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Abstract. Markarian 463, a system of 2 interacting/merging galaxies
(E and W) has been observed with SILFID at CFHT in sub-arcsec res-
olution conditions. We found that both nuclei are AGNs, with the W
component being a Sy 2 or LINER and the E component, hitherto known
to be a “hidden” Seyfert 1, having essentially Sy 2 characteristics. The
bipolar collimated emission originating from the E nucleus is a conspic-
uous feature in the [OIII]5007 and Ha reconstructed images, as well as
in the V — R color map. In velocity maps some previously undetected
kinematical features are detected, most notably a sharp velocity gradient
(more than 300 km s~!) within 2" NE of the E nucleus. In addition, in
the direct imaging mode a bright optical jet extending ~ 1.2"” S from the
E nucleus and a fuzzy blue component 0.8 W of the W nucleus were seen.
Both were also discovered on HST images. Detailed ionization maps re-
veal individual regions with distinct physical conditions, which constrain
the mechanism(s) responsible for the ionization of the gas.

1. Introduction : The Mrk 463 system

Although the origin of nuclear activity in galaxies is still not fully understood,
most observational data can be reproduced by the black hole - accretion disk
model. In this model of AGN, galaxy interaction and merging is an efficient
mechanism for fuelling the central black hole, with gas supplied by the host
galaxy, the interacting companion, or both (Roos 1981, Norman and Silk 1983).
In order to further investigate how interaction and merging of galaxies can trig-
ger their nuclear activity, we selected a sample of active galaxies with disturbed
morphologies and/or multiple nuclei. Mrk 463 was one of the systems we ob-
served in bidimensional spectroscopy as well as in direct imaging mode.
Optically, Mrk 463 is a complex system containing two central condensa-
tions, the E and W nuclei, separated by ~ 4” (~ 4 Kpc for z~ 0.05), embedded
in a common diffuse body with prominent tidal tails. The E nucleus shows a
typical Seyfert 2 spectrum (strong, blue-asymmetric, broad-based lines) but po-
larization studies have shown clear signatures of a “hidden” Seyfert 1 nucleus
(Miller and Goodrich, 1987 and 1990; Mazzarella et al. 1991). Hutchings and
Neff (1989) discovered a linear [OII]5o7 feature centered on this nucleus, ex-
tending ~ 20" in the N-§ direction. It is associated with a similar radio structure
(Neff and Ulvestad 1988, Mazzarella et al. 1991). Recently, a one-sided linear
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optical jet, aligned with the [OIII]/radio axis and dominated by continuum
light, has been discovered on HST images (Uomoto et al., 1993). The nature of
the west nucleus still remains unclear; it has been classified as either a Seyfert
2, a LINER, or a luminous starburst nucleus.

In our study we intend to clarify two points concerning Mrk 463
- Physical conditions and ionization mechanism(s) in the emitting regions.
- Global dynamical picture of the system.
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Figure 1. - a) Superposition of the B,V and R exposures on Mrk 463
(see text); - b) Residuals in V after subtraction of the two nuclei

2. Observations with SILFID

In February/March 1992, we observed Mrk 463 with SILFID at the CFH tele-
scope (Mauna Kea, Hawaii) in good seeing conditions (~ 0.8"). The detector
was a 2048x2048 CCD (pixel size 15um). The ARGUS mode for integral field
spectroscopy (cf. review paper by Vanderriest elsewhere in this volume) was used
in two configurations: 1.4”/fibre (whole system) and 0.33"/fibre (E nucleus) and
with two grisms that covered the spectral range 4400-8000 A. In addition, we
obtained B, V and R images covering ~ 4.5’ (reduced to 1500x1500 pixels of
0.178"). A detailed description of the data processing can be found in a forth-
coming paper (Chatzichristou and Vanderriest 1994, hereafter CV). Individual
spectra (about 70 for each grism), corresponding to 1 fibre or to the average of a
few fibres, have been processed for determining several parameters of the most
important emission lines: (a) corrected line fluxes; (b) central velocities at 3
levels, namely 80%, 50%, 20% of the peak intensity of the line; (¢) full widths at
the same 3 levels and (d) the 20% line asymmetries. We also reconstructed in-

tensity and velocity maps by inversion of the geometrical transformation defined
by the fibre bundle.
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3. Results

3.1. Photometry

Table 1. Photometric data
Object vV [ (B-V)[(V-R)
E nucleus (E) | 16.89 | 1.68 | -0.75
W nucleus (W) | 17.80 | 0.68 | 0.10

Jet (J) 17.04 | 1.27 | -0.28
Blue comp. (C) | 19.05 | -0.07 | -0.05
Whole system 0.60 0.50

At the location of the nuclei several components show up in both the direct
B,V,R pictures and the residual ones after subtracting the PSF profiles (see
CV). Figure 1, shows the “total” image, obtained by coadding the three frames;
fig 1, shows the V residual image. The principal results, summarized in Table
1, are as follows: e 1. E has a large V excess, which can be attributed to its
strong [OIII] emission because the [OIII]5097 line falls in the V band.

e 2. W has a stronger continuum and colors resembling those of a normal nu-
cleus.

o 3. Jet-like feature J extends ~ 1.2" south of E. However, its V excess is
smaller, suggesting a smaller contribution of emission lines in its spectrum, but
excluding a pure continuum. J was discovered on HST images by Uomoto et al.
(1993), who suggested that it may be scattered light from the obscured Seyfert
1 nucleus.

o 4. Fuzzy component C is detected at 0.80"” x 0.05” west of W. It has very
blue colors, suggestive of a region of active star formation.

e 5. A “filament” connecting the 2 nuclei is faintly recognizable in all three
frames but clearly visible in the “total” image (fig. 1,).

e 6. Large tidal tails (Hutchings and Neff, 1989) are a conspicuous feature in
the R image.

o 7. E and J can be easily identified on the B — V color map. The blue region
around W seems to be connected to a knotty spiral arm to the north.

o 8. A linear structure centered on E, with a PA~ 185° and extending by ~ 11.5”
S and ~ 7" N, can be seen on the V — R color map. This must be primarily
[OIII] emission (see below) and looks like an elongated ring.

» 9. The projected separation between E and W is 3.98" +0.02” at PA=83°.

3.2. Spectroscopy

Reconstructed images : o 1. Both nuclei are point-like in continuum light, em-
bedded in a bright region elongated E-W over many fibres. E is definitely redder
than W; its reddening has been attributed to the presence of dust locally (Hutch-
ings and Neff 1989).

¢ 2. The Ha and [OIII]5007 emission images mainly show the linear structure
in almost N-§ direction (PA~ 182°) centered on the E nucleus. It extends from
12.5” S (edge of our field) to ~ 7" N (twisting eastwards).

Ionization maps Several regions, denoted with different symbols, can be identi-
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fied on the “ionization maps”. Fig. 2, shows as an example the log[OII1]5007/ HB
map, superposed on contours of the [OIII]5007 image. In Figure 2, we display
the log[OIII]s007/ HB vs log[NII|gss3/ Ha diagram (using the same symbols).
The main points are (for an extensive discussion see CV):
¢ 1. The E nucleus (squared asterisk) has a typical Seyfert 2 spectrum, well ex-
plained by a power-law photoionization model (Ferland and Netzer, 1983). The
index deduced from the [HelII]se36/ HB ratio is rather steep and the ionization
parameter U decreases progressively with distance.
¢ 2. The W nucleus (asterisk) falls clearly on the AGN side of the diagrams, at
the limit between Seyfert 2 and LINERs. Unfortunately, the [HelI] eg6 line is
too noisy for a firm conclusion on the ionization mechanism.
o 3. For the region between the two nuclei (squares) and between the central
regions and the southern emission knot (triangles) the data points follow the
shock-wave model of Binette et al. (1985) very well. Shock-heating in this re-
gion might be due to interaction of the radio-jet (18" S§) with the ambient gas.
o 4. The surprisingly high ionization in the emission knot ~ 12 — 14” to the §
(crosses) might indicate either ionizing radiation from the central source colli-
mated along the path of the radio jet, or photoionization by a local source of
continuum (Binette et al. 1993 and references therein).
o 5. In the region of the sharp ionization gradient, ~ 3” N of the nuclei (dia-
monds), both power-law photons and shocks might be collectively responsible
for the ionization.
e 6. The northern end of the emitting region (X symbols) coincides with a spiral
arm and its location on the diagnostic diagrams corresponds to HII regions.
Velocities and profile parameters: As an example, figure 3, displays the spatial
distribution of the [OI1I)s5007 (normalized) profiles (the reference velocity Vo =
15020 km s! is indicated) and figure 3, displays the 80% velocities as shifts
from V, (the regions of blue-asymmetric profiles are delimited by solid lines).
We found that: e 1. A strong SW-NE velocity gradient occurs ~ 6" around
the E nucleus. It is ~ 450 km s~! for the 80% [OIII] velocities and somewhat
less for the 50% velocities, with the steepest decrease (~ 250+ 50 km s~!) within
only ~ 2" NE of E.
o 2. Outside of this region the velocity field is smooth with Vgge, ~ 15170 + 50
km s7!. The E nucleus is blueshifted with respect to the W by ~ 50-100 km
s71 at the 80% level of the different lines.
e 3. The 20% [OIII]5007 asymmetry distribution does not quite match that of
the velocities. The profiles are very asymmetric in the region of the velocity
gradient (Al = +0.38), the sign of the asymmetry changing twice in this
region. In the outer regions the asymmetries become much smaller.
o 4. The broadest [OIII]5007 lines are detected NE of the E nucleus; the Ha
line is broad on the E nucleus and decreases outwards to become unresolved.
o 5. The apparent substructure in the profiles might reflect different components
of emitting gas. In particular, the region of very blue-shifted, red-asymmetric,
broad [OIII]s007 profiles might be associated with the 4” N radio source: a
blue component in the profile, due to bowshocks driven by the radio-jet into
the ambient gas, could account for these effects (Taylor et al., 1992). In CV we
examine the profiles along the radio/emission axis and suggest that the presence
of at least three components, together with large amounts of dust in the central
regions, would be needed in order to explain the complexity of the profiles.
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Discussion

S.Veilleuz: Do you see correlations between the line widths in the external
features and the strength of the low ionization lines, [OI]/Ha and [SII|/Ha?
This might indicate that shock ionization is important in these features, perhaps
due to interaction between the outflowing jet material and the ambient gas.

E.Chatzichristou: Yes, indeed, in the region located ~ 3 — 4” N of the nuclei,
the [NII|/Ha and [SII]/H a ratios become very strong and the [NII] profiles
remarkably large. Unfortunately, the [O7] line was not measurable in this region
and the [SII] profiles were often blended and too noisy to allow systematic
measurement of the line widths. However the above correlation seems real and
could indicate shock ionization, the shocks being driven by the radio jet 4" N
of the E nucleus. The sharp velocity gradient with broadening of the [OIII]
profiles, that we detected roughly in the same region, are indeed indicating
important local motions.

R.Gelderman: It appeared that the FWHM of the [OIII] lines is largest where
the [OIII]|/HB ratio is largest. Is this truly the case?

E.Chatzichristou: No, actually the [OITI] widths seem to correlate rather well
with the regions of large velocity shifts.

A.Chrysostomou: Could the localized region of the low velocity you find be
associated with the optical jet in any way?

E.Chatzichristou: No, they are in symmetrically opposite directions: the optical
jet is located ~ 1.2"” SW of the E nucleus, while the region of low velocities is
detected ~ 2 — 3 NE of the E nucleus. However both must be associated with
the symmetrical ejection of radio plasma from this nucleus.
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Figure 2. A typical “ionization map” and the corresponding diag-
nostic diagram(see text)
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Figure 3.  Some reconstructed maps for the [OI11]s5007 emission line
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