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Abstract. We collate the results of recent high resolution X-ray spectroscopic observations of 23 AGN, and use the resulting
information to try to provide answers to some of the main open questions about warm absorbers: where do they originate, what
effect do they have on their host galaxies, and what is their importance within the energetics and dynamics of the AGN system
as a whole? We find that the warm absorbers of nearby Seyferts and certain QSOs are most likely to originate in outflows from
the dusty torus, and that the kinetic luminosity of these outflows accounts for well under 1% of the bolometric luminosities
of the AGN. Our analysis supports, however, the view that the relativistic outflows recently observed in two PG quasars have
their origin in accretion disc winds, although the energetic importance of these outflows is similar to that of the Seyfert warm
absorbers. We find that the observed soft X-ray absorbing ionisation phases fill less than 10% of the available volume. Finally,
we show that the amount of matter processed through an AGN outflow system, over the lifetime of the AGN, is probably large
enough to have a significant influence on the evolution of the host galaxy and of the AGN itself.
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1. Introduction

The warm absorber phenomenon — soft X-ray absorption by
ionised gas in our line of sight into the nuclei of certain AGN —
was first identified by Halpern (1984) in data from an observa-
tion of the QSO MR2251-178 with the Einstein observatory.
Since then, evidence of warm absorption has been found in
about 50% of nearby Seyfert 1 galaxies using ASCA spectra,
and was modelled as consisting of deep photoelectric absorp-
tion edges from O VII and O VIII (Reynolds 1997; George et al.
1998). Evidence was also found for ionised soft X-ray absorp-
tion in BL Lac objects (Canizares & Kruper 1984; Madejski
etal. 1991).

Since the launch of the XMM-Newton and Chandra X-ray
observatories, with their high resolution grating spectrometers,
our knowledge of the soft X-ray spectra of AGN has been
greatly improved. Seyfert warm absorbers are now known to
give rise to narrow absorption lines, usually blueshifted by a
few hundred km s~!, from elements at a wide range of ionisa-
tion levels (Kaastra et al. 2000; Kaspi et al. 2000a); these lines
are a sensitive diagnostic of the ionisation structure and kine-
matics of the gas. We now know that the range of ionisation in
these absorbers is much wider than previously thought; at the
high ionisation end, we see absorption from H-like and He-like
iron (e.g. Reeves et al. 2004), and the main spectral signature
of the lowest ionisation gas is the Unresolved Transition Array
(UTA) of M-shell iron which appears at around 16 A (Sako
et al. 2001; Behar et al. 2001). High resolution X-ray spec-
troscopy of BL Lac objects has not, however, uncovered any

evidence for intrinsic ionised absorption (Blustin et al. 2004;
Perlman et al. 2004).

In the light of all of this new observational evidence, it is a
good time to re-evaluate our understanding of the phenomenol-
ogy and significance of warm absorbers. There are two levels of
questions which can be asked. Firstly, about the detailed phe-
nomenology of warm absorbers: their ionisation levels, outflow
speeds, and column densities — and how these factors depend
on the type and luminosity of the AGN. Secondly, the big ques-
tions: where do warm absorbers come from, where do they go,
and are they important? What rdle do they play in the energetics
of an active galaxy, and do they tell us something truly funda-
mental about the way an AGN works and the way it evolves?
In this paper, we use the published warm absorber models for
fourteen Seyfert 1 type AGN to try to answer some of these
questions.

2. Data and analysis

At the time of writing, high resolution soft X-ray spectra from
the grating spectrometers on XMM-Newton and Chandra have
been published for 23 Seyfert 1 type AGN (Seyfert 1.x galax-
ies, Narrow Line Seyfert 1s and Seyfert 1 type quasars). 17 of
these objects show evidence of intrinsic ionised absorption, and
sufficiently detailed spectral modelling has been applied to the
warm absorbers of 14 objects for them to be usable for this
study. Table 1 gives some basic information on all 23 objects,
and Fig. 1 shows the distribution of the sources in redshift and
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Table 1. Basic properties of Seyfert-type warm absorbers observed with XMM-Newton and Chandra: object name, morphological type, redshift,
log Ly, (ergs™'; with reference if different to that given in the last column), whether the X-ray spectrum is dominated by emission lines (EM),
whether the source has a warm absorber (WA), whether a detailed spectral model has been published (Mod), whether the warm absorber is

outflowing (Outflow), and reference for the warm absorber model.

Object Type z logLyy EM WA Mod Outflow Reference
MR2251-178 Syl RQQ 0.06398 45.7¢ . . . Kaspi et al. (2003)
PG0844+349 Syl RQQ 0.064 45.5 . . . Pounds et al. (2003a)
PG1211+143 NLSy1 RQQ?  0.0809 45.6 . . . Pounds et al. (2003b)
PKS 0558-504 NLSyl RLQ 0.137 ~46 O’Brien et al. (2001b)
IRAS 13349+2438 NLSyl RQQ 0.10764 46.4" . . . Sako et al. (2001)
ESO 141-G55 Syl 0.036 ~45 Gondoin et al. (2003)
NGC 4593 Syl 0.0084 43.5¢ . . . Steenbrugge et al. (2003a)
NGC 3783 Syl 0.00973 44.7¢ . . . Netzer et al. (2003)
Markarian 509 Syl.2 0.0344 >45.5¢ . . . Yaqoob et al. (2003)
NGC 7469 Syl.2 0.0164 44 .41 . . . Blustin et al. (2003)
Markarian 279 Syl.5 0.0305 ~459 Scott et al. (2004)
NGC 3516 Syl.5 0.009 ~44 ° ° ° Netzer et al. (2002)
NGC 5548 Syl.5 0.01676 447" . . . Steenbrugge et al. (2003b)
NGC 4151 Syl.5 0.00332 ~44 Schurch et al. (2004)
NGC 5506 Syl.9 0.00618 ~44 Bianchi et al. (2003)
NGC 4258 Syl.9LINER  0.00149 ~42] . . Young & Wilson (2004)
Markarian 478 NLSyl1 0.079* 45.2F Marshall et al. (2003)
Ton S180 NLSyl 0.06198 ~46! . Rozanska et al. (2004)
MCG -6-30-15 NLSyl 0.00775 ~44m . . Sako et al. (2003)
Markarian 766 NLSyl1 0.012929  ~44" ° ) Mason et al. (2003)
NGC 4051 NLSyl 0.00234 434 . . . Ogle et al. (2004)
Markarian 359 NLSyl1 0.0174 ~44 . ? O’Brien et al. (2001a)
Ark 564 NLSy1 0.02468 44 .4° . . . Matsumoto et al. (2004)

@ Monier et al. (2001); ® Beichman et al. (1986); ¢ Santos-Lleo et al. (1995); ¢ Markowitz et al. (2003); ¢ Kriss et al. (2000); / Petrucci et al.
(2004); 9 Bachev & Strigachev (2003); " Pounds et al. (2003c); ' Swain et al. (2003); / Yuan et al. (2002); ¥ Gondhalekar et al. (1994);
! Turner et al. (2002); " Reynolds (2000); " Pounds et al. (2003d);  Romano et al. (2002); ? Kaspi et al. (2000b).
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Fig.1. The distribution in redshift and bolometric luminosity of
Seyfert 1 type AGN observed with the high-resolution spectrometers
on XMM-Newton and Chandra: filled shapes indicate that the pres-
ence of a warm absorber has been reported.

bolometric luminosity, and whether or not a warm absorber has
been detected in each individual source.

Where a source has more than one published detailed warm
absorber model, and all of these models provide the values

needed for our analysis, we use the most recent model or that
which was developed using the highest quality dataset.

For each of the 14 sources with well modelled warm ab-
sorbers, we list the absorbing column, ionisation parameter and
outflow velocity of each ionisation phase in Table 2. We use
the & form of the ionisation parameter, where

L
&= nr? @)
in which L is the 1-1000 Rydberg source luminosity (in
ergs™!), n the gas density (in cm™3) and r the source distance in
cm, so & has the units erg cm s~! (Tarter et al. 1969). The ion-
isation parameter can also be expressed in terms of U (see e.g.
Netzer 1996);

szLV/hvdv )

, dmnr?e

where L, is the source luminosity as a function of fre-
quency v, and the expression can be integrated over the en-
tire Lyman continuum (generally taken as 1-1000 Ryd, or
~13.6 eV—-13.6 keV), over the 0.1-10 keV range where most
of the actual X-ray absorption takes place (Ux), or over the
energy range most relevant for oxygen absorption, namely
0.54—10keV (the “oxygen ionisation parameter” Uy ). In cases
where the authors have given the ionisation parameters of their
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Table 2. Equivalent hydrogen columns (log Ny; cm™2), ionisation pa-
rameters (log &; erg cm s™!) and outflow velocities (voy; kms™') of the
modelled warm absorber phases of objects listed in Table 1.

Object log Ny logé Uout
MR2251-178 21.51 2.9 2507
20.3 0.68 250¢
PG 0844+349 23.6 3.7 63 000
PG 1211+143 23.7 34 24000
21.8 1.7 24000
22.9 -0.9  not given
IRAS 13349+2438 223 2.25 0
21.25 0 420
NGC 4593 21.2 2.61 400
19.8 0.5 380
NGC 3783 21.9 1.1 750°
22.0 2.3 750"
22.3 2.9 750°
Markarian 509 21.3 1.76 200
NGC 7469 20.6 2.1 800
NGC 3516 21.9 0.78 2004
NGC 5548 21.68 2.69 311
21.52 1.98 440
20.15 0.4 290
MCG -6-30-15 21.3 1.25 150
21.3 2.5 1900
Markarian 766 21.2 0.7 0
NGC 4051 21 1.4 402
Ark 564 21 0 150¢
21 2 150¢

¢ Estimated from the blueshift of the UV absorber.
b Average of two velocity phases at 1000 and 500 kms™'.

warm absorber phases in terms of any of these forms of U, we
have converted the values to £ using the relation

Lh
f=U—"— 3)
DLfv S dv

where L is the 1-1000 Rydberg source luminosity (in erg s~!)
as before, Dy is the luminosity distance from us to the source
(in cm), and f, is the source flux as a function of frequency. We
integrated f, over the Spectral Energy Distribution given by the
authors in each case.

For each object, we also calculate “averaged” warm ab-
sorber properties; Table 3 lists log weighted average & and av-
erage outflow speed (both weighted by the absorbing column
of each phase), the log total equivalent hydrogen column of the
absorber, and the range in log & of the absorber phases (esti-
mated here as the difference between log & of the highest and
lowest modelled ionisation phases).

3. Results and discussion
3.1. The prevalence of warm absorbers

A fundamental question about warm absorbers is whether their
presence is somehow essential to an AGN — or put another way,
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Table 3. Averaged warm absorber parameters for the sources in
Table 2: object name, range in log ionisation parameter (A log &;
erg s71), log total equivalent hydrogen column (log Ny ; cm™2), log
weighted average ionisation parameter (log £,,.; ergs™), weighted av-
erage outflow velocity (v,y; km s7h.

Object Alogé log Njior  log &qyg Vavg
MR2251-178 2.22 21.54 2.87 250
PG 0844+349 0 23.6 3.7 63 000
PG 1211+143 4.3 23.77 3.39 24000
IRAS 13349+2438  2.25 22.34 2.21 30
NGC 4593 2.11 21.82 2.54 204
NGC 3783 1.8 22.58 2.68 750
Markarian 509 0 21.3 1.76 200
NGC 7469 4 20.60 2.1 800
NGC 3516 0 21.9 0.78 200
NGC 5548 2.29 21.92 2.51 362
MCG -6-30-15 1.25 21.60 2.22 1025
Markarian 766 unknown  21.2 0.7 0
NGC 4051 no info 21 1.4 402
Ark 564 2 21.30 1.70 150

are there Seyferts which do not have them? Previous work (e.g.
Reynolds 1997) found that only about half of AGN have warm
absorbers (or at least warm absorbers detectable with instru-
mentation prior to XMM-Newton and Chandra). The group of
AGN we examine here is not an ideal sample to answer this
question, because many of them were selected for observa-
tion precisely because they were known to exhibit ionised soft
X-ray absorption from previous studies. There are, however,
certain objects in the group which do not show evidence of
warm absorption.

Of a total of 23 objects in Table 1, eleven are ordinary
Seyferts (as classified by the authors referenced in the ta-
ble, or otherwise by NED), seven are NLSyls, and five are
quasars. Four of the Seyferts lack a warm absorber. Two of
these, NGC 4151 and NGC 5506, are emission line sources
with an obscured central engine. The presence of the narrow
X-ray emission lines implies that NGC 4151, at least, would
appear to have a warm absorber if viewed from a different an-
gle. The Chandra observation of Markarian 279 (Scott et al.
2004) was very short, and the source was in a low flux state, so
the signal-to-noise of the spectrum is poor. Although Scott et al.
(2004) found no significant evidence of X-ray warm absorp-
tion, this source does have an intrinsic UV absorber, making it
very likely that an X-ray absorber will be found in better qual-
ity data in future; Crenshaw et al. (1999) found that objects in
their sample with UV absorption always showed evidence of an
X-ray absorber. The one remaining object without a warm ab-
sorber, ESO 141-G55 (Gondoin et al. 2003) is towards the high
end of the Ly —redshift distribution, but there does not seem
to be anything significantly unusual about it with respect to the
other sources. NGC 4258 is basically a Seyfert 2-type object,
without a soft X-ray absorber; it has however been claimed to
exhibit absorption lines above 6 keV (Young & Wilson 2004).

Of the NLSy1s, only Markarian 478 lacks a warm absorber.
Like ESO 141-G55, it has a fairly high luminosity, but does not
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seem to have very different properties from other sources which
do have warm absorbers. One of the quasars (PKS 0558-504,
O’Brien et al. 2001b) does not show evidence of warm absorp-
tion. It is a radio loud quasar, though, and radio-loud objects
might be particularly problematic in terms of finding obser-
vational evidence for ionised outflows (see, for example, the
non-detection of intrinsic ionised absorption in BL Lac ob-
jects; Blustin et al. 2004; Perlman et al. 2004). Disregarding
the emission line and radio loud objects in the sample, as well
as Markarian 279 since it has a UV absorber, we find that 2
out of 18 Seyfert 1-type objects in the sample (11%) show no
evidence of an ionised outflow. If this was representative of the
population as a whole, it would imply a global covering factor
of almost 90% for X-ray warm absorbers.

It is as well to be careful of reading too much into
the non-detection of warm absorption in ESO 141-G55 and
Markarian 478. An absorber might be present, but not along our
line of sight, or with a turbulent velocity and column density
too low to be observed with today’s instrumentation; orienta-
tion effects could be very important in determining the appear-
ance of AGN outflows (cf. Elvis 2000). If indeed there are AGN
which genuinely lack warm absorbers, then we would know
that AGN were able to do without them and they must be a side-
effect — rather than an essential feature — of the AGN process.

3.2. Phenomenology of warm absorbers

As we discussed in Sect. 2, the emerging picture of warm ab-
sorbers is that they usually have multiple ionisation phases and
are flowing away from the central engine at speeds of a few
hundred km s~!. Within this general conception, are any partic-
ular patterns apparent?

As far as the multi-phase ionisation structure is concerned,
there is currently no consensus as to whether this takes the form
of discrete ionisation phases (i.e. Krongold et al. 2003), a con-
tinuous ionisation parameter distribution (e.g. Krolik & Kriss
2001; Rozanska et al. 2004), or some combination of these (cf.
Blustin et al. 2002). All global spectral modelling of warm ab-
sorbers, to date, has assumed that the gas contains discrete ion-
isation phases; for the 14 objects in our sample, the average
number of modelled ionisation phases is two.

We contend, however, that the number of modelled phases
does not tell us anything fundamental about the ionisa-
tion structure, as it is more likely to be a function of the
spectroscopic knowledge and techniques of the investigator.
Indeed, two of the highest statistical quality spectra — those of
NGC 3783 (Netzer et al. 2003) and NGC 5548 (Steenbrugge
et al. 2003a) — require three ionisation phases, and it is quite
possible that better quality spectra of other objects would also
require a larger number of phases.

Perhaps a more interesting quantity is the range of ionisa-
tion parameter in the absorber (as listed in Table 3). If all warm
absorbers had the same ionisation structure, one might expect
that increasing the overall total column Ny, of the absorber
would bring a greater range of ionisation states into view. In re-
ality, the objects in our sample show no such correlation, which
either implies a wide variation in the ionisation structures, or,
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Fig. 2. Log &, versus log Ly for the objects in Table 3.

very probably, significant differences in the analysis methods
and statistical quality of the spectra used by different authors.
In particular, observers may be looking mainly for “traditional”
warm absorber ions such as O VIII and O VII, and others at a
similar ionisation level, and may not be expecting to find much
more lowly ionised species for which atomic data are harder to
obtain.

The average ionisation parameter of an absorber, though
a crude measure, is probably less open to interpretation than
its ionisation range, and may be more useful for comparative
purposes. The distance scales of an AGN environment are ex-
pected to be roughly proportional to the bolometric luminosity
of the central engine, and so since (according to the definition
of the ionisation parameter), & decreases faster with distance
than it increases with luminosity, one might expect the aver-
age ionisation parameter of warm absorbers to decrease with
increasing source luminosity. In fact, there is no strong corre-
lation between log average ionisation and log bolometric lumi-
nosity for the sources in Table 3 (linear correlation coefficient
C = 0.52, probability p of getting C greater than or equal to
this from a random distribution = 0.04). There are slight differ-
ences between log &, for each class of AGN; for the quasars,
log &ave = 3.0 = 0.6, for the Seyferts log &aye = 2.1 + 0.7 and
for the NLSy1s log &aye = 1.5 + 0.6, where the errors are given
as the standard deviation. The overall log &, for all types is
2.2 +0.8. Log &,y is plotted versus log Ly in Fig. 2.

There is also no strong correlation between log total col-
umn and log bolometric luminosity (C = 0.50, p = 0.03;
see Fig. 3), but again, the three classes of object have slightly
different log average columns: 22.8 + 0.9, 21.7 + 0.6 and
21.3 +0.2 cm™? for quasars, Seyferts and NLSy1s respectively.
The log average column for all objects is 21.9 + 0.9 cm™.
There is, however a significant correlation between log &,y and
log Nyior: C = 0.70, p = 0.003. The strength of the correlation
decreases to C = 0.44 and p = 0.01 for log ¢ and log Ny of
the individual phases (Table 2). This correlation is simply an
observational bias, since the more highly ionised the warm ab-
sorber, the greater the column required for it to be observable.
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Fig. 3. Log Ny versus log Ly, for the objects in Table 3.

Apart from the ionisation parameter and column, a warm
absorber is also characterised by its outflow velocity. It is
immediately obvious from Table 3 that we are dealing with
two rather different orders of outflow speed. The Seyferts and
NLSyls have average warm absorber outflow speeds of a few
hundred km s~!; the two PG quasars have outflow speeds of
tens of thousands of kms~! (though we note that Kaspi (2004)
interprets the RGS absorption lines in PG1211+143 as indicat-
ing an outflow speed of only 3000 kms™"). If the PG quasars
are excluded from the analysis, the average outflow speeds are
not significantly correlated with bolometric luminosity (Fig. 4),
absorbing column (Fig. 5) or average ionisation parameter
(Fig. 6).

In a radiatively accelerated wind, the density of the outflow
decreases with increasing velocity, so we expect more highly
ionised gas to be outflowing faster. It is therefore, perhaps, sur-
prising that there is no correlation between the average ion-
isation parameters and velocities. Even the individual phases
for each object, although their ionisations may vary, are out-
flowing at the same or similar speeds. The one exception is
MCG -6-30-15 in which the high-ionisation phase is outflow-
ing much faster.

Realistically, it might be hard to observe an increasing ve-
locity with ionisation parameter due to the rapid fall-off with
density in such winds. Also, the two outflow phases in MCG -
6-30-15 might not be part of the same accelerating wind — the
high velocity, high ionisation component might originate from
closer in to the nucleus where the escape velocity is very high,
and the low velocity component could be launched from much
further away.

If lower and higher ionisation phases are outflowing with
the same speed, this may indicate that they are in pressure
equilibrium (Krolik & Kriss 2001). It is difficult to test this di-
rectly though as the pressure form of the ionisation parameter,
=, which is used in studies of thermal equilibrium in outflows,
is hard to estimate.
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Fig.4. Average outflow velocity versus log Ly, for the objects in
Table 3, excluding PG 0844+349 and PG 1211+143.
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Fig.5. Average outflow velocity versus log Ny, for the objects in
Table 3, excluding PG 0844+349 and PG 1211+143.

where c is the speed of light, k is Boltzmann’s constant and T
is the gas temperature (Krolik et al. 1981).

The relativistic velocities of the PG quasar outflows are
not simply due to the high luminosities of the sources —
IRAS 13349+2438 and MR2251-178 are both quasars with
even higher bolometric luminosities, but they have low velocity
ionised outflows very much like those seen in nearby Seyferts.
There has to be some other fundamental difference in the origin
of the outflow.

3.3. Energetics of warm absorbers

How much mass is carried out of the AGN by the outflow? How
does this compare to the amount of matter being accreted? Do
ionised outflows carry a significant fraction of the energy out-
put of an AGN? The answers depend upon the way one mod-
els the outflow. The most straightforward assumption is that
the warm absorber contains a gas with uniform filling factor
and density smoothly decreasing with 1/r2. This is unlikely to
be a realistic scenario, though; observations (e.g. Kinkhabwala
et al. 2002) have shown that a range of densities and ionisation
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parameters is likely to exist at any given radius, and therefore
that the warm absorber/emitter is more likely to consist of fil-
aments or clouds with a low overall filling factor. We have to
bear this in mind when estimating the mass outflow rate and
energy output of the AGN.

For a spherical outflow, the mass contained within a seg-
ment of a thin spherical shell of radius r, thickness dr, solid
angle Q and mass density p(r) is

M = r*p(r)6rQ. (3)

If matter is moving through this shell at a speed 6r/ot = v(r),
then the mass outflow rate through the shell is

M = rPp(r)v(r). (6)

Now assuming that the outflow has cosmic elemental abun-
dances (i.e. ~75% by mass of hydrogen and ~25% by mass
of helium), p(r) ~ 1.23myii(r) where m;, is the mass of a proton
and 7(r) is the average ion number density at radius r, giving

M ~ 1.237myi(r)u(r)Q. (M

In a continuous spherical outflow at constant velocity, 72(r) must
fall off as 1/, giving the relationship

k
n(r) = 2 ®)

Where £ is a constant.
Let us say that the base of the outflow is at » = R, where

k
AR) = 5 C))

which gives

k = i(R)R? (10)
and so
=~ 2
i(r) = LEOR (1n
r
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Substituting this into Eq. (7), and noting that v(r) is simply v
for the constant velocity outflow we are assuming, we get

) i(R)R?
M~ 1.23r2mp09% (12)
r
and therefore
M ~ 1.23R*m,ii(R)vQ2. (13)

We need to relate 7i(R) to a measurable quantity. The ionisation

parameter is given by
Lion .

n(R)R?

£= (14)
Now, the density n(R) in the ionisation parameter expression
refers to the “microscopic” electron density in the gas where
the physical absorption is taking place. We assume here that
the electron and ion number densities are similar, i.e. that hy-
drogen is fully ionised. The density in the mass outflow expres-
sion 7(R) refers to a macroscopic ion number density averaged
across the segment of shell. It is therefore a function of both
the number density of the gas that is actually absorbing at ion-
isation parameter &, and also the volume filling factor of this
gas Cy(R), so that

Ai(R) = n(R)Cy(R). (15)
This then gives us
M ~ 1.23R*myn(R)C,(R)Q, (16)

and substituting in the expression for the ionisation parameter,

. Lion
M ~ 1.23R*m,C,(RwQ—=, (17)
éR?
giving a final expression for the mass outflow rate of
. 1.23myLion C, (R)vQ
M~ mypLion Cy(R)v . (18)

&

We can then use this expression to estimate the mass outflow
rate for the warm absorbers of the 14 AGN in our sample. &
and v are directly measurable, and are listed in Table 3. We es-
timated Lo, for each source by integrating over SEDs based on
that used for NGC 5548 by Kaastra et al. (2002b), since this
is the SED used in calculating the SPEX 2.00 (Kaastra et al.
2002a) warm absorber model which we use below. In these
SEDs, the 0.7-13.6 keV X-ray power-law (with slopes taken
from the references in Table 1) joins on to a soft excess ap-
proximated by a I' = 3.69 power-law from 0.3-0.7 keV, and
al = 2 power-law from 0.3 keV down to 13.6 eV. The slope
of the 0.3—0.7 keV power-law was determined by constraining
the ratio of F, in the power-law and soft excess (I' = 2 compo-
nent) at 0.7 keV to be the same as that in the NGC 5548 SED.
The values of L;,, are listed in Table 4. We estimate the solid
angle of the outflow using the information that ~25% of nearby
AGN are type 1 (Maiolino & Rieke 1995), and that the cover-
ing factor of these outflows seems to be at least 50% (Reynolds
1997). This gives Q ~ 1.6.

The volume filling factor C, of each observed phase is
harder to estimate, especially since it very probably has some
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Table 4. Mass outflow rates calculated for each outflowing warm absorber phase using the parameters quoted in Table 2 (Markarian 766 does
not have an outflowing warm absorber, but the ionising luminosity is listed as we use it elsewhere): object name, log ionisation parameter (log &;
ergcm s™!), log 1-1000 Ryd ionising luminosity (log Li,; erg s71), X-ray to optical spectral index (a.y ), percentage of total momentum transfer
due to Thomson scattering (% M), percentage volume filling factor (% C,), mass outflow rate per phase (Mqy; M, yr~'), mass accretion rate
(Maee; Mo yr™1), ratio of total mass outflow rate (summed over all phases) to mass accretion rate (Mo ot/ Macc), Kinetic luminosity of outflow

(log Lkg; erg s7h, percentage of Ly, represented by Lxg (% of Liop).

ObjCCt 10g f 10g Lion Qox % Mscat % Cv Mout Macc Mout,total/Macc 10g LKE % Of Lbol
MR2251-178 2.9 45.5 1.24 35 7.9 0.37 0.88 32 39.9 0.0001
0.68 0.33 0.31 24 40.7 0.001
PG 0844+349 3.7 45.0 145 95 0.031 0.018 0.53 0.035 434 0.8
PG 1211+143 34 44.9 1.53 89 0.14 0.051 0.70 0.092 43.0 0.2
1.7 5.1 0.00072  0.013 42.4 0.06
IRAS 13349+2438 0 45.0 1.31 022 0.30 7.4 4.7 1.6 41.6 0.002
NGC 4593 261 437 1.15 22 1.2 0.0032 0.0058 3.2 38.2 0.0005
0.5 0.19 0.049 0.015 38.8 0.002
NGC 3783 1.1 44.1 1.28 19 0.63 0.28 0.079 4.3 40.7 0.01
2.3 19 1.3 0.035 39.8 0.001
29 50 3.8 0.026 39.7 0.001
Markarian 509 1.76  45.1 1.38 4.1 4.7 1.1 0.60 1.9 40.2 0.0004
NGC 7469 2.1 44.4 1.25 6.1 0.086 0.0080 0.044 0.18 39.2 0.0006
NGC 3516 0.78 43.6 1.44 1.1 7.2 0.50 0.018 29 39.8 0.006
NGC 5548 2.69 445 1.24 30 5.5 0.054 0.088 5.0 39.2 0.0003
1.98 7.0 1.6 0.11 39.8 0.001
0.4 0.18 0.15 0.27 39.9 0.001
MCG-6-30-15 1.25 437 0.76 1.5 6.9 0.16 0.018 9.0 39.1 0.001
2.5 19 0.06 0.0010 39.1 0.001
Markarian 766 0.7 44.1 1.02 0.1
NGC 4051 1.4 42.3 1.20 24 0.44 0.00080 0.0047 0.17 37.6 0.0002
Ark 564 0 45.2 1.06 0.16 1.9 23 0.042 550 41.2 0.07
2 5.1 5.9 0.71 39.7 0.002

radial dependence. We cannot therefore take the same value
for each AGN, as their warm absorbers could be at a wide
range of radii with different (unknown) morphologies. The fact
that C,(R) must be less than or equal to 1 would allow us to
calculate an upper limit to the mass outflow rate. We can, how-
ever, estimate the volume filling factor since the momentum of
the outflow (which is dependent upon C,(R)) must be of the or-
der of the momentum of the radiation it absorbs (which we can
estimate using the published warm absorber models) plus the
momentum of the radiation it scatters (by Thomson scattering,
in this approximation, which is estimated using the absorbing
column):

My ~ Pabs + PSCatt’ (19)
where

. L

Pa = =7, (20)

in which L, is the luminosity absorbed by the outflow over
the whole 1-1000 Ryd range and c is the speed of light, and

@(1
c

—e ),

1)

Pyeay =

using the ionising luminosity Lo, this time, and 7t (the optical
depth for Thomson scattering) is given by

Tt = o1NVu (22)

where ot is the Thomson cross-section. This gives an expres-
sion for the volume filling factor:

(Pabs + Pscatt)§

Gy~ e T Cseat B
1.23mpcLionv*Q

(23)
The effect of the absorber is modelled using the xabs ionised
absorption model in SPEX 2.00, which includes line and edge
absorption self-consistently and allows the column density,
ionisation parameter &, outflow velocity, turbulent velocity and
elemental abundances of an ionised absorber to be specified.
For each absorbing phase, Ny, log & and v, are taken from
Table 2, the turbulent velocity is set to 100 km s~! and the
elemental abundances are assumed to be Solar (Anders &
Grevesse 1989).

The estimated values for C, of each phase are listed in
Table 4; the combined volume filling factors for all measured
phases in each object are never more than ~8%. Using these
values, we then obtained the mass outflow rates (Mo, ) for each
individual phase which are also given in Table 4. For compari-
son, we include values for the mass accretion rate of each AGN
calculated according to

. L
M = =2, (24)
cn

where 1 is the accretion efficiency (we assume = 0.1 for
each object), and also the ratio Moy otal/ Mace Where Moyt totar 18
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Fig. 7. Total mass outflow rate of each AGN warm absorber Moy (oal
plotted against M., the mass accretion rate of the AGN in each case.
The line where Moy o1 = Macc is plotted for comparison.

the total mass outflow rate summed over all phases. Mou[,tolal
is plotted against M, for each galaxy (with outflowing warm
absorber components) in Fig. 7. The outflow rate is greater
than the accretion rate in 9 out of 13 objects (2/3 NLSyls,
5/6 Seyfert 1s, and 2/4 QSOs). We note that, in the case of the
two QSOs whose warm absorbers have been claimed to be ac-
cretion disc winds (PG 0844+349 and PG 1211+143; Pounds
et al. 2003a,b), the total mass outflow rates are about 4%
and 9% of the mass accretion rates respectively.

Thomson scattering is only expected to make a signifi-
cant contribution to the momentum transfer in outflow phases
with high absorbing columns; in reality, because a given phase
might absorb very little radiation, scattering can be responsi-
ble for a greater proportion of the total momentum exchange
than one might assume. Even so, in all objects except the
two PG quasars, taking Thomson scattering into account in-
creases the overall mass outflow rate, summed over all phases,
by no more than 8%. It turns out that the phases in which
scattering has the greatest effect are generally those with the
lowest mass outflow rates; the percentage of the total mo-
mentum transfer which is due to Thomson scattering is listed
for each phase in Table 4. In the cases of PG 0844+349 and
PG 1211+143, which have very high absorbing columns, most
of the momentum transfer occurs through scattering, and tak-
ing it into account gives mass outflow rates respectively ~20
and 4 times those calculated if it is assumed that momentum is
only transferred through absorption.

Are these outflows significant in energetic terms? The ki-
netic energy carried via the outflow per unit time, i.e. the
kinetic luminosity, can be estimated as

1.
_1‘40utv2

: (25)

Lxg =
where we assume that the observed velocity v is representative
of the main mass of the outflow. We list values for Lgg for each
phase in Table 4 alongside the percentage of Ly, that Lxg repre-
sents. In all cases, the kinetic luminosity of the warm absorber
phases represents less than 1% of the bolometric luminosity of
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the AGN, and so the ionised outflows cannot be playing any
major role in the energetics of the system.

3.4. The origins of warm absorbers

The outflow speed can give us a useful clue to the origins of
warm absorbers. If we assume that the outflow has to obtain a
speed greater than or equal to the escape velocity ves., Where

2GM

Uesc = R (26)

and G is the gravitational constant, M is the mass of the black
hole and R is the distance of the bulk of the gas from the black
hole, then we can estimate a minimum distance of the warm
absorber from the central engine using the measured outflow
speed (Vour):

R> 2(2;M'
Uout

27)

The maximum distance of the base of the warm absorber can
also be estimated. Assuming that most of the mass of the ab-
sorber with ionisation parameter & is concentrated in a rela-
tively thin layer of depth Ar (since the density falls off rapidly
with radius), Ar has to be less than or equal to the distance R
from the central engine:

Ar (28)
z =1L

The observed line-of-sight absorbing column Ny is a function
of the density n(R) of the material at ionisation parameter &, its

volume filling factor C, and Ar;
Nu ~ n(R)C,Ar, (29)

which can be combined with the expression for the ionisation
parameter of the shell

Lion

= 30
&= RR (30)
to give
A RN,
Ar  _&RNu 31)
R LionCy(R)
Applying the condition that Ar/R < 1, one then gets

Li n“v R

R< L() (32)

&éNy

The resulting minimum and maximum distances for each phase
are listed in Table 5 alongside the distances of the BLR and
torus for each object; since both ryi, and ry,x (through C,)
are dependent upon v, it is only possible to calculate them
for outflowing phases. The BLR distances were taken from
the literature, except in the cases of IRAS 13349+2438,
MCG-6-30-15 and Markarian 766 where they were estimated
using rgrr & Lg'osl (e.g. Wandel et al. 1999), with the BLR dis-
tance of NGC 5548 (a reverberation measurement from Wandel
et al. 1999) used to normalise the proportionality. Torus dis-
tances were estimated using the approximate relation given in
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Table 5. Comparison of distances within the AGN environment: object name, log ionisation parameter of each phase (log &; erg cm s™!), black
hole mass (Mpgy; 107 My), distance of BLR from central engine (rgLr; pc), distance of torus from central engine (rions; pc), minimum distance
of warm absorber from central engine (7y,; pc), maximum distance of warm absorber from central engine (7max; pc), the ratios of the minimum
and maximum distances to the BLR and torus distances respectively (7nin/7BLR> "max/TBLRs Tmin/Ttoruss Tmax/Ttorus)-

ObjeCt 10g f MBH VYBLR Fiorus Fmin Fmax rmin/rBLR rmax/rBLR rmin/rtnrus rmax/rtorus
MR?2251-178 2.9 0.83¢  0.027° 54 1.1 29 43 1100 0.21 53
0.68 1.1 3000 43 110000 0.21 570
PG0844+349 3.7 2.7°¢ 0.020¢ 3.0 59%x 107 4.6x107°  0.0029 0.0023 20x107%  15x107°
PG1211+143 34 236  0.085¢ 2.7 0.00035 2.7x 107 0.0042 0.0032 0.00013 9.8 x 1073
1.7 0.00035 0.0054 0.0042 0.064 0.00013 0.0020
-0.9 236 0.085 2.7 - - - - - -
IRAS 13349+2438 225 807 0.11¢ 33 - - - - - -
0 39 620 350 5500 12 180
NGC 4593 261 02/ 0.0076" 0.71 0.11 0.31 14 41 0.15 0.44
0.5 0.12 40 16 5300 0.17 56
NGC 3783 1.1 1.19 0.0038¢ 1.2 0.17 2.9 45 770 0.14 2.4
2.3 0.17 0.29 45 77 0.14 0.24
2.9 0.17 0.11 45 29 0.14 0.092
Markarian 509 1.76 9.5 0.067¢ 3.6 20 180 310 2700 5.6 49
NGC 7469 2.1 0.767  0.0042¢ 1.67 0.10 1.6 24 370 0.061 0.93
NGC 3516 0.78 23" 0.0088' 0.64 49 20 560 2300 7.7 31
NGC 5548 2.69 6.8 0.01579 1.7 6.0 2.3 400 150 3.5 1.3
1.98 3.0 4.8 200 310 1.8 2.8
0.4 7.0 420 460 27000 4.0 240
MCG-6-30-15 1.25 1.5/ 0.0068¢ 0.72 5.7 33 840 4800 7.9 46
2.5 0.036 0.016 52 24 0.050 0.023
Markarian 766 0.7 1.9 1.1¢ - - - - - - -
NGC 4051 1.4 0.149  0.0054¢ 0.15 0.075 0.12 14 23 0.50 0.84
Ark 564 0 3.7 <0.0025™ 3.9 14 9400 5600 3700000 3.6 2400
2 14 290 5600 120000 3.6 75

@ Morales & Fabian (2002); * Monier et al. (2001); ¢ Kaspi et al. (2000b); ¢ Brandt et al. (1997); ¢ calculated from Lg,, as described in text;
/ Santos-Lleo et al. (1995); ¢ Wandel et al. (1999); " Gebhardt et al. (2000); ¢ Wanders et al. (1993); / Reynolds (2000); ¥ Mathur et al.

(2001); ! Matsumoto et al. (2004); " Shemmer et al. (2001).

Krolik & Kriss (2001) that the inner edge of the torus is
~1x Lio(fh 44 PC, Where Lio 44 is the 1-1000 Ryd luminosity Lig,
in units of 10* ergs~!. The ratios of 7max, Fmin and FBLR 1O Fiorus

are plotted in Fig. 8 for each of the phases in Table 5.

The results of this comparison are that the minimum
and maximum warm absorber distances for the Seyferts and
NLSyls are all further out than the BLR, and mostly cluster
around the distance of the torus. Placing the base of the warm
absorber outflow as far out as the torus immediately rules out an
origin in an accretion disc wind for these absorbers, and lends
support to the torus wind concept (Krolik & Kriss 2001).

Itis also worth investigating the effect of using the turbulent
velocity (vyp) of the warm absorber phases in the expression
for the minimum warm absorber distance. Measured or fitted
values for the turbulent velocity (as opposed to guessed ones
or upper limits, if a number is quoted at all) are only given for
IRAS 13349+2438,NGC 3783, Markarian 509, MCG-6-30-15
and NGC 4051. These values, alongside the results of us-
ing them to calculate the minimum warm absorber distance
(7min.vurb), are listed in Table 6 alongside their ratios to the
BLR and torus distances and to the minimum radius cal-
culated using the line of sight velocity. Using the turbulent

velocity width to calculate the minimum radius gives greater
distances in all cases except for the outflowing warm absorber
phase in IRAS 13349+2438 and the low velocity phase of
MCG-6-30-15. In each case, Finvturb lies far outside the BLR,
and the values cluster around the distance of the torus. For this
small set of turbulent velocities, then, we find that whether one
calculates the minimum distance of the warm absorber using
the outflow velocity or the turbulent velocity, the results are
most consistent with the idea that the outflow originates in a
torus wind.

But what about the Kriss et al. (2003) and Blustin et al.
(2003) result that at least one phase of the warm absorber in
NGC 7469 is actually within the BLR? If this suggestion is
correct, it could imply that we are seeing the warm absorber in
this source (and perhaps others) before it has been accelerated
to the full escape speed, and therefore the gas can be closer to
the central engine than we predict. This may be a reasonable
suggestion, since we are seeing the bulk of the gas very close
to the base of the outflow, and it will obviously take a finite
distance to accelerate the outflow to escape velocity.

The situation is different with the quasars. The two ob-
jects with “normal” Seyfert-type outflows, MR2251-178 and
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Table 6. The results of using the turbulent velocity rather than the outflow velocity to calculate the minimum distance of a warm absorber
from the central engine: object name, turbulent velocity (Vminyiurb; KM s~ FWHM), minimum distance of warm absorber from central engine
derived from turbulent velocity (7minvturb; PC), the ratios of this minimum distance to the BLR and torus distances respectively (#min vturb/TBLR >

rmin,vturb/rtorus)s and the ratio rmin,vturb/rmin-

Object Vb minvturb  Pminviurb/7BLR  Pminvturb/Ttorus  Pmin,vturb/Tmin
IRAS 13349+2438 1430 3.4 30 1.0 0.086
NGC 3783 420 0.55 150 0.46 3.2
Markarian 509 170 29 440 8.1 1.4
MCG-6-30-15 220 2.8 400 3.8 0.48

770 0.22 32 0.30 6.2
NGC 4051 350 0.097 18 0.65 1.3

¢ The two absorption phases in MCG-6-30-15 have different turbulent velocities and different outflow velocities.

IRAS 13349+2438, fit into the same pattern as the Seyferts.
The two PG quasars, on the other hand, have minimum and
maximum radii much closer to the central engine due to their
extremely high outflow speeds, high columns and high average
ionisation: the warm absorber of PG 0844+349 is placed about
1.3—1.7 light-hours from the continuum source, and the cor-
responding limits for PG 1211+143 are around 10 light-hours
to 6 light-days. This makes an origin in an accretion disc wind
most likely.

In an accretion disc, the ability to launch a radiatively-
driven wind is dependent upon the spectral shape; if the ratio
of UV to X-ray flux is too low, the material in the outer layer
of the disc is too highly ionised to be accelerated (e.g. Proga
2003). Do the quasars with apparent accretion disc winds have
higher a,x indices than the other AGN? We estimated aox for
each AGN in our sample having an outflowing warm absorber,
using the fluxes at 2 keV (from our SEDS) and at 2500 A (from
archival TUE spectra). The 2500 A fluxes were corrected for
extinction due to the ISM of our Galaxy using the coefficients
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Fig. 9. Log v, (Table 3) versus a, (Table 4) for the AGN with out-
flowing warm absorbers.

of Savage & Mathis (1979); the a,x values are listed in Table 4.
Log vayg is plotted against aox in Fig. 9. The two PG quasars
do indeed have the highest @.x indices. NGC 3516, however,
whose warm absorber is a torus wind, has a value of a,x which
is just as high.

There is evidence that these inner outflows also occur in
nearby Seyferts. In NGC 3783, Reeves et al. (2004) found ev-
idence for a highly ionised phase of the warm absorber whose
variability put it very close to the central engine. Crucially, the
main spectral evidence for this phase were absorption lines in
the 6—7 keV band, where resolution and signal-to-noise are
much lower than in the soft X-rays. This very highly ionised
gas is hard to observe in soft X-ray spectra, and this may be
why it has not been reported in more objects. There could there-
fore be significant columns of such gas which have previously
been unobserved.

So where does this take our understanding of the origins of
warm absorbers? We seem to be dealing with two different ba-
sic types of warm absorber — the type we see in nearby Seyferts,
which seems to be most consistent with a torus wind, and the
rather more extreme variety observed in the two PG quasars
and in the hard X-ray spectrum of NGC 3783, which could
correspond to an accretion disc wind.

One interesting point about the extreme outflows is that
their presence is not a simple function of luminosity, as the
two most luminous quasars we consider here have low velocity,
low column Seyfert-type outflows. It is not a simple function
of spectral shape, either, since Seyferts can have an a,x index
as high as that of the accretion disc wind quasars. It is pos-
sible that the apparent lack of accretion disc winds in nearby
Seyferts is an observational effect, and that they are only de-
tectable in absorption above 6 keV; another explanation might
be that accretion disc winds in Seyferts travel almost perpen-
dicular to our line of sight (as discussed in the next section).
Alternatively, there could be a difference either in the availabil-
ity of matter for the outflow, or in the process which can drive
it. Within the unified model of AGN, this must mean either that
there is some difference in the structure of the inner regions
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of the AGN environment, or that there is something different
about the accretion process which can drive an accretion disc
wind.

3.5. The relationship between UV and X-ray absorbers

It is now worth asking how this relates to the knowledge
gained about AGN outflows from studies of UV absorbers and
emitters. The higher resolution of current astronomical UV
spectrometers allows us to gain quite a detailed view of the
kinematics of UV absorbers. The first problem to solve,
before making a comparison between outflows in the two
wavebands, is the precise relationship between UV and X-ray
absorption. Different conclusions have been reached about dif-
ferent sources: at least some of the components of the X-ray
and UV absorbers have been claimed to have a common origin
in NGC 3783 (Kaspi et al. 2002; Gabel et al. 2003), NGC 3516
(Kraemer et al. 2002), NGC 7469 (Kriss et al. 2003; Blustin
et al. 2003) and Ark 564 (Romano et al. 2002). Conversely,
the UV and X-ray absorption apparently originate in different
phases of gas (albeit at similar velocities) in Markarian 509
(Kraemer et al. 2003).

The emerging picture is that some but not all of the UV ve-
locity phases can be seen in the X-ray absorber, and some but
not all of the X-ray absorber phases can be seen in the UV; the
deciding factors are the column density and ionisation parame-
ters of the phases. Plasma which absorbs in the UV will contain
ions that are observable in the soft X-ray band, although the
line-of-sight column of the plasma may not be high enough for
the X-ray transitions to be visible to current instrumentation.
Plasma absorbing in the X-rays, so long as it is not too highly
ionised, can contain ions with transitions in the UV. Working
out exactly which of the UV and X-ray phases observed in any
given object coincide ideally requires simultaneous high reso-
lution spectroscopic observations in both bands.

UV absorbers generally have more than one discrete veloc-
ity component (Crenshaw et al. 1999). It can be hard to work
out whether the gas phases giving rise to these components ac-
tually have different ionisation parameters, due to the limited
number of spectral lines visible in certain observable wave-
bands. Nevertheless, two basic interpretations are possible; ei-
ther we are seeing different velocity streams with different ori-
gins, or we are seeing a single accelerating (or decelerating)
outflow with a multiply-peaked density profile. This latter case
could imply that the ionised absorber is not a single time-steady
outflow, but is the result of a series of ejection events. If the UV
wind originated from the torus, for example, then this could be
due to major variations over time in the AGN luminosity (i.e.
high and low states, or flares) giving rise to peaks and troughs
in the amounts of material ablated from the torus. The multiple
phases would thus contain an imprint of the accretion history
of the AGN.

Kraemer et al. (2002) note that there is a lack of evidence
of radial acceleration in AGN absorbers. Their analysis of UV
absorbers in NGC 3516 does find that the different kinematic
phases are moving faster the further they are from the nucleus
(the X-ray absorber appears to be associated with the slowest
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moving phases closest to the nucleus), but they remark that
this is not necessarily the sign of an accelerating outflow as
the phases could have originated at different distances from
the nucleus. As we discussed earlier, faster moving gas in a
radiatively accelerated outflow would be expected to be more
highly ionised — so are the X-ray absorbers moving faster than
the UV absorbers? The observational evidence tends to favour
the opposite scenario, with (at least some) of the UV phases
moving faster than the X-ray phases, for instance in NGC 3516
(Kraemer et al. 2002) and NGC 7469 (Kriss et al. 2003). This
may, again, be due to the decreasing column problem; UV
spectrometers are able to detect much lower columns of gas
than current X-ray instruments.

There is evidence of increasing velocity with distance from
the nucleus in the UV NLR, interpreted as the result of radiative
acceleration, in the emission line dominated objects NGC 1068
and NGC 4151. The ionisation cones forming the NLRs can
be modelled as outflowing bicones at least partially evacu-
ated along their axes (Crenshaw & Kraemer 2000; Crenshaw
et al. 2000). By measuring the velocities of individual knots
or clouds in the ionisation cones, higher speeds were observed
at greater distances from the nucleus, and then a decrease in
speed further out, interpreted as being due to interactions with
a patchy ambient medium. In the case of NGC 4151 the accel-
eration of emission line knots continues up to 160 pc away from
the nucleus, with decelerated clouds approaching the mean sys-
temic velocity at 290 pc. In NGC 1068, UV continuum radia-
tion has been observed from an apparent shock front where an
emission line knot is being decelerated (Kraemer & Crenshaw
2000).

So, the gas in the UV NLR (which has been associated with
the X-ray NLR, e.g. Kinkhabwala et al. 2002) does appear to be
an outflow, plausibly accelerated by radiation from the central
engine. Crenshaw et al. (2000) interpret the apparent evacua-
tion of the NLR ionisation cone along its axis as possibly being
due to the radio jet in this object; interestingly, a hollow bicone
is the geometry one would expect from a torus wind. The ob-
served column and ionisation level of the warm absorber would
therefore be a function of viewing angle into the central en-
gine, and there would be certain sightlines (along the axis of
the cone) where no warm absorber was visible at all.

Can the “inner” outflow, which could be an accretion disc
wind or an outflowing BLR, be seen in UV? Hutchings et al.
(2001) found that the P-Cygni profile of O VI observed whilst
NGC 3516 was in a low state was evidence that the BLR was
actually an outflowing wind. An obvious source for the mate-
rial in an outflowing BLR is the accretion disc wind. This may
provide an explanation of why there is no trace of the accretion
disc wind in the X-ray warm absorbers of nearby Seyferts. It is
possible that the BLR is outflowing at a large angle to the axis
of the system (the turbulent velocity of BLR gas is far higher
than its outflow velocity along our line of sight) making it im-
possible to observe in absorption. This geometry is consistent
with the radiatively driven accretion disc wind models of Proga
(2003), where material is driven off the disc at a very low angle
to the disc surface. In this scenario, the observational evidence
that accretion disc winds are visible along our line of sight in
certain quasars raises the interesting possibility that either the
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wind is not radiatively driven in such objects, or that the ge-
ometry of the central engine is somewhat different to that in
nearby Seyferts.

The general picture that we obtain from the X-ray warm ab-
sorbers in Seyfert-type objects — namely that there appear to be
two types of AGN outflow with different origins — is reflected
in the findings of a recent survey of intrinsic UV absorption
in 56 PG quasars. Laor & Brandt (2002) compared UV absorp-
tion in Soft X-ray Weak Quasars (SXWQs) and non-SXWQ:s.
SXWQ UV outflows have a very high column (the more lu-
minous SXWQs are Broad Absorption Line (BAL) Quasars)
and presumably cause the soft X-ray spectra to be highly ab-
sorbed. Non-SXWQs, on the other hand, have UV absorbers
which resemble those in nearby Seyferts. They concluded that
the non-SXWQ outflows are launched at ten times the distance
from which SXWQ outflows originate.

3.6. The influence of warm absorbers on the AGN
host galaxy

The mass carried in the warm absorber must be ending up
somewhere. Does it have an important effect on the host
galaxy? One firstly needs to know if the ionised outflow is a
short-lived phenomenon, or whether it exists for long enough
to have a significant influence on the mass budget of the AGN.

In the absence of replenishment of warm absorber material,
how long would the observed columns of gas last? If one ap-
proximates the warm absorber as a slab of gas of thickness Ar
lying at a distance r from the absorber, with a mass density p
and subtending a solid angle Q, the mass Mwa of the absorber
is given by:

Mwa = rszrQ. (33)

Since the mass density p ~ 1.23mpii, where 7 is the average ion
number density of the column and m, is the proton mass (as
before, the factor of 1.23 corrects for a ~25% He, 75% H by
mass elemental composition),
Mwa ~ 1.23myiir* ArQ, (34)

and using the fact that the equivalent hydrogen column Ny is
given by

Ny = nAr, (35)
the mass of the absorber can be estimated as
Mwa ~ 1.23m,Nur*Q. (36)

Assuming a solid angle of 1.6, as before, using the average Ny
for the Seyfert 1 galaxies in our sample (10*'7 cm™2), and as-
suming that the warm absorber slab is at the distance of the
torus (~1 pc from the central engine), we estimate a represen-
tative Seyfert warm absorber mass of approximately 80 M.
If the mass outflow rate was of the order of a solar mass per
year, the warm absorber gas would not last out a century; even
if the mass outflow rates are two or three orders of magnitude
smaller than this, due to a low volume filling factor, the warm
absorber would still be extremely short-lived compared to the
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AGN itself. This would have implications for the observabil-
ity of ionised outflows; if they only lasted 10°—10° years, there
would be a low probability of observing them during the total
AGN lifetime of perhaps 103 years. This means that the warm
absorber column must be fed constantly by some long-lived
source of matter — presumably, in the case of nearby Seyferts,
the torus.

The median accretion rate for the Seyferts and NLSyls in
our sample is ~0.04 My, yr~!, while the median outflow rate is
~0.3 Mg yr~!. Assuming that the ratio of mass outflow through
the warm absorber to accretion through the disc is approxi-
mately constant throughout the lifetime of an AGN and that
a typical Seyfert builds up a 10’ My black hole, it will push
around 8 x 107 M, through its ionisation cones over the course
of its existence.

Having established that the outflow is likely to be supplied
with material continously throughout the life and evolution of
an AGN, and that it could potentially be returning ~108 M,
of material into the surrounding galaxy, we have to ask what
effect it might have. Firstly, is this a significant mass of mate-
rial compared to the central regions of the galaxy? Since the
outflow is expected to expel ~8 times more material than the
black hole accretes, and that the black hole itself is typically
only 0.15% of the mass of its host galaxy spheroid (Merritt &
Ferrarese 2001), the total mass outflowing over the history of
the AGN is around 1% of the mass of the spheroid. The hot
ISM of a luminous elliptical galaxy typically represents of or-
der a tenth of the mass of the stellar component (O’Sullivan
et al. 2003). However, in the bulges of early type spiral galax-
ies the hot gas is a much smaller component, representing e.g.
~107* of the bulge mass in M 81 (Page et al. 2003). The AGN
wind is therefore likely to contribute a significant component
of the hot ISM in galaxy spheroids, and could at times be the
dominant provider of hot gas in bulges which host 107 M,
black holes. The outflow speeds of Seyfert warm absorbers,
when thermalised, would give rise to gas at the appropriate
temperature.

A very pertinent question here is whether the gas stays
in the galaxy itself, or escapes into the IGM. In part this de-
pends simply on the mass of the host galaxy: more massive host
galaxies will have higher escape velocities and therefore will be
able to retain the gas from higher velocity outflows. However it
will also depend on how much material the outflowing gas en-
counters along its trajectory. The Crenshaw et al. (2000) study
of the UV NLR outflow in NGC 4151 showed that the outflow
had decelerated to a standstill by the time it had reached about
290 pc away from the central engine; this distance is of the
order of half the vertical thickness of a nearby spiral galaxy.
This implies that the outflow material, in this case, is reach-
ing the “top” of the galaxy but may not be moving out into the
IGM.

Kauffmann et al. (2003) find, using data from the Sloan
Digital Sky Survey (SDSS), that AGN tend to show evidence
for recent bursts of star formation. For ionised outflows to con-
tribute to this, they would have to contain or encounter regions
of sufficiently high density, perhaps through shocks of the type
suggested to be present in NGC 1068 (Crenshaw & Kraemer
2000). This is certainly an area which deserves more attention.
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Considering, also, that the amount of mass removed from the
active nucleus is of the same order as the mass accreted by the
black hole itself, it is clear that there is a potential competition
for the mass reservoir; the removal of mass through the ionised
outflow may be shortening the lifetime of the AGN.

4. Conclusions

In this paper, we collate results of high resolution X-ray spec-
troscopy of a sample of Seyfert 1 type AGN, and survey the
phenomenological and physical properties of their warm ab-
sorbers. This is to some extent a risky exercise, since the spec-
tra were analysed by many different authors, whose analysis
methods were by no means uniform. Nevertheless, a coherent
picture of the warm absorber phenomenon does emerge from
the dataset as a whole.

We show that, in nearby Seyfert galaxies, the kinetic lumi-
nosities of the warm absorber outflows represent less than 1%
of the bolometric luminosities of the AGN. We also demon-
strate that these warm absorbers most probably originate in
an outflow from the dusty torus. It is, however, possible that
highly ionised absorption seen above 6 keV could originate
much closer to the nucleus, and this may be the best place to
look if one is interested in searching for accretion disc winds
in Seyfert galaxies.

Our analysis shows the importance of taking into account
the volume filling factors of the different ionisation phases
in warm absorbers, and the relatively low volume filling fac-
tors we derive (less than 10%) imply that some other gaseous
medium (which does not absorb in the soft X-ray band) takes
up the rest of the volume. This unseen medium could contain
UV absorbing phases as well as very highly ionised, low den-
sity gas which — if its overall column was high enough — could
produce absorption features above 6 keV.

We find that the warm absorbers of nearby quasars can be
consistent with the torus wind type outflow seen in Seyferts.
Indeed, comparison of similar warm absorbers in Seyfert
galaxies and two PG quasars with an order of magnitude higher
luminosity (Ashton et al. 2004) has provided evidence that the
distance of the warm absorber from the central engine is pro-
portional to the square root of the ionising luminosity, exactly
the same proportionality as the distance of the torus. However,
our analysis supports the suggestion (Pounds et al. 2003a,b)
that the extremely fast outflows in two nearby quasars origi-
nate in accretion disc winds, although we note that their ki-
netic luminosity, as in the case of the Seyferts, accounts for less
than 1% of the AGN bolometric luminosities. If these outflows
are accretion disc winds, then our estimated mass outflow rates
and kinetic luminosities provide some benchmarks with which
to compare the results of accretion disc models.

We conclude that Seyfert warm absorbers are probably not
telling us anything fundamental about the energetics or struc-
ture of the central engine, although extreme quasar outflows
could potentially be a window into the workings of accretion
discs. We find that the amount of matter processed through the
AGN system over the lifetime of the outflow can be significant,
being potentially the major source of hot ISM in galaxy bulges



124

with 107 My, black holes, and understanding the influence of
this outflow on the host galaxy — and on the evolution of the
AGN itself — remains an important challenge.
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