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ABSTRACT
We present a detailed optical spectroscopic analysis of the high-ionization Seyfert galaxy Tololo

0109[383, which was classiÐed originally as a type 2 Seyfert nucleus. The high-ionization nuclear
emission-line region (HINER) (traced by e.g., [Fe X] j6374) of this galaxy is found to be spatially
extended. Although the total radial extent of the HINER amounts to D1.1 kpc, D70% of the HINER
emission is concentrated in the inner 220 pc in radius. The inner HINER in Tololo 0109[383 can be
interpreted by the photoionization model of Ferguson, Korista, & Ferland, while the extended HINER
suggests that low-density interstellar medium is also photoionized by high-energy continuum emission as
described by Korista & Ferland.

We Ðnd an extended low-ionization emission line region traced by Ha, [N II], and [S II] emission lines
with very narrow widths (\200 km s~1) at D2.2 kpc east of the nucleus. This region is characterized by
(1) the observed [N II]/Ha ratio, which is D0.8 ; (2) no measurable [O III] emission ; and (3) a low ioniza-
tion parameter, U D 6 ] 10~5. These properties can also be interpreted in terms of a photoionization
model.

As well as conÐrmation of the presence of broad emission in both Ha and Hb lines, we also Ðnd
optical Fe II emission features in our spectra. Since the optical Fe II emission is one of the important
characteristics of type 1 active galactic nuclei, it is shown that Tololo 0109[383 harbors a type 1 central
engine in its nucleus. Since the soft X-rayÈtoÈinfrared (60 km) luminosity ratio of Tololo 0109[383 is
higher than those of typical type 2 Seyfert nuclei, we consider that blocking by a dusty torus may be
incomplete and thus we are able to observe the type 1 nature of Tololo 0109[383.
Key words : galaxies : nuclei È galaxies : Seyfert

1. INTRODUCTION

It is known that about 40% of Seyfert galaxies show
high-ionization emission lines (ionization potential º100
eV), such as [Fe VII] j6087, [Fe X] j6374, [Fe XI] j7892,
and [Fe XIV] j5303, & Sargent(Oke 1968 ; Grandi 1978 ;

et al. Robertis & Osterbrock SincePenston 1984 ; De 1986).
these high-ionization lines are also seen in the solar corona
and were originally thought to arise from high-temperature
(T [ 105 K) regions around active galactic nuclei (AGNs),
they have been often referred as coronal lines &(Oke
Sargent However, there has been controversy regard-1968).
ing the origin of these emission lines (see below), and thus it
is still uncertain whether the high-ionization lines come
from regions with coronal temperatures. Therefore, in this
paper, we use the term high-ionization nuclear emission-
line region (HINER) instead of coronal line region (CLR).
HINER is a good physical contrast to LINER (low-ioniza-
tion nuclear emission-line region ; Heckman 1980).

There has been debate about the origin of the high-
ionization lines. The possible origins are summarized as
follows : (1) a hot, collisionally ionized gas with tem-
peratures of K & SargentT

e
D 106 (Oke 1968 ; Nussbaumer

& Osterbrock (2) a cool gas few times 104 K1970) ; (T
e
D a

1 Visiting Astronomer, Cerro Tololo Inter-American Observatory,
National Optical Astronomy Observatories, operated by the Association
of Universities for Research in Astronomy, Inc., under cooperative agree-
ment with the National Science Foundation.

and cm~3) photoionized by the central non-n
e
D 106

thermal continuum emission (Osterbrock 1969, 1981 ;
& Osterbrock (3) a low-Nussbaumer 1970 ; Grandi 1978) ;

density (e.g., cm~3) interstellar medium (ISM) pho-n
e
D 1

toionized by the central nonthermal continuum emission
& Ferland hereafter KF89) ; or (4) a com-(Korista 1989 ;

bination of shocks and photoionization by the central non-
thermal continuum emission & Contini(Viegas-Aldrovandi

See Korista, & Ferland for a recent1979). Ferguson, (1997)
detailed study of the physical conditions of HINERs based
on photoionization simulations.

HINERs tend to show intermediate properties between
broad-line regions (BLRs) and narrow-line regions (NLRs).
For example, emission-line widths of HINERs are system-
atically broader than those of low-ionization forbidden
lines (De Robertis & Osterbrock 1984, 1986 ; Osterbrock

& Pogge et al. It is1981 ; Osterbrock 1985 ; Penston 1984).
also known that the high-ionization lines are systematically
blueshifted to the low-ionization lines, e.g., ^[200 km s~1
(e.g., Further, presented evi-Grandi 1981). Veilleux (1991)
dence for the large blueward asymmetry in high-ionization
lines of a type I Seyfert galaxy Mrk 359. Since the high-
ionization lines have higher critical densities to(ncrD 107
1010 cm~3), it is likely that HINERs reside in the inner part
of the NLRs (e.g., et al. orOsterbrock 1969 ; Oliva 1994)
near the surface of the molecular/dusty tori irradiated by
the central engine & Voit If this is the case, the(Pier 1995).
HINER would come from a very compact region near the
nuclei. In fact, recent optical and near-infrared spectro-
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scopic studies of the high-ionization lines of AGNs show
that the HINERs are very compact (^10 pc) with a density
of D102 cm~3 et al. et al. On(Oliva 1994 ; Marconi 1994).
the other hand, et al. show that the HINER inGolev (1994)
the Seyfert galaxy NGC 3516 is spatially extended (several
kpc), which is consistent with the photoionization model
proposed by The above observations suggest thatKF89.
the major site of HINERs may be di†erent from AGN to
AGN. This makes it difficult to obtain a comprehensive
understanding of HINERs.

Since most of the previous studies have been based on
aperture spectrophotometry, it is difficult to study spatial
structures of HINERs. In this paper, we describe our long-
slit spectroscopy of the well-known high-ionization Seyfert
galaxy Tololo 0109[383 (\NGC 424\ ESO 296-4 ; Smith

Since the apparent luminosity of the1975 ; Lauberts 1982).
HINER of this galaxy is the brightest among nearby Seyfert
nuclei & Sansom hereafter FS83 ; &(Fosbury 1983, Durret
Bergeron hereafter DB88 ; this galaxy is1988, Durret 1990),
very suitable for a detailed study of HINER. Another inter-
esting property of Tololo 0109[383 is that its nucleus
exhibits marginal properties between type 1 and 2 Seyfert
nuclei. Although Tololo 0109[383 was originally classiÐed
as type 2 Seyfert & Durret(Smith 1975), Boisson (1986)
found that the reddening-corrected ultravioletÈtoÈnear-
infrared continuum spectrum of Tololo 0109[383 is almost
Ñat and is quite similar to those of Seyfert 1 nuclei. They
also found the broad component in the Ha emission. These
observational properties led them to conclude that Tololo
0109[383 has an obscured type 1 Seyfert nucleus. Durret

noted that Tololo 0109[383 is a unique object(1990)
among the candidates of obscured type 1 Seyfert nuclei,
because only this galaxy has unusually intense high-
ionization emission lines. Motivated by these interesting
properties, we present our new optical spectroscopy of
Tololo 0109[383.2

2. OBSERVATIONS

The spectroscopic observations of Tololo 0109[383
were obtained at the 1.5 m telescope of Cerro Tololo Inter-
American Observatory (CTIO), National Optical
Astronomy Observatories, in 1992 August and September.
The 1.5 m CCD spectrometer consists of a GEC CCD
detector system mounted on the f/7.5 Cassegrain spectro-
graph. The two gratings (Nos. 16 and 25) were used to
obtain blue (4000È5500 and red (6000È7000 spectra.Ó) Ó)
The spectral resolutions were 5.2 and 4.5 for the blue andÓ
the red spectral regions, respectively, with a 3A slit. We took
two sets of blue and red spectra and the total exposures
were 3600 and 2100, respectively. The data were reduced
with the use of IRAF. The reduction was made with a stan-
dard procedure ; bias subtraction and Ñat Ðelding were
made with the data of the dome Ñats. Flux calibration was
obtained using a CTIO standard star et al.(Hamuy 1992).
The observations were made in photometric conditions.
The two independent spectra were stacked into one spec-
trum for the blue and the red regions in order to improve
signal-to-noise ratios. The nuclear spectrum was extracted

2 We use a distance toward Tololo 0109[383 of 45.29 Mpc, which is
estimated with a recession velocity with respect to the Galactic Standard of
Rest, km s~1 Vaucouleurs et al. and a HubbleVGSR \ 3397 (de 1991)
constant of km s~1 Mpc~1. At this distance, 1A corresponds toH0\ 75
220 pc.

FIG. 1.ÈNuclear spectrum of Tololo 0109[383

for each spectral region with 3A aperture. The seeing size
derived from the spatial proÐle of the standard star is 1A.5
(FWHM) both in the blue and red spectra.

3. RESULTS

3.1. Emission-line Properties
The Ðnal blue and red spectra of the nuclear region are

shown in Faint emission features are separatelyFigure 1.
shown in which shows the presence of broad com-Figure 2,
ponent in both Ha and Hb emission. Further, an emission
bump between Hc and Hb is clearly observed in the blue
spectrum. It is most likely that this feature is attributed to
the Fe II j4570 blend (37 and 38). In order to estimate

FIG. 2.ÈFe II emission and other weak emission lines of Tololo
0109[383.
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emission-line Ñuxes, we made multicomponent Gaussian
Ðttings for both the blue and red spectra. The results are
shown in and respectively. Though the ÐttingFigures 3 4,
residual both in the Hb and Ha regions seems poor, adding
another component (i.e., intermediate broad lines or mul-
tiple components for narrow lines) could not improve the
Ðtting. Because increasing Gaussian components did not
change the emission-line Ñuxes signiÐcantly, the quality of
Ðtting does not a†ect the results and further discussion. In
the blue spectrum, other Fe II features are also seen near the
Hb (blend 42 and 43) and Hc (blends 27 and 28), which are
identiÐed as the components 7 and 13 in our Ðtting. Since
the line width of the Fe II j4570 emission seems to be very
large, the measured Ñux of the Fe II j4570 emission should
be regarded as an upper limit. The identiÐed emission lines
are summarized in Both the observed and theTable 1.
reddening-corrected intensities relative to that of Hb
narrow component are also given in The reddeningTable 2.
is estimated by using the Balmer decrement (the narrow
component ratio of Ha/Hb) following the usual manner
described in Assuming an intrinsic valueOsterbrock (1989).
of Ha/Hb ratio is 3.1 & Netzer Ferland &(Ferland 1983 ;
Osterbrock we obtain mag. This1985, 1986) A

V
\ 1.38

value is slightly di†erent from the previous estimates ; A
V

\
1.6 mag and 2.01 mag It is noted that the(FS83) (DB88).
reddening is typical for type 2 Seyfert Galaxies (D1.1 mag ;

& De Robertis The [O III] j5007 emission-Dahari 1988).
line width (460 km s~1) is close to a median value of type 2
Seyfert galaxies (510 km s~1 ; et al.Feldman 1982).

FIG. 3.ÈResult of multi-Gaussian component analysis for the blue
spectrum of Tololo 0109[383. The Fe II j4570 emission corresponds to
the feature No. 10. The broad component of Hb emission is No. 12. Fitting
was made with LDECONV developed by Michitoshi Yoshida.

FIG. 4.ÈResult of multi-Gaussian component analysis for the
Ha ] [N II] emission lines of Tololo 0109[383. The broad Ha component
is No. 4.

Tololo 0109[383 was originally classiÐed as a type 2
Seyfert galaxy because of the absence of broad line emission

However, & Durret found the(FS83).3 Boisson (1986)
broad component in the Ha emission. In we give aTable 2,
comparison between our results and the previous observ-
ations & Durret &(FS83 ; Boisson 1986 ; DB88). Boisson
Durret and used the same data taken with the(1986) DB88
ESO 3.6 m telescope. & Durret gave a briefBoisson (1986)
comment on the discovery of the broad Balmer component,
and gave their detailed analysis. The relative strengthDB88
of the broad Ha component in is signiÐcantly largerDB88
than ours. Since our slit width (3A) is wider than theirs (2A), it
is possible that the relative strength of the broad component
in our measurement is weaker than theirs. However, we
cannot rule out another possibility of time variation
because the BLR emission indicates frequently signiÐcant
time variations both in the Ñux and in the proÐle shape (e.g.,
Peterson 1993).

The high-ionization Seyfert galaxies tend to show few or
no optical Fe II emission lines see,(Osterbrock 1981 ;
however, & Sargent However, as well as theKunth 1979).
conÐrmation of the presence of broad emission, our Ðnding
of the Fe II emission supports the type 1 nature of Tololo
0109[383, because the optical Fe II emission lines are con-
sidered to arise from warm neutral zone (e.g., KT

e
^ 104

and in the BLR (PhillipsnH0/nH`
^ 10) 1978a, 1978b ; Joly

The dereddened Fe II ratio, D3.5, is1991). j4570/Hbbroad

3 Although the trace of broad Ha component in the spectrum in FS83
can be seen, they did not mention the broad component.
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TABLE 1

EMISSION-LINE DATA

jobs jrest FWHMa
IdentiÐcation (Ó) (Ó) (km s~1) F/F(Hb N)b I/I(Hb N)c

[Ne III]] Hv . . . . . . . 4013.6 3969.3 338 0.202 0.273
[S II]] [Fe V] . . . . . . 4117.1 4071.6 341 0.147 0.192
Hd . . . . . . . . . . . . . . . . . . . . 4147.4 4101.6 938 0.314 0.407
Fe II? . . . . . . . . . . . . . . . . 4263.8 4216.7 5069 0.373 0.466
Hc . . . . . . . . . . . . . . . . . . . . 4389.5 4341.0 441 0.492 0.589
[O III] . . . . . . . . . . . . . . . 4410.9 4362.2 386 0.299 0.356
Fe II . . . . . . . . . . . . . . . . . . 4660.9 4609.4 15392 3.178 3.509
He II . . . . . . . . . . . . . . . . . 4739.3 4687.0 389 0.307 0.328
Hb N . . . . . . . . . . . . . . . . 4915.6 4861.3 348 1.000 1.000
Hb B . . . . . . . . . . . . . . . . . 4918.5 4864.2 3833 0.610 0.610
[O III] . . . . . . . . . . . . . . . 5014.4 4959.0 341 2.038 1.963
[O III] . . . . . . . . . . . . . . . 5062.9 5007.0 338 6.014 5.683
Fe II? . . . . . . . . . . . . . . . . 5034.6 4979.0 5326 1.036 0.990
[Fe VII] . . . . . . . . . . . . . . 5216.8 5159.2 437 0.099 0.088
[N I] . . . . . . . . . . . . . . . . . 5263.4 5205.3 330 0.049 0.042
[Fe XIV] . . . . . . . . . . . . . 5363.3 5304.1 1638 0.423 0.356
[O I] . . . . . . . . . . . . . . . . . 6373.8 6301.8 405 0.292 0.187
[O I] . . . . . . . . . . . . . . . . . 6438.0 6365.4 401 0.097 0.061
[Fe X] . . . . . . . . . . . . . . . 6448.7 6375.9 349 0.302 0.190
[N II] . . . . . . . . . . . . . . . . 6623.2 6548.5 383 0.679 0.410
Ha N . . . . . . . . . . . . . . . . 6638.2 6563.3 382 5.155 3.100
Ha B . . . . . . . . . . . . . . . . . 6627.8 6553.0 1582 1.896 1.143
[N II] . . . . . . . . . . . . . . . . 6658.9 6583.8 381 2.003 1.201
He I . . . . . . . . . . . . . . . . . . 6754.3 6678.1 210 0.039 0.023
[S II] . . . . . . . . . . . . . . . . . 6795.8 6719.2 209 0.415 0.244
[S II] . . . . . . . . . . . . . . . . . 6810.4 6733.6 208 0.422 0.247
[Ar III] . . . . . . . . . . . . . . . 7217.8 7136.4 301 0.185 0.101
[O II] . . . . . . . . . . . . . . . . 7405.2 7321.7 336 0.107 0.057
[O II] . . . . . . . . . . . . . . . . 7416.4 7332.7 335 0.064 0.034

a Corrected for the instrumental width.
b F(Hb N)\ 4.00] 10~14 ergs s~1 cm~2.
c The reddening-corrected relative intensities.

quite large, because most of the Seyfert 1 galaxies have
ratios less than 1 (cf. Joly 1991). Since the so-called extreme
Fe II emitters have the observed ratios ranging from 2 to 6

& Kunth et al.(Bergeron 1980 ; Lawrence 1988 ; Lipari,
Terlevich, & Macchetto we consider that Tololo1993),

0109[383 belongs to a class of the extreme Fe II emitters,
although its absolute Ñux is much lower than those of the
previously known extreme Fe II emitters.

In our blue spectrum, a weak emission line is detected at
j5304.1 in the rest frame. This emission feature was pre-

TABLE 2

A COMPARISON OF OUR DATA WITH PREVIOUS DATA

FS83a BD86b DB88c Ours

Date . . . . . . . . . . . . . . . . . . . . . . . . . . . 77-07-21 78-09-04 78-09-04 92-08-31
Telescope . . . . . . . . . . . . . . . . . . . . . AAT 3.9 m ESO 3.6 m ESO 3.6 m CTIO 1.5 m
Detector . . . . . . . . . . . . . . . . . . . . . . . IPCS IPCS IPCS CCD
Slit width (arcsec) . . . . . . . . . . . . 1.0 2.0 2.0 3.0
Flux (10~14 ergs s~1 cm~2) :

F(Hb N) . . . . . . . . . . . . . . . . . . . . 2.50d . . . 5.80 4.00
F(Hb B) . . . . . . . . . . . . . . . . . . . . 0.0 . . . 3.30 2.44
F(Ha N) . . . . . . . . . . . . . . . . . . . . 24.6d,e . . . 39.1 20.6
F(Ha B) . . . . . . . . . . . . . . . . . . . . 0.0 . . . 31.0 7.58
F(Ha N)/F(Hb N) . . . . . . . . . 9.84 . . . 6.74 5.16
F(Ha B)/F(Hb B) . . . . . . . . . . . . . 6.8 9.39 3.11
F(Hb N)/F(Hb B) . . . . . . . . . . . . . . . 1.76 1.64
F(Ha N)/F(Ha B) . . . . . . . . . . . . . . . . 1.26 2.72

FWHM (km s~1)
Ha B . . . . . . . . . . . . . . . . . . . . . . . . . . . 1800 . . . 1582
Hb B . . . . . . . . . . . . . . . . . . . . . . . . . . . 1800 . . . 3883

A
V

(mag) . . . . . . . . . . . . . . . . . . . . . . 1.6 . . . 2.01 1.38

& Sansoma Fosbury 1983.
& Durretb Boisson 1986.

& Bergeronc Durret 1988.
d This value should be increased by between 25% and 100% because of the di†erence in slit

size between the galaxy and the standard star.
e The contribution of [N II] jj6548, 6584 emission is included in this Ñux.
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viously assigned as [Fe XIV] j5303 or [Ca V] j5309 (cf.
This feature was also observed in other high-FS83).

ionization Seyfert galaxies, such as III Zw 77 (Osterbrock
et al. Since the rest wavelength mea-1981 ; Alloin 1992).

sured here (5304.1 is much closer to [Fe XIV] j5303 thanÓ)
to [Ca V] j5309, the identiÐcation of [Fe XIV] seems more
probable for the case of Tololo 0109[383. Therefore, we
will refer this line as [Fe XIV] below. However, the line
width is signiÐcantly broader than those of other emission
lines ; we cannot rule out some contribution of the [Ca V]
j5309 emission.

Finally, we investigate the ionization and the density
structure of the HINER, as well as the NLR in Tololo
0109[383. It is known that the positive correlation
between FWHM and is found particularly for type 2ncrSeyfert nuclei while that between FWHM and ionization
potential for type 1s Alloin, & Fosbury(Pelat, 1981 ;

De Robertis & OsterbrockFillpenko 1985 ; 1984, 1986 ;
This di†erence may be interpreted as dueOsterbrock 1989).

to the di†erence of the gas density distribution in NLRs
between type 1 and 2 Seyfert nuclei (e.g., Osterbrock 1989) ;
there is little radial variation of electron density in the
NLRs of type 1Ïs while for type 2Ïs. Although thisn

e
P r~2

di†erence has not yet been fully understood, it may be due
to the orientation e†ect ; i.e., the NLRs of type 1Ïs are sys-
tematically viewed from pole-on, while those of type 2Ïs are
viewed from edge-on & Kinney First we(Schmitt 1996).
study a correlation between FWHM and critical density

for the collisionally excited emission lines. In(ncr) Figure 5,
we show the diagram of FWHM versus for Tololoncr0109[383 and III Zw 77, which is one of the highest ioniza-
tion Seyfert 1 galaxies Positive corre-(Osterbrock 1981).
lations are found for both the galaxies, while the correlation
is better for III Zw 77 than for Tololo 0109[383. Next, we
show a diagram of FWHM versus ionization potential for
both the galaxies in Although there is a signiÐcant,Figure 6.
positive correlation for III Zw 77, there is little correlation
for Tololo 0109[383, particularly for the emission lines
with ionization potentials of 0È250 eV. Since the both corre-

FIG. 5.ÈDiagram of FWHM (km s~1) vs. critical density, (cm~3),ncrfor the forbidden emission lines for Tololo 0109[383 (top) and III Zw 77
(bottom).

FIG. 6.ÈDiagram of FWHM (km s~1) vs. ionization potential for the
forbidden emission lines for Tololo 0109[383 (top) and III Zw 77 (bottom).

lations for Tololo 0109[383 are relatively poor, the density
and ionization structure in this galaxy is not interpreted in a
simple way.

3.2. Spatial Distribution of the Emission-L ine Regions
In order to understand the origin of HINERs in Seyfert

nuclei, it is crucial to study spatial structures of the
HINERs in detail. If high-ionization lines such as [Fe XIV],
[Fe X], and [Fe VII] arise either from inner parts of the
NLR (cf. et al.Osterbrock 1969 ; Grandi 1978 ; Penston

et al. et al. or from an1984 ; Oliva 1994 ; Ferguson 1997)
inner surface of molecular/dusty tori & Voit the(Pier 1995),
HINERs would be observed just near the nuclei. On the
other hand, if the HINERs arise from the low-density ISM
photoionized by the central continuum source, their geo-
metric sizes become of order 1 kpc, and thus the HINERs
would be resolved spatially et al.(KF89 ; Golev 1994).

First, we show the slit proÐles of the emission lines
together with those of the blue and red continuum emission
in Their spatial extents (FWHM both in arcsecondsFig. 7.
and parsecs) are summarized in The values ofTable 3.
FWHM scatter from 500 pc (Hb, [O III], the blue
continuum) to 800 pc (He II, [O I], Ha ] [N II], and so on).
However, there is no tendency that the higher-ionization
emission lines have centrally concentrated distribution. The
red continuum has a wider FWHM than the blue one. This
may be due to the e†ect of red stars in the nuclear bulge
because the host galaxy of Tololo 0109[383 is an early-
type (Sa) disk galaxy & Bergeron(Smith 1975 ; Durret
1987).

In order to see more detailed spatial distributions of the
emission-line region, we show continuum-subtracted
images of some bright and interesting emission lines in Fig.

The most remarkable line is [Fe X] j6374, because it is8.
more extended than the other low-ionization lines. Since the
wavelength of [Fe X] j6374 is close to that of [O I] j6364,
these two emission lines are observed as a single emission
component in our spectrum. The strength of [O I] j6364 is
one-third of that of [O I] j6300 Since,(Osterbrock 1989).
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FIG. 7a FIG. 7b

FIG. 7.ÈSpatial extent (slit proÐle) of emission-line and continuum emission regions : (a) blue spectral region and (b) red spectral region

TABLE 3

SPATIAL SIZES OF THE CONTINUUM AND

EMISSION-LINE REGIONS

FWHMa FWHMa
Emission (arcsec) (pc)

Blue spectral region :
He II j4686 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3.88 853
Hb j4861 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2.20 484
[O III] j4959, 5007 . . . . . . . . . . . . . . . . . . . . . 2.26 497
[Fe XIV] j5303 . . . . . . . . . . . . . . . . . . . . . . . . . . 2.28 502
Blue continuumb . . . . . . . . . . . . . . . . . . . . . . . 2.56 563

Red spectral region :
[O I] j6300 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3.27 719
[O I] j6364 ] [Fe X] j6374 . . . . . . . . . . 3.46 761
Ha j6563 ] [N II] jj6548, 6584 . . . . . . 3.92 862
[S II] jj6717, 6731 . . . . . . . . . . . . . . . . . . . . . 3.61 794
Red continuumc . . . . . . . . . . . . . . . . . . . . . . . . 3.46 761

a Corrected for the seeing size.
b Blue continuum: j5110Èj5170 in the observed frame.
c Red continuum: j6490Èj6550 in the observed frame.

however, the strength of [O I] j6364 ] [Fe X] j6374 emis-
sion feature is almost comparable to that of [O I] j6300, it
turns out that the [Fe X] emission is fairly strong in the
central ^3A nuclear region. shows the spatialFigure 9
variation of [O I] j6300, 6364 and [Fe X] j6374 emission-
line features in detail. Assuming F([O I] j6364) \ F([O I]
j6300)/3, we estimate the Ñux contribution of the [Fe X]
j6374 emission There is a tendency that the [Fe(Table 4).
X]Èemitting region is more intense in the western direction.
It is remarkable that the [Fe X] emission line can be seen,
while the [O I] j6300 emission seems to disappear even in
both the west and east regions. Namely, the [Fe X]4A.8 4A.8
emitting region is extended up to 5A in radius
(corresponding to 1.1 kpc), being more extended than the
NLR traced by [O I]. It is, however, noted that about 67%
of the total [Fe X] emission comes from the inner 2A (440 pc)
region in diameter (see In conclusion, theTable 4).
[Fe X]Èemitting region is concentrated mostly in the

TABLE 4

SPATIAL VARIATION OF THE ([O I] X] j6374)/[O I] j6300 RATIOj6364 ] [Fe

Position F([O I] j6300) F([O I] j6364 ] [Fe X] j6374) F([Fe X] j6374)a
(arc sec) (10~15 ergs s~1 cm~2) (10~15 ergs s~1 cm~2) (10~15 ergs s~1 cm~2)

E4.8 . . . . . . \0.47b 1.46 ^ 0.14 1.3c
E2.9 . . . . . . 2.31^ 0.17 2.57 ^ 0.18 1.8
E1.0 . . . . . . 6.73^ 0.15 8.20 ^ 0.17 6.0
W1.0 . . . . . . 5.94^ 0.16 8.61 ^ 0.18 6.6
W2.9 . . . . . . 1.62^ 0.12 2.89 ^ 0.19 2.4
W4.8 . . . . . . \0.35b 0.92 ^ 0.14 0.8c

a F([Fe X] j6374)\ F([O I] j6364 ] [Fe X] j6374) [ F([O I] j6300)/3.
b 3 p upper limit.
c Lower limit.
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FIG. 8.ÈContinuum-subtracted emission-line images : (a) He II j4686 ; (b) Hb ; (c) [O III] j4959, 5007 ; (d) [Fe XIV] j5303 ; (e) [O I] j6300 ; ( f ) [O I]
j6364 ] [Fe X] j6374 ; (g) Ha ] [N II] j6548, 6583 ; and (h) [S II] j6717, 6731. The extended emission-line region is seen in the Ha and [N II] emission-line
image around 11A east of the nucleus.

central several 100 pc region while extended to a radius of
D1 kpc. This result implies that the HINER in Tololo
0109[383 is not an intermediate region between the NLR
and BLR. Our result is basically consistent with the model
proposed by in which the HINERs arise from ISMKF89
photoionized by the central continuum emission. The
observed [S II] doublet ratio in the central ^3A region,
[S II] j6717/[S II] j6731 D 1, yields K)]1@2n

e
^ 600[T

e
/(104

cm~3. On the other hand, we can see that the [S II] j6731
intensities are fairly weaker than those of [S II] j6717 ones
at region from the nucleus (see suggesting^4A.8 Fig. 9),

cm~3. Therefore we consider that the outern
e
> 100

HINER in Tololo 0109[383 is interpreted well by KF89
models.

3.3. An Eastern L ow-Ionization Emission-L ine Region
In we Ðnd an extended emission-line regionFigure 8g,

around 11A east from the nucleus. In we show theFigure 10,
blue and red spectra of this eastern emission-line region that
are extracted with a (^840 pc) aperture at 11A east from3A.8
the nucleus. The very narrow Ha [N II], and [S II] emission
lines are seen evidently in the red spectrum, although there
is no signiÐcant emission line in the blue spectrum, suggest-

ing that the ionization level is quite low. The observed
Ñuxes of the detected emission lines are given in Table 5.
Given that the [N II]/Ha ratio is D0.8 and that there is no
measurable [O III] emission, this emission-line region is
classiÐed as a LINER &(Heckman 1980 ; Veilleux
Osterbrock 1987).

In order to study the ionization in this region, we esti-
mate an ionization parameter, U (the ratio of ionizing
photon density to the eletron density). First we estimate the

TABLE 5

SPECTRAL PROPERTIES OF THE EXTENDED EASTERN

EMISSION-LINE REGION

jobs FWHM
IdentiÐcation (A� ) (km s~1) F/F(Ha)a

[N II] j6548 . . . . . . 6621.0 \200 0.267
Ha . . . . . . . . . . . . . . . . . 6635.9 \200 1.000
[N II] j6584 . . . . . . 6656.7 \200 0.788
[S II] j6717 . . . . . . 6791.1 \200 0.338
[S II] j6731 . . . . . . 6805.7 \200 0.275

a F(Ha) \ 1.27] 10~15 ergs s~1 cm~2.
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FIG. 9.ÈProÐle variations of the [O I] j6300 and [O I] j6364 ] [Fe X]
j6374 emission lines along the slit.

number of the ionizing photons. The Ha Ñux, 1.27 ] 10~15
ergs cm~2 s~1, integrated over the area of (\8403A.8 ] 3A.0
pc] 660 pc) gives the Ha luminosity, L Ha ^ 3.12 ] 1038
ergs s~1, giving the number of Ha photons, 1.03 ] 1050

FIG. 10.ÈBlue and red spectra of the eastern low-ionization emission-
line region. The nuclear spectra are also shown for reference.

photons. Since 2.2 ionizing photons produce an Ha photon
the number of ionizing photons derived(Osterbrock 1989),

from this Ha luminosity is Q^ 2.3] 1050 photons s~1. The
observed [S II] doublet ratio, [S II] j6717/[S II]
j6731 \ 1.23^ 0.17, gives an electron density, n

e
^ 200

K)]1@2 cm~3, where is the electron temperature[T
e
/(104 T

eHowever, regarding the error of the [S(Osterbrock 1989).
II] ratio, we cannot exclude the possibility that the electron
density is much smaller than the value above, because the
[S II] doublet ratio is close to the low density limit value.
The ionization parameter can be estimated as U \Q/(Scn

e
)

where c is the light velocity and S is the total area of
emission-line region irradiated by the central engine. This
area can be given by S \ w] (660 pc), where w is the thick-
ness of the emission-line region in the line of sight. Then we
derive U D 6 ] 10~5[w/(100 pc)]~1. Although there is an
uncertainty in the thickness, w, this ionization parameter
may be smaller than typical values for LINERs (D10~3È
10~4 : cf. & Netzer But, asFerland 1983 ; Osterbrock 1989).
we stated above, if the electron density is signiÐcantly
smaller than 200 cm~3, the ionization parameter will be a
typical value.

This extranuclear emission-line region is observed in the
direction at which the [Fe X] emission is weaker. Along this
direction, there is a pair of radio continuum jets (Ulvestad
& Wilson The eastern radio component is also1989).
weaker than the western one. This suggest that the non-
thermal continuum emission from the nucleus has the two
favored directions with di†erent quality and/or quantity of
the continuum emission. This di†erence may be due to the
asymmetrical distribution of the gas and dust contents in
the circumnuclear region of Tololo 0109[383.

4. DISCUSSION

4.1. W here is the HINER in AGN?
One of the most important questions about the HINERs

is their location. There are three alternatives : (1) the inner
surface of molecular/dusty tori & Voit (2) the(Pier 1995) ;
inner regions of NLRs et al. or (3) the(Ferguson 1997) ;
outer regions of NLRs or the low-density ISM in the cir-
cumnuclear region The Ðrst two cases imply that(KF89).
the HINERs are centrally concentrated in the nuclear
regions. Since the typical inner radii of tori in Seyfert nuclei
are D1 pc (cf. Pier & Krolik the HINERs1992, 1993),
associated with tori are really compact emission-line
regions. If the HINERs arise from the inner NLRs, the
maximum dimension of the HINER is pc,r D 400L 43.51@2
where is the ionizing luminosity in units of 1043.5 ergsL 43.5s~1 under cm~3 et al. Theirn

e
D 102 (Ferguson 1997).

models also suggest that the higher ionization lines tend to
be more centrally concentrated ; e.g., the very high-
ionization lines such as [Fe XIV] j5303 and [Fe XI] j7892
arise from the very inner region (r \ 1 pc), while the typical
lines such as [Fe VII] j6087 and [Fe X] j6374 can come
from r \ 100 pc region. On the other hand, the third model
suggests that typical dimensions of HINERs are of order 1
kpc (KF89).

The present study has shown that the HINER of Tololo
0109[383 is spatially extended up to 1.1 kpc in radius.
Therefore, the third model is the most appropriate one for
this galaxy. Although, however, considered that theKF89
most high-ionization emission lines come from extended,
very low-density cm~3) ISM, the majority of the(n

e
D 1
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TABLE 6

HIGH-IONIZATION IRON EMISSION-LINE RATIOS

F([Fe VII] j6087)/ F([Fe XIV] j5303)/
Model Parameters F([Fe X] j6374) F([Fe X] j6374)

KF 89a, photoionization . . . . . . n
e
\ 1 cm~3 1.04 0.095

n
e
\ 3 cm~3 0.77 0.098

n
e
\ 10 cm~3 0.62 0.079

VAC 89b, shock . . . . . . . . . . . . . . . Vshock \ 100 km s~1 ?1 . . .
Vshock \ 300 km s~1 0.71 . . .
Vshock \ 500 km s~1 0.57 . . .

Observations :
FS 83c . . . . . . . . . . . . . . . . . . . . . . . . 1.47 0.62
This study . . . . . . . . . . . . . . . . . . . . . . 1.87

& Ferlanda Korista 1989.
& Continib Viegas-Aldrovandi 1989.

& Sansomc Fosbury 1983.

high-ionization emission lines come from the inner 440 pc
region. It is noted that the electron density in the inner 440
pc region is estimated to be K)]1@2 cm~3.n

e
D 600[T

e
/(104

et al. give the maximum dimension of aFerguson (1997)
HINER is pc, where is the ionizing lumi-r D 400L 43.51@2 L 43.5nosity in units of 1043.5 ergs s~1 under cm~3. Then

e
D 102

IRAS 60 and 100 km Ñuxes give a far-infrared (FIR)
ergs s~1. Although the softluminosity4 L FIR ^ 2 ] 1043

X-ray luminosity (0.5È4.5 keV) is about ergsL X ^ 2 ] 1041
s~1 Anderson, & Ward the bolometric lumi-(Green, 1992),
nosity is estimated to be of order 1043 ergs s~1, taking the
above FIR luminosity into account. Therefore, the observed
dimension of the inner HINER is almost consistent with
their expectation. On the other hand, the outer HINER
region (i.e., 220 pc\ r \ 1100 pc) is, however, interpreted
by the model. This outer region also has an electronKF89
density of K)]1@2 cm~3. However, this elec-n

e
D 100[T

e
/(104

tron density is estimated using the [S II] doublet ratio, and
thus it is not necessary to consider that the typical electron
density in the outer HINER is the same as the above value.
As discussed in the average electron density at r D 1° 3.3,
kpc is estimated to be of order 1 cm~3. It is thus likely that
the NLR may have density inhomogeneity more or less. If
some low-density blobs in the outer NLR are exposed to
the central continuum source, they would become sites of
HINERs. In conclusion, the HINER in Tololo 0109[383
can be understood by the hybrid model between Ferguson
et al. and(1997) KF89.

Finally, we examine whether the HINER is related to the
Fe II emitting region. It is known that the majority of type 1
Seyfert galaxies with stronger Fe II emission tend to have
narrower Hb emission-line widths than those without Fe II

emission (cf. & OÏBrien In particular, someZheng 1990).
strong Fe II Seyfert galaxies without BLRs (e.g., I Zw 1) are
classiÐed as narrow-line Seyfert 1 galaxies (Sargent 1968 ;

& Pogge & Oke SinceOsterbrock 1985 ; Halpern 1987).
Tololo 0109[383 shares the nature of narrow-line Seyfert 1
galaxies, it is interesting to study whether or not the Fe II

emission is correlated to the high-ionization iron emission.
In we show a diagram of Fe II j4570/Hb versusFigure 11,
[Fe VII] j6087/Ha for the Seyfert nuclei in which both the
Fe II and [Fe VII] emission lines are observed (Osterbrock

4 The FIR luminosity is estimated using L FIR \ 4nD2[1.25 ] 10~11
where D is the distance to Tololo 0109[383 and(2.58S60 km ] S100 km)],

and are the IRAS 60 and 100 km Ñuxes (Jy) respectivelyS60 km S100 kmgiven in the IRAS Faint Source Catalog et al.(Moshir 1992).

It is shown that there is no clear1977 ; Phillips 1978a).
correlation between the two ratios. It is usually considered
that the optical Fe II emission comes from the warm neutral
zone in the BLRs (e.g., Osterbrock 1989 ; Netzer 1990).
Therefore, we conclude that the HINERs are not physically
related to the BLRs traced by the Fe II emission.

4.2. W hat is the Ionization Source of HINER?
The spatially extended structure of the HINER in Tololo

0109[383 can be understood by the photoionization
models by et al. and & FerlandFerguson (1997) Korista

In order to study further the dominant physical(1989).
process in the HINER, we compare the observed high-
ionization iron emission-line ratios with some mood results
in Since our spectra do not cover the wavelengthTable 6.
region where [Fe VII] j6087 emission is present, the
observed Ñux ratio of [Fe VII] j6087/[Fe X] j6374 for
Tololo 0109[383 is taken from The comparisonFS83.
shows that the observed [Fe VII]/[Fe X] ratio may be

FIG. 11.ÈDiagram of [Fe VII] vs. Fe II forj6087/Hbbroad j4570/Hbbroadthe Seyfert galaxies, in which both the [Fe VII] j6087 and Fe II j4570
features are unambiguously detected. The data point for Tololo 0109[383
is shown by the open circle, while the other Seyfert galaxies are shown by
Ðlled circles.
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explained by both the photoionization model by andKF89
the shock model by & ContiniViegas-Aldrovandi (1989).
However, the observed [Fe XIV] j5303/[Fe X] j6374 ratio is
too high to be explained by both the models. Since, as
discussed in the observed [Fe XIV] j5303 line may be° 3.1,
contaminated by the [Ca V] j5309 emission, we do not take
account of this problem seriously. However, if the unusually
strong [Fe XIV] j5303 emission is real, we would have to
consider some other mechanism which can be responsible
for the enhancement of this emission.

In order to study the ionization source from a statistical
point of view, we examine correlations among some inter-
esting emission-line ratios of the HINERs in Seyfert nuclei.
In we show a diagram of emission-line ratiosFigure 12,
between [Fe X] j6374/Ha and [Fe VII] j6087/Ha for Seyfert
1.5 and 2 galaxies and narrow-line radio galaxies (NLRGs)
(Osterbrock &1977, 1981, 1985 ; Koski 1978 ; Cohen
Osterbrock & Osterbrock1981 ; Costero 1981 ; Cohen

& Osterbrock1983 ; Shuder 1981 ; Murayama 1995).
Although the data points show a large scatter, there is a
loose correlation between the two ratios. This suggests that
there is a dominant, single mechanism for the ionization
and excitation of these high-ionization lines. In Figure 13,
we also show a diagram of emission-line ratios between
[Fe VII] j6087/Ha and [O III] j5007/[O II] j3727. The
correlation appears better than that in Since theFigure 10.
[O III] and [O II] emission lines are attributed to the photo-
ionization by the central nonthermal continuum source,
this good correlation implies tht the major ionization and
excitation mechanism of the high-ionization lines is also
due to the photoionization by the central nonthermal con-
tinuum source. The scatters in the diagrams (Figs. and12 13)
suggest either that some other physical mechanisms also
work for the ionization and excitation such as shocks

& Contini or that the emitting(Viegas-Aldrovandi 1989)
regions of HINERs are systematically di†erent from those
of intermediate-ionization lines like [O III] et al.(Ferguson
1997).

FIG. 12.ÈDiagram of [Fe VII] j6087/Ha vs. [Fe X] j6374/Ha for
Seyfert galaxies. The symbols are as follows : type 2 Seyferts ( Ðlled circle),
type 1.5 Seyferts ( Ðlled triangle), and narrow-line radio galaxy ( Ðlled
square). Tololo 0109[383 is show by the big Ðlled circle.

FIG. 13.ÈDiagram of log ([Fe VII] j6087/Ha) vs. log ([O III] j5007/
[O II] j3727) for Seyfert galaxies. The symbols are the same as those in
Fig. 12.

et al. discussed the origin of high-Marconi (1994)
ionization lines in some Seyfert nuclei as well as Tololo
0109[383 based on the near-infrared [Si VI] 1.962 km to
the optical [Fe VII] j6087 ratio. They showed that some
HINERs (e.g., IC 4329A and Mrk 463) are explained well
by the photoionization of a compact (10 pc), dense (n

e
D

102È106 cm~3) region by a central nonthermal source with
a spectral index a \ [3 to [2 (where However,fl P la).
the HINERs of Tololo 0109[383 and the remaining
Seyfert galaxies are not explained solely by the photoioniza-
tion model. If we consider a possibility of shock heating
again, the [Si VI]/[Fe VII] ratio (0.26) observed in Tololo
0109[383 favors relatively high-velocity shocks (Vshock\300È500 km s~1). On the other hand, the observed [Fe VII]
j6087/[Fe X] j6374 ratio favors the low-velocity (Vshock \
100 km s~1) as shown in If the shock model wouldTable 6.
be applicable, we may take another factor into account like
density inhomogeneity in the shocked region to solve this
dilemma. Note that [Ca II] jj7291, 7324 would be strong
enough to be observed, if shock destroyed dust grains and
brought calcium into the gas phase (Ferland 1993 ;

Ferland, & Feibelman &Kingdon, 1995 ; Villar-Martin
Binette 1996, 1997).

The above arguments imply that the photoionization
models have more merit to explain the nature of HINERs
than do the shock models. et al. found thatPenston (1984)
the [Fe X] emission-line Ñuxes of the HINERs are pro-
portional to that of the Hb, suggesting also that the [Fe X]
emission is due to the photoionization by the central non-
thermal continuum. However, the recent Hubble Space
Telescope observations of NLRs of four type 2 Seyfert gal-
axies have shown that the NLRs are spatially correlated
well with the radio outÑows, suggesting that the shock
heating is responsible for the NLRs et al.(Capetti 1996).
Further, & Sutherland presented their newDopita (1995)
shock heating models, which can be responsible for the
observed nature of NLRs in AGNs. The high-ionization
lines will be useful in future study to understand the funda-
mental ionization mechanisms in AGNs.
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4.3. W hat is Tololo 0109[383?
Although the basic properties of Tololo 0109[383 are

quite similar to those of type 2 Seyfert galaxies, it has the
following type 1 properties : (1) the presence of broad com-
ponent in the Balmer emission, though its luminosity is
fairly low; (2) the presence of optical Fe II features ; and (3)
the presence of HINER. Utilizing X-ray observations of
Tololo 0109[383 and other Seyferts, we consider what is
Tololo 0109[383.

et al. studied X-ray properties of SeyfertGreen (1992)
galaxies and quasars that have been observed (detected) by
the Einstein and IRAS satellites. Both the X-ray and FIR
data are available for 80 type 1 (together with quasars) and
25 type 2 Seyfert galaxies, including Tololo 0109[383. In

we show histograms of Einstein IPC band (0.4ÈFigure 14,
4.5 keV) to 60 km luminosity ratio for both the type 1 and 2
Seyfert galaxies. It is shown that type 2 Seyfert galaxies have
systematically smaller ratios than do type 1L X/L 60 kmSeyfert galaxies et al. Among the type 2(Green 1992).
Seyfert galaxies, Tololo 0109[383 has a relatively high soft
X-rayÈtoÈinfrared ratio [log (L X/L 60 km)\ [2.1].

Since nuclei in type 2 Seyfert galaxies are generally highly
obscured, photoelectric absorption due to the obscuration
strongly attenuates soft X-ray emission from a central
source. The optical depth of the obscuration implied from a
column density could therefore be important for(NH)
observed soft X-ray intensity, i.e., if the absorption column
exceeds cm~2, no direct radiation from a centralNH D 1023
source but weak scattered light and thermal emission from
a starburst or galaxy halo is visible in the soft X-ray
(Einstein) band (e.g., et al. WeIwasawa 1995 ; Polleta 1996).
thus compile column density measurements from hard
X-ray spectroscopy of type 2 Seyfert galaxies from the liter-
ature to compare with the ratios TheLX/L 60 km (Table 7).
type 2 Seyfert galaxies with a large ratio tend toL X/L 60 kmhave absorption columns less than cm~2. OnNH ^ 1023
the other hand, strongly absorbed objects have small

FIG. 14.ÈHistograms of log for type 1 and type 2 AGNs.(L X/L 60 km)
The ordinate is the relative fraction for each type of AGNs.

(i.e., Mrk 3 and NGC 4507). This can be under-L X/L 60 kmstood in terms of attenuation of direct soft X-ray emission
due to absorption. The smaller the absorption column, the
more softly X-rays penetrate through the obscuration to
make a larger while for a starburstL X/L 60 km, L X/L 60 kmcomponent can be assumed to be approximately constant

TABLE 7

X-RAY LOUDNESS AND ABSORPTION COLUMN DENSITY OF TYPE 2
SEYFERT GALAXIES

Object log (L X/L 60 km) log NH (cm~2) Reference

NGC 2992 . . . . . . . . . . . . . . [0.96 21.4^ 0.2 1
NGC 5506 . . . . . . . . . . . . . . [1.02 22.4^ 0.1 1
NGC 2110 . . . . . . . . . . . . . . [1.60 22.4^ 0.1 1
NGC 7496 . . . . . . . . . . . . . . [1.99 21.6^ 0.6 2
Tololo 0109[393 . . . . . . [2.01 . . . . . .
NGC 5674 . . . . . . . . . . . . . . [2.15 22.7^ 0.1 2
Mrk 78 . . . . . . . . . . . . . . . . . [2.23 . . . 3
Mrk 348 . . . . . . . . . . . . . . . . [2.31 23.0^ 0.1 1
Mrk 3 . . . . . . . . . . . . . . . . . . . [2.33 23.8^ 0.1 1
Mrk 573 . . . . . . . . . . . . . . . . [2.41 . . . 3
NGC 4507 . . . . . . . . . . . . . . [2.52 23.7^ 0.1 1
NGC 7582 . . . . . . . . . . . . . . [2.64 23.7^ 0.1 4
NGC 4388 . . . . . . . . . . . . . . [2.88 23.6^ 0.1 5
Mrk 463E . . . . . . . . . . . . . . [2.90 23.4^ 0.2 3, 6
NGC 1068a . . . . . . . . . . . . . [3.00 [25 1, 7
Mrk 273 . . . . . . . . . . . . . . . . [3.37 . . . 3
Arp 220 . . . . . . . . . . . . . . . . . [4.38 . . . 3

a Direct continuum is invisible and thus the detected hard X-ray emission is
interpreted as the scattered radition and hot gas from the circumnuclear star-
burst et al.(Awaki 1991).

REFERENCES.È(1) Veilleux, & Hill (2) et al.Goodrich, 1994 ; Iwasawa 1994 ;
(3) (4) et al. (5) (6) et al.Awaki 1992 ; Warwick 1993 ; Iwasawa 1995 ; Ueno 1996 ;
(7) et al.Matt 1997.
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& Padovani Although there has been no(GrifÐths 1990).
hard X-ray observation of Tololo 01909[383, forthcoming
ASCA observations will provide information on the obscur-
ation in the nucleus. Let us consider a dusty/molecular
torus with an inner radius, a, an outer radius, b, a height, h,
and a gas mass, If we adopt a \ 1 pc, b \ 10 pc,Mgas.h \ 2 pc, and (see Pier & KrolikMgas \ 105 M

_
1992,

we obtain an H I column density,1993), NH I D 2 ] 1023
pc)]~1[h/(2 pc)]~1 cm~2 for an[Mgas/(105 M

_
)][b/10

edge-on view toward the torus. Thus it is considered that
type 2 Seyferts blocked by such tori are observed as X-ray
quiet type 2 Seyferts. On the other hand, if either the block-
ing by the tori is incomplete because of some irregular
density distribution within the tori ; if we observe the central
engine from a more favorable angle, some type 2 Seyfert
galaxies are observed as X-ray loud ones, although the
BLRs are still hidden by the tori. We consider that Tololo

0109[383 is a member of the latter class of type 2 Seyferts,
though it is the marginal Seyfert galaxy between type 1
and 2.
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