south of the
nucleus can be associated with the southernmost ionized
gas, which appears to rotate in the plane of the stellar disk.
As mentioned above, while the kinematics of the large-scale
gas may be well described by two separate disks superposed
along the line of sight, it is also possible that the extended
gas represents a continuous, highly warped disk. For
example, observations of the large-scale H 1 gas distribution
in the SO galaxy NGC 4753 (Steiman-Cameron, Kormandy,
& Durisen 1992) show that differential precession may
produce significant contortions and abrupt twists in a
gaseous disk.

4.2.3. Gas Settling

A substantial fraction of elliptical and SO galaxies ex-
hibit stellar “shells,” starburst rings, gaseous rings, and X -
shaped structures (e.g., Schweizer & Seitzer 1988 ; Whitmore
& Bell 1988). Van Driel & van Woerden (1991) summarize
the distribution and kinematics of H 1 gas in a sample of 24
early-type (SO to Sa) galaxies. These galaxies often contain
inner and outer H 1 rings. Most of the inner rings appear to
be contained within or are tilted slightly from the stellar
disk. Nearly 50% of the outer rings are tilted 25° to 55° out
of the plane of the stellar disk, suggesting warped H 1 dis-
tributions (e.g., NGC 4230; van Driel et al. 1988). The H 1
kinematics are well described by circular rotation with
essentially flat rotation curves that imply massive dark
haloes. The H 1 column densities are typically too low to
sustain large-scale star formation. Van Driel & van
Woerden (1991) consider the most likely origins of the H 1
gas in SO galaxies to be either (1) gas accreted from galaxy-
galaxy encounters (e.g., see Mihos & Hernquist 1996 and
references therein), or (2) leftover gaseous rings that have
not been consumed by star formation. A feature of models
of galaxy-galaxy encounters and mergers (e.g., Mihos,
Walker, & Hernquist 1995; Thakar & Ryden 1996; Barnes
& Hernquist 1996) is that the gas settles into an inclined
plane, possibly counterrotating, depending on whether the
encounter was prograde or retrograde. Gravitational
torques can cause precession of the spin axis of the gas disk.

The H 1 and ionized gas distributions and kinematics in
NGC 5252 are consistent with the observations of other
gas-rich SOs mentioned above. Given the prevalence of
warped or counterrotating gaseous ring structures in recent
simulations of galaxy-galaxy encounters, we favor the acc-
retion hypothesis as an explanation for the structure of
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NGC 5252. The observed debris from the putative galaxy-
galaxy encounter is entirely gaseous, and some of it happens
to be illuminated by the AGN. Most of the gas appears to
lie outside the ionization bicone and is probably neutral.
Further improvements in the H 1 21 cm spatial resolution
and sensitivity will better probe the merger history and the
overall gravitational potential of the galaxy. The absence of
close companion galaxies to NGC 5252 (Freudling & Prieto
1996) and the apparently well-ordered velocity field of the
gas suggest that the merger or encounter occurred in the
not too recent past.

5. CONCLUSIONS

We have presented HST WFPC2 images and the two-
dimensional velocity field of the ionized gas in the type 2
Seyfert galaxy NGC 5252. The HST images, including a
new [O m] 45007 emission-line image obtained through
a narrowband filter, show the extended arcs to consist of a
complex network of filamentary strands. Comparison with
the two-dimensional velocity field shows that adjacent fila-
ments often have very different kinematics.

The circumnuclear spiral gas disk, previously discussed
by Tsvetanov et al. (1996), shows a progressive decrease in
the [O m] A5007/(Ha + [N 1m]) line ratios across the
nucleus from southeast to northwest; this decrease may
result from a gradient of extinction either within the disk or
foreground to it. Alternatively, the [O m1]/(Ho + [N 1]) line
ratios may be intrinsically lower in the northwest arm if this
material has a lower ionization parameter, perhaps because
it lies closer to the edge of the ionization cone than the
southeast arm. The electron densities in the circumnuclear
spiral arms derived from the Ho and [O m] A5007 line
fluxes are a few cm 3.

In contrast to previous attempts to interpret the motions
of the arcuate gas filaments within the bicone as radial
flows, our more complete kinematic data, in conjunction
with the H 1 data of Prieto & Freudling (1993, 1996), show
that the gaseous kinematics may be fully explained in terms
of circular motions in two disks, each following the same
rotation curve as the stars. One disk coincides with the
stellar disk and contains gas that counterrotates at ~10"—
15" (4.5-6.7 kpc) radius and corotates with the stars at large
radii (>40" = 18 kpc). The second disk is inclined at a large
angle to the stellar disk, and its plane is broadly consistent
with that defined by the small-scale (7" = 3.1 kpc) spiral gas
disk observed in HST images. This second disk includes the
circumnuclear spiral arms, most of the extended ionized
filaments, and the H 1 gas observed in 21 cm line emission
outside the ionization bicone. The presence of a gas disk at
a large angle to that of the stellar disk strongly suggests a
recent merger, perhaps with a gas-rich dwarf galaxy. Dissi-
pative processes may then provide the infalling gas neces-
sary to fuel the nuclear activity. The absence of significant
radial motions, together with the well-defined ionization
cones, suggests that the gas is photoionized by a compact
nuclear source rather than being ionized in situ by shock
waves.
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