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ABSTRACT

We report the results from a pilot study of 10 nearby startbamsl active galaxies conducted with the Tau-
rus Tunable Filter (TTF) on the Anglo-Australian and WittiaHerschel Telescopes. The main purpose of this
imaging survey is to search for warm emission-line gas orotltskirts (galactocentric distancRs> 10 kpc) of
galaxies to provide direct constraints on the size and gagnoé the “zone of influence” of these galaxies on
their environment. Gaseous complexes or filaments larger-t20 kpc are discovered or confirmed in six of the
galaxies in the sample (NGC 1068, NGC 1482, NGC 4388, NGC G2@® 7213, and MR 2251-178). Slightly
smaller structures are seen for the first time in the iororationes and galactic winds of NGC 1365, NGC 1705,
Circinus galaxy, and ESO484-G036. The TTF data are combaitbdnew optical long-slit spectra as well as
published and archived radio and X-ray maps to constraiotigin and source of ionization of these filaments.
A broad range of phenomena is observed, including largke-soaization cones and galactic winds, tidal inter-
action, and ram-pressure stripping by an intracluster oradiThe source of ionization in this gas ranges from
shock ionization to photoionization by the central AGN ossitu hot young stars. The sample is too small to draw
statistically meaningful conclusions about the extent praperties of the warm ionized medium on large scale
and its relevance to galaxy formation and evolution. Thet gexeration of tunable filters on large telescopes
promises to improve the sensitivity to faint emission-liltuxes at least tenfold and allow systematic surveys of a
large sample of emission-line galaxies.

Subject headingggalaxies: active — galaxies: individual (NGC 1068, NGC 1386C 1482, NGC 1705,
NGC 4388, NGC 6240, NGC 7213, Circinus Galaxy, ESO484-Gp&86d MR 2251-178) —
galaxies: ISM — galaxies: kinematics and dynamics — gakgearburst — intergalactic
medium

1. INTRODUCTION takes place ar > 1, except perhaps in the outer reaches of
galaxies where “primordial” gas may still be accreting tada
Some of this material will necessarily be ionized by the meta
galactic ionizing radiation, and possibly also by local re@s

of ionizing radiation such as active galactic nuclei (AGMyla
starbursting stellar populations. In this picture, thewaon-
ized gas on the outskirts of galaxies represents left-ogbrisl
associated with galaxy formation (e.g., Bland-Hawthor@%;9
Blitz et al. 1999).

The warm ionized gas is also an excellent probe of the feed-
back processes taking place in galaxies. lonizing radiatitd
mechanical energy from star-forming regions and quasays ma
severely limit the amount of star formation and affect gglax

The need for a comprehensive survey of the warm ionized
medium in the local universe can hardly be overstated. This
gas phase may contribute significantly to the local baryaf bu
get (e.g., Fukugita, Hogan, & Peebles 1998), but very little
is known about its distribution. While an important fractio
of this material is almost certainly in the form of intergetia
clouds not related to any individual galaxy, some may inhabi
the dark matter halos of galaxies (e.g., Rauch 1998).

This gas phase is a key witness to galaxy formation and evo-
lution. In a hierarchical CDM universe (e.g., Jenkins et al.
1998) most of the activity associated with galaxy formation
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evolution. The emerging radiation field defines regions wher here along with a deeper reprocessed-HN II] A6583 image
gas is warm and ionized (e.g., “proximity effect” in quasars of this object).
and Lyman-break galaxies and “ionization cones” in neambdy a
tive and starburst galaxies; e.g., Bajtlik, Duncan, & Qi 2. OBSERVATIONS
1988; Steidel, Pettini, & Adelberger 2001; Wilson & Tsvetan The TTF on the 3.9-meter Anglo-Australian Telescope
1994). Galactic winds may blow out through the gaseous ha- (AAT) was used for all but one of the observations reported in
los of galaxies and into the IGM, enriching and heating the the present paper. The TTF on the 4.2-meter William Herschel
intergalactic environment in the process. These winds may Telescope (WHT) was used for NGC 1068. The TTF is de-
be responsible for the well-known mass-metallicity reatin scribed in detail in Bland-Hawthorn & Jones (1998) and Bland
galaxies (e.g., Larson & Dinerstein 1975; Vader 1986; Fi&nx Hawthorn & Kedziora-Chudczer (2003). The data acquisition
lllingworth 1990). The discovery of H filaments and diffuse  and reduction techniques used to reach low flux levels with
soft X-ray emission out to 11.6 kpc from the prototypicalsta the TTF have already been discussed in several papers (e.g.,
burst/superwind galaxy M82 (Devine & Bally 1999; Lehnert, Shopbell et al. 1999; Glazebrook & Bland-Hawthorn 2001;
Heckman, & Weaver 1999; Stevens, Read, & Bravo-Guerrero Veilleux & Rupke 2002; Jones, Shopbell, & Bland-Hawthorn
2003) emphasizes the need for surveying large areas araund s 2002; Miller & Veilleux 2003a). The TTF is uniquely suited to
perwind galaxies to constrain the size, energetics, an@ddénp carry out deep searches for emission-line gas on the otsskir
of these superwinds. The large “cavities” in the X-ray scefa  of galaxies, combining wide field of view~( 10) with out-
brightness of several cooling flow clusters with radio-lal standing narrow-band imaging capabilities over a broadean
galaxies (e.g., Bt’)hringeret al. 1993; Fabian et al. 2000\/d4c in wavelength (3500 A — 1.um) and bandpass (10 — 100
mara et al. 2000; Fabian 2001; Quilis, Bower, & Balogh 2001; &). A summary of the TTF observations is given in Tables 2
Heinz et al. 2002) point to equally large zones of influenge fo and 3. Nearly all of the AAT observations were carried out
AGN-driven outflows. Galactic winds in the early universe ar jn the “charge shuffling/frequency switching” mode, whére t
likely to have had an even stronger influence on the environ- charges are moved up and down within the detector at the same
ment (e.g., Alderberger et al. 2003; Shapley et al. 2003). time as switching between two discrete frequencies with the
The present paper describes the results from a pilot surveytynable filter. The charges were generally moved every rainut
of 10 n_earby starburst and active gaIaX|_es with the_ Taurms Tu - and the chip was read after typically spending 32 minutes-of i
able Filter (TTF) on the Anglo-Australian and William Her-  tegration time (16 minutes on-band and 16 minutes off-band)
schel Telescopes. The main goals of this survey are to searctng a result, the continuum and emission-line images are pro-
for warm (T~ 10* K) line-emitting gas on the outskirts of these  guced nearly simultaneously, therefore averaging out teaip
galaxies, and study the properties of this gas to constsaorir variations associated with atmospheric lines and traesgsr
gin and overall importance. The names, redshifts, and aucle seeing, instrument and detector instabilities. Most ofAlA&
types of the galaxies in the sample are listed in Table 1 alongimages were obtained in a straddle mode, where the off-band
with a summary of the findings from the TTF survey. These image is made up of a pair of images that “straddle” the on-
galgxigs were selected based_on 'ghe fact that they all fdresenygng image in wavelength (e.g\: = 6500 A and), = 6625
lonization cones gnd/or galactic winds enkpc scale.. Th's A for rest-frame Hh); this greatly improves the accuracy of the
method_of select|on_ and the s_mall number of galaxies in the continuum removal since it corrects for slopes in the cantm
sample imply that this sample is probably not represemativ . '\, qerlying absorption features. The charge shufflinty an
the local population of starburst/active galaxies, andetfiee o oncy switching capabilities were not available aMHeT.

should not be used for statistical purposes. Neverthellss, e 1,y jevels reached by the TTF observations are listeladn t
results from this pilot survey should provide importantdwn last column of Table 3

the range of phenomena taking place in the general locatgala Long-slit optical spectra were also obtained for some of the

po%:_latlon. . ed as foll In §2 di th objects to clarify the origin and source of ionization of the
IS paper IS organized as 1ollows. -In 32, We CISCUSS N€ 5\ jonized material. Tables 2 and 4 summarize the details
methods of observations. The results are described individ of these observations. These spectra were reduced using sta

ally fqr each object in §3. In 84, we summarize the _results dard IRAF routines. When available, complementary X-ray an
and discuss future avenues of research. The present d@tuss i, maps were used to track the hot (X-rays), relativi@i:
complements recent Fabry-Perot searches for warm ionized y

gas on the outskirts of “normal” galaxies including our own cm) and neutral (HI) gas phases in the sample galaxies and al-

Galaxy (e.g., Bland-Hawthorn et al. 1998; Putman et al. 2003 low us to draw a more complete picture of these objects.

and several dwarf, spiral, and elliptical galaxies (e.dand- 3. RESULTS

Hawthorn, Freeman, & Quinn 1997a; Meurer et al. 1999; Fer- 31 NGC 1068

guson, van der Hulst, & van Gorkom 2001; Miller & Veilleux o

2003a, 2003b), as well as in isolated extragalactic H | doud ~ NGC 1068 is arguably the best studied active galaxy in the

(e.g., Weymann et al. 2001) and a few active galaxies with local universe. Itis a Sb galaxy which is nearly face-on g0;

collimated jet outflows (e.g., Cecil et al. 2000; Tadhunter e de Vaucouleurs et al. 1991) and shows evidence fer &

al. 2000). The results in the present paper supersede thos&pc bar (e.g., Scoville et al. 1988; Thronson et al. 1989;

from Veilleux (2002). The results for two of the galaxies in Helfer & Blitz 1995). Signs of the AGN in the core of this

the sample have already been presented elsewhere (NGC 148®alaxy are evident at nearly all wavelengths. It was one of

Veilleux & Rupke 2002; MR 2251-178: Shopbell, Veilleux, & the six objects originally studied by Seyfert (1943) witligiit

Bland-Hawthorn 1999), but are discussed again in the ptesenoptical “emission lines similar to those in planetary neleul

paper for the sake of completeness and to add to the disoussio Four decades later, spectropolarimetry of NGC 1068 redeale

(e.g., anew unpublished X-ray map of NGC 1482 are presentedthe presence of broad (FWHM 4,500 km s) recombination
lines in scattered light, suggesting for the first time tthat <€
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pc-scale broad line region in this object is obscured by an op apparentin the data (particularly in the higher S/N dataioled
tically thick torus (e.g., Miller & Antonucci 1983; Antonac at MSSSO; see Fig. 4) are consistent with gas in rotationan th
& Miller 1985; Miller, Goodrich, & Mathews 1991). Indirect P.A.=x 79° galactic disk (e.g., Galletta & Recillas-Cruz 1982;
evidence for a inner disk structure in NGC 1068 comes from Kaneko et al. 1992; Sofue 1997; Sofue et al. 1999). The nar-
the presence of bright cones of photoionized gas detected atow line widths in the brighter portion of the filament (FWHM
optical wavelengths (e.g., Baldwin, Wilson, & Whittle 1987 < 200 km s*) suggest that quiescent gas from the disk is being
Pogge 1988a; Macchetto et al. 1994; Kraemer, Ruiz, & Cren- photoionized by the central AGN. The apparent broadening in

shaw 1998) and also in X-rays (e.g., Young, Wilson, & Shop-
bell 2001; Kinkhabwala et al. 2002). The ionization cones
are roughly aligned with the inner radio jet and large-scale
dio structure (e.g., Wilson & Ulvestad 1987; Gallimore et al
1996). Most of the inner line-emitting clouds originallysdov-

the emission-line profiles extracted from the fainter (keun)
portion of the filament (FWHMSs reack 300 — 400 km & in
some locations and maybe accompanied by line splitting; see
Fig. 4) may indicate that shocks become important or the AGN
is photoionizing a spray of gas with a broader range of lifie-0

ered by Walker (1968) are taking part in a large-scale outflow sight velocities. The elevated [N IllJ#dand [S II]/Hx ratios in

event (e.g., Cecil, Bland, & Tully 1990; Arribas, Mediasi]l

& Garcia-Lorenzo 1996; Crenshaw & Kraemer 2000). Some
of the line-emitting material near the nucleus is outflowaig
velocities of up to~ 3200 km ! (Cecil et al. 2002b); this
material appears to be accelerated radiatively by the AGN (D
pita et al. 2002). UV line ratios are inconsistent with shock
excitation (Groves et al., in prep.).

The anisotropic radiation field from the AGN in NGC 1068
is already known to affect the inner 10 kpc diameter disk of
the host galaxy (Bland-Hawthorn, Sokolowski, & Cecil 1991;
Sokolowski, Bland-Hawthorn, & Cecil 1991). Our new data

this region (not shown in Fig. 3 because [O IlIjfHs poorly
constrained) could be due to either shocks or AGN photoion-
ization with low ionization parameter (= ratio of the degf
ionizing photons to that of electrons). Intervening diskenial
may explain the slightly fainter emission in the south-veeste
since the radiation field emerges above the disk in the resat-
quadrant and below the disk in the south-west quadrant, (e.g.
Cecil et al. 1990; Bland-Hawthorn et al. 1997b).

3.2. NGC 1365

on NGC 1068 now show that the ionization cone extends even NGC 1365 is a giant barred Sb galaxy in the Fornax cluster,

further. Figure 1 presents deepvtand [O IlI] A\5007 images
obtained with the TTF. A complex of knots and filaments are
detected out tdR ~ 11 kpc along P.Ax 15 — 70°. Another
fainter complex is seen out to 10 kpc in the opposite direc-
tion at P.A.~ 200 — 260. There is a deficit of filaments in all
other directions.

Figure 2 compares the locations of the filaments with an
unpublished H | 21-cm map graciously provided to us by E.
Brinks (2003; private communication). Some of the optidal fi
aments (especially those to the south-west) lie slightiyobe
the sharp H | “edge” of NGC 1068. As in the case of NGC 253
(Bland-Hawthorn et al. 1997a), the filaments are too bright t
be photoionized solely by the metagalactic ionizing radiet
another source of ionization is needed. The surprisingtyhibr
Ha emission beyond the H | edge of NGC 253 is probably due
to photoionization by hot young stars in the inner disk (Blan
Hawthorn et al. 1997a). We suspect a different origin for the
filaments in NGC 1068. As is clearly apparent in Figure 1,
these filaments are contained within a biconical region tvhic
is roughly aligned with the nuclear outflow/jets and the ogti
ionization cone seen on smaller scales. Figure 2 also shaws t

host to a beautiful grand design spiral structure and a 8eyfe
1.5 nucleus. It has been the subject of several spectrascopi
studies, including the pioneering work of Burbidge & Bunipéd
(1960) who were the first to point out the possibility of a krg
scale outflow in this object. Line splitting of the [O I11] piites
observed by Phillips et al. (1983) and Jorséater, Lindblad, &
Boksenberg (1984) confirmed the complex velocity field of the
gas in the nuclear region, and revealed the highly ionizaie st
of the outflowing material. Subsequent studies have traued t
extent and geometry of the highly ionized outflowing materia
(e.g., Edmunds et al. 1988; Storchi-Bergmann & Bonatto 1991
Hjelm & Lindblad 1996; Kristen et al. 1997). An accelerated
outflow in a hollow biconical structure with opening angle
100 has been suggested (Hjelm & Lindblad 1996). This struc-
ture is roughly aligned with a jet-like radio feature obsstv
by Sandqvist, Jorsater, & Lindblad (1995) and Morganti et al
(1999).

TTF Ha, [N 1] A6583, and [OlII]A5007 images were ob-
tained of NGC 1365; they are presented in Figures 5 — 8. The
[O 111] data confirm the presence of the bright south-eastrdu
of [O Ill]-emitting material seen in previous studies, blga

there is a good (though not perfect) match in P.A. between theshow for the first time fainter plumes of material on the oppo-
X-ray emission and the optical filaments on large scale. This site side of the nucleus. The fainter [O I1I] emission in tHEFT

biconical geometry on small and large scales strongly sstgge
that the AGN is responsible for the ionization of the gas atmbo
scales.

The large [O Ill}/Hx ratios & 1; Fig. 1) observed in the
gas within the large-scale cones seem to support this soenar
(i.e. the hard radiation field from the AGN contributes to the
high ionization level of the gas in this region). Deep MSSSO
and AAT long-slit spectra of the north-east filamenRat 6 —

11 kpc confirm the role of the AGN. The line ratios measured
along this filament are plotted in Figure 3. Using the diagjicos
tools of Veilleux & Osterbrock (1987), we find that most of the
line ratios are Seyfert-like. No obvious systematic gratie

the line ratios is detected along the brighter portion offitae
ment. The~ 100 km s* blueshift and slight velocity gradient

data extends over 1’ , and is much less conical than the bright
SE plume. The [O IIIN5007/Hx ratios in this region are larger
than unity, suggesting photoionization by the AGN. Strinfs
bright H Il regions and complex dust lanes bisect the [O IlI]
structure and lowers the [O I}/ ratios along a diagonal line
passing immediately north of the nucleus.

The [N Il}/Ha line ratio maps shown in Figures 6 and 8 in-
dicate that the zone of influence of the AGN in NGC 1365 ex-
tends further than suspected. [N N§583/Hx ratios in excess
of unity are seen out te- 1’ (~ 5 — 6 kpc) from the nucleus.
Surprisingly, the high-[N Il1]/Hy region appears to be almost
rectangular rather than biconical, although the axis ofragm
try is the same as that of the high [O lllJ/Hstructure (P.A.
~ —45). It is not clear at present whether this fainter mate-
rial is also taking place in the bright outflow studied by Hjel
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& Lindblad (1996), or is simply ambient disk material being
illuminated by the central AGN.

3.3. NGC 1482
The results from our TTF imaging and optical long-slit spec-

troscopy of NGC 1482 have already been published in Veilleux
& Rupke (2002). These data reveal a starburst-driven wind ex
tending 1.5 kpc above and below the disk of the host galaxy

with expansion velocities on the order of 250 km s* and
kinetic energy of at least % 10°® ergs. The TTF data are
presented again in Figure 9. The [N Np583/Hx ratio map
derived from these data shows that the entrained wind raateri
has [N 1] \6583/Hx ratios in excess of unity while the disk ma-
terial is characterized by H Il region-like line ratios indtive

of the starburst. Shock ionization is suspected to be resipien
for the LINER-like line ratios of the entrained material.

The new X-ray map presented in Figure 9 brings credence to

28.56 ks exposure (P.I. D. Strickland) with the ACIS-S3 dete
tor on theChandra X-ray ObservatoryHigh-background data
were filtered out of the original image; the effective exgesu
time is 24.40 ks. A fixed Gaussian kernel with= 3 pixels

(1”5) was used for smoothing. The energy range of the data

is 0.2 — 3 keV. The X-ray emission (especially at low enefgies

is elongated along the minor axis of the galaxy and shows a
remarkably good match with some of the extraplanar optical

filaments. A tight spatial correlation between X-ray emiti
material and optical emission-line gas is also observed/in t
other well-known galactic winds studied in detail withan-
dra: NGC 253 (Strickland et al. 2000) and NGC 3079 (Cecil
et al. 2001; Cecil, Bland-Hawthorn, & Veilleux 2002a). In

both of these cases, the data suggest that the superwind h

driven cool disk gas into the halo, with X-rays being emit-

ted either as upstream, standoff bow shocks or by cooling at
cloud/wind conductive interfaces. The same phenomenon ap
pears to be taking place in NGC 1482 (and NGC 6240; see

§3.6). Good correlations between extraplanar &hd X-ray

emission have been known to exist in a number of star-forming

galaxies (e.g., Dahlem et al. 2003 and references thefin),
the newChandradata now show that this correlation extends
down to~ 1" scale.

Reprocessing of the TTF data now reveals that the galactic

wind which is responsible for the multiple emission-lineps
and arcs seen out to the Holmberg radits2.1 kpe (Meurer

et al 1992; Hunter, Hawley, & Gallagher 1993). Line splitin
indicative of expansion velocities of order100 km st is seen
over most of the line-emitting gas (e.g., Meurer et al. 1992;
Marlowe et al. 1995). The detection of blueshifted UV absorp
tion lines has confirmed the presence of the wind in this dbjec
(Heckman & Leitherer 1997; Sahu & Blades 1997). Recent
FUSE far-UV spectroscopy has revealed outflowing coronal-
phase gas at a few 10° K, possibly created at the interface
of the warm ¢ 10* K) optical line-emitting material and the
hot outrushing gas in a blownout superbubble (Heckman et al.
2001).

The line-emitting loops and arcs seen by previous authers ar
easily detected with the TTF in bothoHand [N 1] A\6583 (Fig.
12). Surprisingly, the [N Il]/Hv ratio map shows very little
structure across these structures. The [N@8583/Hx line ratio
Opeaks at a value of 0.3 near the location of the bright central
star cluster (indicated by an arrow in Fig. 12; this star telus
is NGC 1705-1 in the nomenclature of Melnick, Moles, & Ter-
levich 1985). [N 1l]/Hx generally stays below 0.1 across the
remainder of the line-emitting nebula, except perhaps ieva f
features where the S/N is low and the line ratio less reliable

This line ratio map is very different from that of NGC 1482,
even though both objects host similar starburst-driverdgin
As discussed in the previous section, the large [N j/tatios
detected in the outflowing gas of NGC 1482 are almost cer-
tainly due to shock excitation. The fact that we do not detect
significant enhancement in the [N llJiHdmap of NGC 1705
may be due to the fact that the expansion velocities in this
dwarf galaxy are considerably smaller than in NGC 1482, so
olbat shock excitations V3och iS less important than photoion-
ization by the starburst itself. This result emphasizegrgvor-
tant limitation of the excitation technique suggested biyi&ex
‘& Rupke (2002) to search for galaxies with starburst-driven
winds: the results from this search technique will necessar
ily be biased toward powerful, shock-excited wind struetur
which show a sharp contrast in excitation properties nedzth
the star-forming hosts. Winds in dwarf galaxies will be teard
to detect with this technique.

3.5. NGC 4388

wind in this galaxy extends much further than first suspected NG 4388 is a well-known Seyfert 2 galaxy located near

by Veilleux & Rupke (2002; see Fig. 10). The summed H
+ [N II] A6583 image now clearly shows the presence of a fil-
ament that extends out to 7 kpc north-west of the nucleus.
Another filament extending out t& 11 kpc north-east of the
nucleus is visible in Figure 10, although scattered ligbhfra
bright star in the field makes the detection of this filament un
certain. Diffuse emission near the detection limit of outada
also appears to be present10 kpc south of the nucleus. A
high-velocity ¢~ +400 km s) emission-line knot locatee 3
kpc north of the nucleus is also visible in [N IN6583 in the
AAT long-slit spectrum (Fig. 11; this knot is also presenitiat

but is near the detection limit of the data). The discovery of
these knots and filaments will necessarily increase thegeter
ics involved in the outflow, although the kinematics of the ga
on large scale are not yet fully constrained.

3.4. NGC 1705

NGC 1705 is a blue compact dwarf (BCD) galaxy located at
6.2 Mpc (Meurer et al. 1995). It is host to a starburst-driven

the center of the Virgo cluster (e.g., Phillips & Malin 1982)
The AGN is responsible for driving a loosely collimated out-
flow out of the disk of this edge-on galaxy, visible in the @di
(Stone, Wilson, & Ward 1988; Hummel & Saikia 1991; Kukula
et al. 1995; Falcke, Wilson, & Simpson 1998; Irwin, English,
& Sorathia 1999) and optical (e.g., Veilleux et al. 1999 and
references therein). A rece@handrastudy of NGC 4388 by
Iwasawa et al. (2003) now shows direct support for the gialact
outflow in the X-rays. Their map is reproduced in Figure 13
along with the Hv and [N 1] A6583 images obtained with the
TTF. Note in Table 3 that the TTF was tuned to a wavelength of
6605 A near the nucleus of the galaxy — 13 A below the wave-
length of Hy at systemic velocity — to map the blueshifted gas
complex north of NGC 4388. Part of the soft X-ray emission
is clearly produced in the disk, while the extraplanar eiorss

is directly associated with the outflowing line-emitting texa
rial. This material is highly ionized and therefore presamily
modest [N IlJ/Hx ratios (< 0.7; Pogge 1988b; Colina 1992;
Petitiean & Durret 1993).



A recent study by Yoshida et al. (2002) has revealed
emission-line filaments extending outta35 kpc from the cen-
ter of NGC 4388. Although the origin of these filaments id stil
uncertain, stripping of the interstellar medium of NGC 43§38
the ram pressure of the Virgo intracluster medium is likely t
be responsible for some of these features (see also Velieux
al. 1999). The recent discoveries of an isolated H Il region
and extended H | gas in the vicinity of NGC 4388 by Gerhard
et al. (2002) and Vollmer & Huchtmeier (2003) bring addi-
tional support to the ram-pressure stripping scenario.Wide
field of view of the TTF allows us to confirm the detection of
the filaments (Fig. 14) and provide additional informatian o
the excitation and kinematics of the line-emitting materde
[N Il}/H « ratios in the brighter line-emitting knots beyond a
galactocentric distance of 7 kpc stay below~ 0.7 but show
no obvious monotonic gradient with distance (Fig. 15). Ehes
line ratios do not allow us to identify unambiguously therssu
of ionization of the gas (low-velocity shocks, AGN with low
ionization parameter, or in-situ hot stars), but indichtat the
ionization and excitation properties of the brighter lemitting
knots at these large distances are affected by complex-
tions in the ionization parameter or shock velocity rathnemt
only the distance from the nucleus. The fact that nearlyfall o

the emission features seen in the data of Yoshida et al. §2002

are also detected in our (slightly blueshifted) TTF images s
gests that most of these features have velocitied 00 km s*
near the nucleus of the galaxy agid+250 km s in the outer
filaments.

3.6. NGC 6240

NGC 6240 is often considered the archetype of luminous in-
frared galaxies (log[lr/Ls] = 11.8); it has been studied thor-
oughly at all wavelengths. NGC 6240 is an early merger with
two nuclei separated by 18 or ~ 1.28 kpc (e.g., Carral,
Turner, & Ho 1990; Beswick et al. 2001; Fried & Schultz 1983;
Keel 1990; Bland-Hawthorn, Wilson, & Tully 1991; Tacconi et
al. 1999; Scoville et al. 2000; Tezca et al. 2000). Unambiguo

signs of an AGN in this system have been detected in the hard

X-rays (Iwasawa & Comastri 1998; Vignati et al. 1999). Rdcen
high-resolution images obtained wiGhandrashow that both
nuclei are X-ray emitters (Lira et al. 2002) and that bothesgp

to be AGN (Komossa et al. 2003). Surrounding the nuclei is a
large-scale soft X-ray nebula possibly powered by a supetwi
(Schulz et al. 1998; Komossa, Schulz, & Greiner 1998; Ko-
laczyk & Dixon 2000). Signs for a superwind are also seen at
optical wavelengths in the form of a complex of line-emigtin
filaments and arcs extending over 5060 kpc (Heckman, Ar-
mus, & Miley 1987) and often showing violent gas motion and
LINER-like line ratios (e.g., Heckman et al. 1987; Heckman,
Armus, & Miley 1990; Keel 1990).

Deep Hy and [N II] A6583 images of this object were ob-
tained with the TTF (Figs. 16 and 17)aHemission is detected
over an area 70 x 80 kpc centered on the nuclei. The distribu-
tion of the [N I1] emission differs considerably from thatlgé..

The incomplete loop and filament located at P-A265 — 275
andR~ 15-25 kpc are clearly detected in the [N II] image but
are hardly visible in H; these features have [N IN6583/Hx 2>

1.4 and stand out in the excitation map shown in Figure 16s Thi
large-scale, high-[N 11]/k structure is roughly aligned with a
5-kpc X-ray loop detected by Komossa et al. (2003). Figure 17
also shows that the brighter portion of this loop coincidés w

a emission-line knot with strongly enhanced 1) LINER-like

5

[N II/H « line ratios. These results bring further support to the
galactic outflow scenario. The line-emitting gas is entdim

the starburst-driven wind. Shocks associated with therante
tion between the fast wind and the slow-moving ambient gas
contribute to the heating and ionization of the line-emgtma-
terial. The good match between optical line emission andy-r
emission suggests once again (see 83.3 and referencds}here
that the X-rays from this galactic wind are produced either b
cooling at the conductive interfaces between the linetamgit
clouds and the wind or as upstream, standoff bow shocks.

3.7. NGC 7213

NGC 7213 is a nearby (22.0 Mpé&lp = 75 km s Mpc™?;
Tully 1988) face-on Sa galaxy which is host to a bright Seyfer
1 nucleus with broad H and strong hard X-ray emission (e.g.,
Phillips 1979; Filippenko & Halpern 1984). The nuclear spec
trum also exhibits narrow LINER-like emission lines proddc
by the diffuse gas around the Seyfert nucleus. Figure 18 show
deep Hv and [N 11] A\6583 images of this object obtained with
the TTF. The TTF data recover the ring of H Il regions known

varia i, exist around the bright active nucleus of this galaxy (&b

Bergmann et al. 1996). The TTF image also reveals the pres-
ence of a line-emitting filament located 19 kpc from the nu-
cleus, well outside the optical radius of this galaxy. THis-fi
ment was independently discovered by Hameed et al. (2001),
who argues that it is the ionized portion of tidal debris fram
recent merger.

The TTF data suggest that the [N Il}Hratios in the fila-
ment are unlike those typically seen in H Il regions (e.aqgri
of H Il regions near the nucleus). The line ratios measureuh fr
a deep long-slit spectrum obtained with the MSSSO 2.3-meter
telescope confirm this result and indicate that the emisision
the filament is LINER-like, based on the locations of the line
ratios in diagnostic diagrams (Fig. 19). Dilute photoi@tian
by a faint and distant AGN with ionization parameter ldg~
-3 (i.e. the density of ionizing photon is Fthat of electron)
could explain these line ratios (e.g., Ferland & Netzer 3983
although shock ionization cannot be formally excluded (iZop
& Sutherland 1995).

The kinematics of this filament can be used to distinguish
between these two scenarios. Multi-line imaging slightly
shifted in velocity space suggests that the line-emittiag i
blueshifted by~ 150 — 200 km & with respect to systemic
velocity. The MSSSO spectrum of the filament confirms this
small blueshift (Fig. 20). These measurements indicataliea
optical filament coincides not only spatially with the H | feee
of Hameed et al. (2001) but also kinematically. Moreoveg, th
narrow line widths £ 80 — 200 km ') measured in the opti-
cal filament indicate that the gas must not be affected signifi
cantly by shocks. This strongly suggests that the linetamit
filament simply represents tidal debris which are beingzedi
by the AGN in NGC 7213. Only a small fraction of the H |
tidal complex is visible in k4 because the radiation field from
NGC 7213 is not isotropic. According to the unified model of
Seyfert galaxies, our line of sight to the Seyfert 1 nucleas h
to lie within the opening angle of the inner torus/accretiesk.
Given the face-on orientation of the host galaxy, this wanrd
ply that both our line of sight and the line-emitting filaméiat
within the ionizing cone of the accretion disk and above the
galactic disk of NGC 7213.

3.8. Circinus Galaxy



The Circinus galaxy (Freeman et al. 1977) is host to a well- of completeness in Figure 23. The TTF data reveal a very
known ionization cone and large-scale outflow visible in the extended nebula centered on and photoionized by this quasar
radio (e.g., ElImouttie et al. 1998a), optical (e.g., Maiciral. The spiral-like complex is seen extending more or less sym-
1994; Lehnert & Heckman 1995; Veilleux & Bland-Hawthorn metrically over~ 200 kpc. Narrow-band images obtained at
1997; Elmouttie et al. 1998b; Wilson et al. 2000), neardrdd slightly different wavelengths reveal a large-scale iotapat-
(Maiolino et al. 1998; Ruiz et al. 2000), and X-rays (Samlarun tern which is in the opposite sense as that seen in the inner
et al. 2001a, 2001b; Smith & Wilson 2001). The source of region of the galaxy (see also Bergeron et al. 1983; Norgaard
the ionization and outflow appears to be the central Seyéertn Nielsen et al. 1986). As discussed in detail in Shopbell et

cleus, although a circumnuclear starburst is also presehis al., the large and symmetric morphology of the gaseous enve-
object (e.g., Veilleux & Bland-Hawthorn 1997; EImouttieadt lope and its smooth large-scale rotation suggest that the-en
1998hb) lope did not originate with a cooling flow, a past merger eyent

A new TTF [O Ill] A5007 image of the Circinus galaxy is or an interaction with any of the galaxies in the field. Shop-
presented in Figure 21. This image reaches fainter flux lev- bell et al. favor a model in which the extended ionized neb-
els than the Fabry-Perot data presented in Veilleux & Bland- ula resides within a large complex of H | gas centered on the
Hawthorn (1997). The new data confirm the presence of the quasar. Slightly blueshiftedy(300 km s$') UV and warm X-
bright high-ionization filaments within 0.5 kpc of the nuate ray absorbers are seen in HST and ASCA/ROSAT spectra of
But the deeper TTF image also reveals unsuspected [O 1lI] MR 2251-178 (Reynolds 1997; Komossa 2001; Monier et al.
emission which extends 1 kpc west and north-west of the nu-  2001; Ganguly, Charlton, & Eracleous 2001), but they are pre
cleus. Very faint, filamentary emission appears to extetdoou  sumed to arise from nuclear material near the AGN rather than
~ 1.2 kpc from the nucleus along P.A.315, but this needsto  from gas extending on galactic scale. An error of a factor of
be confirmed with deeper images. The TTF image also shows2.25 was recently found in the flux calibration of the TTF data
a few additional knots of emission in the northern/northees All fluxes listed in Shopbell et al. (1999) should be scaledido
quadrant and to the south. The southernmost of these featureby this factor. This correction does not affect the condasi
appears to coincide witGhandrasource F in Smith & Wilson of the paper.

(2001), located- 500 pc due south from the nucleus. This is

shown in the lower left panel of Figure 21, where @leandra 4. DISCUSSION AND FUTURE AVENUES OF RESEARCH
data are superposed on the TTF [O Ill] image.

We have presented the results from a deep emission-line

3.9. ES0484-G036 imaging survey of 10 nearby starburst and active galaxies us

ES0484-G036 is an edge-on Sb galaxy fromi R&SBright ing the TTF on the AAT and WHT. The topology and projected

Galay Sample (Sofer et al. 1989, F4335-2514). The btca (ool °p O o Ine 110 gas fees el Sovg
classification of the nucleus of this galaxy is ambiguoustdue : _
weak H3 and [O Il1] emission (Kim et al. 1995; Veilleux et al. plexes are discovered around NGC 6240 and MR 2251-178,

. Emission-line knots and wispy filaments are confirmed to be
1995). Long-slit spectroscopy by Lehnert & Heckman (1995) , ocont in the halo of NGC 4388 at distances of up-t80
indicates the presence of large positive gradients in [KH]

[S /Ha and [O J/Ha along the minor axis of this galaxy. kpc from the active nucleus. Diffuse and filamentary gas-asso

; ; ; ; - ciated with large-scale (10 — 20 kpc) ionization cones or out
Conventional k& + [N ll] narrowband imaging of this object by flows are detected for the first time in NGC 1068, NGC 1365
these same authors reveals a cross-like structure aligoed a ! X

the major and minor axes of the disk and NGC 1482 and confirmed in NGC 7213. Emission-line
The TTF data confirm the cross-like morphology of the line structures ory> kpc scale are revealed in the galactic winds of

S X e . NGC 1705, Circinus galaxy, and ESO484-G036.
emission in ESO484-G036 (especially visible in [N 1I]; Fig. -y, i jine imaginggand Xllong—slit spectroscopy of the gas
22). _The [N /Ho ratio map .also confirms the steep excitation ¢, on large scale reveal line ratios which are generalty n
gradient alolﬂgljlthe mlncl)_rkaTﬁ ﬁ{/tuhe gjcllaxyf. TBeSd('Ek EMIBSIO region-like. Shocks often contribute significantly toet
presents a region-like ratios of~ 0.5 (but note P : :
that [N Il/Ha reaches a minimums. 1 kpc south-west of the ionization of the outflowing gas on the outskirts of starburs

: - ., galaxies. As expected from shock models (e.g., Dopita &
nucleus), while the emission 1 kpc above and below the disk %utherland 1995)? the importance of shocks oE/ergphotoEl;aniz
have.[N ”]/.HQ‘ that are in the range- 1-2.4. This line ratio tion by OB stars appears to scale with the velocity of the out-
map is reminiscent of that of NGC 1482, but the larger distanc flowing gas (e.g., NGC 1482, NGC 6240, or ESO484-G036
of ES0484-G036+ 60 Mpc;ln_stead of 20. l\_/lpc for NGC 14.82) versus NGC 170’5' NGC 30%9 is an ext;eme example of a
makes the extraplanar emission more difficult to resolvéig t -~ o 0\ " cited wind nebula: Veilleux et al 1994), although
object. The new TTF data add strong support to the idea that ; ’ i
ES0484-G036 is indeed host to a starburst-driven wind (Eehn other factors like the starburst age, star formation ratd,the

; . . dynamical state of the outflowing structure (e.g., pre- astpo
ert & Heckman 1996), anql also show the promise of using exci- b?i)wout) must also be importantgin determirging thpe exccb‘r;)ti
tation maps for systematic searches for starburst-driviedsv

; . . properties of the gas at these large radii (e.g., see discuss
in the local universe (Veilleux & Rupke 2002). in Shopbell & Bland-Hawthorn 1998 and Veilleux & Rupke

2002). When an active nucleus is present, the radiation field
3.10. MR 2251-178 from the AGN appears to be the primary source of ionization
In the course of our TTF study, the radio-quiet quasar for the filaments within~ 10 — 20 kpc of the nucleus, but the
MR 2251-178 was imaged atdd This is the most distant  impact of the AGN tapers off at larger distances (ex.30
(z=0.064) object in the sample. The results on this object kpcin NGC 4388), unless the source of radiation is a powerful
have already been published by Shopbell, Veilleux, & Bland- quasar (MR 2251-178).
Hawthorn (1999); the TTF images are reproduced for the sake Given the small sample size and methods of selection of the
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sample, no statistical statement can be made on the freguenc The advent of tunable filters on 8-meter class telescopes

of occurrence of large-scale nebulae around starburstcive a

galaxies in general. The objects in our sample were spdbjfica

selected to host ionization cones and/or galactic winds-on
kpc scale. The high discovery rate f10-kpc nebulae in our

[e.g., OSIRIS on the GranTeCan (Cepa et al. 2000) and the
Maryland-Magellan Tunable Filter on the Baade 6.5-m tele-
scope] should improve the sensitivity of emission-lineagsl
surveys at least tenfold. Measurements with this seconergen

sample may not be typical of the local population of starburs
and active galaxies. It is also not clear at present whetteer t

tion of tunable filters will provide direct quantitative cgtraints
on the gaseous cross-section of active and star-formiraxgal

power and type of AGN (type tersustype 2) is important in

determining the amount of ionized gas detectable with the. TT

In the matter-bounded scenario (e.g., infinite reservoir df
gas surrounding the active nucleus in all directions), oaeld/

ies, and the importance of mass exchange between galaxies an
their environment. The detection of warm ionized complexes
that extend several tens of kpc over wide opening anglesdvoul
make them likely candidates for the higher column density Ly

expect a correlation between AGN ionizing power and the de- cloud population detected in quasar spectra (e.g., Bengetro
tected mass of ionized material — this may be why the largestal. 1994; Lanzetta et al. 1995; Norman et al. 1996; Steidel et
nebula is found around the most powerful AGN in our sam- al. 2002). The kinematic information derived from theseadat
ple (MR 2251-178). In this simple scenario, the orientation will constrain the origin of the gas: is it taking part in artibow
of the AGN accretion disk to our line of sight (nearly face-on or is it an extension of the HI disk, remnant accreting gasfro
in type lsversusnearly edge-on in type 2s) should to first or- galaxy formation, or debris from a recent galaxy interactio
der determine the geometry of the ionized material: bicalnic ram-pressure stripping episode?
in Seyfert 2s (e.g., NGC 1068) and more isotropic in Seyfert 1
(e.g., MR 2251-178; see detailed predictions in Mulchael, W
son, & Tsvetanov 1996). However, this simple scenario tlear We are grateful to E. Brinks for providing the H | map of
does not apply to all AGNs in our sample (e.g., NGC 7213). NGC 1068 prior to publication and to K. Iwasawa and A. Wil-
The topology and projected cross-section of the warm ighize son for theChandraX-ray data of NGC 4388. We thank the
gas in AGN necessarily also depend on the properties of thereferee, Matthias Ehle, for constructive comments. THislar
host galaxy (e.g., morphological type, gas content) andeémm was written while S.V. was on sabbatical at the Californtiin
diate environment (e.g, presence of a tidal complex as in thetute of Technology and the Observatories of the Carnegte Ins
case of NGC 7213). tution of Washington; S.V. thanks both of these institusidor

Our pilot survey raises similar questions for starbursagal ~ their hospitality. S.V. acknowledges partial support o§ tre-
ies. There is a clear need to expand the starburst sampleko lo search by a Cottrell Scholarship awarded by the Research Cor
for possible dependence on the age and power of the starbursgporation, NASA/LTSA grant NAG 56547, and NSF/CAREER
and the dynamical state of the outflow. These data will pro- grant AST-9874973. D.S.R. was also supported in part by
vide the material to test the idea of using excitation mags (e = NSF/CAREER grant AST-9874973. This research has made
[N J/H o) to detect superwind galaxies (Veilleux & Rupke use of the NASA/IPAC Extragalactic Database (NED)), which
2002). If found to be successful at low redshifts, this mdtho is operated by the Jet Propulsion Laboratory, Californtiin

could be used in the future to more efficiently identify digta
galaxies hosting powerful starburst-driven winds.

tute of Technology, under contract with the National Aerona
tics and Space Administration.
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FIG. 1.— NGC 1068 in4) RO continuum, if) Ha, (c) [O 1l]] A5007, andd) [O Il]] A5007/H3 ratio (= 2.85 x [O Il]] A5007/Hx). North is up and east to the left.
The cross in each panel marks the location of the nucleus #BD. The flux scale of the emission-line maps is logarithmikile the ratio map is on a linear scale.
The flux scale for the [O Ill] data ranges from —17.5 to —15.8jlevthe scale for the &l map ranges from —18.5 to —15.0. Emission from both [O |lI] &hdis
detected for the first time out to 11 kpc from the nucleus in the north-east (upper left) andrsauest (lower right) quadrants, roughly aligned with theization
cone on smaller scale. Note the high [O I[lIBHatios in the large-scale filaments. The diffuse emissiatufes at the eastern edge of pam@lahd southern edge
of panel €) are artifacts of reflective ghosts associated with the TTF.

FIG. 2.— Multiwavelength comparison in NGC 106&) Ha and H | 21-cm contour map (from Brinks 2003; private commatid) and ) [O I1]] A5007 and
X-ray contour map from Young, Wilson, & Shopbell (2001). Mois up and east to the left. The emission-line maps are osaime flux scale as in Figure 1. The
contours in the HI map are at 25, 100, 150, 200, and 250 Janskyeam?. Refer to Young et al. (2001) for the values of the X-ray contevels. The cross in
each panel marks the location of the nucleus from NED. Na&seskight misalignment between the large-scale filamentdtanthner ionization cone defined by the
X-ray emission. The diffuse emission feature at the sountbdge of panelh) is a reflective ghost associated with the TTF.
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FIG. 4.— Continuum-subtracted long-slit spectrum obtainemh@lthe north-east filament located~at6— 12 kpc from the nucleus of NGC 1068. The slit is
oriented along P.A. =3with North at the top. The white horizontal band is hiding #pectrum of a bright star. The flux scale is logarithmic andriits of erg
st em™. The velocities are relative to systemic (= 1792 kih)s The blueshift, velocity gradient, and narrow line widthghe brighter portion of the filament
are consistent with quiescent gas in galactic rotationeNuwbwever, that the emission-line profiles become broawei fainter (southern) portion of the filament,
perhaps a sign that shocks become important here or therjasddy the AGN spans a broader range of line-of-sight vissc

F1G. 5.— Outer regions of NGC 1365 im)B4 continuum, ) Ha, (c) [O Ill] A5007, and ) [O Ill] A5007/H3 ratio (= 2.85x [O Ill] A5007/Hx). North is up
and east to the left. The cross in each panel marks the lacatithe red continuum peak. The flux scale of the emissioativaps is logarithmic, while the ratio
map is on a linear scale. A 7-kpc ionization cone is visible in the ratio maps.

FIG. 6.— Quter regions of NGC 1365 im) RO continuum, If) Ha, (c) [N 11] 6583, andd) [N II] A\6583/Hx ratio. North is up and east to the left. The cross
in each panel marks the location of the red continuum peak.fllitx scale of the emission-line maps is logarithmic, wHile tatio map is on a linear scale.~A
12-kpc boxy region with [N I]/Hx > 1 is detected around the nucleus.

F1G. 7.— Central regions of NGC 1365 ia)(B4 continuum, i) Ha, (c) [O 1ll] A5007, andd) [O 11]] A5007/H3 ratio (= 2.85 x [O 111]] A5007/Hx). North is up
and east to the left. The cross in each panel marks the locatithe red continuum peak. The flux scale of the emissioaiiraps is logarithmic, while the ratio
map is on a linear scale. The ratio map clearly shows a idoizabne bisected by a dust lane.

FiG. 8.— Central regions of NGC 1365 im)(RO continuum, If) Ha, (c) [N 1] A\6583, and ¢) [N 1I]] A6583/Hx ratio. The contours ind) show the [O IlI]
A5007/H3 ratios from Fig. 7. North is up and east to the left. The croseach panel marks the location of the red continuum peak. flikescale of the
emission-line maps is logarithmic, while the ratio map isadinear scale. The contour levels of the [O IlIHatio map are at 0.58, 2.9, and 92107 1° erg st
cm2 arcsecond. A large boxy region with [N [I]/Hx > 1 is detected around the nucleus.

FIG. 9.— NGC 1482 in 4) RO continuum, §) Hey, (c) [N 11] A6583 andChandraX-ray contour map, anddj [N 1I]] A6583/Hx ratio. North is up and east to the
left. The crosses in each panel indicate the locations dfithepeaks in the red continuum. The flux scale of the emiski@nmaps is logarithmic, while the ratio
map is on a linear scale. The contour levels of the X-ray mamaB.0, 5.4, 17, and 169 107 counts 5! arcsecontf (based on an effective exposure time of
24.40 ksec). Note the tight match between the X-ray emismimhsome of the optical filaments.

F1G. 10.—ChandraX-ray contour map superposed on a very deep+HN Il] A6583 image of NGC 1482. North is up and east to the left. Thesa®indicate
the locations of the two peaks in the red continuum. The fladesis logarithmic. The contour levels of the X-ray map aeghme as in Figure 9. Filamentary line
emission is detected out to 7 kpc north-west of the nucleus, and perhaps out tb2 kpc to the north-east. Diffuse emission may also be ptesetr® kpc south
of the nucleus. A bright star on the eastern edge of the imagemmasked for display purposes; it may be responsible factafe ghosts that can be confused with
faint emission-line features.

FiG. 11.— Long-slit spectra of NGC 1482 centered on Bhd [N 1] A6583. The position angle of the slit in both spectra is pedtar to the galaxy disk
(North is up). In the left two panels, the slit is centered loa hucleus while it is offset’5Swest of the nucleus in the two panels on the right. The veésciire
relative to systemic (= 1915 knt§. The flux scale is logarithmic to emphasize the presencheofdint emission-line knot (indicated by the black circié) 3
kpc North and +400 km$, more easily visible in [N 1I] than at H.

FIG. 12.— NGC 1705 in&) RO continuum, I§) He, (c) [N 1] A6583, and d) [N II] A6583/Hx ratio. North is up and east to the left. The cross in each panel
marks the location of the red continuum peak. The flux scathe&mission-line maps is logarithmic, while the ratio mapn a linear scale. Note the well-known
arcs and bubble-like structures in this galaxy, and thermimg lack of structure in the excitation map across thesduires.

FIG. 13.— Inner regions of NGC 4388 ia) RO continuum, i) Ha, (c) [N 1I] A6583 andChandraX-ray contour map from Iwasawa et al. (2003), adyl[(N 1]
A6583/Hx ratio. North is up and east to the left. The cross in each paaeks the location of the radio continuum peak from FalckésaM, & Simpson (1998).
The flux scale of the emission-line maps is logarithmic, wliile ratio map is on a linear scale. Refer to Iwasawa et aQ3)2@r the values of the X-ray contour
levels and for more detail on the X-ray data. Note the gooctimbétween the X-ray emission and the emission-line filamanove the disk of the galaxy, and the
modest [N lI[/Hx ratios (< 0.7) in the extraplanar material.

FIG. 14.— QOuter regions of NGC 4388 in)(RO continuum, If) Ha, (c) [N 1I] A6583, andd) [N 1] A6583/Hx ratio. North is up and east to the left. The cross in
each panel marks the location of the radio continuum peak ffalcke, Wilson, & Simpson (1998). The flux scale of the emistine maps is logarithmic, while
the ratio map is on a linear scale. Note the modest [N H]#dtios (< 0.7) in the outer filaments.



12

1.5

[NII]/Ha

0.5 —

O | | ‘ | | ‘ | | ‘ | | ‘ | | ‘ |
0 9] 10 15 20 25

distance from nucleus (kpc)

FiG. 15.— [N 1] A6583/Hx ratios as a function of galactocentric distance in NGC 4388-pixel boxcar kernel was used to smooth the [N I/Hatio map.
The values shown in the figure represent the meantafhd around the mean calculated over regions containing frono 38® pixels. The [N Il]/Hx ratios beyond
~ 7 kpc generally stay below 0.7 and show no obvious gradient with distance from the mscle

FIG. 16.— Outer regions of NGC 6240 im)(RO continuum, if) He, (c) [N II] A6583 andChandraX-ray contour map from Komossa et al. (2003), ady (
[N 1] A6583/Hx ratio. North is up and east to the left. The crosses indidaepbsitions of the binary AGN in this object. The flux scaldtaf emission-line
maps is logarithmic, while the ratio map is on a linear scalee contour levels of the X-ray map are at 7.0, 14, 28, and X110 counts 5! arcsec? (based
on an effective exposure time of 37 ksec). Complex filamgngéanission extends over 70 80 kpc. Note the good match between the X-ray emission and the
high-[N I1]/H « loop and filament aR =~ 15-25 kpc and P.Ax 270°. These features are probably associated with a galacfiowut

FIG. 17.— Inner regions of NGC 6240 im) R0 continuum, I§) He, (c) [N 11] A6583 andChandraX-ray contour map from Komossa et al. (2003), ady[N 1]
A6583/Hx ratio. North is up and east to the left. The crosses indidaepbsitions of the binary AGN in this object. The flux scalehaf emission-line maps is
logarithmic, while the ratio map is on a linear scale. Thetoonlevels of the X-ray map are at 3.3, 10, 30, and600™* counts 5! arcsec? (based on an effective
exposure time of 37 ksec). Note the good match between thbtbriportions of the 5-kpc X-ray loop and a high-[N lIi#Heature aR ~ 5 kpc and P.A=x 290°.
Both features are probably associated with a galactic eutflo



13

FIG. 18.— NGC 7213 in4) the RO continuum,k) He, (c) [N II] A6583, and d) [N 1I]] A6583/Hx ratio. North is up and east to the left. The cross in each
panel marks the location of the red continuum peak. The flalesaf the emission-line maps is logarithmic, while theaatiap is on a linear scale. A line-emitting
filament is detected 19 kpc south-west of the nucleus, wgbihe the optical extent of NGC 7213. The existence of thisfdat has been independently confirmed
by Hameed et al. (2001). The broad diffuse emission offeredt from the nucleus in the TTF data is a reflective ghost.
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lines in the filament (see Fig. 20), this suggests that theéd is ionized by the diluted radiation from the central A@ther than by shocks.

FiG. 20.— Continuum-subtracted long-slit spectrum obtairled@the southern filament &~ 19 kpc and P.Az 110°. The flux scale for [O ] is linear and
in units of erg s cm2, while it is logarithmic for the other lines. The gas is blhié®d by ~ 200 km s with respect to the systemic velocity, 1148 km.sThis

velocity coincides with the neutral tidal gas detected byndad et al. (2001) at that same position.
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FIG. 21.— Circinus galaxy ind) the 2MASS K-band continuumb) high-resolution Hx map obtained withd ST (Wilson et al. 2000),d) [O Il]] A5007, and d)
ChandraX-ray contour map from Smith & Wilson (2001) superposed an[t II]] map. North is up and east to the left. The cross in gzantel marks the location
of the radio/X-ray nucleus of Smith & Wilson (2001). The fluxage of the emission-line maps is logarithmic, while theoratap is on a linear scale. Refer to
Smith & Wilson (2001) for the values of the X-ray contour lesveThe TTF reach a slightly fainter flux limit than the dataugilleux & Bland-Hawthorn (1997)
and reveal new emission-line featurgsl kpc west and north-west from the nucleus.

FIG. 22.— ES0484-G036 inaj the RO continuum, k) He, (c) [N II] A6583, and d) [N 1l]] A\6583/Hx ratio. North is up and east to the left. The cross in
each panel marks the location of the red continuum peak. Tikesflale of the emission-line map is logarithmic, while thgarmap is on a linear scale. Note the
cross-like structure indf and @), the high-[N Il]/Ha extraplanar material, and the [N IlJ&dminimum ~ 1 kpc south-west from the nucleus.

FiG. 23.— Deep kk and I-band images of the field surrounding the quasar MR 2PB3,+eproduced from Shopbell, Veilleux, & Bland-Hawth¢t999). Panels
(a) and ) are 1200-second exposures at redshifts of 0.0640 and®).6&=pectively, panet) is an I-band continuum image of the same field, and pat)ds(a
summed kv image. North is up and east to the left. The flux scale is Itigasic. A bright star (S), a nearby cluster galaxy (G1), andimiber of emission-line
knots from Macchetto et al. (1990) have been labeled. Thesam is detected on a scale~0f200 kpc.
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TABLE 1
SAMPLE
Name Redshift Nuclear Typ& Main Findings

NGC 1068 0.0038 AGN lonization cone detected ove20-kpc scale
NGC 1365 0.0055 AGN lonization cone detected ovet2-kpc scale
NGC 1482 0.0064 Starburst Galactic wind detected sv@0-kpc scale
NGC 1705 0.0021 Starburst Featureless [N 1/khap of~ 3-kpc wind region
NGC 4388 0.0084 AGN Complex of filaments detected ove&5-kpc scale
NGC 6240 0.0245 AGN/Starburst  Complex of loops and filamertsnding~ 70 x 80 kpc
NGC 7213 0.0060 AGN lonized tidal filamentat19 kpc from nucleus
Circinus Galaxy 0.0015 AGN/Starburst  Highly ionized filameout to~ 1.2 kpc from nucleus
ESO 484-G036 0.0162 Starburst Cross-like [N I/iFhap indicative of wind
MR 2251-178 0.0640 QSO Spiral-like nebula detected ev200-kpc scale

aThe redshifts are from the NASA Extragalactic Database (NED

bSee text for references to the nuclear spectral type.

TABLE 2
JOURNAL OF OBSERVATIONS

Run UT dates Telescope Instrument CCD % Dark Seeing
(1) (2 3 (4) ) (6) (7)
1i 1998 Aug 30, Sep 03 AAT RTTF MITLL2 14, 47 "B
2i 1999 Mar 04-06 WHT RTTF TEK2 14 '®-1"8
3i 2000 Feb 05-07, 14-16 AAT BTTF MITLL3 22,99 "B
4j 1999 Nov 28 AAT RTTF MITLL2 43 10-15
5i 2000 Feb 17-20 AAT BTTF MITLL3 0-6 13-2""8
6i 2000 Jul 28 AAT RTTF MITLL2A 91 13-176
7i 2000 Dec 15-17 AAT BTTF MITLL2A  24-45 15-2'5
8i 2002 May 16-20 AAT BTTF EEV2 41-83 B-4"0
1s 2001 Sep 18-20 MSSSO 2.3m DBS SITe 86-98 "4-1"'5
2s 2001 Dec 19 AAT RGO 25cm EEV2 79 "1

Note. — Col. (1): Observing run number. Suffix “i” refers toaging data, while suffix “s” refers
to long-slit spectroscopy. (2): Dates of observations.. @8): Telescope used for the observations.
AAT = Anglo-Australian 3.9-meter Telescope, WHT = Williamekschel 4.2-meter Telescope, and
MSSSO 2.3m = Mount Stromlo — Siding Springs 2.3-meter Telpsec Col.(4): Instrument used for
the observations. RTTF = Red Taurus Tunable Filter, BTTF weBlaurus Tunable Filter, DBS =
Double-Beam Spectrograph, and RGO 25cm = Royal Greenwidge®atory spectrograph equipped
with 25-cm camera. Col.(5): CCD used for the observation§.lM2/MITLL2A = 2048 x 4096 x 15
pm, MITLL3 = 2048 x 4096 x 15um (deep depletion), TEK2 = 1024 x 1024 x g, EEV2 = 2048
X 4096 x 13um (blue sensitive), and SITe = 1752 x 532 xA%. Col.(6): Phase of the Moon during
the observations. 100% = New Moon. Col.(7): Seeing in amsés during the night.
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Object Run Line Filter/Tilt  texp Aobs Aexp Acont A)ess CF/FS?  Straddle? Sens
(1) (2) ) (4) (%) (6) (7) (8) 9) (10) (11) (12)
NGC 1068 2i Hy 10/10 3600 6588 6588 (10/11) 11.0 N N 3.0
3i [oln B4/ 0 3663 5028 5026 4908 17.1 Y N 15
NGC 1365 7i [omy B4/ 0 2976 5034 5034 4994 5075 20.5 Y Y 69
Ho R0O/15 1x976 6600 6599 6554,6647 13.9 Y Y 8.5
[NH] R0O/15 1x976 6620 6619 6555,6647 15.7 Y Y 16
NGC 1482 7i Hy R0O/15 2976 6606 6605 6561,6653 14.0 Y Y 5.3
[NH] R0O/15 2x976 6627 6626 6562,6664 13.9 Y Y 4.5
NGC 1705 7i Hy R0O/15 3x976 6578 6577 6533,6625 16.8 Y Y 8.3
[NH] R0O/15 2x976 6597 6598 6533,6625 16.7 Y Y 8.4
NGC 4388 8i Hy R0O/15 4<976 6605 6618 6551,6652 15.5 Y Y 5.2
[NH] R0O/15 6x976 6628 6639 6554,6655 17.1 Y Y 4.6
NGC 6240 8i Hy RO/ O 6x976 6724 6723 6670,6772 15.5 Y Y 4.0
[NH] RO/ O 4%x976 6743 6745 6669,6770 16.6 Y Y 5.7
NGC 7213 4i Hv/[NI] RO/ O 6x611 a  6602,6623 a 27.1 Y N 12
6i Ha/[NII] RO/ O 6x300 b 6602,6623 b 8.3 N N 10
Circinus Galaxy  bi [omn B4/ 0 6<976 5017 5014 4987,5048 19.5 Y Y 39
ESO 484-G036 7i H RO/ O 1x976 6670 6669 6624,6718 15.9 Y Y 12
[NH] RO/ O 1x976 6692 6690 6624,6719 15.9 Y Y 11
MR 2251-178 1i kv R1/16 2<600 6983 6983 (LDSS1) 124 N N 2.5
Ho R1/16 2<600 6986 6983 (LDSS1) 124 N N 2.5

Note. — Col. (1): Name of target. Col. (2): Run number (see@@h. Col. (3): Emission line. [NII] =[N 11]A6583, [OlIl] =[O IlI]
A5007. Col.(4): Filter used and tilt in degrees. Col.(5):al@xposure time, in seconds. Col.(6-8): Observed, exddbtesed on the galaxy
systemic velocity), and continuum wavelengths at the cesfteach object. Col.(9): Effective bandpass in A. Col. (10pse of charge
shuffling and frequency switching technique (see §2). Cbl):(Use of the wavelength straddling mode (see §2). Cat.(@8nsitivity (~
1-0) of observations, in units of T8 erg s* cm ™ arcsecontdf.

aFor run 4i, NGC 7213 was observed at 6 different wavelengtla$which contain some line emission: 6585, 6594, 6603, 66834, anc
6643 (all in A, at the location of the line-emitting filament)

bFor run 6i, NGC 7213 was observed at 6 different wavelengtie§which contain some line emission: 6594, 6615, 6617, 66806, anc
6634 (allin A, at the location of the line-emitting filament)

TABLE 4

SPECTROSCOPI®BSERVATIONS

Object Run texp Slit PA description
1) (2) 3) (4) (5) (6)
NGC 1068 1s &1800 2'x6!7 6 along filament in NE ionization cone
2s 3x1800 2'x100’ 3 along filamentin NE ionization cone
NGC 1482 1s 151200 2Z'x6!7 103 1% North - 18’ South of disk
1x 600 2'x6!7 103 8 South of disk
1x 900 2'x6!7 103 nucleus
2x 300 2'x6!7 103 nucleus
6x1200 2'x6!7 13 nucleus
2s 1x1800 2'x100" 13 nucleus
1x1800 2'x100" 13 5’ Westof nucleus
NGC 7213 1s &1800 2'x6!7 110 along southern filament

Note. — Col.(3): Total exposure time, in seconds. Col.(4it stze (width x length), in
arcseconds. Col.(5): Position angle of slit, in degrees. @&): Location of the slit.



This figure "veilleux.figl.gif* is available in "gif* format from:

http://arxiv.org/ps/astro-ph/0308330y1



http://arxiv.org/ps/astro-ph/0308330v1

This figure "veilleux.fig2.gif* is available in "gif* format from:

http://arxiv.org/ps/astro-ph/0308330y1



http://arxiv.org/ps/astro-ph/0308330v1

This figure "veilleux.fig4.gif* is available in "gif* format from:

http://arxiv.org/ps/astro-ph/0308330y1



http://arxiv.org/ps/astro-ph/0308330v1

This figure "veilleux.fig5.gif* is available in "gif* format from:

http://arxiv.org/ps/astro-ph/0308330y1



http://arxiv.org/ps/astro-ph/0308330v1

This figure "veilleux.fig6.gif* is available in "gif* format from:

http://arxiv.org/ps/astro-ph/0308330y1



http://arxiv.org/ps/astro-ph/0308330v1

This figure "veilleux.fig7.gif* is available in "gif* format from:

http://arxiv.org/ps/astro-ph/0308330y1



http://arxiv.org/ps/astro-ph/0308330v1

This figure "veilleux.fig8.gif* is available in "gif* format from:

http://arxiv.org/ps/astro-ph/0308330y1



http://arxiv.org/ps/astro-ph/0308330v1

This figure "veilleux.fig9.gif* is available in "gif* format from:

http://arxiv.org/ps/astro-ph/0308330y1



http://arxiv.org/ps/astro-ph/0308330v1

This figure "veilleux.fig10.qgif" is available in "gif" format from:

http://arxiv.org/ps/astro-ph/0308330y1



http://arxiv.org/ps/astro-ph/0308330v1

This figure "veilleux.figll.qgif" is available in "gif" format from:

http://arxiv.org/ps/astro-ph/0308330y1



http://arxiv.org/ps/astro-ph/0308330v1

This figure "veilleux.figl2.qgif" is available in "gif" format from:

http://arxiv.org/ps/astro-ph/0308330y1



http://arxiv.org/ps/astro-ph/0308330v1

This figure "veilleux.fig13.qgif" is available in "gif" format from:

http://arxiv.org/ps/astro-ph/0308330y1



http://arxiv.org/ps/astro-ph/0308330v1

This figure "veilleux.figl4.qgif" is available in "gif" format from:

http://arxiv.org/ps/astro-ph/0308330y1



http://arxiv.org/ps/astro-ph/0308330v1

This figure "veilleux.figl6.qgif" is available in "gif" format from:

http://arxiv.org/ps/astro-ph/0308330y1



http://arxiv.org/ps/astro-ph/0308330v1

This figure "veilleux.figl7.qgif" is available in "gif" format from:

http://arxiv.org/ps/astro-ph/0308330y1



http://arxiv.org/ps/astro-ph/0308330v1

This figure "veilleux.fig18.qgif" is available in "gif" format from:

http://arxiv.org/ps/astro-ph/0308330y1



http://arxiv.org/ps/astro-ph/0308330v1

This figure "veilleux.fig20.qgif" is available in "gif" format from:

http://arxiv.org/ps/astro-ph/0308330y1



http://arxiv.org/ps/astro-ph/0308330v1

This figure "veilleux.fig21.qgif" is available in "gif" format from:

http://arxiv.org/ps/astro-ph/0308330y1



http://arxiv.org/ps/astro-ph/0308330v1

This figure "veilleux.fig22.qgif" is available in "gif" format from:

http://arxiv.org/ps/astro-ph/0308330y1



http://arxiv.org/ps/astro-ph/0308330v1

This figure "veilleux.fig23.qgif" is available in "gif" format from:

http://arxiv.org/ps/astro-ph/0308330y1



http://arxiv.org/ps/astro-ph/0308330v1

