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Abstract. We present a sample of 17 type 2 Seyfert galaxies which have an X-ray column density lower than 10?2 cm™2. The
Compton thin nature of these sources is strongly suggested by isotropic indicators. We estimate the fraction of these sources
to be in the range of 10%—-30% of the population of type 2 Seyfert galaxies. Furthermore, this fraction appears to increase
progressively at lower luminosities. The simple formulation of the Unified Model for Seyfert galaxies is not applicable in such
sources since the pc-scale molecular torus is not likely to be responsible for the low column density observed; instead the
absorption observed is likely to originate at larger scales. According to this hypothesis, in these objects the broad line regions
are covered by some dusty obscuring material. In particular, this could occur in objects with dust lanes, patches or HII regions.
However, we cannot rule out that in the lowest luminosity sources the BLR is weak, absent or has faded away. This last scenario
is consistent with the predictions of some recent theoretical models for low luminosity AGNs.
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1. Introduction

Seyfert galaxies belong to the class of Active Galactic Nuclei
(AGN). According to the standard model, in active galaxies an
accretion disk around a massive black hole produces a hard
X-ray continuum, which photoionizes the Broad Line Region
(BLR, where broad emission lines originate) and the Narrow
Line Region (NLR, where narrow emission lines originate) lo-
cated at <1 pc and at <100 pc from the nuclear engine respec-
tively. Seyfert galaxies are classified as type 1 or type 2. Type 1
have both narrow forbidden lines (FWHM < 10° km s™!) and
broad Balmer lines (FWHM ~ 10* km s™') in their optical
spectrum, while type 2 have only narrow lines. Actually they
are the same object: type 2 Seyferts harbour a BLR, but this
is obscured from view in some directions by a molecular torus
(Unification Model; Antonucci 1993).

Optical spectropolarimetry measurements of scattered
broad permitted lines provide strong evidence in favour of the
unified model (Antonucci & Miller 1985). At least 35% of
Seyfert 2 galaxies have broad emission lines seen in polarized
light (Tran 2001; Moran et al. 2000), therefore a good fraction
of Seyfert 2 galaxies seem to host a hidden Seyfert 1 nucleus.

More evidence in favour of the unified model comes from
the X-ray spectra: the column density of neutral hydrogen in
type 2 Seyferts is significantly higher than in type 1 objects as
would be expected if, for the type 2 sources, the nucleus is ob-
served through the torus (Turner et al. 1997; Smith & Done
1996). Observed column densities range from 10?> cm™2 to
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higher than 10?* cm™2 for ~96% of the objects (Risaliti et al.
1999; Bassani et al. 1999).

However, not all Seyfert 2 galaxies have a Broad Line
Region in polarized light and not all Seyfert 2 galaxies have
column densities higher than 10*> cm™2. Polarimetric surveys
of complete samples of Seyfert 2s indicate that a large frac-
tion of these objects (up to 50%) do not show a hidden BLR
typical of an obscured Seyfert 1 nucleus. Furthermore there
have been some recent examples of Seyfert 2 galaxies, such
as NGC 3147 (Ptak et al. 1996), NGC 4698 (Pappa et al. 2001)
and NGC 7590 (Bassani et al. 1999), which have no or low
absorption measured from the X-ray spectrum. It can be ar-
gued that these are Compton thick objects i.e. in which the
medium is thick to Compton scattering such that the trans-
mitted component is completely suppressed below 10 keV and
the 2—-10 keV spectrum is dominated by reprocessed compo-
nents. In this case the hard X-ray spectrum is characterized by
a flat Compton reflection component from the inner surface of
the torus and/or a steeper component ascribed to an ionized,
warm scattering medium. When the absorbing medium has col-
umn density Ny > 10?* cm™2, then the transmitted component
can be observed above 10 keV. Therefore, in these sources the
true column density can only be estimated by higher energy
data for Ny > 10?* cm=2 or measured indirectly by comparing
the X-ray luminosity with the Far-Infrared or [OIII] luminosi-
ties for even higher column densities. In the above mentioned
sources these absorption indicators suggest that they are ac-
tually Compton thin objects. At the moment at least ~4% of
Seyfert 2s have Ny < 10??> cm™2 (Risaliti et al. 1999). The ex-
act nature of these peculiar Seyfert 2s is still unclear, as it is not
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Table 1. Unobscured Seyfert 2 galaxies sample.

Nome RA & Dec (2000) z N, NED
class.
IRAS 00317-2142 0034 13.8 -212621 0.02680 15 SI1.8
IRAS 01428-0404 0045252 -034936 0.01820 4.28  S2
IC 1631 01 08 44.8 -46 28 33 0.03084 2.17  S2*
NGC 2992 094542.0 -14 1935 0.00771 526  S2
NGC 3147 1016 53.6 +73 24 03 0.00941 3.64  S2
NGC 4565 1236 20.8 +2559 16 0.00428 1.30 S1.9
NGC 4579 1237435 +114905 0.00507 2.47 L/S1.9
NGC 4594 1239 58.8 —11 3728 0.00364 3.77 L/S1.9
NGC 4698 1248 23.0 +08 29 14 0.00334 1.87  S2
NGC 5033 1313273 +36 3536 0.00292 1.03 S1.9
MRK 273x 1344 47.4 +5554 11 045800 1.10  S2
NGC 5995 1548249 -134528 0.02519 106  S2
NGC 6221 1652 46.1 =59 1307 0.00494 150 S2*
NGC 6251 163231.8 4823216 0.02302 549  S2
IRAS 20051-1117 2007 51.3 110833 0.03149 6.8 SB/S2
NGC 7590 231855.0 -421417 0.00532 1.96  S2
NGC 7679 2328 46.8 +033041 0.01714 5.13  S2*

§ Column density in units of 10?° cm™.
* Transition objects between Seyfert 2 and starburst (see Fig. 1).

obvious what obscures their Broad Line Region: they may be
intrinsically different objects than those explained by the uni-
fied theory or in other words they may be the “true” Seyfert 2
galaxies which are sometimes discussed in the literature (Tran
2001).

In this paper we have collected a sample of Seyfert 2 galax-
ies characterized by low X-ray absorption in order to study their
properties, estimate their abundance and understand better their
nature.

2. The sample

The sample consists of objects which are classified in NED
as type 2 Seyferts! and are characterized by low absorption in
X-rays (Nyg 51022 cm™2).

The 17 objects of the sample are listed in Table 1 with
optical positions in equatorial coordinates for epoch J2000,
redshift z as reported in NED, Galactic column density from
21 cm measurement in units of 10** cm™ obtained from
the HEASARC (High Energy Astrophysics Science Archive
Research Center) on-line service and NED classification (S =
Seyfert, L = Liner, SB = Starburst). In Table 2 we list the
main X-ray spectral parameters in addition to the Infrared and
[OIII]A5007 flux values.

"' In type 2 optical classification we also include Seyferts 1.9
and 1.8.
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Fig. 1. a) Diagnostic diagram with [OII[]A5007/Hg vs. [NII]A6583/H,, .
b) Diagnostic diagram with [OIII]15007/Hg vs. [OI]A6300/H, . In both
a) and b) diagrams Seyfert 2, Starburst and HII regions are divided by
solid lines.

2.1. Optical classification

All objects in Table 1 are reported as pure or composite Seyfert
2s in NED. In order to check the NED Seyfert 2 classifi-
cation accurately, we have employed the two optical diag-
nostic diagrams by Veilleux & Osterbrock (1987) which use
line-intensity ratios that are relatively insensitive to redden-
ing and are considered good excitation indicators. Line ratios
such as [OIII]A5007/Hg, [NI1]16583/H,, [O1]16300/H,, delin-
eate the different excitation mechanisms which operate in HII
regions, high-excitation AGNs (Seyferts) and low-excitation
AGNs (low-ionization nuclear emission-line regions, LINERS;
Heckman 1980).

Although the boundaries between these three classes are
not rigorously defined, these diagrams represent a valid system
to distinguish between various types of narrow emission line
objects. The line ratios shown in Fig. 1 are taken from the liter-
ature (see the [OIII]A5007 flux references of Table 2). For those
sources with more than one observation we adopted the most
recent reference; note that not in all cases are the data available
or complete.
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Table 2. X-ray spectral parameters for the sample.
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Nome I Niin EWFe;,)  Fy v Lo Fr® Fom'
I IRASO0317-2142 2007997 1902 <900 0.08 201 2594 24
2 IRASO01428-0404 195713 3201 - 0.04 4138 <742 -
3 IC1631 2101010 <316 <70 1.00 4323 <685 520
4 NGC2992 170402 90030 147 7.4 230 5079 6800
5 NGC3147 194702 <29 67532 0.22 4162 4439 90
6 NGC4565 1792 Ny - 0.02 3932 4203 60
7 NGC4579 1881008 Ny - 0.52 4123 3837 90
§  NGC4594 15500 7l - 0.16 4086 3190 7.0
9 NGC4698 1917014 g2 <425 0.10 4050 <314 24
10 NGC 5033 L7992 Ny 1007199 0.28 4104 8277 170
11 MRK 273x 1667018 141733 <30 0.01 43.62 - 0.14
12 NGC 5995 181700 9073 14474 2.89 8352 2854 66
13 NGC6221 1.9 11075 36072109 1.4 41.78 - 2.14
14 NGC 6251 1831021 75¢ 44343 0.14 41.13 - 57.0
15 IRAS20051-1117 1927921 <40 272%32 0.24 4263 759 152
16 NGC759 22910% <92 - 0.12 4079 4453 170
17 NGC 7679 1750008 9 ¢l <200 0.60 4253 4960 10826

@ Column density in units of 10%° cm™2, * Equivalent width of the Fey, in units of eV, ¢ 2-10 keV flux in units of 10" erg cm™? 57!, ¢ 2-10 keV
logarithm of unabsorbed luminosity (Hy = 75 km s™' Mpc™!), ¢ Infrared flux in units of 10~!! erg cm™2 s~!, / [OII[]A5007 corrected flux in
units of 107'* erg cm™2 57!, ¢ Line at 6.65 keV. X-ray references: (1) Georgantopoulos et al. (2000); (2) This work, ASCA data; (3) Awaki et al.
(1992); (4) Gilli et al. (2000); (5) This work, SAX data; (6) Cappi et al. (2002); (7) Eracleous et al. (2001); (8) Pellegrini et al. (2002); (9)
Pappa et al. (2001); (10) Cappi et al. (2002); (11) Xia et al. (2002); (12) This work, ASCA data; (13) Levenson et al. (2001b); (14) Sambruna
et al. (1999); (15) This work, ASCA data; (16) Bassani et al. (1999); (17) Della Ceca et al. (2001). All F are based on IRAS data taken from
NED. [OIII] references: (1) Moran et al. (1996); (2) Pietsch et al. (1998); (3) Sekiguchi et al. (1993); (4) Gilli et al. (2000); (5) Ho et al. (1997);
(6) Ho et al. (1997); (7) Ho et al. (1997); (8) Ho et al. (1997); (9) Ho et al. (1997); (10) Ho et al. (1997); (11) Xia et al. (1999); (12) Lumsden
et al. (2001); (13) Levenson et al. (2001b); (14) Shuder & Osterbrock (1981); (15) Moran et al. (1996); (16) Vaceli et al. (1997); (17) Kewley

et al. (2000).

Most of the objects plotted in Fig. 1 show a well defined
optical classification: they are classical type 2 sources. As ex-
pected, a few objects are located at the boundaries between
Seyfert 2 and Liner/Starburst and so are likely to be Composite
objects. The composite Seyfert/Liner nature of NGC 4579 and
NGC 4594 is clear cut as seen in both diagrams confirming
their NED classification; NGC 5033 and NGC 3147 are much
less clear examples as they lie at the boundaries in one diagram
but not in the other and so we maintain their NED definition.

Transition objects between Seyfert 2 and Starburst are
NGC 6221 and NGC 7679; IC 1631 could be similar but
unfortunately we lack information on the [OI]/H, ratio to

confirm this hypothesis. IRAS 20051-1117 which is classified
as composite in NED is confirmed as this type only in one of
the two diagrams and even in this case it is a borderline object:
we therefore take this as an indication of the predominance of
the Seyfert 2 signature. Therefore we substantially confirm the
NED classifications (except in three cases which are flagged in
Table 1) and conclude that all sources of our sample are char-
acterized by an optical type-2 signature.

2.2. Diagnostic diagrams

The X-ray characteristics of the sample sources (described in
Table 2) strongly suggest the presence of an AGN often of
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Fig.2. Fx/Fr vs. Fionry/ Fir for the sources of the sample. We sepa-
rate with dashed lines the Compton thin, Compton thick and Starburst
region. The fluxes used are listed in Table 2.

low-luminosity in most objects (the photon indices are canoni-
cal and Iron lines are sometimes detected). However this ev-
idence is not sufficient to establish the presence of an ac-
tive nucleus in all objects and in particular in low luminosity
sources, where the luminosity does not allow us to discrimi-
nate between emission from an active nucleus or a starburst
galaxy. Furthermore our objects could be Compton thick (Ny >
10%* cm™2) but since the photoelectric cut-off would not be de-
tectable in the 2—-10 keV spectrum, the column density mea-
surements would be too low. However the presence of an AGN
and the Compton nature (thin or thick) of each source can be
checked by comparing isotropic versus anisotropic properties.

If a molecular torus is present in Seyfert galaxies, then it
should block the X-ray emission coming from the central en-
gine but it shouldn’t intercept emission coming from larger
scale structures like the Narrow Line Region or a non nuclear
starburst region. The column density could then be inferred
from the flux ratios of the X-ray fluxes versus various isotropic
emission measurements. The [OIII]A5007 flux is considered a
good isotropic indicator because it is produced in the Narrow
Line Region (Maiolino & Rieke 1995; Risaliti et al. 1999;
Bassani et al. 1999). Also the Far-Infrared emission seems to be
produced over a larger region than that of the molecular torus
and it has been used as an isotropic indicator too.

The Fx/Fiony ratio has been studied in a large sample
of Seyfert 2 galaxies: all Compton thin Seyferts show ratios
higher than ~1 while Compton thick sources show ratios be-
low this value (Bassani et al. 1999). The Fx/Fr ratio has also
been largely discussed and used in the literature to investigate
the presence of high column densities. Typically type 1 and
Compton thin type 2 AGN show ratios of ~0.1, while Compton
thick type 2 objects show ratios lower than 5x10™* (David et al.
1992; Mulchaey et al. 1994; Risaliti et al. 1999). Finally, since
infrared emission is associated mainly with star-forming ac-
tivity while the [OIII]A5007 emission is produced by photons
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Fig.3. Fx/Fiom vs. Fiom/Fir for the sources of the sample. We sep-
arate with dashed lines the Compton thin, Compton thick and starburst
region. The fluxes used are listed in Table 2.

generated in the active nucleus, by comparing the Fiom/Fir
ratio of all the starbursts and AGNs in the Ho et al. (1997)
sample, Bassani et al. (in preparation) find that ~90% of the
starburst galaxies show a value below 10™* while ~88% of
AGNs show a value above 107, therefore they suggest this
value as a means of discriminating between one galaxy class
and the other. In conclusion, these 3 ratios can provide an in-
dependent way to establish which is the dominant component
between AGN or starburst and at the same time they are a pow-
erful tool in the detection of Compton thick sources when an
X-ray spectral analysis is not sufficient.

The fluxes used in our diagrams (Figs. 2 and 3) are listed in
Table 2. All far-infrared fluxes are based on IRAS data, taken
from NED. For this paper we adopt the same definition used in
Mulchaey et al. (1994) for the far-infrared flux:

e))

Note that due to the IRAS angular resolution the Fig value is
likely to be overestimated for the nuclear region of each galaxys;
this translates into Fx/Fir and Fjomr/Fir ratios smaller than in
reality. The [OIII]A5007 flux of each galaxy has been corrected
for extinction using the formula given in Bassani et al. (1999).

In both Figs. 2 and 3 the starburst region is empty sug-
gesting that the dominant component is likely to be an AGN;
the region populated by our sources is that of the Compton
thin regime, indicating that indeed we measure the real amount
of absorption in all our objects. This result is confirmed also
for those objects for which the data are not complete: the
Fx/Fom ratios for MRK 273x, NGC 6221 and NGC 6251
are 71, 654 and 24 respectively and the Fx/Fr ratio for
IRAS 01428-0404 is 5.4 x 107>,

The major problem when dealing with low luminosity AGN
is the possible contamination from off nuclear sources in the
observed galaxy: in this case the measured flux is overesti-
mated by non-imaging/low-angular resolution instruments and

FiR = F25 um X V25 yum + F60 yum X V60 pm-
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the spectrum alterated. This is what is emerging from recent
works based on Chandra and XMM-Newton observations: the
X-ray fluxes are in most cases lower than those measured by
past satellites (see Chandra results by Ho et al. 2001). A con-
sequence of this could be a mistaken evaluation of the column
density and/or of the Compton nature of the source. However,
for those 5 sources of our sample which have Chandra or
XMM-Newton data the spectral parameters are substantially in
agreement with the old values and even if the 2—10 keV lumi-
nosities are somehow decreased, all these objects are still in the
Compton thin region.

In any case, it is important to consider the possibility that
more accurate and higher spatial resolution observations could
reduce the flux of some of our sources.

3. How many unabsorbed Seyfert 2 galaxies
are there?

Bassani et al. (1999) presented a column density distribution
for a sample of Seyfert 2s for which X-ray data were available.
The distribution was shifted toward high Ny values and only
~20% of the sources had a column density less than 10> cm ™.
However, the sample used by Bassani et al. (1999) was a col-
lection of data and so it did not fulfill the requirements of com-
pleteness. When a complete sample was considered (Risaliti
et al. 1999) the column density distribution found was similar
for high column density values: 75% of type 2 Seyferts were
found to be heavily obscured (Ny > 10* cm™2) with 50% of
the sources being Compton thick (Vg > 10%* cm~2). However,
only ~ 4% of the sample was characterized by low absorption
(Nu < 10%? cm™2). The sample considered by Risaliti et al.
(1999) was derived by the Maiolino & Rieke (1995) sample
completed with NGC 1808 and integrated with 18 new sources
found by Ho et al. (1997) which would have been included
in the Maiolino & Rieke (1995) sample if they had been dis-
covered earlier. This sample has been limited in [OII] flux
(From > 40 x 107'* erg cm™2 s7!) in order to be independent
of absorption effects and to have the greatest possible range in
column density.

We have reconsidered the total sample reported in Risaliti
et al. (1999), considering also the sources with Fionr < 40 X
107'* erg ecm™? s~! and we have updated the column den-
sity distribution with Ny measurements which have become
available in the meantime. Finally, we have used the X-ray
versus [OIII] flux ratios to assess the possible Compton thick
nature of the sample sources, if a column density was not
available: sources found to be Compton thick were ascribed
to Ny > 10%* cm™2 range. This sample consists of 92 sources
and for 59 sources we have the value of the column density. We
find that the fraction of objects with Ny < 10*? cm™? increases
to ~12% and this is to be considered a lower limit as not all
sources have the column density measured. If we consider only
the 59 sources with known Ny, the fraction is ~18%.

In order to check this result we also considered all sources
which are classified as type 2 Seyferts (including the transition
objects indicated as Liner2/Seyfert2 or Transition2/Seyfert2) in
the Ho et al. (1997) sample, which is complete in magnitude
to Br < 12.0 mag. The total number of these objects is 49
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Table 3. Fractions for three samples.

log(Ny) Risaliti (99) Hoetal. (97) Ho sample
cm™2 total sample sample <22 Mpc
<22 >12% >10% >15%
22-23 >14% >4% >T7%
23-24 >16% >14% >19%
>24 >22% >10% >11%
no data 36% 62% 48%

References for Ny: Ho (1999), Allen et al. (2000), Terashima et al.
(2000), Guainazzi (2002), Pappa et al. (2001), Levenson et al. (2001b),
Cappi et al. (2002).

and the column density has been determined for 19 of them.
For all these sources the lower limit for the fraction of ob-
jects with Ny < 1022 ¢cm~2 still remains around 10%, while
for only those with known Ny (19) the fraction is ~26%. If we
limit the sample in distance to <22 Mpc, in order to limit the
number of sources without a column density measurement, we
obtain a sample of 27 sources and 14 objects have an estima-
tion of the Ny. In this case, the lower limit for the fraction in-
creases to 15%, while for the 14 sources this fraction is ~28%.
In Table 3 we show the lower limits for the column density
distributions derived in the three samples.

Although the number of sources for which there is no infor-
mation available is high in all samples, the agreement found is
reassuring. It is also interesting to note that an important frac-
tion of unabsorbed objects is found only when low luminosity
AGNs (LLAGNS) are considered: this is evident in the Risaliti
et al. (1999) total sample when objects at low luminosity are
included and it is obvious in the Ho et al. (1997) sample which
is mainly made up by such sources.

Recently, Mainieri et al. (2002) have presented the re-
sults of the X-ray spectral analysis of the deep survey of
the Lockman Hole field with the XMM-Newton observatory.
Nearly 30% of type 2 Seyfert galaxies show Ny < 10%2 cm™2.

If confirmed by future studies, the fraction of low absorbed
Seyfert 2 galaxies obtained (presumably in the range of 10%—
30%) could have important implications for synthesis models
of the X-ray background and the Unified Theory of Seyfert
galaxies.

In Fig. 4 we plot the column density, measured from the
X-ray spectra, against 2—10 keV luminosity corrected for ab-
sorption. As expected we find no significant correlation (at 90%
level for a two tailed test) between these two quantities con-
firming previous findings by Risaliti et al. (1999). Nevertheless
it is interesting to note that we have extended the parameter
space in Fig. 4 considerably towards lower Ny and X-ray lu-
minosities compared to Risaliti et al. (1999) work: this further
supports the idea that more unobscured Seyfert 2s are observed
going towards low luminosities. Since the LLAGN s constitute
the majority of the nearby AGN population, it becomes evident
that unobscured type 2 objects may constitute a non-negligible
part of the type 2 class.
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Fig. 4. X-ray column density vs. L, o xev for the sources sample. No
significant correlation between the two quantities is found. We high-
light the region covered by Risaliti et al. (1999) sample sources and
show that most of our objects are LLAGNS.

4. What kind of objects are unabsorbed
Seyfert 2s?

None of the sources in our sample show evidence of the broad
(FWHM > 1000 km s~!) permitted emission lines observed
in Seyfert 1s. However, some of our sources show a broad
H, component (NGC 2992, Gilli et al. 2000; NGC 4579, Ho
et al. 1997; NGC 4594, Faber et al. 1997; NGC 5995, Lumsden
& Alexander 2001; NGC 7679, Kewley et al. 2000); this is
sometime variable (NGC 5033, Ho et al. 1995) and some-
time extremely weak (IRAS 00317-2142, Coziol et al. 1993;
NGC 4565, Ho et al. 1997).

Polarized spectroscopic measurements are available only
for three objects: for both NGC 2992 (Rix et al. 1990) and
NGC 5995 (Lumsden & Alexander 2001; Tran 2001) a polar-
ized broad H, line has been measured, while for NGC 7590 no
polarized broad H, component has been detected (Heisler et al.
1997).

We have indication that at least 8 sources have broad com-
ponents, but the broad components are not necessarely associ-
ated with an AGN Broad Line Region since they are too narrow
for BLR standards. It is likely that the unabsorbed Seyfert 2
galaxies host a hidden BLR but we cannot rule out that in
some of these objects the BLR is intrinsecally weak or absent.
Therefore two scenarios are plausible:

— A standard BLR exists, however to provide a type 2 classi-
fication the BLR must be hidden by a non-standard absorb-
ing medium.

— The BLR is non-standard (very weak or fading away) or it
does not exist at all, in this case no absorbing material is
required and our sources are truly not absorbed.

A possible solution within the first scenario is to assume a
gas-to-dust ratio different from the Galactic one. This is a rea-
sonable assumption since it has already been shown to be the
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case for a number of Seyfert galaxies (Maiolino et al. 2001).
However, contrary to previous studies, in our case we need
a dust-to-gas ratio higher than Galactic: in fact galaxies with
Ny ~ 10*' cm™? would have an extinction Ay ~ 0.45 insuf-
ficient to hide the BLR unless the Ay /Ny is a factor 10-50
higher than the Galactic value. This points to dust properties
in our galaxies which are anomalous with respect to the great
majority of AGNs. This result confirms previous findings of
Maiolino et al. (2001) who notice that a few LLAGNS in their
sample were characterized by an Ay /Ny ratio consistent with
or even higher than the Galactic value.

Indeed, in the HST imaging survey of the nearest Seyferts,
Malkan et al. (1998) found that the center regions of Seyfert 2
galaxies are intrinsically more dusty than those of Seyfert 1
galaxies, this property manifests itself in the form of lanes
and patches that are irregular and reach close to the nucleus.
However, this dusty and irregular environment is likely to be
located on larger scale than the BLR and is likely to be asso-
ciated with the inner regions of the host galaxy (Galactic Dust
Model, GDM).

Another large scale structure which could be responsible
for the absorption measured in X-rays is a starburst region
(Weaver 2001; Levenson et al. 2001a, Starburst Model, SBM).
Such regions can have large X-ray column densities of up to
a few times 102 cm™2. Such values can obscure the central
AGN at optical wavelengths making a Seyfert 1 galaxy into a
Seyfert 2 without requiring a pc-scale torus. This model also
explains a higher presence of dust lanes, bars and star-forming
activity in type 2 Seyferts than in type 1 Seyferts (Maiolino
et al. 1997). Some objects of our sample are indeed character-
ized by the presence of a bar (IRAS 00317-2142,IRAS 01428-
0404, NGC 4579, NGC 5995, NGC 6221 and NGC 7679) or
emission from an HII region comparable to those of starburst
galaxies (IC 1631, NGC 3147 and IRAS 20051-1117) and can
therefore be explained within the GDM and SBM.

We can therefore check if the absorption present in our

Seyfert 2 sample is compatible with these two models. This
is feasible since in our objects the optical extinction at larger
scales (i.e. in the NLR) can be assessed from the narrow emis-
sion lines using the narrow H, /Hg ratios and applying the Ward
et al. (1987) formula:
Ay = 6.67 x (log(H,/Hp) —10g(2.85)) (mag). 2)
These values can then be translated into gas column densities
using Eq. (2) from Gorenstein (1975) and compared to the Ny
values measured from X-ray data to obtain the Ay /Ny ratio rel-
ative to the NLR. This Ay /Ny distribution is plotted in Fig. 5
where it is evident that the obscuration seen in X-rays is con-
sistent with that measured in the NLR, expecially after con-
sidering the large errors affecting both the optical and X-ray
measurements.

This conversely implies that in our sources the obscuring
torus is either not visible or not present. This result conforms
with both the GD and SB models in the sense that the absorbing
material in X-rays is located at larger scale and that the Ay /Ny
ratio measured in our sources allow for a dust-to-gas ratio equal
to or even higher than Galactic. In this second hypothesis the
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Fig. 5. Log Ay /Ny distribution for the sample. The dashed line is rel-
ative to the standard Galactic value.

optical extinction could be sufficient to hide the BLR and pro-
vide the type 2 classification of our sources.

In the second scenario no absorption is required to hide
the broad line region which is therefore absent or very weak.
This scenario is more likely applicable to low luminosity AGN's
where the brightness of the active nucleus may be insufficient
to photoionize the BLR.

5. Discussion

Under the Unified Theory hypothesis, when we are looking at
a Seyfert 2 we should expect to measure a high X-ray column
density produced by a thick molecular torus which hides the
BLR. According to the results detailed above, the column den-
sity measured in our Seyfert sample is consistent with the ex-
tinction obtained from the reddening of the lines produced in
the NLR. This means that the presence of an obscuring torus
is not required and, therefore, that the objects considered in
our sample are somehow anomalous Seyfert 2 galaxies. A col-
umn density of Ny ~ 10?* cm™2 or slightly under this value
can be associated with the presence of a dust lane, a bar or
an HII region. This could be the case for the objects in the
present sample which in Fig. 4 populate the high X-ray lu-
minosity — high column density region (IRAS 01428-0404,
IC 1631, NGC 2992, NGC 5995, NGC 6221, NGC 6251 and
IRAS 20051-1117); these have Ny values sufficient to cover the
BLR. These objects could be seen perpendicularly to the torus
and some other type of absorbing material obscures the BLR.
To summarise, if the BLR of these galaxies is obscured, then
a larger-scale dusty environment is likely to be responsible for
their obscuration.

However, in Fig. 4 at lower X-ray luminosities and lower
column densities we find those objects with Ny very low
and sometimes compatible with the Galactic absorption; i.e.
a value not sufficient to obscure the BLR (IRAS 00317-2142,
NGC 3147, NGC 4579, NGC 4594, NGC 4565, NGC 4698,
NGC 5033, MRK 273x, NGC 7590 and NGC 7679).
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A dust-to-gas ratio different from the Galactic one could be a
possible solution to the problem, i.e. a strong dust contribution
obscures the BLR and it is not detectable in X-rays. It is worth
noting that, except for MRK 273x and NGC 7679, these low
Ny Seyferts are all LLAGNSs. The nature of LLAGN:Ss is a hotly
debated issue, since it is not clear what powers such objects
and it is not obvious that the unified model is valid at these low
luminosities (Ho et al. 2001).

A few of our galaxies have very massive black holes
(>10° Mg, for NGC 4594 and 613 x 107 M, for NGC 4579)
and they accrete at extremely sub-Eddington rates (L/Lgqq <
1073, Ho 1999). It is possible that in these extreme conditions
there is not sufficient ionization power to illuminate the BLR
or there is insufficient gas to feed the clouds in this region or
the structure of the accretion flow is uncapable of activating
it (Barth 2002). Such objects would be preferentially detected
in early type galaxies with massive black holes because a sub-
Eddington accreting AGN would be too faint to be visible in a
spiral with a low black hole mass. About 50% of our LLAGNs
are in early type galaxies. There is observational evidence to
support the above suggestion: several recent works have inves-
tigated the size-mass-luminosity relations in AGNs (Wandel
et al. 1999; Kaspi 2000; Collin & Huré 2001) supporting the
idea that there is a correlation between the luminosity of the
AGN and its BLR size in the sense that the BLR size decreases
as the AGN luminosity decreases.

There are also theoretical studies which lead us to believe
that in intrinsically weak AGNs the BLR is extremely faint or
absent. Nicastro (2000) suggests a model in which the FWHMs
of the broad emission lines are related to the accretion rate?, in
particular at very low accretion rates the clouds of the BLR
would cease to exist. Therefore for sufficiently weak AGNs
no BLR is expected. This is the “pure” Seyfert 2 model (Tran
2001).

Furthermore, we consider the hypothesis of “Fossil” ob-
jects in which the central engine has turned off (Maiolino
2001). Shortly after this occurs, the BLR fades away and the
nucleus appears as a type 2 object. If the nucleus remains qui-
escent for a sufficient time then even the echo of the NLR will
fade away. Under this hypothesis unabsorbed Seyfert 2s are
simply a transition state of an AGN. Since this phase should
rapidly decay, the fraction of fossil AGNs may be very small.

The obscuring material around an active nucleus has been
proven by some recent evidence to be complex and variable
and the possibility that in some objects our line-of-sight might
be intercepting a “hole” in the absorber at a certain time must
also be taken into account (Risaliti 2002).

To summarize, in the 17 unabsorbed Seyfert 2 galaxies the
low absorption is not likely to be related to the torus but to ma-
terial distributed over larger scale, very likely the NLR unless
the BLR is particularly dusty. Some of these objects could be

2 In this model the broad emission lines originate in a vertical disk
wind, at a critical distance in the accretion disk and the widths of such
broad emission lines are the Keplerian velocities of the accretion disk
at the radius at which the wind originates. The disk wind forms for
external accretion rates higher than a minimum value below which a
standard disk is stable.
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seen perpendicularly to the torus with some types of absorbing
material obscuring the BLR; the material may be slightly dusty
and associated with lanes, patches or starburst regions. In a few
cases, the lack of evidence for the existance of a BLR suggests
that this is weak, absent or has just faded away. In this case the
nucleus is of low luminosity and this may explain the weakness
or lack of a BLR.

6. Conclusions

We present a sample of type 2 Seyfert galaxies which behave
differently than classical type 2 objects. We have shown that
there are strong indications in favour of the “true” Compton
thin nature of such sources.

We estimate the fraction of Seyfert 2s with low absorption
to be in the range of 10%—-30% and this fraction is likely to
increase at low luminosities. The study of a complete sample
of LLAGNSs will provide a more reliable estimate of their inci-
dence in the Seyfert galaxies population.

The unabsorbed Seyfert 2 galaxies cannot be described by
the Unified Model in its simple formulation. The standard BLR
of Seyfert galaxies is either obscured by something other than
the torus or it is weak, absent or has just faded away.

As a concluding remark, it is worth noting that the results
presented in this paper add further complications to the classi-
fication scheme of AGNs in general and of Seyfert galaxies in
particular.
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