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ABSTRACT

Context. The Seyfert 1 galaxy Mrk 279 was observed by XMM-Newton in November 2005 on three consecutive orbits, showing
significant short-scale variability (average soft band variation in flux ∼20%). The source is known to host a two-component warm
absorber with distinct ionisation states from a previous Chandra observation.
Aims. We study the warm absorber in Mrk 279 and investigate any possible response to the short-term variations in the ionising flux
and assess whether it has varied on a long-term timescale with respect to the Chandra observation.
Methods. The XMM-Newton-RGS spectra of Mrk 279 were analysed in both the high- and low-flux states using the SPEX fitting
package.
Results. We find no significant changes in the warm absorber on either short timescales (∼2 days) or longer ones (two and a half years),
as the variations in the ionic column densities of the most relevant elements are below the 90% confidence level. The variations
could still be present but are statistically undetected given the signal-to-noise ratio of the data. Starting from reasonable standard
assumptions, we estimate the location of the absorbing gas, which is likely to be associated with the putative dusty torus rather than
with the broad line region if the outflowing gas is moving at the escape velocity or greater.
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1. Introduction

It is widely believed that active galactic nuclei (AGN) are pow-
ered by gravitational accretion of matter onto the supermassive
black hole that resides in their centres (see e.g. Rees 1984, for a
review). X-ray emission, characteristic of AGN activity, is there-
fore a fundamental tracer of the accretion processes that take
place in the innermost regions of the AGN engine.

More than 50% of the Seyfert 1 galaxies exhibit clear sig-
natures of a photoionised gas, the so-called warm absorber
(WA hereafter, Reynolds 1997; George et al. 1998), in their
X-ray spectra in the form of narrow absorption features, usually
blueshifted by a few hundred km s−1, thus revealing the presence
of outflows from the nucleus along the line of sight (Crenshaw
et al. 1999; Kaastra et al. 2000; Kaspi et al. 2001; Kaastra et al.
2002). The study of warm absorbers provides unique insight into
the innermost AGN environment, allowing us to probe elemen-
tal abundances, degrees of ionisation, outflow velocities, among
others.

However, the geometrical structure and origin of the WA, its
physical connection with the continuum emission source, and
other components of the AGN, such as the broad line region
(BLR), narrow line region (NLR), and the putative dusty torus,
are not yet clear. A number of theories have been proposed to
explain the origin of WA such as evaporation from the torus
(Krolik & Kriss 2001), outflowing winds from the accretion disc
(e.g. Murray & Chiang 1995; Elvis 2000), or the ionisation cone

theory (Kinkhabwala et al. 2002). The study of Blustin et al.
(2005) on 23 AGN suggests that the WA in most of the nearby
Seyfert galaxies is likely to originate in outflows from the molec-
ular torus.

The main problem for determining the distance between the
WA and the ionising source comes from the fact that the deter-
mination of the ionisation parameter of the gas and the ionising
luminosity from a single time-averaged observation only allows
the product neR2 to be derived. This degeneracy of the electron
density ne and the distance R can be broken by measuring the
variations in the ionisation state of the gas in response to changes
in the ionising continuum. Therefore, the density of the gas can
be measured and its distance from the source determined (e.g.
NGC 3516, Netzer et al. 2002). Studies of variability of the WA
have been carried out only in a handful of objects on timescales
of a few ks (e.g. MCG-6-30-15, Gibson et al. 2007; Miller et al.
2008; NGC 4051, Krongold et al. 2007; NGC 1365, Risaliti et al.
2009) and also on longer timescales (e.g. NGC 5548, Krongold
et al. 2010).

Mrk 279 is a nearby (z = 0.0305, Scott et al. 2004) Seyfert
1 galaxy (F0.5−2 keV ∼ 2 × 10−11 erg cm−2 s−1, this work). The
source was previously observed in X-rays by the HEAO 1 A-2
experiment (Weaver et al. 1995) and ASCA (Weaver et al. 2001)
in order to study the spectral complexity of the Fe Kα emis-
sion line region. More recently, Mrk 279 has been observed in
X-rays using Chandra-HETGS simultaneously with FUSE and
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Table 1. XMM-Newton observation log.

Orbit Date Net exp. time RGS1 ratea RGS2 ratea

(dd-mm-yy) (ks) (c/s) (c/s)
1087 15-11-05 40.6 0.73 0.82
1088 17-11-05 42.5 0.61 0.68
1089 19-11-05 25.7 0.65 0.72

Notes. (a) 0.3–2.4 keV.

HST-STIS in 2002 (Scott et al. 2004). They found strong com-
plex absorption features from both high- and low-ionisation el-
ements in the UV spectrum but no hints of absorption in the
X-ray band due to the low continuum flux at the moment of the
observation. In 2003 the source was observed again by FUSE,
HST-STIS (Gabel et al. 2005), and LETGS onboard Chandra
(Costantini et al. 2007). They quantified the contribution of the
BLR to the soft X-ray spectrum, via the locally optimally emit-
ting clouds (LOC) model (Baldwin et al. 1995), and determined
that the broad lines observed at soft X-rays were consistent with
a BLR origin.

This paper is devoted to the XMM-Newton-RGS spectra of
Mrk 279. The XMM-Newton-EPIC broad band analysis is pre-
sented in a companion paper (Costantini et al. 2010, Paper I here-
after). It is organised as follows. In Sect. 2 we describe the X-ray
datasets used in this study. In Sect. 3 we describe the spectral
analysis of the most relevant features, while in Sect. 4 we dis-
cuss our results. Finally, our conclusions are reported in Sect. 5.

Throughout this paper we have assumed a cosmological
framework with H0 = 70 km s−1 Mpc−1,ΩM = 0.3 andΩΛ = 0.7
(Spergel at al. 2003). The quoted errors refer to 68.3% confi-
dence level (ΔC = 1 for one parameter of interest) unless other-
wise stated.

2. The X-ray data

Mrk 279 was observed by XMM-Newton on three consecu-
tive orbits between November 15 and November 19, 2005 for
a total of ∼160 ks. The RGS data were processed using the
standard pipeline SAS v9.0 (Gabriel et al. 2004). After filter-
ing background flaring events, the RGS total net exposure time
is ∼110 ks. A summary of the observation log is reported in
Table 1, and the lightcurve of the three observations is shown
in Fig. 1.

It can be seen from Fig. 1 that the source experienced strong
variations in flux on a relatively short timescale, which is es-
pecially clear in the plotted 0.3–2 keV band, where we find a
maximal variation in flux of about 20% between orbits 1087 and
1088. The source flux recovered during orbit 1089 so that its
brightness was comparable to that of orbit 1087 by the end of
the observation. For clarity, in what follows the 1087-, 1088-,
and 1089-orbit, RGS datasets will be labeled as high (H), low
(L), and recovering (R), respectively, according to their relative
flux state.

For the purpose of this study, the R dataset was included in
the overall fit described in Sect. 3 in order to increase the statis-
tics. However, since we are interested in investigating the pos-
sible spectral variations in two clearly distinct flux states, we
mainly focus on the H and L datasets. In all datasets under study,
RGS1 and RGS2 were analysed together. We used C-statistics
during the spectral analysis (see Sect. 3) so that binning of the
data is in theory no longer needed. However, to avoid oversam-
pling, we rebinned the data by a factor of 3. The signal-to-noise

Fig. 1. EPIC-pn lightcurve in the 0.3–2 keV band.

ratio for both datasets is around ∼9 and ∼8 for H and L, respec-
tively, for that part of the wavelength region in which the most
relevant spectral features fall.

3. Spectral analysis with RGS

The spectral analysis of the RGS data was carried out with the
fitting package SPEX1 v2.0 (Kaastra et al. 1996). Both RGS1
and RGS2 were fitted together, and C-statistics was the fitting
method adopted (Cash 1979). The same spectral model was ap-
plied to H, L, and R datasets, and they were fitted simultane-
ously using three different sectors in SPEX. The advantage of
assigning a sector to each dataset under study resides in the
fact that, although some of the parameters might be different
in general (e.g. the continuum parameters), it allows parame-
ters from different datasets to be coupled and fitted simultane-
ously (see SPEX documentation for further information). The fi-
nal C-stat/d.o.f.= 4857/4381 ∼ 1.1 obtained applies to the final
simultaneous fit of all three datasets. In what follows we describe
the continuum and the absorption and emission features that are
present in the spectrum of Mrk 279.

3.1. Continuum spectrum

The broadband (0.3–10 keV) continuum spectrum of Mrk 279
is best described by a broken power law and a black body (see
Paper I). In the soft X-rays region (0.3–2 keV), however, a single
power law provides a good description of the baseline contin-
uum, although deviations exist at very soft X-rays (soft excess).

To account for the soft excess we added a modified black
body model (mbb model in SPEX) to the power law, which
considers modifications of a simple black body by coherent
Compton scattering and is based on the calculations of Kaastra
& Barr (1989). The improvement of the fit after adding this com-
ponent was ΔC = 72 for 6 degrees of freedom.

The best-fit parameters of the continuum are reported in
Table 2 for the H, L, and R datasets. The slope Γ seems slightly
steeper when the source is in the high-flux state, although this
value is consistent within the error bars with the value deter-
mined for the low-flux state. The value obtained for the R dataset
lies in between the former, and it is still consistent within the

1 http://www.sron.nl/spex/
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Table 2. Mrk 279 RGS continuum best-fit parameters.

Dataset Γ FPL
a Tmbb (keV) Fmbb

a

H 2.03 ± 0.07 2.05 ± 0.06 0.14 ± 0.01 0.16 ± 0.02
L 1.89 ± 0.08 1.72 ± 0.05 0.14 ± 0.01 0.16 ± 0.02
R 2.01 ± 0.08 1.85 ± 0.06 0.13 ± 0.01 0.13 ± 0.03

Notes. (a) 0.5–2 keV flux, in units of 10−11 erg cm−2 s−1.

error bars. The thermal component remains virtually unchanged
in all three datasets.

3.2. Absorption at redshift zero

The continuum emission of Mrk 279 is furrowed by several ab-
sorption features, some of them consistent with absorption at
redshift zero, revealing a complex absorption spectrum. The lo-
cal absorbing gas seems to have two distinct components: a neu-
tral or mildly ionised absorber, characterised by the O i feature
at ∼23.5 Å, with a column density of NH = 1.64 × 1020 cm−2

(Elvis et al. 1989), and an ionised component with NH = 3.6 ±
0.3 × 1019 cm−2 and kT = 7.2 ± 1.2 eV (Costantini et al. 2007).

We modelled these components by means of a collisionally
ionised plasma (hot model in SPEX) fixing their parameters to
the values listed above. The ionised component likely originates
in the interstellar medium of our Galaxy, but an extragalactic ori-
gin cannot be ruled out (Nicastro et al. 2002). Further discussion
of the absorbing gas along the line of sight of Mrk 279 can be
found in Williams et al. (2006).

3.3. The warm absorber

The spectrum of Mrk 279 shows a number of absorption fea-
tures in the range ∼10–35 Å consistent with the presence of out-
flowing ionised gas at the redshift of the source. Previous obser-
vations of Mrk 279 with Chandra have already shown that the
absorbing gas consists of at least two phases with distinct ioni-
sation degrees (Costantini et al. 2007).

We therefore modelled the absorption spectrum using two
xabs components in SPEX. This model calculates the transmis-
sion of a slab of material where all ionic column densities are
linked through a photoionisation balance model, which was cal-
culated with CLOUDY (Ferland et al. 1998) version C08. The
input spectral energy distribution (SED) of Mrk 279 provided
to CLOUDY was based on the Chandra observation carried out
in 2003, as the values obtained in the X-ray domain by both
Chandra and the current XMM-Newton observation are virtu-
ally the same (see Fig. 2). The mean velocity dispersion of the
absorption lines was fixed to 50 km s−1 (Costantini et al. 2007).

The addition of one xabs component improves the fit by
ΔC = 78 for 3 degrees of freedom but fails to reproduce the
Oviii Lyα line. A second xabs component is therefore required,
improving the fit by a further ΔC/Δν = 59/3. This model con-
sisting of two xabs components with distinct ionisation states
provides a good fit to the observed data (see Fig. 4).

We first fitted the WA in the H, L, and R datasets indepen-
dently. If the variations in flux observed between the first two
observations were propagated into the surrounding material, the
ionisation properties of the gas should have changed accord-
ingly. The results of the fits, however, show that no significant
changes took place in the properties of the WA between the H
and L flux states, as most of the parameters are consistent with

Fig. 2. Average spectral energy distribution of Mrk 279. The X-ray con-
tinuum is determined by Chandra (crosses, Costantini et al. 2007).
For comparison, we overplot the average continuum measured by
XMM-Newton (diamonds). For the far UV we relied on the HST and
FUSE measurements.

each other within the error bars (see Table 3). Furthermore, we
have normalised the L dataset to the unabsorbed continuum of
the H dataset. In this way we get rid of any possible spectral
effects caused by the change in flux between both observations
so that only the information on the absorption features remains
(see e.g. Netzer et al. 2003). We can see in Fig. 5 that the oxy-
gen complex, as well as the most relevant iron absorption fea-
tures, remains virtually unchanged. The physical implications of
this lack of response of the WA to the changes in the ionising
flux between two consecutive observations is discussed further
in Sect. 4. We must note, however, that, although the variation
in the average flux is ∼20%, the uncertainties in ξ are ∼50% in
the case of the lowest ionisation component. We cannot therefore
discard the possibility that short-scale variability did actually oc-
cur but is undetected statistically.

The results of the fits on the individual observations are re-
ported in Table 3. The WA is clearly present, but its very shal-
low column density (∼8 × 1019 cm−2 and ∼4 × 1020 cm−2 for
low and high ionised WA phases, respectively, in agreement with
previous measurements) makes it rather difficult to detect. This
is especially problematic in the L dataset, where the low flux
level makes some of the absorption troughs almost undetectable,
which is reflected in the larger error bars than in the H dataset.
The ionisation parameter ξ of the high-ionisation phase seems
to be surprisingly stable throughout the observations, seemingly
insensitive to the flux variations of the source, although its value
becomes rather uncertain in the L dataset. Both WA phases
seem to be outflowing at different velocities (∼200 km s−1 and
∼400 km s−1), with the high-ionisation phase having a faster out-
flow. The fit to the R dataset alone was severely affected by the
low statistics due to the short exposure time, and it provided re-
sults consistent with those obtained for the H and L datasets,
albeit with much larger error bars.

Since the WA parameters in all datasets were consistent
within the error bars, we assumed that the WA was formally un-
der the same physical conditions in both the high and low flux
states. Therefore, we fitted again all three datasets coupling this
time the H, L and R xabs parameters to each other in order to re-
duce the associated error on the parameters under consideration.
The result of this fit is also reported in Table 3 and it will be the
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Fig. 3. RGS spectrum of Mrk 279. For plotting purposes all three observations have been stacked into a single spectrum. The solid line corresponds
to the best-fit model. The most relevant spectral features are labelled.

Table 3. Best-fit xabs parameters to the warm absorber of Mrk 279.

xabs1 xabs2
log ξa NH

b vout
c log ξa NH

b vout
c C-stat/d.o.f.

H dataset 0.6 ± 0.3 0.8 ± 0.5 −100 ± 180 2.6 ± 0.1 4.1+2.7
−1.7 −340 ± 180 1642/1453

L dataset 1.1 ± 0.4 0.8+0.8
−0.4 −240+145

−530 2.6+0.2
−1.0 1.2+1.7

−1.1 −435+575
−225 1539/1456

R dataset 0.4 ± 0.7 1.5 ± 0.5 −320 ± 200 2.6 ± 0.1 7.2 ± 2.3 −550+285
−105 1681/1464

Coupled datasets 0.7 ± 0.3 0.7 ± 0.3 −200+90
−270 2.6 ± 0.1 2.7 ± 1.1 −370+90

−130 4857/4381

Notes. (a) In units of erg s−1 cm−2 ; (b) in units of 1020 cm−2 ; (c) in units of km s−1.

one we will use throughout this paper as a description of the WA
in further calculations. This fit is also shown in Fig. 3 where,
for plotting purposes, we have stacked the spectra of all three
observations. The spectra displayed in Fig. 3 and the following
figures were produced by dividing the photon spectra by the ef-
fective area of the detector so that no model-dependent fluxing
was applied.

3.4. Emission lines

In addition to the absorption features present in the soft X-ray
spectrum of Mrk 279, there are also hints of emission features.
Costantini et al. (2007) reported several narrow emission fea-
tures of different elements and radiative recombination con-
tinua of Cv and Cvi found in the Chandra-LETG spectrum
of Mrk 279. We were unable to detect most of these lines in
the RGS datasets. We find marginal detection of the Oviii Lyα
and Ovii (forbidden) emission lines in the L dataset, whereas
in the H dataset the higher continuum level swamps out these
low-significance emission lines (see Table 5).

At the position of the Ovii triplet there is a weak broad emis-
sion line intrinsic to the source. The presence of this broad line
was taken into account while fitting the spectrum of Mrk 279 by
adding a Gaussian line to the model. The line is only marginally
detected at the 90% confidence level in the H and R datasets,
whereas it is not significantly detected at all in the L dataset (see
Paper I for a detailed discussion). The complexities in this spec-
tral range due to bad pixels and the Ov, Ovi, and Ovii ab-
sorption lines are such that the significant detection of the Ovii
broad line is difficult, considering the signal-to-noise ratio of the
spectra. The origin of this line is likely the BLR, and its lumi-
nosity can be accounted for by the LOC model (Baldwin et al.
1995). Further discussion of this broad feature and how it could
be linked to the complex Fe Kα region of Mrk 279 is given in
Paper I.

We used the Ovii forbidden emission line and the upper lim-
its of the other emission lines, which provide mild constraints,
to calculate the emission spectrum of the two-component WA
(see Sect. 3.3) and potentially link the observed emission and
absorption. For this, we used CLOUDY and assumed a gas with
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Fig. 4. Detail of the Oviii absorption line. Overplotted is the fit with
only one xabs component (dashed line) and two xabs components (solid
line).

Fig. 5. Comparison between the H (black crosses) and L (light stars)
datasets. The L dataset is normalised to the unabsorbed continuum of
the H dataset.

a density of 108 cm−3. In this way, the slab of material remains
geometrically thin relative to its distance from the central source.
For the purpose of this calculation we used a covering factor of
fc = 1, defined as the fraction of 4π sr covered by the gas as
viewed from the central ionising source, i.e. the solid angle sub-
tended by the gas. This is different from the global covering fac-
tor, which is the fraction of emission intercepted by the absorber
averaged over all lines of sight, and it has been estimated to be
about 0.5 (Crenshaw et al. 2003).

In Fig. 6 we display our results. Both low- and high-
ionisation gas components tend to overestimate the measured
luminosities for fc = 1. This is especially clear for the high-ξ
component, while it is less significant in the case of the low-ξ
component. However, the line luminosity scales linearly with fc
in practice (not true for high column densities, when the depen-
dence on fc is more complicated, but it is valid for shallow NH
such as the ones found in this source, Netzer 1993, 1996). As the
Ovii flux predicted by the high-ionisation component is approx-
imately three times the flux of the low-ionisation gas, the scaling
of the predicted-to-observed Ovii luminosity is dominated by

Fig. 6. Emission line contribution of the warm absorbers in Mrk 279,
assuming a covering fraction fc = 1. Asterisks represent the low-
ionisation component, circles the high-ionisation component, and tri-
angles are the data. Connected diamonds represent the summed contri-
bution scaled to the Ovii forbidden line luminosity ( fc = 0.1, see text).

Table 4. Column densitity and outflow velocity of the most relevant
X-ray absorption lines.

Ion log Nion vout

(cm−2) (km s−1)
Cvi 17.16 ± 0.11 −420 ± 60
Nvi 16.68 ± 0.31 −340 ± 110

Nvii 16.24 ± 0.32 −450+246
−219

Ov 17.10 ± 0.05 −160 ± 140
Ovi 17.00 ± 0.07 −410 ± 130

Ovii 17.23 ± 0.07 −510+140
−260

Oviii 17.40 ± 0.13 −70+550
−100

Ne ix <16.2 . . .
Nex <16.6 . . .

Sixi 16.53+0.70
−0.27 −990 ± 190

Fexvii 16.31 ± 0.16 −265+220
−190

Fexviii 15.86 ± 0.16 −1250 ± 315

the high-ionisation gas. If a single component were to explain
the Ovii forbidden line, an fc of 0.4 and 0.13 would be needed
for the low- and high-ionisation gas, respectively, whereas for a
combination of both components a fc = 0.1 is required to match
the luminosities predicted by CLOUDY with the observed ones.
This is in tune with what is found for unobscured or Compton-
thin AGN, where absorption lines are more dominant than the
emission lines in cases in which a cloud, belonging to a popula-
tion of clouds with a low global covering factor, happens to lie
along the line of sight of the observer. In this case the emission
lines coming from other directions provide a negligible contri-
bution to the total spectrum (Nicastro et al. 1999; Bianchi et al.
2005).

In Fig. 6 we also plot the sum of the components scaled to the
luminosity of the Ovii line. We see that the normalised model is
in agreement with the upper limits of the lower ionisation lines.
We also note that none of the gas components that produce ab-
sorption are sufficient to produce the Fe Kα narrow component
in emission that is detected in the pn spectrum (see Paper I),
where the total contribution is ∼0.5%.
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Table 5. Emission line luminosities measured by RGS and their signif-
icance.

Ion Rest wavelength Lobs F-test Model
(Å) (1040 erg s−1) (%)

Oviii Lyα 18.97 <1.0 . . . delta
Ovii (f) 22.10 3.1 ± 2.0 89.0 delta
Ovii (triplet) 21.9 13 ± 7 95.0 gauss
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Fig. 7. Pressure ionisation parameter as a function of electron temper-
ature. The values corresponding to the warm absorber components in
Mrk 279 are marked as squares.

4. Discussion

4.1. Two ionisation components in the warm absorber

The absorption features detected in the spectrum of Mrk 279
are consistent with those produced by different elements, mainly
oxygen, carbon, nitrogen, and iron, with different degrees of ion-
isation. These troughs are blueshifted with respect to the sys-
temic velocity of the source, and their degree of ionisation re-
veals that they are associated with a WA often seen in other
Seyfert 1 galaxies. The absorbing gas presents at least two
phases with ionisation parameters of log ξ ∼ 0.7 and log ξ ∼ 2.6,
respectively, and quite low NH (∼1020 cm−2, see Table 3).

The question about whether the outflowing gas forms clouds
in equilibrium with its surroundings or if it is part of a continuous
distribution of ionised material is difficult to answer in the case
of Mrk 279. In the first case, the clouds should be in pressure
equilibrium with the less dense environment to allow for long-
lived structures. Such a scenario has been already claimed in the
case of the Seyfert 1 galaxy NGC 3783 (Krongold et al. 2003;
Netzer et al. 2003; Krongold et al. 2005). If the WA components
indeed belong to a discrete scenario with a sharp bimodal dis-
tribution, then their pressure ionisation parameter Ξ should be
the same, where Ξ can be defined as a function of pressure or
temperature: Ξ = L/4πr2cp = ξ/4πckT . If we overplot the val-
ues of Ξ corresponding to the two phases of the WA detected
in Mrk 279 on the Ξ − T curve of the source we can see that
both components cannot be in pressure equilibrium unless other
processes such as magnetic confinement are playing a role (see
Fig. 7). Similar results were also found in the Chandra analysis
of Mrk 279 (Costantini et al. 2007).

4.2. Is the warm absorber variable?

Mrk 279 is known for experiencing moderate flux variability on
timescales of a few tens of ks (Scott et al. 2004; Costantini et al.
2010). If these changes in the ionising flux were to produce any
measurable changes in the physical conditions of the absorbing
gas on both short and long timescales, they could in principle be
used to estimate the location of the absorber.

The XMM-Newton lightcurve of Mrk 279 in the 0.3–2 keV
range looked promising in this respect, since we observe a flux
variation of ∼20% between the H and L observations in the soft
X-ray band (Fig. 1). If the WA were in equilibrium, the ioni-
sation parameter would then vary accordingly in response to the
changes in the continuum. Unfortunately, given the quality of the
data and the shallow column density of the WA such changes are
difficult to detect (if present at all). Since no differences in the
properties of the WA were significantly measured (see Sect. 3.3)
this could mean that either the WA was not in equilibrium yet,
i.e. the gas did not have enough time to recombine after the
change in the ionising flux and did not reach the equilibrium
again, or that the changes actually took place but we were un-
able to detect them given the present statistics.

Alternatively there is the possibility of observing changes in
the WA on longer timescales when comparing observations sev-
eral years apart, which would enable us to put an upper limit on
the location of the absorber. For this purpose we compared the
current XMM-Newton observation with the one by Chandra two
and a half years earlier. However, the flux state of Mrk 279 was
not strikingly different between both observations (Costantini
et al. 2007), and the SED in both observations is virtually iden-
tical in the X-ray domain (Fig. 2). In these circumstances the
grounds for a variability study are rather weak.

A noticeable difference was the detection of radiative re-
combination continua (RRC) of Cv (λobs = 32.57 Å) and
Cvi (λobs = 26.05 Å), which are clear signatures of recombi-
nation in overionised plasmas, in the Chandra spectrum of Mrk
279 (Costantini et al. 2007), whereas no hints of such features
were found in the XMM-Newton spectra. We nevertheless tried
to obtain upper limits to the emission measure of these features
by fixing their temperature to the values found in Costantini et al.
(2007), kT = 1.7 eV. We found EM < 0.25 × 1061 cm−3 and
EM < 0.40 × 1061 cm−3 for the Cv and Cvi RRCs, respec-
tively. These values are lower than those reported in Costantini
et al. (2007), which suggests that the present spectrum is the re-
sult of a different flux history than for Chandra. Indeed Mrk 279
is known to significantly vary (up to a factor of 2) on both short
and long timescales.

We looked for possible changes in the WA by look-
ing at the ionic column densities measured by Chandra and
XMM-Newton. We obtained the column densities of several ions
from the xabs components used in our model. In Fig. 8 we plot
the ionic column densities obtained from the best fit to the WA
of this work and those obtained by Costantini et al. (2007) with
Chandra for different elements whose absorption imprints are
present in the spectrum of Mrk 279. The errors on the column
density of each ion are rescaled with respect to that of NH. Only
in the case of Fe and Ne can we clearly trace both components
of the WA, seen as peaks in the ionic column densities of these
elements.

To statistically assess whether the ionic column densities var-
ied significantly between the Chandra and XMM-Newton ob-
servations, we applied a Kolmogorov-Smirnoff test on both Nion
distributions. We did not find significant changes in the ionic
column densities of Ne, Fe, C, and O. The significancies of
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Fig. 8. Ionic column densities of Fe (upper left panel), Ne (upper right panel), C (lower left panel), and O (lower right panel) ions in the
XMM-Newton (solid lines, this work; dots: low-ξ ions, triangles: high-ξ ions) and Chandra (dashed lines, Costantini et al. 2007; squares: low-ξ
ions, crosses: high-ξ ions) observations.

the variations were only at the 90% confidence level or less
(PKS = 81% for carbon, PKS = 90.6% for oxygen, PKS = 88%
for iron, and PKS = 91% for neon). Therefore, we cannot affirm
that the WA in Mrk 279 experienced either long- or short-term
variations in response to the changes in the ionising continuum.

4.3. The location of the warm absorber

Even though we have not significantly measured any variations
in the WA, which we could have used to break the degeneracy
of the electron density ne and the distance R, we can still put
mild constraints on the location of the absorbing gas. For this
purpose we follow the same arguments as are given in Blustin
et al. (2005, B05 hereafter) for a sample of 23 AGN.

The main assumption for estimating the maximum distance
to the base of the WA from the central engine is that most of
the mass is concentrated in a layer of depth Δr so that it is less
than or equal to the distance to the central source R: Δr

R ≤ 1. On
the other hand, the column density observed along our line of
sight is a function of the density of the gas, which is generally
dependent on the distance n(R), its volume filling factor CV, and
Δr: NH ∼ n(R)CVΔr.

The ionisation parameter ξ is defined by the ratio of the ion-
ising flux and the density of the gas: ξ = L

n(R)R2 , where L is
the 1–1000 Rydberg luminosity, n(R) is the density, and R is

the distance from the ionising source. Combining the equations
above we obtain

Δr
R
∼ ξRNH

LionCV
, (1)

so that, after applying the Δr
R ≤ 1 condition,

R ≤ LionCV

ξNH
· (2)

The volume filling factor CV was estimated by assuming that the
momentum of the outflow must be close to the momentum of the
absorbed radiation plus the momentum of the scattered radiation
(B05):

Ṁv ∼ Ṗabs + Ṗsc =
Labs

c
+

Lion

c
(1 − e−τT), (3)

where Ṁ is the mass outflow rate, Labs the luminosity absorbed
by the outflow in the 1–1000 Ryd range, c the speed of light, and
τT = σTNH the optical depth for Thomson scattering.

The expression we used for estimating of the mass outflow
rate is Eq. (18) in B05, which was deduced assuming that the
outflowing mass is contained within a segment of a thin spherical

Page 7 of 10

http://dexter.edpsciences.org/applet.php?DOI=10.1051/0004-6361/201014091&pdf_id=8


A&A 520, A36 (2010)

shell and that it has cosmic elemental abundances (∼75% by
mass of hydrogen and ∼25% by mass of helium):

Ṁ ∼ 1.23mpLionCVvΩ

ξ
, (4)

where mp is the mass of the proton, Lion the 1–1000 Rydberg
ionising luminosity, CV the volume filling factor, v the velocity
of the outflow,Ω the solid angle subtended by the outflow, and ξ
the ionisation parameter of the outflow.

The parameters Lion, ξ, and v are directly measured from
this observation. For each component of the WA, we used the
values reported in Table 3 for the coupled datasets and Lion =
2.4 × 1044 erg s−1. The opening angle of the outflow is diffi-
cult to estimate, so we applied the average value of Ω ∼ 1.6
used in B05 assuming that 25% of the nearby AGN are type 1
(Maiolino & Riecke 1995) and that the covering factor of these
outflows seems to be ∼50% (e.g. Reynolds 1997). This value
yields Ω/4π = 0.13, in extraordionary agreement with what we
found in Sect. 3.4.

When combining Eqs. (4) and (3), an expression for the vol-
ume filling factor is obtained2:

CV ∼ (Ṗabs + Ṗsc)ξ
1.23mpLionv2Ω

· (5)

After applying this equation to both components of the WA, we
find a volume filling factor of CV ∼ 1.1 × 10−3 and CV ∼ 0.025
for the low- and high-ξ components, respectively. These low val-
ues may suggest that the WA is likely to consist of filaments or
clouds passing through our line of sight. In the sample of 23
AGN of B05, none of the estimated volume filling factors were
higher than ∼8%.

Solving Eq. (2) for each of the WA components in Mrk 279
tells us that the high-ionisation phase can extend up to ∼20 pc
from the central source, whereas the low-ionisation component
can extend up to ∼260 pc. A lower limit to R is harder to reli-
ably estimate in these circumstances. A very mild constraint can
be obtained using dynamical arguments. If we assume that the
measured outflow velocities should be greater than or equal to
the escape velocity from the AGN we have

vout ≥
√

2GM
R
, (6)

where G is the constant of gravity, M the mass of the super-
massive black hole, and R the distance of the WA from the
black hole. The mass of the central black hole in Mrk 279 is
M = 2.57 × 107 M� (Wandel 2002). This gives us a lower limit
estimate of R � 1.6 pc and R � 5.5 pc for the high- and low-ξ
components, respectively. Assuming that the outflowing gas is
escaping the gravitational well of the AGN is not a strong con-
straint at all. The gas could be well under the escape velocity
and either dissipate or become completely ionised before it starts
flowing in again towards the central black hole.

With these caveats in mind, both WA components in Mrk
279 seem to be located further away than the BLR, which is at
rBLR ∼ 30 days-light according to the relation given in Wandel
(2002), and it is likely associated with the putative dusty torus.
Using the approximate relation of Krolik & Kriss (2001) for
the inner edge of the torus rinner ∼ 1 × L0.5

44 in pc, where L44

is the 1–1000 Rydberg luminosity in units of 1044 erg s−1, we

2 In Eq. (23) in Blustin et al. (2005,) there was a typo in the denomi-
nator of the equation: c should not be there.
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Fig. 9. Estimated minimum and maximum distances of both WA phases
in Mrk 279 from the central engine in units of the torus distance Rtorus.
The solid line represents R = Rtorus, while the dashed line represents the
ratio of the BLR distance RBLR to the torus distance.

obtain rinner ∼ 1.6 pc. In Fig. 9 we plot these estimates relative
to the torus distance and the BLR. Similar results were found
for the compilation of 23 AGN of B05, where it can be seen
that the minimum and maximum WA distances for the Seyferts
and NLSy1s are consistently further out than the BLR and tend
to cluster around the location of the torus. This would rule out
an accretion disc wind origin for these absorbers and would
be closer to the torus wind origin proposed by Krolik & Kriss
(2001).

4.4. Energetics of the warm absorber

It would be interesting to know whether the outflows commonly
associated to the WA have an impact on the interestellar medium
of the host galaxy of the AGN or even further out in the inter-
galactic medium. We can estimate how much mass is carried out
of the innermost parts of the AGN by means of the outflows and
how it compares with the accreted matter onto the central super-
massive black hole.

From Eq. (4) we find Ṁ ∼ 0.057 M� yr−1 and Ṁ ∼
0.031 M� yr−1, for the low- and high-ξ components, respec-
tively. These values are consistent with those of the WA in
other Seyfert 1 galaxies (see Blustin et al. 2005, and references
therein). The mass accretion rate in Mrk 279 is calculated using

Ṁacc =
Lbol

ηc2
, (7)

where we assume a nominal accretion efficiency of η = 0.1 and
a bolometric luminosity of Lbol = 7.56 × 1043 erg s−1 (Dasyra
et al. 2008). This means that the mass accretion rate is Ṁacc =
0.0133 M� yr−1. The outflow rate is higher than the accretion
rate in the case of Mrk 279, which is commonly found in other
type 1 AGN. For instance, 9 out of the 13 type 1 AGN in the B05
sample also present this behaviour.

From the outflow rate we can estimate the importance of
these outflows in energetic terms. The kinetic luminosity (kinetic
energy carried out by the outflow per unit time) is defined as

LKE =
1
2

Ṁoutv
2. (8)

With the Ṁout values and outflow velocities found for both
low- and high-ξ components in our WA, we obtain kinetic
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Table 6. Abundances in the warm absorber of Mrk 279.

Element Abundancea

Carbon 1.07 ± 0.50
Nitrogen 1.07+0.56

−0.48
Oxygen 1.14 ± 0.31
Iron 1.11 ± 0.44

Notes. (a) Relative to solar, set to Lodders (2003).

luminosities of LKE = 7.25 × 1038 erg s−1 and LKE = 1.30 ×
1039 erg s−1, which account for ∼0.001% and ∼0.002% of the
bolometric luminosity, respectively. Similarly, the kinetic lumi-
nosities estimated for the B05 sample represent in all cases less
than 1% of the bolometric luminosity of the AGN. Therefore,
these outflows play a limited role in the energetics of the system.

Given these LKE values, the kinetic energy injected into the
medium would be EKE ∼ LKEt ∼ 1055 erg, assuming that the
average AGN lifetime is of the order of t ∼ 108−9 years (Ebrero
et al. 2009; Gilli et al. 2009). For instance, the energy needed to
disrupt the ISM of a typical galaxy is estimated to be ∼1057 erg
(Krongold et al. 2010), which means that the outflows in Mrk
279 are not powerful enough to critically affect the ISM of the
host galaxy.

4.5. Abundances in the warm absorber

We calculated the abundances of various elements in the WA of
Mrk 279. The computed values were provided by xabs in SPEX
and were calculated relative to a default set of standard abun-
dances. In this work we have used the recent compilation of
proto-solar abundances by Lodders (2003). Our results are re-
ported in Table 6. We find the element abundances to be consis-
tent with the solar ones in the cases of nitrogen and iron, carbon,
and oxygen.

Arav et al. (2007) calculated the C, N, and O abundances in
the WA of Mrk 279 using deep and simultaneous observations of
Mrk 279 by FUSE and HST-STIS. The calculations of Arav et al.
(2007) were done using CLOUDY v96b5 and the standard set of
abundances was the default of that version of CLOUDY (Allende
Prieto et al. 2001, for oxygen; Allende Prieto et al. 2002, for car-
bon; and Holweger 2001, for nitrogen). The differences between
this set of standard abundances and that of Lodders (2003) is
below 1%; therefore, we can compare our abundance determina-
tions using Lodders with the results of Arav et al. (2007), finding
that our results are fully consistent with theirs within the error
bars with the exception of the nitrogen abundance, which was
found to be slightly supersolar in Arav et al. (2007). On the other
hand, we cannot confirm the significant supersolar abundances
reported by Fields et al. (2007) using Chandra observations of
Mrk 279.

4.6. The lower ionisation emission lines

In the RGS spectrum, only the Ovii narrow forbidden line at
22.10 Å is detected. For other important He-like and H-like ions
we only obtain upper limits (see Table 5). We find that emis-
sion from the WA gas can easily reproduce the Ovii line and, at
the same time, be consistent with the upper limits on the other
X-ray lines, provided that the covering factor of the gas is ∼0.1
(see Sect. 3.4). This result is expected in type 1 objects, where
the continuum dominates the emission, as the absorption fea-
tures of the ionised gas along our line of sight are always more
evident than the emission lines. For instance, the Ovii forbidden

line does not display any outflow velocity but, as the measured
blueshift for the absorption line is only ∼370 km s−1, this would
not be evident in the emission component, which is directed in a
wider angle.

Alternatively, Ovii might come from reflection from the
distant torus itself. To test this hypothesis, we used the model
by Ross & Fabian (2005) where reflection by constant-density
and optically-thick material is considered. The calculation in-
cludes a number of ions, in addition to iron (REFLION model
in XSPEC, Arnaud 1996). In particular, we used a modified ver-
sion of REFLION where values lower than ξ = 30 can be used
(G. Miniutti, private communication) to reproduce high Ovii to
Oviii ratios. Indeed gas with ξ = 30 (log ξ = 1.47) already
produces a considerable amount of Oviii, which is not repre-
sentative of our data. The model, however, cannot be tested di-
rectly on the RGS data, as the intrinsic resolution of the model
grid is only 0.3 Å, which is not appropiate for high-resolution
(Δλ/λ ∼ 0.05) data. We then fitted the EPIC-pn spectrum of
Mrk 279 using XSPEC and found the best-fit parameters for the
reflection component. We went on to evaluate the intrinsic line
luminosities of Ovii and Oviii and compare them with the real
measurements. Although the iron line at 6.4 keV can be fitted by
the reflection model, the predicted soft energy lines are not fully
explained. We found that, within the allowed range of best-fit
ξ values (ξ < 27), the soft energy line luminosities are always
overpredicted by the model, by even a factor of 10 or more. This
underlines the importance of Ovii and Oviii as diagnostic lines
for cold reflection modelling.

5. Conclusions

We have analysed the absorption features present in the XMM-
Newton-RGS spectrum of Mrk 279, which are consistent with
the existence of a warm absorber at the redshift of the source.
The absorbing material shows two phases with different degrees
of ionisation, log ξ = 0.7 ± 0.3 and log ξ = 2.6 ± 0.1, and very
shallow column densities (NH = 0.7± 0.3× 1020 cm−2 and NH =
2.7 ± 1.1 × 1020 cm−2, respectively).

The source was observed by XMM-Newton on three con-
secutive orbits during which it experienced a significant drop
in brightness (up to a 20%) followed by a recovery. The WA
did not show any significant variations in its parameters in re-
sponse to the changes in flux. Likewise, no hints of significant
long-term variability were found in Mrk 279 when comparing
the current XMM-Newton and past Chandra observations. The
best-fit parameters of the WA in both observations were found to
be consistent within the error bars and a K-S test of the distribu-
tion of ionic column densities of C, O, Ne, and Fe between both
observations only provided significancies lower than the 90%
confidence level.

Following the argumentation of Blustin et al. (2005), we
were able to put mild constraints on the possible location of the
WA, finding that both components are likely located between
a few pc and up to ∼20 and ∼260 pc for the high- and low-
ionisation phases, respectively. This would mean that the WA
in Mrk 279 is likely to be associated to the putative dusty torus
rather than to the BLR or winds arising from the accretion disc.
The energetics of the WA outflows show that they have little or
no impact on the sourrounding ISM of the Mrk 279 host galaxy.
Abundances in the WA outflow were found to be consistent with
Solar. The Ovii narrow forbidden line can be formed in the same
gas that causes absorption at soft energies, provided that the cov-
ering factor of the gas, defined as the fraction of 4π sr covered by
the absorber as seen from the central source, is about 0.1. This
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line is inconsistent with production by reflection in the molecu-
lar torus.
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