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ABSTRACT

We present a compilation of emission properties for a sample of 116 Seyfert galaxies based on both pre-
viously unpublished data and measurements available in the literature. These measurements include fluxes in
the emission lines [O m] 15007 and Hp, as well as the infrared (25-60 pm), ultraviolet (1450 A), soft (0.2-4
keV), and hard (2-10 keV) X-ray continua. These data are used to try to distinguish between isotropic and
anisotropic emission properties of Seyfert galaxies. The distribution functions of [O mr] 15007, infrared, and
hard X-ray continuum are similar for Seyfert 1’s and Seyfert 2’s, consistent with these properties being iso-
tropic. The ultraviolet and soft X-ray continua of Seyfert 2’s are underluminous relative to the type 1’s sug-
gesting photons at these energies escape from the central source anisotropically. There is a correlation between
the ultraviolet continuum and emission-line fluxes in Seyfert 1’s consistent with the idea that the central
engine is responsible for powering the line emission. No such correlation is found for the Seyfert 2’s. Instead,
the scatter in the plot of ultraviolet continuum versus line emission suggests the true nuclear continuum lumi-
nosity is not seen at Earth in these objects. These properties are consistent with those expected in the dusty

torus model.

Subject headings: galaxies: active — galaxies: nuclei — galaxies: Seyfert — infrared: galaxies —

ultraviolet: galaxies — X-rays: galaxies

1. INTRODUCTION

One of the goals of active galactic nuclei (AGNs) research is
to understand the relationship, if any, between the various
members of the AGNs family. A major effort toward meeting
this goal has come from the consideration of unified schemes
(see Antonucci 1993). In these models, the observed differences
between broad and narrow emission-line active galaxies are
due to obscuration and viewing angle effects and not to intrin-
sic, physical differences. The unified models simplify the tax-
onomy of AGNs and thus the task of finding physical models
to describe them.

The discovery by Antonucci & Miller (1985) of a Seyfert 1
spectrum in the polarized light of the Seyfert 2 galaxy NGC
1068 provided a breakthrough in our understanding of nearby,
radio-quiet AGNs. Using spectropolarimetry, they found
broad Balmer lines and Fe 1 emission characteristic of a
Seyfert 1 spectrum. Antonucci & Miller proposed that NGC
1068 contains a broad line region (BLR) and a nonstellar con-
tinuum source which are blocked from our view by an opti-
cally and geometrically thick torus. In the model, these
components, hidden from our direct view, are visible only
through scattering by an optically thin cloud of electrons along
the torus axis. For several other Seyfert 2’s, the evidence is
strong that they too contain “hidden” Seyfert 1 nuclei. In
particular, spectropolarimetry has revealed broad lines in eight
more Seyfert 2’s (Miller & Goodrich 1990; Tran, Miller, & Kay
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1992), suggesting the model may apply to many, or even all,
Seyfert galaxies.

In the dusty torus model, the optical, ultraviolet, and
perhaps soft X-ray radiation is expected to be collimated by
the torus and thus escape anisotropically. There is now com-
pelling evidence that this is true in at least some objects.
Imaging in optical emission lines shows that the narrow line
region (NLR) is preferentially elongated along the radio axis
(Haniff, Wilson, & Ward 1988) and has a similar spatial scale.
In some cases, these images show a conical or biconical mor-
phology (e.g., Pogge 1989; Tadhunter & Tsvetanov 1989;
Evans et al. 1991; Storchi-Bergmann, Wilson, & Baldwin
1992b). These “ionization cones” are direct evidence that the
ionizing photons escape in a cone around the radio axis. Ener-
getic arguments also indicate the gas in the NLR of some
Seyfert 2’s sees a more intense radiation field than we infer
from Earth, suggesting collimation of the ionizing photons
(Wilson, Ward, & Haniff 1988; Penston et al. 1990; Kinney et
al. 1991a). This collimation could result from either shadowing
of an intrinsically isotropic source or an intrinsically aniso-
tropic emitter (Madau 1988; Acosta-Pulido et al. 1990).

While most of the ionizing radiation is expected to escape
anisotropically, energy emitted at both higher (ie., hard
X-rays, gamma rays) and lower frequencies (i.e., radio, infrared)
may be able to penetrate the torus and escape isotropically. In
addition, any emission produced on scales larger than the
torus should be free of viewing angle effects and thus seen in
similar strengths in Seyfert 1’s and 2’s. Possible isotropic
properties include optical emission lines produced in the NLR
(i.e., [O 1] 45007, etc.) and radio, infrared, and hard X-ray
continuum emission. Over the last decade there have been
several attempts to determine which, if any, of these properties
are truly isotropic. While the nuclear radio sources of the well-
studied Seyfert 2’s tend to be stronger than the best studied
type 1’s (Ulvestad & Wilson 1984), this result could be due to a
selection effect, since the famous Seyfert 2’s were discovered by
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their UV excesses and thus, in the reflection model, represent
the high end of the luminosity function (e.g., Lawrence 1987).
Dahari & De Robertis (1988) found that the luminosity dis-
tributions of the two Seyfert types in the infrared and the emis-
sion line [O m] A5007 were similar (see also a more recent
study by Keel et al. 1994), consistent with the unified model.
However, they also found that the ratio of 60 um to [O 1]
A5007 flux was different in the two types and suggested Seyfert
2’s were on average more dusty. The luminosity of the Seyfert
2’s detected to date in the hard (2-10 keV) X-ray band are
within the range that is typical for Seyfert 1’s (Awaki et al.
1991), although the failure to detect the Seyfert 2 counterparts
to the very X-ray luminous (L,_; v ~ 10%° ergs s ') Seyfert
I’s may be a problem for the simplest of unified schemes
(Mulchaey, Mushotzky, & Weaver 1992). Thus, none of these
properties has firmly been established as an isotropic quantity.

While it seems likely that at least some Seyfert 2’s harbor
buried Seyfert 1 nuclei, the applicability of the model to all
objects is not yet known. It is possible that there are really two
types of Seyfert 2’s, “ hidden ” Seyfert 1’s and “ true ” Seyfert 2’s.
The “true” Seyfert 2’s would contain no BLR and a weak
nonstellar continuum compared to Seyfert 1’s. Evidence for a
bimodal distribution for Seyfert 2’s in at least one emission
property would lend support to the idea of two Seyfert 2 popu-
lations. In the last decade, space-based telescopes have provid-
ed a wealth of new information in the previously unexplored
infrared, ultraviolet, and X-ray wavelengths. The purpose of
the present paper is to examine the emission in these band-
passes and combine it with existing optical emission-line data
to search for evidence of two different Seyfert 2 populations
and make direct comparisons with the type 1 objects. In the
next section, we define the sample used for this study. Section 3
contains a detailed description of the sources of our data and
of the analysis methods used. Comparisons of the emission
properties of the two Seyfert types are given in § 4 with an
emphasis on the interpretation within the context of the dusty
torus model. A summary is provided in § 5.

2. SAMPLE SELECTION

We adopted the 140 Seyfert galaxies in Whittle (1992) as our
starting sample. However, since so few Seyfert 2’s have avail-
able spectra in the hard (2-10 keV) X-ray band, we have sup-
plemented this sample with five other Seyfert 2’s for which such
data exist. The original sample of Whittle (1992) was defined to
include all Seyferts with high to intermediate dispersion mea-
surements of the [O 1] 15007 line width available and thusis a
rather heterogeneous group. Ideally, one would prefer to select
a sample by one isotropic property and then make compari-
sons with other properties (e.g., Antonucci 1993). Unfor-
tunately, it is not clear what properties are truly isotropic in
Seyfert galaxies. The Whittle (1992) sample has several advan-
tages over other possible samples. It offers the best available
compilation of [O 1] 15007 fluxes, because aperture sizes were
considered. Second, the Seyfert type (class 1, 2, or intermediate)
of each galaxy in the sample has been assigned consistently,
based on the presence of a broad emission-line component and
the ratio of [O m] 15007 to HP flux. For our purposes, we
group activity types 1.2 and 1.5 with Seyfert 1’s and types 1.8
and 1.9 with Seyfert 2’s. In Table 1, we list the galaxies in our
sample that have observations available in at least two of the
following bands: infrared (25 um and 60 um), [O m] 45007,
ultraviolet (1450 A), soft X-ray (0.5-0.4 keV), and hard X-ray
(2-10 keV). Our final sample contains 116 galaxies.

3. DATA

3.1. Infrared

All infrared fluxes used are based on IRAS data. These fluxes
are taken from the IRAS Point Source Catalog, the IRAS
Faint Source Survey (FSS) or, where available, co-added fluxes
from multiple IRAS scans. For this paper, we adopt the follow-
ing definition of infrared flux:

F(IR) = S35 um X (V25um) + Se0um X (V6o um) »

where S is the flux density at wavelength A. This definition of
IR flux has the advantage that most of the sample objects are
detected at these two wavelengths, while at 12 and 100 um the
data are more incomplete.

3.2. Optical Emission Lines

All optical emission-line fluxes are taken from Whittle
(1992), except where noted in Table 1. The flux in Hf is the
total observed flux (broad plus narrow component). The
narrow-line Balmer decrement can be used to estimate the
reddening to the NLR (e.g., Osterbrock 1989). However, for
Seyfert 1’s, this procedure requires deblending the narrow com-
ponent from the broad one and is thus somewhat model-
dependent. For this reason, we have not applied a reddening
correction to the observed line fluxes. The narrow-line Balmer
decrement is given in column (2) of Table 1 when such data are
available, as a reminder that for a few objects the line fluxes
may be significantly underestimated (e.g., IC 4329A, NGC
7314, Mrk 622, ESO 103-G35). Reddening of the NLR gas may
produce scatter in our comparisons with other emission
properties.

3.3. Ultraviolet (UV)

Previously published ultraviolet fluxes of Seyfert galaxies
have been largely restricted to IUE observations of type 1
objects. However, the development of slit-weighted extraction
techniques for IUE data (Kinney, Bohlin, & Neill 1991b)
allows estimates of the ultraviolet continuum in many more
Seyfert 2 galaxies. While Kinney et al. (1991a), Kinney et al.
(1993), and Masse-Hess et al. (1994) include fluxes for many of
the brighter Seyfert 2’s, many objects observed with IUE do
not have published data. To get a statistically significant
sample, we obtained ultraviolet data for all of our sample
objects in the IUE archive and estimated continuum fluxes
whenever possible. The flux was estimated by averaging the
continuum in a 100 A wide band centered on rest wavelength
1450 A. Table 1 contains a UV continuum flux measurement
for approximately a dozen Seyfert 2’s that have no previous
published value, nearly doubling the sample of type 2 objects
with such a measurement. No reddening correction has been
applied to the fluxes. Kinney et al. (1991a) have shown that the
slopes of the ultraviolet continua in Seyfert 2’s are indistin-
guishable from those of Seyfert 1’s, with a relatively small
spread among those objects with good data. This suggests the
ultraviolet continua in Seyfert 2 galaxies are not highly
reddened.

3.4. Soft X-Rays (SX) (0.2—4 keV)

Many Seyfert galaxies were observed with the Einstein
Observatory, producing the largest SX database available. The
most complete study to date is that of Kruper, Urry, & Cani-
zares (1990), and the majority of the SX fluxes listed in Table 1
are taken from this source. A handful of other objects were
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TABLE 1A

2 SEYFERT 1 GALAXIES
&
5: References References
& Galaxy Ho/HB log (IR) log ([O m)) log (HP) log (UV) log (SX) log (HX) (Ha/HP) (HX)
b 1 2 3) @ ® (6) (7 ®) &) (10)
NGC 1566 50 —-100 —12.52 —-12.74 —14.31 —11.15 1
NGC 3227 5.75 —9.51 —-12.19 —12.60 —-13.72- —10.87 —10.31 1 7
NGC 3516 ... 49 —10.04 —1232 —12.14 —13.98 —11.40 —10.61 2 8
NGC3783 ... 37 —9.67 —11.89 —11.89 —13.38 —10.52 —10.29 3 9
NGC40s51 ... 32 —-9.42 —1241 —12.60 —1393 —10.66 —11.48 4 10
NGC4151 ... 3.1 —9.39 —10.94 —11.35 —13.14 —11.01 —10.05 5 11
NGC 4235 -10.73 —13.62 —13.18 —-11.44
NGC 4593 4.6 —-9.92 —12.76 —-12.19 —13.89 —10.51 —10.67 2 9
NGC 5548 42 —10.17 —12.24 —12.08 —13.31 —10.44 -10.37 1 12
NGC 6814 —9.76 —12.87 —13.36 —14.75 —11.69 9
NGC 7469 9.33 —8.99 —12.24 —12.00 —13.24 —10.53 —-10.39 1 13
< —10.46 —13.32 —-13.13 —14.11 —-11.27
—10.18 —-12.12 —12.49 <-—1429
—-10.37 —12.96 —12.72 —13.59 —11.37
—-10.49 —12.85 —-12.72 —14.01
< —10.81 —1391 —1343 —14.50
3.8 —10.11 —1243 —12.26 —13.75 —-10.71 —10.61 2 9
—10.50 —13.19 —12.96
5.01 —10.56 —1341 —13.15 1
—13.72 —13.14 —13.91
—10.19 —12.85 —12.47 —13.42 -10.63
<—-1093 —12.62 —12.48 —13.61 —10.81
—13.24 —1244 —-14.07 —-12.02
6.5 —10.27 —13.17 —13.20 —12.02 2
.. —10.55 —12.64 —12.02 —13.13 —-11.07 12
—13.31 —12.66 —13.80 —10.48
525 —10.29 —12.96 —13.46 —13.85 —-10.09 ... 1
. -10.78 —12.89 -13.00 —13.86 —12.06
—-10.21 —-13.32 —13.21 —-9.30
—13.09 —12.44 —14.34
2.85 —12.89 —13.24 —13.90 —11.15 2
<15 —10.15 —-12.09 —11.78 —13.00 —10.35 6 9
. -10.62 —13.28 —13.22 —14.14 —10.67 —10.53 9
—-9.96 —12.89 —12.66 —11.04
8.7 —1043 —12.89 —12.59 —14.04 —11.01 e 1
. —10.54 —13.05 —12.96 .. —12.57
5.1 -9.77 —-12.17 —12.74 —14.20 —10.79 5
3.6 —-9.94 —12.89 —12.40 —13.46 2
—1047 —13.26 —12.96
—10.52 —12.34 —-12.96
. —10.40 —-12.77 —12.74
6.92 —1347 —1392 —13.92 1
. —9.87 —12.89 —12.85 . —10.98 —10.70 9
—10.20 —12.68 —12.59 —13.85 -10.79
Mrk 1152...... —13.39 —13.31 —1494
Mrk 1239 ..o . —10.03 —12.64 -12.77
Mrk 1388 ..o, 5.13 —10.78 —12.59 —13.62 —14.79 1
AKNI120....ccoiiiiiininennnn, - —10.42 —13.03 -11.77 —13.30 —10.57 —10.46 9
AKN202.....cccvvviiininennnns —10.58 —13.05 —12.55
AKNS564 ........covvvnenannnn, . —10.30 —12.72 —-12.72 —13.88
IC4329A ..... 11.5 -9.78 —1247 —12.19 <—1441 —10.31 —9.93 2 9
Zw136.......... . -10.51 —-12.74 —-12.32 —13.18 —11.15
MCG—2-58-22 ... —12.46 —12.14 —13.39
MCG 8-11-11 ..... 437 -9.75 —12.15 —12.54 —13.38 —9.53 —10.28 1 9
Fair9 .............. —12.62 —11.80 —13.29 —10.24
Fair51............. . —10.00 —12.55 —12.49
ESO 141-G55 ...covvviniininnn —10.48 —12.72 —12.15 —-13.00 —10.84 —-10.50 9

Notes.—Col. (1) Galaxy name; Col. (2) Flux ratio of narrow Ha to narrow Hp; Col. (3) Logarithm of infrared flux as defined in § 3.1 (ergs s~* cm~2); Col. (4)
Logarithm of total [O 1] A5007 flux (ergs s~ * cm ™ 2). All fluxes are taken from Whittle (1992), except NGC 1667 (Storchi-Bergmann, Bica, & Pastoriza 1990); Col. (5)
Logarithm of total HB flux (ergs s ! cm ~2). All fluxes are taken from Whittle (1992); Col. (6) Logarithm of total observed IUE flux at 1450 A (ergss™! cm ™2 A~1). In
cases where more than one IUE spectrum was available, the measured flux has been averaged. The flux for NGC 4151 is the average of all IUE observations between
1983 and 1990 (Ulrich et al. 1991); Col. (7) Logarithm of total observed Einstein flux between 0.2 and 4 keV (ergs s~ ! cm~2). Fluxes are taken from Kruper et al.
(1990), with the exception of NGC 1358, NGC 3281, NGC 4151, NGC 4388, NGC 5135, NGC 5273, NGC 5643, NGC 6890, NGC 7314, IC 4329A, IC 5063, Mrk 1
and Mrk 474 (taken from Fabbiano et al. 1992), Mrk 79, Mrk 198, Mrk 359, Mrk 734, MCG 8-11-11, ESO 141-G55, ESO 103-G35, and TOL 0109-383 (taken from
Green, Anderson, & Ward 1992), NGC 1386, NGC 4051, NGC 4593, NGC 5728, NGC 7603, Mrk 34, Mrk 176, Mrk 268, Mrk 270, and Mrk 766 (this paper); Col. (8)
Logarithm of total 2-10 keV flux corrected for observed absorption (ergs s ™! cm ™ 2).
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TABLE 1B
SEYFERT 2 GALAXIES

References References

Galaxy Ho/Hp log (IR) log ([O m]) log (Hp) log (UV) log (SX) log (HX) (Ha/HP) (HX)
(1) (vd} 3) @ %) (6) ) ®) ) (10)
NGCS26A .......c.ccvveveennnn. 30 —10.31 —12.57 —13.68 . . —10.56 14 9
NGC 1068 ... 4.47 —-8.04 —10.70 —-11.77 —13.22 —10.83 —-11.31 1 21
NGC 1320 ... 4.86 —-9.96 —12.85 —13.85 . 15
NGC 1358 ... 3.36 —10.80 —12.89 —13.77 ... 12.85 16
NGC 1386 ... 4.87 —9.67 —12.10 —13.28 —12.17 16
NGC 1667 ... 4.31 —-9.71 —13.17 —14.70 —11.30 22
NGC2110 8.13 —9.82 —-12.77 —1347 —14.66 —11.48 —10.42 1 9
NGC 2992 7.08 -9.59 —-12.04 —13.09 —14.85 —10.56 -10.19 1 9
NGC 3081 ... 4.53 —11.90 —-13.09 —14.60 —12.09 16
NGC3185 ... —10.36 —13.51 —14.22
NGC 3281 ... 6.13 —9.50 —13.26 —14.30 <-—12.14 16
NGC4388 ... 5.89 —9.36 —-12.32 —-1342 —14.29 —12.18 —10.68 1 23
NGC4507 ... 5.02 —-9.74 —11.96 —12.94 —14.51 —12.28 —10.19 1 8
NGC 4968 ... 14.9 —9.94 —13.00 —14.40 17
NGC5135 ... 6.12 —9.25 —12.66 —13.37 —14.02 —1247 16
NGC5273 ... 331 —-10.40 —13.66 —14.70 —14.30 —11.98 1
NGC 5506 .. 7.41 —9.36 —12.35 —13.26 —15.00 -10.72 —10.48 1 9
NGC 5643 .. 6.17 -9.16 —12.10 —13.32 —14.30 —11.98 16
NGC 5674 .. - —-10.29 e . —14.49 —12.34 —10.96 24
NGC 5728 596 —9.56 —12.17 —13.24 —14.44 —12.12 16
NGC 5929 5.50 —9.50 —13.03 —13.64 1
NGC 6221 8.30 —8.75 —13.21 —13.08 —14.96 18
NGC 6890 4.17 —9.88 —-12.72 —14.05 ... <—12.40 16
NGC 7172 —-9.73 —10.18 9
NGC 7212 5.01 —9.94 —12.15 —13.19 s 1
NGC 7314 20.0 —-9.90 —-13.21 —14.19 ... <—1198 —10.53 18 9
NGC 7496 —9.52 —12.34 —11.10 24
8.32 —8.80 —12.46 —12.85 —14.82 —1143 —-10.25 1 9
5.89 —9.96 —-12.22 —13.27 s <—-1232 1
. 6.61 —9.61 —11.46 —12.54 —14.84 —12.11 —10.37 1 25
Mrk34 .o 10.47 —10.35 —12.17 —13.24 —14.60 —12.39 1
Mrk78 .o 6.46 —10.24 —12.18 —13.30 <—14.64 —1245 1
Mrk 176 ............. e 6.57 —10.52 —12.73 —14.01 . <—1251 1
Mrk198 ............. e 3.89 —10.64 —12.90 —13.82 . <—12.44 1
Mrk 266 ............. . 5.89 —9.61 —13.49 —14.17 —1435 1
Mrk 268 ............. o 5.01 —10.30 —13.17 —14.38 ... —12.52 1
Mrk 270 ............. e 3.80 —11.00 —12.57 —13.66 —1491 —12.60 1
Mrk273 ............. .. 9.33 —9.16 —12.62 —13.52 <—1522 -11.77 1
Mrk 348 ............. .. 6.02 —10.12 —12.38 —13.40 —14.77 —1244 —-10.77 1 26
Mrk463 ............. cees 5.62 —9.86 —12.14 —12.96 —14.30 —-12.71 1
Mrk 477 ............. . 54 —10.22 —11.82 —-12.77 —14.16 —12.14 1
Mrk 533 ............. e 5.00 —9.63 —1231 —1342 —-14.32 —11.08 1 22
Mrk 573 ........ . 4.17 —10.13 —11.80 —12.89 —14.52 —-1247 1
Mrk 609 ........ 891 —9.98 —13.15 —13.40 1
Mrk612 ..o, 6.61 —10.36 —12.74 —13.74 1
Mrk622 ....oovvieiiiiiiienns 18.20 —-10.27 —13.40 —14.52 . 1
Mrk 883 ........ e 5.01 —1043 -13.17 —13.64 —14.52 1
Mrk 1058........ e 9.12 —10.62 —13.25 —14.40 1
Mrk 1066 ....... e 8.51 —-9.40 —12.62 —13.26 1
Mrk 1073 ....... s 6.31 —9.55 —12.66 —13.55 1
Mrk 1157..... 6.02 —10.13 —12.64 —13.64 1
IC5063 .............. s 5.53 —-9.47 —12.03 —13.05 —15.11 <—12.05 —10.40 16 27
TOL 0109383 .... e —9.87 —12.38 —13.04 —14.65 —12.08
TOL 1028301 .... —10.34 —13.70 —14.70 —14.08
TOL 1238—364 .... —9.51 —12.74 —13.64
TOL 1351375 .... . 10.55 —-12.32 —13.29
MCG—5-23-16..... 8.0 e —12.64 —13.62 —10.69 —10.23 19 9
Fairall 188 .......... ceen e —-9.82 —12.89 —13.96
ESO32-G2..cooviiviiininninnnns —10.39 . -10.57 8
ESO103-G35 ....cvvveniininnnns 12.6 —9.74 < —10.80 -10.36 20 9

REFERENCES.—(1) Dahari & De Robertis 1988; (2) De Zotti & Gaskell 1985; (3) Ward & Morris 1984; (4) Malkan 1983; (5) Veilleux 1991; (6) Atwood et al. 1982;
(7) Pounds et al. 1989; (8) Awaki et al. 1991; (9) Turner & Pounds 1989; (10) Matsuoka et al. 1990; (11) Yaqoob & Warwick 1991; (12) Makino et al. 1993; (13) Piro,
Yamauchi, & Matsuoka 1990; (14) Winkler 1992; (15) De Robertis & Osterbrock 1986; (16) Phillips, Charles, & Baldwin 1983; (17) Osterbrock & De Robertis 1985;
(18) Veron-Cetty & Veron 1986; (19) Durret & Bergeron 1988; (20) Phillips et al. 1979; (21) Koyama et al. 1989; (22) Awaki 1992; (23) Hanson et al. 1990; (24)
Iwasawa et al. 1993; (25) Awaki et al. 1990; (26) Warwick et al. 1989;(27) Koyama et al. 1993.
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included in the catalog of Fabbiano, Kim, & Trinchieri (1992).
Nine other galaxies in our sample were observed with the Ein-
stein IPC, but have no previously published fluxes. We have
extracted the fluxes for these sources in the 0.2-4 keV band
using a technique similar to that described in Fabbiano et al.
(1992). No absorption correction has been applied to the SX
fluxes given in Table 1. While absorption may substantially
reduce the observed flux in this band, determining an absorp-
tion correction is difficult given the poor spectral resolution
and S/N of the IPC data.

3.5. Hard X-Rays (HX)(2-10 keV)

We have restricted our sample to those galaxies with avail-
able spectra in the 2-10 keV band, so a correction for the
absorbing column can be made. In all cases, the absorbing
column was found by fitting a power-law + photoelectric
absorption model to the X-ray spectrum. The majority of the
measurements are from EXOSAT and Ginga. Table 1 contains
HX fluxes for 20 Seyfert 2 galaxies. Although a HX flux has
been reported for NGC 5643 (Awaki 1992), this observation
appears to be significantly confused by a nearby Galactic
source (R. Mushotzky, private communication) so we have not
included it in Table 1. Similarly, the X-ray observations of
NGC 6814 appear to be contaminated by a nearby cataclysmic
variable star (Madejski et al. 1993), so no HX flux measure-
ment is given for this object.

3.6. Luminosities

As the present sample is not flux-limited, we have restricted
our interpretation to comparisons in flux space to avoid false
correlations produced by distance effects. However, there are
obvious benefits to luminosity comparisons. For example, it is
not always easy to tell if the nearby galaxy NGC 1068 follows
the same correlation as the other Seyfert 2’s in the flux-flux
diagrams because it is several orders of magnitudes brighter at
most energies. From the luminosity-luminosity plot this can be
more easily discerned. Thus, we include both flux-flux and
luminosity-luminosity versions of every emission property we
discuss, but our interpretation is driven by the flux-flux ver-
sions. Luminosities are calculated assuming Hy = 50 km s~ !
Mpc ™!, g, = 0 and correcting for a Virgocentric infall of 300
km s~ ! as described in Whittle (1992).

4. RESULTS AND DISCUSSION

4.1. Isotropic Properties

We will consider three potentially isotropic properties of
Seyfert galaxies: far-infrared continuum (IR), [O m] 45007
line emission ([O 11]), and hard (2-10 keV) X-ray continuum
(HX). The fourth potential property, radio continuum, has
already been extensively examined in the literature (e.g., Ulve-
stad & Wilson 1989; Giuricin et al. 1990). In the standard
model, the IR, [O m], and HX emission occur on different
scales and thus probe different areas of the AGN environment.
Rapid variability of the HX indicate this emission is produced
on small scales. The majority of type 1 objects observed in this
band shows little evidence for absorption beyond that expected
from the Galactic column density along the line of sight (e.g.,
Turner & Pounds 1989). In contrast, all Seyfert 2’s, with the
exception of NGC 1068, exhibit column densities in the range
Ny ~ 10?2-10%* cm~2 (Awaki et al. 1991; Mulchaey et al.
1992). These columns are expected in the dusty torus model as
the HXs pass directly through the torus (Krolik & Lepp 1989).
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The apparent lack of a large photoelectric cutoff in the HX
band for NGC 1068 is usually attributed to the torus being
Compton-thick (Ny > 1025 ¢cm~2; Elvis & Lawrence 1988).
Thus, the observed 2-10 keV photons in NGC 1068, which are
observed to be constant in time, unlike the HX emission of
many Seyfert 1’s, are presumably due to a scattered nuclear
component, although the circumnuclear starburst may con-
tribute significantly even at these high energies (Wilson et al.
1992). The nondetection of several Seyfert 2’s (e.g., Mrk 78,
Mrk 573; Awaki et al. 1991) in the HX band may be an indica-
tion that these objects, like NGC 1068, have very large
columns along the line of sight to the nucleus, but are too far
away for a scattered component to be seen. The HXs are
apparently viewed directly in the other Seyfert 2 galaxies
detected to date. This is supported by evidence for variability
on the timescale of days in some objects (Mulchaey et al. 1992).
Furthermore, the inferred column densities have remained
constant over the last ~15 yr for those type 2 objects with
available data (e.g., Mulchaey et al. 1993), consistent with the
absorption occurring on scales expected for the dusty torus,
although a conglomerate of BLR clouds could equally account
for the data. Thus, the HX properties of the Seyfert 2’s
observed to date are consistent with the dusty torus model.

The origin of the infrared emission in Seyfert galaxies
remains controversial. Since the covering fraction of the torus
is expected to be large, it intercepts most of the optical-UV-X-
ray radiation emitted by the central source, and presumably
reemits this energy in the infrared (Krolik & Lepp 1989; Pier &
Krolik 1992). Storchi-Bergmann, Mulchaey, & Wilson (1992a)
have recently found that for most or all Seyfert 2’s with ioniza-
tion cones, the data are consistent with a thermal origin of the
observed infrared emission. Although the torus emission is
expected to be essentially isotropic at longer wavelengths,
modeling by Pier & Krolik (1992) indicates the IR emission
can be significantly anisotropic especially at 12 and 25 um.
This effect is particularly important for Seyferts with very opti-
cally thick tori (Ny > 1025 cm™2).

The similarity between the [O 1] A5007 luminosities of the
two types of Seyferts has been used to argue that if dusty tori
exist, they must be on scales smaller than the NLR (Dahari &
De Robertis 1988). A major uncertainty in this comparison
concerns the effects of reddening on the observed line fluxes
and the conclusions of Dahari & De Robertis (1988) depend
strongly on the form of reddening adopted. Radio-loud
quasars appear to be significantly more luminous than power-
ful radio galaxies in [O 1] A5007 line emission, which has been
used to argue against the unification of these two populations
(Jackson & Browne 1990). However, Hes, Barthel, & Fosbury
(1993) have found that these two classes are equally luminous
in the emission line [O 1] 43727 and suggest that the [O 1]
25007 line may have a significant component from the compact
nuclear region which is subject to obscuration, at least for
these high-redshift objects.

A histogram of the ratio of IR to [O mr] 15007 ([O m])
emission for the two types of Seyferts in our sample is given in
Figure la. As can be seen from that figure, the distributions for
the two types are similar. This result is consistent with both
forms of emission being isotropic and only small intrinsic dif-
ferences between these quantities for Seyfert 1’s and Seyfert 2’s.
However, the two distributions are not identical: the Seyfert 2
distribution is broader (see Table 2). An examination of Figure
1a suggests the larger variance of the Seyfert 2 distribution is
due to an excess of Seyfert 2’s with a high value of IR to [O 1m].
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F1G. 1—a) Histogram of the logarithm of the ratio of infrared continuum
(IR) to [O 1] A5007 ([O m1]) for the Seyfert sample in Table 1. Dashed lines
represent the Seyfert 1’s, solid lines the Seyfert 2’s. The distributions for the two
Seyfert types are similar, although the Seyfert 2 distribution is broader. (b) Plot
of IR vs. [O n1] emission for the Seyfert sample in Table 1. Open triangles
represent the Seyfert 1, filled triangles the Seyfert 2’s. NGC 1068 is represent-
ed by a filled circle. There is a correlation between [O m] and IR emission in
both Seyfert types, although the relation is much weaker in the Seyfert 2’s. (c)
Same as (b), but in luminosity space.

The nature of this excess is such that an additional “warm”
component may be present in some Seyfert 2’s. A likely candi-
date is circumnuclear star formation which is known to exist in
a significant fraction of Seyfert 2’s. Alternatively, the large
IR/[O 1] ratio in Seyfert 2’s could be due to partial obscur-
ation of the [O m1] line-emitting regions by the torus, as is

DUSTY TORUS MODEL FOR SEYFERT GALAXIES 591

[ L I 1T 177 | T 17T ‘I 1T r T 71T ]
c\lf'\ H 4
g A A 4
© -9 - A _|
T L A A
n A & 7

= A N _
%ﬂ | R A A AQ: R |
~ L §! o, £ A i
& -10 A A 4 —
a0 - L A& AA . B
St T S ]

L A%AA a ]

L A A A |

Covva v b v v v by i d

-15 -14 -13 7112 . -11 -10
Log [OllI] (erg s cm )
FiG. 1b

implied in radio galaxies (Jackson & Browne 1990). While for
the Seyfert 1’s there is a strong correlation between the IR and
[O m1] emission, the relation is much weaker for the type 2
Seyfert’s (see Table 3 and Fig. 1b). Some of the scatter in Figure
1b can probably be attributed to the inclusion of nonnuclear
flux in the IR measurements. The presence of a correlation
between the [O 1] emission, which is presumably produced by
photons generated in the active nucleus, and the IR emission
suggests the IR must include a component associated with the
active nucleus. In fact, the strength of the correlation, particu-
larly in the Seyfert 1’s, suggests the nuclear IR component
dominates at these energies in many cases.

In Figures 2a and 3a, a histogram of the ratio of IR and
[O m], respectively, (HX) flux is given. In both cases, the dis-
tributions for the two types of Seyferts are similar. However,
there does not appear to be a tight correlation between either
of these quantities and HX (see Figs. 2b, 3b, and Table 3). The
usefulness of these plots is limited by the small number of
objects with HX spectroscopy, but the scatter could be due to
the large aperture size of IRAS and reddening of the observed
[O 1] fluxes. NGC 1068 has a particularly low ratio of both
HX/IR and HX/[O 1r]. This result is expected if the observed
HXs are due to a scattered nuclear component. In this case, we
expect the observed HXs to be only a small fraction of the true
HX luminosity, while most of the IR and [O 1] luminosities
are seen. Adopting the boost factor implies from ionization
and spectropolarimetric arguments (ie., ~100; Baldwin,
Wilson, & Whittle 1987; Miller, Goodrich, & Mathews 1991;
Pier et al. 1994), and applying this to the observed HX flux
moves NGC 1068 to a location in Figures 2a and 3a that is
consistent with the other Seyfert 2’s {i.e., log JR/HX) ~ 1.3
and log ([O m}/HX) ~ —1.4}.

We find no evidence for two Seyfert 2 populations in IR,
[O m], or HX emission. The HX sample may be strongly
biased against “true” Seyfert 2’s, since such objects would
presumably be very weak at high energies (the weak optical-
UV—X-ray continuum in a “true” Seyfert 2 could be intrinsic
and not due to obscuration or viewing angle effects). Further-
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TABLE 2
DISTRIBUTION PROPERTIES

SEYFERT 1 SEYFERT 2
QUANTITY FIGURE Mean Variance Mean Variance D K-S TEST PROBABILITY
(0] @ 3) @ (%) (6) @] ®
log(IR/[OMI]) ..cevvnenineinennnne. la 2.50 0.14 2.70 045 0.30 0.02
log(IR/HX)P® ..ooovviiiiniiinninenne. 2a 0.57 0.28 0.85 021 0.37 0.19
log((Om]/HX)..c.cvvevniinnenne.. 3a —1.89 0.25 —1.76 0.38 0.19 0.94
log(UV/SX) .eviiniiiiiiiiiiinnn. Sa —-293 021 —2.56 0.56 0.59 <0.01
log(HB/UV) .eeviniiiiiiininnnn. 6a 1.24 0.17 1.31 0.35 023 0.38
log(Om]/UV)..ccoevviinninnn... Ta 1.10 0.30 221 0.40 0.68 <0.01

Col. (1) Emission quantity being compared; Col. (2) Corresponding figure number; Col. (3) Mean value for Seyfert 1’s; Col. (4)
Variance in the mean for Seyfert 1’s; Col. (5) Mean value for Seyfert 2’s; Col. (6) Variance in the mean for Seyfert 2’s; Col. (7)
Kolmogorov-Smirnov statistic D; Col. (8) Probability that two distributions are drawn from the same population (1.0 = 100%

probability).
2 NGC 1068 not included.

more, most of the Seyfert 2’s observed by Ginga were selected
because they showed broad lines in spectropolarimetry or dis-
played ionization cones, so there was a strong bias toward
“hidden ” Seyfert 1’s. However, no obvious bias is expected in
[O m] and IR. If the present sample does contain two different
kinds of Seyfert 2’s, these different populations must have
remarkably similar energy inputs in these two bands. This
would be particularly surprising since the IR emission is most
likely dominated by reprocessed optical-UV-X-ray emission,
which should be much weaker in the “true” Seyfert 2’s. Thus,
one would also expect the “true” Seyfert 2’s to be much
weaker emitters at IR wavelengths. There is no evidence to
support the existence of such a population in the present
sample.

As noted earlier, much of the scatter in the plots involving
infrared emission is probably due to the contributions of non-
nuclear sources such as the host galaxy and circumnuclear
star-forming regions. Infrared colors can provide a qualitative
measurement of the importance of these additional com-
ponents (Miley, Neugebauer, & Soifer 1985; Rowan-Robinson
& Crawford 1989). Figure 4 is a plot of the 100-60 um spectral
index, (100, 60), against the 60—25 um spectral index, (60, 25)
for the present sample, where the spectral index « is defined by
f, oc v A significant fraction of the Seyfert 2’s have IR colors
similar to those Miley et al. (1985) find for galaxies dominated
by normal H 1 regions. Some of the Seyfert 2’s are known to

contain circumnuclear star formation (e.g., NGC 1068, NGC
5728, NGC 7582), but little is known about the stellar content
of the majority of these galaxies. However, there is a strong
correlation between IR color and other indicators of young
stars (e.g, radio morphology, presence of infrared poly-
cyclicaromatic hydrocarbon [PAH] features) in many of these
galaxies (Wilson 1988), supporting the existence of active star
formation in some Seyfert 2’s. Ideally, one would like to correct
the observed IRAS fluxes for the extranuclear contributions.
Roche et al. (1991) have measured 12 um fluxes with small
apertures for a handful of Seyferts and find that on average
~60% of the IRAS flux at this wavelength in the type 2’s can
be attributed to the nucleus (compared to ~80% in Seyfert
I’s). At longer wavelengths, the host galaxy contribution is
probably greater. The relative importance of extranuclear star
formation in type 2’s compared to type 1’s may be due to a
selection effect. One possibility is that Seyfert 2’s undergoing
active star formation are more likely to be detected in the
Markarian surveys than a Seyfert 2 without ongoing star for-
mation because of the additional “blue” component. As the
majority of Seyfert 2 galaxies are discovered in such surveys, a
bias toward star-forming objects might exist. This would also
provide a natural explanation for the different ratio of
[O m]/60 um emission Dahari & De Robertis (1988) find for
Seyfert 1’s and 2’s in their Markarian-dominated sample. For
current Seyfert samples, it appears that circumnuclear star for-

TABLE 3
CORRELATION STATISTICS FOR FLUX PLOTS

SEYFERT 1 SEYFERT 2
QUANTITY FIGURE N r, Probability N 7, Probability
1) () 3) @ ) (6) M ®)
IRvs.OMI ..cvvvvvinnnnnen. 1b 48 0.63 >0.99 52 0.27 0.94
IRvs. HX ..........ceeeee. 2b 17 0.35 0.83 18* 0.47 0.85
Omvs. HX .......cceneee. 3b 17 0.61 >0.99 14* 0.14 0.74
SXvs. UV ..oiiiiiininnne. 5b 29 0.40 0.97 23 -0.19 0.63
HBvs. UV ....oooovinenie. 6a 43 0.75 >0.99 25 -0.10 0.38
Omvs. UV .....oooennni. Ta 43 0.35 0.98 25 0.09 0.34

Col. (1) Emission quantity being compared; Col. (2) Corresponding figure number; Col. (3) Number of data
points for Seyfert 1’s; Col. (4) Spearman correlation rank for Seyfert 1’s; Col. (5) Probability of a correlation
for Seyfert 1’s (1.00 = 100% probability the two quantities are correlated); Col. (6) Number of data points for
Seyfert 2’s; Col. (7) Spearman correlation rank for Seyfert 2’s; Col. (8) Probability of a correlation for Seyfert

2’s (see Col. [5]).
* NGC 1068 not included.
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- 2’s selected for their high IR luminosities exhibit HX character-
L ] istics unlike those of Seyfert 2’s selected by other methods. In
sl - particular, these IRAS-selected objects show no evidence for
L ] either strong photoelectric absorption (upper limit of Ny < 1.5
- A ] x 1022 cm~2) or Fe Ka line emission, both expected in the
B & x i dusty torus model. The X-ray spectra of these galaxies tend to
a4 a A 7 be steeper than those of Seyferts (x = 1.1-1.3, compared to the
v L a KA* a8 4 canonical value for Seyferts, « = 0.7), but possibly consistent
2 B A2 a ] with the thermal spectrum expected in a starburst galaxy.
< ol £ = — However, the HX luminosities of these sources are three orders
:}é B an 4 ] of magnitude larger than in known starbursts. We include four
0 - R . of these sources along with our Seyfert sample in the plot of IR
S a2 A ] versus HX (Fig. 2b; the fifth source in Awaki (1992) is IRAS
- A . 04575—17537 = ESO 33-G2, a previously known Seyfert 2
i ° j already in our sample). From this figure it can be seen that the
- = new Ginga sources follow the same relation between these
s ] quantities as the rest of our sample, implying they may be
r : Seyfert galaxies. However, optical spectroscopy of IRAS
] 01065 — 4644 indicates [O n1] 15007/Hp is less than 1, so it is
40" - '4'2' - '4'3' = '414' = L4|51 — '4'6' = L47 not a Seyfert 2. Two other objects, IRAS 18325 — 5926 (Carter
Log Ly (erg s™) 1984) and IRAS 23060+ 0505 (Hough et al. 1991), have low-
g tm \eTE ionization spectra intermediate between a Seyfert and a low-
Fi1G. 2¢

F1G. 2.—a) Histogram of the logarithm of the ratio of IR to hard (2-10
keV) X-ray continuum (HX) for the Seyfert sample. Dashed lines represent the
Seyfert 1’s, solid lines the Seyfert 2’s. The hard X-ray fluxes have been corrected
for the observed absorbing columns. (b) Plot of HX vs. IR emission for the
Seyfert sample. Symbols are the same as those used in Fig. 1b with the addition
of open stars to represent the IRAS-selected “Seyfert 2’s” observed by Ginga
(Awaki 1992). (c) Same as (b), but in luminosity space.

mation is more common in Seyfert 2’s than in Seyfert 1’s. It will
be important to determine if this is due to a selection effect in
the current samples or to an intrinsic difference between
Seyfert 1’s and 2’s.

Recently, Awaki (1992) has suggested the existence of a new
class of AGN that does not fit in the unified model. Using
observations with Ginga, he finds that a small sample of Seyfert

ionization nuclear emission-line region (LINER). The IR
colors of all of these objects fall in the region where starbursts
and Seyfert 2’s overlap (see Fig. 4), so the starburst interpreta-
tion is still viable. More likely, these galaxies may simply be
Seyfert 1’s obscured by a few magnitudes of extinction with a
significant star formation component also present. This
obscuration would be enough to hide the BLR, but not block
the HXs. Furthermore, the star formation component would
account for low-ionization spectra and IR colors.

4.2. Anisotropic Properties

Relative to Seyfert 1’s, Seyfert 2’s are underluminous in opti-
cal, ultraviolet, and SX continuum emission. This result is a
natural consequence of the dusty torus model, since the torus is
expected to be optically thick to these forms of radiation. Thus,
in the simple model, any continuum emission seen in type 2
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e ] the difference reported by Masse-Hess et al. (1993), although
B ] we find considerable overlap of the two distributions and a
L i mean value of UV/SX that is not terribly different (log [UV/
45 — ] SX] ~ —2.93 for the type 1’s and ~ —2.56 for the type 2’s).
L N 4 Unfortunately, the observed differences of this ratio do not
C A ] provide a stringent test of the dusty torus model. First, any
o~ 44 N £ — contribution to the scattering by dust particles will artificially
'n r 2 . ] alter this ratio in the Seyfert 2’s. While the scattering particles
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F1G. 3.—(a) Histogram of the logarithm of the ratio of [O m1] to HX for the o ° R a4 “e A 7
Seyfert sample. Dashed lines represent the Seyfert 1’s, the solid lines the Seyfert -2 — A A ‘A A —]
2’s. (b) Plot of HX vs. [O m1] for the Seyfert sample. Symbols are the same as I . a _
those used in Figs 1b and 2b. (c) Same as (b), but in luminosity space. L x4 R a~ _
A
f— 3 A A -
objects at these wavelengths would presumably be due to -3 A b b Ly
either photons scattered into our line of sight or extranuclear -3 -2 — 01 1
sources. The ratio of UV to SX continuum flux is expected to «(100,60)

be the same for the two types of Seyferts in a scattering model if
the scattering particles are electrons and the scattering region
is essentially free of extinction. Masse-Hess et al. (1993) have
recently calculated this ratio for a small sample and concluded
that it is significantly different for the two types of Seyferts.
Figure 5a is a histogram of this ratio for our sample. We verify

F1G. 4—Plot of the 60-25 um spectral index against the 100-60 um spec-
tral index for the Seyfert sample. Symbols are the same as those used in Figs.
1b and 2b. The cross marks the mean value of these quantities that Miley et al.
(1985) find for H 1 region galaxies. Note that many of the Seyfert 2’s in the
present sample have IR colors similar to the H 11 region galaxies, suggesting a
star formation component may contribute a substantial portion of the
observed IR emission
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EA A A R B is dominated by gas. For those Seyfert 2’s with a relatively low
C ] absorbing column to the central source (i.e., Ny < 10?2 cm~2),
L AA A . the “directly viewed” HX continuum contributes substantial
44— NN P 7] flux even at energies as low as 1-2 keV, so the ratio of UV/SX
L AR N - is not a valid test of the scattered nuclear radiation hypothesis
B a A ] in these objects (e.g., NGC 2992, NGC 5506; note the location
o~ - a e — of these galaxies in Figs. 5b and 5c). Finally, as both IUE and
n B a . Aa ] Einstein involved relatively large apertures, contributions from
oy = S A a . nonnuclear sources such as star formation regions could also
& el . e % 4 lead to a shift of the measured ratio of UV to SX. Thus, in
i - . :‘ N ] contrast to Masse-Hess et al. (1993), we conclude that the
- i ol a A ] current data do not impose serious constraints on the dusty
Y - " 8 torus model.
a4l a —
L 4 . 4.3. Line Emission and the Ionizing Continuum
B 4 Some of the strongest evidence for anisotropy in Seyfert
40— ] galaxies has come from applying energetic tests to the NLR
- . gas. When a comparison is made between the number of ion-
r ] izing photons required to produce the line emission and the
sole v e Lo b L number of ionizing photons implied from the observed contin-
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Fi1G. 5—a) Histogram of the logarithm of the ratio of ultraviolet (UV) to
soft (0.2-4 keV) X-ray (SX) continuum emission for the Seyfert sample. Dashed
lines represent the Seyfert 1’s, solid lines the Seyfert 2’s. The distribution of this
ratio is different for the two types of Seyferts, as recently claimed by Masse-
Hess et al. (1993). (b) Plot of SX vs. UV emission for the Seyfert sample.
Symbols are the same as those used in Fig. 1b (c) Same as (b), but in luminosity
space.

in the nucleus of NGC 1068 are essentially confirmed as elec-
trons (see Antonucci 1993), off-nuclear scattering by dust is also
present in this object (Miller et al. 1991). It seems likely that
dust scattering contributes in at least some Seyfert 2’s. Further-
more, any obscuring material along the line of sight will
change the observed ratio of UV to SX continuum flux, since
the UV opacity is dominated by dust, while the X-ray opacity

uum in Seyfert 2 galaxies, a photon deficit is often found. The
most plausible explanation for this is that the NLR gas “sees”
a stronger ionizing source than we do at Earth (e.g., Wilson et
al. 1988; Penston et al. 1990; Kinney et al. 1991a; Storchi-
Bergmann et al. 1992b). This could be due to the ionizing
source being an intrinsically anisotropic emitter or the ionizing
source being obscured from our view by dust.

In Figures 6b and 7b, we plot the UV continuum versus the
total observed Hf and [O m] fluxes, respectively. For both
emission lines (especially Hp), there is a correlation between
line strength and the measured continuum in the Seyfert 1’s.
The correlation is in the sense, and with the approximate slope,
expected for photoionization (cf. Shuder 1981). For the Seyfert
2’s, however, there is no significant correlation between these
quantities (see Table 3). In the dusty torus model, the observed
UV light in Seyfert 2’s is scattered, while [O 1] and Hf are
dominated by directly viewed emission from the NLR. Since
the scattering efficiency, scattering optical depth, and specifics
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F1G. 6—(a) Histogram of the logarithm of the ratio of total Hf line emis-
sion flux to ultraviolet (UV) continuum flux for the Seyfert sample. Dashed
lines represent the Seyfert 1’s, solid lines the Seyfert 2’s. (b) Plot of UV vs. total
Hp emission for the Seyfert sample. Symbols are the same as those used in Fig.
1b. While there is a fairly strong correlation between these two quantities for
Seyfert 1’s, there is no apparent correlation in the type 2 Seyferts. (c) Same as
(b) but in luminosity space.

of the scattering geometry are expected to vary significantly
among Seyfert 2’s, the scatter in the plot of observed UV emis-
sion versus narrow-line emission is not surprising. However,
the ratio of HB/UV is remarkably similar for the two Seyfert
types (see Fig. 6a and Table 2). This result is not expected or
easily explained in the simplest version of the dusty torus
model.
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The average scattering fraction for Seyfert 2’s can be esti-
mated from the plot of UV versus [O mr], if we assume the
[O m] emission is isotropic (see § 4.1). An examination of
Figure 7b shows that the Seyfert 2’s are on average an order of
magnitude fainter in the UV than the Seyfert 1’s with similar
[O m] luminosities. This suggests a scattering fraction of ~0.1.
This number is likely a upper limit, however, since the Seyfert
2’s with UV detections are probably brighter in the UV than
typical Seyfert 2’s, while the Seyfert 1’s in the plot should be
more representative of their class. As noted earlier, some of the
Seyfert 2’s are also known to contain substantial starbursts.
These additional components probably contribute substan-
tially to the IUE fluxes, while producing relatively little [O 111]
emission. These two effects, among others, suggest an upper
limit on the average scattering fraction in Seyfert 2’s of ~10%.

5. SUMMARY AND CONCLUSIONS

From our multiwavelength analysis of a large sample of
Seyfert galaxies we find the following.

1. The distribution of the ratios of IR/[O m], IR/HX, and
[O m]/HX are similar for Seyfert 1’s and Seyfert 2’s, consistent
with the emission in these wavebands being isotropic.
However, there is not a strong correlation between any of these
quantities for Seyfert 2’s, implying substantial contributions in
the IR from other sources (e.g., star formation) and strong
reddening of the NLR in some cases.

2. The distribution of the ratio of UV continuum to SX
continuum (UV/SX) is somewhat different for the two Seyfert
types. However, this does not provide a strong test of the dusty
torus model, since dust scattering, extinction in the host galaxy
and scattering region, contributions from extranuclear sources,
and direct contribution to SX from X-rays passing directly
through the torus can all affect this ratio.

3. There is a correlation between the emission-line flux and
the observed UV continuum in Seyfert 1’s, as expected if the
line emission is powered by the central source. However, there
is no such correlation for the type 2 objects. In the torus model,
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F1G. 7—a) Histogram of the logarithm of the ratio of [O 1] 25007 line
emission flux to ultraviolet (UV) continuum flux for the Seyfert sample.
Dashed lines represent the Seyfert 1’s, the solid lines the Seyfert 2’s. (b) Plot of
UV vs. [O m] emission for the Seyfert sample. Symbols are the same as those
used in Fig. 1b. There is a correlation between the line emission and the UV
continuum in the type 1 objects, but no correlation for the type 2’s. (c) Same as
(b), but in luminosity space.
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this latter result is expected, because the UV is apparently
scattered, while the line emission is dominated by a directly
viewed component. A scattering fraction of ~10% is required
to bring the UV fluxes of Seyfert 2’s to a level comparable to
Seyfert 1’s. This number likely represents an upper limit for the
general population of Seyfert 2’s, since the present sample is
probably biased toward UV-bright Seyfert 2’s, and other
sources probably contribute to the UV emission in some type 2
objects.

In summary, we find that the continuum and line emission
properties of this sample of Seyfert galaxies are generally con-
sistent with the dusty torus model. If there are really two types
of Seyfert 2’s, obscured Seyfert 1 nuclei and “true” Seyfert 2’s
(i.e., those with no BLR), a bimodal distribution might be
expected in some of the emission properties. We find no evi-
dence for such a distribution in the present sample, but a final
answer will probably require the use of larger samples without
the selection effects inherent in the current catalogs of known
Seyferts.
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