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ABSTRACT
Absorption by cold material in a large sample of active galaxies has been analyzed in order to study

statistically the behavior of absorbed sources. The analysis indicates that on the basis of the column
density alone, sources can be divided into low-absorption and high-absorption([NH/NHGal

]¹ 50)
objects. While the second group consists mostly of narrow emission line galaxies([NH/NHGal

]º 50)
(Seyfert galaxies of type 1.9È2), the Ðrst group is less homogenous, being formed by a mixture of broad
and narrow emission line objects (Seyfert 1È2 galaxies). A study of the distribution of the column density
values by means of bootstrap analysis conÐrms the reality of this e†ect. One group consisting of opti-
cally selected objects is well explained within the uniÐed theory as nuclei obscured by a molecular torus.
The second group made up of X-rayÈ and IRAS-selected objects is more difficult to deÐne : in these
sources the absorption is underestimated owing to difficulties (1) in Ðtting complex absorption spectra or
(2) in measuring values in Compton-thick sources or the absorption has a di†erent origin than in theNHtorus.

Possible correlations of absorption with X-ray luminosity, axial ratio, and Balmer decrement have also
been investigated. Previous suggestions that lower luminosity AGNs tend to be more highly absorbed
than those with higher luminosity are not conÐrmed by the present data ; neither is any evidence for a
correlation of with axial ratio (b/a) found except for a preference of Seyfert 1È1.5 galaxies to be inNHface-on galaxies. While some sources (Seyfert 1È1.5 galaxies and low-absorption objects) have X-ray
absorption compatible with Balmer decrement, high-absorption objects have column densities much
higher than predicted from optical observations. These results are in agreement with the uniÐed theory
since the torus parameters are expected to be independent of luminosity, its orientation should be
random with respect to the host galaxy, and its location should be in between the broad- and narrow-
line regions. A study of the variability indicates that in a large fraction (70%) of the sources forNHwhich the analysis could be done, varies on timescales from months to years. In Seyfert 1È1.5 gal-NHaxies, the variability is associated with a region in or near the broad-line region and is explained in
terms of partial covering and/or warm absorption models. In Seyfert 2 galaxies, the only variability
observed is that associated with narrow emission line galaxies. The study of the column density distribu-
tions indicates that Seyfert 1È1.5 galaxies are characterized by atoms cm~2. SeyfertNH \ 18~7`9 ] 1021
1.9È2 galaxies have instead atoms cm~2 and a larger dispersion ; if this group isNH \ 96~35`54] 1021
divided into low- and high-absorption objects, atoms cm~2 andNH \ 14.5~5.3`7.2 ] 1021 NH \ 132.8~52.6`80.1
] 1021 atoms cm~2, respectively, are obtained. The observed dispersion in each group is consistent with
being entirely due to column density variability.
Subject headings : galaxies : active È galaxies : ISM È galaxies : Seyfert È X-rays : galaxies

1. INTRODUCTION

An interesting and strong feature that is found in the
X-ray spectra of active galactic nuclei (AGNs) is the low-
energy cuto† due to photoelectric absorption by cold or
partly ionized material in the line of sight to the nucleus.
The absorption e†ect due to our Galaxy, which has a
column density atoms cm~2, modiÐes theNHGal

D 3 ] 1020
X-ray spectrum below E\ 0.6 keV; anything observed
above this energy is attributable to absorption in the active
galaxy itself. The X-ray column density observed in di†erent
types of AGNs therefore undoubtedly contains important
information about the distribution of matter around the
nucleus. In hard X-rayÈselected samples (see, e.g., Piccinotti
et al. a signiÐcant fraction of all AGNs exhibits large1982),
column densities of cold material in the line of sight. For BL
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Lac objects Bassani, & Caroli and QSOs(Ciliegi, 1995)
et al. the observed column densities are not(Williams 1992),

dramatically di†erent from galactic values, while Seyfert
galaxies of all kinds can have values in excess of the galactic
ones. More generally, all objects having quite high NHvalues are generally associated with narrow emission line
sources such as Seyfert 2 galaxies or narrow emission line
galaxies (NELGs) ; the broad-line region in these objects
may be hidden by surrounding material & Pounds(Turner

Urry, & Canizares1989 ; Kruper, 1990 ; Awaki 1991 ;
Done, & Pounds This is largelyMushotzky, 1993).

explained by the uniÐed model in which these galaxies are
viewed directly through a torus of obscuring material. In
this scheme, large X-ray column densities may be due to the
cold torus, the disk of the galaxy itself & Elvis(Lawrence

or perhaps the broad-line clouds or material associ-1982),
ated with the accretion disk.

Variations in the column density have been seen in a few
objects widely known in the literature for their extremely
high column density : NGC 4151 et al.(Barr 1977 ; Yaqoob
& Warwick et al. ESO 103-G351991 ; Yaqoob 1993b),
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Pounds, & Turner Centaurus A(Warwick, 1988), (Morini,
Anselmo, & Molteni et al. and NGC 5506; Turner 1997),

Matsuoka, & Yamahuchi Although obser-(Bond, 1992).
vations of high values of (º1022) have been reported forNHa fraction of the AGNs observed at X-ray wavelengths, sta-
tistical studies of absorption have so far been based on
instrument surveys (EXOSAT : & PoundsTurner 1989 ;
Einstein : et al. and Ginga : & DoneKruper 1990 ; Smith

which were limited to a small number of sources. The1996),
aim of the present work is to extend these studies by using a
larger sample of objects based on data collected from the
literature.

In the database is presented together with the criteria° 2,
adopted to identify the absorbed objects. The sample
obtained in this way is then used to investigate possible
correlation of with other parameters to studyNH (° 2),
column density variations and to determine column(° 3),
density distributions for various classes of objects The(° 4).
Ðnal results are summarized in ° 5.

2. SOURCE SELECTION

The sample of absorbed AGNs was selected using the
high-energy (E[ 0.01 keV) catalog of Bassani, &Malaguti,
Caroli updated with measurements published up to(1994),
July 1995 (see Tables and of the Appendix). The entire5 6
catalog, including new entries, contains 220 objects of
various classiÐcations excluding BL Lac objects, for a total
of 1234 spectra. It includes 149 Seyfert galaxies (of which 82
are of type 1, 36 of type 2, 28 of intermediate type, and three
of uncertain type), 66 quasars, and Ðve objects otherwise
classiÐed. For completeness, both low-energy (E\ 2 keV)
spectra (in general, Einstein and ROSAT observations), as
well as high-energy spectra (E\ 20 keV) have been
included in of the Appendix ; these data, however,Table 6
have not been used in the present study. In order to be able
to work on a large database and to be able to make a direct
comparison between past and more recent observations, a
simple representation of absorption (single neutral absorp-
tion fully covering the source) has been adopted in the
present work. Recent observations, however, indicate that
absorption in Seyfert galaxies is more complex than
assumed here, especially when low-energy data are taken
into account. Considerations of any e†ect introduced by
this oversimpliÐcation will be addressed throughout the
paper. In order to compare the observed values with
absorption in our own Galaxy, values of galactic absorp-
tion along the line of sight to each source were extracted
from either the EXOSAT Database and/or from the liter-
ature (see notes to for details and the Appendix forTable 1
references).

To extract sources with intrinsic absorption in excess of
the galactic value, the average for each object was calcu-NHlated by weighting all available observations. Note,
however, that the errors associated with values wereNHfound to be asymmetric in the majority of cases, with posi-
tive errors often much greater than negative ones. The stan-
dard weighted mean analysis is not totally appropriate in
this case, and therefore a Gaussian product method was
used to determine a mean value for each source. TheNHmethod assumes that corresponds to the most likelyNHvalue of the column density, and that the errors (upper)euand (lower) have Gaussian form on either side. Then, for aelset of measurements one can calculate a probabilityNHi

,
distribution for the set of where N is aP(NH) \ N <

i
NHi

,

normalization factor such that One/~=`= P(NH) dNH \ 1.
can then take the maximum of this probability function to
be the most likely value for the mean, and integrateN1 H,
both above and below this value until /

el
»H P(NH)dNH \ /»H

eu
giving the 1 p upper and lower errors,P(NH)dNH \ 0.32,

respectively. Obviously, if the set of measurements isNHinot well deÐned, so that, for example, there are two mea-
surements incompatible with the source being constant and
the errors being as quoted, then this method will fail, which
indicates a problem with one assumption or other. This
happened in only three occasions for NGC 3783, NGC
4151, and IC 4329A; of these three cases, only one observ-
ation was clearly incompatible with all others in the set, and
so the weighted mean was calculated with this value
removed. The di†erence between average orSNHT

Aweighted values and the galactic absorption inSNHT
W

NHGalthe source direction was then evaluated in order to apply
the following criteria as deÐnitions of an absorbed source :

SNHT
W

[ NHGal
[ 2 *NH

SNHT
A

[ NHGal
[ 2p ,

where is the error and p is its dispersion.*NHThese criteria, when applied to the entire hard X-ray
catalog, produced a sample of 45 absorbed objects, D20%
of the 220 sources analyzed. lists these objectsTable 1
together with their average and/or weighted mean absorp-
tion value, the error associated with the weighted mean
(multiple data) or the average (single data point), and the
dispersion as well as appropriate galactic absorption and
AGN type. Except for a few objects (NGC 526A, NGC
4258, and NGC 2992), the classiÐcation has been taken
from the NASA Extragalactic Database (NED). NGC 4258
has a LINER/Seyfert emission-line spectrum whose classi-
Ðcation has long been debated (it is deÐned as type 1.5 in
NED) until more recent data conÐrmed its Seyfert type 2
nature et al. NGC 526A is classiÐed in NED(Wilkes 1995).
as type 1.5, but it also belongs to the group of X-rayÈ
selected NELGs and, more recently, has(Mushotzky 1982)
been assigned the type 2 class by BothWhittle (1992).
objects are here deÐned as type 2 Seyfert galaxies. NGC
2992 is here taken as a Seyfert galaxy of type 1.9 (Whittle

instead of type 2. Finally, the radio galaxies Cen A1992)
and Cygnus A have been assigned class 2 as both are
narrow-line emission galaxies.

The Seyfert 1 galaxies NGC 6814, 3A 0557[383, and the
quasar NRAO 140, although objects with high values,NHhave been excluded from the present sample. In the Ðrst two
cases, the source spectra may be contaminated by a nearby
object (a galactic source for NGC 6814 et al.[Madejski

and a BL Lac object for 3A 0557[383 et al.1993] [Giommi
while in the third case, the line of sight to the source1989]),

lies close to the Galactic plane and behind the(b \ [18¡.8)
outer edge of a giant molecular cloud in Perseus

& Thaddeus et al. The(Ungerechts 1987 ; Bania 1991).
sources IRAS 04575[7537, IRAS 18325[5926, and Mrk
463E come from recently published data (not included in
the Appendix) : for the Ðrst two, values have been takenNHfrom the work of & Done while for Mrk 463E,Smith (1996),
the column density value come from a recent ASCA observ-
ation et al. For a small number of sources,(Ueno 1996).
listed at the end of only upper limits to the absorp-Table 1,
tion are available & Koyama(Awaki 1992 ; Awaki 1993) ;
given their Seyfert 2 classiÐcation, they are also discussed in
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TABLE 1

SELECTED SAMPLE OF ABSORBED OBJECTS

Number Source NHa Mean (N) NHa W. Mean (N) Error Sigma NHGal
a Class

(1) (2) (3) (4) (5) (6) (7) (8)

1 . . . . . . III Zw 2 4.487 (6) 1.057 (3) 0.150 6.874 0.522c Sey 1
2 . . . . . . Mrk 348 125.9 (1) . . . 21.2b . . . 0.578c Sey 2
3 . . . . . . NGC 526A 17.433(9) 11.606 (7) 0.777 7.077 0.206c Sey 2 (NELG)
4 . . . . . . Mrk 1040 26.25 (4) 3.581 (3) 1.047 35.652 0.705c Sey 1.5
5 . . . . . . 4U 0241]61 15.581 (7) 15.207 (6) 2.824 8.578 7.060c Sey 1
6 . . . . . . NGC 1275 7.850 (2) . . . 4.0b . . . 0.144c Sey 2
7 . . . . . . 3C 111 10.274 (5) 14.255 (5) 0.900 6.952 2.820c Sey 1
8 . . . . . . 3C 120 2.278 (10) 1.931 (10) 0.131 0.996 1.080c Sey 1
9 . . . . . . IRAS 04575[7537 10.5 (1) . . . 2.9b . . . 0.880c Sey 2

10 . . . . . . NGC 1808 104.7 (1) . . . 1.38b . . . 0.247c Sey 2
11 . . . . . . NGC 2110 32.458 (7) 24.941(7) 1.090 15.647 1.790c Sey 2 (NELG)
12 . . . . . . Mrk 3 515.5 (2) 537.609 (2) 47.909 103.945 0.851c Sey 2
13 . . . . . . PKS 0637[75 5.705 (2) 5.715 (2) 0.202 0.007 0.480d QSO
14 . . . . . . IRAS 09104]4109 3.0 (1) . . . 0.1 . . . 0.205d Sey 2
15 . . . . . . NGC 2992 8.215 (15) 8.414 (15) 0.172 3.509 0.515c Sey 1.9 (NELG)
16 . . . . . . MCG [5-23-16 14.255 (8) 16.046 (8) 0.742 5.508 0.883c Sey 2 (NELG)
17 . . . . . . M81 10 (1) . . . 2b . . . 0.424c Sey 1
18 . . . . . . NGC 3227 11.632 (12) 1.405 (12) 0.173 13.646 0.226c Sey 1.5
19 . . . . . . IRAS 1040]706 147.9 (1) . . . 1.35b . . . 0.297c Sey 2
20 . . . . . . NGC 3516 62.10 (9) 55.668 (5) 2.811 18.214 0.333c Sey 1.5
21 . . . . . . NGC 3783 14.20 (8) 19.167 (8) 0.762 11.165 0.912c Sey 1
22 . . . . . . NGC 4051 41.540 (11) 8.178(9) 1.342 72.058 0.131c Sey 1
23 . . . . . . NGC 4151 73.756 (62) 66.961 (62) 1.097 26.075 0.204c Sey 1.5
24 . . . . . . NGC 4258 150 (1) . . . 20b . . . 0.119c Sey 2
25 . . . . . . NGC 4388 210 (1) . . . 140b . . . 0.261c Sey 2
26 . . . . . . NGC 4507 490 (1) . . . 70b . . . 0.710e Sey 2
27 . . . . . . NGC 4945 5370 (1) 500 . . . 0.983f Sey 2
28 . . . . . . Cen A 125.769 (29) 128.067 (29) 0.347 38.694 0.700d Sey 2 (RG)
29 . . . . . . MCG [6-30-15 4.631 (9) 1.400 (9) 0.168 3.738 0.427c Sey 1
30 . . . . . . NGC 5252 30.850 (2) 29.551 (2) 17.626 10.394 0.204c Sey 1.9
31 . . . . . . IC 4329A 3.611 (8) 3.337 (8) 0.138 1.723 0.440c Sey 1
32 . . . . . . Mrk 463E 160 (1) . . . 80 . . . 0.210c Sey 2
33 . . . . . . NGC 5506 36.802 (14) 35.726 (14) 0.359 7.268 0.352c Sey 1.9 (NELG)
34 . . . . . . NGC 5548 3.119 (18) 1.074 (14) 0.148 3.575 0.170c Sey 1.5
35 . . . . . . NGC 5674 67.60 (1) . . . 1.20b . . . 0.240e Sey 1.9
36 . . . . . . NGC 6552 870 (1) . . . 180b . . . 0.423c Sey 2
37 . . . . . . IRAS 18325[5926 15.9 (1) . . . 2.60b . . . 0.750c Sey 2
38 . . . . . . ESO 103[G35 183.375 (8) 233.938 (8) 7.677 73.89 0.580d Sey 2 (NELG)
39 . . . . . . Cygnus A 375 (1) . . . 71b . . . 3.370c Sey 2 (RG)
40 . . . . . . IC 5063 234.4 (1) . . . 30.2b . . . 0.436g Sey 2
41 . . . . . . NGC 7172 98 (2) 105.733 (2) 4.936 11.314 0.163c Sey 2 (NELG)
42 . . . . . . 3C 445 114 (2) 98.585 (2) 28.403 86.267 0.515c Sey 1
43 . . . . . . NGC 7314 8.467 (3) 7.890 (3) 0.488 4.406 0.146c Sey 1.9
44 . . . . . . MRC 2251[178 0.827 (17) 0.866 (15) 0.066 0.368 0.273c Sey 1
45 . . . . . . NGC 7582 169.043 (7) 93.197 (7) 6.817 147.221 0.148h Sey 2 (NELG)
46 . . . . . . IRAS 01065[4644 \3.16 (1) . . . . . . . . . 0.197d Sey 2
47 . . . . . . NGC 1068 \5.0 (1) . . . . . . . . . 0.457d Sey 2
48 . . . . . . NGC 1672 6.31 (1) . . . \31.6 . . . 0.225d Sey 2
49 . . . . . . NGC 1667 25.1 (1) . . . \100 . . . 0.627d Sey 2
50 . . . . . . NGC 5643 \19.95 (1) . . . . . . . . . 1.134d Sey 2
51 . . . . . . IRAS 21116]0158 \15.85 (1) . . . . . . . . . 0.582d Sey 2
52 . . . . . . NGC 7674 \15.85 (1) . . . . . . . . . 0.598d Sey 2

NOTE.È(N) refers to the number of observations ; Err and Sigma are the error and the dispersion of the weighted mean respectively ;
is the Galactic column density. Class terminology : Sey\ Seyfert galaxy (number indicates type) ; RG\ radio galaxy ;NHGalQSO \ quasar.

a In units of 1021 atoms cm~2.
b Error on single measurement.

et al.c Stark 1990.
d EXOSAT database.

Urry, & Canizarese Kruper, 1990.
f NH \ 10(~0.01393C@ bII @`21.1786) Rowan-Robinson 1985.

& Lockmang Dickey 1990.
, Lockman, & Wilkesh Elvis 1989.

this work. There may be more absorbed sources like the
high-redshift QSOs described by et al.Wilkes (1992), Elvis
et al. and et al. that were excluded(1994b), Cappi (1996)
because it is not yet clear what is the origin of the absorp-
tion, i.e., in the QSO itself or in intervening matter between

the object and the observer. For all the above arguments, it
turns out that the sample on which the present study is
based contains, except for the quasar PKS 0637[75 and
the radio galaxies Cen A and Cygnus A, only Seyfert
galaxies.
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FIG. 1.ÈPlot of the column density values against galactic absorption in the source direction for all objects in (here and in the following Ðgures,Table 1
sources are numbered as in The solid line represents the one-to-one correspondence between and while the dashed-dotted line highlightsTable 1). NH NHGal

,
the division between low-absorption and high-absorption objects([NH/NHGal

]¹ 50) ([NH/NHGal
]º 50).

is a plot of the values of the selected sourcesFigure 1 NHcompared to their relative galactic absorption. No data
point lies below the one-to-one line correspondence, which
conÐrms the e†ectiveness of the adopted source selection
criteria. In this Ðgure, as well as in the following ones, each
source is characterized by its optical class and identiÐed by
the same number assigned in note that the NELGTable 1 ;
classiÐcation has not been considered and that each object
of this class has been assigned its proper Seyfert type, while
the only QSO (PKS 0637[75) listed in has beenTable 1
given the Seyfert 1 symbol.

An immediate and obvious conclusion that emerges from
these results is that Seyfert 2 galaxies have almost invari-
ably higher column densities than Seyfert 1 galaxies. This
conÐrms previous results from HEAO 1, EXOSAT , and
Ginga surveys and supports the hypothesis of a large
obscuring region close to the center of Seyfert 2 galaxies,
possibly hiding a Seyfert 1 nucleus, as suggested in the
uniÐed model of & Miller Two mainAntonucci (1985).
groups of objects are evident in one withFigure 1 :

contains mostly Seyfert 1 and 1.5 galaxies,NH/NHGal
\ 50

while the other with is made of Seyfert 1.9NH/NHGal
[ 50

and 2 galaxies. A few exceptions are worth a note : a number
of type 2 objects are found in the Ðrst group of sources,
while the Seyfert 1 galaxy 3C 445 is located in the second
group. While for 3C 445 the result may be surprising but is
not signiÐcant given the uncertain deÐnition of the source
spectrum owing to contamination from a nearby cluster

for type 2 objects to be found in the Ðrst(Pounds 1990),
group is an unexpected result. However, one can argue that
while high-absorption Seyfert 2 galaxies are mostly opti-
cally selected and easily explained as type 1 nuclei viewed
through an obscuring torus, the low-absorption sources are
either X-rayÈ (NELG) or infrared-(IRAS) selected objects.
These bright X-ray galaxies do not show the high column
densities expected in tori and yet their broad(NH [ 1023),
lines cannot be seen in the optical band. This discrepancy
can be explained if in these sources the torus is still present
but either it is either optically thin or our line of sight
intercepts its rim; alternatively, in these sources the absorp-
tion has not been properly estimated or has a di†erent

origin than the torus. This point is discussed further in the
next section. Seyfert galaxies of type 1.5 are present in both
groups, which suggests that the same classiÐcation could be
the result of di†erent physical phenomena. In particular,
NGC 4151 has been observed to have a variable H I proÐle
over the past decades, being observed mostly as a Seyfert
1.5 galaxy but occasionally as a Seyfert 1.8 or 1.9 galaxy

& Cohen & Perez NGC(Antonucci 1983 ; Penston 1984).
3516 is similar to NGC 4151 et al. et al.(Aoki 1994 ; Kriss

while the other three objects (which are also often1996),
deÐned as type 1.2 in the literature ; moreWhittle 1992)
closely resemble type 1 objects.

It is worth noting that the present sample extends the NHvalues by at least an order of magnitude in comparison to
previous samples et al. & Pounds(Turner 1991 ; Nandra

This is mainly due to the inclusion of many Seyfert 21994).
galaxies in the sample. It is therefore justiÐed a check on
possible correlation between and other parameters,NHlisted in as discussed in previous works, but under-Table 2,
lying the behavior of di†erent galaxy types.

In the values of the selected sample sourcesFigure 2, NHare plotted against the corresponding averagedL (2h10) keVover all available observations and corrected for the appro-
priate absorption col. [6]). To provide a direct(Table 2,
comparison with earlier works, a line is drawn at 1043.5 ergs
s~1 to separate crudely the low- from the high-luminosity
AGNs, while a line at D1022.2 atoms cm~2 is used to divide
low from highly absorbed objects. The complete sample is
divided in 28 low-luminosity and 23 high-luminosity
objects ; taking into consideration only highly absorbed
objects, one Ðnds 15 sources at low luminosities and 11 at
high luminosities. Previous suggestions that lower lumi-
nosity AGNs tend to be more highly absorbed than higher
luminosity ones & Elvis(Mushotzky 1982 ; Lawrence 1982 ;

et al. & Pounds are thereforeReichert 1985 ; Turner 1989)
not conÐrmed by the present data, especially if upper limits
in the left-hand side of the graph are properly considered.
This result is in agreement with the uniÐed theory since the
torus parameters such as optical thickness and opening
angle are expected to be independent of luminosity.
However, the lack of an anticorrelation between absorption
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TABLE 2

INFORMATION ON THE SAMPLEÏS OBJECTS

Redshift Fluxa Luminosityb References for
Number Source Name (z) b/a [2È10] keV [2È10] keV Ha/Hb Ha/Hb

(1) (2) (3) (4) (5) (6) (7) (8)

1 . . . . . . III Zw 2 0.089 1.00c 3.62 1242.43 3.63 1
2 . . . . . . Mrk 348 0.015 1.00 1.52 27.96 6.02 2
3 . . . . . . NGC 526A 0.019 0.53 2.70 45.96 3.00 2
4 . . . . . . Mrk 1040 0.016 0.21 2.07 23.37 6.60 1
5 . . . . . . 4U 0241]61 0.044 . . . 3.57 334.03 16.22 3
6 . . . . . . NGC 1275 0.018 0.77 14.97 220.78 10.71 4
7 . . . . . . 3C 111 0.049 . . . 3.30 380.42 . . . . . .
8 . . . . . . 3C 120 0.033 0.74 3.92 186.21 6.46 1
9 . . . . . . IRAS 04575. . . 7537 0.018 1.00 2.25 34.30 [4.53 5

10 . . . . . . NGC 1808 0.003 0.60 0.56 0.38 14.17 6
11 . . . . . . NGC 2110 0.008 0.76 3.23 10.70 8.13 2
12 . . . . . . Mrk 3 0.013 0.89 0.62 22.14 6.61 2
13 . . . . . . PKS 0637[75 0.654 . . . 2.13 41030.78 . . . . . .
14 . . . . . . IRAS 09104]4109 0.442 . . . 1.68 21047.5 . . . . . .
15 . . . . . . NGC 2992 0.008 0.31 4.44 13.05 7.08 2
16 . . . . . . MCG [5-23-16 0.008 0.45 8.05 25.08 8.00 2
17 . . . . . . M81 d 0.52 0.70 0.04 7.60 7
18 . . . . . . NGC 3227 0.004 0.67 2.60 1.80 5.75 2
19 . . . . . . IRAS 1040]706 0.033e . . . 0.73 68.80 7.20 f
20 . . . . . . NGC 3516 0.009 0.76 1.85 9.27 4.09 2
21 . . . . . . NGC 3783 0.004 0.89 40.85 32.53 3.70 2
22 . . . . . . NGC 4051 0.002 0.75 1.92 0.35 3.20 2
23 . . . . . . NGC 4151 0.003 0.71 16.38 9.62 3.10 2
24 . . . . . . NGC 4258 0.002 0.39 0.31 0.06 . . . . . .
25 . . . . . . NGC 4388 0.008 0.26 1.86 14.11 5.89 2
26 . . . . . . NGC 4507 0.013 0.76 3.64 118.76 5.02 2
27 . . . . . . NGC 4945 0.002 0.19 0.84 408.50 . . . . . .
28 . . . . . . Cen A 0.002 0.79 47.95 15.85 3.85 7
29 . . . . . . MCG [6-30-15 0.007 0.60 4.77 10.15 5.13 8
30 . . . . . . NGC 5252 0.023 0.64 0.87 24.66 3.72 9
31 . . . . . . IC 4329A 0.016 0.28 10.72 120.98 11.05 2
32 . . . . . . Mrk 463E 0.050 0.42f 0.28 219.42 5.62 2
33 . . . . . . NGC 5506 0.006 0.32 6.93 13.82 7.41 2
34 . . . . . . NGC 5548 0.017 0.93 4.11 51.43 4.20 2
35 . . . . . . NGC 5674 0.025 0.91 1.02 41.72 4.90 9
36 . . . . . . NGC 6552 0.026 0.70 2.35 6.00 . . . . . .
37 . . . . . . IRAS 18325[5926 0.020 . . . 1.84 36.75 9.91 10
38 . . . . . . ESO 103[G35 0.013 0.36 2.38 44.81 12.06 2
39 . . . . . . Cygnus A 0.057 . . . 1.80 900.21 . . . . . .
40 . . . . . . IC 5063 0.011 0.67 0.99 14.39 5.53 2
41 . . . . . . NGC 7172 0.009 0.56 3.03 18.74 6.50 7
42 . . . . . . 3C 445 0.057 1.00c 1.21 292.54 9.12 i
43 . . . . . . NGC 7314 0.005 0.46 2.44 2.79 20.00 2
44 . . . . . . MCG 2251[178 0.068 . . . 2.73 545.69 5.62 1
45 . . . . . . NGC 7582 0.005 0.42 4.63 8.43 8.32 2
46 . . . . . . IRAS 01065[4644 0.031 0.67 1.0 42.07g 7.3 11
47 . . . . . . NGC 1068 0.004 0.84 0.67 0.42g 7.38 12
48 . . . . . . NGC 1672 0.004 0.83 0.30 0.26g 6.99 12
49 . . . . . . NGC 1667 0.015 0.83c 0.98 9.92g 9.74 12
50 . . . . . . NGC 5643 0.004 0.87 0.4 0.28g 5.58 12
51 . . . . . . IRAS 21116]0158 0.013 0.36 2.54 18.70g . . . . . .
52 . . . . . . NGC 7674 0.029 0.91 1.60 59.75g 5.00 2

NOTE.ÈAll luminosities have been calculated assuming km s~1 Mpc~1 andH0\ 50 q0\ 0.
a Observed Ñux in units of 10~11 ergs cm~2 s~1.
b Intrinsic luminosity in units of 1042 ergs s~1.

& Steinerc Kirhakos 1990.
d Negative radial heliocentric velocity : D\ 3.5 Mpc & Van Speybroek(Elvis 1982).

Grijp et al.e De 1992.
& Borosonf Mazzarella 1993.

g Uncorrected luminosity.
REFERENCES.È(1) (2) et al. (3) & Kwitter (4) Charles, & BaldwinRudy 1984 ; Mulchaey 1994 ; Morgan 1978 ; Phillips,

(5) Grijp et al. (6) & Ve� ron (7) et al. (8) et al. (9)1983 ; De 1992 ; Ve� ron-Cetty 1986 ; Rebecchi 1992 ; Ward 1988 ; Osterbrock
& Martel (10) WGACAT Database (High Energy Astrophysics Science Archive Research Center) ; (11) &1993 ; Kirhakos
Steiner (12) Kinney, & Challis1990 ; Storchi-Bergmann, 1995.

and luminosity in the present study is not necessarily in
contradiction with previous results since these were based
primarily on Seyfert 1 data. indicates that in theseFigure 2
sources there is a tendency for lower luminosity AGNs to be

more highly absorbed, which indicates that the absorption
is not torus related but is probably due to gas present
outside the torus : higher ionization states of this gas for
higher luminosities could well explain this trend. It is also
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FIG. 2.ÈPlot of the absorption corrected luminosity vs. column density for all sample sources. The dividing lines correspond to ergs s~1L *2h10+\ 1043.5
and atoms cm~2, respectively.NH \ 1022.2

interesting to note that the Seyfert 2 counterparts to the
very luminous Seyfert 1 galaxies ergs(L (2h10) keV D 1045
s~1) are now found, thus removing a problem for the uniÐed
scheme of AGNs Mushotzky, & Weaver(Mulchaey, 1992).

Next, possible correlations of values with the axialNHratio (b/a) and Balmer decrement (Ha/Hb) were investi-
gated. shows the intrinsic column plotted againstFigure 3
axial ratio (NED values). If the host galaxy ISM were the
dominant absorbing material in AGNs, a correlation with
inclination angle would be expected, and high columns
would be observed only in objects seen close to edge-on
(b/a \ 0). Generally speaking, this is certainly not observed
in the present sample whose objects are uniformly spread
over the entire range of b/a values, nor there is any evident
trend of this taking place in sources of the same optical type.
As expected, there is a lack of unabsorbed objects seen edge-
on, and it may be possible for a few sources that the absorp-
tion is partly due to the host galaxy (for example, in IC
4329A and Mrk 1040, but see the section on variability).

The lack of any correlation indicates that the orientation of
the X-rayÈabsorbing region relative to the line of sight is
generally independent of the host galaxy orientation. Going
into greater detail, we note that while there is a preference of
Seyfert 1È1.5 galaxies to be found in face-on galaxies (only
IC 4329A and Mrk 1040 have b/a \ 0.5), Seyfert 2 galaxies
are distributed over the whole range of b/a values, while
intermediate Seyfert 1.9 galaxies are preferentially found in
edge-on systems. The present result agrees with conclusions
reached by & Rieke who suggest that fol-Maiolino (1995),
lowing & Rieke in Seyfert 2 galaxies, theMcLeod (1995)
X-ray absorption is related to an inner thicker torus inde-
pendently oriented with respect to the host galaxy, while in
Seyfert 1.9 galaxies, the absorbing region is supposed to be
coplanar with the host galaxy and related to a thinner outer
torus.

is a plot of X-ray absorption versus an opticalFigure 4
reddening indicator such as the Balmer decrement ; in the
case of Seyfert 1 galaxies, this is mainly the broad-line ratio,

FIG. 3.ÈPlot of axial ratio versus column density for all sources in the sample ; b/a \ 0 and b/a \ 1 correspond to edge-on and face-on galaxy disk
geometry, respectively.
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FIG. 4.ÈPlot of the Balmer decrement Ha/Hb (broad-line ratio for Seyfert 1È1.5 galaxies and narrow-line ratio for Seyferts 1.9È2 galaxies) vs. column
density for all sources in the sample. The dashed-dotted line represents the line of correspondence between visual extinction and X-ray absorption under the
assumption of cosmic abundances, a dust-to-gas ratio appropriate for our own Galaxy, and photoionization due to a power law.

while for Seyfert 2 galaxies, it is the narrow-line ratio. Also
shown in the Ðgure is the line of correspondence between
visual extinction and X-ray absorption under the assump-
tion of cosmic abundances, a dust-to-gas ratio appropriate
for our own Galaxy and photoionization due to a power
law et al. & De Robertis Taking(Ward 1987 ; Dahari 1988).
into consideration that the Balmer decrements are difficult
to estimate and may be a†ected by variability and that also

may vary in time (see the next section), the extinctionsNHinferred from column density measurements are in general
agreement with those obtained from line observations for
objects that are not heavily absorbed. These Ðndings indi-
cate that the absorbing material in these objects is probably
located in the broad-line region (BLR)/narrow-line region
(NLR) or still farther out. Most of these sources are Seyfert
galaxies of type 1 and 1.5, while type 2 objects having NHonly slightly higher than predicted on the basis of Ha/Hb
belong to the NELG/IRAS class, i.e., to the group of objects
having low absorption. For highly absorbed type 2 sources,
the X-ray absorption is much higher than predicted from
optical observations, which suggests that in these sources,
the X-rayÈabsorbing region is not coincident with the
narrow-lineÈproducing region. Probably in these sources,
the X-ray absorption occurs in a region located between the
BLR (not observable) and the NLR (observable) and poss-
ibly associated with a torus as assumed in the uniÐed theory
of AGNs.

2.1. L ow-Absorption Seyfert 2 Galaxies
Of the 35 Seyferts of type 1.9È2 present in the sample, 16

(14 of type 2 and only two of type 1.9) have NH/NHGal
¹ 50,

and as a consequence they are here classiÐed as low-
absorption Seyfert 2 galaxies. In particular, the sample con-
sists of four NELGs (NGC 526A, NGC 2110, NGC 2992,
and MCG [5-23-16), Ðve IRAS galaxies (IRAS
04575[7537, IRAS 09104]4109, IRAS 18325[5926,
IRAS 01065[4644, and IRAS 21116]0158), and seven
other galaxies (NGC 1275, NGC 1068, NGC 1672, NGC
1667, NGC 5643, NGC 7314, and NGC 7674). NGC 1068 is
a well-known example of a Compton-thick source, i.e., the

emission is completely blocked by the obscuring torus, and
the galaxy can be seen only via scattered/reÑected emission.
In this case, the source has a column density much higher
than observed (º1025 cm~2) and is erroneously classiÐed
as a low-absorption object. Also NGC 5643 and possibly
IRAS 09104]4109 could be examples of Compton-thick
sources as suggested by the detection of very strong iron
lines in the ASCA spectra in(Awaki 1997 ; Iwasawa 1994) ;
the case of NGC 5643, the measured value of the column
density suggests also the existence of a second absorbing
region. Also in NGC 2110 and NGC 2992, the absorption
could be higher than reported here. For NGC 2110, ASCA
data indicate the existence of two cold absorbing regions of
column densities D1023 and D1022 atoms cm~2 corre-
sponding to the BLR and the torus, respectively et(Hayashi
al. For NGC 2992, the observation of a delay in the1996).
response of the Fe K line and Compton reÑection to a
decrease of the X-ray Ñux indicates the existence of a dense
(D1024 atoms cm~2) absorbing material identiÐed as a
molecular torus et al. also in this case, a(Weaver 1996) ;
second absorbing region (possibly a dust lane) is inferred by
the data. The other two NELGs could well be similar to
NGC 2110 and NGC 2992 in that they also have spectral
characteristics (hard X-ray spectra, weak iron line, and low
absorption) which could be explained by the double
absorber model & Done Although not X-rayÈ(Smith 1996).
selected, NGC 7674 has X-ray characteristics that resemble
those of NELGs and therefore may be be(Awaki 1991)
associated with this type of galaxy.

The case of IRAS 18325[5926 di†ers, where the X-ray
spectrum shows no evidence for cold and thick torus
material ; rather, the data indicate the presence of heavy
obscuration globally covering the nucleus, including the
broad- and narrow-line regions This global(Iwasawa 1994).
obscuration picture may be related to the dusty nature of
IRAS-selected galaxies, thus explaining their Seyfert 2 clas-
siÐcation not in terms of the thick torus predicted by the
uniÐed scheme.

To conclude, while it is possible that some of the low-
absorption Seyfert 2 galaxies can be recovered into the
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high-absorption group, there is at least one case in which
this is not possible ; obviously, more X-ray data on the
IRAS-selected objects may help in deciding if IRAS 18325-
5926 is the exception or the rule.

3. VARIABILITY

To assess the presence of variability, a s2 test wasNHÐrst applied to the data. This traditional method consists
of calculating the residuals from the weighted mean*NHiand comparing these values with the calculated errors.NHA reduced s2 of near unity indicates that the observations
are compatible with a constant value, while much higher
(or lower) values indicate either that the source is variable
or that an assumption (usually in the magnitude of errors)
is wrong. The results of the s2 test, applied to all those
selected sources that have at least three X-ray spectra
available, are summarized in columns (3), (4), and (5) of

For each source a number of interesting parametersTable 3.
are quoted : the s2 value obtained from the database

where are the 68% conÐdence(s2\ &
i
[NHi

[ NH]2/p
i
2, p

imeasurement errors on and is the weighted mean ofNHi
NHthe column density of the source), the number of degrees of

freedom (d.o.f.), and the s2 chance probability (P). The test
shows that at a high conÐdence level (P\ 10~3), 17 of 23
sources that have more than three observations in the data-
base show a variable column density.

The s2 method is not fully appropriate in the case of
highly asymmetric errors ; however, it is still possible to
perform the same s2 analysis by substituting either the
upper or lower error depending on whether the data point
lies above or below the calculated mean. Unfortunately for
points lying very close to the mean that have widely di†er-
ent upper and lower errors, this can lead to signiÐcantly
di†erent results arising from a very small di†erence in the
calculated mean.

An alternative method was therefore necessary to cross-
check variability results. The probability that N values,
drawn from a population of mean and standard deviation
unity, would have a maximum di†erence between two
values of less than x [so for example as x ] O, P(N, x) ] 1]
was calculated by Monte Carlo simulation and so produced
the associated matrix P(N, x). For each data set then,NHi

,
the di†erence in column densities between every pair ofd

i,jsources was evaluated and expressed in terms ofx
i
, x

jnumber of standard deviations, where the errors, above for
the lower value and below for the higher measurement, were
added in quadrature. The probability of a source being vari-
able was then extracted from the matrix P(N, x), where N is
the number of measurements and x is the maximum of the
set The probabilities obtained by applying this methodd

i,j.are reported in with the heading of maximum dis-Table 3
tance (MD) test.

It is clearly seen that the results of the two tests are in
complete agreement ; in fact, all 17 sources for which varia-
bility in was obtained by the s2 test are also found to beNHvariable by means of the MD method. For the two sources
that were only marginally variable for the s2 test, under this
test they are now found to be variable at the D90% level.
The large percentage of variable sources found in the
present sample contradicts previous evidence that indicates
that variation of cold absorption in AGNs was a rare phe-
nomenon et al. It has been pointed out(Mushotzky 1993).
that a complex absorption component that is not variable
but is measured by two instruments operating in di†erent
energy bands may give the appearance of variability (see the
case of NGC 2992 ; et al. This possibility wasWeaver 1996).
investigated for each source found variable in DataTable 3.
obtained over a broad energy band including a low X-ray
energy coverage were either excluded or substituted with
best-Ðt parameters obtained over a band encompassing

TABLE 3

RESULTS OF THE s2 AND MD TESTS FOR VARIABILITYNH
s2 TEST MD TEST

NUMBER SOURCE sl2 d.o.f. P P(%) Variability
(1) (2) (3) (4) (5) (6) (7)

1 . . . . . . III Zw 2 1.58 2 0.20 40.86 No
2 . . . . . . NGC 526A 1.94 6 0.07 37.19 No
3 . . . . . . Mrk 1040 1.44 2 0.24 49.63 No
4 . . . . . . 4U 0241]61 1.37 5 0.23 36.05 No
5 . . . . . . 3C 111 12.72 4 \10~7 100 Yes
6 . . . . . . 3C 120 5.38 9 2.38] 10~7 99.46 Yes
7 . . . . . . NGC 2110 7.63 6 \10~7 99.99 Yes
8 . . . . . . NGC 2992 3.40 14 1.56] 10~5 99.36 a
9 . . . . . . MCG [5-23-16 8.48 7 \10~7 99.98 Yes

10 . . . . . . NGC 3227 3.83 11 1.55] 10~5 84.46 a
11 . . . . . . NGC 3516 6.54 4 2.96] 10~5 99.14 Yes
12 . . . . . . NGC 3783 . . . . . . . . . 100 Yes
13 . . . . . . NGC 4051 9.95 8 \10~7 99.73 Yes
14 . . . . . . NGC 4151 . . . . . . . . . 100 Yes
15 . . . . . . Cen A 18.75 28 \10~7 100 Yes
16 . . . . . . MCG [6-30-15 14.07 8 \10~7 100 Yes
17 . . . . . . IC 4329A . . . . . . . . . 100 Yes
18 . . . . . . NGC 5506 5.72 13 \10~7 99.88 Yes
19 . . . . . . NGC 5548 4.81 13 \10~7 96.32 Yes
20 . . . . . . ESO 103[G35 7.11 7 \10~7 99.56 Yes
21 . . . . . . NGC 7314 5.92 2 2.69] 10~3 91.14 Yes
22 . . . . . . MRC 2251[178 2.19 14 6.27] 10~3 89.98 Yes
23 . . . . . . NGC 7582 5.30 6 1.77] 10~5 97.12 Yes

a Yes, but see text for details.
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only 2È10 keV (i.e., MPC and EXOSAT ME data were used
instead of SSS ] MPC and EXOSAT LE] ME data,
respectively ; unublished ME data have been Ðtted using the
XSPEC package in order to estimate the new value).NHThe resulting data, which should not be e†ected by any bias
due to instrument energy band, were again tested against
variability using the DM test. At a level greater than 90%,
absorption variability is conÐrmed for all sources except for
NGC 2992 and NGC 3227. In the case of NGC 2992, varia-
bility is given only by one SSS] MPC measurement and
disappears when this is replaced by the MPC best-Ðt
absorption value ; in agreement with et al.Weaver (1996),
variability is probably an artifact owing to the energy band
used. More complex is the case of NGC 3227, where varia-
bility is found at the 97.81% conÐdence level when only
LE]ME data are used. Because in the energy band mea-
sured by these two instruments the spectrum is more
complex than that above 2 keV (owing to the presence of
various components, e.g., partial covering or warm
absorber and soft excess), variability could result from a
change in any of the spectral component present and not
necessarily to a variation of the value. For these reasons,NHvariable absorption is not considered further in this source
as in the case of NGC 2992. There is no correlation of NHvariability with AGN class : both type 1 and type 2 objects
are found to be variable as are galaxies of intermediate type.

Dividing the variable sources into Seyfert 1 and Seyfert 2
galaxies, the intrinsic dispersion of absorption due to varia-
bility ranges from p \ 0.37 (MRC 2251[178) to p \ 46
(NGC 4051) for the Ðrst group and from p \ 4.41 (NGC
7314) to p \ 147.22 (NGC 7582) for the second one. An
average dispersion p of approximately 11 for Seyfert 1 gal-
axies (six if NGC 4051 is excluded) and 33 for Seyfert 2
galaxies is estimated ; however, if this last group is divided
into low- and high-absorption sources, then the values of p
is 6 and 79, respectively.

For a number of sources in the present sample, variability
has already been discussed in the literature (see forTable 4
details and references), but for four sources (3C 111, MCG
[5-23-16, NGC 3516, and NGC 7314), this is the Ðrst time
that column density variations are reported. Note that IC
4329A, a source for which absorption has also been associ-
ated with the ISM of the host galaxy, is found variable. The
present result indicates that at least part of the obscuring
material in this source is located in a small region close to
the nucleus. Short-term variability of argues in favor ofNHa localization of the absorbing material near the central
source either in the BLR et al. or in the accre-(Holt 1980)
tion disk & Elvis as these two regions are(Lawrence 1982),
expected to produce variations on monthly timescales. On
the other hand, owing to its position away from the nucleus
and large-scale dimensions, the torus is expected to produce
less pronounced variability and on a longer timescale
(yearly). However, short-timescale sampling is rare, and
much more data is required before any constraints can be
put on the location of the absorbing region.

In one of the Ðrst scenarios proposed by et al.Holt (1980)
for NGC 4151, one of the Ðrst sources found to be variable
in value, the X-ray absorption was associated with theNHsame ““ cold ÏÏ clouds that are responsible for the broad
optical emission lines. In this scheme, the variability of
absorption could arise from orbital motions that determine
Ñuctuations in the number of clouds along the line of sight.
Accordingly a lower limit to the timescale of variability is

TABLE 4

SPECTRAL MODELS AND VARIABILITY REFERENCE INFORMATION

Warm Partial
Source Absorption Covering Variability

(1) (2) (3) (4)

3C 111a . . . . . . . . . . . . . . . .
3C 120 . . . . . . . . . . . . . . . . . 1, 2
NGC 2110 . . . . . . . . . . . . 3 4 5, 6
MCG [5-23-16 . . . . . . 3 8, 9
NGC 3516 . . . . . . . . . . . . 11 11
NGC 3783 . . . . . . . . . . . . 2, 3 7 12, 13
NGC 4051 . . . . . . . . . . . . 3, 14, 15 16 8, 17
NGC 4151 . . . . . . . . . . . . 18 19 4, 8, 20, 21
CEN A . . . . . . . . . . . . . . . . 8, 22, 23, 24
MCG [6-30-15 . . . . . . 3, 8, 25 16 8, 26
IC 4329A . . . . . . . . . . . . . . 3, 17 27 28
NGC 5506 . . . . . . . . . . . . 7, 8, 29 29
NGC 5548 . . . . . . . . . . . . 3, 8, 30, 31, 32 30
ESO 103-G35 . . . . . . . . . 4, 8, 9, 33
NGC 7314a . . . . . . . . . . . .
MRC 2251[178 . . . . . . 34, 35 4, 15, 24, 34
NGC 7582 . . . . . . . . . . . . 7 33

a Information on complex absorption not available.
REFERENCES.È(1) et al. (2) et al. (3)Kruper 1990 ; Turner 1991 ; Nandra

& Pounds (4) & Pounds et al. (6)1994 ; Turner 1989 ; (5)Weaver 1995b ;
et al. (7) et al. (8) et al. (9)Hayashi 1996 ; Reichert 1985 ; Mushotzky 1993 ;

et al. (10) et al. (11) et al. (12)Mulchaey 1993 ; Ptak 1994 ; Kolman 1993 ;
et al. (13) et al. (14) et al. (15)Mushotzky 1980 ; Hayes 1981 ; Mihara 1994 ;

et al. (16) et al. (17) at al. (18)Pounds 1994 ; Matsuoka 1990 ; Fiore 1992 ;
et al. (19) et al. (20) & WarwickYaqoob 1989 ; Holt 1980 ; Yaqoob 1991 ;

(21) et al. (22) et al. (23) et al. (24)Barr 1977 ; Morini 1989 ; Baity 1981 ;
(25) et al. (26) Pounds, & StewartHalpern 1982 ; Fabian 1994 ; Nandra,

(27) et al. (28) et al. (29) et al. (30)1990 ; Piro 1990 ; Singh 1991 ; Bond 1992 ;
et al. (31) et al. (32) (33)Nandra 1991 ; Nandra 1993 ; Kaastra 1991 ;
et al. (34) et al. (35) & StewartWarwick 1993 ; Pan 1990 ; Mineo 1993.

given by the time it takes a cloud to drift across and cover
the source. Assuming a typical transverse velocity of 10,000
km s~1 typical of FWZI values of the emission lines from
Seyfert 1 and Seyfert 2 galaxies, the time a cloud takes to
cover the X-ray source (1015È1016 cm in size) is D12 days ;
the most stringent constraints on *t found in the case of
NGC 4151 (about a week ; Warwick, & PoundsYaquoob,

are fully compatible with the above estimate. More1989)
stringent is the constraint on the amplitude of the NHchange. Typically the source covering fraction is of the
order of [70% et al. which implies that 100(Reichert 1985),
and more clouds are necessary to cover the X-ray source.
The observed column densities (1022È1023 cm~2) infer a
maximum thickness of a few clouds. It is difficult to explain
a change by a factor of a few in column density as a Poisson
variation in the number of clouds along the line of sight,
and at least in one source, NGC 4151, this model has been
rejected on the basis of the observational data et(Yaqoob
al. 1993b).

An alternative explanation for the variability is inNHterms of the warm absorption model, where variable
absorption is due to a change in the ionization state of the
material m \ L /nR2 (where L is the ionizing luminosity, R is
the distance of the absorbing gas from the ionizing source,
and n is the electron density). In this case the variability
timescale may be as short as several hundred seconds

and therefore the present results are not(Halpern 1982),
restrictive. A number of possible causes could produce
variation in U such as changes in luminosity, radial motion,
or density. In particular, the observed could be due to*NHluminosity variations of a factor of a few, which are quite
common in Seyfert galaxies. Changes in the degree of
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photoionization as the continuum level varies also provide
a natural explanation of the tendency of the X-ray spectrum
to soften as the Ñux increases. As the Ñux of the central
source increases, the ionization state of the absorber also
increases, which reduces the opacity of the gas at low ener-
gies. This leads to an apparent change in the absorbing
column density or softness ratio as a function of Ñux. For a
number of variable sources, the values were comparedNHwith their Ñuxes in order to investigate whether they were
inversely correlated or not. Evidence for an inverse corre-
lation was indeed found in 3C 120, NGC 4051, IC 4329A,
NGC 7582, and possibly NGC 3516, but the result is not
compelling, given the Pearson correlation coefficient r and
the associated conÐdence C found (0.7\ r \ 0.9,
78%\ C\ 87%, except for NGC 3516, which gives a con-
Ðdence of D60%).

It is interesting to note that a good fraction of the vari-
able sources have in the literature spectra modeled either
with a warm absorption or a partial covering model (see

for details). Recent ASCA observations of warmTable 4
absorption edges tend to favor the warm absorption model.
Combined with the present results, these measurements
suggest that in Seyfert 1È1.5 galaxies, the association of the
X-ray absorption with the warm ionized material near the
nucleus is a viable possibility also in view of the observed
variability, although some of these observations indicate
that the data do not always match the prediction of the
basic warm absorption model et al. et(Fabian 1994 ; Otani
al. 1996).

The case of Seyfert 2 galaxies is di†erent, where the
absorption is believed to be associated with the torus, which
should produce column density variations on longer time-
scales (a few years). Although no information is available on
optically selected Seyfert 2 galaxies, variability is a well-NHknown characteristic of NELGs (only NGC 526A and
NGC 2992 are not variable in the present sample).

Except for a couple of objects for which continuous mon-
itoring allow to constrain the variability timescale to theNH*t ¹ months (D1 week for NGC 4151 and D2 months for
Cen A), for the majority of the analyzed objects, the only
upper limit that can be set is of the order of 1 yr or more.
While these Ðndings are still compatible with the torus
interpretation, shorter variability timescales need to be
tested in order to put tighter restrictions on the location of
the absorbing material in high objects.NH

4. ABSORPTION DISTRIBUTION IN SEYFERT CLASSES

The absorption of objects of di†erent classes in the
present sample was next analyzed.

shows a histogram of the values usingFigure 5 NHweighted means whenever available or averages in the
remaining cases as given in A simple average of theTable 1.
column density values gives in units of 1021NH \ 221.93
cm~2 with an associated dispersion p \ 802.58, while the
results obtained for the median and absolute dispersion are

and p \ 825.14 (in the following, althoughNH \ 32.45
omitted, all values are referred to the same units). An esti-
mate of whether the observed spread is due only to mea-
surement errors, or not, is obtained by calculating thep

mratio which is expected to be around 1. Comparingp2/Sp
m
2T,

the measurement errors with the dispersion values given
above, a value of around 90 was obtained, whichp2/Spm2 T
indicates an intrinsic spread in values. This broad rangeNHof column density values is greater than expected from
orientation e†ects, thus implying a range in torus param-
eters (thickness, optical depth, dimensions, etc.). Since in the
previous section it was shown that a number of sources are
characterized by a variable the whole data set has beenNH,
used in the following instead of mean values for each source.
NGC 4151 and Cen A dominate the sample ; in order to
match the number of observations typically found for other
objects, for both sources only a limited number of measure-
ments have been used in the analysis. Recent observations
have been favored with respect to older ones for their higher
precision. The sample was then subdivided into the two
main groups, Seyfert 1 and Seyfert 2 galaxies, and the above
exercise was repeated. While the dispersion in type 1 objects
was found to be rather low (16 \ p \ 29), in type 2 sources
it was found to be quite high (138 \ p \ 552 or
85 \ p \ 135 if NGC 4945, the only object having of theNHorder of D1025, was excluded), which indicates that Seyfert
2 galaxies are mainly responsible for the large spread of NHvalues observed in Figure 5.

An alternative method for estimating mean and intrinsic
dispersion of the parent population is the maximum-
likelihood (ML) method et al.(Maccacaro 1988 ; Worral

& Wilkes The results obtained for the1989 ; Worral 1990).
above two groups are andN1 H1

\ 14~8.5`9.5, p \ 21~6`9 N1 H2
\

(with the exclusion of NGC 4945), con-90~50`52, p \ 104~33`55
sistent with the results obtained above, together with

FIG. 5.ÈHistogram of the mean values for those sources in having a positive measurement of their column densityNH Table 1
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helpful information on the associated errors. However,
since the ML analysis relies on the assumption that the data
are normally distributed (which we do not known a priori),
the samples were also tested with the Kolmogorov-Smirnov
(K-S) test & Castellan The K-S test clearly(Siegel 1988).
indicates that the observed distributions cannot satisfac-NHtorily be represented by a Gaussian distribution. In spite of
this, a Gaussian distribution of the parent population
cannot be completely excluded. In fact, above 2 keV, the
typical instrument sensitivity to absorption is limited to
values greater than 1021, while at high values, a deÐ-NHciency of sources may be due to the limited number of
observations still available and/or limitation in the oper-
ational energy range of the instruments. Therefore the K-S
test does not necessarily imply the inaccuracy of the ML
method but indicates the need for a further test.

A di†erent approach was then used in which the new
nonparametric method of bootstrap sampling (Efron 1979,

is applied to the data. With this method, many simu-1982)
lated data sets are obtained directly from the measured
data. The simulated data sets, or ““ bootstrap samples,ÏÏ were
then used to estimate the statistical variability in the param-
eter of interest, in our case. A bootstrap sample isNHformed by selecting a subset of data from the available
measurements by random resampling with replacement, i.e.,
one forms a bootstrap sample by randomly drawing from
the set of measured data points without taking into account
whether a point has already been selected or not. The only
premise for the bootstrap technique is that the data contain
all available information about the parent population.

The mean value of and relative dispersion of the twoNHgroups on which a bootstrap sample of 106 data has been

formed are respectively andN1 H1
\ 18~7`9, p \ 28~11`14 N1 H2

\
in agreement with the ML analysis.96~35`54, p \ 135~68`64,

These results are shown in where a clear bimodalFigure 6,
distribution in value is evident with Seyfert 1 galaxiesNHoccupying the lower corner and Seyfert 2 galaxies the upper
corner of the plot. It is possible that selection e†ects that
introduce a bias against intermediate values can con-NHspire to produce the observed class separation. For
example, the adoption of a simple model (absorbed power-
law) to describe the complexity of Seyfert spectra could
have some e†ect. However, as the values used herein areNHmostly obtained from Ðts utilizing data taken above 2 keV,
such an e†ect should have a negligible inÑuence on the
distribution. For example, absorption results obtained
using more complex models such as the warm absorption
model are not much di†erent from the values used hereNH(see for a subsample of our sources) and soReynolds 1997
do not destroy the bimodality of the distribution displayed
in Also, while it is true that more complex absorp-Figure 6.
tion models, such as those required by warm or partially
covering absorption, tend to give for the same data set NHvalues greater than those obtained with the simple model
adopted here (for example, a neutral absorption of NH \ 30
corresponds in the warm absorption model to NH \ 50È60,
depending on the ionization state of the absorber), it is
equally true that given the validity of the same model for all
sources, the data would be shifted and the gap maintained.
Although it is never possible to exclude that other selection
e†ects may have an impact on the data, it is difficult,
however, to imagine a scenario in which such e†ects totally
destroy the observed distribution ; lacking strong obser-
vational evidence in such direction, it is assumed that the

FIG. 6.ÈDistribution of the column density value and intrinsic dispersion obtained from the bootstrap method for Seyfert 1 galaxies (lower corner) and
Seyfert 2 galaxies (upper corner) ; the contours do not correspond to conÐdence levels but rather to the most likely location of and p found by this method.NH
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e†ect reported here is real. A possible way to interpret this
result is by assuming a minimum column density for the
torus and a maximum possible value of in the line ofNHsight to a Seyfert 1 galaxy. Then, as the viewing angle of the
observer changes (going from a type 1 to a type 2
orientation), there will be a sudden increase in the column
density, and only for a small range of inclination angles
would intermediate columns be found.

The extremely small contours as well as the values of the
population dispersion obtained for Seyfert 1 galaxies indi-
cate that this class of objects is probably characterized by a
small amount of absorption. This is even more evident if
only strict Seyfert 1 galaxies are considered (see below).
Furthermore, comparison with individual source data
strongly indicates that most of the dispersion in this sub-
sample can be due to the variability. This result arguesNHin favor of a similar material location and/or absorption
mechanism, perhaps the warm absorber or partial covering
as discussed in the previous section, common to this type of
object.

On the contrary, type 2 objects are characterized by high
absorption spreading over a large range of values. To verify
this, the Seyfert 2 group was further subdivided into strict
Seyfert 2 and intermediate type 1.9 galaxies, and the Seyfert
1 galaxies into Seyfert 1 and intermediate type 1.5 galaxies.
The and p range for all four classes are, respectively,NH and 4.7 \ p \ 21.4 (Seyfert 1 galaxies,1.38\NH \ 9.2
excluding 3C 445), and 27\ p \ 32.41.42\NH \ 31.3
(Seyfert 1.5 galaxies), and 14.3\ p \ 16.722 \ NH \ 29
(Seyfert 1.9 galaxies), and and78.4\NH \ 132
99.2\ p \ 152 (Seyfert 2 galaxies with NGC 4945
excluded). As expected, Seyfert 1 and Seyfert 1.5 galaxies are

di†erent in column density values (mainly owing to the
presence of NGC 4151 and NGC 3516 in this subsample),
but surprisingly also Seyfert 1.9 and 2 galaxies are well
separated in and p values : type 1.9 galaxies are charac-NHterized by a much smaller amount of absorption and a
smaller dispersion than type 2 galaxies. This result would
again be compatible with the existence of an outer thinner
torus coplanar with the host galaxy and responsible for the
intermediate type classiÐcation & Rieke(Maiolino 1995).

In view of the previous result the absorption distribution
has also been studied by dividing the sample sources into
three main groups : Seyfert 1È1.5 galaxies (excluding 3C 445,
NGC 4151, and NGC 3516) and low-absorption and high-
absorption Seyfert 2 galaxies (including type 1.9 objects).
The results of the bootstrap analysis obtained in this case
are shown in Low- and high-absorption objectsFigure 7.
are very well separated in the plot, again conÐrming the
results of As discussed in this dichotomyFigure 1. ° 2.1,
could well be due to an underestimation of the absorbing
column density values in these objects owing to their
Compton thickness characteristics or to the limitations of
Ðtting complex absorption with a simple model. Clearly,
this point needs to be further studied as more data on the
column density become available before accepting the
reality of this separation e†ect.

As in Seyfert 1 galaxies, comparison with individual
source data indicates that most of the dispersion observed
in low-absorption objects can be due to variability,NHkeeping in mind the limitations discussed in for these° 2.1
objects. This is less evident for high-absorption objects :
only for four objects in this class (Cen A, NGC 5506, NGC
7582, and ESO 103[G35) is there evidence of varia-NH

FIG. 7.ÈAs in but here the sample has been divided into three groups : Seyfert 1È1.5 galaxies (lower corner, on the left), low-absorption Seyfert 2Fig. 6,
galaxies (lower corner, on the right), and high-absorption Seyfert 2 galaxies (upper corner).
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tions. The observed dispersion in values ranges fromNHp \ 7 for NGC 5506 to p \ 147.22 for NGC 7582, with a
mean value of p \ 67. Thus, although also in this case the

dispersion measured by the bootstrap method (50È250)NHis compatible with column density variations seen in indi-
vidual objects, there may also be room for an intrinsic dis-
persion due either to an orientation e†ect or to di†erences
in tori parameters. Indeed, more variability data on this
type of objects are necessary to settle this issue.

5. CONCLUSIONS

Using a catalog of 1226 published high-energy spectra, a
sample of 52 absorbed AGNs, all but one of which are
Seyfert galaxies, has been selected, and on it, a statistical
study of absorption e†ects in active galaxies has been
attempted. The most important results of such analysis can
be summarized as follows :

1. Absorption is common in Seyfert galaxies : typically
20% of sources with measured X-ray spectra have column
density in excess of the galactic value.

2. With respect to absorption, active galaxies can be
divided into two main groups : low-absorption and high-
absorption objects. The Ðrst group comprises both broad
and narrow emission line galaxies, while the second mainly
contains narrow emission line objects. The Ðrst group can
be further divided in Seyfert 1È1.5 galaxies and low-
absorption Seyfert 2 galaxies. In Seyfert 1È1.5 galaxies,
absorption tends to be related to material in the BLR; in
highly absorbed objects, the absorption is probably associ-
ated with the torus. Less clear is the origin of the absorption
in low absorbed Seyfert 2 galaxies. In these sources, either
the column density is underestimated, thus indicating that
they too contain a thick torus, or the absorption is not torus
related, thus indicating the possible existence of a di†erent
type of Seyfert 2 galaxy.

3. No signiÐcant correlation of with luminosity, axialNHratio, or Balmer decrement has been found, which implies

that the absorption in tori is independent from these param-
eters.

4. A large fraction (D70%) of the sources analyzed show
variable column density. The variability is compatible
within each group with the presumed location of the
absorbing material.

5. The study of the distributions in various sub-NHsamples indicate that while Seyfert 1È1.5 galaxies and low-
absorption Seyfert 2 galaxies have a mean of ofNH^(1È2) ] 1022 cm~2 and a small dispersion around these
values, high-absorption objects are characterized by a mean

of D1023 cm~2 and a larger dispersion. Furthermore,NHthe observed dispersion can be due to absorption variabil-
ity.

The complete catalog is available in computer readable
form (ASCII Ðle). Copies can be requested from A. Malizia
(Istituto TESRE/CNR, via P. Gobetti 101, 40129 Bologna,
Italy).
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APPENDIX

In this appendix we present an update of the catalog of high-energy spectra of AGNs by et al. As in theMalaguti (1994).
main catalog, we have limited the search to a low-energy threshold of E\ 0.01 keV and have collected spectra up to 40 keV.
Since the main purpose of the present work was to create a sample of absorbed objects, we have neglected BL Lac objects. We
have gathered 204 new spectra corresponding to 73 objects, which include 60 Seyfert galaxies (25 of type 1, 20 of type 2, and 15
of intermediate type), 10 quasars, and two radio galaxies. Of these 73 objects, 11 are new detections and therefore are not
present in the previous catalog. lists optical position, redshift, AGN class, and galactic hydrogen column density in theTable 5
source direction for all 73 sources. For each object, all these values have been taken from the sources quoted ; the class
terminology is given in a footnote to the table.

The update of the catalog itself is presented in which contains all spectral data and associated information. Some ofTable 6,
the new spectra, mainly from Ginga observations, do not correspond to new observations but are the result of a reanalysis of
the same data set previously published. The dagger (¤) beside the source name in indicates the updating of one orTable 6
more Ginga observations. Accordingly with the previous catalog, we report only spectral Ðt parameters obtained assuming a
power-law model corrected for cold gas absorption along the line of sight : photon index, 1 keV intensity in photons cm~2 s~1
keV~1 (which corresponds to 662.691 kJy) and, whenever available, the column density value (this corresponds sometimes
just to the value of in our galaxy). All the quoted parameters are given together with their associated errors and theNHcorresponding conÐdence level. In are reported the source name (col. [2]), the reference from which the spectrum hasTable 6
been taken (col. [3]), the instrument that made the observation (col. [4]), the energy band (in keV) over which the spectral Ðt
was performed (col. [5]), the date of the observation (col. [6]), the spectral Ðt parameter with their associated errors (photon
index (col. [7]), 1 keV intensity (col. [8]), hydrogen column density in cm~2 (col. [9]), and the statistical parameters that
quantify the goodness of the Ðt (reduced s2 (col. [10]), the number l of degrees of freedom (col. [11]), and the conÐdence level
(in percentage) of the quoted errors (col. [12]). A three-dot ellipsis indicates that the relevant entry was either not considered
in the Ðt or not reported in the quoted reference.



TABLE 5

AGNS IN THE CATALOG

Number Source a1950a d1950a Class za NHGal
b

(1) (2) (3) (4) (5) (6) (7)

1 . . . . . . Mrk 335 00 03 45.2 ]19 55 29 Sey 1a 0.026 0.410c
2 . . . . . . S5 0014]81 00 14 04.4 ]81 18 29 QSOa 3.380 1.350c
3 . . . . . . Mrk 348 00 46 04.9 ]31 41 05 Sey 2a 0.015 0.580d
4 . . . . . . NGC 526A 01 21 38.0 [35 19 42 Sey 1.5a 0.019 0.233e
5 . . . . . . Fairall 9 01 21 51.0 [59 03 54 Sey 1a 0.047 0.284f
6 . . . . . . Mrk 573 01 41 22.9 ]02 05 56 Sey 2a 0.017 0.300d
7 . . . . . . NGC 985 02 32 10.5 [09 00 22 Sey 1.5g 0.043 0.283f
8 . . . . . . ESO 198[G24 02 36 40.7 [52 24 29 Sey 1a 0.045 0.300d
9 . . . . . . NGC 1068 02 40 07.1 [00 13 31 Sey 2a 0.004 0.310d

10 . . . . . . Mrk 372 02 46 31.4 ]19 05 50 Sey 1.5a 0.031 0.930d
11 . . . . . . NGC 1275 03 16 29.6 ]41 19 52 Sey 2a 0.018 1.520c
12 . . . . . . NGC 1365 03 31 41.0 [36 18 24 Sey 1a 0.006 0.140d
13 . . . . . . NRAO 140 03 33 22.4 ]32 08 37 QSOa 1.258 1.200c
14 . . . . . . 3C 111 04 15 00.4 ]37 54 16 Sey 1a 0.049 3.261e
15 . . . . . . 3C 120 04 30 31.6 ]05 15 00 Sey 1a 0.033 1.232e
16 . . . . . . PKS 0438[43 04 38 43.2 [43 38 54 QSOa 2.852 0.150h
17 . . . . . . NGC 1672 04 44 55.0 [59 20 18 Sey 2a 0.005 0.520d
18 . . . . . . NGC 1667 04 46 10.5 [06 24 24 Sey 2a 0.015 0.517c
19 . . . . . . IRAS 04575[7537 04 57 36.0 [75 37 00 Sey 2a 0.018 0.519i
20 . . . . . . NGC 1808 05 05 58.6 [37 34 36 Sey 2a 0.003 0.247c
21 . . . . . . Akn 120 05 13 37.9 [00 12 15 Sey 1a 0.031 1.130f
22 . . . . . . Pic A 05 18 23.6 [45 49 43 Sey 1a 0.035 0.550d
23 . . . . . . NGC 2110 05 49 46.4 [07 28 02 Sey 2a 0.008 1.860e
24 . . . . . . MCG 8-11-11 05 51 09.6 ]46 25 51 Sey 1a 0.021 2.027e
25 . . . . . . Mrk 3 06 09 48.4 ]71 03 11 Sey 2a 0.013 1.810d
26 . . . . . . Mrk 78 07 37 56.8 ]65 17 42 Sey 2a 0.037 0.390d
27 . . . . . . Mrk 79 07 38 47.3 ]49 55 41 Sey 1.2a 0.022 0.589e
28 . . . . . . 3C 212 08 55 55.5 ]14 21 24 QSOj 1.049 0.370c
29 . . . . . . NGC 2992 09 43 17.7 [14 05 43 Sey 2a 0.008 0.556e
30 . . . . . . MCG [5-23-16 09 45 28.4 [30 42 57 Sey 2a 0.008 0.850c
31 . . . . . . M81 09 51 27.3 ]69 18 08 Sey 1a k 0.450c
32 . . . . . . M82 09 51 42.9 ]69 55 00 SBl 0.001 0.420c
33 . . . . . . NGC 3227 10 20 46.8 ]20 07 06 Sey 1.5a 0.004 0.220d
34 . . . . . . IRAS 1040]706 10 40 32.1 ]70 40 04 Sey 2a 0.033m 0.297c
35 . . . . . . NGC 3516 11 03 22.8 ]72 50 20 Sey 1.5a 0.009 0.300d
36 . . . . . . NGC 3783 11 36 33.0 [37 27 42 Sey 1a 0.011 0.923f
37 . . . . . . NGC 4051 12 00 36.4 ]44 48 35 Sey 1a 0.002 0.131e
38 . . . . . . NGC 4151 12 08 01.0 ]39 41 02 Sey 1.5a 0.003 0.210d
39 . . . . . . NGC 4258 12 16 29.4 ]47 34 53 Sey 1a 0.0015 0.120n
40 . . . . . . 3C 273 12 26 33.2 ]02 19 43 QSOa 0.158 0.177f
41 . . . . . . NGC 4593 12 37 04.6 [05 04 11 Sey 1a 0.008 0.197e
42 . . . . . . 3C 279 12 53 35.8 [05 31 08 QSOa 0.538 0.222e
43 . . . . . . NGC 4945 13 02 31.0 [49 12 12 Sey 2a 0.002 0.983h
44 . . . . . . MCG [6-30-15 13 33 01.8 [34 02 27 Sey 1a 0.007 0.406e
45 . . . . . . NGC 5252 13 35 44.4 ]04 47 47 Sey 1.9a 0.023 0.197o
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TABLE 5ÈContinued

Number Source a1950a d1950a Class za NHGal
b

(1) (2) (3) (4) (5) (6) (7)

46 . . . . . . Mrk 273 13 42 51.7 ]56 08 14 Sey 2a 0.038 0.100d
47 . . . . . . IC 4329A 13 46 27.0 [30 03 41 Sey 1a 0.016 0.455e
48 . . . . . . Mrk 279 13 51 53.6 ]69 33 13 Sey 1a 0.029 0.164e
49 . . . . . . Mrk 464 13 53 45.4 ]38 49 07 Sey 1.5a 0.051 0.110c
50 . . . . . . NGC 5506 14 10 39.1 [02 58 26 Sey 1.9a 0.006 0.422e
51 . . . . . . NGC 5548 14 15 43.5 ]25 22 01 Sey 1.5a 0.017 0.193f
52 . . . . . . NGC 5674 14 31 22.5 ]05 40 38 Sey 1.9a 0.025 0.240d
53 . . . . . . Mrk 478 14 40 04.5 ]35 39 07 Sey 1a 0.079 0.097f
54 . . . . . . Mrk 841 15 01 36.3 ]10 37 56 Sey 1a 0.036 0.233e
55 . . . . . . 3CR 345 16 41 17.6 ]39 54 11 QSOa 0.593 0.074e
56 . . . . . . 4C 34.47 17 21 32.0 ]34 20 42 QSOa 0.206 0.306e
57 . . . . . . NGC 6552 18 00 08.0 ]66 36 54 Sey 2a 0.026 0.423c
58 . . . . . . QSO 1821]643 18 21 41.9 ]64 19 01 QSOa 0.297 0.410f
59 . . . . . . 3C 382 18 33 12.0 ]32 39 18 Sey 1a 0.058 0.785f
60 . . . . . . ESO 103[G35 18 33 22.0 [65 28 18 Sey 2a 0.013 0.580c
61 . . . . . . 3C 390.3 18 45 37.6 ]79 43 07 Sey 1a 0.056 0.408f
62 . . . . . . ESO 141[G55 19 16 57.0 [58 45 54 Sey 1a 0.036 0.495f
63 . . . . . . Cygnus A 19 57 44.4 ]40 35 46 RGa 0.057 2.400p
64 . . . . . . Mrk 509 20 41 26.3 [10 54 18 Sey 1a 0.034 0.399f
65 . . . . . . H2106[099 21 06 28.0 [09 52 30 Sey 1.2a 0.027 0.496c
66 . . . . . . PKS 2126[15 21 26 26.7 [15 51 52 QSOa 3.266 0.485e
67 . . . . . . NGC 7172 21 59 07.6 [32 06 42 Sey 2a 0.009 0.165e
68 . . . . . . NGC 7213 22 06 08.4 [47 24 45 Sey 1a 0.006 0.194f
69 . . . . . . NGC 7314 22 33 00.0 [26 18 36 Sey 1.9a 0.005 0.145e
70 . . . . . . Akn 564 22 40 18.3 ]29 27 47 Sey 1a 0.024 0.634f
71 . . . . . . NGC 7469 23 00 44.4 ]08 57 20 Sey 1a 0.016 0.482e
72 . . . . . . MCG [2-58-22 23 02 07.1 [08 57 20 Sey 1.5a 0.047 0.366f
73 . . . . . . NGC 7582 23 15 38.0 [42 38 36 Sey 2a 0.005 0.148e

NOTES.ÈUnits of right ascension are hours, minutes, and seconds, and units of declination are degrees,
arcminutes, and arcseconds. Class terminology : Sey\ Seyfert galaxy (number indicates type) ; RG\ radio
galaxy ; QSO \ quasar.

a NASA Extragalactic Database.
b In units of 1021 atoms cm~2.
c EXOSAT database.

Urry, & Canizaresd Kruper, 1990.
et al.e Elvis 1989.

& Finkf Walter 1993.
& Burbidgeg Hewitt 1991.
et al.h Wilkes 1992.

i NH \ 10(~0.01393C@ bII @`21.1786) ; Rowan-Robinson 1985.
et al.j Elvis 1994b.

k Negative radial heliocentric velocity : D\ 3.5 Mpc & Van Speybroek(Elvis 1982).
& Van Speybroekl Elvis 1982.

Grijp et al.m De 1992.
et al.n Fabbiano 1992.

& Lockmano Dickey 1990.
et al.p Djorgovski 1991.
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