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X-RAY REFLECTIONS ON AGN
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ABSTRACT

X-ray reflection generates much of the spectral complex-
ity in the X-ray spectra of AGN. It is argued that strong
relativistic blurring of the reflection spectrum should
commonly be expected from objects accreting at a high
Eddington rate. The good agreement found between the
local density in massive black holes and the energy den-
sity in quasar and AGN light requires that the accre-
tion which built massive black holes was radiatively ef-
ficient, involving thin discs extending within 6 gravita-
tional radii. The soft excess found in the spectra of many
AGN can be explained by X-ray reflection when such
blurring is included in the spectral analysis. Some of
the continuum variability and in particular the puzzling
variability of the broad iron line can be explained by the
strong light bending expected in the region immediately
around a black hole. Progress in understanding this be-
haviour in the brightest sources can be made now with
long observations using instruments on XMM-Newton
and Suzaku. Future missions like Xeus and Con-X, with
large collecting areas, are required to expand the range
of accessible objects and to make reverberation studies
possible.

1. INTRODUCTION

In this brief review, I consider the spectra and spectral
variability of unobscured Active Galactic Nuclei such as
Seyferts and quasars. They typically have the spectral
components identified in Fig. 1, namely a) an underly-
ing power-law, b) a soft excess above the power-law at
low energies below 1 keV, c) an iron line (which may
have a broad component), and d) a Compton hump. Tra-
ditionally these components have been considered as a)
thermally Comptonized soft photons originating from b)
thermal (blackbody) emission from an optically-thick ac-
cretion disc about the central black hole, together with
the line c) and Compton-scattered d) parts of X-ray re-
flection from that disc or more distant matter. An im-
portant parameter when model-fitting such sources is the
inner radius of the accretion disc, which determines how
much relativistic blurring is applied to the reflection com-

ponents. It is often assumed to be greater than 6 grav-
itational radii (6rg = 6GM/c2) around the black hole,
which is the innermost stable circular orbit around a non-
spinning Schwarzschild black hole. Spectral deviations
from this picture are often taken into account by adding
additional emission and/or absorption components, some
of which cover only part of the source.

Figure 1. Model X-ray spectrum of an AGN. Galactic ab-
sorption causes the flux to decrease steeply below 0.3 keV.

There are problems with this traditional picture which
suggest that it is at least incomplete. For several well-
studied sources there are modifications to the above
model which seem to fit the data, in particular the spectral
variability, better. The main modification is to allow the
inner radius of the disc to go to 2rg, meaning the black
hole is spinning. This introduces the possibility of very
strong gravitational effects on the spectrum. The second
consideration is to allow the atomic abundances to be dif-
ferent from the solar value. A more detailed review is
given in Fabian & Miniutti (2005).

Note that most bright AGN must have a radiatively ef-
ficient accretion flow or the Soltan (1982) argument re-
lating the energy density of accretion radiation and the
local mean density in black holes would yield a low ef-
ficiency. The good agreement between the observations
of quasar/Seyfert light and local black holes with an ac-
cretion efficiency of at least 10 per cent (Yu & Tremaine
2002; Fabian 2003; Marconi et al 2004) strongly argues
for radiatively efficient flows with an inner disc radius
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within 6rg. The agreement, at all mass ranges, would
not happen if the discs in quasars and luminous Seyfert
galaxies stopped at several tens of rg or indeed larger than
6rg. Any power lost in winds and jets only strengthens
these arguments. Massive black holes in galactic nuclei
are likely to be rapidly spinning (Volonteri et al 2004) so
small disc inner radii should be the norm and we should
seriously consider that much of the X-ray emission from
objects accreting at a high (� 0.01) Eddington fraction
emerges from within a few rg.

2. THE PROBLEMS

2.1. The soft excess

Several studies culminating in the work of Gierlinski &
Done (2004) show that the temperature of the excess
emission, if characterized as blackbody, seems to be the
same in systems where the accretion rates and/or masses
differ by several orders of magnitude. This is not ex-
pected from an accretion disc.

2.2. The iron line

Many sources show a narrow iron line component which
is undoubtedly due in many cases to reflection on dis-
tant gas. Broad components, as expected from reflection
by the inner accretion disc, are seen, but are not always
present or at least not evident. Such components can
sometimes be fitted away with partial-covering models.

2.3. Variability

Where sources are highly variable so that the emission re-
gion must be very small, partial covering models present
physical problems for understanding the geometry of the
situation. Only very occasionally can we be in a preferred
line of sight; the covering material has to be randomly
placed. What this matter is, where it lies and why it only
partly covers the source are unknown.

2.4. Iron line variability

MCG–6-30-15 has a robust broad iron line (Tanaka et al
1995; Wilms et al 2001; Fabian et al 2002). Chandra
grating observations and RXTE data have sufficient reso-
lution and coverage to rule out partial covering solutions
(Young et al 2005). A problem emerges with the lack of
variability seen in the line, if the effects of strong gravity
are ignored. The strength of the iron line should follow
the brightness of the power-law component, but it does
not. The iron line does vary on short timescales but not in
any simple manner (Iwasawa et al 1996, 1999; Nandra &
Edelson 2000; Matsumoto et al 2002; Fabian et al 2002).

Figure 2. The broad iron line seen in the XMM-Newton
spectrum of MCG–6-30-15 (see Fabian et al 2002; this
spectrum was produced from reprocessed data by S.
Vaughan).

Figure 3. The iron line and Compton hump in MCG–6-
30-15 shown as deviations from a simple power-law spec-
trum. The data below 10 keV are from XMM-Newton and
the data above from BeppoSAX (kindly prepaqred by G.
Miniutti).

3. THE TWO-COMPONENT MODEL OF SPEC-
TRAL VARIABILITY

A simple phenomenological model which fits the spectral
variability of several bright Seyferts well has two main
components (McHardy et al 1998; Shih et al 2001; Fabian
& Vaughan 2003). A simple power-law decription of the
spectrum often shows the source to be harder when faint
and softer when bright. The photon index of the source
may limit to some fixed value at the highest fluxes. This
behaviour can be modelled well in terms of two compo-
nents; a soft power-law of fixed spectral index and vari-
able intensity plus a hard component which varies little.
The model accounts for the rms variability spectrum and
spectral behaviour of many sources.

The shape of the quasi-constant hard component can
be extracted in several ways, using a) flux-flux plots in
which the flux in various energy bands is correlated with
the flux in another band (say 1–2 keV) with the con-
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Figure 4. Broad iron line seen in the rest-frame shifted,
summed spectra of 51 Seyfert 1 galaxies in the XMM-
Newton observations of the Lockman Hole (Streblyanska
et al 2005).

Figure 5. Two-component model. The horizontal line is
the power-law component which varies significantly in
amplitude. The solid curved line is the relativistically-
blurred reflection spectrum (shown dotted).

stant component appearing as the intercept (e.g. Taylor
et al 2004); b) difference plots where the spectrum of the
faintest flux state is subtracted from that of the brightest
(Fabian et al 2002); or c) straight model fitting (Vaughan
et al 2004). When applied to MCG–6-30-15 all these
methods indicate that the hard component has the shape
of blurred reflection and the variable soft component is
a power-law. Similar results are found for NGC 4051
(Ponti et al 2005).

4. SOLUTIONS INVOVING STRONG GRAVITY

An alternative interpretation of the soft excess, hinted at
in earlier papers (Czerny et al 2003; Ross & Fabian 2005)
is for it to be the blurred soft part of the ionized reflection
spectrum. This has been tested by Crummy et al (2005)
and generally found to give better fits to spectra of PG
quasars and various Seyferts than a simple blackbody disc
does. The reflection spectrum needs to be significantly
blurred, requiring that much of the emission arises from

Figure 6. Difference spectrum from MCG–6-30-15
(Turner et al 2004). It shows the ratio of the spectrum,
made by subtracting low from high flux data, to a simple
power-law. Note that it has no broad iron line and shows
that the component which varies is a simple power-law in
the 3–10 keV band). Assuming that it remains a power-
law to low energies, the deviations there show the absorp-
tion components (mostly due to a warm absorber).

near the centre of an accretion disc about a spinning black
hole. The blurred reflection spectrum has a ’boxy’ shape
better suited to the soft excess than a blackbody which
then requires fewer, if any, additional absorption compo-
nents for a good fit.

The iron abundance needs also to be a free parameter.
Extreme blurring together with low iron abundance can
make most broad iron lines undetectable with current in-
struments.

If much of the X-ray emission emerges from the inner-
most parts of the disc around a spinning black hole then
light bending needs to be taken into account. This has a
strong effect on the brightness of the primary power-law
source, making it appear faint to a distant observer when
it is close to the hole and bright when further away. Some
of the variability of the power-law continuum can thus be
due to the position of the source relative to the hole, rather
than any intrinsic effect. The strong light bending causes
much of the flux variability.

Consider a constant power-law source which is brought
down the spin axis from 20 to 1rg. It would appear to
an observer seeing the disc at an inclination of say 30
degrees to decrease dramatically in flux. The reflection
component would however change little until the source
is below about 4rg. Although the reflection is becoming
more concentrated at the centre of the disc the increase in
power-law flux bent down onto the disc compensates for
any loss of flux.

This ’light-bending’ model (Miniutti et al 2003, 2004) is
a simple consequence of strong gravity close to the black
hole and predicts effects that have to be taken into ac-
count.
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Figure 7. The response of the reflection component
(RDC) to the power-law continuum (PLC) in the light
bending model. The height of the PLC above the hole
is 20, 10, 5 and 1rg at the 4 marked points on the curve
going from right to left.

Figure 8. The XMM-Newton spectrum of 1H 0707 shown
as the ratio to a power-law fitted in the 2–3 and 8–10 keV
energy bands. The spectral features resemble blurred re-
flection, although absorption models can be made to fit
(Boller et al 2002).

5. APPLICATIONS TO A RANGE OF SOURCES

The light-bending model has been applied to an increas-
ing range of AGN, particularly NLS1 (MCG–6-30-15,
Fabian & Vaughan 2003; NGC 4051, Ponti et al 2005;
1H0707, Fabian et al 2004; 1H0439, Fabian et al 2005)
and at least one Galactic Black Hole ( GRO J1650, Rossi
et al 2005). Future challenges are to see whether it fits
just a class of AGN or its relevance is more widespread.

Is it consistent, for example, with the variable, red or
blue-shifted, emission features occasionally seen in some
objects (e.g. NGC 3516, Iwasawa et al 2004)? A pos-
sibility in those cases is that indeed most of the primary
emission raises from close to the centre of the disc but,
due to the rapid rotation there, it is beamed along the disc
and illuminates transient ‘bumps’ or waves on the surface
of the disc, causing transient reflection there.

What we need to do next is to see whether the reflec-

Figure 9. The spectral components in the 2 component
model for 1H 0707 (Fabian et al 2002. In this state the
power-law component dominates the spectrum in the 1–
5 keV band.

tion does follow the variation expected to occur as the
power-law continuum moves and varies (Fig. 7). Subtle
changes are expected in the degree of extreme blurring
which occurs when the power-law source is closest to the
black hole. This requires more data from the parts of the
lightcurve when the flux is low. These occur infrequently
but are accessible in MCG–6-30-15 by long observations
with XMM-Newton and Suzaku. Testable variations of
the reflection from the strong gravity regime around black
holes should be detectable now with long dedicated ob-
servations.

On the longer term we look to the next generation of
detectors to measure the reverberation of the reflection.
This needs to be done in a light crossing time and requires
a large collecting area. AGN detect 100s of times more
photons per light crossing time than Galactic black holes
so are the preferred targets. At a flux of about 2 photon
per square metre per second from the brightest iron lines,
this requires a collecting area of at least two square me-
tres at 6 keV. We look forward to such observations with
Xeus and Con-X.
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MAPPING THE INNERMOST REGIONS OF AGNS WITH SHORT TIMESCALE FE LINE VARIABILITY

Giovanni Miniutti, Kazushi Iwasawa, and Andrew C. Fabian
Institute of Astronomy, Madingley Road, Cambridge CB3 0HA, UK

ABSTRACT

A relatively narrow emission line feature is seen at
6.1 keV in the X–ray spectrum of the Seyfert galaxy
NGC 3516 with XMM–Newton. The energy of the fea-
ture does not correspond to atomic transitions with large
enough probability to occur and is most likely redshifted
iron emission (6.4 keV). We study its short timescale vari-
ability which reveals both flux and energy modulations on
a characteristic timescale of 25 ks. The variations agree
with an orbiting spot model in which an Fe line is emit-
ted from a localized spot on the accretion disc, illumi-
nated by a corotating flare above it. The spot is located
at about 10 rg from the black hole and almost four cycles
of orbital modulation are seen. By combining the spot
location with the orbital timescale we can estimate the
black hole mass in NGC 3516 which turns out to be in
excellent agreement with reverberation mapping results,
supporting our interpretation in terms of relativistic ef-
fects close to the black hole. XMM–Newton proves here
able to map with high accuracy the inner accretion flow in
AGNs down to the relativistic region of the curved space-
time in the immediate vicinity of the accreting black hole.

Key words: X–rays: galaxies; galaxies: active; galaxies:
individual: NGC 3516; relativity.

1. INTRODUCTION: FE EMISSION FROM AC-
CRETION DISCS

A substantial fraction of the accretion energy in luminous
Active Galactic Nuclei (AGNs) is thought to be dissi-
pated in the inner regions of the accretion flow around
the central black hole. Most bright AGNs are believed to
have accretion efficiencies of at least 10 per cent which
requires the flow to be radiatively efficient down to only
few gravitational radii (rg = GM/c2 where M is the
black hole mass) from the black hole, where both spe-
cial and general relativity are likely to play a fundamen-
tal role. X–rays provide a unique vue of the innermost
regions of accreting black holes and time–resolved spec-
troscopy has the great potential of mapping the accretion

flow and even the spacetime geometry in the immediate
vicinity of black holes.

One of the most powerful tool we have to investigate the
nature of the innermost accretion flow in AGNs is pro-
vided by the X–ray reflection spectrum from the accre-
tion disc. The main feature of the reflection spectrum is
the iron (Fe) K fluorescent line with rest–frame energy
between 6.4 keV and 6.96 keV depending on the ioniza-
tion state of the reflector. If the Fe line originate from the
accretion disc, high velocities and strong gravity effects
produce distortions on the line profile that can be used
to infer the main properties of the accretion flow and the
geometry of the spacetime close to the black hole. In
fact, each ring on the accretion disc produces a symmet-
ric double–horned line profile corresponding to emission
from the approaching and receding sides of the disc with
respect to the observer. As one approaches the central
black hole, orbital velocities become relativistic and rel-
ativistic beaming enhances the blue peak of the line with
respect to the red one. Finally, transverse Doppler and
gravitational redshift produce a shift to lower energies of
the emission from each ring on the disc. The overall line
profile from the accretion disc is obtained by summing
the contributions from all radii. The resulting line profile
is asymmetric and broad.

The best example of a broad relativistic line in an AGN
is that of MCG–6-30-15 (Tanaka et al 1995; Wilms et al
2001; Fabian et al 2002 and many others). In this case,
the red wing of the line extends below 4 keV implying
that the accretion disc extends within the innermost sta-
ble circular orbit of a non–rotating black hole and thus
strongly suggesting that the black hole in MCG–6-30-15
is rapidly spinning, providing evidence for the astrophys-
ical relevance of the Kerr solution of the Einstein’s field
equations. In Fig. 1 we show another example of a broad
relativistic Fe line from a stellar–mass Galactic black hole
in outburst, XTE J1650–500. The broad line was discov-
ered by XMM–Newton (Miller et al 2004) and we show
the result of a BeppoSAX observation performed 10 days
later during the same 2001 outburst (Miniutti, Fabian &
Miller 2004). The detection of a high frequency QPO
during the time of the BeppoSAX observation (Homan et
al 2003) strongly argues in favour of small accretion disc
radii. Indeed, the extent of the red wing in the BeppoSAX
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Figure 1. We show the broad Fe line in the Galctic black
hole XTE J1650–500. The data were collected by Bep-
poSAX on 2001 September 21 (Miniutti, Fabian & Miller
2004). See also Miller et al (2004) for the same broad
line detected with XMM–Newton 10 days earlier during
the same outburst and Rossi et al (2005) for a spectral
and variability analysis based on RXTE data.

and XMM–Newton data suggest that the accretion disc ex-
tends down to about 2 rg from the black hole, indicating,
once again, that the black hole is rapidly spinning.

2. ENERGY–SHIFTED EMISSION LINES

In addition to the major Fe K line at 6.4 keV (often nar-
row and coming from distant material, sometimes broad
and coming from the inner accretion disc), emission fea-
tures at energies generally lower than 6.4 keV have been
observed in the X–ray spectra of several AGNs. An early
example was seen with ASCA in MCG–6-30-15 (Iwasawa
et al 1999) in which the redshifted emission was associ-
ated to Fe fluorescence from a localized spot on the disc
induced by irradiation from a flare located only few rg

from the black hole. More detections followed in recent
years mainly thanks to the improved sensitivity of present
X–ray mission such as Chandra and XMM–Newton.
The most remarkable cases reported so far are those of
NGC 3516 (Turner et al 2002; Dovčiak et al 2004; Iwa-
sawa, Miniutti & Fabian 2004), NGC 7314 (Yaqoob et
al 2003), ESO 198–G24 (Guainazzi 2003; Bianchi et
al 2004), Mrk 766 (Turner, Kraemer & Reeves 2004),
ESO 113–G10 (Porquet et al 2004), and AX J0447–0627
(della Ceca et al 2005). In all the above cases, the en-
ergy at which these emission features are detected does
not correspond to any atomic transition with large enough
probability to occur to be detected in the X–ray spec-
tra of AGNs. The most natural and likely explanation
is that these features are Fe K emission lines which have
been redshifted to the observed energies by a kinematical
and/or gravitational mechanism.

In Fig. 2 we show two examples of redshifted detected
features. In the left panel we show the hard spectrum
and data to model ratio from the first XMM–Newton ob-
servation of ESO 198–G24 (Guainazzi 2003). Besides

emission around 6.4 keV, an emission line is detected at
5.7 keV. In a subsequent observation, the line was found
at 5.9 keV but only in the second half of the observation
suggesting a transient nature and short–timescale vari-
ability (Bianchi et al 2004). In the right panel of the same
figure, we show the spectrum and data to model ratio
(a simple power law is assumed) for the XMM–Newton
observation of ESO 113–G10 (Porquet et al 2004). An
emission feature is clearly seen at 5.4 keV in the source
rest–frame and a detailed statistical analysis shows it is
significantly detected (about 99 per cent confidence level
according to Montecarlo simulations, see Porquet et al
2004).

2.1. Short–timescale variability: orbiting spots?

A tentative, exciting, but not unique explanation for the
observed redshifted emission features is that we are look-
ing at Fe emission originating in a localized region on
the accretion disc (hereafter “spot”). In this picture, the
spot is produced by irradiation from a localized magnetic
flare above the disc which produces the Fe line by fluo-
rescence in the surface layers of the disc. The redshift
of the observed lines is due to the location and velocity
of the flare/spot system, combined with the disc inclina-
tion with respect to the observer. The simplest assump-
tion is that the flare, linked by magnetic fields to the disc,
participates to the disc Keplerian motion. As shown in
Dovčiak et al (2004) and Pecháček et al (2005), such a
model could indeed explain most of the observed fea-
tures. The idea is that if the integration time is longer
than the spot orbital period, emission from a narrow ring
will be seen. The Fe line emitted from such a ring is gen-
erally narrow and redshifted, as seen in most data. If the
data are interpreted in this framework, relevant parame-
ters such as flare/spot location and disc inclination can be
extracted.

As mentioned, the orbiting spot model is not unique.
Energy–shifted lines can be produced for example in out-
flows as well (see Turner, Kraemer & reeves 2004). How-
ever, the spot model makes definite predictions on the
short timescale variability of the features. In this respect,
it is much more appealing than other models because pre-
dictions can be tested and falsified. If the redshifted lines
are really due to orbiting spots on the disc, they should
vary on the orbital timescale at the spot location. If the
flare/spot system lasts for more than one orbital period
periodic modulations on both the emission line flux and
energy should be seen, reflecting the orbital motion of
the emitting spot and the different Doppler and beaming
effects as the spot’s orbit proceeds.

The Keplerian orbital timescale around a typical 10
7 M�

black hole is about 10
4 s at 10 rg . Therefore, some of

the long and uninterrupted XMM–Newton observations
(lasting about 10

5 s) potentially contains several cycles
of orbital modulation. The orbiting spot model can then
be tested by using long XMM–Newton observations of
AGNs in which the redshifted features have been de-
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Figure 2. In the left panel we show the hard spectrum and data to model ratio from the first XMM–Newton observation of
ESO 198–G24 where, besides emission around 6.4 keV, a feature is detected in emission around 5.7 keV (from Guainazzi
2003). In the right panel, we show a power law fit to the broadband XMM–Newton spectrum of ESO 113–G10. The
emission line visible above 5 keV has a rest–frame energy of 5.4 keV and is detected at the 99 per cent level (from Porquet
et al 2004). Long XMM–Newton follow–up observations are planned during AO4 to study the short timescale variability
of the redshifted features in both sources.

tected.

3. THE CASE OF NGC 3516

We select one of the XMM-Newton observations of the
bright Seyfert galaxy NGC3516 in which Bianchi et
al (2004) reported the presence of an emission feature
around 6.1 keV in addition to a stronger 6.4 keV Fe Kα
line in the time-averaged spectrum. This is one of the
most robust detection of a redshifted feature so far and the
existence of a long XMM–Newton observation prompted
us to study the short timescale variability in the Fe K band
as a test for the orbiting spot model. Dovčiak et al (2004)
have already studied the same dataset by splitting the ob-
servation in three time intervals about 27 ks long and they
found that the feature is present in all intervals. However,
if the orbiting spot model has to be tested, it is clear that
a study at much shorter time–resolution is required.

There is another long XMM–Newton observation of
NGC 3516 in which Turner et al (2002) reported the pres-
ence of a 6.2 keV emission feature which is however
not present in the time–averaged spectrum but only to-
wards the end of the observation indicating its transient
nature. Since we want to study the variability of the fea-
ture on short timescales but for the longest possible pe-
riod of time, we decided to study the first observation in
which the feature seems to last for most of the exposure
(Dovčiak et al 2004).

The time–averaged line profile of NGC 3516 during the
selected observation is shown in Fig. 3. Two clear emis-
sion features are seen. The higher energy one is at
6.4 keV and is easily identified with a narrow Fe Kα
emission line from a distant reflector such as the torus.
The lower energy one is the feature we are interested in
and is detected at 6.1 keV (hereafter the “red feature”).

Figure 3. The time–averaged line profile of NGC 3516.
Besides the Fe Kα line at 6.4 keV a redshifted emission
feature is clearly seen around 6 keV (6.1 keV in the source
rest–frame).

3.1. Variability analysis

The broad-band X-ray spectrum of NGC3516 is complex,
as a result of modification by absorption and reflection
components (Turner et al 2004). Since our interest is on
the behaviour of the 6.1 keV feature only, we design our
analysis method to avoid unnecessary complication: i)
the energy band is restricted to 5.0–7.1 keV; ii) the con-
tinuum is determined by fitting an absorbed power-law to
the data excluding the Fe line band (6.0–6.6 keV). In this
way any spectral curvature induced by either a broad rel-
ativistic Fe line or absorption is modelled out and we are
left with the narrow emission features only (the 6.4 keV
Fe K line and the red feature).

To study the short timescale variability we first inves-
tigate time–resolved spectra at 5 ks resolution in time.
Each individual 5 ks spectrum is fitted with the absorbed
power law model and any excess emission above this con-
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Figure 4. In the top panel we show two light curves ex-
tracted from the time–energy map of the excess emission.
Each data point corresponds to a 5 ks time interval. Two
energy bands are selected corresponding to the Fe Kα
line core at 6.4 keV and to the red feature at 6.1 keV.
The red feature light curve exhibits systematic variations
suggesting a cyclic behaviour on a 25 ks timescale. In
the bottom panel the red feature light curve is folded at
25 ks. The solid data refers to the folded light curved
as extracted from the smoothed time–energy map of the
excess emission, the dotted ones are from the original un-
smoothed map. This shows that smoothing does not in-
troduces spurious variability but only reduces the errors,
as expected.

tinuum is recorded, corrected for the detector response,
and used to construct a map of the excess emssion in
the time–energy plane which is slightly smoothed to re-
duce intra–pixel noise (see Iwasawa, Miniutti & Fabian
2004 for details). The map suggests that systematic vari-
ation are taking place in the red feature energy band (5.8–
6.2 keV in the observer frame).

In the top panel of Fig. 4 we show the light curves of
the excess emission in two energy bands selected around
the Fe K line core (6.2–6.5 keV band) and the red fea-
ture (5.8–6.2 keV) respectively. Errors are estimated via
simulations as explained in Iwasawa, Miniutti & Fabian
(2004). A simple χ2 test reveals that the line core is well
fitted by a constant while the same fit results in χ2

= 36

for 16 degrees of freedom for the red feature. The above
results are confirmed through simulations. Moreover, as

mentioned, the red feature appears to vary in a systematic
way, the peaks and dips being always spaced by 25 ks. In
the bottom panel of the same Figure, we show the result
of folding the red feature light curve by using the evi-
dent 25 ks characteristic timescale. The light curve and
the folding procedure suggest a cyclic behaviour with a
25 ks timescale. However, this result is based on four cy-
cles only and it is difficult to secure any periodicity with
such a small number of cycles. To investigate in more
detail wheter noise can produce spurious cyclic variabil-
ity we make use of Montecarlo simulations as detailed
below.

3.2. Significance of the cyclic behaviour

Fitting the folded light curve with a constant provides an
unacceptable fit of χ2

= 24.5 for 4 degrees of freedom.
We do not consider this result as a clear indication for a
periodicity, but we use it as a figure for Montecarlo sim-
ulations that are performed to assess the significance of
the cyclic variability suggested by the data. We proceed
as follows: in each simulation run, both the 6.4 keV line
core and the red feature are assumed to remain constant
at the flux observed in the time–averaged spectrum. The
normalisation of the power law continuum is set to follow
the 0.3–10 keV light curve. Each run consists of seven-
teen 5 ks spectra reproducing collectively the total expo-
sure which is about 85 ks. From the simulated spectra,
an image of the excess emission in the time–energy plane
is obtained and smoothed, from which a light curve in
the red feature energy band is extracted following exactly
the same procedure as applied for the real data. The light
curve is then folded at six trial periods between 15 ks and
40 ks with a 5 ks time–step (since the observation is about
85 ks long it does not make sense to consider longer trial
periods) and the χ2 value for a constant–fit is recorded
and compared with that from the real data. The proce-
dure is repeated 1000 times.

We find that only 0.2 per cent of the simulations show
comparable or larger significance compared to the real
data. Moreover, this is limited to the largest trial pe-
riod of 40 ks (two cycles in the 85 ks long observation).
None of the 1000 simulations show comparable periodic
signals to the real data for the trial periods of 35 ks or
shorter (i.e. we never observe spurious variability pro-
ducing more than two cycles). The above test indicates it
is unlikely for random noise to produce the cyclic patterns
at the intervals of 25 ks as observed, providing a signifi-
cance of 99.8 per cent for the cyclic behaviour. This result
remains unchanged if the red feature light curve is char-
acterized by red noise with the same power law slope and
r.m.s. variability amplitude (2–3 per cent) as the contin-
uum in NGC 3516. If the r.m.s. amplitude is artificially
(and probably unreasonably) increased up to 35 per cent,
the significance is reduced, but is still of about 98 per cent
(see Iwasawa, Miniutti & Fabian 2004 for more details).
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Figure 5. The two line profiles are obtained by per-
forming phase–resolved spectroscopy following the light
curve of the red feature. The red feature is detected only
in the on–phase spectrum. It is absent in the off-phase
spectrum the difference between the two being significant
at the 4σ level.

3.3. Line profile variation in the on and off phases

Using the red feature light curve (top panel of Fig. 4)
as a guide, we construct two spectra by selecting time–
intervals in a periodic manner from the ’on’ and ’off’
phases to verify the implied variability in the red feature.
The line profiles obtained from the two spectra are shown
in Fig. 5. The two line profiles can be modelled with a
double Gaussian model. The 6.4 keV core is found in
both spectra with an equivalent width (EW) of 110 eV.
While the 6.4 keV core remains similar between the two,
there is a clear difference in the energy range of 5.7–6.2
keV due to the presence/absence of the red feature. In the
on–phase spectrum, the red feature is centred at 6.13

+0.10
−0.07

keV and has a flux of 2.1+1.3
−0.8 × 10

−5 ph cm−2 s−1 cor-
responding to an equivalent width of about 65 eV with
respect to the continuum at the centroid energy. On the
other hand, the red feature is not detected in the off–
phase spectrum. If a line with the same centroid and
width as in the on–phase spectrum is fitted to the off–
phase data we only obtain a 90 per cent upper limit of
< 0.7 × 10

−5 ph cm−2 s−1 corresponding to an equiva-
lent width < 20 eV. The variability detected between the
two spectra is significant at 4σ confirming that the vari-
ability is real and present in the data.

3.4. Shorter timescales: flux and energy orbital
modulation

The observed cyclic behaviour is exactly what is expected
in the orbiting spot model: a periodic modulation should
be seen corresponding to the orbital period of the spot and
a cyclic behaviour is indeed observed. If this interpreta-
tion is correct the observed 25 ks characteristic timescale
is the orbital period of the emitting spot. However, if the
red feature is due to emission from an orbiting spot on
the accretion disc, we do expect to see not only a periodic

20000 40000 60000 80000
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Figure 6. In the top panel we show the observed excess
emission map at 2 ks resolution in time. In the bottom
panel we show one of the theoretical maps constructed
with the orbiting spot model. The brightest pixels corre-
spond to about 15 counts of excess emission. The data–
model agreement is surprisingly good and allows us to
infer the parameters of the orbiting spot with good accu-
racy.

modulation in flux, but also in energy. This is because, as
the spot orbits the black hole, it samples different regions
of the accretion disc where different Doppler shifts are
imprinted. As an example, when the spot is approach-
ing to the observer, we expect a brighter and higher en-
ergy line, while when it is receading we should observe a
fainter and lower energy line, due to the combined effect
of relativistic Doppler and beaming effects. The image
constructed from individual 5 ks spectra does not show
any energy evolution. We therefore decided to investigate
the feature evolution at a shorter timescale (2 ks).

The resulting (smoothed) image of the excess emission
in the time–energy plane is shown in the top panel of
Fig. 6 and exhibits further interesting behaviour. Beside
the horizontal strip (representing the stable 6.4 keV Fe
line) a saw–tooth pattern appears in the red feature en-
ergy band suggesting its energy evolution with time. The
red feature emerges at about 5.7 keV and then increases
its energy with time to merge with the 6.4 keV line. This
behaviour appears to be repeated in each ‘on’ phase. If
the characteristic variability timescale of 25 ks is inter-
preted as the orbital period of the emitting orbiting spot,
this behaviour can be easily understood. Only the bright
emission from the approaching side of the disc is seen
and flux and energy both increase with time during the
on phase. On the other hand, when the spot is on the re-
ceading side of the disc,the line emission is too faint to
be detected (because of relativistic beaming away from
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the observer) and we cannot see the opposite trend (flux
and energy of the line decreasing with time during the off
phase). However, this naive interpretation has to be tested
with a model that takes into account all the relativistic ef-
fects on the emission from the spot on the disc.

To extract as much information as possible from the ob-
served image, we adopt a simple model in which a flare
is located above an accretion disc, corotating with it at a
fixed radius. The flare illuminates an underlying region
on the disc (or spot) which produces a reflection spec-
trum, including an Fe Kα line. The disc illumination is
computed by integrating the photon geodesics in a Kerr
spacetime from the flare to the disc, and is converted to
local line emissivity. Then, the observed emission line
profile is computed through the ray–tracing technique
including all special and general relativistic effects (see
Miniutti et al 2003; Miniutti & Fabian 2004). The main
parameter of the model are the flare location, specified by
its distance r from the black hole axis, its height above the
accretion disc (h), and the accretion disc inclination i. We
have computed the evolution of Fe K emission induced by
an orbiting flare and simulated time-energy maps with the
same resolution and smoothing as in the excess emission
map of Fig. 6 (top panel) exploring the parameter space.
A constant, narrow 6.4 keV core representing the Fe Kα
line from distant material was also added to the model.

The bottom panel of Fig. 6 shows one of the theoreti-
cal time-energy maps we produced. This particular ex-
ample assumes a flare with ( r , h ) = ( 9 , 6 ) rg and
a disc inclination of 20

◦. By comparing the theoretical
maps obtained with different spot’s parameters with the
data, we estimate that the flare must be located at a ra-
dius r = (7 − 16) rg . The location of the flare (and of
the irradiated spot on the disc) can be combined with the
orbital timescale to provide an estimate of the black hole
mass in NGC 3516. This is because the orbital period of
the corotating flare/spot is related to its radial position by

T = 310 [ a + ( r/rg )
3/2

] M7 [ seconds ] , (1)

where M7 is the black hole mass in units of 10
7 M� and

a is the dimensionless black hole spin.

The most natural interpretation for the characteristic
25 ks timescale we observe is that it is the orbital pe-
riod T of the emitting spot on the accretion disc. There-
fore the only unknown in the above equation are the black
hole spin and mass. Taking into account the uncertainty
in a (which can take any value from 0 to 1), we esti-
mate that the black hole in NGC 3516 has a mass of
MBH = (1 − 5) × 10

7 M�. This result is in very
good agreement with reverberation mapping estimates
(1.7 × 10

7 M� Onken et al 2003; 2.3 × 10
7 Ho 1999)

providing further support for our interpretation.

Our results indicate that present X-ray missions such as
XMM–Newton are already probing the spacetime geom-
etry in the vicinity of supermassive black holes if their
observational capabilities are pushed to the limit. Future
observatories such as XEUS and Constellation-X, which

are planned to have much larger collecting area at 6 keV,
will be able to exploit this potential and map the strong
field regime of general relativity with great accuracy.
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ABSTRACT

We present a 522 ksec Chandra High Energy Transmis-
sion Grating Spectrometer (HETGS) observation of the
Fe K bandpass of MCG–6-30-15. The Chandra spec-
trum shows a broad Fe Kα line, consistent with a rel-
ativistic disk line. Narrow, blue-shifted H- and He-like
Fe absorption lines are detected, with a likely origin in
a ' 2000km s

−1 outflow. No other narrow absorption
lines are detected in the Fe K bandpass. The gas giv-
ing rise to the H- and He-like Fe absorption lines is very
highly ionized and does not affect the∼ 2 − 6 keV con-
tinuum shape. Less highly ionized absorption could alter
the ∼ 2 − 6 keV continuum shape and reduce the ex-
tent of the red wing of the iron line but a generic pre-
diction of such models are narrow absorption lines be-
tween∼ 6.4 − 6.5keV which are inconsistent with the
Chandra spectrum. Furthermore, the difference spectrum
between the high flux and low flux states shows no devi-
ation from a power law between 2 and 6 keV, contrary to
the predictions of simple absorption models. These are
compelling arguments that the broad iron Kα line is not
significantly affected by complex ionized absorption. We
conclude that the relativistic disk line interpretation ofthe
broad iron Kα line in MCG–6-30-15 is robust.

Key words: accretion disks — black hole physics —
galaxies: active — galaxies: Seyfert — galaxies: indi-
vidual (MCG–6-30-15) — X-rays: galaxies.

1. INTRODUCTION

Broad iron lines are a potentially powerful probe
of the accretion flow and space-time within a few
Schwarzschild radii of a black hole (e.g. Fabian et al.,
2000; Reynolds & Nowak, 2003). A major discovery of
the ASCA observatory was a relativistically broadened
Fe Kα fluorescence line from the black hole accretion
disk in the Seyfert 1 galaxy MCG–6-30-15 (Tanaka et al.,

1995). The broad iron line in MCG–6-30-15 has since
been confirmed and extensively studied by many differ-
ent X-ray observatories.

It has been proposed, however, that ionized absorption
can affect the continuum shape in the∼ 2− 6 keV band-
pass and significantly reduce the extent of the broad red
wing of the iron line. Ionized absorption models do not
require the effects of strong gravity to explain the iron
line profile (e.g. Kinkhabwala, A. A., 2003).

One of the science goals of future missions such as
Constellation-X or XEUS is to map the accretion flow
and space-time in the immediate vicinity of the black hole
hole by studying the iron line and its variability. It is,
therefore, crucial to test the robustness of the relativistic
disk-line interpretation of broad iron K features.

In these proceedings we present the Chandra HETGS ob-
servation of MCG–6-30-15 and discuss the implications
for broad iron line models. A more general discussion
can be found in Young et al. (2005).

2. OBSERVATIONS

MCG–6-30-15 was observed by the Chandra HETGS for
522 ksec. We restrict our attention to the hard X-ray spec-
trum above 2 keV as our conclusions do not depend on
the detailed properties of the warm absorber below 2 keV
(i.e. our results are robust to the choice ofany reason-
able warm absorber model). A full analysis of the warm
absorber will be presented by Lee et al. (2005).

If the Chandra HETGS spectrum is heavily binned the
broad iron Kα line is evident, and consistent with the one
seen by XMM-Newton even though these observations
were not contemporaneous (Fig. 1).

Looking at the5.5−7.5keV bandpass in more detail, the
Chandra High Energy Gratings (HEG) spectrum shows
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Figure 1. The broad iron line in MCG–6-30-15 observed
with the Chandra High Energy Gratings (HEG, black
points) and XMM-Newton EPIC-pn (Vaughan & Fabian,
2004, red points). The Chandra spectrum has been heav-
ily binned. There is good agreement between the two line
profiles even though these spectra were not contempora-
neous.

three narrow lines (Fig. 2). There is a narrow compo-
nent of the Fe Kα fluorescence line that probably arises
in cold material some distance from the nucleus. There
are narrow absorption lines from H- and He-like Fe, blue-
shifted with respect the source frame by approximately
2000km s

−1 . These probably originate in an outflow.

The continuum light curve of MCG–6-30-15 shows vari-
ability by a factor of∼ 2 about the mean. The difference
spectrum formed by subtracting low flux states from high
flux states is well described by a power law between 2
and 6 keV (Fig. 3).

3. DISCUSSION

In this section we investigate the robustness of the rela-
tivistic disk line interpretation of the broad iron Kα line.

The absorbing gas giving rise to the H- and He-like Fe
absorption (§2, Fig. 2) is very highly ionized and does
not have a significant affect on the2− 6 keV continuum.
This is because most of the ions that can absorb soft X-
ray photons (and hence affect the2 − 6 keV continuum)
are completely ionized or, in the case of iron, do not have
the necessary L-shell electrons.

Less highly ionized gas can, however, affect the contin-
uum shape between 2 and 6 keV, as illustrated in Fig. 4.
The effect of this absorption is to reduce the extent of the
red wing of the broad iron line to the point where rela-
tivistic effects of strong gravity are not required to explain
the line profile. To significantly affect the2− 6 keV con-
tinuum the gas cannot be too highly ionized, and Fe ions
must have L-shell electrons. On the other hand, the gas

Figure 2. Chandra HEG spectrum of the iron K bandpass
in MCG–6-30-15. There is narrow iron Kα emission at
6.34 keV (i.e. at rest in the source frame) and narrow
absorption features from He-like iron at 6.69 keV and
H-like iron at 6.96 keV. The absorption lines are blue-
shifted with respect to MCG–6-30-15 by approximately
2000km s

−1 . No other narrow absorption lines are seen
in this band.

Figure 3. Ratio of the difference spectrum between the
high and low flux states of MCG–6-30-15 to a power law
model with photon indexΓ = 2. There is no evidence of
absorption affecting the continuum shape between 2 and
6 keV, consistent with previous findings (e.g. Fabian et
al., 2002). If the red wing of the broad iron line is sig-
nificantly affected by absorption, that absorption should
also be present in the difference spectrum. This implies
that the broad, red wing of the iron line isnotsignificantly
affected by absorption.
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Figure 4. An example of an ionized absorption model fit
to the XMM-Newton spectrum. This unfolded spectrum
shows how absorption causes curvature of the continuum
spectrum below 6 keV that can mimic the broad red wing
of the iron line.

cannot be neutral because its spectrum would be incon-
sistent with the RXTE spectrum above 10 keV (Reynolds
et al., 2004). As a result, ionized absorption models of the
red wing of the broad iron line predict narrow absorption
lines between∼ 6.4 and 6.5 keV. Simple ionized absorp-
tion models can therefore be ruled out by the Chandra
HEG spectrum (Fig. 5) in which the narrow absorption
lines predicted by these models between 6.4 and 6.5 keV
are not seen.

4. CONCLUSIONS

1. Narrow H- and He-like Fe absorption lines are de-
tected in the Chandra HETGS spectrum of MCG–6-
30-15, with an outflow velocity of∼ 2000km s

−1 .

2. No other absorption lines are seen in the Fe K band,
ruling out simple ionized absorption models for the
red wing of the broad iron Kα line.

3. The difference spectrum between the high and low
flux states does not show any deviations from a
power law between 2 and 6 keV, further supporting
the conclusion that absorption does not significantly
affect this band.

4. We conclude that the relativistic disk line interpre-
tation of the broad iron Kα line in MCG–6-30-15 is
robust.
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ABSTRACT

We study the X–ray spectral variability of the Narrow
Line Seyfert 1 galaxy NGC 4051 as observed during two
XMM–Newton observations. The data show evidence for
a neutral and constant reflection component and for con-
stant emission from photoionized gas. The nuclear emis-
sion can be modelled both in terms of a “standard model”
(pivoting power law plus a black body component for the
soft excess) and of a two–component one (power law plus
ionized reflection from the accretion disc). Both models
reproduce the source spectral variability and cannot be
distinguished on a statistical ground. The distinction has
thus to be made on a physical basis. The standard model
results indicate that the soft excess does not follow the
standard black body law. The resulting temperature is
consistent with being constant and has the same value as
observed in PG quasars which have a much larger black
hole mass than NGC 4051. Moreover, although the spec-
tral slope is correlated with flux (consistent with spectral
pivoting) the hardest photon indexes are so flat as to re-
quire rather unusual scenarios. Furthermore, the very low
flux states exhibit an inverted Γ–flux behaviour which
disagrees with a simple pivoting interpretation. These
problems can be solved in terms of the two–component
model in which the soft excess is not thermal, but due
to the ionized reflection component. The variability of
the reflection component from the inner disc closely fol-
lows the predictions of the light bending model, suggest-
ing that most of the primary nuclear emission is produced
in the very innermost regions, only a few gravitational
radii from the central black hole.

Key words: X-rays; galaxies: active; galaxies: individ-
ual: NGC 4051.

1. INTRODUCTION

NGC 4051 is a nearby (z=0.0023) low–luminosity
Narrow–Line Seyfert 1 (NLS1) galaxy which exhibits ex-

treme X–ray variability in flux and spectral shape on both
long and short timescales. The source sometimes enters
relatively long and unusual low flux states in which the
hard spectrum becomes very flat (Γ ∼ 1) while the soft
band is dominated by a much steeper component (Γ ∼ 3,
or blackbody with kT ∼ 0.12 keV). Most remarkable is
the 1998 BeppoSAX observation reported by Guainazzi et
al (1998) in which the source reached its minimum histor-
ical flux state and the overall spectrum was best explained
by assuming that the nuclear emission had switched off
leaving only a reflection component from distant mate-
rial.

NGC 4051, like many other Seyfert 1 and NLS1 galax-
ies, shows a 2–10 keV spectral slope that is well cor-
related with flux. However, the correlation is not linear
with the slope hardening rapidly at low fluxes and reach-
ing an asymptotic value at high fluxes (see e.g. Lamer et
al 2003). This behaviour might be due to flux–correlated
variations of the power law slope produced in a corona
above an accretion disc as originally proposed by Haardt
& Maraschi (1991; 1993) and related to changes in the
input soft seed photons (e.g. Haardt, Maraschi & Ghis-
ellini 1997, Poutanen & Fabian 1999). On the other hand,
such slope–flux behaviour can be explained in terms of a
two–component model (Shih, Iwasawa & Fabian 2002) in
which a constant slope power law varies in normalisation
only, while a harder component remains approximately
constant hardening the spectral slope at low flux levels
only, when it becomes prominent in the hard band.

Uttley et al (2004) have analysed the same XMM–Newton
data we are presenting here. They showed that the source
spectral variability is consistent with a Comptonization
scenario and that the same process causing the spectral
variability in high and intermediate flux states continues
to operate even at the very low flux levels probed by the
XMM–Newton data). This evidence seems to challenge
the interpretation of the spectral variability as due to vari-
able absorption by a substantial column of gas partially
covering the source and affecting the spectral shape above
3 keV (Pounds et al. 2004).
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Figure 1. The broadband 0.2–10 keV XMM–Newton EPIC–pn light curves of NGC 4051 for the first (left panel, rev. 263)
and the second (right panel, rev. 541) observations. The 2 ks time slices used in the time–resolved spectroscopic analysis
are also shown.

2. SPECTRAL VARIABILITY: RMS SPECTRA

NGC 4051 has been observed twice by XMM-Newton.
During the first observation (rev. 263, 2001 May) the
source flux was comparable to the historical average,
while during the second (rev. 541, 2002 November) it
was much lower. The XMM–Newton broadband light
curve of NGC 4051 (see Fig. 1) exhibits an extraordinary
variability with variations up to a factor of 3 in few thou-
sands seconds. We observe that not only the flux, but also
the spectral slope changes in the same short timescale.
To study the spectral variability, we start our analysis
calculating the RMS spectrum, which measures the to-
tal amount of variability as a function of energy (Edelson
et al. 2002; Vaughan et al. 2004; Ponti et al. 2004).

During the high flux observation of rev. 263 (Fig. 2) the
variability rapidly increases toward softer energies, i.e.
the broadband emission tends to steepen as it brightens.
Some reduction in the variability is seen below about
800 eV followed by a plateau below 500 eV. A similar
RMS shape has been observed in other sources (Ponti et
al. 2005; Vaughan et al. 2003; Vaughan et al. 2004) and
the two simplest explanations for the broadband trend in-
voke either spectral pivoting of the variable component,
or the two–component model (see e.g Markowitz, Edel-
son & Vaughan 2003). Another important feature of the
RMS spectrum is a drop of variability at 6.4 keV. Such a
drop shows that the narrow Fe line (and therefore the as-
sociated reflection continuum) is much less variable than
the continuum indicating an origin in distant material.
Some structure is also present around 0.9 keV, with the
possible presence of either a drop at that energy or two
peaks.

The right panel of Figure 1 shows the RMS spectrum ob-
tained for the low flux observation (rev 541). The vari-
ability below 3 keV is strongly suppressed with respect
to the high flux observation. Moreover, the shape of
the RMS spectrum is totally different and rather unusual.
The trend of increasing variability toward softer energies

breaks down completely and the most striking feature is
the marked drop of variability around 0.9 keV. This fea-
ture, as well as the other drop of variability at ∼0.55 keV,
could have the same nature as the structure seen in the
high flux RMS spectrum, but is much more significant
and prominent here. As in the high flux observation, the
variability is also suppressed around 6.4 keV.

The drops of variability at the energy of the narrow com-
ponent of the Fe K line suggest that it comes from mate-
rial distant from the variable illuminating source. In the
time–averaged spectra the narrow component of the Fe
line is clearly detected. In the low flux one, the line is
unresolved, has an energy of 6.42 ± 0.015 keV, a flux of
(1.5± 0.2)×10−5 ph s−1 cm−2, and an equivalent width
of about 260 eV. The line energy and flux are consistent
with measurements obtained in the high flux observation
and also with previous data from Chandra (Collinge et al
2001) and BeppoSAX (Guainazzi et al 1998). Since the Fe
line must be associated with a reflection continuum, in all
subsequent fits we always include a constant and neutral
reflection model from Magdziarz & Zdziarski (1995) and
a narrow Fe line. The reflection continuum normalization
is chosen such that the Fe line equivalent width (with re-
spect to such continuum only) is consistent with the Bep-
poSAX observation (EWFeK ∼700 eV) by Guainazzi et
al (1998).

The strongest feature in the rms spectrum during the low
flux observation (right panel of Fig. 2) is the drop of vari-
ability at ∼0.9 keV. In the pn spectrum of the low flux ob-
servation an emission–like feature with energy of 0.88 ±

0.02 keV and a flux of (1.2 ± 0.2) × 10
−4 ph s−1 cm−2

is present. This emission line is present also in previous
Chandra low flux spectra as well (Collinge et al 2001;
Uttley et al 2003). The energy of the feature in the pn
spectrum is consistent with Ne IX (and possibly Fe emis-
sion plus O VIII recombination continuum, or RRC). A
second feature is also detected around 0.5–0.6 keV, where
emission from O VII and O VIII is expected. As already
shown by Pounds et al (2004) the high–resolution RGS
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Figure 2. The RMS spectra of the rev. 263 (left panel) and rev. 541 (right panel). The RMS spectra are computed with
time bins of 2 ks with a minimum of 300 counts per energy bin.

data during the same low flux XMM–Newton observa-
tion indeed show an emission line spectrum which is very
similar to that of typical Seyfert 2 galaxies. The most
prominent emission lines are due to the O VII triplet , the
O VIII Kα line and the N VII Kα line. The Ne IX (for-
bidden) line is also clearly detected at 0.905 keV with a
flux of (3.5 ± 1.0) × 10

−5 ph s−1 cm−2. The intensity
of this line is not enough to account for the pn feature
around 0.9 keV. However, the Ne line sits on top of a
broad feature most likely due to O VIII RRC and pos-
sibly unresolved Fe emission lines. When fitted with
a crude Gaussian model in the RGS data, such a fea-
ture has an energy of 0.88 ± 0.01 keV and a flux of
(5.0 ± 1.5) × 10

−5 ph s−1 cm−2. By combining the Ne
line with this broad feature (σ ' 20 eV) we obtain a flux
of (0.7-1.1)×10

−4 ph s−1 cm−2 around 0.9 keV consis-
tent with the pn lower limit. As mentioned in Pounds
et al (2004) excess absorption might be present around
0.76 keV (possibly related to a M–shell unresolved tran-
sition array from Fe). If included in both CCD and RGS
data, this has the effect of reducing the broad 0.9 keV fea-
ture intensity, making so more difficult to reproduce the
variability drop in the RMS spectra.

3. TIME–RESOLVED SPECTRAL ANALYSIS

We then explore time–resolved spectroscopy on the short-
est possible timescale (set by requiring good quality
time–resolved individual spectra). In the following, we
present results obtained by performing such an analysis
on a 2 ks timescale (about four dynamical timescales at
10 rg). The 2 ks slices that have been used in the analysis
are shown in Fig. 1 and have been numbered for refer-
ence.

3.1. The 2–10 keV Γ–flux relationship

It is well known that the 2–10 keV spectral slope in
NGC 4051 (and other sources) is correlated with the
source flux. In Fig. 3, we show such a correlation when
all the 2 ks spectra are fitted with a simple power–law
model in the 2–10 keV band (including the constant re-
flection component from distant material discussed in
Sec. 2). Data for the two observations are shown with
different symbols.

The photon index increases with flux and seems to sat-
urate at high flux around Γ ' 2.2 and at low fluxes to
Γ = 1.3–1.4, with a ∆Γ ' 0.8. Since the two asymptotes
are not extremely well defined, such behaviour could
still be consistent with spectral pivoting. On the other
hand, the Γ–flux relationship can be explained if an ad-
ditional and weakly variable component is present in the
2–10 keV band. If so, such a component dominates the
low flux states and the hard photon index measured there
is just a measure of its intrinsic spectral shape in the 2–
10 keV band, while it is overwhelmed by the power law at
high fluxes where Γ ' 2.2 is then the intrinsic power law
photon index. In other words, as an alternative to spec-
tral pivoting, the Γ–flux relationship can be explained by
assuming the presence of i) a variable power law with
constant or weakly variable slope Γ ' 2.2; ii) an addi-
tional less variable component with approximate spectral
shape of Γ = 1.3–1.4 in the 2–10 keV band.

3.2. Broadband analysis I: the standard model

As a first step, we consider a simple continuum model
comprising a power law plus black body (BB) emission
to model the prominent soft excess. This is, in many re-
spects, the “standard model” to fit AGN X–ray spectra
and, though often crude and phenomenological, provides
useful indications that can guide further analysis. The
power law slope is free to vary to account for possible
spectral pivoting. We add to the model neutral photoelec-
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Figure 3. The best fit spectral index vs. flux in the 2–
10 keV band. The contribution of the constant reflection
(including a narrow Fe line) coming from distant material
is considered in the model.

tric absorption with column density fixed to the Galactic
value. To account for the presence of absorbing ionized
gas in the line of sight we include two edges (O VII and
O VIII). We searched for possible variations of their en-
ergies without finding any evidence, so we fixed the ab-
sorption energies to the rest–frame ones. This is clearly a
crude approximation for the effects of the warm absorber
in NGC 4051, but the quality of the individual 2 ks spec-
tra is not such as to suggest the use of more sophisticated
models. In addition, the constant components discussed
above (reflection from distant matter and emission from
photoionized gas) are also included in the spectral model.
The overall model has six free parameters only. The re-
sulting fits are very good with a reduced χ2 ranging be-
tween 0.9 and 1.2 with a mean close to unity. Therefore,
from a statistical point of view, a single model is able to
describe the spectral variability of the source in a very
satisfactory way.

In Fig. 4 (left panel) we show the relation between
the measured BB temperature and its intensity, which
is proportional to the luminosity (in the present case
ABB=10−4 correspond to LBB=9.7×1040 ergs s−1, as-
suming H0=71 Mpc km−1 s−1). The BB luminosity
spans about one order of magnitude, while the BB tem-
perature ranges from about 90 eV to 140 eV with an av-
erage of 110–120 eV. Such a temperature is somewhat
high, but can still be consistent with that expected from
a black hole with mass ' 5 × 10

5 M� (Shemmer et al
2003; McHardy et al 2004) accreting at high rate. If the
soft excess in NGC 4051 is really due to BB emission
from a constant area, we should be able to detect the BB
law (LBB ∝ T 4) in data spanning one order of magni-
tude in BB luminosity. However, such a relation is ruled
out (χ2

= 1552 for 67 degrees of freedom). The rela-
tion appears to be much steeper (with an index of 6.3–
6.4 rather than 4), but even so, a power law fit is unac-
ceptable. Moreover the measured temperature appears to
be much more constant (the fit with a constant gives a
χ2

= 75 for 67 degrees of freedom) than predicted by

standard disc models.

The properties of the soft excess in NGC 4051 are re-
markably similar to those of 26 bright radio–quiet quasars
studied e.g. by Gierlinski & Done (2004). The quasar
sample spans a wide range of black hole masses and lu-
minosities and should therefore exhibit a wide range of
disc temperatures. However, the measured temperature
of the soft excess is remarkably constant throughout the
sample with a mean of 120 eV (and very small variance).
It is a rather surprising coincidence that this is exactly
the average temperature we measure for the soft excess
in NGC 4051, considering that the black hole mass in
NGC 4051 is about 3 orders of magnitude smaller than
the typical black hole mass in the quasar sample.

The “standard model” of the source emission seems to be
inadequate to describe the corona parameters as well. In
the right panel of Fig. 4 we show the power law slope
as a function of the 0.5–10 keV flux. In the normal/high
flux observation the photon index steepens with flux, as
already pointed out in the 2–10 keV analysis. This be-
haviour is consistent with spectral pivoting, even if the
lowest Γ require a too hard spectral shape to be accounted
for by standard Comptonization models. The main prob-
lems arise at very low fluxes, where the Γ–flux relation
is inverted in a manner that is not consistent with sim-
ple spectral pivoting. Such behaviour could indicate the
presence of an additional soft (steep) component which
becomes prominent at low fluxes and is not properly ac-
counted for by the black body component. In fact, the
power law is trying to fit the soft data by steepening the
index at low fluxes and leaves significant residuals in the
hard band where a slope of about 1.3–1.4 would be more
appropriate even at very low fluxes (see Fig. 3).

Such discrepancies naturally raises questions on the real
nature of the X–ray soft excess and of the soft steep com-
ponent observed at low fluxes. As pointed out by Gierlin-
ski & Done (2004), the remarkable constancy of the “soft
excess temperature” might indicate an origin in atomic
rather than thermal physical conditions. Possible candi-
dates seems to be absorption and/or ionized reflection.
We investigate here the two–component model in which
the soft excess and the soft steep component observed at
low fluxes are due to a ionized reflection component.

3.3. Broadband analysis II: the two–component
model

In the two–component model the variability is dominated
by a power law component (PLC) which changes in flux
but not in spectral shape (Γ = 2.2). The PLC illuminates
the accretion disc giving rise to a reflection–dominated
component (RDC, from Ross & Fabian 2005) which is af-
fected by the relativistic effects arising in the inner disc.
We take into consideration these effects convolving the
ionized reflection spectrum with a LAOR kernel with fixed
inner and outer disc radius (to 1.24 rg and 100 rg respec-
tively), and fixed disc inclination (30

◦). The inner disc
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Figure 4. In the left panel we show the blackbody intensity as a function of its observed temperature. The line shows the
best fit relation between the ABB ∝T4

BB. In the right panel, we show the broadband Γ–flux relationship as obtained from
the standard model fits (see text for details).

radius corresponds to the innermost stable circular orbit
around a Kerr black hole. The only free parameters of the
relativistic kernel is then the index q of the disc emissivity
profile (ε = r−q). The ionized reflection model is appro-
priate for solar abundances and has ionization parameter
and normalization as free parameters, while the photon
index of the illuminating power law in the RDC model is
tied to that of the PLC and therefore fixed to Γ = 2.2.
As for the “standard model” discussed in the previous
Section, the overall spectral model also includes Galac-
tic absorption, constant emission from photoionized gas
and from a distant reflector and the O VII and O VIII edges
with fixed energies. The number of free parameters in the
model is just the same as in the “standard model” case (6
free parameters).

The model reproduces very well the data at all flux lev-
els with a reduced χ2 between 0.8 and 1.2. The two–
component model is statistically indistinguishable from
the standard one and has to be considered as a possible
alternative to be accepted or rejected on a physical rather
than statistical basis. We would like to stress again that
with this interpretation the soft excess is not due to a ther-
mal component anymore. It is the ionized reflection from
the disc that naturally produces a soft excess. The reflec-
tion can then naturally solve the “constant temperature”
problem because of the very non–thermal nature of that
component. Moreover, no changes in the PLC slope are
required to fit the data and to reproduce the Γ–flux rela-
tion. We tested, in fact, a variable Γ fit to the data and
found that all the 68 spectra are consistent with Γ=2.2
with only three exceptions (with ∆Γ <0.1). Thus, the
Γ–flux relation is simply due to the relative contribution
of the two components, with the steep and variable PLC
dominating the medium and high flux states and with a
stronger contribution of the flatter RDC during the low
flux ones.

As for the variability of the two components, the RDC
is expected to respond to the PLC variations and to be
well correlated with it. Fig. 5 shows the 0.5–10 keV flux

of the RDC versus the PLC flux in the same band. The
RDC is well correlated with the PLC at low flux levels
(the solid line represent perfect correlation between the
two components). However, as the PLC flux increases,
the correlation clearly breaks down and the RDC is much
less variable (about a factor 2.5) than the PLC (about a
factor 7). A similar behaviour has been observed also in
MCG-6-30-15 (Vaughan & Fabian 2004) and has been in-
terpreted in terms of a strong gravitational light bending
by Miniutti et al (2003) and Miniutti & Fabian (2004),
which predicts an almost stable RDC during normal/high
flux periods and a correlation at low flux levels only. The
observed variability is therefore in good agreement with
the light bending model prediction. The other free param-
eters of the RDC in our fit are the disc reflection emissiv-
ity index of the relativistic blurring model (q) and the ion-
ization parameter of the reflection spectrum (ξ). The for-
mer shows some trend with flux, with low flux states gen-
erally corresponding to steeper emissivity profiles than
high flux ones (Ponti et al. in prep.). This result is also
in line with the predictions of the light bending model
(Miniutti & Fabian 2004). The latter, instead, is not very
well constrained by the data and most spectra are con-
sistent with ξ between 50 and 300 erg cm s−1 with only
few exceptions below and above (and no clear trend with
flux). We finally remark that, if the light bending interpre-
tation is correct, the RDC versus PLC behaviour requires
the primary source of PLC to be centrally concentrated
above the accretion disc within 15 gravitational radii at
most from the central black hole (see Miniutti & Fabian
2004). In particular, the correlation between the two com-
ponent is predicted to occur only if the primary source of
the PLC is within ∼ 5 gravitational radii from the hole.
Therefore, one consequence of this interpretation is that
low flux states are characterised by an extremely compact
region of primary emission, well inside the relativistic re-
gion around the black hole.

As a final comment, the mean optical depth of the ion-
ized absorber, here modelled crudely by the O VII and
O VIII edges, is of the order of 0.1–0.2. These values are
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Figure 5. RDC vs. PLC 0.5–10 keV fluxes. The data
clearly rule out a perfect correlation between the two
components (solid line). The RDC is well correlated with
the PLC at low fluxes only and varies with smaller ampli-
tude in normal/high flux states.

left free to vary and they seem to suggest some variations
during the two observations (in agreement with the evi-
dences presented by Elvis et al. during this conference).
Nevertheless, the uncertainties associated with our mea-
surements are so large that a fit to the optical depth with a
constant during the first observation results in a χ2 of 26
(O VII) and 47 (O VIII) for 47 degrees of freedom, while
during the second low flux observation the χ2 are 29 and
7 for 19 degrees of freedom, preventing us from claiming
the variation.

4. CONCLUSIONS

We investigated the X–ray spectral variability of the
Narrow Line Seyfert 1 galaxy NGC 4051 with model
independent techniques (RMS spectra and Flux–Flux
plots) and with time resolved spectral variability. NGC
4051 show evidence for a distant neutral and constant re-
flection component contributing by about 10 per cent in
the 4–10 keV band at mean fluxes and constant emission
from photoionized gas.

The nuclear emission has been interpreted both in a “stan-
dard scenario” (consisting of BB plus power law emis-
sion) and by a two–component (PLC plus ionized RDC
from the disc). Both models reproduce the RMS spectra,
and describe the time–resolved spectra in a comparable
way from a statistical point of view, thus the dinstinction
has to be made on a physical basis. In the framework of
the two–component model the soft excess is interpreted
as the soft part of ionized reflection from the accretion
disc. The constant temperature problem is then solved
in terms of atomic rather than truly thermal processes.
Moreover, the RDC explains the Γ–flux relationship at
all flux levels in terms of the relative contribution of a
PLC with constant slope Γ = 2.2 and the RDC.
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ABSTRACT

We present and discuss high-resolution grating spectra
of the quasar PG 1211+143 obtained over three years.
Based on an early observation from 2001, we find an out-
flow component of about 3000 km s−1 in contrast with
the much higher velocity of about 24000 km s−1 reported
earlier for this source, and based on the same data set.
Subsequent grating spectra obtained for PG 1211+143 are
consistent with the first observation in the broad-band
sense, but not all narrow features used to identify the out-
flow are reproduced. We demonstrate that the poor S/N
and time variability seen during all existing observations
of PG 1211+143 make any claims about the outflow pre-
cariously inconclusive.

1. INTRODUCTION

Typical mass outflow velocities of a few hundreds to a
few thousands km s−1 have been measured by now in nu-
merous Active Galactic Nuclei (AGNs; Crenshaw et al.
2003 and references therein). Recent studies of the X-
ray spectra of certain quasars have led to claims of much
higher outflow velocities reaching a significant fraction
of the speed of light, e.g., APM 08279+5255 — Char-
tas et al. (2002) claim speeds of ∼ 0.2c and ∼ 0.4c 1,
PG 1115+080 — Chartas et al. (2003) find two X-ray ab-
sorption systems with outflow velocities of ∼ 0.10c and
∼ 0.34c. These measurements, however, were carried
out using spectra obtained with CCD cameras and hence
at moderate spectral resolving powers of R ∼ 50. Us-
ing the XMM-Newton reflection gratings (R up to 500),
high resolution X-ray spectra for several quasars have
been obtained. For PG 1211+143 Pounds et al. (2003a,
2005) find a rich, well resolved spectrum featuring ab-
sorption lines of several ions, which they interpret as due
to an outflow of∼ 24000 km s−1. A similar interpretation

1Though Hasinger et al. (2002) using a different instrument prefer
a more conservative interpretation by which the X-ray wind is much
slower and consistent with the well known, UV broad absorption line
wind of that source, outflowing at velocities of up to 12000 km s−1.

was applied to a similar observation of PG 0844+349,
where Pounds et al. (2003b) report even higher veloc-
ities reaching ∼ 60000 km s−1. In NGC 4051, Pounds
et al. (2004) find a single absorption line at ∼ 7.1 keV,
which they suggest may be Fe XXVI Lyα at an outflow
velocity of ∼ 6500 km s−1, or the Heα resonance ab-
sorption line of Fe xxv in which case the outflow veloc-
ity is ∼ 16500 km s−1. Yet another ultra-high-velocity
(UHV, i.e., sub-c) wind of 50000 km s−1 was reported by
Reeves et al. (2003) for PDS 456. In all of these sources,
the inferred hydrogen column densities through the wind
is of the order of 1023 cm−2, which is about an order of
magnitude higher than the typical values measured for the
nearby Seyfert sources.

If indeed UHV outflows are common to bright quasars,
this could have far reaching implications on our under-
standing of AGN winds and AGNs in general. For in-
stance, if these winds carry a significant amount of mass
as the high column densities may suggest, they would
alter our estimates of the metal enrichment of the inter-
galactic medium by quasars. It remains to be shown the-
oretically what mechanism (e.g., radiation pressure) can
drive these intense winds. Since the amount of mass in
the wind is not well constrained, it is still unclear what
effect it may have on the energy budget of the AGN. King
& Pounds (2003) note that UHV winds have been found
mostly for AGNs accreting near their Eddington limit.
They provide a theory by which the UHV outflows are
optically thick producing an effective photosphere, which
is also responsible for the UV blackbody and soft X-ray
(excess) continuum emission observed for these sources.

2. PG 1211+143 — FIRST OBSERVATION —
SECOND VIEW

PG 1211+143 was observed with XMM-Newton during
2001 June 15 for about 55 ks. We retrieved the data
for this observation from the XMM-Newton archive and
reduced them using the Science Analysis System (SAS
v5.3.0) in the standard processing chains as described in
the data analysis threads and the ABC Guide to XMM-
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Figure 1. The EPIC-pn data and a simple fitted model,
which is discussed in § 2.1. The upper panel shows the
model folded through the instrument response and com-
pared with the data. Bottom panel shows the unfolded
model.

Newton Data Analysis. Overall, our data reduction results
agree well with that of Pounds et al. (2003a, 2005) ex-
cept for a few minor features which appear to be slightly
different between the two reductions. We attribute these
discrepancies to the different binning methods used and
to the averaging of RGS1 and RGS2 in this work (see be-
low). The results described in this section are presented
in details in Kaspi & Behar (2006).

2.1. EPIC-pn

For the EPIC-pn data we first fitted the (line-free) rest-
frame 2–5 keV energy range with a simple power law.
The best fitted power law has a photon index of Γ =

1.55 ± 0.05 and a normalization of (6.6 ± 0.4) ×

10
−4 ph cm−2 s−1 keV−1 and gives χ2

ν = 0.74 for 487
degrees-of-freedom (d.o.f.). Extrapolating this power law
up to a rest-frame energy of 11 keV, we find a flux ex-
cess above the power law at around 6.4 keV, which is
indicative of an iron Kα line, and a flux deficit below
the power law at energies above 7 keV. We add to the
model a Gaussian emission line to account for the Fe Kα
line and a photoelectric absorption edge to account for
the deficit. Fitting for all parameters simultaneously, we
find the best-fit Gaussian line center is at 6.04±0.04 keV
(or 6.53 ± 0.05 keV in the rest frame) and a line width
(σ) of 0.096 ± 0.067 keV. The total flux in the line is

(2.9± 1.4)× 10
−6 ph cm−2 s−1. For the edge, we find a

threshold energy of 6.72±0.10 keV, which is translated to
a rest frame energy of 7.27± 0.11 keV. The optical depth
at the edge is τ = 0.56 ± 0.10. The power law model
with the Gaussian line and the absorption edge gives a
χ2

ν = 0.983 for 613 d.o.f. This model is plotted in Fig-
ure 1 where we show the model, both folded through the
instrument and fluxed (i.e., unfolded). We stress that this
edge does not necessarily contradict the presence of the
line detected by Pounds et al. (2003a, 2005), since Kα
edges have lines right next to them.

We also observe the lines at 2.68 keV and 1.47 keV
claimed by Pounds et al. (2003a, 2005) to be from
S and Mg, only we identify them as different lines at
much lower velocities. The 2.68 keV line is identified
here as S XV Heβ and the 1.47 keV line is identified as
Mg XI Heβ.

2.2. RGS

The RGS1 and RGS2 were operated in the standard spec-
troscopy mode resulting in an exposure time of ∼ 52 ks.
The spectra were extracted into uniform bins of ∼ 0.04
Å (which is about the RGS resolution and is 4 times the
default bin width) in order to increase the signal-to-noise
ratio (S/N). For the purpose of modeling narrow absorp-
tion lines, this rebinning method is better than the method
used by Pounds et al. (2003a) of rebinning the spec-
trum to a minimum of 20 counts per bin, which distorts
the spectrum especially around low-count-rate absorption
troughs. To flux calibrate the RGS spectra we divided
the count spectrum of each instrument by its exposure
time and its effective area at each wavelength. Each flux-
calibrated spectrum was corrected for Galactic absorp-
tion and the two spectra were combined into an error-
weighted mean. At wavelengths where the RGS2 bins
did not match exactly the wavelength of the RGS1 bins,
we interpolated the RGS2 data to enable the averaging.
The sky-subtracted combined RGS spectrum has in total
∼ 8900 counts and its S/N ranges from ∼ 2 around 8 Å
to ∼ 5 around 18 Å with an average of 3. Statistics in the
second order of refraction are insufficient, hence we did
not include it in our analysis.

The combined RGS spectrum (RGS1 and RGS2) of
PG 1211+143 is presented in Figure 2. Numerous ab-
sorption lines and several emission lines are detected.
We identify K-shell lines of C, N, O and Mg and L-
shell lines of O, Mg, Si, Ar, and Fe. The absorption line
widths are consistent with the RGS resolution, and with
the present S/N we are not able to resolve the intrinsic
velocity widths. In emission, we identify significantly
broadened lines of N VII Lyα, O VIII Lyα, the forbidden
line of O VII and its Heα resonance line, the forbidden
line of Ne IX, and the Mg XI Heα resonance line, all in
the rest frame of the source with no velocity shift.

In order to quantitatively explore the emission and ab-
sorption lines, we have constructed a model for the entire



3

7 8 9 10 11 12 13
0

1

2

14 15 16 17 18 19 20 21 22
0

2

4

6

8

Fl
ux

 [1
0-4

 p
ho

to
ns

 c
m

-2
 s

-1
 Å

-1
]

23 24 25 26 27 28 29 30 31 32 33 34
Rest Wavelength [Å]

0

2

4

6

8

N
O

NeMg

N

C

Figure 2. Combined RGS1 and RGS2 spectrum of PG 1211+143 binned to ∼ 0.04 Å. The spectrum has been corrected
for Galactic absorption and for the redshift of the source. The rest-frame positions of lines from H-like and He-like ions
of N, O, Ne, and Mg are marked above the spectrum. The lines from the lower ionization states of O and Mg, and the
L-shell lines of Fe are not marked. Gaps in the spectrum are due to chip gaps and have zero flux. The model is marked as
the solid gray curve.

RGS spectrum. The present method is an ion-by-ion fit to
the data similar to the approach used in Sako et al. (2001)
and in Behar et al. (2003). We first use the continuum
measured from the EPIC-pn data, but renormalized to the
RGS flux level. This continuum is then absorbed using
the full set of lines for each individual ion. Our absorp-
tion model includes the first 10 resonance lines of H- and
He- like ions of C, N, O, Ne, and Mg as well as edges for
these ions. The model also includes our own calculation
for the L-shell absorption lines of Fe (Behar et al. 2001)
as well as of Si, S, and Ar corrected according to labora-
tory measurements (Lepson et al. 2003, 2005). Finally,
we include inner-shell Kα absorption lines of O and Mg
(Behar & Netzer 2002), which we detect in the spectrum.
The absorbed spectrum is complemented by the emission
lines mentioned above, which are observed in the RGS
spectrum.

By experimenting with the absorption line parameters,
we find that the observed lines are all blueshifted by about

3000 km s−1 with an uncertainty of 500 km s−1. In the
model we used a turbulence velocity of 1000 km s−1 to
broaden the absorption lines. This width includes the in-
strumental broadening, which as noted above, we could
not separate from the intrinsic broadening. Since the lines
appear to be saturated, but no line goes to zero intensity
in the trough, we obtain the best fit by assuming a cov-
ering factor of 0.7 for the X-ray continuum source. The
best-fit column densities that we find for the different ions
are consistent with a hydrogen column density of about
10

21–10
22 cm−2. The emission lines are modeled us-

ing Gaussians with uniform widths of σ = 2500 km s−1

(resolved, but again, including the instrumental broad-
ening), with no velocity shift, and assumed to be unab-
sorbed. These lines at FWHM ' 6000 ± 1200 km s−1

are even broader than those observed from the broad line
region in the visible band (∼ 2000 km s−1; Kaspi et al.
2000). The entire best-fit spectrum is shown in Figure 2
(gray curve). The spectrum beyond 25 Å is particularly
challenging as it comprises many unresolved lines from
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L-shell ions of Si, S, and Ar while the RGS effective area
drops rapidly. Several predicted lines may be observed
here (e.g., Ar XIII - 28.92 Å, Si XII - 30.71 Å, Ar XII -
31.06 Å, S XIII - 31.93 Å; these wavelengths include the
3000 km s−1 shift). We are still unable to explain several
features seen in the data, e.g., around 8.5 Å, 10.4 Å, or
29.8 Å, but the model gives a good fit to the data overall.

2.3. Conclusions - First Observation

We have provided a self consistent model to the ionized
outflow of PG 1211+143 revealing an outflow velocity
of approximately 3000 km s−1. Our model reproduces
many absorption lines in the RGS band, although the S/N
of the present data set is rather poor and some of the noise
might be confused with absorption lines.

The present approach is distinct from the commonly used
global fitting methods and also from the line-by-line ap-
proach used by Pounds et al. (2003a). It allows for a
physically consistent fit to the spectrum and is particu-
larly appropriate for a broad-ionization-distribution ab-
sorber as observed here for PG 1211+143.

The present model also features several broad (FWHM =
6000 km s−1) emission lines, which are observed directly
in the data.

A broad and relatively flat ionization distribution is found
throughout the X-ray outflow consistent with a hydrogen
column density of roughly 10

21–10
22 cm−2. This is rem-

iniscent of the outflow parameters measured in other well
studied Seyfert galaxies.

We also detect Fe-K absorption, which was identified by
Pounds et al. (2003a, 2005) as a strongly blueshifted
Fe XXVI absorption line. We find that most of the Fe-
K opacity can alternatively be attributed to several con-
secutive, low charge states of Fe, although it can not be
assessed whether the absorber is co-moving with the out-
flow or not. Future missions with microcalorimeter spec-
trometers on board might be able to address this interest-
ing question.

3. A SECOND OBSERVATION OF PG 1211+143

A second XMM-Newton observation of PG 1211+143 for
∼ 50 ks was carried out on 2004 June 21, three years
after the first observation of 2001 June 15 which is de-
scribed above. We have retrieved the data of this second
observation from the XMM-Newton archive and reduced
it in exactly the same way described above for the first
observation. The data of the second RGS observation are
plotted (gray line) in Figure 3 over the first observation
(black line). The broad-band spectra of the two observa-
tions are generally consistent. However, not all narrow
features are consistently reproduced. The total flux in the
RGS band is the same in the two observations, though the

continuum slope in the second observation the spectrum
is somewhat harder.

When inspecting the detailed narrow features in the spec-
trum some have changed while others remain the same.
For example, the second observations shows features
which appear to be emission lines around 8 Å where the
first observation had absorption lines. Also, around 15 Å
the absorption lines seem to have disappeared in the sec-
ond observation. Conversely, some features are the same
in the two spectra, for example, the emission O VII triplet
around 22 Å and the Ne IX triplet around 13.5 Å. From
Figure 3, it can be seen that due to the poor S/N in both
spectra, it is extremely hard to determine whether the dif-
ferences between the two spectra are real, or a mere result
of the data’s poor S/N.

4. SIMULTANEOUS OBSERVATIONS OF XMM-
NEWTON AND CHANDRA

Simultaneously with the 2004 June 21 XMM-Newton
observation, PG 1211+143 was also observed with the
Low Energy Transmission Grating (LETG) on board the
Chandra X-ray observatory. The LETG observation of
∼ 45 ks has made use of the ACIS CCDs as the detector.
We retrieved the data of this observation from the Chan-
dra archive and reduced it using CIAO 3.2.1 and CALDB
version 3.01, according to the updated CIAO threads. We
have combined the +1 and -1 orders of the LETG spec-
trum using a weighted mean and the combined spectrum
is represented in Figure 4 by a black line. The simultane-
ous RGS observation (the gray data in Figure 3) is shown
in gray in Figure 4.

Although the simultaneous data from the two X-ray ob-
servatories are consistent overall, they differ in many
details. For example, the RGS data between 7 to 9
Å show several emission-like features which the LETG
data do not. Also, around 16.4 Å the LETG data show
absorption-like features which are not present in the RGS
data. These differences are consistent to within about 3σ
and are probably a result of the poor S/N of the observa-
tions

After the first ∼ 45 ks LETG observation of PG 1211+143
on 2004 June 21, which is described above, there were
two more observations in consecutive orbits of the Chan-
dra observatory. The second ∼ 45 ks observation took
place on 2004 June 23 and the third observation was on
2004 June 25. These data are not presented here, but their
spectra is in overall agreement with the first LETG obser-
vation, except that the flux level in the last two obser-
vations was twice that of the first observation, i.e., dur-
ing a period of ∼ 2 days the flux level doubled. This is
somewhat unexpected for a source that had retained its
flux level of three years earlier (see Figure 3). Besides
the change in flux between the three LETG observations,
there is also a change in the absorption features seen be-
tween the first observation and the other two. Some of
these features have disappeared between the first low-flux
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Figure 3. Two RGS spectra of PG 1211+143 obtained three years apart. The first observation (in black) was carried out
on 2001 June 15 and is also presented in Figure 1. The second observation (in gray) took place on 2004 June 21.

observation and the high-flux observations taken 2 days
later, while other features seems to appear. The absorp-
tion features interpreted by Reeves et al. (2005) as ev-
idence for sub-c gravitational infall are seen only in the
second observation and not in the first or third ones. The
fact that, again, absorption features are not reproduced
in different spectra is rather confusing. If these lines are
statistically significant (see Reeves et al. 2005) then they
represent a transient flow.

5. SUMMARY AND CONCLUSIONS

We claim in Kaspi & Behar (2006) that an outflowing
absorber at a velocity of 3000 km s−1 fits the first (2001)
RGS data of PG 1211+143 better than a 24000 km s−1

model. Admittedly though, the poor S/N of those data
can tolerate more than one interpretation.

A second RGS observation taken three years after the first
observation shows general consistency with the first ob-
servation, but differs in important details of the absorp-

tion lines relevant to the outflow. Some features that ap-
pear in the first RGS observation disappear in the sec-
ond one and vice versa. This could be a result of either
short-time variability of the absorber (almost impossible
to prove or refute) or the poor S/N of the data. Even more
confusing is the fact that simultaneous observations of
PG 1211+143 with RGS and LETG produce spectra that
are partially incompatible in their absorption lines. This
significantly reduces our confidence in the existence of
the absorption lines and even more so in their identifica-
tion. The poor S/N of the data calls for extra caution and
careful modeling.

The three LETG observations indicate that the continuum
source changes on a timescale of days. If the discrete fea-
tures seen in these spectra are real, they too vary on short
timescales. With the loss of the high-resolution X-ray
spectrometer (XRS) on board Astro-E2, a very long ob-
servation of a good, bright UHV-wind source with Chan-
dra or XMM-Newton gratings remains as the most viable
approach toward testing what we feel is still a putative
phenomenon of high velocity outflow.
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ABSTRACT

In the recent literature on AGNs it has been often reported
that spectra of Seyfert 1 Galaxies show resonant absorp-
tion lines of Fe K which are redshifted from the rest frame
position. Such lines are often found with marginal signif-
icance but, if real, could potentially open up new avenues
to study the circumnuclear gas in the black hole environ-
ment. It is also extremely important to take them into ac-
count in X-ray spectral analysis because of the influence
they have in the correct estimation of spectral parame-
ters, Fe Kα line in primis. An XMM-Newtonobservation
of Mrk 335 is reported here as a case study: a narrow
feature has been detected at 5.9 keV, i.e. with a redshift
corresponding to a velocity of v∼ 0.15c. Preliminary re-
sults on the statistical significance of narrow absorption
and emission lines in a sample of PG QSOs observed by
XMM-Newtonare also included.

Key words: AGN, X-rays, spectroscopy.

1. INTRODUCTION

Since Active Galactic Nuclei have been discovered, it has
been postulated that the powering mechanism is likely to
be the release of gravitational energy of matter accreted
on a supermassive black hole. Observational evidence for
this was found in the redshifted and broad Fe K disc line
seen in bright Seyfert galaxies (1). The picture on hard
X-ray spectra has been made even more complex by the
recent detection of narrow lines shifted from their rest-
frame position in the Fe K band spectra of many Seyfert
1 galaxies which may affect modeling of the Fe K emis-
sion line. Previous cases of highly ionised redshifted ab-
sorption Fe K lines were in fact found superimposed to
the broad wing of the Fe Kα line in NGC 3516 (2) with
ASCAdata, and in E 1821+643 (3) withChandradata.
(4) reported on the presence of an unshifted Fe K ab-
sorption line superimposed on the relativistic Fe K line in

IRAS13349+2438, withXMM-Newtondata. High confi-
dence detections of such features would be of crucial im-
portance in testing the black hole paradigm for AGN and
would provide a new additional tool to be used alongside
the broad Fe Kα line. In fact, although the exact nature
of the energy shift of such lines is as yet unclear, the most
likely scenario for producing the observed features would
involve a combination of gas orbiting in highly relativis-
tic motion and/or gravitational shifts of the photons (2; 5).
With the advent ofXMM-NewtonandChandra, the num-
ber ofabsorptionfeatures in active galaxies spectra have
considerably increased (6; 3; 7; 8). Narrow energy-
shiftedemissionlines have also been detected in the hard
X-ray spectra of many AGN (9; 10; 11; 12; 13; 14). The-
oretical models have predicted the possibility that Fe K
emission lines from the disc can be observed with a nar-
row profile if the X-ray reflection arises as a result of
magnetic flares in localized regions on the disc (15; 16).

2. MRK 335 CASE STUDY

2.1. Spectral analysis

Mrk 335 is a bright Seyfert 1 Galaxy atz=0.026, which
was observed byXmm-Newtonfor about 30 ks. A pre-
vious analysis was reported by (17), who found evidence
for a broad Fe Kα line associated to an ionised reflection
component. Here, the data from the pn camera are pre-
sented. A fit on the 2-10 keV data with a simple power
law model yields a steep spectrum, withΓ=2.13+0.04

−0.02.
The pn residuals from 3-9 keV are plotted in Fig. 1:
the energy band of the Fe Kα emission line is pictured
on the data showing the presence of broad excess in flux
not only above the position of the neutral line (6.4 keV),
but even up to∼ 7.3 keV and down to∼ 5.9 keV. A
deficit of counts in a notch-shape is also present at∼

5.9 keV. A Gaussian line is added to the power law, with
energy, width and flux free to vary. The line is highly
significant with∆χ2=33 for 3 d.o.f, indicating an ion-
ized and broad line. The line parameters are found to
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Figure 1. Data to model ratio: the 2-10 keV spectrum
is fitted by a power law withΓ= 2.15+0.04

−0.03 . The plot is
in the source rest frame and the Fe Kα energy band is
labelled for clarity.

be E=6.63+0.16
−0.14 keV (rest-frame),σ=0.40+0.32

−0.13 keV and
EW=245+123

−126 eV. Although the residuals shape may sug-
gest the presence of another Gaussian line, any attempt to
fit the data with 2 emission lines failed. To fit the notch-
shaped feature another Gaussian line with negative inten-
sity has been added. The fit yieldsχ2=738/731 d.o.f. and
the lines parameters are found to be E=6.31+0.20

−0.20 keV,
σ=0.78+0.21

−0.26 keV, EW=468+250

−175 eV for the broad compo-
nent and as for the narrow one, E=5.92+0.05

−0.05 keV with an
EW=52+18

−18 eV (measured in absorption with negative in-
tensity with respect to the continuum). The width of the
absorption line is unresolved with CCD resolution and
therefore it is kept fixed to 50 eV. The improvement in
χ2 is ∆χ2

∼14 for 2 degrees of freedom, corresponding
to a level of confidence higher than 99.7 percent accord-
ing to the F-test. This is an extremely basic parametriza-
tion of the spectrum, meant purely to show the main fea-
tures in the spectral curvature above∼ 5 keV. The line
profile in fig. 1 appears complex not only for the pres-
ence of the absorption feature, but also because the resid-
uals show a double-peak structure. As reported before,
fitting two emission lines is not required by the fit so
we have included only one broad Gaussian in our basic
parametrization. When the spectrum is fitted with two
Gaussian lines (emission and absorption), the energy of
the broad line is consistent with 6.4 keV. A close look to
fig.1, reveals that the profile is very different from a Gaus-
sian and that in this case the use of such model could be
quite misleading. The profile is asymmetrical and skewed
suggesting that if there is a broad line it could be modi-
fied by relativistic effects. We used theDISKLINE model
in Schwarzschild metric (18) where the line parameters
other than the energy are:q, the line emissivity index,
where the line emissivityj is a function of the emission
radiusr according toj ∝r−q; the inner radiusrin and the
outer radiusrout of the accretion disc which define the
area of the disc where the line is emitted; the inclination
of the disci, set as to be the angle between the line of
sight and the normal to the disc. Fitting the broad line in

this way yields E=7.12+0.27
−0.21 keV and EW=407+102

−109 eV,
q=3.98+2.45

−0.77, i=21◦+8

−16 andχ2/d.o.f.=735/730. The ab-
sorption line is included in this fit as a negative Gaussian,
as previously described.

The presence of a diskline suggests that a reflection com-
ponent should be included. Since the line energy is
clearly indicative of a high ionisation state for Iron, the
XION model developed by (19) was used to fit the spec-
trum. In this way, the reflected spectrum is computed in
hydrostatic balance, taking into account the ionization in-
stability in the disc. After choosing one of the available
geometries, this model calculates the distance between
the disc and the source of X-ray photons, the accretion
rate, the luminosity of the X-ray source, the inner and
outer disc radii and the spectral index as free parame-
ters. Relativistic smearing is included for a non-spinning
black hole. We resolved to assume the simplest geometri-
cal configuration (lamppost). After adding an absorption
Gaussian line, the model provides a fairly good fit, yield-
ing χ2/d.o.f. = 738/730.

We try to model the absorption line by adding an appro-
priate warm absorber to the best fitting reflection model
XION. In order to do that, a grid ofXSTAR photoion-
ization model was generated with solar elemental abun-
dances and turbulence velocity of 100 km/s. Then, such
model has been incorporated inXSPECas a table model
with 3 additional free parameters: i) the column density
Nw ii) the ionization parameterξ, which describes the
state of the photoionized medium; iii) a redshift parame-
ter which includes all the redshift contributions, namely
the cosmological redshift (zsource), the velocity of the ab-
sorber (zinflow) and the gravitational shift which the gas
may be subjected to, if close enough to the black hole
(zgrav). The best-fitting parameters are consistent with
a very ionized absorber, with logξ ∼ 3.9 ergs cm s−1

where it is most likely that only the H-like and He-like Fe
ions survive. The fit yieldsχ2/d.o.f.=735/728. Four main
absorption features are imprinted on the continuum (see
Fig. 2): the Kα and Kβ transitions of Fe XXV and XXVI
produce the absorption lines, but only the Kα ones are
sufficiently strong to be interesting for our purposes here.
The absorption line detected in the data is consistent with
the Fe XXVI Kα, whereas the other ones are too weak to
be detected at the CCD resolution. Most striking is that, if
such feature is identified as we propose, it requires to be
redshifted corresponding to an inflow velocity of∼ 0.14
c. Such value is inferred by measuring the energy shift of
the Gaussian line peak (∼5.92 keV) from the rest-frame
position of 6.90 keV.

2.2. A simple model for the inflow

To further investigate the inflow hypothesis, a simple
physical model has been developed and used to synthe-
sise X-ray spectra for qualitative comparison with the ob-
served absorption feature (a more thorough description
of the model is included in the paper Longinotti et al. in
prep.) Spectra were synthesised for the 2 – 10 keV re-
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Figure 2. Rest frame plot of the model used to fit the data
on the left. The combination of the effects of the reflection
spectrum and the highly photoionized gas is visible: the
first one reproduces the spectral curvature between 5 and
7 keV, the latter imprints redshifted absorption features
on the continuum. In our data, we observe the Fe XXVI
Kα only, the other ones being too weak.

gion using a Monte Carlo radiative transfer code based
closely on that discussed by (20). For the computation
presented here, the power-law photon index was fixed at
Γ = 2.2 (based on fits to the data) and the normalisa-
tion fixed by requiring the total 2 – 10 keV X-ray flux to
match the observed luminosity of1.8 × 1043 ergs s−1.
The disc luminosity was set to 60 per cent of the Ed-
dington luminosity for the central black-hole, close to the
valueL/Ledd = 0.62 reported for Mrk 335 by (21). The
soft-excess was modelled as a black-body with tempera-
ture 1.3 × 106 K and normalisation fixed to the power-
law component. In contrast to that presented by (20),
the code used here includes the full special relativistic
expression for the Doppler shift and approximately ac-
counts for gravitational redshift using

γ(1 − µv(r)/c)ν = ν′

√

1 − 2Rg/r (1)

whereν′ is the frequency of a photon at radiusr as mea-
sured in the comoving frame,µ is the usual direction
cosine,γ = (1 − v2/c2)−1/2 andν is the photon fre-
quency that would be recorded by an infinitely distant
observer at rest relative to the black-hole. Other rela-
tivistic effects are neglected. A simple spherical geom-
etry for the gas in a radial inflow has been considered. It
is assumed that the gas occupies a region which extends
from inner radiusrin to outer radiusrout from the central
black-hole. Here only the main results from such model
are described. From a qualitative comparison to the com-
puted spectra, the data can rule out an inflow model of a
continuous flow extending from the vicinity of the cen-
tral black-hole to much greater distances. The left panel
in Figure 3 shows the 3–9 keV spectrum computed for a
model of this sort withrin = 20 Rg, rout = 103 Rg, and
a mass infall rateΦ = 0.2 M⊙ yr−1. This model predicts
very few spectral features since the ionisation state of the
gas is very high. The dominant feature is a broad inverse

P Cygni FeXXVI Kα line, but a weaker feature due to the
Kβ line of the same ion appears at harder energies. The
computed absorption line is very broad, extending from
around 5.5 keV to∼ 6.5 keV, where the deepest absorp-
tion occurs. The large line width in the model is therefore
the result of the large radial extent of the absorbing gas
and of the large velocity range present in the flow. If the
infalling gas is instead distributed over a narrow range of
radii, the model is found to be a good description of the
data (right panel in Figure 3). A possible configuration
could be described as a discontinuous infalling of shells
or blobs of gas at different densities. With the model
considered here, this was obtained by limiting the radial
range occupied by the flow.

2.3. Significance of the narrow line in Mrk 335

The problem of the reality and significance of narrow
features such as the one detected in Mrk 335, has been
pointed out in the most recent cases of narrow line de-
tections by (3) for an absorption line, and by (13) for
an emission line. These authors have employed realis-
tic Montecarlo simulations for testing the reality of the
lines, which have been found significant at a level in be-
tween 2-3σ. Moreover, the employment of the F-test
to test the significance of X-ray spectral lines has been
recently put into question by rigourous statistical argu-
ments (22). Therefore, we try to assess whether the line
in Mrk 335 could be due to statistical fluctuations through
Montecarlo simulations. The phenomenological model
(power law +broad em. line) used in the spectral analy-
sis section, is taken as a “baseline” model and the∆χ2

for adding an absorption line is measured to be 14.37 in
the real spectrum. In this way, 10000 fake background-
subtracted data sets have been obtained. Each of these
spectra is fitted with the baseline model (power law +
broad Gaussian line) and only then, a narrow absorption
line with σ=50 eV is added to the fit, in order to measure
the improvement inχ2 with respect to theχ2 value ob-
tained by fitting the baseline model with no absorption.
We obtain a∆χ2 larger than in the baseline model in 263
cases, yielding a significance for the absorption line of
97.37 percent.

3. SEARCH FOR ENERGY-SHIFTED NARROW
LINES: SIMULATION PROCEDURE

All narrow lines detected in the literature have been found
in individual sources, as the one discussed for Mrk 335
and many of them have been found marginal. Marginal
detections could possibly arise due to random deviations
in the spectra. Quantifying the significance of such devi-
ations in a large number of X-ray spectra would provide
an estimate of the robustness of the detections. To date,
a systematic search for the presence of such features in a
sample of objects has not been performed. An attempt to
do that is presented in the following. A sample of archival
PG quasars observed byXMM-Newtonhas been chosen.
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Figure 3. The plot shows the ratio of the computed 3 – 9 keV flux to a power-law with indexΓ = 2.2 (rest frame energy).
Left: inflow withrin = 20 Rg, rout = 103 Rg, Φ = 0.2 M⊙ yr−1, neglecting radiation pressure. The absorption features
are predominantly due to FeXXVI Kα [around 6.5 keV] and Kβ [around 7.7 keV]. Right: inflow withrin = 24 Rg,
rout = 48 Rg, Φ = 0.3 M⊙ yr−1, accounting for radiation pressure due to electrons at 60 per cent of the Eddington
limit. The absorption feature is due to FEXXVI Kα. The light histogram shows the observational data for Mrk 335, also
normalised to a power-law fit

For completeness, the description of the X-ray proper-
ties of this sample is reported by (23) and (24). In the
present analysis instead, only the sources with more than
800 counts above 5 keV are included in order to insure
good statistics in the Fe K region. The list of the sources
is shown in Table 1. A blind search for positive and neg-
ative flux deviations has been performed in the simulated
spectra. This procedure is addressed to test for the pres-
ence of a narrow line in each of the spectra in the sample.
We shall distinguish between unshifted Fe K lines (i.e.
emission lines in the range 6.4-7 keV) and those which
we will call energy-shifted lines, i.e. any absorption line
and emission lines shifted out of this range.

• For each spectrum, 10000 spectra have been simu-
lated withXSPECassuming a baseline modelwith-
out any narrow line, folding it through the same in-
strumental response and adding Poisson noise. Such
spectra have then been grouped according to the
same criterion adopted for the real data set, i.e. 20
counts per spectral bin. In this way, 10000 synthetic
background-subtracted spectra were generated, with
photon statistics corresponding to the exposure in
the pn detector (see second column in Table 1).

• Each of these spectra was fitted first with the base-
line model. Then, each of them was fitted a second
time with a model consisting of the baseline model
plus a narrow line. The narrow line parameters were
set as follows. Positive and negative deviations were
allowed for the line flux. The width of the narrow
line was fixed to 50 eV during the fitting and the en-
ergy of the line was stepped in steps of 70 eV, cor-
responding approximately to the instrumental reso-
lution. To avoid any calibration uncertainties at the
boundaries of the instrumental response, the line is
searched across the energy range 2.5–9.5 keV. For
each energy on this grid, the value of the∆χ2 for
adding the narrow line to the data was calculated
with respect to the baseline model. When the mini-

mum∆χ2 was found, the values of the correspond-
ing energy and line flux were recorded. in this way,
the most significant narrow lines in the data were
detected.

• The presence of a narrow feature has been tested in
the real spectrum applying the same grid of energy,
so that the comparison is made consistently.

• The procedure of fitting the spectrum with the base-
line model and then adding a narrow line with the
same grid of energies described above, has been re-
peated for each simulated spectrum. In each of the
fake data sets, the greatest improvement inχ2 for
adding the narrow feature,∆χ2(sim), is recorded,
along with the energy and the flux of the line, pro-
viding a list of 10000 detections. Then, the number
of spectra where∆χ2(sim)> ∆χ2(data) is counted.
This quantifies the probability that an apparent fea-
ture as significant as that in the real data could be the
result of random noise.

Two runs of simulations have been performed. The first
run picks up the most significant line in each spectrum,
with the adopted baseline model. The second run is per-
formed for a limited number of spectra where an un-
shifted emission Fe Kα line has been detected at>90%
in the first run. In these cases, the Fe K line has been
added to the baseline model and the procedure has been
run again. Table 2 summarises the final results and the
baseline model used for each spectrum. This table com-
prises the list of the 10 detections significant at>90%
selected in the following way:

• Energy-shifted features significant at>90% from
the first run of simulations

• Energy-shifted features significant at>90% from
the second run of simulations (i.e. after including
significant Fe Kα lines in the baseline model)
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Table 1. List of the PG QSOs sample where the narrow
lines blind search has been performed. The sources have
been fitted with a power law in the 2-10 keV range.

Quasar Exposure Gamma Flux χ2/d.o.f.
- s - (10−12 cgs) -

Mrk 335 28401 2.12+0.02

−0.02
11.81 815/742

IIIZW2 10141 1.62+0.04

−0.04
6.78 344/349

I Zw 1 18189 2.29+0.03

−0.03
7.73 529/450

PG 0844+349 9230 2.07+0.07

−0.07
4.69 169/172

PG 0947+396 17392 1.90+0.06

−0.05
1.75 197/217

PG 0953+414 10211 2.07+0.05

−0.05
2.92 194/225

PG 1048+342 19801 1.82+0.06

−0.07
1.32 196/197

PG 1114+445 34902 1.46+0.03

−0.04
2.23 363/386

PG 1115+080 37082 1.89+0.06

−0.06
0.26 178/184

PG 1202+281 11448 1.72+0.05

−0.05
3.60 216/241

PG 1211+143 46884 1.73+0.02

−0.02
3.06 741/638

PG 1407+265 46124 2.45+0.02

−0.02
1.34 465/490

PG 1415+451 20569 1.99+0.07

−0.08
1.09 151/159

PG 1425+267 29394 1.48+0.04

−0.04
1.65 337/312

PG 1427+480 30763 1.98+0.06

−0.06
1.04 246/251

Mrk 478 18037 2.12+0.06

−0.06
1.84 189/202

PG 1448+273 17840 2.23+0.06

−0.06
2.09 239/245

Mrk 841(*) 7609 1.92+0.03

−0.03
14.80 468/492

PG 1512+370 13503 1.81+0.06

−0.06
1.86 226/216

PG 1634+716 12207 2.25+0.06

−0.06
0.74 267/207

UGC 11763 23579 1.63+0.04

−0.04
3.68 361/423

Mrk 304 6945 0.88+0.06

−0.08
3.41 224/115

(*)3 spectra in the archive

In total, 10 detections out of 24 spectra have been found
at a significance higher than 90%.

To estimate the probability to detect 10 features by ran-
dom chance, it is assumed a null hypothesis in which the
sample comprises 24 featureless spectra. The probability
that this hypothesis can be rejected in the present data is
then calculated assuming the binomial distribution as a
probability distribution:

P =
n!

x!(n − x)!
px(1 − p)n−x (2)

In the present case, the parameters of the distribution cor-
respond ton=24 (number of spectra),x=10 (number of
successes i.e. detections at>90%),p=0.1 (i.e. the prob-
ability to have a detection at more than 90% in the case
of the null hypothesis). The cumulative probability for a
given number of random detections defines the probabil-
ity to haveup to that number of random detections in the
sample and it is defined as:

Pc =

x
∑

k=0

pf

The probability to find 10 or more random detections in
the sample is calculated to be 1-Pc=5.25×10−5. This
number is very small, implying that it is very unlikely
that 10 detections in a sample of 24 spectra are all due
to random noise. Therefore, the possibility that none of
them is real can be ruled out, i.e. the null hypothesis

Table 2. List of the shifted features detected at> 90% in
each spectrum with the corresponding baseline model

Quasar Baseline Energy (*) Intensity (*) Significance
- - (keV) (Ph s−1 cm−2) -

Mrk 335 plaw+broad gau 5.93 -7.422e-06 95.82%
IIIZW2 plaw 9.01 -5.870e-06 90.93%
I Zw 1 plaw 3.20 -1.187e-05 96.34%
PG 1211+143 plaw+zwabs 7.61 -2.9541e-06 100%
PG 1211+143 plaw+zwabs+2 zgau 2.92 -7.411e-06 99.96%
PG 1407+265 plaw 7.89 3.794e-06 92.2%
Mrk 841 (I) plaw 6.28 1.504e-05 98.26%
PG 1634+716 plaw 4.11 -1.109e-5 96.99%
UGC 11763 plaw 6.28 3.781e-06 94.21%
Mrk 304 plaw+zwabs +zgau 4.46 9.986e-06 100%

is rejected. From statistical considerations, it is reason-
able saying that out of 10 detectionssomeare real. From
a more speculative point of view, let us considering the
number of successful events characterised by the aver-
age cumulative probabilityPc=0.5. At this point, it is
as likely to havemorethanx false detections, as to have
lessthanx false detections, because obviously they have
the same cumulative probability. For 24 number of tri-
als, the probability calculation shows that such number
is between 2 and 1. So, one could draw an approximate
conclusion by saying that the majority of the 10 detec-
tions are real, at a level of confidence of 90% and 2-3 of
them are false.

4. SUMMARY OF RESULTS

A narrow absorption line has been detected at∼5.9 keV
with a significance of∼97% in the EPIC pn spectrum of
Mrk 335; if interpreted as Fe XXVI Kα and if the ef-
fect of the gravitational field is neglected, the observed
redshift of the line corresponds to a receding velocity of
50000 km s−1 in the absorbing gas. The comparison to a
physical inflow model shows that the line is consistent
with being produced in a discontinuous flow of mate-
rial dragged in high velocity motion towards the nucleus,
rather than in a spherical flow. Arguably, the fact that
the line is not smeared nor broad is a strong indication
against the hypothesis of matter in orbit at a few gravita-
tional radii, as suggested for other similar cases.

The blind search for energy shifted features carried out in
the sample of PG quasars provided an encouraging result
on the statistical significance of the narrow lines, in gen-
eral. The majority of the detections are in fact believed
to be real in theXMM-Newtondata. This preliminary re-
sult should be investigated using a much larger sample of
spectra.
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ABSTRACT

We present a large sample of type 1 AGN spectra taken
with XMM-Newton. We fit them with the relativisti-
cally blurred photoionized disc model of Ross & Fabian
(2005). This model is based on an illuminated accretion
disc of fluorescing and Compton-scattering gas, and in-
cludes relativistic Doppler effects due to the rapid motion
of the disc and general relativistic effects such as gravi-
tational redshift due to presence of the black hole. The
disc model successfully reproduces the X-ray continuum
shape, including the soft excess, of all the sources. It pro-
vides a natural explanation for the observation that the
soft excess is at a constant temperature over a wide range
of quasar properties. The model also reproduces many
features that would conventionally be interpreted as ab-
sorption edges. We use the model to measure properties
of the quasars such as inclination, black hole rotation, and
metallicity.

Key words: accretion; accretion discs; active galactic nu-
clei; X-rays.

1. INTRODUCTION

The soft excess is an important component of the X-ray
spectra of many AGN and is present in every source in
this survey. The soft excess is defined as the enhanced
emission below ∼2 keV compared to an extrapolation of
the approximately power law spectrum in the 2 – 10 keV
band. This extra emission is generally approximately
thermal in shape, and well fit with a black body of energy
0.1 – 0.2 keV. This result stands over several decades
in AGN mass, e.g. Walter & Fink (1993), Gierliński &
Done (2004), Porquet et al. (2004). This poses problems
for the thermal interpretation of the data, as the tempera-
ture does not scale in the expected way with luminosity
(L ∝ T 4), as well as being too high for the standard
model of Shakura & Sunyaev (1973). Several alternative
models have been proposed to account for one or both
of these results, none of which have yet been broadly

accepted by the community. This paper investigates
photoionized emission blurred relativistically by motion
in an accretion disc, which has been previously studied
by e.g. Ballantyne, Iwasawa & Fabian (2001). We use
the latest models from Ross & Fabian (2005), which
include more ionization states and more recent atomic
data than earlier versions (Ross & Fabian 1993).

2. THE RELATIVISTICALLY BLURRED PHO-
TOIONIZED DISC MODEL

In the model of Ross & Fabian (2005) a semi-infinite slab
of cold optically thick gas of constant density is illumi-
nated by a power law, producing a Compton component
and fluorescence lines from the ionized species in the gas.
To produce the relativistically blurred photoionized disc
model this reflected emission is added to the illuminating
power law and the summed emission is convolved with
a Laor (1991) profile to simulate the blurring from an
accretion disc around a maximally rotating (Kerr) black
hole. This assumes a geometrically thin and flat accretion
disc with clearly defined inner and outer radii, and that
the emissivity of the disc as a function of radius is
described by a power law. This combined model allows
fitting to the inclination of the disc, the inner and outer
radii (the outer radius is generally poorly constrained as
emission is centrally concentrated), the emissivity index
of the disc, the iron abundance of the gas, the spectral
index of the illuminating power law and the ionization
parameter (which we define as ξ = 4πF/nH , where F
is the illuminating energy flux and nH is the hydrogen
number density in the illuminated layer, a measure of the
ratio of the energy density in the illuminating radiation to
the atomic number density in the gas). Since the model
is physically motivated measuring these free parameters
can give us information about the sources. An example
of the model is shown in Figure 1 (bottom right panel).
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Figure 1. This figure shows a comparison between the thermal model and the relativistically blurred photoionized disc
reflection model for NGC 4051. The top panels show spectra and residuals to the thermal (left) and disc reflection (right)
models, and the bottom panels show the components of the thermal (left) and disc reflection (right) models. Both include
a power law (dotted line) and narrow iron emission (sharp line at ∼6.4 keV), the components shown in dashed lines are
a black body and the relativistically blurred disc reflection respectively. As the residuals show, the disc reflection model
is a much better fit. Most of the remaining residuals to NGC 4051 in the soft band (top right panel, 0.5 – 1.0 keV) have
been shown to be due to narrow line emission (Ponti et al., in prep).

3. DATA

We used publicly available archival XMM-Newton
data on 22 type 1 AGN from the Palomar-Green (PG)
sample and a selection of 12 other Seyfert 1 galaxies
with high-quality observations available. The sample
includes several well-studied AGN, such as NGC 4051,
PG 1211+143 and I Zw 001. We analyse the longest
available observation where the EPIC pn camera took
data. We reduced the Observation Data Files in the
standard way using SAS 6.0 to produce spectra (See
Crummy et al. (in prep) for details), taking the range 0.3
– 12.0 keV as the region in which the pn is accurately
calibrated. We do not include MOS data in our fits. We
grouped the spectra so each bin includes at least 20
source counts, so χ2 statistics are applicable. Quoted
errors are 90 per cent limits on one parameter (∆χ2 =
2.706).

4. ANALYSIS

We fit the data with two classes of model using xspec ,
the standard power law with a black body to model the
soft excess, and the relativistically blurred photoionized
disc reflection model. Both models are subject to

absorption from cold gas in our Galaxy, we fix the
amount of absorption at the value given by the nh ftool
(Dickey & Lockman 1990). We also allow for absorbing
matter at the AGN by fitting for extra cold absorption
and up to two absorption edges in the 0.45 – 1.1 keV
band. These components are redshifted such that they
are local to the AGN. We finally allow for cold reflection
(e.g. from distant gas such as a torus) by including a
narrow iron line at 6.4 keV (in the source frame). We
are concerned primarily with the underlying continuum
rather than these features, so we include in our final
model only those components which improve the overall
χ2 by > 2.7 per lost degree of freedom. Since we are
performing fits over the entire XMM-Newton band, we
only report lines for which xspec reports a non-zero
minimum equivalent width, this avoids fitting spurious
lines due to a curvature in the continuum not addressed
by the model. This conservative procedure means faint
lines are likely to be missed, although any line that
significantly affects the overall goodness of fit will be
included. In xspec terminology our models are phabs
* zphabs * zedge * zedge * (powerlaw
+ zbbody + zgauss and phabs * zphabs
* zedge * zedge * (kdblur(powerlaw +
atable {reflion }) + zgauss) , where kdblur
is a convolution model using a Laor line and reflion
is a table model of reflection from cold gas (including a
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Figure 2. Example disc reflection model fits plotted in νFν , showing the amount of flux emitted as a function of energy.
The crosses are data, the data-following (blue) line is the fit, the smooth (green) line the power law component and the
spiky (red) line the reflection component. The inserts show the shape of the Laor line used in the convolution. The soft
excess is shown to be the result of blurred line emission, and the extreme blurring effect on the iron lines around 6.4 keV
is visible. The figure also illustrates the effect of ionization parameter on reflection spectra, for PG 1309+355, ξ = 3, PG
1501+108, ξ = 510, PG 1116+215, ξ = 1270 and ARK 564, ξ = 3120. A colour version is available online.

redshift)1.

5. RESULTS & DISCUSSION

Our results are presented in full in Crummy et al. (in
prep). One of the sources in the sample, PG 1404+226,
has been investigated with the same model in a previous
paper (Crummy et al. 2005). We find that in general the
relativistically blurred photoionized disc reflection model
is a better fit to the data, with 25 of the 34 sources show-
ing an improvement in χ2 > 2.7 per degree of freedom
(note that this does not correspond to 90 per cent proba-
bility, the χ2 distribution is not calibrated across models).
6 sources show a significant worsening and 3 sources are
inconclusive. In some sources the improvement is very
marked, see Figure 1.
The disc reflection model reproduces the shape of the
continuum well, and naturally explains the constant tem-
perature of the soft excess; see Figure 2. The model also

1Models available from
http://www-xray.ast.cam.ac.uk/∼jc/kdblur.html and
http://heasarc.gsfc.nasa.gov/docs/xanadu/xspec/models/reflion.html

reproduces many features that would be otherwise inter-
preted as absorption edges in medium resolution pn data.
When the thermal model is used, 17 of the 34 sources
appear to have an absorption edge. This reduces to just
7 sources when the disc reflection model is used. The
disc reflection model is somewhat less smooth than the
thermal model (see Figure 1), and bumps on the scale
of absorption edges are possible. Absorption lines can-
not be reproduced by the model, therefore the possibil-
ity of outflows from absorption edges should be checked
by investigating reflection models, or by detecting ab-
sorption lines from outflowing matter. This has impli-
cations for the energetics and cosmological evolution of
these systems, as some measured outflows can involve
similar amounts of power as the radiation e.g. Pounds et
al. (2003). The model also explains the apparent lack of
broad iron lines in most AGN spectra. Very few broad
iron lines have been clearly detected (the most well stud-
ied being MCG –6-30-15, Tanaka et al. 1995), which
is unexpected since it is believed that these systems are
powered by accreting matter near the black hole, where
broad iron lines are formed. Our results suggest that the
broad iron lines do occur, but are broadened to the point
of near undetectability. A previous paper by Gallo et
al. (2004) supports this hypothesis, they fit an extremely
broad excess of counts in the hard band of MRK 0586
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Figure 3. This histogram shows the measured inclina-
tions of the sources (the solid line) and the expected
distribution if the inclinations were random (the dashed
line). There is a deficit at high inclinations.

with a Laor profile. MRK 0586 is included in our sample,
and we find an inclination consistent with theirs; we even
fit consistent inclinations when we exclude the hard band
from the fit and determine the inclination purely from the
blurring effects on the soft excess. This illustrates how
the hard and soft bands are connected, they key to the ab-
sence of obvious broad lines is in the shape of the soft
excess. Conversely, it is clear that the soft excess is noth-
ing more than a blend of many broad lines.
As noted in the previous paragraph, it is also possible to

measure the inclination of the central disc using the disc
reflection model. Our measured inclinations are plotted
in Figure 3. We find that the inclinations are inconsistent
with being random, with a Kolmogorov-Smirnov (K-S)
test probability of 0.06. Performing a K-S test against a
distribution which is random over 0

◦ – 81
◦ (ignoring any

data points above 81
◦) gives a probability of 0.34, so the

data is somewhat consistent with being random over this
range. The deficit at low inclinations may be a selection
effect, discs at ∼0

◦ Doppler beam all of their emission
along the plane of the disc and so would appear dim. The
model also takes no account of limb darkening, which is
strong at low inclinations. At high inclinations the deficit
could be due to torus obscuration, with the sources that
do have high inclination perhaps not having a torus, or
with the torus unaligned with the central disc.
Abundances may also be measured with the model. The
model assumes a fixed, solar abundance for all elements
except iron, for which the abundance is a free parame-
ter. The measured abundance is consistent with being be-
tween solar and 1/3 solar for 28 of the 34 sources. No
sources have measured abundances below 1/3 solar, and
6 have abundances which are clearly above solar. These
fairly low iron abundances are another factor in the appar-
ent absence of broad iron lines. The inability to fit more
than one element abundance means these results are ten-
tative, but show that in principle the composition of AGN

accretion discs can be measured from their X-ray spectra.
Finally, the rotation of the central black hole may be mea-
sured using this model. The model uses convolution with
a Laor line, which is based on a maximally rotating (Kerr)
black hole. It is equally possible to use a model based on
a non-rotating (Schwarzschild) black hole (diskline
in xspec , Fabian et al. 1989). We also performed fits to
all our sources using this non-rotating model, and found
that in all cases the non-rotating model has a worse good-
ness of fit, with only two of the 34 sources where the fit
is of comparable quality. This shows that rotating black
holes dominate our sample. The black hole rotation is
not a free parameter in our analysis, but the inner radius
of the accretion disc is. The last stable orbit around a
non-rotating black hole is at 6 gravitational radii, and the
last stable orbit around a maximally rotating black hole
is at 1.235 gravitational radii. Inside this radius matter
plunges into the black hole, and does not emit strongly
(Section 3.4 of Fabian & Miniutti, 2005). All 34 sources
have inner disc radii consistent with being below 6 gravi-
tational radii, and 29 of the 34 have inner radii consistent
with being below 1.3 gravitational radii. This is a strong
indication that most black holes are maximally rotating,
in agreement with theoretical predictions, e.g. Volonteri
et al. (2005) predicts that 70 per cent of AGN black holes
are maximally rotating.
One further interesting result from the fits is that the illu-
minating power-law component is often undetected. This
seems to be a problem, as it is hard to imagine how the
disc could be illuminated by radiation we cannot see.
However, it is quite possible for relativistic effects due
to the black hole to “hide” the illuminating continuum
from us. If the source of the illuminating continuum is
above the disc, the light from it will be bent and impact on
the disc, with little escaping to be observed (Miniutti &
Fabian 2004). Emission from the disc is Doppler beamed
away from the black hole and will still escape. This pri-
marily applies to sources which do not share the rotation
velocity of the disc, e.g. the base of a weak jet or shocks
in a failed jet (Ghisellini, Haardt & Matt 2004).

6. CONCLUSIONS

We fit a large number of type 1 AGN with a thermal
model and a relativistically blurred photoionized disc re-
flection model based on Ross & Fabian (2005). We find
that:

• The disc reflection model fits the data better.

• The disc reflection model reproduces all the major
features of all the sources, including the soft ex-
cess and the absence of obvious broad iron lines.
The model explains the constant temperature of the
soft excess across all the sources, since it is formed
from a large number of highly broadened lines. The
model reproduces many features that might other-
wise be interpreted as absorption edges.

• Black holes in quasars strongly rotate.
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• The central discs around type 1 AGN have a wide
distribution in inclination, with possible deficits at
very low and high inclinations. The high inclination
deficit may indicate torus obscuration.

• The elemental abundances in accretion discs can be
measured, iron abundances in these sources are solar
or mildly sub-solar.

The relativistically blurred photoionized disc reflection
model is an important tool in the study of AGN. Taking
account of their intrinsically relativistic nature answers
several questions about their spectra, as well as providing
information about the central regions.
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ABSTRACT

We present results from the XMM-Newton observations
of four optically-luminous narrow-line Seyfert 1 galaxies.
The obtained X-ray spectra showed that intrinsic absorp-
tion is unlikely to be present; all the four X-ray spectra
are steep, as is typical among narrow-line Seyferts. Uti-
lizing simultaneous UV observations by the OM, we also
investigate the spectral energy distributions in the UV–
X-ray band. One object (RX J1225.7+2055) of the four
was found to be X-ray weak (the spectral energy index
between 2500 Å and 2 keV: ������� 2.0) during our obser-
vations. Compiling values of ����� from a larger sample of
narrow-line Seyferts, we find that, although the sample
is small, the � ��� distribution suggests that X-ray weak-
ness may occur more frequently among more luminous
objects. This suggest that X-ray weakness may be caused
by high accretion rate. We try to interpret the ����� de-
pendence on the optical luminosity, based on simple disk
models of an accretion disk sandwiched by coronae.

Key words: X-rays; Narrow-line Seyfert 1 Galaxies.

1. INTRODUCTION

The extreme spectral and variability properties of narrow-
line Seyfert 1 galaxies (NLS1s) have been the subject of
intensive study by virtually every X-ray satellite during
the past decade, and are now well established. They
frequently show a strong soft excess component, their
hard X-ray spectrum tends to be steeper than in simi-
lar broad-line Seyfert 1 galaxies, and they show rapid
and large-amplitude X-ray variability (e.g. Boller et al.
1996; Leighly 1999). NLS1s, defined by their optical
emission-line properties: FWHM H

	�
�������
km s ���

and [O III] � 5007/H
	�
�

(Osterbrock & Pogge 1985;
Goodrich 1989), are different from type 2 Seyfert galax-
ies, which generally have [O III]/H

	����
. NLS1s usually

have strong permitted lines of Fe II from broad-line re-
gion (BLR), which also discriminate NLS1s from type 2

Seyfert galaxies. The most promising explanation for
these X-ray and optical properties is that NLS1s have a
higher mass accretion rate compared with the Eddington
value.

Luminous AGNs with narrow emission lines are of spe-
cial interest, because they should have particularly high
accretion rates based on the reverberation mapping argu-
ment (e.g., Laor 2000). If the motion of the BLR gas
is dominated by gravity of the central black hole (BH),
the velocity dispersion ( ��� ) is expressed by ����� �!#"�$�%'&)(*$�+�,

, where
(*$-+�,

is the radius of the emis-
sion line in question. The BLR size is expected to be set
by the bolometric luminosity ( . ), specifically

( $�+�,0/��13254 6��798;:=<�>@?9A�ACBED�F 7HG I pc and this is experimentally veri-

fied in reverberation mapping (Kaspi et al. 2000, though
with somewhat steeper slope of � 0.7). Combining these
two equations reveals . & .KJMLHLONP���Q�R�S.T7UG I . Therefore,
study of luminous NLS1s is particularly important, as it
allows examination of the physics under conditions of ex-
tremely high . & . JMLUL .
Our study on luminous NLS1s is also inspired by PHL
1811, a quite luminuos (

"�V /XW ��Y-1 Z
) quasar discovered

in the VLA FIRST radio survey. It is extremely bright
and optically classified as a NLS1. This object is re-
markable because was not a known X-ray source, being
undetected in the ROSAT all-sky survey (RASS; Voges
et al. 1999), nevertheless its brightness (m

/
13.7). Fol-

lowup BeppoSAX observations detected the quasar in the
X-rays, but discovered that it is remarkably X-ray weak
(Leighly et al. 2001a). During followup Chandra obser-
vations in 2001, it was again observed to be X-ray weak.
Significant variability was observed between the two ob-
servations separated by 12 days, and an observed steep
X-ray spectrum shows that it is not absorbed (Leighly et
al. 2004; Leighly et al. in prep.). The UV emission line
property observed with the HST STIS is unusual in that
the spectrum is dominated by Fe II and there is no promi-
nent broad emission line; it is consistent with weak X-
ray emission(Leighly et al. 2004; Leighly et al. in prep.).
These observations argues that PHL 1811 is intrinsically



2

X-ray weak. Still it is not clear whether or not intrinsic
X-ray weakness is common among luminous NLS1s.

In order to begin to generalize the properties of lumi-
nous NLS1s (narrow-line quasars, hereafter NLQSOs),
we proposed to observe handful NLQSOs with luminos-
ity of

" V 
 W ��Z
, and four of them are approved and

observed (Table 1).

Throughout this paper, uncertainties quoted in the body
and tables are 90 % confidence for one parameter of in-
terest.

2. THE XMM-NEWTON OBSERVATIONS

We carried out XMM-Newton observations of four NL-
QSOs with scheduled duration of 12 ks for each in 2003.
The observation date and fundamental informations of
the sources are summarized in Table 1. The EPIC in-
struments were operated in Full-frame mode for all ob-
servations. We used medium filter for most observations;
only for the MOS instrument in the RX J2241.8

W
4405

observation, thick filter is used to suppress events from
bright star in the F.O.V. With the optical monitor on-
boarded XMM-Newton, we also scheduled UV photome-
try with two filters. The RGS was also operated, however,
these objects are too faint to investigate with the RGS. We
also performed UV photometric observation by the opti-
cal monitor (OM; Mason et al. 2001) with two filters for
each object. Details of the UV observations are described
later in

�
3.2.

We analyzed pipeline processed products using SAS
5.4.1 and HEAsoft 5.2 and 5.3 packages. We selected
only the events with “flag

/
0” and “pattern

/
0–4 (pn) or

0–12 (MOS)”.

Unfortunately, most of observations happened to be done
in the period with quite high background rate. We dis-
carded such data using the method described in the XMM-
Newton SAS users’ guide: First we extracted light curves
of the “pattern

/
0” events with the energy greater than

10 keV, and the quiet background period was defined
when the count rate was lower than the recommended val-
ues of 0.35 c s ��� and 1.0 c s � � for the MOS and the pn,
respectively. For most instruments, “good” exposures are
30–70 % of the total pipeline processed durations. The
length is summarized in Table 1. In the worst case of the
pn observation of RX J2241.8

W
4405, no good exposure

is obtained with the above criterion. If we increased the
threshold five times higher than the users’ guide value,
exposure of 0.6 ks is selected. We used this pn data of
RX J2241.8

W
4405 only for the purpose to check whether

the MOS results is consistent with that.

The sources are clearly seen at the positions which are
consistent with the optical positions. We made plots of
the point spread function (radial profile of the count rate)
of the sources; The plots show no signature of spatial ex-
tension for all sources, and also show that photons from

the source are dominating background photons at radii
smaller than several ten arcseconds even for the faintest
source. Thus, the source photons are collected from the
region of �


 �EZ�� �
for all. The background photons

are collected from the near region avoiding serendipitous
sources.

To look at variability, we extracted “cleaned” X-ray light
curves in the 0.3–10 keV band. The fit to each light curve
with a constant model is not rejected, hence, significant
short-term variability is not detected during our observa-
tions. This is not surprising because our observations
were pretty short in duration, and because the photon-
statistics are not so great. The light curve with the highest
photon-statistics from PG 2233+134 suggests marginal
variability with time-scale of � 1000 s.

3. ANALYSES & RESULTS

3.1. X-ray Spectra

The extracted pn and MOS spectra are grouped so that
each energy bin has 20 photons at least; then, we used� � fitting method. The detector response matrices were
created by rmfgen and arfgen in SAS.

First, we fitted each spectrum in the whole energy band
(0.3–10 keV) with a model of a power law attenuated
by Galactic absorption. After confirming that the results
from each detector are consistent among them, we fitted
the pn and MOS spectra simultaneously1 with the same
model. For RX J2241.8

W
4405 and PG 2233+134, this

model was rejected at 90 % confidence level. We also
made fits with the same model only in the 2–10 keV
band, this fit was acceptable for every target. The ob-
tained power-law indices from both fits are summarized
in Table 1. The results shows that all the X-ray spectra
are pretty steep with �

�0�
, as is typical among NLS1s

(e.g. Pounds et al. 1995; Boller et al. 1996; Brandt et al.
1997; Leighly 1999).

The observed steep X-ray spectra strongly implies no sig-
nificant intrinsic absorption. If there is absorption mate-
rial with �

%
of 10 � � �R�	� cm �R� , the EPIC spectrum should

have convex curvature; but it is not observed. One possi-
bility remains not to be rejected, where the absorption
column is quite large ( �

% �� 2U� �9I�
� �R� ) and the ob-
served X-rays are not direct emission from the nucleus
but the scattered light, as sometimes seen in Seyfert 2
galaxies. In this case, neutral-iron K-emission line with
an huge equivalent width (EW) of larger than 1 keV is
considered to be accompanied (e.g., Ghisellini, Haardt, &
Matt, 1994). The obtained spectra yielded that the upper-
limit of a narrow iron-line EW is 0.7, 0.2, 0.8, and 6 keV
for RX J2241.8

W
4405, PG 2233+134, PG 1543+489, and

RX J1225.7+2055, respectively. Thus, we can say that

1The pn data is not used in the analyses of RX J2241.8 � 4405, as
mentioned before.
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Table 1. Results from the XMM-Newton observations of luminous NLS1s.
Object Name � � V �

���% Obs. Date Time � 7UG � � ��7��=<	� � � � ��7��=<	� 
 ��H���C7��9<	� � ���
RX J2241.8

W
4405 0.545

W
26.9 15.8 1.8 5/28 15–18(UT) (2.64 � 0.10)  2.4 � 0.4 4.2 � 2U� ����� 1.52

PG 1543+489 0.400
W

25.6 16.0 1.6 2/08 20–24(UT) 2.74 � 0.07 2.6 � 0.5 1.5 � 2S� ����� 1.58
PG 2233+134 0.325

W
25.2 16.0 4.8 5/17 17–20(UT) (2.56 � 0.04)  2.2 � 0.2 5.4 � 2U� ����� 1.54

RX J1225.7+2055 0.335
W

25.1 15.9 2.4 6/12 16–20(UT) 2.73 � 7UG ����Q7UG �9I ... 0.2 � 2S� ����� 1.95� : The unit of Galactic column density is �����	� cm ��� , and that of the 2–10 keV flux is erg cm ��� s ��� .�
: The ��� value of this fit was unacceptable at 90 % confidence level, and the fit was improved significantly by the addition of a soft excess component.

all but RX J1225.7+2055, at least, are not attenuated by
heavy absorption based on the iron-line upper limit.

For RX J2241.8
W

4405, an iron-emission-line is
marginally detected at the central energy of 6.7 � 0.3 keV
with the EW of 300 � ���=I�R��� 7 eV; however, because the
detection is just based on a single energy bin in the MOS
spectrum, this validity should be examined by further
observation.

Soft excess component is another common spectral fea-
ture among NLS1s; Actually, its existence is implied
for some sources in the ratio plots of the data to the
extrapolated best-fit power-law model in the 2–10 keV
band. As a trial, we fitted the 0.3–10 keV spectra
with the power-law plus a blackbody model. By adding
a blackbody component, the fits are improved signif-
icantly (

�
99% by F-test) for RX J2241.8

W
4405 and

PG 2233+134. The blackbody temperatures are obtained
to be 0.14 � 0.02 keV and 0.13 � 7UG 79��Q7UG 7 � keV in the source rest
frame for RX J2241.8

W
4405 and PG 2233+134, respec-

tively. Although the blackbody component is not statis-
tically required, the fit for PG 1543+489 could yield the
temperature of 0.16 � 7HG 7 ��R7HG 7 � keV. For RX J1225.7+2055, the
temperature was far from being constrained because of
poor statistics. These obtained temperatures are again
rather typical among NLS1s; e.g., !#" L�$ A%�'&)( / 0.14–
0.20 keV2 (e.g., Leighly 1999, Porquet et al. 2004).
We also tested a broken power-law model for the two
sources with significant soft excess feature. For both
cases, the obtained � � values were slightly worse than
those from the fit with the blackbody model with same
degrees of freedom ( � � � � Z ). The break energies in the
observed frame were 1.0 � 0.2 keV and 1.6 � � G 7�Q7UG � keV for
RX J2241.8

W
4405 and PG 2233+134, respectively. The

power-law indices below the break energy were 3.2 � 0.2
and 2.7 � 0.1 for RX J2241.8

W
4405 and PG 2233+134,

respectively. With physical point of view a Comptonized
blackbody model are considered more appropriate, but,
we will not report such fits because limited quality of the
data prevents us constrain parameters.

2The inner disk temperature of a multicolor blackbody model of
diskpn in XSPEC. This value is larger by several times ten percent
than that from the fit with a single temperature blackbody model.

3.2. UV–X-ray Spectral Slopes: �����
One of the great advantage of XMM-Newton for this re-
search is that it can perform observation in UV and X-
ray bands simultaneously. In order to obtain fluxes and
spectral slopes in the UV band, we performed UV pho-
tometric observation by the OM with two filters for each
object. The choice of filters are yielded by bright stars in
the OM field of view; we used the U and UVM2 filters for
PG 1543+489 and RX J1225.7+2055, and the UVW1 and
UVW2 filters for the others. The effective wavelength of
U, UVW1, UVM2, and UVW2 filters are 344, 291, 231,
and 212 nm, respectively.

We utilized the pipeline products, and converted the OM
counts rate into the fluxes using the method described at
an XMM-Newton web page.3 Then, attenuation by Galac-
tic reddening is corrected using a reddening curve4 and
E(B
W

V) values taken from the NED.

We investigated UV–X-ray spectral slopes of our targets
utilizing a parameter of ����� , which is conventionally de-
fined as a power-law energy index bridging two points of
2500 Å and 2 keV in the rest frame. The 2 keV fluxes
can be directly measured by X-ray spectra, and the fluxes
at 2500 Å are estimated by interpolating or extrapolating
the observed OM fluxes with a power law. Unfortunately
for PG 1543+489, no good data were obtained with U fil-
ter, hence we assumed that the spectral slope is the mean
value of those from the other three sources.5 The result-
ing � ��� values are also listed in Table 1.

Contrary the others showed rather normal ������� 1.5–
1.6, RX J1225.7+2055 was found to be X-ray weak
( � ��� � 2.0) during our observation (See also Figure 1).
Thus, our observations show that not all NLQSOs are X-
ray weak; at the same time, that not only PHL 1811 is
anomalously X-ray weak.

3http://xmm.vilspa.esa.es/sas/documentation/watchout/uvflux.shtml
4http://idlastro.gsfc.nasa.gov/ftp/pro/astro/ccm unred.pro
5The three spectral slopes range *,+.-/�102� –0.4, and we assumed the

slope of PG 1543+489 is *,+3-4�10 576 . If we assume it is same as the
slope from the SDSS composite ( * + -8�10 9'9 ; Vanden Berk et al. 2001),
the resulting 2500 Åflux gets smaller by 7 %. The difference in the *,:<;
values is as small as =>*?:@;.-8�10 �1� . Although it is reported that the av-
erage NLS1 UV spectrum shows rather red color ( *A+CB/�10 D ), there is a
trend relating * + and luminosity (Constantin & Shields, 2003). Among
the luminous end of their sample, * + is about 0.5.
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4. DISCUSSION

4.1. More Luminous, More Frequently X-ray
Weak?

To investigate ����� distribution among luminous NLS1s in
general, we compiled a heterogeneous sample of rather
luminous AGNs (

"�V 
 W
23) with narrow H

	
line

from the literatures (White et al. 2000, Bade et al.
1998, Veron-Cetty & Veron 2001, among others). The
2500 Å flux ( ��� ) was estimated from optical magnitude
taken from the references by extrapolating a power law of��� N��R�R7HG � � . The assumed spectral index of � � / ��1 ���
is based on that from the SDSS Quasar composite spec-
trum (Vanden Berk et al., 2001). The 2 keV fluxes
were estimated from the count rates or upper limits ob-
tained from RASS, assuming that the X-ray spectrum
can be represented by Galactic absorbed power law with
photon-index of 2.75 (Williams, Pogge, & Mathur 2002;
Williams, Mathur, & Pogge 2004). The resulting values
of ����� are plotted as a function of monochromatic lumi-
nosity at 2500 Å in Figure 1.

With above analysis, We discovered four additional X-
ray weak objects in relatively luminous regime ( 	�
����� �����1 Y

). If we make statistics of X-ray weak objects in
the several luminosity range, for example, 	�
��������� below
and above 30.3, only 2 among 18 objects are X-ray weak
in the lower luminosity regime, whilst 6 among 17 ob-
jects show X-ray weakness in the higher. Although it is
not statistically clear, it is suggested that X-ray weak ob-
jects might be found more frequently in more luminous
regime.

It should be noted that no “X-ray bright” source was
found. Variability with large-amplitude is common na-
ture of NLS1s, but, if X-ray weakness is just because of
fluctuation of flux around the average flux, we should find
“X-ray bright” objects as frequently as X-ray weak ones.
Contrary, Figure 1 shows that no source exhibits X-ray
brightness with � ����� �� ��1 Z . Thus, X-ray weakness is
not just caused by such fluctuation, instead some mecha-
nism is likely to exist to make sources selectively fainter
in the X-ray band.

It is true that NLS1s show skewed variability pattern in
their light curves, and that they are characterized by flare-
like peaked patterns (e.g., McHardy et al. 2004). For
such a light curve, the time-averaged flux level is located
at the level much lower than the median value. Then, we
expect X-ray bright sources at less frequency and with
larger amplitude, and X-ray faint sources at more fre-
quency and with less amplitude. At least, from the point
of frequency, this trend does not conflict with Figure 1;
however, we cannot discuss with respect to the ampli-
tude, because Figure 1 lacks X-ray bright sources. Thus
we cannot rule out this explanation completely, but this
predicts that the overall amplitude of variability (taking
into account the not-yet-observed X-ray bright phase) is
as large as several orders of magnitude, which has not
been reported so far.

4.2. X-ray Weakness in Low-State of Transients?

In our XMM-Newton observation RX J1225.7+2055 was
X-ray weak; however, during RASS it was 30 times
brighter with normal ����� . Another X-ray weak object
found in our study with larger sample (H1137

W
127)

was also found to have similar large-amplitude long-term
variability: It was detected by HEAO-1 survey with the
2–10 keV luminosity of 	�
�'.�� / �EY�1 ���

erg s ��� (Remil-
lard et al., 1993), and the RASS count rate predicts the
luminosity fainter by 2 orders of magnitude. These facts
mean that the some X-ray weak objects are not always to
be so, and that they are in a transient state.

As Uttley et al. (2004) show in a NLS1 NGC 4051, hard
X-ray spectra of AGN in general tend to be flatter when
they are in fainter-state. Unfortunately because the net
exposure time of RX J1225.7+2055 was significantly re-
duced because of background flare, we cannot investigate
its power-law index solely in the hard X-ray band. In or-
der to look at this property and also possible time short-
variability, further and longer observations are necesarry
for RX J1225.7+2055.

4.3. Physical Driver of X-ray Weakness

Attenuation by absorber is a way to explain observed X-
ray weakness; in fact, We can not rule out this possibil-
ity for the other X-ray weak objects estimated by RASS.
For RX J1225.7+2055, however, attenuation by absorp-
tion is unlikely to be the case because of its steep spectra,
and because it was previously observed with “X-ray nor-
mal” during RASS. Of course, we cannot rule out com-
pletely this possibility, if Compton-thick cold absorption
appeared in the our line-of-sight between the RASS and
XMM-Newton observations separated by 10 years.

Intrinsic X-ray weakness could be more likely. As
described in

�
1, another optically-luminous NLQSO,

PHL 1811, is now securely confirmed to be intrinsically
X-ray weak (Leighly et al. 2004; Leighly et al. in
prep.). Since we selected the sample with relatively nar-
row H

	
line width, the luminosity axis is considered to

be strongly correlated with accretion rate. The observed
trend that more X-ray weak objects are found in more lu-
minous regime implies that X-ray weakness is a nature of
high . & . JMLHL , though they are not always so.

4.4. Implications from a disk-corona model

What is the implications of the X-ray weakness in terms
of accretion disk models? Here, we try to interpret the� ��� v.s. ��� diagram, based on simple disk models of an
accretion disk sandwiched by coronae. The energy dissi-
pation rate at the corona normalized to the total (corona
plus disk) dissipated energy (often noted as

�
) can be es-

timated by considering either gas evaporation rate from
the disk (Meyer & Meyer-Hofmeister 1994), or energy
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Figure 1. ����� of NLS1s as a function of monochromatic
luminosity at 2500 Å from our XMM-Newton observa-
tions (filled stars) along with those from heterogeneous
samples. Filled circles are newly investigated data, using
the ROSAT all-sky survey (RASS) X-ray fluxes and the
optical fluxes in NED database. For the objects which
could not be detected in RASS, 3 � upper-limits of ���C�
are shown with arrows. Data marked with open triangles
and stars are taken from Leighly (2001b). The dashed
line represents the regression among radio quiet quasars
(Vignali et al. 2003), and the dotted line is parallel to
the dashed done ( � ����� / ��1 Z ; the sources at the dot-
ted line have are 20 times X-ray weaker than the sources
at the dashed line), and is shown to guide the eye. The
results calculated from the disk-corona model are shown
with asterisks. Here we show the results in the cases of" $�% / 2U� �HG I and

2U��� G I solar mass, and the accretion
rate of

�� / 2U���H2U�����U2U�����
.

leakage due to magnetic buoyancy from the disk. For
instance, Janiuk & Czerny (2000) showed that

�
, in the

framework of an evaporating disk model, decreases when
an gas accretion rate

�"
increases (see also Bechtold et al.

2003, their Fig. 7). Similarly, Merloni & Fabian (2002)
presented, with magnetic coronal models, a decreasing

�
for an increasing

��
[where

���� �" & � .TJMLHL &
	 ��� ].
It is out of the scope of this paper to judge and discrim-
inate various coronal models, and we simply adopt the
prescription by Merloni & Fabian (2002):6 Based on their
Fig. 1, the ratio of the coronal power-law X-ray lumi-
nosity to the total bolometric one is assumed to be pro-
portional to

�� �R7HG � " �Q7UG 7��$�%
. The X-ray luminosity is nor-

malized so that the disk-corona model is consistent with
the observed � ��� of Ton S 180 (Turner et al. 2002) and
PG 1448 (Kawaguchi et al. in prep.), 7 and the X-ray

6Their model is in principle limited to sub-Eddington accretion rate
( ��� ��� ). However, the ����� -dependency of � found for sub-
Eddington rates are likely valid also for super-Eddington rates, since
the � ��� -dependency of physical quantities in super-Eddington disks
is identical to that of the standard disk (e.g., Fukue 2000).

7Their � ��� and �� are estimated to be B ������� � ��� ��� and
B ���'�'� , respectively (Kawaguchi, Pierens, & Huré, 2004; Kawaguchi

power-law index � is assumed to be a constant. Opti-
cal and bomoletric luminosities for various

��
and
" $�%

are taken from disk models of Kawaguchi (2003) with a
constant viscosity parameter � of 0.01. The results are
shown in Figure 1.

Firstly, Figure 1 shows that the slope of the regression
line by Vignali et al. 2003 (  � ��� &  	�
� � �"! W �-1 2 ) can
be explained by changing

" $-%
with a fixed

��
. Given

a larger
" $�%

, an accretion disk becomes cooler, shining
at longer wavelength (optical) with smaller ����� . On the
other hand, a smaller

" $�%
tends to make the disk shine

at shorter wavelength (e.g., UV), and hence with larger� ��� . In other words, accretion disk models predict that
bolometric luminosities are not necessarily in proportion
to optical luminosities, as emphasized in Hosokawa et
al. (2000,

�
2.3.1). Actually, Collin & Kawaguchi (2004)

showed, by using the data of X-ray selected AGNs ob-
tained by Grupe et al. (2004), that optical luminosities
roughly scale as . 7UG �# ��$ .
Secondly, the deviation of ����� from the regression re-
lation seems to be controlled by

��
. This disk-corona

model turns out to cover the distribution of most of the
plotted objects (except for the X-ray weak ones, as dis-
cussed below). A large offset of � ��� happens when

��
changes from 100 to 1000, where the bolometric lumi-
nosity increases very little due to saturation of disk emis-
sion by photon trapping (Abramowicz et al. 1988; Begel-
man 1978), while the optical luminosity continues to in-
crease since the outer region of the disk, responsible for
optical emission, is still outside the photon trapped re-
gion (see Kawaguchi 2003). Observational data seem to
support this trend. Wang, Watarai & Mineshige (2004)
pointed out that the ratio of X-ray (2–10 keV) luminos-
ity over optical luminosity is anticorrelated with the ratio
of optical luminosity over Eddington luminosity. (Note,
however, that the anticorrelation is trivial if the 2–10 keV
luminosity is roughly in proportion to the BH mass.)

Finally, it is now clear that the X-ray weak objects are
located outside the region predicted by this simple disk-
corona model. The X-ray weakness could be originated
in either (i) an extremely large

��
(
� 2U�����

), or (ii) an ex-
tremely low energy dissipation rate at the corona,

�
(by

some unknown physical mechanisms). Let us go back
again to the case of PHL 1811. Its H

	
width and optical

luminosity imply (Kaspi et al. 2000; Wandel et al. 1999)
that its BH mass is around

2S� � G I to
2U� � "&% . Based on

the spectral model in Kawaguchi (2003, Fig. 11), the op-
tical luminosity and inferred BH mass indicate

��
to be

between 100 and 1000. Therefore, at least for this object,
the hypothesis (i) with an extremely large

��
(
� 2U�����

)
is not likely. Although the second interpretation (ii) is
favored, the physical reason behind very low

�
is still

unclear. Frequency of the X-ray weakness (this study),
a search for common properties of X-ray weak objects,
and detailed observations of the X-ray weak objects who
transient between X-ray weak and X-ray normal regimes
will help to understand what is going on there. Theoret-

2004).
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ical investigations on a corona above a super-Eddington
accretion disk are also insufficient.
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ABSTRACT

The genesis of spheroids is central to our understanding
of galaxy formation. They contain half of the stellar mass
of the Universe, and almost all of the black hole mass.
According to galaxy formation models, cluster ellipticals
form in high density regions through hierarchical merg-
ing of gas-rich subcomponents at early epochs. We have
used X-ray absorbed QSOs at z 2-3 to signpost these re-
gions, and found 2 proto-clusters of ultraluminous star-
burst galaxies using submm observations. If these ob-
jects are to evolve into elliptical galaxies, they should
contain growing massive black holes. These regions of
widespread collapse therefore represent a unique labora-
tory within which we can study the complete sequence of
early AGN evolution.

As part of a detailed multiwavelength ongoing pro-
gramme, we have used XMM-Newton and Spitzer to
search for these buried AGN, and determine the evolu-
tionary stage of the galaxies in the proto-clusters. Our
observations provide a powerful test for models of black
hole growth in galaxy bulges.

Key words: X-rays; submillimetre; Galaxies: active; Star
formation.

1. INTRODUCTION

There is mounting evidence in favour of a physical rela-
tionship between the growth of the spheroids of galaxies
through star formation and the growth of supermassive
black holes (SMBH) through accretion: most (if not all)
galaxies seem to host a supermassive black hole (Yu &
Tremaine 2002), and the mass of the galaxy spheroid and
the mass of the SMBH are strongly correlated (Merritt &
Ferrarese 2001). The cosmic evolutions of the star forma-
tion and AGN emissivity follow similar trends, growing
from 	 ��
 to 	� � , and then stabilizing or decreas-
ing (the so called Madau plot, see e.g. Silverman et al.
2005). All this evidence shows that supermassive black

holes may be a natural by-product (even a necessary one)
in the process of galaxy formation.

In this context, direct studies of objects in the process of
building simultaneously their star populations and their
central SMBH are essential in order to understand the
mechanisms involved, and the possible feedback effects.

Star formation is normally associated with thick molec-
ular clouds that absorbs most of the UV-optical-NIR ra-
diation, which is re-emited in the FIR-submm where it
escapes unimpeded from all but the thickest environ-
ments. This has been confirmed by the detection of Ul-
tra and Hyper Luminous Infrared Galaxies (ULIRG and
HLIRG, respectively) by IRAS, in which star formation
seems to dominate the bolometric emission, although
it is uncertain how many of them are also AGN pow-
ered (Sanders & Mirabel 1996, Rowan-Robinson 2000).
The K-correction at 850 � m is strongly negative for
thermal dust sources, cancelling the cosmological dim-
ming (Blain & Longair 1993). The transparency of the
star forming environment, and the negative K-correction,
favour strongly the FIR and the submm as the spectral
windows with which to study star formation over the
course of cosmic history.

Accretion onto SMBH produces copious X-ray emission,
the hardest part of which (at energies above 2-10 keV)
can also escape from very obscured environments. The
presence of such very heavily obscured AGN is required
by the spectrum of the X-ray Background (XRB, Fabian
& Iwasawa 1999), and is assumed by all models for the
XRB (Gilli et al. 2001), which also require that most
accretion power in Universe is absorbed. Indeed, some
of them even identify the material responsible for the X-
ray absorption as strongly star-forming material (Fabian
et al. 1998).

It is then clear that a combination of FIR/submm and
hard X-ray observations has the potential to yield direct
insights into the very core of the star forming and BH
feeding regions, helping to quantify their mutual relation-
ship. Here, we report our work in the past few years on
submm, mid-IR, near IR, optical and X-ray observations
of a sample of QSOs. In Section 2 we define the sam-
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Figure 1. 850 � m flux vs. 	 for our sample of 19 X-ray absorbed (left) and unabsorbed (right) QSOs. The solid line is the
expected flux from Mrk 231 (a nearby submm luminous X-ray absorbed QSO) if it were viewed at redshift 	

ples of X-ray absorbed and unabsorbed QSOs we have
used, then in Section 3 we present the submm photome-
try results on those two samples. The results of submm
imaging around some of the X-ray absorbed QSOs are
shown in Section 4, and we discuss the possible nature of
the submm sources appearing around those QSOs. The
available XMM-Newton observations are briefly summa-
rized in Section 5 (for a full account see Page et al. 2006,
this volume). Finally, the ensemble of results are dis-
cussed and interpreted in the framework of a hierarchical
evolution of spheroids in Section 6.

2. SAMPLE SELECTION

We have assembled two similarly sized samples of broad
line QSOs, with similar redshift distributions ( ��� 	���

) and soft X-ray luminosities ( �����
	����� ������� � ������	������
��! 
), where the bulk of the QSO luminosity density was

produced (Page et al. 1997, Miyaji et al. 2001). Most of
the objects in both samples are expected to be radio quiet,
since the ratio between radio quiet and radio loud objects
in the above intervals is 15 to 1 (Ciliegi et al. 1995).

The key difference between the two samples is that one
of them is composed of 20 QSOs without absorption in
their X-ray spectra, as are most soft X-ray selected AGN
(Mateos et al. 2005). The 19 QSOs in the other sam-
ple show Compton-thin absorption in their X-ray spectra
(Page et al. 2001a). This is in itself rather surprising,
since, within unified models for AGN, the material ob-
scuring the central regions is located in a geometrically
and optically thick torus, which should block both the X-
ray and broad line emitting regions. We will propose a
possible way out of this contradiction in Section 5.

Again within the Unified model for AGN, the difference
between both samples should be due simply to geometry,
hence it would be expected that isotropic properties (such
us the submm emission from heated dust) is identical be-

tween both samples.

3. SUBMILLIMETER PHOTOMETRY

We have performed SCUBA photometry at 450 and
850 � m (Page et al. 2001b, Page et al. 2004, Stevens
et al. 2005) of both samples of objects, finding that 8 out
of 19 absorbed QSO were detected at 3 " in 850 � m (all
at 	$#%� �!& ), while only 1 of the 20 unabsorbed QSOs was
detected (Fig. 1). This difference is significant at # � " ,
increasing to #('�" if only 	)#*� � & sources are consid-
ered. This difference is completely at odds with the uni-
fied models. There must be some physical relationship
between the absorbed nature of some of the QSOs and
their submm emission.

We have calculated the FIR luminosity of these ob-
jects from their observed submm flux using the SED of
Mrk 231 (a nearby X-ray abs. Ultra Luminous Infrared
Galaxy -ULIRG-) as a template. With this recipe, all the
detected absorbed QSO are ULIRG. But, what is the ori-
gin of this FIR emission? Could it be due to dust heated
by the QSO?

To answer this question, we have also estimated the bolo-
metric luminosities of the QSO, scaling from their soft
X-ray luminosities using the QSO template from Elvis et
al. (1994). In four of our submm detected absorbed QSO
the FIR emission is larger than their bolometric QSO lu-
minosities, in three other objects it is greater than fifty
percent, and in the last one it is around thirty percent
(Stevens et al. 2005). We conclude then that most of their
FIR emission must come form dust heated by starburst

Their detection as strong X-ray and FIR emitters shows
that these objects are building up simultaneously their
stellar populations and their central SMBH. The deduced
star formation rate (Kennicut 1998) is higher than 1000
M + /y, sufficient to build a substantial fraction of a galaxy
spheroid in only a few 100 Myr.
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Figure 2. Submillimeter imaging of the field around RX J094144.51+385434.8. The left-hand panel shows the SCUBA
850 � m image (diameter � 150”, resolution 14.8”). The middle panel shows the corresponding 450 � m image (diameter
� 120”, resolution 8.5”). The right-hand panel shows a signal-to-noise image (1.5’ � 1.0’) at 450 � m (greyscale with
black contours at 2, 3, 4 and 5 " ) overlayed with the 850 � m signal-to-noise contours at 2, 3, 4, 5, 6, 7 and 8 " . The optical
position of the QSO is marked with a cross on the left-hand and middle panels.

In addition, we have only detected absorbed QSO as
submm sources at 	 # � � & , it is then interesting to check
whether they also show significantly higher star forma-
tion rates at higher redshifts as radiogalaxies (Archibald
et al. 2001). In the full sample of absorbed QSOs
both ������� and �  are correlated with 	 , and between
them. If we pick up a subsample of absorbed QSO with'�' �!&�� ����� �  	
	�� ������ � ' & , over which their ����� � 
is not correlated to 	 (Stevens et al. 2005), � ����� is still
correlated with 	 , but not with �� . Therefore, X-ray ab-
sorbed QSOs had higher FIR luminosities (and hence star
formation rates) in the past.

4. THE ENVIRONMENTS OF THE ABSORBED
QSOS

As part of an ongoing programme to obtain SCUBA
submm imaging in regions ( � 2 arcmin diameter) around
our submm-brighter absorbed QSO, we have found
strong overdensities of submm sources around two of
them: RX J094144.41+385434.8 (Stevens et al. 2004)
and RX J121803.82+470854.6 (Stevens et al., in prepa-
ration).

The sky density of submm sources around the first one is� � ' � 
�� � arcmin ��� , an order of magnitude higher than
in empty fields (Smail et al. 2002), with a probability of
a chance superposition of field objects of � � 
 ��� . This
provides very strong evidence that the companion galax-
ies lie at the same redshift and in the same structure as
the QSO. If this were the case, the chain of six submm
sources detected in this field would form a � 400 kpc long
filament. Each one of them would be itself an ULIRG
producing stars at a rate sufficient to build a massive
spheroid in less than a Gyr. Some of these sources present
complex submm morphologies, indicative of major merg-

ers. Very few of them are detected in X-rays, so they must
be heavily obscured if they contain AGN.

We have obtained multiwavelength imaging around those
two (and other) QSOs, including � , � , � , � and Spitzer
4.5 � m, 8 � m and 24 � m images. We are still analysing
them to get photometric redshifts for the detected op-
tical/IR sources, and hence decide which are the most
likely counterparts to the submm sources, and to look for
structure at the redshift of the central QSO (Ebrero et al.
2006, in preparation). The galaxies closer to the submm
sources are mostly faint EROs with ��� �! and � # � '
(Stevens et al. 2004). In Fig. 3, we show � and 450 � m
SNR contours over Spitzer 4.5 and 8 � images, showing
that some of the submm sources have Spitzer but no � -
band counterparts. This probably means that the corre-
sponding galaxies are highly dusty and heavily obscured,
contain buried AGN, or both.

5. XMM-NEWTON OBSERVATIONS

We have so far XMM-Newton AO-4 data for three of
our absorbed QSOs. Preliminary analysis of the coadded
MOS+pn spectra (Page et al. 2006, this volume) show
that they can be fit by flat simple powerlaws ( "��*� � ' ),
much flatter than the “canonical” " � � AGN slope
(Mateos et al. 2005). Cold absorption of a canonical
spectrum is rejected for two of them, while ionized ab-
sorbers with that slope, �����$# � � and column densities
� � 
 �%�'& ( � � 
 �%)'& ( cm ��� are acceptable fits. With these
conditions, the absorbers probably originate within the
AGN.

Dust (responsible for the optical and UV extinction)
would not survive in such ionized X-ray absorbers, solv-
ing thus the apparent contradiction between the presence
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Figure 3. Left: Spitzer 4.5 � m image ( �(	������ � ) with � (green -light in greyscale-) and 450 � m (red -dark-, 2, 3, 4, 5 " )
contours. Right: Spitzer 8 � m image (scale and contours are the same as in the left panel).

of broad optical/UV lines and strong X-ray absorption
within the unified model for AGN (see Page et al. 2006
for a longer discussion).

6. DISCUSSION AND CONCLUSIONS

We have found that X-ray absorbed QSO are strong FIR
emitters, while unabsorbed QSOs are not. We have
shown that the FIR emission must come from star for-
mation, implying that unabsorbed QSO hosts are already
formed, while absorbed QSOs are still actively form-
ing stars. At the same time, the BH masses deduced
from the X-ray luminosities of the absorbed QSOs are#(� 
�� M + , showing that their BH are already relatively
mature. From the relative densities of absorbed and unab-
sorbed QSOs we infer (Page et al. 2004) that the duration
of the absorbed phase is � 15% of the duration of the un-
absorbed phase. Finally, there is merger-induced activity
in (and around) some of our absorbed QSOs, which seem
to inhabit high-density regions of the Universe.

From the above, plus the fact that star formation in ab-
sorbed QSOs was stronger in the past, we conclude that
the absorbed phase must precede the unabsorbed phase,
and star formation and mergers must have something to
do with it.

This can be interpreted as an evolutionary sequence
within a joint spheroid/QSO evolution in a hierarchical
clustering scenario (see Fig. 4, Granato et al. 2004, Silk
& Rees 1998, Fabian 1999, Di Matteo et al. 2005): the
more massive dark matter halos collapse earlier, giving
rise to collisions and mergers, which channel material to
the center, triggering star formation and feeding the cen-

tral BH. This material obscures strongly the optical, UV
and X-ray emission, while the heated dust emits FIR ra-
diation which escapes unimpeded.

As star formation progresses, the FIR emission in-
creases, reaching ULIRG luminosities, at which stage
these sources could be the bulk of the submm galaxy pop-
ulation discovered by SCUBA (Smail et al. 1997). At the
same time the BH keeps growing, reaching Seyfert-like
X-ray luminosities (like the objects detected by Alexan-
der et al. 2005, and discussed by Borys et al. 2005), with
signatures of buried AGN in their optical spectra (Chap-
man et al. 2003).

Still forming stars vigorously, the central BH of these ob-
jects will eventually reach QSO luminosities. The QSO
radiation and star formation processes start sweeping out
circumnuclear material, reducing gradually the absorp-
tion and the rate of star formation, and giving rise to prop-
erties very similar to our absorbed QSOs, or BAL QSOs
in slightly later stages (Fabian 1999).

Eventually, the bulk of the circumnuclear material is
swept away, leaving a fully grown naked QSO “living
off the rents”, with a passively evolving stellar popula-
tion, like the “standard” unabsorbed QSOs. Eventually
the QSO exhausts its fuel reservoir, leaving a dormant
SBMH in the center of a “normal” galaxy, like the ones
seen in the local Universe.
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Figure 4. Joint spheroid/QSO evolutionary sequence: Top-left: Heavily obscured growth of BH, with strong star forma-
tion emitting in FIR. Top-right: Star formation reaches ULIRG luminosities, while SMBH reaches Sy-like luminosities,
still heavily obscured. Bottom-left: Obscured QSO-like luminosities of SMBH and strong star formation (our absorbed
QSO). Bottom-right: Most of the circumnuclear material is swept away, leaving a naked QSO with passively evolving
spheroid (standard unabsorbed QSO), which eventually becomes a “normal” galaxy with a SMBH in its centre.
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TYPE II QUASARS IN THE MOST LUMINOUS GALAXIES

K. Iwasawa
Institute of Astronomy, Madingley Road, Cambridge CB3 0HA, UK

ABSTRACT

An X-ray investigation of Type II active nuclei hosted
in the hyperluminous infrared galaxies (HLIGs) is pre-
sented. Two classical HLIGs discovered in the IRAS
survey, IRAS 09104+4109 and IRAS F15307+3252, are
found to share many properties: 1) The active nuclei are
absorbed by Compton-thick obscuring matter, and pow-
ered by well-grown (billions solar mass) black holes;
2) The large infrared luminosity appears to be due to
hot/warm dust heated by the hidden active nuclei; 3) Both
galaxies resides in a rich environment and are very lumi-
nous. In comparison, the HLIGs might be fundamemn-
tally different from the local lower luminosity counter-
parts, ultra-luminous infrared galaxies (ULIGs) in their
formation. The rich environment suggests that it could be
a necessary condition to form the most luminous quasars,
and their relation to high redshift radio galaxies is dis-
cussed briefly.

Key words: LATEX; ESA; X-rays.

1. INTRODUCTION

The hierarchical assembly in a cold dark matter halo and
the apparent relation between massive black holes and
their host galaxy spheroids predicts that most luminous
quasars (or most massive black holes) would reside in a
rich environment such as a galaxy cluster.

It is expected that the early growth of a massive black
hole occurs in a dense gaseous environment where star
formation is likely to take place at the same time. An ac-
tive nucleus powered by such a black hole will therefore
be observed as an obscured (or Type II) active nucleus.
In this context, Type II quasars are part of the evolution-
ary phase of massive black holes, followed by the optical
quasar phase after blowing away the obscuring material
(e.g., Sanders etal 1988). On the other hand, as in the
unification scheme for the two types of Seyfert galaxies
(e.g., Antonucci & Miller 1985), the orientation effect
may make a quasar nucleus to manifest itself as a Type

Figure 1. The energy distribution of IRAS 09104+4109 in
the X-ray band derived from the Chandra and BeppoSAX
observation. The unresolved nuclear component is plot-
ted in the Chandra bandpass. The energy scale has been
corrected for the galaxy redshift.

II quasar if there are dense clouds in a toroidal form lying
along the line of sight.

We take hyper-luminous infrared galaxies (HLIGs) with
infrared luminosities in excess of 10

13L¯ as a sub-class
of the most luminous galaxies, and investigate the Type
II quasars contained in them in relation with the galax-
ies themselves and their environments. The X-ray re-
sults on the two classical, IRAS-selected HLIGs, IRAS
09104+4109 (z = 0.44) and IRAS F15307+3252 (z =

0.93), and their remarkable similarities are discussed in
detail. For calculating luminosities, we adopt the cur-
rently popular cosmology with H0 = 70 km s−1 Mpc−1,
ΩM = 0.27 and ΩΛ = 0.73.

2. X-RAY DATA

2.1. IRAS 09104+4109

This HLIG has been known to be the central galaxy of a
rich cluster at z = 0.44 since its discovery (Kleinmann
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Figure 2. The X-ray spectrum of IRAS F15307+3252
obtained from the XMM-Newton EPIC cameras (the pn
and MOS data are plotted separately). The soft X-ray
emission is probably due to the extended cluster emission
while the emission peaking in the 3–4 keV band is mostly
due to Fe Kα.

et al 1988). Extended thermal X-ray emission due to the
intracluster medium (ICM) has been imaged by ROSAT
(Fabian & Crawford 1995) and the Chandra X-ray Ob-
servatory (Iwasawa et al 2001). The ICM has a virial
temperature of kT ' 7 keV with a cooling core of which
temperature drops to 2-3 keV towards the cluster centre.
The bolometric luminosity of the cluster medium 3×10

45

erg s−1 makes IRAS 09104+4109 one of the most lumi-
nous clusters (Allen 2000). The point-like active nucleus
is hard in X-ray colour and resolved only with Chandra.
The spectrum of the nucleus is characterized by a strong
Fe Kα emission at 6.4 keV, and together with the hard X-
ray detection with the BeppoSAX PDS (Franceschini et
al 1999), indicates a Compton thick nucleus (Fig. 1). The
absorption-corrected 2–10 keV luminosity is estimated to
be ×10

45 erg s−1. With a bolometric correction appro-
priate for quasars (e.g., Elvis et al 1994), the obscured
active nucleus is likely to power most of the bolometric
luminosity of this galaxy.

2.2. IRAS F15307+3252

The first X-ray detection from this more distant (z =

0.926; Cutri et al 1994) galaxy was made with XMM-
Newton (Iwasawa et al 2005, and the details are therein)
following no detection with the previous X-ray telescopes
(Fabian et al 1996; Ogasaka et al 1997). While the data
collected from total exposure times of 21 ks and 33 ks
from the EPIC pn and MOS detectors, respectively, from
three observations are still noisy, they show clear detec-
tion of soft X-ray emission up to 2 keV and strong Fe
Kα emission, redshifted to the 3–4 keV band (Fig. 2).
The photometric study combining the both EPIC cameras
shows a drop-out in the 2–3 keV band and 4σ detection
in the observed 5–10 keV band (Fig. 3). The Fe K line
infers reflection from cold matter.

Figure 3. The X-ray images of IRAS F15307+3252 in the
four energy bands, clockwise from upper left: 0.5–2, 2–3,
5–10 and 3–4 keV. The size of the each image is 5 × 4.5
arcmin2.

In the absence of any transmitted emission from the cen-
tral source, the central source is hidden behind an ab-
sorber with a column density larger than 10

24 cm−2. For
the luminosity of the hidden source, we estimate the X-
ray luminosity required to produce the Fe K luminosity
≈ 4 × 10

43 erg s−1 through reflection from cold slab ex-
tending over 2π in solid angle. The value is ≥ 1 × 10

45

erg s−1, which infers the bolometric luminosity of the
active nucleus being at least a few times of 10

46 erg s−1.
This estimate suggests that a significant fraction of the
total luminosity can be attributed to the hidden active nu-
cleus.

An unexpected but possibly important finding is an ex-
tension of the soft X-ray emission. The image at ener-
gies below 2 keV is significantly broader than the point
spread function and its intrinsic extension is 21±5 arcsec
in FWHM, corresponding to 85 kpc in radius at the dis-
tance of the galaxy. Fitting a thermal emission model to
the spectrum below 2 keV gives a temperature of 2.1+0.6

−0.4
keV. The bolometric luminosity of this component is es-
timated to be 1 × 10

44 erg s−1. These values lie on the
L-TX relation of galaxy clusters (e.g., Fukazawa et al
2004). Combinied with the large source extent, the soft
X-ray emission may well be due to ICM of a poor cluster.
The optical image of the region around the HLIG shows
some evidence of galaxy overdensity (Fig. 4).

3. DISCUSSION

3.1. Common properties

The previous optical spectropolarimetry have already
revealed a hidden broad-line regions both in IRAS
09104+4109 and IRAS F15307+3252 (Hines et al 1995).
The hidden active nuclei are found to be both Compton
thick by the X-ray observations, and they are likely to
dominate the energetics of these HLIGs. Their black hole
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Figure 4. The HST/ACS image of the 1×1 arcmin2 region
around IRAS F15307+3252, taken through the F814W
filter (rest-frame blue). North is up and east to the left.
A chain of small galaxies 11–15 arcsec (∼ 100 kpc at
z = 0.93) lies to the sourth of the IRAS galaxy, which is
reminiscent of Markarian’s chain of galaxies in the Virgo
cluster.

Figure 5. Left: The HST WFPC2 image of IRAS
09104+4109 with the F814W filter. Right: The HST ACS
image of IRAS F15307+3252 (zoom-up of Fig 4).

masses are estimated to be 3×10
9M¯ and 1.3×10

9M¯,
respectively, using the MgII widths seen in the polarized
light and the UV luminosities (McLure & Jarvis 2002).
They are efficiently accreting at a large fraction of the
Eddington limit. The radio sources are moderately pow-
erful in both galaxies and most likely associated with the
active nuclei (Kleinmann et al 1988; Hines & Wills 1993;
Drake et al 2003).

The optical images of the two galaxies show well-
developed spheroids of a giant elliptical with evidence
of minor mergers which lead to the somewhat disturbed
morphology (Fig. 5). They are quite luminous in optical
(e.g., MI = −26.4 for F15307, Farrah et al 2002) com-
pared to the average quasar hosts. There is little evidence
for a large reservoir of cold gas, as suggested by no detec-
tion of CO (Evans et al 1998; Yun & Scoville 1998) and
no detection with SCUBA (Deane & Trentham 2001).
This means that a gaseous/dusty condition envisaged for
forming galaxies such as high-z SCUBA sources does not
apply, and the large X-ray absorbing column and the high
accretion onto the black holes are supplied by the gas at
small radii in the nuclear region rather than cold gas dis-
tributed on the galactic scale. Such cold gas has perhaps
been exhausted already after forming stars and/or been
expelled by mechanical outflow from the central active
nucleus. Cold dust with a temperature around 40 K, typ-
ically found in star-forming local ULIGs, are not present
in large amount in these galaxies (Deane & Trentham
2001). The dust reradiation responsible for the lumi-
nous infrared emission is predominantly due to hot dust,
presumably heated by the hidden active nucleus, which
peaks in the mid infrared band.

P09104+4109 has been considered peculiar among lu-
minous infrared galaxies, being the central galaxy of a
rich cluster, since local ULIGs do not usually reside in a
rich environment (Sanders & Mirabel 1996). However, if
the possible poor cluster around F15307+3252 suggested
by the extended X-ray emission is confirmed, the two
earliest examples of HLIGs are found to be in a clus-
ter environment. This means that they are located in a
massive dark matter halo, the masses of which are esti-
mated to be in the range of 10

1
4M¯ to 10

1
5M¯ from the

temperature-mass relation for clusters (e.g., Finoguenov
et al 2001). The galaxies probably grew by the accretion
of other galaxies in the respective dark matter halos, and
they seem to have a well-grown black hole emitting at
the quasar luminosity, as discussed above. In the absense
of large amount of cold gas, the classification of Type II
quasars is likely to be due to the orientation effect and the
central sources are expected to be identical to normal (but
powerful) quasars (e.g., Hines et al 1995).

Many pieces of evidence point to that the most massive
(≥ 10

9M¯) black holes are formed early (z ≥ 3, Mer-
loni 2004) probably behind heavy obscuration of dense
gas. Both quasar activity and star formation in the uni-
verse peak at around z = 2 (e.g., Hasinger et al 2005),
but the assembly of cluster central galaxies through hi-
erarchical merging continues afterward. Since star for-
mation induced by minor galaxy mergers does not appear
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to contribute significantly to the final mass of the cen-
tral galaxies (e.g., Concelice et al 2001), it is expected in
those systems that cold gas has been exhausted by vigor-
ous star formation by z ∼ 2 and the black hole has grown
fully (to the mass of ∼ 10

9M¯) even before. Therefore,
for the two HLIGs with z ≤ 1 we studied, the observed
common properties are in agreement with the above sce-
nario.

At least these two HLIGs differ significantly from local
ULIGs in all apsects of the massive black holes, galaxies,
and environments, and they are probably fundamentally
different in formation process. As seen in these cases,
massive dark matter halo may be one of the necessary
condition to produce the most luminous quasars (and also
giant ellipticals). As previously suggested by, e.g., Gen-
zel et al (2001), the local ULIGs will not evolve into such
extremely luminous objects.

3.2. Relation to high-z radio galaxies

Radio galaxies found at high redshift are considered to
be a sign post of massive dark matter concentration. Two
radio galaxies at z > 3, B2 0902+34 (z = 3.4) and
4C+41.17 (z = 3.8), which are found to be HLIGs
(Huges, Dunlop & Rawlkings 1997; Rowan-Robinson
2000), have been detected in X-ray (Fabian et al 2002;
Scharf et al 2003). They are, of course, powerful ra-
dio sources. While no clear galaxy overdensity is ob-
served, large rotation measure is observed in both objects.
Since strong Faraday rotation is often associated with
nearby, strong cooling flow clusters (e.g., Carilli 1995),
they might be in a proto-cluster. Unlike P09104+4109
and F15307+3252 at lower redshift, evidence for large
amount of cold gas have been reported for both galaxies.
At this high redshift, the central black hole may be still
in its growth phase, and its activity is of great interest.
As shown in Table 1, while they show similar infrared
luminosities, observed X-ray luminosities of their nuclei
are vastly different: the active nucleus of B2 0902+34
shows strong absorption in the X-ray spectrum, but the
quasar luminosity in the X-ray band suggests that a effi-
ciently accreting 10

9M¯ black hole is already in place in
this object (Fabian et al 2002). The weak X-ray nucleus
in 4C+41.17 indicates that, if a similarly massive black
hole is present, the accretion mode must be radiatively
inefficient, most likely dominated by jets. Besides the
black hole growth, as proposed by Churazov et al (2005)
as in the galactic black hole sources, switching between
the two different accretion modes may be occuring in
the course of black hole evolution, for which a statisti-
cal study will be required to investigate it quantitatively.
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Table 1. Infrared-Hyperluminous radio galaxies. ∗The
absorption-corrected nuclear luminosities.

Galaxy z log LIR log L∗
X

B20902+34 3.4 46.74 45.60
4C+41.17 3.8 46.97 43.95
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ABSTRACT

We present a sample of 8 Seyfert 2 galaxies observed by
HST, Chandra and XMM-Newton. All of the sources
present soft X-ray emission which is coincident in ex-
tension and overall morphology with the [O III] emis-
sion. The spectral analysis reveals that the soft X-ray
emission of all the objects is likely to be dominated by
a photoionized gas. We tested with the code CLOUDY a
simple scenario where the same gas photoionized by the
nuclear continuum produces both the soft X-ray and the
[O III] emission. Solutions satisfying the observed ratio
between the two components exist, and require the den-
sity to decrease with radius roughly like ����� , similarly to
what often found for the Narrow Line Region.

Key words: galaxies: Seyfert - X-rays: galaxies.

1. THE SAMPLE

The sample consists of all the Seyfert 2 galaxies included
in the Schmitt et al. (2003) catalog, with a Chandra ob-
servation, with the only exclusion of NGC 1068, which
has already been extensively studied. On the other hand,
we added another source, NGC 5643. All the sources
have also an XMM-Newton RGS observation, except for
NGC 5347.

2. ANALYSIS

2.1. Imaging

Figure 1 shows the contours of the Chandra soft X-ray
emission superimposed on the HST [O III] images, for
all the sources in our sample. The coincidence between
the soft X-ray and [O III] emission is striking, both in the
extension and in the overall morphology. Unfortunately,
the lower spatial resolution of Chandra with respect to

HST does not allow us to perform a detailed comparison
of the substructures apparent in the latter.

2.2. Spectral analysis

The spectral analysis of the sources suggests that the most
likely origin for the soft X-ray emission is in a gas pho-
toionized by the nuclear continuum. In spectra with CCD
resolution, a ‘scattering’ model (a powerlaw plus emis-
sion lines) is to be preferred to a ‘thermal’ model either
on statistical grounds or because of unphysical best fit
parameters of the latter (quasi-zero abundances). On the
other hand, the RGS spectra are clearly dominated by
emission lines, with a very low level of continuum (Fig.
3, 4, 5). This allows us to easily detect strong emission
lines even in short observations of objects with relatively
low fluxes. The clearest piece of evidence comes from
the 190 ks combined RGS spectrum of Mrk 3, which is
produced in a photoionized gas with an important contri-
bution from resonant scattering.

The other spectra do not have enough statistics to allow
us to draw unambiguous conclusions on any individual
object. The predominance of the forbidden transition of
the O VII triplet is a common feature of all spectra, ex-
cept for NGC 5643. Deeper high-resolution observations
of our sample will be able to confirm whether photoion-
ization by the AGN is indeed the dominant mechanism
responsible for the soft X-ray emission in these objects.

3. PHOTOIONIZATION MODELS

The spectral analysis of the sources in our sample sug-
gests that their soft X-ray spectra are likely dominated by
emission lines produced in a material photoionized by the
central AGN. On the other hand, the striking resemblance
of [O III] structures with the soft X-ray emission favors
a common origin for both components. Therefore, since
the NLR is generally believed to be also produced mainly
by photoionization, we generated a number of models in
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Figure 1. Chandra soft X-ray contours superimposed on HST [O III] images. The contours correspond to five logarithmic
intervals in the range of 1.5-50% (NGC 1386), 5-80% (Mrk 3), 5-90% (NGC 3393), 4-50% (NGC 4388), 0.5-50%
(NGC 4507) and 2-50% (NGC 5347) of the peak flux. The HST images are scaled with the same criterion for each
source, with the exception of NGC 4388 and NGC 4507, whose [O III] emission goes down to the 2% and the 0.1% of the
peak, respectively.
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Figure 2. Same of Fig. 1, but for NGC 5643 (8-80%) and NGC 7212 (1-50%). In the case of NGC 5643, the [O III]
emission goes down to the 0.5% of the peak.

order to investigate if a solution in terms of a single pho-
toionized material to produce the optical NLR and the
soft X-ray emission is tenable. Calculations were per-
formed with version 96.01 of CLOUDY, last described by
Ferland et al. (1998). The adopted model is represented
by a conical geometry, which extends from 1 to 350 pc
from the nucleus, with temperature set by photoioniza-
tion equilibrium under a typical AGN continuum (Korista
et al. 1997). We produced a detailed grid of models, as a
function of the following parameters: ionization parame-
ter U of the illuminated face of the gas; filling factor of
the gas f ; density of the gas ��� . We assume a power-law

radial dependence of the density, ��� � �����
	������ ��� , with�����
(constant density) and varying between 1 and 2.4.

We limit our models to a minimum total column density
of � � � � cm � � .

The ratio between the [O III] ��� ����� line and the soft X-
ray emission (defined as the total flux of the K � and K

�
emission lines from N, O, Mg, S, Si in the range 0.5-2.0
keV) was calculated for each set of parameters. In the
left panel of Fig. 6, each symbol represents a solution in
the  versus � � plane, where this ratio has a value within
2.8 and 11, as observed in our sample. Different sym-
bols correspond to different values of

�
. The net effect

of changing the filling factor is simply a shift of the so-
lutions along the density axis, by a factor equivalent to
the variation in ! , thus reproducing the same total col-
umn density for each set of three parameters constituting
a ‘good’ solution. The solutions occupy well-defined re-
gions in the � �#"  diagram, with those with lower

�
being at larger values of ionization parameters.

The reason for this behaviour becomes clear inspecting
the right panel of Fig. 6, where the [O III] to soft X-ray
flux ratio is plotted as a function of the radius of the gas.
Since  %$&� �('� � � � , all density laws with

�*),+
produce

a gas with a ionization parameter decreasing along with
the distance. In these cases (

�-� ��. / and 1.8 in Fig. 6),
most of the soft X-ray emission is produced in the inner
radii of the cone, while the bulk of the [O III] emission is
produced farther away, where the gas is less ionized. If�%�0+

, the ionization parameter remains fairly uniform
up to large radii, so that the total observed ratio between
[O III] and soft X-ray is constant with radius. Finally, if�213+

, the ionization parameter increases with radius,
so most of the soft X-rays are actually produced at larger
radii, while the [O III] emission line is mostly concen-
trated around the nucleus (cases

�-�4+ . + and 2.4 in Fig.
6). This is the reason why solutions with

�5) ��. / and�617+ . 8 are not plotted in Fig. 6, even if these exist, sat-
isfying the overall [O III] to soft X-ray flux ratio. Their
radial behaviour is radically different from what seen in
Fig. 1 and 2, where both the [O III] and the soft X-ray
emission are produced up to large radii. In particular,
it is worth noting that constant-density solutions are to-
tally unacceptable. A detailed analysis, as presented in
Bianchi et al. (2005, submitted), suggests that the [O III]
to soft X-ray flux ratio observed in the sources of our
sample remains fairly constant up to large radii, thus re-
quiring that the density decreases roughly like � ��� , simi-
larly to what often found for the Narrow Line Region.
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Figure 3. Combined RGS1/RGS2 spectrum plotted in the rest frame of the source (12-25 ˚
�

), for NGC 1386 (17 ks,
F ��� � � �����	� � ��. 
�� � � �('� cgs), Mrk 3 (190 ks, 4.7) and NGC 3393 (14 ks, 2.2).
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Figure 4. Same as Fig. 3, for NGC 4388 (12 ks, 3.4), NGC 4507 (46 ks, 3.3) and NGC 5643 (10 ks, 1.4).
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Figure 5. Same as Fig. 3, for NGC 7212 (14 ks, 0.8).

Figure 6. Left: Each symbol represents one solution in our grid of CLOUDY models that satisfies the condition of total
[O III] to soft X-ray flux ratio in the range observed in our sample, plotted in a three-parameter space  , � � and

�
, i.e.

the ionization parameter and the density at the beginning of the cone of gas (1 pc), and the index of the density powerlaw,
represented by different symbols (triangles:

� � ��. / , diamonds:
� � ��. 
 , stars:

� � + . � , squares:
� � + . 8 ). The

horizontal lines determine the limit corresponding to a total column density of � � � � cm ��� for each index: solutions below
this limit are not plotted. Solutions with

� �7+ . + are not plotted for clarity reasons. The net effect of the filling factor ! is
to shift the density values: the two y axes refer to ! � � . � and ! � � . � � (see text for details). Right: The [O III] to soft
X-ray ratio plotted as a function of the radius of the gas, for different values of

�
, when ����� � � ���

and ! � � . � . The
corresponding values of �����  for these solutions are (from top to bottom): -0.85, -1.15, -1.4, -1.5, -1.6.
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ABSTRACT

The results from massive multiwavelength follow-up
campaigns of X–ray sources discovered in both deep
and shallowChandraand XMM-Newtonsurveys have
revealed a population of X-ray emitting Extremely Red
Objects (X-EROs). We present the results obtained from
the combined analysis of 80 ks XMM-Newton and 90 ks
Chandra observations of a complete sample of optically
selected EROs, with particular emphasys on the rela-
tionship between X-EROs and high luminosity, obscured
quasars (QSO2). We also present several, independent
findings indicating that a large fraction of X-EROs are
hosted among the most massive galaxies at z=1-2, and
thus can be used as lighthouses to investigate the link be-
tween the formation of massive ellipticals and the onset
of AGN activity.

Key words: X–rays: surveys, galaxies: active, galaxies:
Extremely Red Objects.

1. INTRODUCTION

Extremely Red Objects (EROs, R−K>5, Elston et al.
1988), initially detected in near–infrared ground–based
imaging, have the colors expected for high-redshift pas-
sive ellipticals and have been used as tracers of distant
(z> 1) and old spheroids. Reproducing their observa-
tional properties has probed to be extremely challenging
for all current galaxy formation models. However, on the
basis of a number of observational results, it has been
pointed out that high-redshift passive ellipticals are only
one of the various classes of extragalactic sources which
make up the ERO population. Deep VLT spectroscopy
from theK20 survey (Cimatti et al., 2002) has indeed
shown that EROs are nearly equally populated by old,
passively evolving systems and dusty star–forming galax-
ies over a similar range of redshift (z = 0.8− 2 for both
classes) and similar results are confirmed by both colour

selection criteria (Mannucci et al., 2002) and by radio ob-
servations (Smail et al., 2002). A few individual objects
have been also identified as high redshift (z=1–1.5) Ac-
tive Galactic Nuclei (AGN) on the basis of the detection
of strong emission lines in near–infrared and/or optical
spectra (see e.g. Pierre et al. 2001).
A population of optically faint X–ray sources without
any obvious AGN signature in the optical spectrum and
with optical to near–infrared colors typical of high red-
shift ellipticals and starburst galaxies has been revealed in
the deepestChandraand XMM–Newtonexposures (e.g.
Hasinger et al. 2001; Barger et al. 2003; Szokoly et al.
2004). It has been suggested that the AGN population
among EROs has the same X–ray properties of high–
luminosity, highly obscured (NH > 1022 cm−2) Type
2 Quasars (Mainieri et al., 2002; Alexander et al., 2002;
Brusa, 2003). Further support for the result that a sig-
nificant fraction of obscured AGN are hosted in EROs
comes from near infrared observations of X–ray sources
selected on the basis of their high X–ray to optical flux
ratio (X/O> 10, Mignoli et al. 2004): the hosts of lumi-
nous, obscured hard X-ray sources with extreme X/O are
among the most massive spheroids at z> 1.
The observed fraction of AGN among EROs can there-
fore help constraining models for the joint evolution
of supermassive black holes and galaxies bulges (e.g.
Granato et al. 2004; Merloni 2004; Marconi et al. 2005).
Previous studies on the fraction of AGN among the EROs
population, although having deep near–infrared and X–
ray observations (K ∼ 21 − 22 and the Megaseconds
Chandraexposures) were limited in areal coverage (50–
80 arcmin2) and therefore were not suitable for detailed
statistical analyses of the AGN EROs population.
We will briefly discuss how it is possible, combining
near–infrared and X–ray data over a significantly larger
area, to constrain the fraction of AGN EROs in near in-
frared selected samples and the masses of the black holes
powering the X–ray emission in these sources.
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Figure 1. Chandra 0.5-8 keV image of the central region of the Daddi Field, with superimposed the 11 arcmin radius circle
of the XMM-Newton analysis and the deepest region (∼ 450 arcmin2) covered with the K-band photometry (polygon). The
X–ray image has been smoothed with a gaussian filter of 2 pixels. The central region (where the three pointings overlap)
has an effective exposure time of∼ 85 ks.

2. THE XMM-NEWTON SURVEY OF EROS IN
THE DADDI FIELD

2.1. X–ray data

We have started an extensive program of multiwavelength
observations of the largest sample of near–infrared se-
lected EROs available to date (∼400 sources), selected
over a contiguous field of∼ 700 arcmin2 (the “Daddi
field”, Daddi et al. 2000). The sample is complete to a
magnitude limit of Ks ∼19 and the field is covered by
deep optical photometry in the R–band (R∼ 26).
We have obtained with XMM–Newtona total of about
110 ks observing time, splitted in three different point-
ings (Brusa et al., 2005). The area analysed in the present
work is ∼ 380 arcmin2 (see Fig. 1) and covers the re-
gion with a uniform coverage in the optical and near–
infrared bands. The detection algorithm developed for the
Hellas2Xmm survey (see Baldi et al. 2002 for details)
was run on the 2–10 keV (hard band) cleaned events: 60
sources were detected down to a limiting flux of S2−10 ∼
4× 10−15 erg cm−2 s−11. The central (380 arcmin2) re-

1the count rate to flux conversion factor was derived assuming a
power law with photon indexΓ=1.7, absorbed by the Galactic column

gion of the Daddi Field has been subsequently imaged
also byChandra, with a mosaic of 3×30 ks, partially
overlapping observatios. Data were processed using ver-
sion 3.2.1 of the CIAO software and mosaiced with the
mergeall script. The full band (0.5-7 keV)Chandramo-
saic is shown in Fig. 1.

2.2. Optical identifications

At the faint X-ray and optical fluxes probed by the present
survey the identification process of XMM sources is not
straightforward due to the positional uncertainties associ-
ated with the XMM Point Spread Function. In order to
identify the correct optical counterparts and to assess the
statistical significance of the X-ray to optical associations
we have used the “likelihood ratio technique” (Suther-
land & Saunders, 1992). We were able to reliably iden-
tify ∼ 80% of the X-ray sources, while for the remain-
ing ∼ 20% of the sources we were not able to provide
an unambiguous association due to the faintness of the

density in the direction of the field (NH=5×1020 cm−2, Dickey &
Lockman 1990), and weighted by the effective exposure times of the
different EPIC cameras.
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Figure 2. Finding charts in the R–band of 6 out of the
nine X–ray emitting EROs in the Daddi Field. Large open
circles (5′′ radius) are centered on the XMM-Newton po-
sition; small red circles (1′′ radius) mark the proposed
EROs counterparts; green contours represent the Chan-
dra sources.

possible counterparts (R>24) or to the presence of multi-
ple sources, with similar likelihoods of being the correct
identification, within the XMM error circles.
The XMM–Newtonarea analysed in this work includes
257 EROs: 173 EROs withKs <18.8 over∼ 380
arcmin2, and 216 EROs withKs <19.2 in the area in
common with the deeper near–infrared coverage (∼ 300
arcmin2, see Fig. 1). Nine of the 257 EROs which
fall within the XMM–Newtonarea are individually de-
tected in the hard (2-10 keV) band. We checked our
X–ray to EROs associations with the availableChandra
data: all nine XMM–Newtondetected EROs have been
detected also byChandraand in all the cases, thanks to
the much sharper positional accuracy, theChandraX–
ray centroid points unambiguously to the candidate op-
tical counterpart, further assessing the reliability of the
adopted method for the identification of XMM–Newton
sources. The finding charts of 6 X–ray emitting EROs in
the R–band with superimposed the XMM-Newton error
circle (5′′) and theChandracontours are shown in Fig. 2.

3. RESULTS FROM OUR SURVEY

In the XMM-Newtonobservation, the X–ray limiting flux
corresponds to an X–ray luminosity LX ∼ 1043 erg
s−1 for z=1. Thus, the EROs X–ray emission is most
likely powered by AGN activity, and the fraction of AGN
among EROs in the present sample isat least3.5± 1.7%

Figure 3. Fraction of AGN ERO as a function of the K–
band magnitudes, as computed from three different sam-
ples: this work, the Alexander et al. sample (A02) and
the Roche et al. sample (2003). The large errorbars as-
sociated with the A02 and R03 points are mostly due to
the small area covered

(9/257). Conversely, the fraction of EROs among the hard
X–ray population is much higher (∼ 15%).
The fraction of X–ray detected EROs in K–selected sam-
ples has been reported by Alexander et al. (2002; here-
inafter A02) and Roche, Almaini & Dunlop (2003; here-
inafter R03) at different X–ray and K–band limiting
fluxes. Combining the depth of the different samples with
the observed X–ray to optical flux ratios distribution (see
Next Section), it is possible to derive an estimate of the
fraction of AGN EROs amongK–selected samples as
a function of the K–band magnitude only and indepen-
dently from the X–ray limiting fluxes (see Brusa et al.
2005 for details). Figure 3 compares the fraction of AGN
in our sample with those in the A02 and R03 samples and
suggests that the fraction of AGN EROs among the K–
selected EROs population is an increasing function of the
K–band magnitude. The results from hard X–ray surveys
indicate a space density of low–luminosity (1042 − 1044

erg s−1) AGN which is almost two orders of magnitudes
higher than that of high luminosity sources (Fiore et al.,
2003; Ueda et al., 2003). Thus, it is not surprising that
the fraction of AGN EROs increases going toward faint
fluxes (i.e., lower luminosities). It is worth remarking
that the fraction of “active” objects in K–selected EROs
samples can be used to constrain models which link the
formation and evolution of galaxies and AGN (e.g. Mer-
loni 2004).
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Figure 4. left panel: R–band magnitude vs. hard X–ray flux for EROs, serendipitously detected in hard X–ray surveys.
Large filled triangles are the 9 hard X–ray selected EROs of this work; circles correspond to the EROs in the “literature
sample”; squares are sources from theHellas2Xmm survey. As a comparison, BL AGN detected in the CDF–S and
CDF–N surveys are also reported as crosses. The shaded area represents the region typically occupied by known AGN
(e.g. quasars and Seyferts) along the correlation log(X/O) = 0 ± 1. For comparison, we report the result of stacking
analysis performed on the K20 EROs in the CDF–S field not individually detected in the Chandra observation (Brusa et
al. 2002; upper limit at the faintest X–ray flux). Right panel: the same plot but in the K–band.

4. X–RAY TO OPTICAL PROPERTIES

In order to investigate the nature of hard X–ray selected
EROs and the link between faint hard X–ray sources and
the ERO population, we have collected from the litera-
ture a sample of 128 X–ray detected EROs (including the
9 objects previously described). For about half of them
(62/128) photometric or spectroscopic redshifts are avail-
able (data from: Mainieri et al. 2002; Barger et al. 2003;
Willott et al. 2003; Brusa et al. 2005; Crawford et al.
2002; Szokoly et al. 2004; Mignoli et al. 2004). This sam-
ple is by no means homogeneous (e.g. the selection cri-
teria for EROs are slightly different, R-K> 5 or I-K> 4
depending on the authors; or the K–coverage is not com-
plete), but could be considered representative of EROs
individually detected in the X–rays. The R–band magni-
tudes plotted versus the hard X–ray fluxes are reported in
Fig. 4 (left panel): about half of the sources show an X–
ray–to–optical flux ratio (X/O) larger than 10, shifted up
by one order of magnitude from that of broad-line AGN,
confirming independent results from near infrared obser-
vations of X–ray sources selected on the basis of their
high X/O (e.g. Mignoli et al. 2004; Maiolino et al. 2005).
On the contrary, when the X–ray to near–infrared prop-
erties are considered, all the X–ray detected EROs in
the comparison sample occupy a locus which is indistin-
guishable from that occupied by unobscured QSO (Fig. 4,
right panel). This result further corroborates the hypoth-
esis that AGN EROs are obscured quasars.

5. X–RAY PROPERTIES OF AGN EROS

High obscuration in X–ray detected EROs is also re-
vealed in the X–ray band, in agreement with the results
from the optical band.
The average hardness ratio of the hard X–ray detected
EROs in our XMM–Newtonobservation suggests sub-
stantial column densities at the source redshift. We have
quantitatively estimated the intrinsic X–ray column den-
sities for the 62 EROs in the comparison sample with a
reliable spectroscopic or photometric identification. The
results are reported in Fig. 5 (left panel). Almost all of
the individually detected EROs have intrinsic NH > 1022

cm−2, and they actuallyareheavily obscured AGN. This
study confirms previous evidences mainly based on a
Hardness Ratio analysis (A02) and on few isolated ex-
amples (e.g. Stevens et al. 2003; Severgnini et al. 2005),
and unambiguously indicates that large columns of cold
gas (even> 1023 cm−2) are the rule rather than the ex-
ception among X–ray bright EROs.

5.1. EROs and QSO2: a selection criterion

Given the high–redshift (z> 0.8) and the average X–ray
flux (∼ 4×10−15 erg cm−2 s−1) of these objects, it is not
surprising that the majority of X–ray detected EROs have
high X–ray luminosities (LX > 1043 erg s−1). More-
over, according to our analysis, a significant fraction of
them have X–ray luminosities exceeding1044 erg s−1,
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Figure 5. Left panel: Logarithm of the absorbing column density (NH ) versus the logarithm of the unabsorbed X–ray
luminosity in the 2-10 keV band for all the X–ray detected EROs with spectroscopic or photometric redshifts from the
literature sample. Filled symbols are those with X/O> 10 (see text). In the upper right corner the “QSO2 locus” is
highlighted. Right panel: The MBH obtained applying the Marconi & Hunt (2003) relation for the identified EROs versus
the LX . Symbols as in Fig. 4. Filled circles are sources with spectroscopic redshift. The continuous lines represent the
expected correlation between the two plotted quantities for two different assumptions on the bolometric correction and
Lbol/LE=1.

and therefore lie within the quasar regime (see also Sev-
ergnini et al. 2005, and this volume). The large intrinsic
column densities further imply that AGN EROs, selected
at bright X–ray fluxes, have properties similar to those of
QSO2, the high–luminosity, high–redshift Type 2 AGNs
required by X–Ray Background synthesis models (Co-
mastri et al., 2001; Gilli et al., 2001). Among the X–ray
detected EROs, the higher is the luminosity, the higher
is the X–ray to optical flux ratio (filled symbols in left
panel of Fig. 5). This confirms that a selection based on
X/O > 10 is a powerful tool to detect high–luminosity,
highly obscured sources (see Fiore et al. 2003) and it is
even stronger when coupled with a previous selection on
the extremely red colors. Given that the search for QSO2
on the basis of detection of narrow optical emission lines
is extremely time consuming and als already challenging
the capabilities of the largest optical telescopes, all the
findings discussed above support the idea that hard X–ray
surveys coupled with near–infrared observations provide
an efficient method in detecting QSO2.

5.2. The masses and level of activity of X-ray emit-
ting EROs

Indipendent arguments suggest that the near–infrared
emission of X–ray selectedobscuredAGN is dominated
by their host galaxy starlight (see e.g. Mainieri et
al. 2002; Mignoli et al. 2004). Using the correlation
between the bulge K–band luminosity and the BH mass

published by Marconi & Hunt (2003), it is possible to
estimate the masses of the obscured SMBH powering the
X–ray emission of the 62 EROs with redshift information
in the literature sample and the 9 EROs of the present
work for which redshifts and luminosities have been
estimated from the Fiore et al. (2003) relation. The
BH masses have been computed assuming that 1) the
measured K band light is completely due to the bulge
component and therefore the AGN emission does not
significantly contribute to the near-IR light and that 2)
the shape of the Marconi & Hunt (2003) relation does
not significantly evolve with redshift and/or luminosity.
The MBH obtained through a chain of assumptions and
neglecting the uncertainties associated to the observed
relations, are plotted versus the LX in the right panel
of Fig. 5. We note that the presence of a disk or a
residual point–source contribution would lower the bulge
luminosity and in turn the mass determination, that can
therefore be considered as conservative upper limits.
The absorption corrected X–ray luminosity can be trans-
lated into a bolometric luminosity assuming a bolometric
correction factor (Lbol = kbol × LX )2. The continuous
lines in the right panel of Fig. 5 represent the relation
between the BH mass and the X–ray luminosity in the
hypothesis of Eddington limit accretion (Lbol/Ledd = 1)
and for two different values (kbol=10 andkbol=30) of the

2A robust estimate for the bolometric correction (kbol ∼ 30) is
available only for bright unobscured quasars (Elvis et al., 1994); lower
values (kbol ∼ 10–20) appear to better reproduce the observed spectral
energy distribution of Seyfert like galaxies (Fabian, 2004) and of a few
heavily obscured, luminous sources (Comastri, 2004).
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bolometric correction. Despite the large scatter observed
in Fig. 5 – for a given BH mass the corresponding
luminosity ranges up to 2 orders of magnitudes – there
is a clear trend between the X–ray luminosity and
the BH mass; the dispersion can be reasonably well
explained by a spread in the Eddington ratios in the
rangeLbol/Ledd=10−3–100, most of the sources having
Lbol/Ledd > 10−2. Both the BH masses and the Edding-
ton ratios derived above are consistent with a scenario in
which X–ray detected EROs are obscured quasars emit-
ting in a radiatively efficient way, in agreement with the
results of Merloni (2004) and McLure & Dunlop (2004)).
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ABSTRACT

We present the results of a detailed morphological anal-
ysis of three X–ray Bright Optically Normal Galaxies
(XBONGS) detected in the HELLAS2XMM survey and
observed with ISAAC@VLT in theJ and Ks bands.
These sources have relatively high X–ray luminosity and
are associated with galaxies showing no obvious signa-
ture of AGN activity in their optical spectra. In deep
near–infrared observations two out of the three sources
reveal a nuclear point–like excess with respect to the
galaxy starlight.

Key words: active galaxies; X-rays; surveys.

1. INTRODUCTION

One of the most interesting findings of the recent Chan-
dra and XMM-Newtonsurveys consists in the discovery
of luminous (L2−10keV ≃ 1041−43 erg s−1) hard X–ray
sources hosted by normal galaxies whose optical spectra
are relatively featureless (i.e. without any obvious emis-
sion lines likeHα, Hβ, [OIII]; Barger et al. 2001; Co-
mastri et al. 2002). The X–ray luminosities, the X–ray-
to-optical flux ratio1 ranging between that of truly normal
galaxies (X/O∼–2) and that of AGN (X/O∼0) and their
hard X–ray spectra, as inferred from the X–ray colors, all
suggest that some kind of activity is taking place in their
nuclei.

In order to explain the lack of optical emission lines and
the multiwavelength properties of XBONGS, different
interpretations have been suggested:

• Heavy obscuration by Compton–thick gas covering
almost 4π at the nuclear X–ray sources prevents ion-
izing optical and UV photons from escaping, thus

1X/O = log
f

X

f
R

= log fX + C + R
2.5

hampering the formation of the Narrow Line Re-
gions (NLRs). Such a possibility is favoured by Co-
mastri et al. (2002) to explain the multiwavelength
behaviour of P3, the XBONG prototype.

• In a Radiatively Inefficient Accretion Flow (RIAF)
model, a featureless hard X–ray spectrum is ex-
pected, with a negligible contribution in the optical
and UV bands, which are therefore dominated by the
host galaxy stellar light (Yuan & Narayan 2004).

• Diffuse emission, associated with a small group of
galaxies or a close pair, unresolved by XMM obser-
vations.

• Dilution of nuclear emission from the host galaxy
starlight (Georgantopoulos and Georgakakis 2005).
Such an effect might be important if the ground-
based spectroscopic observations are performed
with relatively wide slits (Severgnini et al. 2003), or
the sources are at high redshifts (Moran et al. 2002).

Although some of the above mentioned explanations pro-
vide a good description of the observed properties of a
few objects, the nature of XBONGS is still subject of
debate.

In order to search for weak AGN signatures, we have
pursued an alternative approach which is based on
deep near–infrared (NIR) imaging of relatively bright
XBONGS. In the NIR the nuclear emission (either ob-
scured or reddened) should rise over the stellar light. We
present the results obtained applying the surface bright-
ness decomposition tecnique toJ andKs good–quality
images of a small sample of XBONGS.

2. THE SAMPLE

The sample presented here includes three sources,
serendipitously detected in the 2–10 keV band, from the
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Figure 1. XMM-Newton (pn) spectra of the sources PKS 03120018, PKS 03120017 and Abell 2690013. The X-ray
parameters after fitting the spectra with an absorbed power–law model (PKS 03120018 and PKS 03120017) and with a
thermal model (Abell 2690013) are reported in Table 1.

Figure 2. Optical spectra of the sources PKS 03120018, PKS 03120017 (top) and Abell 2690013 (bottom) taken with the
ESO 3.6m telescope.
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Figure 3.Ks–band images: PKS 03120018, PKS 03120017 and Abell 2690013.The image size is 15”× 15”.

Table 1. X–ray spectral analysis parameters.
id Γ NH (cm−2) χ2

d.o.f

PKS 03120017 2.11+0.82
−0.36

6.86+7.94
−4.58

× 1021 9.6/9
PKS 03120018 2.40+0.62

−0.40
< 2.11× 1021 3.7/11

id kT (keV) − χ2
d.o.f

Abell 2690013 0.75± 0.06 42.5/27

HELLAS2XMM 1dF sample: two objects in the PKS
0312 field (03120018 and 03120017) and one in the Abell
2690 field (2690013). The source redshfits are 0.159,
0.319 and 0.154, respectively. Their X–ray and optical
properties are discussed in Fiore et al. (2003) and Per-
ola et al. (2004). The X–ray spectral parameters are
reported in Table 1 and the spectra are shown in Fig-
ure 1; a careful X-ray analysis will be present in Civano
et al. (2006). The optical spectra (Figure 2) have been
taken with the ESO 3.6m telescope (slit width 1.5”–2”).
The upper limits on the typical AGN optical emission
line [OIII] in our good signal-to-noise ratio spectra are
F [OIII]

5007Å
< 4 × 10−18 erg cm−2 s−1, one order of

magnitude fainter than that expected from the X–ray lu-
minosities for typical AGN emission (see also Cocchia et
al. in prep. and references therein).

3. NEAR INFRARED ANALYSIS

The near–infrared observations have been carried out us-
ing the VLT (Very Large Telescope) with the Infrared
Spectrometer and Array Camera (ISAAC). The ISAAC
images were taken in two near–IR bands (theJ andKs

filters) and were reduced using the DIMSUM2 package,
following standard procedures. Total exposure times for
each galaxy were 600 sec inJ and 1800 sec inKs. The
effective seeing on the final frames ranges between 0.5
and 0.8 arcsec (FWHM). TheKs images obtained for the
three sources are shown in Figure 3.

2Deep Infrared Mosaicing Software, developed by P.Eisenhardt,
M.Dickinson, A.Stanford and J.Ward., and available at the site
ftp://iraf.noao.edu/contrib/dimsumV2

The surface brightness decomposition has been per-
formed with GALFIT (Version 2.0.3b, Peng et al. 2002),
a two dimensional algorithm that extracts structural pa-
rameters from galaxy images combining several analyti-
cal models. The fitting procedure was performed in both
theJ andKs bands which allows to cross-check the re-
sults and search for a possible color trend. In order to
better constrain the galaxy structural parameters, the fit
was first performed in theJ band, where the AGN con-
tribution is resulted to be lower. Then we fitted theKs

band where the AGN contribution (if present) to the total
light is expected to be more important.

For the analysis we proceed as follows. The host galaxy
surface brightness was modeled with a de Vaucouleurs
profile

µ(r) = µe e−7.67[( r

r

e

)
1/4

−1] (1)

where re is the effective radius andµe is the surface
brightness at the effective radius. If a residual emis-
sion in the innermost region is still present after the fit-
ting procedure, we added the contribution of a point-like
source. The latter is modeled by the average profile of
several stars in the field nearby each source. For both
bands we performed the GALFIT analysis without and
with the central unresolved component down to the im-
ages magnitude limit for point-like sources (J(lim)=22
andKs(lim)=21.5).

In two out of the three sources the addition of a nu-
clear unresolved component significantly improves the
statistical quality of the fit. The residual images of PKS
03120018 and 03120017 are shown in Fig. 4 and the fit-
ting results are reported in Table 2. There is no evidence
of a point-like source in Abell 2690013. This result is
consistent with X–ray spectral and spatial analysis: the
X–ray spectrum of Abell 2690013 is well represented by
a thermal model (see Table 1) and the X–ray contours
are suggestive of diffuse emission centered on the optical
galaxy (see Fig. 5).

Once the nuclear component is subtracted, the host
galaxy parameters (mhost, re) and theJ–Ks colors are
in good agreement with theKs–band luminosity–radius
relation (Pahre 1999) and the color for elliptical galaxies
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Figure 4. Residual images (galaxy – model) of PKS 03120018 (bottom) and PKS 03120017 (top) obtained applying a
model without (on the left) and with (on the right) a central unresolved component.

Figure 5. X–ray contours obtained from the 0.5-10 keV adaptively smoothed pn image of source Abell2690013 overlaid
on theKs–band image.
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Table 2. Results of the morphological fit performed in the
Ks band.

id mhost reff (kpc) mnucleus

PKS 03120017 15.25±0.04 5.57±0.80 18.47±0.27
PKS 03120018 15.20±0.01 3.75±0.15 18.07±0.12
Abell 2690013 14.28±0.02 6.76±0.20 −
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Figure 6. Near–infrared color obtained for the AGNs
hosted in PKS 03120018 and 03120017 compared with
literature data.

(Cutri et al. 2000), respectively, lending further support
to the morphological analysis.

The nuclearJ–Ks color of PKS 03120018 and 03120017
is reported in Figure 6 compared with literature data. Red
triangles represent the optically selected quasars with
near–infrared counterparts in the 2MASS (Barkhouse et
al. 2001), the open black squares are the 2MASS se-
lected red quasars from Hutchings et al. (2003) in a
redshift range (0.1< z < 0.3) similar to that of our
sources. Even if affected by large errors, due to the ex-
tremely faintJ–band magnitudes, theJ–Ks colors are
consistent with those of 2MASS red quasars. The tracks
plotted in Fig.6 represent the color redshift relations fora
quasar template (the composite spectrum from the Large
Bright Quasar Survey extended to the near–IR using the
mean radio–quiet quasar energy distribution; Francis et
al. 2001; Elvis 1994). We have included the effect of
internal dust attenuation on the quasar template, using
a dust screen model and the SMC extinction law (Pei
1992). The curves represent different extinction values
(E(B − V )=0, 0.5, 0.8 from bottom to top). At the
face value the best fitJ–Ks color of the nuclei implies
E(B − V ) ≃ 0.8 which corresponds toNH ≃ 5 × 1021

cm−2 for a standard Galactic dust to gas ratio (Bohlin et
al. 1978), in fairly good agreement with the X–ray spec-
tral analysis (see Table 1).

4. SUMMARY

A detailed analysis of deep near–infrared images has al-
lowed us to uncover a weak and red unresolved compo-
nent in the central region of two bright XBONGS. The
red nuclearJ-Ks colors suggest the presence of a mildly
obscured AGN responsible of the observed X–ray emis-
sion. The broad–band properties of two XBONGS are
explained by the presence of a mildly obscured nucleus
hosted by a bright galaxy. The X–ray luminosity of the
third object is most likely due to diffuse emission from
hot gas possibly originating in a galaxy group. A more
detailed analysis of the XBONG multiwavelength prop-
erties, including optical spectral simulations, is currently
underway (Civano et al. 2006 in preparation).
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THE ACCRETION DISK SCALE WARM ABSORBER IN NGC 4051
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ABSTRACT
The warm absorber (WA) of NGC4051 is found to
respond rapidly to the changing continuum in XMM
EPIC-pn data, requiring high densities in the WA gas,
so restricting the WA location
The two components of the WA in NGC4051 –
required by RGS - the ‘low’ and ‘high’ ionization
phases, are determined to lie a few light-days from the
ionizing continuum source, equivalent to 2200-4400
Rg. The implied mass loss rates are a few percent of the
accretion rate. This suggests that AGN winds are not
capable of affecting galaxy-AGN co-evolution.

1. WARM ABSORBERS
Ionized, or ‘Warm’ Absorbers (WAs) are a common
signature of winds in AGNs, seen in both UV and X-
rays for ~50% of AGNs (Crenshaw, Kraemer &
George 2003). Depending on the mass outflow rate of
these winds they may influence their host galaxies,
potentially controlling the ‘co-evolution’ that is
required by the M-σ relation. While we know the line-
of-sight velocity of these winds (~500- ~2000 km s-1),
their mass flux is uncertain by a factor 106, due to our
lack of knowledge of where the wind arises, as the two
are proportional.
Suggested locations range from the kpc-scale narrow
emission line region (Kinkhabwala et al. 2002) , to the
pc-scale obscuring molecular torus (Krolik & Kriss
2001), to the ~1000 Rg scale of the accretion disk
(Elvis 2000, 2004). This ignorance can be lifted by
employing non-equilibrium photoionization models to
time variable AGNs (Nicastro et al. 1999). Figure 1
illustrates how a step function change in the continuum
produces a rapid, though not instantaneous, change in
dense gas, and a slow change in low density gas. Early
attempts used primitive models of the WA that used
only a few bound-free transitions and relatively low
signal-to-noise spectra. We now have far more
complete WA models including large numbers of
bound-bound transitions (Figure 2, Krongold et al.)
from extensive databases (APED, Smith, Brickhouse &
Liedahl, 2003).

Figure 1: Response of photoionized gas to a step
function change in the ionizing continuum for various
densities  (Nicastro et al. 1999).

Figure 2: Comparison of full PHASE photoionized
absorber model with the component due just to bound-
free transitions (Krongold et al. 2003).
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2. NGC 4051

NGC4051 varies rapidly (<1hour) and with large
amplitude (factor 3-10). This makes NGC4051 an
excellent test case for determining the density and
hence location of a warm absorber (WA), using the
timescale on which the WA gas responds to changes in
the ionized continuum. As NGC 4051 has a known
black hole mass (2x106Mo) from reverberation
mapping (Peterson et al. 2004) we can further restrict
the WA location in Schwartzchild radii.

XMM-Newton observed NGC4051 for 117 ksec in
2001 May. We have reanalyzed the archival data for
this observation using the PHASE code (Krongold et
al. 2003) to determine the WA properties.

3. NGC  4051 XMM-NEWTON SPECTRA

The XMM-Newton RGS data in the high state required
a two-component WA in order to fit the spectrum. The
ionization state of the low and high ionization phases
(LIP, HIP) are similar to those of NGC3783 (Krongold
et al. 2003) but with smaller column densities.

Using these two components we then fitted the EPIC-
pn data for 21 separate intervals along the
light curve, chosen to have roughly constant flux
during each interval. We found that two components
were required for EPIC too, but that the derived
ionization parameters, UX (Netzer 1996), changed
systematically with the continuum flux. Figure 3 shows
the light curve, the binned light curve, and the derived
values of UX for the two components.

4. RAPID RESPONSE OF THE WARM
ABSROBERS
Clearly the ionization parameters track the ionizing
flux close to the way expected for gas in
photoionization equilibrium. This can be seen more
precisely by noting the squares in the two UX plots,
which show the values expected for gas keeping
precisely to photoionization equilibrium.

This behavior immediately requires a dense and, as the
column density is fixed,  compact WA. A NELR origin
is thus ruled out. Moreover continuous flow models are
also ruled out. In these models the WA is a continuous
medium extending over a factor of several in radius
with gradually decreasing ionization parameter. Such a
WA will not respond strongly to changes in the
continuum as gas ionized up from state i to i+1 is
compensated for by gas ionized from i-1 to i. This
result has already been found to apply to NGC 3783
(Krongold et al. 2004).

Figure 3: (a) XMM-Newton light curve of NGC4051
and (b) binned in 21 intervals; (c)(d) ionization
parameters, UX, for the high (HIP) and low (LIP)
ionization WA required by the RGS. The squares show
UX  for gas in photoionization equilibrium.

We can make more quantitative estimates of the WA
gas density for each phase. Figure 4 shows U X vs.
continuum count rate for the high low ionization  phase
(LIP) of the WA fits. As one would expect from the
light curves, the two are well correlated. The
normalization of these plots determines the WA
density-radius-squared product, neR

2, robustly.

Figure 4: UX versus continuum count rate for the low
ionization WA phase (LIP).
For the LIP there is no departure from ionization
equilibrium even at extreme fluxes and down to the
shortest timescale of variability of 3 ksec. This implies
ne(LIP ) > 8.1x107 cm-3. But neR

2 = 6.6x1039 cm-1. So



3

we derive an  upper limit on the distance of the LIP
from the ionizing continuum of  r(LIP) <8.9x1015 cm,
which is <0.0029 pc, or <3.5 light-days.

Figure 5: UX versus continuum count rate for the low
ionization WA phase (LIP).

The high ionization phase (HIP) presents a different
and more constraining picture (figure 5).  Here the HIP
is out of photoionization equilibrium at the highest and
lowest continuum fluxes, but in equilibrium at
intermediate fluxes. In this observation we are just
resolving the ionization and recombination times of the
HIP. It is reasonable that it is the HIP which has a
resolved response time: if the HIP and LIP are co-
spatial then the higher ionization phase  will have
lower density and so should be slower to respond to
continuum changes.
Quantitatively we find that the HIP density is tightly
constrained to about a factor 2: ne(HIP) = (0.6-2.1)
x107 cm-3. This translates into a radius, r(HIP) = (1.3-
2.6) x1015 cm, which is (0.5-1.0) light-days.

The first thing to note is that the LIP and HIP are
consistent with being at the same radius and so could
be co-spatial as assumed in previous studies. Moreover,
as PHASE also determines a temperature, we can
determine the HIP and LIP pressures independent of
assuming co-spatiality.
Again the pressures turn out to be consistent with
pressure equilibrium between the two phases: P(HIP) =
(2.9-10.5) x 1012 K cm-1, while P(LIP)  > 2.4 x 1012 K
cm-1.

The thickness of the two WA phases (assuming each is
continuous) can also be found as ΔR=1.23NH/ne.
ΔR(LIP ) < 9 x1012cm; ΔR(HIP) – (1.9-7.2) x 1014cm.
This yields surprisingly thin radial extents compared
with their radii: (ΔR/R)HIP = 0.1-0.2, (ΔR/R)LIP < 10-

3. The particularly thin LIP ΔR/R suggests that this
phase is either a boundary layer around the HIP, or is
mixed within the HIP in pressure equilibrium – which
may be preferred given the consistency with pressure
balance of the two phases.

5. THE LOCATION OF THE AGN WIND

We already ruled out the kpc-scale NELR as the
location of the AGN wind seen in the WA. These
quantitative distance determinations allow us to go
much further (figure 6).

For a source with the continuum luminosity of NGC
4051  the minimum dust sublimation radius is 12-
170days (Barvainis 1987). As both WA components lie
within 3.5 light-days this rules out the inner edge of the
dusty molecular torus  (Krolik & Kriss 2001) of
unification models (Urry & Padovani 1995 as the
source of the AGN wind, at least in this AGN.
Reverberation mapping also locates the Hβ emitting
broad emission line region (BELR) outside the WA
location, at 5.9 light-days (Peterson et al. 2000).

Figure 6: Location of nuclear features in NGC4051 on
a light-days scale.

Zooming in closer to the AGN (figure 7), we recall that
the BELR in AGNs is stratified, with higher ionization
lines being closer to the nucleus (Clavel e al. 1991). In
NGC4051 the high ionization line HeII (4686A) comes
from a region <2 light-days from the continuum source.
The high ionization BELR is thus consistent with the
location of the WA wind. Interestingly the HeII
emission line has a blue asymmetry of ~400 km s-1,
suggestive of an outflow at a velocity similar to that of
the WA wind (600– 2400 km s-1, Collinge et al. 2001).

Figure 7: Location of features in NGC4051 on a
Schwartzchild radii, Rg, scale.

Because NGC4051 has a measured black hole mass of
(1.9 +/- 0.78) x 106 Mo (Peterson et al. 2004), we can
convert the WA HIP location into Schwartzchild radii:
2200 – 4400 Rg. This location suggests a connection
with the accretion disk gravitational instability radius
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which, is   rgrav=1330(κ/κes)
2/3rg  (Goodman 2003), for

nominal standard parameters. However as the disk
opacity, κ , could well be 1000 times the electron
scattering opacity, κ es,, this may be merely a
coincidence.

6. GEOMETRY OF THE AGN WIND

The thinness of the wind might suggest that AGN
winds consist of a series of repetitive impulsive
outbursts. However, given the thinness of the WA-HIP
these would have a duty cycle of no more than 10-20%.
However WAs are seen in at least 50% of all AGNs,
leading to an apparent paradox.
This problem was encountered before in the puzzle of
the 20-year persistence of the CIV narrow absorption
line (NAL) in NGC5548 by Mathur, Elvis & Wilkes
(1995). These authors suggested that the solution was
to discard spherical symmetry. They proposed instead
that the outflow velocity we see is just a component of
the true space velocity of the wind, which is moving
primarily across our line of sight. Higher resolution
observations of the WA wind in the UV (Arav, Korista
& deKool 2002) make a strong case for a transverse
flow dominating the AGN WA wind. The simplest
geometry is then a bi-conical flow (Elvis 2000).

7. MASS LOSS RATE IN THE AGN WIND

With the assumption of a conical flow, we can derive a
mass loss rate in the WA wind:

Mout = 0.8π mp NH vr R f(θ) ~(4-9) x 10-5 Mo yr-1

As NGC4051 has an accretion rate of 0.05MEdd

(Peterson ett al. 2000), this outflow rate corresponds to
2% - 5% of Macc. [The function f(θ) has a value close to
unity except for extreme viewing angles.]
This contrasts sharply with the far larger mass loss
rates obtained by previous studies which assumed R of
order parsecs.
We note that if viewed along the flow direction the
wind in NGC4051 would have a 10 times larger
column density (Rne~5x1022 cm-2), and a larger velocity
by up to factor 10. The NGC4051 wind would then
approach the observed properties of a BAL (Broad
Absorption Line) quasar wind (Elvis 2000). The
uncertainty in the correct terminal velocity means that
we have only a lower limit to the total kinetic power of
the wind, which is only ~2.5x1037 erg s-1. Assuming the
wind achieves escape velocity (else it is not a wind)
from 2200Rg, we get a ~100 times larger kinetic
power.

8. IMPLICATIONS & CAVEATS

With a mass loss rate of 2%-5% Macc integrating over a
somewhat generous 108yr lifetime for an AGN
outburst, gives a total ejected mass of (0.4-2) x 104Mo

and the total energy carried by the wind is 1045-1047

erg.
If all AGN winds arise at the same value of Rg then the
mass loss rate scales with the black hole mass and, for
more typical masses of 108-109Mo, the total ejected
mass per quasar is 106-107Mo. This is comparable to
that ejected by a ULIRG (Bland-Hawthorn 2005).
Similarly the total energy deposited by a quasar  wind
would be 1047-1049 erg.

This observation fits 5 separate predictions of the
‘funnel wind’ model of Elvis (2000, 2004). The AGN
wind in NGC4051 is found to be:

1. on the accretion disk scale;
2. consistent with the location of the high

ionization BELR;
3. consistent with pressure  balanced phases;
4. non-spherical and consistent with conical;
5. similar to a BAL quasar if viewed in the wind

flow direction.
 This gives us some  confidence in this model.

NGC4051 is only one AGN, and has somewhat
unusual properties, which must lead to caution in
accepting this result as typical of the whole AGN
population:

• Low black hole mass;
• Unusually distant BELR (NGC4051 is a

narrow line Seyfert 1);
• Unusually weak wind? (as judged from

eigenvector 1).
The EPIC-pn is not sensitive to higher ionization WA
phase, e.g. one shown only by Fe-K absorption. Some
quasars appear to have fast winds with high  NH in this
highest WA state (Pounds et al. 2003). In this sense our
wind mass loss rate and kinetic luminosity values are
lower limits.

9. CONCLUSIONS

We have used the non-equilibrium photoionization
technique of Nicastro et al. (1999) to make the first
measurement of  the density and location of an AGN
warm absorber wind. We demonstrate that:

• AGN WA winds arise on accretion disk
scales;

• NELR or molecular torus origins are ruled
out;

• Continuous flow models are ruled out;
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• A spherical geometry is unlikely, while a bi-
cone is favored

• Multiple predictions of the Elvis (2000) model
are upheld;

• The mass loss rate is small, a few percent of
Macc.

• The kinetic power may be small, but depends
on the unobserved terminal velocity of the
wind.

We can test the spherical flow model by re-observing
NGC4051 with XMM-Newton. As the line-of-sight
velocity is close to 1 light-day/year, repeating the same
experiment will give a clear distinction between a
transverse flow (R~1 light-day, always) and a radial
flow (R~4 light-days after 3 years).

We also need to establish wind locations, densities,
mass loss rates and kinetic powers for more typical
AGNs. The less dramatic and reliable variability of
other AGNs will require long monitoring campaigns.
Without this investment however, the extrapolation to
the total mass and energy available from AGN winds to
affect galaxy evolution will remain too uncertain to test
co-evolution models.

NASA grant GO4-5126X (Chandra ) and grant
UNAM-PAPIIT IN118905 partially supported this
work.
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NEW XMM-NEWTON SPECTROSCOPY OF THE MOST LUMINOUS AND DISTAN T QUASARS
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ABSTRACT

In the two parts of this contribution we describe two re-
lated XMM-Newton programs. The first part summa-
rizes our study of the X-ray spectral properties and vari-
ability of z>4 quasars (Shemmer et al. 2005). The sec-
ond part presents preliminary results from our ongoing
XMM-Newton program to investigate the X-ray spectral
properties and variability of luminous, high accretion-rate
quasars atz∼2–3. We find that the X-ray photon index
does not depend on luminosity or redshift, and there is
suggestive evidence that it may depend on the accretion
rate. None of our quasars is significantly absorbed, and
none shows signatures of reflection. By jointly fitting
high-quality spectra of eight radio-quietz>4 quasars, in-
cluding three from ourXMM-Newton observations, we
place tight constraints on the mean X-ray spectral proper-
ties of such sources. Most of our quasars are significantly
X-ray variable on timescales of months–years, but none
shows rapid (∼1 hr timescale) variations.

1. XMM-NEWTON SPECTROSCOPY OF Z>4
QUASARS

1.1. Introduction

Quasars atz>4 are valuable cosmological probes of the
physical environment in the∼1 Gyr old Universe. In par-
ticular, the most distant quasars known, atz∼6, have en-
abled tracing of the physical conditions in the Universe
at the end of the re-ionization epoch with implications
for large-scale structure formation (e.g., Fan et al. 2002).
The study ofz>4 quasars therefore has become one of the
main themes in astrophysics during the past few years.
One of the lines of research in this field is to determine
whether the energy production mechanism of quasars is
sensitive to the significant large-scale evolution the Uni-
verse has experienced over cosmic time. A central ques-
tion in this context is whether black holes (BHs) in dis-
tant quasars feed and grow in the same way as BHs in
local active galactic nuclei (AGN). Recent radio–optical

observations ofz>4 quasars have found that their spec-
tral energy distributions (SEDs) are not significantly dif-
ferent from those of lower redshift sources implying no
SED evolution, and hence no significant changes in the
energy production mechanism of AGN are observed (e.g.,
see Carilli et al. 2001 and Petric et al. 2003 for radio ob-
servations; Pentericci et al. 2003 and Vanden Berk et al.
2001 for UV–optical observations).

X-rays from distant quasars are especially valuable for
studying the energy production mechanism, since they
provide information on the innermost regions of the cen-
tral engine, where most of the nuclear energy is pro-
duced. Until fairly recently, only a handful ofz>4
quasars were detected in X-rays, and the data only pro-
vided basic X-ray photometry. During the past five years
over 100 quasars have been detected byChandraand
XMM-Newton, allowing reliable measurements of their
mean X-ray spectral properties (e.g., Brandt et al. 2002;
Bechtold et al. 2003; Grupe et al. 2004, 2006; Vignali et
al. 2003a,b, 2005). However, the different X-ray studies
of z>4 quasars often led to conflicting conclusions. For
example, while Bechtold et al. (2003) reported that the
X-ray power-law photon indices (Γ) of z>4 quasars are
flatter than those of nearby AGNs, Grupe et al. (2006) re-
ported that theirΓ are rathersteep; Vignali et al. (2005)
found thatΓ does not undergo significant evolution and
is not luminosity dependent.

The different conclusions, frequently based upon the
same X-ray data, were reached mainly due to the small
number of photons collected in the observations that were
intended to detectz>4 quasars; this led to large uncer-
tainties in the basic X-ray spectral properties and hence
to several possible interpretations. This motivated us and
other authors to solve the puzzle and obtain high-quality
X-ray spectra of several X-ray brightz>4 quasars. High-
quality X-ray spectra (with>

∼ 500 [ >
∼ 100] photons ob-

tained byXMM-Newton [Chandra]) are currently avail-
able for 10z>4 radio-quiet and radio-moderate quasars
(Ferrero & Brinkmann 2003; Farrah et al. 2004; Grupe et
al. 2004, 2006; Schwartz & Virani 2004; Shemmer et al.
2005, hereafter S05). Below we summarize the results of
the recent set of five of those spectra, which are described
in detail in S05.
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1.2. High-Quality Spectra ofz>4 Quasars

We obtained high-qualityXMM-Newton spectra of five
z>4 quasars duringXMM-Newton AO3; the detailed
data-reduction and analysis procedures are described in
S05. Each quasar was previously detected inChandra
snapshot observations (Vignali et al. 2001, 2003a,b). The
basic properties of the quasars, as well as their measured
X-ray properties, are given in Table 1. Three of the
quasars are radio-quiet, one quasar, PSS 0121+0347, is
radio loud (R=300; Vignali et al. 2003a), and another
quasar, SDSS 0210−0018, is radio moderate (R=80; Vi-
gnali et al. 2001) following the radio-loudness definition
of Kellermann et al. (1989). We detected∼500–1500
photons from each quasar in a net exposure time of
∼20–30 ks per source. These exposures enabled accurate
measurements ofΓ (with ∆Γ=0.15) and upper limits on
the intrinsic neutral column densities for each quasar.
The XMM-Newton data, best-fit spectra, and residuals
appear in Fig. 1. In Fig. 1 we also plot confidence
contours in theΓ–NH plane for each quasar.

To extend our analysis, we added to our sample high-
quality X-ray spectra of five additionalz>4 radio-quiet
quasars (RQQs) from the archive; these are Q 0000−263
(Ferrero & Brinkmann 2003), SDSS 1030+0524 (Far-
rah et al. 2004), BR 0351−1034 and BR 2237−0607
(Grupe et al. 2004, 2006), fromXMM-Newton observa-
tions, and SDSS 1306+0356 which was observed with
Chandra(Schwartz & Virani 2004). The spectra of all
10 z>4 quasars were reduced and analyzed uniformly to
obtain the basic X-ray spectral properties for each source.

1.3. X-ray Spectral Properties ofz>4 Radio-Quiet
Quasars

The best-fit X-ray spectral properties for our sources ap-
pear in Table 1. The photon indices and the upper limits
on the neutral intrinsic absorption in each quasar were ob-
tained by fitting the spectra with intrinsically (redshifted)
absorbed power-law models, including Galactic absorp-
tion. The constraints we obtained on the intrinsic absorp-
tion in each quasar (Table 1) show that ourz>4 RQQs
are not significantly absorbed. In Fig. 2 we plotΓ (above
2 keV in the rest-frame) for samples of radio-quiet AGN,
including our expanded sample ofz>4 quasars, against
optical luminosity and redshift. We find thatΓ takes a
typical value of∼1.9, and it does not depend signifi-
cantly on either optical luminosity or redshift. We also
note that there is no significant intrinsic dispersion inΓ
values within our sample of eightz>4 RQQs.

We have also computed optical–X-ray spectral slopes
(αox, e.g., Tananbaum et al. 1979; see Table 1) for our
sources and found that our measurements are consistent
with the Strateva et al. (2005) and Steffen et al. (2006)
conclusions thatαox strongly correlates with ultraviolet
luminosity and does not evolve over cosmic time (out to
z∼6).

Figure 1. Data, best-fit spectra, and residuals for our new
XMM-Newton observations of five z>4 AGNs. Open cir-
cles, filled squares, and open squares represent the pn,
MOS1, and MOS2 data, respectively. Solid lines repre-
sent the best-fit model for each spectrum, and the thick
line marks the best-fit model for the pn data. Theχ resid-
uals are in units ofσ with error bars of size 1. The inset
in each panel shows 68%, 90%, and 99% confidence con-
tours for the intrinsic absorption and photon index.
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Table 1. Optical and X-ray properties of our z>4 quasar sample.

NH
b log L2−10 keV

a

Quasar z MB
a Γ (1022 cm−2) (erg s−1) αox

PSS 0121+0347 4.13 −28.3 1.81+0.16
−0.16 ≤ 2.91 45.5 −1.65+0.03

−0.03

SDSS 0210−0018 4.77 −27.7 1.81+0.15
−0.14 ≤ 4.17 45.3 −1.54+0.03

−0.02

SDSS 0231−0728 5.41 −27.9 1.85+0.33
−0.31 ≤ 19.90 45.2 −1.62+0.06

−0.06

PSS 0926+3055 4.19 −30.1 1.99+0.08
−0.08 ≤ 1.02 45.9 −1.76+0.03

−0.01

PSS 1326+0743 4.17 −29.6 1.87+0.10
−0.10 ≤ 0.47 45.7 −1.76+0.03

−0.02

aLuminosity distances were computed using the standard “concordance” cosmological parameters
ΩΛ=0.7,ΩM=0.3, andH0=70 km s−1 Mpc−1.
bNeutral intrinsic column density.

To obtain the mean X-ray spectral properties of the RQQ
population atz>4, we fitted jointly our newXMM-
Newtonspectra of three RQQs and the five archival high-
quality spectra ofz>4 RQQs with several models; this
is roughly equivalent to fitting a single mean spectrum
composed of∼7000 photons. The number of photons in
our combined spectrum is larger by an order of magni-
tude than the number of photons previously used in such
analyses (e.g., Vignali et al. 2005). By fitting the spectra
jointly we obtained a mean photon indexΓ=1.97+0.06

−0.04.
We also obtained the strongest constraint to date on the
mean neutral intrinsic column density in such sources,
NH

<
∼ 3×1021 cm−2 (Fig. 3), showing that optically se-

lected RQQs atz>4 are, on average, not more absorbed
than their lower-redshift counterparts. All this suggests
that the X-ray production mechanism and the central
environment in radio-quiet AGN have not significantly
evolved over cosmic time. We also used the combined
spectrum to constrain the mean equivalent width of a
putative neutral narrow Fe Kα line to <

∼ 190 eV, and
similarly to constrain the mean Compton-reflection com-
ponent toR <

∼ 1.2; these constraints are consistent with
the expected strength of a reflection component given the
high luminosities of our sources (e.g., Page et al. 2004).

1.4. X-ray Variability of z>4 Radio-Quiet Quasars

We applied Kolmogorov-Smirnov tests to the photon ar-
rival times in our newXMM-Newton observations to
search for rapid (∼1 hr timescale in the rest frame) varia-
tions, but none was detected.

To look for long-term (months–years) X-ray variations
in our sample, we compared the fluxes of our sources
in the observed-frame 0.5–2 keV band in the first epoch
(Chandrasnapshot observations) with those in the sec-
ond epoch (XMM-Newton or Chandraobservations).
Sevenz>4 quasars from this study have high-quality

(i.e., Chandraor XMM-Newton data to minimize cross-
calibration uncertainties) two-epoch X-ray data for our
comparison. Usingχ2 statistics, we found that five of
the seven quasars varied significantly between the two
epochs (Fig. 4); the two sources that did not vary sig-
nificantly between the two epochs are PSS 1326+0743
and SDSS 1030+0524.

While most quasars varied by no more than a factor of≈2
between the two epochs, one source, SDSS 0231−0728,
faded by a factor of∼4 between the first observation
(Chandra) and the second one (XMM-Newton). This flux
change occurred over a rest-frame period of 73 d. This is
the largest change in X-ray flux observed for az>4 RQQ.
Given the UV–optical flux of the source, and using the
Strateva et al. (2005) relation between UV luminosity and
αox, it is likely that this source was caught in an X-ray
high state in the first epoch (Vignali et al. 2003b), since
its X-ray flux in the second epoch (S05) agrees with the
value predicted from its optical flux (assuming the optical
flux is nearly constant). Vignali et al. (2003b) also noted
that SDSS 0231−0728 was X-ray brighter than expected
(see their Fig. 5). The spectral slope of the source also
shows a possible indication of flattening fromΓ=2.8+1.10

−0.95

to Γ=1.85+0.33
−0.31 between the two epochs, but the signifi-

cance is only∼1 σ due to the limited number of counts
(∼25) in the firstChandrasnapshot observation. This is a
tentative indication for a transition from a soft/high state
to a hard/low state in this source, as has been seen for a
few local AGN (e.g., Guainazzi et al. 1998; Maccarone et
al. 2003).
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Figure 2. The X-ray photon index versus (a) absoluteB magnitude and (b) redshift; adapted from S05. Note the lack of
a clear dependence of the photon index on either luminosity or redshift, although considerable scatter inΓ is observed
in local AGN. Our newXMM-Newton observation of Q 1346−036, a luminous, high accretion-rate quasar at z=2.37 is
represented by a star; our ongoingXMM-Newton observations of similar sources may determine whetherΓ depends on
the accretion rate (see§ 2)

Figure 3. 68%, 90%, and 99% confidence regions for the
photon index vs. intrinsic column density derived from
joint spectral fitting of our sample of eight RQQs.
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Figure 4. Two-epoch Galactic-absorption corrected
0.5–2 keV fluxes for seven of the z>4 quasars in our sam-
ple. The solid line marks the 1:1 flux ratio, and the
two dotted lines mark 1:2, and 2:1 flux ratios, to guide
the eye. SDSS 0231−0728 clearly varied by more than
a factor of two between the two epochs. The second
and third most variable sources, PSS 0121+0347 and
SDSS 0210−0018, are radio loud and radio moderate,
respectively, and are marked with filled circles.

2. XMM-NEWTON SPECTROSCOPY OF LUMI-
NOUS, HIGH ACCRETION-RATE QUASARS
AT REDSHIFT ∼2–3

2.1. IsΓ an Accretion Rate Indicator?

In § 1 we have shown that the X-ray photon index in
RQQs appears to be constant, with a typical value of
∼1.9, regardless of redshift or luminosity. This result
has also been confirmed and strengthened by other recent
studies (e.g., Mateos et al. 2005; Page et al. 2005; Risal-
iti & Elvis 2005). However, inspection of Fig. 2 shows
considerable scatter inΓ, in particular at low redshifts
(z <
∼ 0.5). This scatter may be attributed to a fundamen-

tal physical parameter, which controls the X-ray spectral
shape in AGN.

Boller et al. (1996) have found that the soft
(ROSAT band) X-ray power-law photon index is
anti-correlated with FWHM(Hβ), and hence narrow-
line Seyfert 1 (NLS1s) galaxies (which meet the
FWHM[Hβ] <

∼ 2000 km s−1 criterion of Osterbrock &
Pogge 1985) have significantly steeper X-ray spectral
slopes than broad-line Seyfert 1 galaxies. This trend is
observed in the hard (ASCA) X-ray band as well (e.g.,
Brandt et al. 1997; Leighly 1999). Strong correlations
between FWHM(Hβ) and the X-ray photon index in both
the soft and hard bands are also exhibited by higher lu-
minosity nearby (z <

∼ 0.5) quasars (e.g., Laor et al. 1997;
Porquet et al. 2004).

Brandt & Boller (1998) and Laor (2000) have suggested
that the strongΓ–FWHM(Hβ) correlation may be a con-
sequence of a fundamental correlation betweenΓ and the
accretion rate, since FWHM(Hβ) is considered to be an
accretion-rate indicator in AGN (e.g., Boroson & Green
1992; Porquet et al. 2004). Such a correlation may be ex-
pected if the bulk of the emitted optical–X-ray energy is
shifted into higher energies for higher accretion rates.
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Figure 5. X-ray photon index in the rest-frame 2–10 keV
band versusL/LEdd (left) and FWHM(Hβ) (right). Cir-
cles mark AGN at z<0.5. NLS1s are marked with filled
symbols, and Q 1346−036, a luminous, z=2.37 quasar
from the S04 sample and recently observed byXMM-
Newton, is marked with a diamond; it is the only high-z
source on this diagram. BothL/LEdd and FWHM(Hβ)
are significantly correlated withΓ for z<0.5 AGN. Boxes
mark the expected positions of the S04 quasars on each
correlation.

The use of FWHM(Hβ) as an accretion-rate indicator re-
lies on reverberation-mapping studies that found a strong
correlation between the broad-line region (BLR) size and
luminosity in AGN (e.g., Kaspi et al. 2000). By assum-
ing Keplerian motion of the BLR gas around the central
BH and using the BLR size–luminosity relation, the BH
mass becomesMBH= c1[λLλ(5100)]c2 [FWHM(Hβ)]2,
and the accretion rate (in terms of the Eddington ratio) is
thereforeL/LEdd∝[λLλ(5100)]1−c2 [FWHM(Hβ)]−2,
whereλLλ(5100) is the monochromatic luminosity at
5100Å, LEdd is the Eddington luminosity, andc1 andc2

are constants determined by reverberation mapping (e.g.,
Kaspi et al. 2000, 2005; see the specific equations in
Shemmer et al. 2004, hereafter S04). FWHM(Hβ) is
perhaps the best accretion-rate indicator, and the use of
other emission lines as proxies to Hβ, such as CIV , can
lead to spurious estimates ofL/LEdd (e.g., Baskin &
Laor 2005). NLS1s are the highest accretion-rate sources
among low-luminosity AGN, withL/LEdd approaching,
and in extreme cases even exceeding, unity.

2.2. X-ray Properties of Luminous, High Accretion
Rate Quasars at High Redshift

The recent study of S04 has found that in at least two
respects, accretion rate (determined from Hβ) and metal-
licity, extremely luminous (L >

∼ 1047 erg s−1, whereL is
the bolometric luminosity) quasars at 2<z<3.5 resemble
NLS1s withL <

∼ 1045 erg s−1. Motivated by this study,
we have initiated anXMM-Newton program to look for
unusual X-ray properties in the S04 quasars and to de-
termine whether they are the luminous, high-z analogs
of local NLS1s (frequently termed narrow-line type 1
quasars). Specifically, we intend to measureΓ accurately
(to within ±0.15) for these sources and to look for rapid
(on a∼1 hr rest-frame timescale) X-ray variations, since
steep photon indices and rapid X-ray variations are two

Figure 6. Data, best-fit spectrum, and residuals for our
new XMM-Newton observation of Q 1346−036, a lu-
minous z=2.37 quasar from S04. Symbols are similar to
those in Fig. 1. We find a photon indexΓ=2.1±0.1, which
seems to support the hypothesis that the accretion rate is
the underlying physical driver for steep X-ray spectra in
AGN (see Fig. 5).

well-known NLS1 characteristics. The X-ray photon in-
dices obtained for the S04 sources will allow us to test
whetherΓ can be considered a reliable accretion-rate in-
dicator for all AGN, including luminous, high-z quasars,
with important implications for accretion disk and corona
models in AGN (e.g., Haardt & Maraschi 1993).

This test is portrayed in Fig. 5, where we have plottedΓ
versus FWHM(Hβ) andL/LEdd (which is a combination
of FWHM(Hβ) andL). In this plot we consider archival
data for AGN with high-quality X-ray spectra (obtained
from Reeves et al. 1997; Reynolds 1997; George et al.
1998, 2000; Piconcelli et al. 2005) and with reliable
FWHM(Hβ) measurements. All but one of the sources in
Fig. 5, Q 1346−036, are AGN atz <

∼ 0.5 (and therefore
have low–moderate luminosities), since at higher redshift
Hβ is not present in the optical band and near-IR mea-
surements of FWHM(Hβ) are difficult to obtain. Al-
though there are significant correlations betweenΓ and
both FWHM(Hβ) and L/LEdd for the nearby sources,
the S04 quasars are predicted to have significantly differ-
ent values ofΓ in each case. Based on their FWHM(Hβ),
these quasars are expected to have a meanΓ of ∼1.7, but
when their high accretion rates are considered, the mean
expectedΓ is ∼2.2, which is only observed in extreme
NLS1s. The first S04 quasar observed in our ongoing
XMM-Newton program, Q 1346−036, shows a moder-
ately steep X-ray spectrum (see Fig. 6) and suggests that
theΓ–L/LEdd correlation may still hold when luminous,
high-z quasars are included (Fig. 5).
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X-RAY EVOLUTION OF ACTIVE GALACTIC NUCLEI IN HIERARCHICAL GALAXY FORMATION

N. Menci

INAF-Osservatorio Astronomico di Roma, Via di Frascati 33, 00040 Monteporzio (Roma), Italy

ABSTRACT

We have incorporated the description of the X-ray prop-
erties of Active Galactic Nuclei (AGNs) into a semi-
analytic model of galaxy formation, adopting physically
motivated scaling laws for accretion triggered by galaxy
encounters. Our model reproduces the level of the cosmic
X-ray background at 30 keV; we predict that the largest
contribution (around2/3) comes from sources with in-
termediate X-ray luminosity1043.5 < LX/erg s−1 <
1044.5, with 50 % of the total specific intensity produced
at z < 2. The predicted number density of X-ray AGNs
is characterized by a “downsizing” effect: for luminous
X-ray AGNs (LX > 1044.5 erg/s in the 2-10 keV band) it
peaks atz ≈ 2 with a decline of around 3 dex toz = 0;
for the low luminosity sources (1043 < LX/erg s−1 <
1044) it has a broader and less pronounced maximum
aroundz ≈ 1.5, and a smoother decline at lowerz. We
compare our results with recent observations.

Key words: galaxies: active – galaxies: formation – X-
rays: galaxies – galaxies: evolution.

1. INTRODUCTION

Connecting the evolution of AGNs to that of their host
galaxies is a major goal of present “ab initio” galaxy for-
mation models within a cosmological context (see, e.g.,
Haiman & Loeb 1998; Wyithe & Loeb 2002; Hatzimi-
naoglou et al. 2003; Volonteri, Hardt & Madau 2003;
Kauffmann & Haehnelt 2000, 2002). However, a com-
mon problem of the models proposed so far is that they
do not match the observed steep decline of the QSO den-
sity at redshiftsz ∼< 1 and its dependence on the AGN
luminositiy.

Recently, Menci et al. (2003) developed a physical
model to connect the BH accretion to the galaxy evolu-
tion in the hierarchical scenario. The accretion is trig-
gered by galaxy encounters, not necessarely leading to
bound merging, in common host structures like clusters
and especially groups; these events destabilize part of the

galactic cold gas and hence feed the central BH, follow-
ing the physical modelling developed by Cavaliere & Vit-
torini (2000). The amount of the cold gas available, the
interaction rates, and the properties of the host galaxies
are derived through the SAM developed by Menci et al.
(2002).

As a result, at highz the protogalaxies grow rapidly by
hierarchical merging; meanwhile, much fresh gas is im-
ported and also destabilized, so the BHs are fueled at their
full Eddington rates. At lowerz, the dominant dynami-
cal events are galaxy encounters in hierarchically grow-
ing groups; now refueling peters out, as the residual gas
is exhausted while the destabilizing encounters dwindle.
With no parameter tuning other than needed for star for-
mation in canonical SAMs, the model naturally produces
in the bright QSO population a rise forz > 3, and for
z ∼< 2.5 a drop as steep as observed. In addition, the re-
sults closely reproduce the observed luminosity functions
of the optically selected QSOs, their space density at dif-
ferent magnitudes fromz ≈ 5 to z ≈ 0, and also the local
mBH − σ relation.

Here we report the implications of this model for the X-
ray AGNs (Menci et al. 2004) to derive their contribu-
tion to the X-ray background and their intrinsic luminos-
ity function.

2. THE GALAXY FORMATION MODEL

The model we adopt is described in detail in Menci et al.
(2003; 2004). Here we recall the basic points:

We follow the merging histories of DM clumps, adopt-
ing the Extended Press & Schechter description (see, e.g.,
Lacey & Cole 1993. When two haloes merge, the con-
tained galaxies merge on a longer timescale, either with
the central dominant galaxy (due to the orbital decay
produced by dynamical friction) or with other ”satelite”
galaxies orbiting the same DM halo (”binary aggrega-
tions”). We describe the potential depth of the DM halo
associated to a single galaxy through its circular veloc-
ity v, while the circular velocity of the halos hosting the
galaxies (groups and clusters) isV ; the model also com-
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putes the tidal radiusrt associated to galaxies with given
v.

The properties of the gas and stars contained in the galac-
tic DM clumps are computed following the standard
recipes commonly adopted in SAMs. Starting from an
initial gas amountmΩb/Ω (m ∝ v3 being the DM mass
of the galaxies) at the virial temperature of the galactic
halos, we compute the massmc of cold baryons which
are able to radiatively cool in the densest, central regions.
This settles is a rotationally supported disk whose radius
rd and rotation velocityvd is computed after Mo, Mao &
White (1998). Stars form with ratėm∗ ∝ (mc/td) with
the disk dynamical time evaluated astd = rd/vd. Fi-
nally, a mass∆mh = m∗ (v/vh)αh is returned from the
cool to the hot gas phase due to the energy fed back by
canonical type II Supernovae associated tom∗. The val-
ues adopted for the free parametersα∗ = −1.5, αh = 2
andvh = 150 km/s fit both the local B-band galaxy LF
and the Tully-Fisher relation, as illustrated by Menci et
al. (2002). The model also matches the bright end of
the galaxy B-band LFs up to redshiftsz ≈ 3 and the re-
sulting global star formation history is broadly consistent
with that observed up to redshiftz ≈ 4 see Menci et al.
(2005).

At each merging event, the masses of the different bary-
onic phases are replenished by those in the merging part-
ner; the further increments∆mc, ∆m∗, ∆mh from cool-
ing, star formation and feedback are recomputed on iter-
ating the procedure described above.

The resulting star formation rate (for a givenv) is con-
volved with the spectral energy distributionφλ obtained
from population synthesis models Bruzual & Charlot
1993) to obtain the integrated galactic stellar emission
Sλ(v, t) at the wavelengthλ.

3. ENCOUNTERS TRIGGERING STARBURSTS
AND BH ACCRETION

A quantitative model to derive the fractionf of cold gas
destabilized by the encounters has been worked out by
Cavaliere & Vittorini (2000) and has been inserted into a
SAM by Menci et al. (2003, 2004, 2005).

For a galactic halo with given circular velocityv inside a
host halo (group or cluster) with circular velocityV and
virial radiusR, grazing encounters occur at a rateτ−1

r =
nT (V )Σ(v, V )Vr(V ), wherenT = 3 NT /4πR3, and
the cross sectionΣ(v, V ) ≈ π 〈 r2

t + r
′2
t 〉 is averaged

over all partners with tidal radiusr′t and circular veloc-
ity v′ in the same haloV . The membershipNT (V )
(i.e., the number of galaxies contained in a group or clus-
ter with circular velocityV ), the distributions ofv′, r′t,
and the relative velocityVr =

√
2 V are computed from

the SAM. The duration of each encounter is defined as
τe = 〈(rt + r

′
t)/V 〉 (with an upper limit given byτr).

The fraction of cold gas which is destabilized in each in-

teraction event and feeds the starbursts is derived from eq.
A3 of Cavaliere & Vittorini (2000) in terms of the varia-
tion ∆j of the specific angular momentumj ≈ Gm/vd

of the gas;

f(v, V ) ≈ 1
2

∣∣∣∆j

j

∣∣∣ =
1
2

〈m′

m

rd

b

vd

V

〉
. (1)

The average runs over the probability of finding a galaxy
with massm′ in the same haloV where the galaxym is
located, and the impact parameterb is computed in the
SAM. The prefactor accounts for the probability 1/2 of
inflow rather than outflow related to the sign of∆j.

We assume that1/4 of the destabilized fractionf feeds
the central BH (whose intial seeds are asssumed to have
a mass102 M¯, see Madau & Rees (2000), while the re-
maining fraction is assumed to kindle circumnuclear star-
bursts, see Sanders & Mirabel (1996). Thus, the average
gas accretion rate onto the central black hole as

ṁacc(v, z) =
〈f(v, V ) mc(v)

4 τr(v, V )

〉
, (2)

where the average over all host halos with circular veloc-
ity V is computed from the SAM. The bolometric lumi-
nosity so produced by the QSO hosted in a given galaxy
is then given by

L(v, t) =
η c2∆macc

τe
, (3)

where∆macc is the gas accreted at the rate given by eq.
(3). and we adopt the standard mass-to-energy conver-
sion efficiencyη ≈ 0.1 (see Yu & Tremaine 2002). Here
τe ≈ td ∼ 5 107 (t/t0) yrs is the duration of the accretion
episode, i.e., the timescale for the QSO to shine;∆macc

is the gas accreted at the rate given by eq. (2). The blue
luminosityLB is obtained by applying a bolometric cor-
rection 13 (Elvis et al. 1994), while for the unabsorbed
X-ray luminosity LX (2-10 keV) we adopt a bolomet-
ric correctionc2−10 = 100 following Elvis, Risaliti &
Zamorani (2002); for simplicity, this is assumed to be
constant withz. The shape of the X-ray spectrumI(E)
is assumed to be a power law with a slopeα = 0.9 (see
Comastri 2000 and references therein), with an exponen-
tial cutoff at an energyEc = 300 keV (see e.g. Perola et
al. 2002 and references therein); in view of the present
data situation we shall keep this as our fiducial shape.

4. RESULTS

We first compute the predicted contribution to the cosmic
X-ray background (CXB) from AGNs at different red-
shifts and luminosity. The result is shown in Fig. 1, for
the hard CXB atE0 = 30 keV obtained by integrating
all the prdicted sources out to running redshiftz. We
show both the global value, and the fraction contributed
by AGNs in three classes of luminosity. The predicted
background with the chosen parameters for the spectrum
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(α = 0.9, Ec = 300 keV, c2−10 = 100) exceeds the
value measured by HEAO1-A2 by no more than 50 %.
Note that the value of the observed background is appre-
ciabely affected by the presence of sources in a Compton
thick phase of obscuration, not included in the model.

At the present state of our observational knowledge, the
substantial agreement is very encouraging, especially if
the following points are taken into account: a) the avail-
able evidence (atE < 10 keV, Lumb et al. 2002; Vec-
chi et al. 1999) that the CXB normalization from the
HEAO1-A2 experiment may be underestimated by as
much as 30 %; b) the bolometric correction need take
on the fixed value we adopted for all values ofL and
L/Ledd; c) the incidence of a Compton thick phase along
the active phase of a galactic nucleus, as a function ofL
andz, is not known, except that locally it may amount
as much as 50 % (Risaliti, Maiolino & Salvati 1999) of
the so-called type 2 AGNs, namely those with a substan-
tial obscuration both in the optical as well as in the X-ray
band. The essential features of our predictions are shown
in Figs. 2 and 3.

Fig. 2. - The cumulative contruibution (multiplied by the energyE0) to
the predicted CXB atE0 = 30 keV, yielded by sources at progressively
larger redshifts. The solid line shows the total CXB produced by sources
with all luminosities. The other lines show the contributions of AGNs
with luminositiesLx (in units of ergs−1 in the band 2-10 keV) in the
ranges42 < logLX < 43.5 (dotted),43.5 < logLX < 44.5 (dot
dashed), and44.5 < logLX (long-dashed). The shaded strip is the
value 43 keV cm−2 s−1 sr−1 measured by HEAO1-A2 (Gruber et al.
1999).

Fig. 1 shows that in our model the CXB is mainly con-
tributed by AGNs with intermediate luminositiesLX =
1043.5 − 1044.5 erg/s, which provide≈ 50% of the total
value. High luminosity(LX > 1044.5 erg/s) and low lu-
minosity (LX < 1043 erg/s) sources contribute a fraction
∼ 25% each. The population with intermediate luminosi-
ties strikes the best tradeoff between larger luminosity
and smaller number of sources. Thus, in this picture high

luminosity highly absorbed objects (the so-called type 2
QSOs) would not give a dominant contribution to the hard
CXB. In fact, although recent XMM and Chandra surveys
are providing a sizeable number of QSO2 (Barger et al.
2002, Fiore et al. 2003, Hasinger 2003), these are likely
to constitute a relatively minor fraction of sources down
to the fluxes where the bulk of the hard CXB is resolved
into sources.

In Fig. 2 we compare our predictions with the evolution
of the number and luminosity densities of AGNs in three
luminosity bins, estimated by Fiore et al. (2003). All the
predicted densities drop substantially fromz ≈ 2 to the
present. The agreement with the data is excellent for the
highest luminosity bin, and confirms that, at least for the
very luminous AGNs, the bolometric corrections adopted
in the B and in the X-ray band are fully consistent.

Fig. 2. - Top: The evolution of the number density of X-ray AGNs
in three bins of luminosity (in units of erg/s, in the band 2-10 keV):
43 < logLX < 44 (dotted line),44 < logLX < 44.5 (solide line),
44.5 < logLX (dashed line). The data for the above luminosity bins
(squares, triangles, and circles, respectively) are taken from Fiore et al.
(2003). Bottom: The evolution of the X-ray luminosity density for the
same luminosity bins.

At lower luminosities, the decline forz < 1 − 2 is less
pronounced in the predictions as well as in the observa-
tions. In the former, this is due to the larger quantity of
galactic cold gas left available for accretion in the less
massive galaxies. Such a downsizing effect is a natural
feature in hierachical scenarios, since more massive po-
tential wells originate from clumps collapsed earlier in
biasedregions of the primordial perturbation field; the
higher densities then prevailing allowed for earlier con-
densation and hence enhanced star formation at high red-
shifts. Thus, at lowz a larger fraction of cold gas will
have already been converted into stars, and both star for-
mation and BH accretion are considerably suppressed.
We note though that the decrease of the peak redshift with
decreasing luminosity appears to be significantly smaller
than indicated by the data. In particular, at z= 1 − 2 the
observed density of Seyfert-like AGNs is a factor≈ 2



4

lower than predicted by the model; a similar difference
is present also for the intermediate luminosity objects
(L2−10 = 1044−44.5 erg s−1) in the redshift binz = 2−4.

The reason for such a discrepancy can be traced back
to the shape of the high-z X-ray luminosity function.
This is shown in Fig. 3, where we compare our model
results with the observational LFs derived by Fiore et
al. (2003, upper panel) and by Ueda et al. (2003,
lower panel), which are obtained from a combination of
HEAO1, ASCA andChandradata, and extend down to
lower luminosities. The above observational results con-
cur to indicate that the LFs atz ∼> 2 are appreciably flatter
than atz = 0.5 − 1. When the above data are compared
to our results, a substantial agreement is found at lowz,
while atz ∼> 1.5 − 2 the model overestimates the num-
ber of low luminosity objects found in both the obser-
vational analysis. Such a mismatch can not be reduced
by tuning the bolometric correctionc2−10 adopted in our
model, since the latter affects only the normalization of
the luminosities.

Fig. 3. - Upper panel. The predicted LFs in the energy range 2-10
keV at low redshifts0.5 < z < 1 (dashed line) and high redshifts
2 < z < 4 (solid line) are compared with observational values derived
from the same sample used in Fiore et al. (2003) to derive the densities
in Fig. 2. Bottom panel. The predicted LFs are compared with data bu
Ueda et al. (2003).

5. DISCUSSION

We have incorporated the description of the X-ray prop-
erties of AGNs into the hierarchical picture of galaxy
evolution. Our semi-analytic model, already proven to

match the observed evolution of luminous optically se-
lected QSOs over the redshift range0 < z < 6 (Menci et
al. 2003), is here extended to bolometric luminositiesL
a factor 10 lower. So we describe the history of accretion
down toL ∼ 1045 erg/s, for which the main observational
information comes from the X-ray band.

We have compared our model with X-ray observations
either corrected for gas obscuration, or performed in the
hard (E > 30 keV) band not affected by photoelectric
absorption.

We find that our model is encouragingly able to match
the level of the cosmic X-ray background (CXB) at 30
keV (Fig. 1). We predict that the largest contribution
(around 2/3) to the CXB comes from intermediate lumi-
nosity sources43.5 < log(LX/erg s−1) < 44.5, and
that 50 % of its total specific intensity is produced at
z < 2.

When compared to the observed evolution of the num-
ber and luminosity density of AGNs with differentLX

(Fig. 2), our model agrees with the observations concern-
ing all luminositiesLX > 1043 erg/s for low or inter-
mediate redshiftsz ∼< 1.5 − 2. In particular, the den-
sity of luminous (LX > 1044.5 erg/s) AGNs peaks at
z ≈ 2, while for the low luminosity sources (1043 <
LX/erg s−1 < 1044) it has a broader maximum around
z ≈ 1.5; the decline from the maximum to the value at
the present epoch is around 3 dex for the former class,
and 1.5 dex for the latter class. At larger redshiftsz ∼> 2,
the model still reproduces the observed number and lumi-
nosity densities of AGNs stronger than1044.5 erg/s, but
at z= 1 − 2 the predicted density of Seyfert-like AGNs
is a factor≈ 2 larger than observed; a similar differ-
ence is present also for the intermediate luminosity ob-
jects (L2−10 = 1044−44.5 erg s−1) in the redshift bin
z = 2 − 4. We next discuss our interpretation of both
the low-z and the high-z results.

For z ∼< 2, the model results agree with the observed
number and luminosity densities in indicating a drop of
the AGN population forz < 2 which is faster for the
strongest sources. Such adownsizingeffect in our pic-
ture is due to the combined effect of: 1) the decrease
of the galaxy merging and encounter rates which trig-
ger the gas destabilization and the BH feeding in each
galaxy; 2) of the decrease of the galactic cold gas, which
was already converted into stars or accreted onto the BH.
The faster decline which obtains in massive galaxies (and
hence for luminous AGNs) is related in particular to the
latter effect. Indeed, in hierarchical clustering scenarios
the star formation history of larger objects peaks at higher
z, since massive objects originate from progenitors col-
lapsed in biased regions of the Universe where/when the
higher densities allowed for earlier star formation; so, at
low z such objects have already exhausted most of their
gas. On the other hand, less massive galaxies are continu-
ously enriched by low-mass satellites, whose star forma-
tion is more smoothly distributed inz, and which retain
even atz ≈ 0 an appreciable fraction of cold gas avail-
able for BH accretion.
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Although the model naturally yields a downsizing effect,
we note though that the decrease of the peak redshift with
decreasing luminosity appears to be smaller than indi-
cated by the data. Such mismatch is even larger if the
model predictions for the AGN number density are com-
pared with the recent data by Hasinger, Miyaji & Schmidt
(2005; see also this volume). However, it must be consid-
ered that our model does not include absorption: thus, the
comparision with the abosrption-corrected data by Fiore
et al. (2003) in the harder 2-10 keV band constitutes a
more solid baseline for probing the model predictions.

A real improvement in the modeling requires the inclu-
sion of additional physical processes in the SAM (and in
particular in the sector concerning the feedback) rather
than the tuning of the parameters in the existing frame-
work. One such process could be well constituted by
the inclusion into SAMs of the feedback produced by the
AGNs emission itself. Since the AGN activity strongly
increases with redshift, this could significantly contribute
to expell/reheat part of the galactic cold gas reservoir in
low-mass systems at highz. While the modeling of such
impulsive processes is particulary delicate, some steps in
this direction have already been taken (see, e.g., Haen-
helt, Natarajan & Rees 1998; Silk & Rees 1998; Wyithe
& Loeb 2003; Cavaliere, Lapi & Menci 2002; and ref-
erences therein). We shall investigate the effects of such
processes on the evolution of the AGN population in a
next paper.

In sum, the present model provides a baseline to include
the evolution of galaxies and AGNs in the same global
picture, being supported by a remarkable agreement with
the observations of its predictions for brighter sources in
a wide range of redshifts (from0 < z < 6) and of wave-
lengths (from optical to X-rays). The most distinctive
feature of such a picture is the dramatic decrease of the
AGNs luminosities atz ∼< 2 especially in massive galax-
ies (see Fig. 1), naturally resulting from to the exhaustion
of cold gas necessary for feeding both the accretion and
the star formation; relatedly, massive galaxies are pre-
dicted to undergo a nearly passive evolution fromz ≈ 2
to the present. The relevance of such an exhaustion in de-
termining the observed properties of the AGN population
(in both the optical and the X-rays) is confirmed by recent
N-body simulations (Di Matteo et al. 2003). The above
picture thus naturally explains the parallel evolution of
BH accretion and star formation in spheroidal systems;
this, originally discussed by Monaco, Salucci & Danese
(2000) and Granato et al. (2001), is supported by re-
cent works (see Franceschini, Hasinger, Miyaji, Malquori
1999; Haiman, Ciotti & Ostriker 2003) which also en-
lightened its simultaneous consistence with the evolu-
tion of the optical and the X-ray luminosity functions of
AGNs (Cattaneo & Bernardi 2003). The physical origin
of such a parallel evolution is here clarified and shown to
arise as a natural outcome of hierarchical galaxy forma-
tion.
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THE SPECTRAL ENERGY DISTRIBUTION OF NEW TEV BLLACS

L. Costamante

Max-Planck-Institute für Kernphysik, Heidelberg, Germany

ABSTRACT

Tev blazars studies have been hindered until now by the
uncertainties in reconstructing the intrinsic TeV spec-
tra due to absorption from the the diffuse Extragalac-
tic Background Light (EBL), and by the small number
of sources. The most recent H.E.S.S. results have now
changed this situation, with the discovery of 3 new ob-
jects, and providing strong circumstantial evidence for a
low intensity of the EBL. Here we present some first re-
sults of XMM and RXTE observations performed in co-
ordination with H.E.S.S., which give information on the
overall Spectral Energy Distribution of these objects dur-
ing the epoch of the TeV detections, and discuss some
implications of the absorption-corrected TeV spectra in
the context of the leptonic SSC scenario.

Key words: LATEX; XMM; X-rays; TeV; BL Lacs.

1. INTRODUCTION

TeV blazars are presently the most interesting and chal-
lenging objects to test the emission models and the phys-
ical conditions in blazars jets, since they are character-
ized by the most energetic electrons in the whole class
(synchrotron radiation dominating and often peaking in
the X-ray band) and by peculiar phenomenology (e.g.
rapid variability at high energies, wide changes in the
synchrotron peak energy, and different types of correla-
tion between the synchrotron and inverse Compton emis-
sions). Simultaneous X-ray–TeV observations represent
therefore a fundamental diagnostic tool, since the bulk
of the luminosity is emitted in those bands and they are
supposed to sample electrons of similar energy (radiating
through synchrotron and IC processes).

Such studies however have been hindered by the uncer-
tainties in the reconstruction of the intrinsic TeV spec-
tra due to absorption by ����� collisions and pair pro-
duction on the diffuse Extragalactic Background Light
(EBL), and by the small number of objects (until very
recently only 4 were well studied).

With the start of operations in 2004 of the Cherenkov
telescope H.E.S.S. in full array, the situation is now
changing, and 3 new TeV BLLacs have been recently dis-
covered, two of which at relatively high redshift.

The hard spectra of the two most distant sources have
provided the strongest constraints up to date on the level
of the EBL (Aharonian et al. (2005c), which can now be
used to reconstruct and study the blazars SED with less
uncertainty than in the past.

2. EBL ABSORPTION

The EBL SED at Opt–NIR frequencies is dominated by
thermal radiation produced by stars (which is then partly
absorbed and re-emitted by dust at longer wavelengths)
over the entire history of evolution of galaxies. Gamma-
ray photons from 0.1 up to few TeV (the band detected
in these objects) are mainly absorbed by (and thus sam-
ple) the EBL up to few microns, whose SED is shown
in Fig. 1. The energy dependence of the optical depth�����
	 gives origin to a strong modification of the inci-
dent spectrum (see Fig. 2), resulting in a steepening of
the original slope up to 2-3 TeV (for all expected EBL
SEDs, i.e. peaked around 1-2 � m). This creates a direct
link between the blazar spectrum and the EBL SED: for a
given observed TeV spectrum, higher O–NIR EBL fluxes
requires harder source spectra. Unfortunately, the large
uncertainties on the EBL knowledge (see Fig. 1) leave
room to a wide range of possible source spectra, while
conversely data from the synchrotron peak alone are not
sufficient to univocally constrain the blazars TeV emis-
sion, thus hindering the possibility to disentangle absorp-
tion from intrinsic features.

A breakthrough in this classic “one equation – two vari-
ables” problem is now provided by the H.E.S.S. results on
1ES 1101-232 and H 2356-309 Aharonian et al. (2005c):
their observed spectra are unexpectedly hard for their
given redshifts. As described in Aharonian et al. (2005c),
with the high O–NIR values suggested by the “direct”
EBL measurements (i.e. after modelling and subtraction
of the much brighter foregrounds, in particular zodiacal
light), the reconstructed spectra are extremely hard (pho-
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Figure 1. EBL Spectral Energy Distribution. Open
points: integrated light from resolved galaxy counts, and
thus has to be considered lower limits for the EBL. Full
points, direct estimates (see Aharonian et al. (2005c)).
The two filled lines correspond to the range of the EBL
flux levels used to deabsorb the TeV data. Details in Aha-
ronian et al. (2005c). The dashed line, as well as the
NIR peak over galaxy counts, are considered very un-
likely since imply intrinsic TeV spectra with photon in-
dexes ����� . The upper axix shows the TeV energies
corresponding to the peak of the � � � cross-section.

ton index ����� ). Such values have never been previ-
ously seen in the blazar emission, are not explained with
the accelerated particle spectra obtained in the standard
shock acceleration models, and are generally difficult to
reproduce in the standard leptonic or hadronic scenarios.

They are not impossible in principle (and in fact some
mechanisms have already been envisaged, seeAharonian
(2001)), but if they were a real, newly discovered feature
of the blazar TeV emission, they should become directly
visible in the observed spectra of the closer, less absorbed
objects like Mkn 421 and Mkn 501 ( �	��
������� � ), so far
not seen. Unless assuming an improbable fine tuning of
the source parameters with redshift, so that such “line-
like” features always disappear due to EBL absorption.

High EBL fluxes in the NIR band, if due to redshifted UV
radiation from Pop III stars in the early universe, are also
disfavoured by recent theoretical results on this scenario
(Madau & Silk (2005); Dwek et al. (2005)), due to the
extreme energetic requirements and fine-tuning necessary
not to overproduce the mean metallicity or the soft X-ray
background presently observed.

A lower EBL intensity, instead, in agreement with the
expectations from standard galaxy evolution models (e.g.
Primack et al. (2005)), would avoid such problems.

Given also the fact that the “direct” EBL estimates can
be affected by large systematic uncertainties due to the
difficulties in the accurate modelling of the bright fore-
grounds, in particular zodiacal light (which has the same

Figure 2. Attenuation factors for two different redshifts
for the lowest curve in Fig 1 (full lines), and for the same
redshift (z=0.129) but with the higher EBL curve in Fig.
1 (dashed line). The above curves can be thought as the
observed spectrum resulting after absorption if the inci-
dent one is a power-law with flat slope.

spectrum of the NIR excess between 1 and 4 micron,
Dwek et al. (2005)), a low EBL intensity seems at
present the simplest and most natural conclusion.

Although not yet the “smoking gun”, the H.E.S.S. results
on these two objects provide strong circumstantial evi-
dence for a very low EBL. Therefore, unless/untill further
data will change this picture (e.g., the direct measurement
of very hard spectra in nearby TeV blazars, or the detec-
tion of spectra of objects at high redshift, z=0.3-0.5, in-
compatible even with the galaxy counts limits), we will
adopt for the TeV spectra reconstruction the range be-
tween the upper limit derived in Aharonian et al. (2005c),
and the lower limits represented by the integrated light
from resolved galaxies.

3. X-RAY DATA

The XMM observations were performed as simultane-
ous campaigns with H.E.S.S. at fixed epochs (given the
narrow overlap of the visibility windows for simultane-
ous coverage), while the XTE observation was performed
as ToO, but the campaign was hindered by bad weather
conditions (thus the short exposures). Strict simultaneity
has been possible only for the XMM observation of 1ES
1101-232, while for the others only within 1-2 days, due
to bad atmospheric conditions on the H.E.S.S. site. The
TeV flux levels however were not high enough to allow
a study of the flux or spectral properties within one night
of data.

The XMM data were analysed with the SAS 6.5 (6.0 for
OM), according to the XMM Handbook and calibration
instructions (and correspondingly for the XTE data), with
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Table 1. Main parameters of the H.E.S.S. observations and campaigns, with the results of a single powerlaw fit. Errors
are 1 sigma statistical. H.E.S.S. results taken from Aharonian et al. (2005a,b,c); Benbow et al. (2005); Pita et al. (2005);
Tluczykont et al. (2005)

Name z X-ray TeV H.E.S.S. results
obs. obs. detection livetime � � 
� N � (cm � � s � � TeV � � )

PKS 0548-322 0.069 XMM 20/10/04 10 2004 (2.1 � ) 4.1 hrs - � � � � % Crab
PKS 2005-489 0.071 XMM 4/10/04 6-7/8-9 2004 6.7 � 24.3 hrs � � �	� � � � 1.9e-13
H 2356-309 0.165 XTE 11/11/04 6-12 2004 10 � 40 hrs 
 � ���� � � ��� 4.4e-13
1ES 1101-232 0.186 XMM 8/6/04 3-6 2004-05 12 � 43 hrs

� � ���� � � ��� 3.1e-13

Table 2. X-ray data spectral parameters of the best fit models, for single and broken powerlaw ones. Preliminary analysis,
full details in Aharonian et al. 2006, Costamante et al. 2006, in preparation. The column density was fixed at the galactic
values. Errors are at 90% confidence level for 1 and 3 parameter of interests. The last column gives the range of possible
slopes for the intrinsic TeV spectrum using the limits in Fig. 1, as derived in Aharonian et al. (2005c).

Name exposure � � E 
�������� � � Flux (2-10 KeV) intrinsic TeV
ks keV erg cm � � s � � �

PKS 0548-322 35
� � � �� � � � � ��� � � � ��� � � � ����� ��� � � 3.28 e-11 -

PKS 2005-489 12 
 � ���� � � � � - - 1.03 e-12 3.5-3.6
H 2356-309 2.8

� � ��� � � � � � - - 1.0 e-11 2.0-2.3
1ES 1101-232 18

� � � � � � � � � � � 
 � ��� � � � � ��� ��� � 
 3.88 e-11 1.5-1.8

the standard recipies for exclusion of background flares
intervals, pile-up and background subtraction (details in
Costamante et al. 2006, Aharonian et al. 2006, in prepa-
ration). The spectra were then analysed with XSPEC
V11.3.1. The observations were performed in small win-
dow mode for MOS2, and in timing for PN. The main
X-ray and TeV data parameters are summarized in Table
1.

No variability has been observed in these objects: all X-
ray and OM light curves for the different filters are well
fitted by a constant, as well as the hardness ratios among
different energy bands. We therefore fitted the whole
datasets, with free normalization between the the MOS2
and PN spectra. The preliminary results of single and
broken-powerlaw fits are shown in Table 2. The N � was
fixed to the galactic values, but no evidence for higher
values was found with free N � .

4. TEV BLAZARS SEDS

We used all the available data (optical, X-ray and TeV) to
build the source SEDs corresponding to the overall epoch
of the TeV detections. Although derived from very dif-
ferent timescales (hours for the X-ray data, average over
several months for the TeV data), the lack of significant
variability also in the TeV band, and the fact that the X-
ray data were taken in an epoch corresponding to the av-

erage TeV flux, suggests that these SEDs can likely repre-
sent the status of the source during a relatively quiescent
period, even if of course variability in the unobserved
epochs cannot be excluded (although not high enough).

The H.E.S.S. data were corrected for absorption as de-
cribed in in Aharonian et al. (2005c): i.e. between the
EBL upper limit corresponding to ���! #"%$ � � � for 1ES
1101-232 and the absolute lower limit represented by the
resolved galaxy counts (P0.4). The range of the derived
spectra is shown in Table 2.

The OM data taken in the different filters (V, B, U,
UVW1,UVM2) were corrected for galactic extinction ac-
cording to the Cardelli’s curve, and using the A & values
from NED (Schlegel et al. 1998), but no host galaxy sub-
traction was performed.

4.1. PKS 0548-322

This source was not detected by H.E.S.S. around the
XMM pointing, so only an upper limit is derived Aha-
ronian et al. (2005b), but given the short exposure (4 hrs)
and assuming that the observed excess of 2.5 � is not due
to background fluctuations, the detection level ( �('*) +-, )
and flux estimate is comparable to that of the other ob-
jects (around 1% of the Crab).
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Figure 3. SED of the two HBL with very similar redshifts ( � � � � � ). The new “sam epoch” data are shown in blue. In the
TeV range: left, the point corresponds to the flux estimate on the excess, assuming it’s not a fluctuation; right, the data
are corrected with the middle curve in Fig. 1 (i.e. the one that implies � � � � � for the 1ES 1101-232 TeV spectrum).
In black, historical data. The lines correspond to an old SSC modelling to the BeppoSAX data (see Costamante et al.
(2001); Tagliaferri et al. (2001); Perlman et al. (1999)). An updated modelling is in preparation. The Y axis on the right
shows the luminosity scale for these objects. For all calculations, a flat

�
CDM cosmology with � � � � ����� '	� '	
��� ,��� � ��� 
 ,

��� � � � � is adopted.

The X-ray spectrum (see Fig. 3, left) shows that the
source was characterized by an extreme state, with the
synchrotron peak � �����	� . Compared with the past
BeppoSAX and ASCA data, the source was in a higher
state in the hard X-ray band, approaching the hard spec-
trum seen with EINSTEIN. Given the nearly identical
redshift as PKS 2005-489 (z=0.069 vs 0.071; so that the
EBL absorption effects are exactly the same), and the
very different X-ray and SED properties (Fig. 3), the
comparison between the TeV emission in these two ob-
jects will be very interesting, shedding light on the most
efficient TeV production conditions. These two objects in
fact are characterized by very different ratios between X-
ray (tracing TeV electrons) and optical-UV fluxes (giving
the seed photons for IC).

Quite interestingly, the spectrum derived from the OM
data in the different filters is concave, suggesting that we
are seeing the transition zone between the tail of the host
galaxy (thermal) emission, and the emerging of the jet
synchrotron radiation.

4.2. PKS 2005-489

With PKS 2155-304, this HBL is one of the X-ray bright-
est BL lacs in the southern emisphere, and is charac-
terized historically by a very large amplitude variabil-
ity. The X-ray spectrum however has always been steep,
even during the exceptional flare of 1998 Tagliaferri et al.
(2001); Perlman et al. (1999), locating the peak below
the X-ray band (Fig. 3, right)

Quite surprisingly, the X-ray state corresponding to the
H.E.S.S. TeV detection is one of lowest and steepest ever
observed in this object (2 orders of magnitude less than
for the 1998 flare, in the hard X-ray band), suggesting
similar properties also in the TeV range, which would ex-
plain the very steep TeV spectrum. Given the huge poten-
tial dynamic range for the X-ray flux (which traces TeV
electrons), this object seems in fact a “dormant TeV vul-
cano”, potentially capable of

� � � � � erg cm � � s � � TeV
fluxes even if the TeV emission would follow only lin-
early the X-ray one during flares. It is therefore one of
the best objects to investigate the correlated variability
in the two bands, both on the shortest timescales (thanks
to the large fluxes expected in high states), and for long
term monitoring studies, since the H.E.S.S. array seems
capable to detect it also in a very low state.

The � � �
slope indicated by the OM photometric data

constraints the peak of the synchrotron emission to be lo-
cated in the UV, around

� � ��� Hz.

4.3. H 2356-309

Compared to the past BeppoSAX data (Costamante et al.
(2001)), these short XTE PCA observations reveal a sig-
nificantly steeper spectrum in the hard X-ray band, and at
a lower flux level by a factor � 
 . The TeV spectrum, in-
stead, once corrected for absorption, is flat ( � � � � � ) up
to 1 TeV using the upper limit EBL, while it is more sim-
ilar to the X-ray one (within errors) if the EBL is as low
as the galaxy counts limit. In the first case, for the usual
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Figure 4. SED of the two most distant TeV blazars presently detected with spectral information. Same labels as in Fig. 3.
In the TeV range, the lower point are the observed data, the higher ones are absorption corrected according to Aharonian
et al. (2005c).

leptonic SSC scenarios, the IC peak would be located in
the TeV band (unless such slope is due to a second com-
ponent emerging above 200 GeV), and the electrons pro-
ducing the TeV emission would not correspond to the ob-
served X-ray ones. In the second case, instead, they can
be the same electrons, but to avoid the steepening in the
TeV band due to the Klein-Nishina effects, the scattering
of these electrons has to occur around the Thomson limit
and with a sufficiently constant energy density of seed
photons, as given for example by a flat slope ( � � � � � �

)
down to the optical band.

4.4. 1ES 1101-232

Recognized by Wolter et al. (2000), using BeppoSAX
observations, as an extreme BLLac (with ��� � � ��� � �
keV) and promising TeV source, this object is revealed by
the new H.E.S.S. and XMM results as one of the most in-
teresting and puzzling cases for the blazars physics, even
after assuming the lowest values for EBL absorption (i.e.
galaxy counts). With all possible EBL levels, the intrinsic
spectrum is always rather hard (see Table 2). The X-ray
spectrum instead, as measured by XMM (at a flux level
very similar to the old BeppoSAX data in high state), is
characterized by a softer slope, nearly flat from 0.2 up
to 1 keV and then steepening. The two emissions cor-
respond therefore to two different particle spectra (KN
effects tend to steepen the gamma-ray spectrum with re-
spect ot the X-ray one, see e.g. Tavecchio et al. (1998)).

The natural question that arises is therefore: where is the
synchrotron emission of the TeV electrons responsible for
the TeV spectrum ? From simple energy conservation

law, these electrons have

��� � ���
	��


� ��� � � 
 �������
� ��� � (1)

corresponding to ��� ���!� � � '  around 1 TeV. They emit
by synchrotron at +�� ������� � � �� �"!$#�%'&(& � '  keV. So the
issue is to find an energy band in the SED with spectra
as hard as the TeV ones. The OM data do indicate that
the spectrum in the optical-UV band is quite hard, but to
shift the TeV electrons synchrotron emission in the O-UV
band would require very large beaming factors,

 $ � � � .
The alternatives within the SSC scenario are not many,
but they can be effectively tested with further simultane-
ous observations:

- two populations/components, one of which character-
ized by lower fluxes but higher Compton dominance, so
that its (hard) synchrotron spectrum remains hidden be-
low the brighter (and softer) one. This hypothesis has al-
ready been proposed to explain the “orphan flares” in 1ES
1959+650 (Krawczynski et al. (2004)). In such case one
should not expect correlated variability in the two bands,
except for very low amplitude variations in X-rays, and
more prominent in the hard bands;

- an electron population with a hard component rising
above 10 kev, characterized by a spectrum similar to the
TeV one (as in fact not excluded by the BeppoSAX PDS
data). Such case can be tested with simultaneous obser-
vations in the hard X-ray band, although the problem re-
mains on how to avoid the steepening of the gamma-ray
spectrum due to the KN effect, since the Optical slope
seems rather hard (meaning a rapidly decreasing seed
photon energy density for higher energy electrons).
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5. CONCLUSIONS

The new results obtained by H.E.S.S. on the high en-
ergy emissions of HBLs have opened a new vista on
the blazars SED and EBL problems, as well as on the
physics of the blazar emission itself. With the universe
more transparent to � -rays than previously thought, de-
tections at larger redshifts become more likely also with
the present generation instruments, and the the peculiar
SED properties revealed by these X-ray – TeV observa-
tions make these objects excellent and very promising
laboratories for a deeper understanding of the radiation
mechanisms in blazars.
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ABSTRACT 
 
NGC 1316 hosts the classical double lobe radio galaxy 
Fornax A. Recently, Kim and Fabbiano (2003) 
revealed with Chandra a 'blob' like emission associated 
with the optical dark lane, suggesting heating by the 
galaxy-merging. In this paper, we show a detail 
analysis focusing into the ‘blob’ to show significantly 
low temperature and low entropy. The significantly 
lower entropy in comparison with the other inter-stellar 
medium structures supports that the ‘blob’ are 
produced at the past galaxy merging. Comparing with 
those of non-thermal electrons in the radio lobes, we 
discuss a possible history of the nucleus activity and 
show its estimated kinetic luminosity during its active 
phase. 
 
Key words: X-ray: galaxies --- X-rays: active nucleus  
---galaxies: individual (NGC 1316) 
 

1. INTRODUCTION 
 
Formation of super massive black holes and history of 
the resultant active galactic nuclei is a crucial issue to 
evaluate total energy flow from galaxies and galactic 
medium heating. Some observational constraints, based 
on black hole merging models, estimate the lifetime of 
active galactic nuclei (AGNs) to be 0.01 to 0.1 Gyr  
(e.g. Yu & Tremaine 2002). In addition, recent 
observational results show that kinematic energy flows 
from the AGNs could be comparable to those of 
radiative energy  (e.g. Isobe et al. 2005; I05 hereafter). 
That estimation implies that AGNs with large scale jets 
may have injected kinetic energy of 1058-61ergs into the 
inter-galactic space through their life. It suggests that it 
is important to estimate the lifetime of outflow activity 
independently from their electromagnetic radiation to 
evaluate total energy output from AGN to the inter-
galactic medium. 
 
In this paper, we present X-ray observation results 
from the radio galaxy Fornax A (NGC 1316), having 
prominent double lobes with the dimmed nucleus. The 
host galaxy NGC 1316 is a disturbed elliptical galaxy 
with numerous tidal tails. Schweizer (1980) suggested 
that the morphology is caused by several low-mass, 

gas-rich merging over the last 2 Gyr (see also Ekers et 
al. 1983; Kim, Fabbiano, & Mackie 1998; Mackie & 
Fabbiano 1998).  Fornax A (NGC 1316) has been 
extensively observed in a wide range of wavelengths. 
In the radio band, Fornax A is the third brightest object 
in the sky, with giant radio lobes (Wade 1961; Ekers et 
al. 1983), separated by 200 kpc, consisting of polarized 
filaments (Fomalont et al. 1989) and S-shaped nuclear 
radio jets (Geldzahler & Fomalont 1984). In X-ray 
band, the galaxy was observed intensively so far with 
Einstein (Fabbiano, Kim, & Trinchieri 1992), ROSAT 
PSPC(Feigelson et al. 1995), ASCA (Kaneda et al. 
1995; Iyomoto et al. 1998; Tashiro et al. 2001), ROSAT 
HRI (Kim, Fabiano & Makie 1998), Chandra (Kim & 
Fabbiano 2003: KF03 hereafter) and XMM-Newton 
(Isobe et al. 2005: I05 hereafter).  
 
In particular, the ROSAT observations revealed ~109 
Msolar of hot ISM, with an inhomogeneous distribution. 
Although the substructures of the ISM were not highly 
significant, given the ROSAT HRI data quality, KF03 
confirmed the presence of fine substructures in the hot 
interstellar medium (ISM) with Chandra. Some of the 
substructures are likely to result from interaction with 
the radio jets, while others placed free from the jet 
directions should be related to a complex intermingling 
of different phases of the ISM. They also confirmed the 
dimmed nucleus with  39105×=xL ergs s-1  (in 0.3 to 8 
keV band) and a Γ =1.7 power-law energy spectrum, 
which is consistent with the results reported by 
Iyomoto et al. (1998). 
 
X-ray observations with ASCA (Kaneda et al. 1995; 
Iyomoto et al. 1998; Tashiro et al. 2001), ROSAT 
(Feigelson et al. 1995), and XMM-Newton (I05) have 
also been unveiling the inverse-Compton X-rays from 
the lobes. In particular, I05 summarized them and 
revised electron energy and the energy density 
spectrum based on the latest X-ray and radio results.  
 
In this paper we reanalyze the Chandra observation 
results on the possible merging induced ISM to 
compare its cooling time scale with the suggested 
history of the lobes. Also discussion on the lobe 
cooling time derived from the X-ray observation of 



lobes is presented in comparison with the newly 
estimated cooling time of the ISM structure. 

 

2. OBSERVATION AND RESULTS 
 
2.1 Observation 
 
NGC 1316 was observed for 30 ks on 2001 April 17 
(Observation ID 2022), with the Chandra Advanced 
CCD Imaging Spectrometer (ACIS; Garmire 1997), 
and details are described by KF03. We reanalyzed the 
archive data and processed them thoroughly with the 
latest processing tools and calibration files.  

 
2.1   Results from Point Sources 
 
We show the obtained 0.2 to 10 keV X-ray image in 
Fig. 1, in which we smoothed the image with two-
dimensional Gaussian function of 4=σ  pixels. We see 
elongated emission in the north-south direction. It 
extends within the optical galaxy and the direction is 
perpendicular to the lobe axis (east-west). KF03 
noticed the ‘blob’ like ISM substructure, exhibiting a 
prominent peak emission in the north of the galaxy 
centre. 

 
We show the X-ray band images in Fig. 2. They are 
labelled with (a) to (d) each of which represent 0.2-0.7, 
0.7-1.2, 1.2-2.0 and 2.0-5.0 keV band images, 
respectively. We see the significant substructures at the 
galaxy centre and the north-south extension in the 
softer two band images, although no significant diffuse 
emission in the harder bands. 
 
Before investigating the diffuse emission structure, we 
note we see no prominent peak at the centre of the 
galaxy. In order to evaluate the possible active nucleus 

emission, we accumulate photons within 250 pc from 
the centre. Although the obtained spectrum is well 
described with power-law model, the best-fit photon 
index of 24.08.2 ± is too soft to be attributed to the 
typical AGN emission. The derived upper limit of the 
luminosity from the centre region is up to 1040 erg s-1, 
which is consistent with the reported values by 
Iyomoto et al. (1998) and KF03. We conclude that we 
observe no significant nucleus activity of the radio 
galaxy. 
 
2.2   Results from Diffuse Emissions 
 
Point sources in the field are investigated and reported 
by KF03. In order to focus into the diffuse emissions, 
here we remove all the point sources and evaluate the 
residual diffuse X-ray spectrum. As described by the 
previous report (e.g. Kaneda et al. 1995), whole galaxy 
is covered with wide spread emission from a relative 
hot component 83.0=kT keV, which is known to be 
extended outside of the galaxy. Here we subtracted the 
large-scale thermal emission by employing background 
spectrum region outside but near the optical galaxy. In 
the following, we examine the spectra from the ISM 
substructures by employing regions shown in Fig. 3. 

Figure1. Chandra 0.2-7keV image of NGC1316

1 
2   4 
3

Figure 3. Spectrum accumulating regions for: (1) the
north ‘blob’; (2) the centre;  (3) the south ‘blob’; (4)
diffuse ISM. 

Figure 2. Chandra X-ray band images from NGC1316
(a)0.2-0.7, (b) 0.7-1.2, (c) 1.2-2.0, (d) 2.0-7.0 keV (see
text). 

(a) (b)

(c) (d)

  



Figure 4. X-ray spectra obtained from the four regions. 

The regions are; (1) north ‘blob’; (2) central region of 
the galaxy; (3) southern extension also ‘blob’ like 
structure; and (4) diffuse ISM in the galaxy. 
 
Thus integrated X-ray spectra are presented in Fig. 4. 
We used “mekal” model to evaluate the thermal 
emission and summarized the best-fit parameters in 
Table 1. All but the centre region spectra are well 
described with thermal plasma emission model. Only 
from the centre we detected an additional hard 
component. The hard component is here described with 
a power-law model, although it is thought to represent 
unresolved point sources including low mass X-ray 
binaries in the centre region. 
 
 
 
Table 1. Summary of the spectral fitting for the diffuse 
emission regions 
            
 Region         kT (keV)      χ2

red
 

1 0.30 +/- 0.02      0.87 
2 0.59 +/- 0.02     1.12* 
3     0.48 +/- 0.06     0.64 
4     0.38 +/- 0.03     0.74 

 
*: with additional power-law component (text). 

3.  DISCUSSION 
 
3.1   Entropy of the ISM Substructures 
 
We observed NGC 1316 having a large-scale double 
lobe without large-scale radio jets or active nucleus. 
We confirmed the ISM substructures suggested to be 
related with the past galaxy merging.  Interestingly, the 
measured temperatures of the substructures are not 
homogeneous. We observed the hot plasmas in the 
centre and in the south extension, while we found the 
relative cool plasmas in the north blob and from the 
diffuse ISM region. The brightness and temperature 
profile imply inhomogeneous entropy distributions in 
the ISM substructures, and suggests different origins of 
each substructure. In this section, we calculate the 
‘entropy’ to discuss a possible history of the nucleus 
activity in the following subsection. We here adopted 
the definition of ‘entropy’ (or adiabat) as, 
 
 ,                                                    (1) kTnS 3/2−=
 
according to Tozzi and Norman (2001). The calculated 
S for each region (region 1, 2 and 4) is summarized in 
Fig. 5 in reference to the radial distance from the centre 
of the galaxy. The grey line indicates the extrapolation 
from the outer ISM region in the case of gravitational 
cooling only ( ). We note the derived entropy 
value for the central region exceeds the line. It might 
be caused by the heating at the merging or by 
subsequent nucleus activity. On the other hand, the 
lowest entropy of the north blob is consistent of the 
extrapolation if the blob were at the centre. The fact 
might hint that the blob used be at the centre. 

rS ∝



 
3.2 Electron Energy in the Lobes 
 
Referring to I03 presenting a new estimation of stored 
energy in the lobes, we adopt the derived energy 
densities of the relativistic electrons and the magnetic 
fields are eu  erg cm3.08.2 ±= -3 and 06.0−mu erg 
cm

08.03.0 +=
-3, respectively. Employing these values with 

estimated emission volume of the two lobes, we 
obtained a cooling time of 0.2 Gyr for both synchrotron 
and Compton processes. 
 
3.3   Possible History of the Nucleus Activity 
 
Indices of the end time of activity of the nucleus are 
given by those facts that the jets are extinguished; yet 
the relativistic electrons in the lobes have not been 
cooled. These give the lower and the upper limits of 
the time intervals from the end of activity to the present 
time, such as 0.1 Myr and 0.2 Gyr, respectively. 
 
On the other hand, cooling times of the ISM sub-
structures suggest the age of the merging galaxy. We 
calculate it as 1 Gyr from the cooling time of the north 
blob. Adopting these indices as the duration of the 
activity of the nucleus, we could conclude that it last, at 
the longest case, from 1 Gyr to 0.1 Myr ago at the rest 
frame of the galaxy. 

 
 

The estimated total electron energy in the lobes is 
 erg (I05). If we adopt the cooling time of the 

lobes as the integration time of the energy injection 
into the lobes, we estimated the average kinetic 
luminosity of erg s

58100.1 ×

45102 × -1. We note that it is 
comparable to the typical radiation luminosity of the 
radio galaxy.  
 
 
4.   SUMMARY 
 
We confirmed the hot ISM and substructures (KF03). 
Their ‘entropy’ analysis shows that (1) heating in the 
galaxy centre (‘core’); (2) cooled ‘blob’ in the north. 
These results suggest that the lifetime of AGN of 1 Gry. 
We estimated the average kinetic luminosity in the 
lifetime of the nucleus. 
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ABSTRACT

Active galaxies are the most powerful engines in the Uni-
verse for converting gravitational energy into radiation,
and their study at all epochs of evolution is therefore im-
portant. Powerful radio-loud quasars and radio galaxies
have the added advantage that, since their radio jets need
X-ray-emitting gas as a medium in which to propagate,
the sources can be used as cosmological probes to trace
significant atmospheres at high redshift. The radio emis-
sion can be used as a measure of source orientation, and
sensitive X-ray measurements, especially when used in
combination with multi-wavelength data, can be used to
derive important results on the physical structures on a
range of sizes from the cores to the large-scale compo-
nents. In this paper we present new results on a signif-
icant sample of powerful radio galaxies and quasars at	 �
����� , drawn from the 3CRR catalogue and selected to
sample a full range of source orientation. Using high-
quality observations from XMM-Newton and Chandra,
we discuss the X-ray properties of the cores, jets, lobes
and cluster gas, and, through the incorporation of multi-
wavelength data, draw conclusions about the nature of the
emission from the different components.

Key words: active galaxies, radio galaxies, high redshift,
quasars, general, X-ray, synchrotron, inverse Compton.

1. INTRODUCTION

Powerful ( ������������ �����������! 
W s " � Hz " � ) radio

sources are visible across the Universe and can thus be
used to probe a number of physical conditions at high
redshift, from accretion processes to Active Galactic Nu-
cleus (AGN) environments at early epochs. On small
scales, X-ray emission from the central AGN can be used
to probe the process of converting gravitational energy
into radiation, as spectral and variability studies have
shown that at least some of the X-ray emission comes
from regions very close to the central engine. At least

part of the X-ray emission is expected to be anisotropic
as a result of relativistic beaming and anisotropic absorp-
tion. In particular, Unification Models explain the ob-
served differences among AGNs as the result of their ori-
entation with respect to the line of sight (e.g. Barthel
1989; Urry & Padovani 1995), and an optically thick ob-
scuring torus is invoked to hide the nucleus of objects
(namely radio galaxies) viewed at large angles to the jet
axis (e.g. Barthel 1989).

To understand the accretion mechanism(s) we need to un-
derstand orientation effects, especially in X-ray selected
samples. In the simple picture of an obscuring torus,
quasar light heats the gas and dust of the torus and ther-
mal radiation is re-emitted isotropically in the mid/far-
infrared in order to maintain energy balance in the inner
regions. Thus, in principle, far-infrared radiation should
provide an orientation-independent measure of the emit-
ted power from the central engine. The sensitivity in the
mid/far-infrared of the Spitzer satellite provides for the
first time the possibility to test this hypothesis for a large
number of objects.

On larger spatial scales, extended X-ray emission is ob-
served from spatial regions coincident with the radio
lobes, and the combination of the X-ray and radio ra-
diation can be used to measure the particle content and
magnetic field in the radio lobes. In addition, the well
collimated relativistic jets associated with these sources,
require a medium in which to propagate. As a result pow-
erful high redshift radio galaxies are potential tracers of
the formation and evolution of the most massive galax-
ies and clusters (e.g., Crawford & Fabian 2003; Hardcas-
tle & Worrall 1999; Worrall et al. 2001). Powerful ra-
dio sources are thus key objects to understand the cosmo-
logical evolution of accretion/radiation mechanisms, rel-
ativistic effects and plasma physics in the early Universe
(e.g., Brunetti et al. 2001; Hardcastle, Birkinshaw & Wor-
rall 2001; Marshall et al. 2005; Overzier et al. 2005).

In this paper we present high-quality X-ray observations
obtained with Chandra and XMM-Newton of 19 sources
in the redshift range

�#� �
$ 	 $%�&� �
, which are mostly
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part of a larger sample of Faranoff-Riley type II (FRII)
radio galaxies and quasars currently being observed with
Spitzer. We discuss the properties of the core and parti-
cle content of the radio lobes and we present preliminary
results on the cluster-like environment of these sources.

Throughout this paper we use the concordance cosmol-
ogy with '#(*),+-(/. ���&�1032,4 " �6587:9 " � ) ���<;

, = � )�#� >
, =@?A) ���<; . If not otherwise stated, quoted errors are�CB
for one interesting parameter.

2. THE SAMPLE

Low-radio-frequency optically-thin synchrotron radia-
tion from the radio lobes of radio-loud sources should
be isotropic. Thus, selection of objects via their low-
frequency radio emission represents the most reliable
method for selecting an orientation-unbiased sample.
The sample discussed in this paper is composed of 19
sources at redshift

�#� �D$ 	 $E��� �
, selected from the

3CRR catalogue (Laing, Riley & Longair, 1983) at 178
MHz, and having Chandra or XMM-Newton observa-
tions. This work does not aim at statistically testing uni-
fication models, for which a random selection from the
parent sample would be necessary. Instead we intend to
look for differences in the X-ray emitting components be-
tween quasars and radio galaxies, as would be expected in
unification schemes. The sources are also being observed
with Spitzer and their selection as part of a larger sample
was based on convenient scheduling of Spitzer observa-
tions.

Chandra or XMM-Newton observations of 9 sources
(3C 184, 3C 200, 3C 220.1, 3C 228, 3C 263, 3C 275.1,
3C 292, 3C 330, 3C 334) were awarded to us in support
of various projects, while data for the remaining sources
were extracted from the Chandra archive. Table 1 lists
the sources used in this work. Our analysis of the lobe
emission was performed with a larger sample, including
sources at lower and higher redshift to those detailed in
Table 1. For a full list of these sources see Croston et al.
(2005).

3. THE PROPERTIES OF THE CORES

High-frequency nuclear radio emission probes sub-
arcsecond scales of radio-loud sources, and is explained
as synchrotron radiation from the unresolved bases of
relativistic jets, which is anisotropic due to relativistic
beaming. The correlation found using ROSAT data be-
tween the nuclear, soft X-ray emission and the core ra-
dio emission of powerful radio-loud AGN (e.g. Hardcas-
tle & Worrall 1999; Brinkmann, Yuan & Siebert 1997)
suggests that at least part of the soft X-ray emission is
also relativistically beamed and originates at the base of
the jet. The correlation is very tight for core-dominated
quasars (CDQs), i.e. those source having jets pointing
to small angles to the line of sight. Another sub-class of

Figure 1. Luminosity-Luminosity relation. Filled boxes
are RGs, asterisks are LDQs and star CDQs. Errors bars
show 1

B
uncertainties. When these are not visible it is be-

cause errors are smaller than symbols. Upper limits are
at the 3

B
level. The continuous line is the best-fit regres-

sion to the sample of CDQs only. The dot-dashed line is
the regression to the whole sample, while the dashed line
fits the sample composed of CDQs and RGs

object, lobe-dominated quasars (LDQs), were found to
lie above the flux-flux correlation valid for CDQs (Wor-
rall et al., 1994), supporting the idea that lobe-dominated
quasars are viewed at an angle to the line of sight such
that the observer sees in X-ray both the jet-dominated
component and a more isotropically emitted, probably
nucleus-related component, with the two components be-
ing more similar in flux density than for the CDQs.
For those sources viewed on the plane of the sky (thus
strongly obscured by a torus) the picture is less clear.
Worrall et al. (1994) found that the core soft X-ray emis-
sion of the galaxy 3C 280 lies on an extrapolation of the
correlation obtained for CDQs, and interpreted the result
as due to X-ray emission from a jet-related component,
with the nucleus-related component being obscured by a
torus. In this picture, nucleus-related X-ray emission in
radio galaxies would be seen only at hard (

�GFH���
keV)

energies and its characteristics have been essentially un-
known before Chandra and XMM-Newton observations.

3.1. Results

Chandra and XMM-Newton observations allow us to an-
swer some of the still open questions about the nature of
X-ray emission from the nuclear region of high-redshift
radio sources:

1. Do RGs have more absorbed cores than QSOs?
Spectral analysis of 10 radio galaxies in the sample
show that 70% of them display an absorbed nuclear
component with intrinsic absorption ranging from
0.2 to 50

�I�������
cm " � . We do not find absorption

above Galactic value for any of the quasars in the
sample.
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Table 1. The sample. Galactic column density is from Dickey & Lockman (1990); NRLG means Narrow Line Radio
Galaxy; LERG means low-excitation radio galaxy. Redshifts and positions are taken from Laing et al. (1983)

Source RA(J2000) Dec(J2000) redshift scale type JK�L@MON PRQSQ Q
arcsec/kpc 10

� ( cm " �
3C 6.1 00 16 30.99 +79 16 50.88 0.840 7.63 NLRG 14.80
3C 184 07 39 24.31 +70 23 10.74 0.994 8.00 NLRG 3.45
3C 200 08 27 25.44 +29 18 46.51 0.458 5.82 NLRG 3.7
3C 207 08 40 47.58 +13 12 23.37 0.684 7.08 QSO 4.1
3C 220.1 09 32 39.65 +79 06 31.53 0.61 6.73 NLRG 1.8
3C 228 09 50 10.70 +14 20 00.07 0.552 6.42 NLRG 3.18
3C 254 11 14 38.71 +40 37 20.29 0.734 7.28 QSO 1.90
3C 263 11 39 57.03 +65 47 49.47 0.656 6.96 QSO 1.18
3C 265 11 45 28.99 +31 33 49.43 0.811 7.54 NLRG 1.90
3C 275.1 12 43 57.67 +16 22 53.22 0.557 6.40 QSO 1.99
3C 280 12 56 57.85 +47 20 20.30 0.996 8.00 NLRG 1.13
3C 292 13 50 41.95 +64 29 35.40 0.713 6.90 NLRG 2.17
3C 309.1 14 59 07.60 +71 40 19.89 0.904 7.80 GPS-QSO 2.30
3C 330 16 09 34.71 +65 56 37.40 0.549 6.41 NLRG 2.81
3C 334 16 20 21.85 +17 36 23.12 0.555 6.38 QSO 4.24
3C 345 16 42 58.80 +39 48 36.85 0.594 6.66 core-dom QSO 1.13
3C 380 18 29 31.78 +48 44 46.45 0.691 7.11 core-dom QSO 5.67
3C 427.1 21 04 06.38 +76 33 11.59 0.572 6.49 LERG 10.90
3C 454.3 22 53 57.76 +16 08 53.72 0.859 7.68 core-dom QSO 6.50

2. If soft X-ray emission is jet-related, a correlation
should exist between core radio emission and a
soft X-ray unabsorbed component of RGs and
CDQs.

We correlate core radio luminosity density at 5 GHz
to soft, 1-keV X-ray luminosity density of an unab-
sorbed component in all the sources in our sample
(Figure 1). We confirm previous results found with
ROSAT about the tight correlation valid for CDQs,
and the position above the correlation for LDQs.
The 1-keV emission from the 10 RGs, which is in-
terpreted as jet-related in CDQs, lies above the cor-
relation valid for CDQs, suggesting that the mecha-
nism responsible for the unabsorbed X-ray emission
in the two subclasses of sources may be different.

3. Are the two populations (RGs and QSOs) differ-
ent in their X-ray spectral properties?

Radio-loud (core-dominated or blazar-type) quasars
are found to have flatter spectral index , i.e. TVU�&���

(e.g., Worrall & Wilkes 1990, Brinkmann et al.
2000) in comparison to the values of TWU F

more
commonly found in their radio-quiet counterparts
(e.g. Brinkmann et al. 2000, Reeves & Turner 2000,
Galbiati et al. 2005). The flat spectrum has been
interpreted as the result of beamed emission from
the jet. However, for RGs it is in principle possi-
ble to separate X-ray emission which is unobscured
and jet-related from obscured (possibly) accretion-
related emission. From our analysis we find that the

average spectral index (Figure 2; the absorbed com-
ponent is here considered for RGs) for all sources is$ T � =

��� ���IX��#� �Y�
, for RGs alone is

$ T[Z]\ � =�&����;YX^��� �&>
, for CDQs

$ T[_a`cb � =
�&� dY�3X^�#� ��e

, and
for LDQs

$ T[f�`cb � =
�&���hgiXK�#� ��g

. This shows that
RGs absorbed emission behaves more similarly to
the spectral behaviour of radio-loud quasars (RLQs)
than radio-quiet quasars (RQQs).

Interestingly, the spectral index of the RG unab-
sorbed X-ray emission at low energy is rather steep,
with a average of

$ T � =
F�� �Y�XO����F&�

. This is indi-
cation that the emission mechanism responsible for
the unabsorbed emission in RGs and QSOs may be
different.

3.2. Conclusions

Several results support a simple unification model to ex-
plain the X-ray emission from high-redshift radio loud
sources:

j RGs display higher intrinsic absorption than QSOs
(as expected if a torus is present);

j the unabsorbed X-ray component observed in RGs
(and QSOs) correlates with the radio core, implying
that this emission is most likely jet related. How-
ever the steeper spectrum observed in RGs is con-
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Figure 2. Spectral index distribution for the whole sam-
ple. The dashed histogram illustrates the distribution of
the absorbed components of radio galaxies, and empty
boxes represent quasars.

sistent with synchrotron emission as the mechanism
responsible for this emission in RGs. On the other
hand,

j the flattening of the flux-flux relation (as well as the
luminosity-luminosity relation) for CDQs, i.e. the
source is under-luminous in X-ray for a given radio
flux, is consistent with IC becoming dominant with
decreasing angle to the line of sight;

j LDQs have more X-ray emission than would be ex-
pected from a jet component alone suggesting a pos-
sible contribution to the spectrum from both jet-
related and accretion-related emission mechanisms.

The new and surprising result we find from our analysis is
the flat slope describing the absorbed X-ray spectrum of
RGs. In particular its value is flatter than that observed for
RQQs. This seems to indicate that jet emission dominates
over a possible more heavily absorbed core, as verified by
simulations (Belsole, Worrall & Hardcastle, 2006). How-
ever, we cannot rule out that RLQs and RQQs engines are
different.

4. EXTENDED EMISSION FROM THE RADIO
LOBES

Radio synchrotron emission from radio lobes is a func-
tion of electron density and magnetic field strength. The
combination of radio observations with resolved X-ray
observations allows us to decouple these two quantities
since electron density is directly measurable from the
inverse Compton (IC) emission observed in the X-rays.
This may help in solving the issue of particle content and
magnetic field strength in radio lobes.

The particle content in radio galaxies and quasars is still
under debate. Possible interpretations are electron-proton

jets (e.g., Celotti & Fabian 1993) and electron-positron
jets (e.g., Wardle et al. 1998; Kino & Takahara 2004).
Although relativistic protons are not directly observable
by IC emission, results consistent with equipartition be-
tween the magnetic field and electron energy densities
represent an indirect means to disfavour models in which
a substantial contribution to the energy density is pro-
vided by a population of protons (e.g., Hardcastle et al.
2004; Croston et al. 2004).

In this paper we summarise the results obtained from the
analysis of Chandra and XMM-Newton observation of 33
classical double radio galaxies and their radio lobes. De-
tail of this work are described in Croston et al. (2005).

4.1. Results

The X-ray observations available allow us to resolve
emission from 38 lobes and upper limits for another 16
lobes. Of the 38 lobes with detection, 8 have sufficient
counts to perform spectral analysis.

The properties of the lobes in our sample were investi-
gated by computing the ratio ( k ) of the observed to pre-
dicted X-ray flux at equipartition. The predicted flux was
obtained by modelling of the IC and synchrotron emis-
sion using the radio flux densities at different frequencies
to normalise the synchrotron spectrum. A broken power
law electron distribution with initial electron energy in-
dex l8) F

, m Mn o =10 and m Mp�q ) ���&r
, and a break en-

ergy in the range m3s�tvu p�w ) �/Fh�&�6xy�C��z��&�&� was used. The
prediction for the CMB IC and SSC at 1 keV was deter-
mined on the basis of the modelled synchrotron spectrum
for each source assuming equipartition between radiating
particles and magnetic field. In this definition k{) �
means that the CMB and SSC model with an equiparti-
tion magnetic field and a filling factor of unity can ex-
plain the observed X-ray flux. k �|� indicates that either
the magnetic field is lower than the equipartition value,
i. e., the lobes are electron dominated, or an additional
photon field is present. k $}�

implies magnetic field
domination.

Figure 3 shows the histogram of k for the detected lobes.
The majority of sources have k �~�

and appear to be
distributed around k|U F .
We also examined whether the observed k -value is re-
lated to the type of radio source by comparing the distri-
bution of k for narrow-line and broad-line objects. We
observe that broad-line quasars have a tendency to dis-
play higher value of k (Figure 3). We demonstrated
(Croston et al., 2005) that projection effects are likely
to be important in explaining the distribution of the ob-
served k -values, although other possibilities cannot be
ruled out.
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Figure 3. Distribution of k -parameter for the detected lobe sample (Left), and k distribution of the narrow-line (hatched
rectangles) and broad line (filled rectangles) objects discussed in Croston et al. (2005) (Right).

4.2. Conclusions

Our study shows that more than 70% of the sources in
the sample are at equipartition or electron dominated.
The distribution of the k -values, with a peak aroundk�U F indicates that most of the source magnetic fields
are within 35% of equipartition, or electron dominance
( �c��.��c� ) by a factor of U �

. Some sources can be mag-
netically dominated by at least a factor of 2. These results
disfavour models in which FRII lobes have an energeti-
cally dominant population of relativistic protons which
are also in equipartition with the magnetic field.

5. ENVIRONMENT OF RADIO SOURCES AND
THE SEARCH OF HIGH-REDSHIFT CLUS-
TERS

Because of the propagation of radio jets, radio galaxies
are expected to lie in an external medium dense enough to
confine their relativistic jets. The combination of this hy-
pothesis with the visibility of radio galaxies at high red-
shift suggested that these objects can be used as tracers
of high-redshift galaxy clusters, by looking for hot intra-
cluster medium around them in X-rays.

Observations with the ROSAT satellite were promising in
this context (e.g., Crawford & Fabian 1993; Worrall et al.
1994; Crawford et al. 1999; Hardcastle & Worrall 1999),
with detection of cluster-like emission around some of
the 	 ���#� � sources in the 3CRR catalogue.

Chandra and XMM-Newton make it now possible to de-
tect and study the environment of high redshift radio
galaxies in great detail, and to separate spatially and spec-
trally the different components (core, lobes, jets) respon-
sible for the X-ray emission from these sources. The pic-

ture from Chandra and XMM-Newton is rather different
from that of previous satellites.

5.1. The current picture: results from Chandra and
XMM-Newton

Preliminary results for sources analysed so far are shown
in Figure 4. Published work in the literature, and here
assembled, shows that most of the radio galaxies and
quasars in the redshift range

������$ 	 $��&� �
show a

tendency to lie in extended environments with luminosi-
ties of few

�C�h �� ' " �� ( erg s " � (e.g. Hardcastle et al. 2002;
Crawford & Fabian 2003; Donahue, Daly & Horner
2003; see Fig. 4). Only few objects have been confirmed
spectroscopically (3C220.1 - Worrall et al. 2001, 3C184
and 3C292 - Belsole et al. 2004). Indeed most of the
X-ray emission associated with these and other sources
was found to be elongated in the direction of the radio
lobes (Carilli et al., 2002; Hardcastle et al., 2002; Don-
ahue, Daly & Horner, 2003; Croston et al., 2005)

Despite the low surface brightness emission from these
objects, most of these environments are sufficient to con-
fine the radio lobes (e.g. Hardcastle et al. 2002; Donahue,
Daly & Horner 2003; Belsole et al. 2004).

The preliminary picture we observe from our study is
suggesting that radio sources at high redshift trace a par-
ticular type of environment, i.e. they prefer poor environ-
ments at high redshift. This also supports that they may
represent a means to built up a more unbiased sample for
structures in the high-redshift Universe, where massive
clusters are expected to be fewer in the hierarchical for-
mation paradigm.

This calls for a systematic study of a well selected sam-
ple of radio sources, and the 3CRR catalogue is a good
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Figure 4. Distribution of the bolometric X-ray luminos-
ity of 3CRR sources with detected extended, cluster-like
emission.

starting point.

Work on the detection of extended emission from the
sources in Table 1 is under way. Our full study will allow
us not only to probe the characteristics of the extended
emission, but also to constrain the physical state of the
radio source itself by comparing the internal and external
pressure of the radio lobes.
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ABSTRACT

The Chandra X-ray telescope has observed a jet in
4C 20.24 (= PKS B1055+201) for which the de-projected
length is inferred to be greater than 1 Mpc. The arcsec
scale X-ray and 1.46 GHz jets initially follow the direc-
tion of the VLBA jet emanating N from the 0.2 mas core,
but then curve to the NNW through a total change in an-
gle of about 45 degrees. The 22 arcsec length of the jet
gives us one of the best opportunities to study indepen-
dent spatial elements, in order to infer how the magnetic
field and relativistic beaming factor change with distance
from the core. We find a constant Doppler factor of about
6, up until the radio structure bends through two 90 de-
gree turns. The remarkable feature of this jet is that we
detect extended X-ray emission of about 14 arcsec full
width, symmetric about the jet. Furthermore, a similar
extended X-ray feature extends to the south, where no
radio or X-ray jet is visible, terminating just before the
south radio lobe. At the redshift z=1.11 of this quasar,
the extended X-ray emission has a luminosity 3E44 ergs
per second, comparable to a luminous X-ray cluster. This
system gives us a laboratory where we can observe both
the jet, and the medium with which it is interacting.

Key words: jets; quasars; X-rays; 4C 20.24; PKS
1055+201.

1. INTRODUCTION

The FR II radio source 4C20.24 is identified as a quasar
at redshift z=1.11 (Bolton, Kinman, & Wall, 1968). This

quasar, which is also cataloged as PKS 1055+201, was
observed by Chandra as part of a snapshot survey of ra-
dio jets (Marshall et al., 2005a). The survey, which is
on-going, consists of 56 flat spectrum quasars, selected
from two samples. One is by Murphy, Browne, & Perley
(1993), of radio sources at declination angles above 0 ,
with core flux densities at 5 GHz greater than 1 Jy, and
the other by Lovell (1997) of Parkes catalog sources be-
low declination -20 , with core flux densities at 2.7 GHz
greater than 0.34 Jy. From their radio maps, we selected
sources with radio jets longer than 2 and for which we
expected that 5 ks Chandra observations would yield X-
ray detections for objects having as large a ratio of X-ray
to radio flux as was observed for the jet in PKS 0637-752
(Schwartz et al., 2000; Chartas et al., 2000).

Chandra obsid 4889 acquired 4.7 ks data in an initial sur-
vey of 4C 20.24. This gave a clear detection, showing
an X-ray jet extended about 20 along the radio jet to the
north (Marshall et al., 2006). The X-ray flux was roughly
6.5 Jy, only about 20% of that predicted based on the
radio emission. We proposed a longer followup Chandra
observation, motivated by the angular extent in X-rays.
The 21 length could in principle be divided into 25 inde-
pendent angular resolution elements, based on the 0.77
full width half maximum (FWHM) response. This could
allow a detailed study of the change of magnetic field and
Doppler factor vs. distance from the quasar. At the red-
shift z=1.11, an angular size of 1 corresponds to 8.24
kpc in the plane of the sky1.

In this talk we will present some of the remarkable X-ray
features revealed in the 31.6 ks Chandra obsid 5733. In

1We use a flat, accelerating cosmology, with H =71 km s
Mpc , , and
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PKS 1055+201=4C 20.24
z=1.11

1.4 GHz 0.5–7 keV

21′′= 173 kpc

Figure 1. Left panel shows the 1.46 GHz radio image re-
constructed with a 1.64 1.5 beam size, and the right
panel the 0.5 – 7 keV X-ray image. The 21 lines con-
nect the same celestial coordinates in each panel. There
is a clear X-ray jet to the north of the quasar, coincident
with the radio jet, until the latter makes sharp bends to
the west and then north. The horizontal feature on the
X-ray image is the readout streak artifact. The X-ray im-
age shows enhanced emission well beyond the width of
the jet, and similar emission extending to the south.

particular, we detect extended X-ray emission surround-
ing the jet structure, and similar X-ray emission to the
south surrounding an assumed, unseen counter-jet. In
Section 2 we summarize some of the properties which
4C 20.24 shares in general with the other radio and X-ray
jets we have studied, including the interpretation of the
X-ray emission as inverse Compton (IC) scattering off
the cosmic microwave background (CMB), (Tavecchio et
al., 2000; Celotti et al., 2001). In Section 3 we present
the unique X-ray features of this system. The final Sec-
tion 4 discusses some possible mechanisms for the X-ray
emission from the extended “tube” region.

2. WHAT IS NORMAL ABOUT THE 4C 20.24
JET?

In Fig. 1 we show the radio and X-ray images of 4C
20.24. The two images are to scale, and the double arrow
is 21 long which corresponds to 173 kpc in the plane of
the sky. The arrow connects the same coordinates in each
panel. The radio and X-ray jets are extremely similar, at
least out to the point where the X-ray jet appears to end.
In Fig. 1, the horizontal streak in the X-ray image is an
artifact due to the fact that the ACIS CCD camera is not
shuttered while a frame is being read out. Past the north-
ern end of the arrow, the radio image appears to bend at
nearly right angles to the west, and then again at a right
angle to the north, where it terminates in a hotspot and

lobe.

Figure 2. X-ray counts, crosses, sorted into 0.75 bins,
compared to the radio, solid line, 1.46 GHz flux density
per beam, along a 4 18 projection box. The X-ray
counts have Poisson errors, but adjacent bins are corre-
lated as the counts were split from the original 0.492
bins. The radio flux density is arbitrarily multiplied by
200 to better compare to the X-ray profile.

2.1. Correlation to Radio emission

Fig. 2 compares the X-ray and radio profiles in more de-
tail. Both images project identical areas of the sky, start-
ing about 2 from the quasar and extending 18 along the
jet; i.e., extending to where the radio emission bends to-
ward the west. The projection is 4 i.e., approximately

2 perpendicular to the jet. The crosses are the X-ray
data, given in counts per bin.The heavier solid line is the
1.46GHz radio data. The radio emission in Jy/beam is
multiplied by a factor of 200, to better compare to the X-
ray profile. In Fig. 3 the radio data is given to the same
scale of absolute physical units as the X-rays.

Over the range of 18 corresponding to 148 kpc in the
plane of the sky, the ratio of X-ray to radio flux does not
change by more than a factor of 2. Since we infer from
relativistic beaming that the jet is tilted no more than 9
from our line of sight, this would actually be a minimum
distance of 948 kpc. In the range 2.5 to 9.5 the coin-
cidence is even tighter. Such a similar ratio is hard to
explain when the X-rays are due to either synchrotron
or IC/CMB emission. In the synchrotron case both the
radio and X-ray emission depend on the same magnetic
field, but the lifetime of the X-ray emitting electrons is
so short compared to the scale of the jet that a very fine
tuned balance of high energy electron acceleration would
be needed, and this acceleration must not simultaneously
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Figure 3. Both X-ray (crosses) and radio (solid line) are
converted to absolute physical units of Jy-Hz arcsec to
show that the energy radiated in X-rays dominates over
that radiated in the GHz band.

increase the number of longer lived radio emitting elec-
trons. In the IC/CMB case, the X-rays result from elec-
trons with lower energies than the radio, and both are
longer lived than in the synchrotron case, but since the
X-ray emission then does not depend on the magnetic
field the latter would have to be finely tuned to be rela-
tively constant. The naive prediction for IC/CMB would
be for the X-ray emission to persist downstream of the
radio emission, due to the longer life of the lower energy
electrons, and we may be seeing this in the region around
10 to 13 along the jet. (The apparent X-ray dip at 7 is
not significant, due to the Poisson statistical errors.)

Fig. 3 plots f per arcsec along the jet. For the X-rays,
we estimate a flux density at =2.4 10 Hz, or 1 keV,
by assuming an energy spectral index of =0.7. The radio
frequency is =1.46 GHz. We see the radiated energy in
X-rays dominating that in radio by an order of magnitude,
in the region shown. In contrast, the radio energy flux
surpasses the X-ray beyond the terminal shocks, i.e., past
the north end of the arrow in Fig. 1. In the sense that radio
dominates X-ray at the end of the jet there is a similarity
to the case of 3C 273, although for that object we see
a constant decrease of the X-ray to radio ratio along the

10 length of that jet.

2.2. Interpretation as Inverse Compton X-rays

Inverse Compton scattering of electrons by the cos-
mic microwave background photons (IC/CMB) has been
widely inferred as the most plausible mechanism of X-ray
emission from powerful, radio-loud quasars (Marshall et
al., 2001; Sambruna et al., 2001, 2002, 2004; Harris &

Krawczynski, 2002; Siemiginowska et al., 2002, 2003a,b;
Schwartz et al., 2006) following the suggestion by Tavec-
chio et al. (2000) and Celotti et al. (2001) to explain the
X-ray jet found in PKS 0637-752 (Schwartz et al., 2000;
Chartas et al., 2000). Typically this is motivated by opti-
cal detection or upper limits which do not allow extrapo-
lation of a single synchrotron spectrum from the radio to
X-ray range. We will adopt the IC/CMB scenario here,
although noting that other models have been constructed
to try to produce the X-rays via synchrotron emission
(e.g., Dermer & Atoyan (2002); Stawarz et al. (2004);
Atoyan & Dermer (2004)).

We apply this formalism to the jet of 4C 20.24. We di-
vide the X-ray jet into six distinct regions, each of 1.6
radius, so that they enclose greater than 95% of the point
spread function. The model assumes that the synchrotron
emission arises from a region uniformly filled with a con-
stant magnitude, randomly oriented magnetic field, and
with minimum energy conditions between the particles
and magnetic field. We assume an equal energy den-
sity of protons and electrons, and that the observed ra-
dio emission would extend over the range 10 Hz to 10
Hz. This allows calculation of the magnetic field strength,
B , required to generate the observed radio emission un-
der the minimum energy condition. Such a magnetic field
strength is typically much greater than the field one would
calculate by assuming that the X-rays arise via IC/CMB
from a volume at rest with respect to the CMB. How-
ever, Tavecchio et al. (2000) and Celotti et al. (2001) both
pointed out that if the jet were in bulk relativistic motion
with Lorentz factor at an angle to our line of
sight, then in the rest frame of the jet the actual mag-
netic field would be B=B / , where the Doppler factor

. Furthermore, the apparent CMB
energy density seen by the photons in the jet is enhanced
by a factor (Dermer & Schlickeiser, 1994). By assum-
ing that , which is the value of for the maximum
angle which can occur at any fixed we have only the two
unknowns B and , which can then be estimated from the
radio and X-ray flux densities.

Fig. 4 shows the results of this modeling. For the five in-
nermost regions, labeled a through e, the magnetic fields
are in the range 1 to 16 Gauss, and the Doppler factors
in the range =5.5 to 6.5. Such values of imply that
the angle to our line of sight cannot be greater than =9 .
The values of B and are consistent with being constant,
within the statistics of the X-ray counts, and especially
due to the systematic uncertainties underlying the model
assumptions. The final region, at the apparent terminal
shock around the northern arrow point in Fig. 1, shows
a significantly higher magnetic field and lower Doppler
factor. This presumably is due to deceleration of the jet,
and conversion of the bulk kinetic energy into magnetic
field and relativistic particles. At 1.46 GHz, this region
outshines the quasar by a factor of about three. However,
it seems clear that the formalism is not self-consistent in
interpreting both this region and the inner five regions.
This can be seen by the deviation of point f from the solid
line in Fig. 4. That line represents a constant kinetic en-
ergy flux, of about 3 10 ergs s , averaged over the
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Figure 4. The effective Doppler factor and the magnetic
field strength in the jet rest frame for six regions along
the jet, labeled alphabetically away from the quasar. The
solid line is the locus of kinetic luminosity 3 10 ergs
s of the five innermost regions, assuming equal proton
and electron energy densities. The dashed line would rep-
resent the average of all six regions. The right hand scale
shows the maximum possible angle at which the corre-
sponding Doppler factor can be achieved. This occurs
when .

five inner regions. The outermost region would require
a minimum energy flux ten times greater. Possible solu-
tions are that the kinetic flux is really about 3 10 ergs
s through out the jet, e.g., due to a much greater pro-
ton to electron ratio than assumed or to conditions devi-
ating from equipartition; or that the region f is at a non-
relativistic velocity and not emitting X-rays via minimum
energy IC/CMB.

3. WHAT IS REMARKABLE ABOUT THE 4C
20.24 JET?

4C 20.24 shows at least two remarkable features which
have not previously been noted for FRII/quasar X-ray
jets. One is the broad, about 16 wide tube-like region of
enhanced X-ray emission following the narrow X-ray and
radio jet to the north and terminating at the same distance
that the X-ray jet ends. The other is a similar symmetric
feature to the south, following what might be assumed to
be an unseen counter-jet.

Both tube regions appear to be curved to the west of
the quasar. This can be substantiated; e.g., against the
hypothesis that only one jet is deflected from an initial
straight line, by considering the VLBI image. Kellerman
et al. (2004) report six years of VLBA monitoring, where

Figure 5. The two histograms show the X-ray profile
along the jet (larger values, lighter line) and counter jet
(smaller values, darker line) directions, plotted vs. angle
across the jet. The continuous line is the scaled profile of
the readout streak, which shows how an unresolved line
source would appear. The dashed horizontal line shows
the background level. The dotted profile is that expected
from uniform emission of a cylinder.

the core at 15 GHz is clearly extended by about 3 mas at
position angle -5 . Within a few degrees uncertainty, this
is the same initial angle that each of the radio and X-ray
jet follows for the first few arcsecond north of the quasar.

An impression of the enhanced X-ray tubes can be seen
directly in Fig. 1. A more quantitative result can be de-
rived from Fig. 5. The figure presents two histograms
which show the X-ray profile across the jet north and
south of the core. These are constructed by integrating
along 17 lengths parallel to the jet and counter-jet direc-
tions. The horizontal dashed line close to zero counts rep-
resents the background measured in an identical projec-
tion in a nearby, source-free region. The continuous line
results from a projection region that straddles the read-
out streak; it represents the width of an unresolved source
and has been rescaled for comparison with the component
of the northern histogram resulting from the projection
of the narrow jet. Emission in each of the northern and
southern regions extends at least from 10 to 26 in the
plot, and hints at even broader extension which is fainter
than the sensitivity of the present observation.

In the north and south regions of the X-ray tube, ex-
cluding the narrow jet, we have 310 X-ray counts. The
spectrum of these counts allow a fit to a power law, with
energy index =0.66 0.2, Fig. 6. More complex mod-
els cannot be ruled out; for example, a power law with

=0.4 plus a thermal spectrum with kT=1.3 ,
Fig. 7. We include this latter model since it is relevant to
discuss whether the X-ray tube emission arises from ther-
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mal bremsstrahlung. The X-ray spectrum of the jet can be
fit with a power law of energy index =0.98 0.25. For-
mally the two regions may therefore have the same spec-
trum; however, the spectrum of the narrow jet is some-
what softer than that of the tube. This can be seen simply
from the integral distribution of photons in Fig. 8. A K-S
test rejects these distributions being equal at the 99.95%
confidence level. The spectral fit to the jet is based on
241 photons. However, from the profile of the extended
X-rays, we can estimate that 40 of these are from the tube
region projected in front and behind the jet and which has
a harder spectrum, so that the residual jet spectrum will
be even somewhat softer.

Figure 6. X-ray spectrum of the extended tube region, fit
to a single power law. Residuals are shown in the bottom
panel.

Figure 7. X-ray spectrum of the extended tube region, fit
to the sum of a power law and a mekal thermal spectrum.

4. DISCUSSION

We discuss the extended X-ray tube in terms of ther-
mal vs. non-thermal emission. Although a simple non-
thermal power law is indicated by the X-ray spectrum, a

Figure 8. Integral distributions of the counts from the
narrow jet and from the extended X-ray tube. The maxi-
mum absolute difference of 0.1317 at 1.9 keV shows that
the two spectra cannot be identical, according to a two-
tail K-S test.

thermal component cannot be strongly limited. In either
case we model the tube as two uniformly filled cylinders,
each of 65 kpc radius and 1 Mpc in length. The dotted
curve in Fig. 5 shows the expected projection of such an
emission region. The numbers here may be rough, pend-
ing more detailed spectral and spatial analysis.

From the fit to a thermal mekal model plus a power law,
the thermal normalization implies an X-ray luminosity of
2.5 10 ergs s emitted in the 1 to 15 keV band in the
source frame. We note that this would be grossly over-
luminous if it were thought to arise in a cluster of galax-
ies with such a low temperature kT=1.34 keV. At that gas
temperature, the density would be n =0.0054 cm to
produce the luminosity. The total energy content of the
gas would be of order 10 ergs, requiring our estimated
kinetic flux of 3 10 ergs s to be maintained for
10 years and to be efficiently converted into heating the
gas. However, the cooling time scale of the gas is of or-
der 4 10 years, so that it is conceivable that several
different epochs of radio-activity could contribute to the
thermal reservoir. Gas at such a cool temperature will
show a very strong complex of Fe-L line emission, ob-
servable in the 0.45 to 0.55 keV range. With of order ten
times as many X-ray photons, one should be able to ob-
serve a temperature gradient whose hot end would point
to the location of interaction. The jet energy might be
dissipated laterally, e.g., through entrainment of material
or lateral shocks. However, since we do not see evidence
for deceleration out to at least 17 from the quasar, the
dissipation may be taking place at the terminal shock. In
this case the base of the tubes, nearest the quasar, would
show the coolest temperatures. The mass of gas required
to fill the cylinders in the thermal scenario is of order 2
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10 solar masses.

Non-thermal emission allows many scenarios for the ori-
gin of the relativistic electrons. We consider a case where
the electrons diffuse out of the jet and into a region of
low magnetic field which is not in bulk relativistic motion
with respect to the microwave background. In this case
the entire X-ray emission is produced by IC/CMB, giv-
ing an X-ray luminosity of 5.4 10 ergs s . The re-
quired density of relativistic electrons is of order 3 10
cm , comparable to the density in the jet. Their lifetime
against IC/CMB emission is of order 10 years, so a dif-
fusion velocity of 300 km s would be required to
propagate 65 kpc away from the jet. This scenario gives
a clear prediction of low frequency radio emission. Since
we may still conjecture magnetic fields of order 0.1 to
1 Gauss we may detect the tube region in the few 100
MHz range. We should see a steeper X-ray spectrum lat-
erally away from the jet, at distances comparable to the
electron lifetimes. Alternately, if the relativistic electrons
are back-streaming from the terminal hotspot, the steeper
spectra will be toward the base of the jet.

4C 20.24 gives us an opportune system for deducing
the spatial structure of the magnetic fields and Doppler
factors in an X-ray/radio jet. The relativistic beaming
IC/CMB scenario can explain the X-ray and radio emis-
sion along the length of the jet, but we require a sce-
nario with non-relativistic motion to explain the terminal
shock. The extended X-ray emitting “tubes” surrounding
this jet are unique. There are problems explaining them
as either thermal gas, or electrons diffusing out of the jet.
The situation requires a much deeper X-ray image to fur-
ther elucidate the spatial emission profile and the spatially
dependent spectral shape, and low frequency radio obser-
vations. In any event, the southern X-ray structure pro-
vides new evidence for the presence of unseen counter
jets, which hitherto have been inferred by the presence of
radio lobes.
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ABSTRACT

In an XMM-Newton observation of the east lobe of
nearby radio galaxy Fonrax A, we have significantly de-
tected the diffuse X-ray emission, which was originally
discovered by ASCA and ROSAT. The X-ray spectrum
of the diffuse emission is described by a single power-
law model, modified with the Galactic absorption toward
the object. The best-fit X-ray photon index, 1.62

+0.25
−0.15,

agrees well with the synchrotron radio index, 1.68±0.05,
between 29.9 MHz and 5 GHz. Therefore, the inverse
Compton interpretation for the diffuse X-ray emission
is justified. A comparison between the radio and X-
ray flux densities gives a moderate electron-energy dom-
inance over in the east lobe of Fornax A, in spite of the
dormancy of its nucleus. We also reexamined the ASCA
result on the west lobe, to find that both lobes share the
similar physical condition.

Key words: radiation mechanisms: non-thermal —
magnetic fields — X-rays: galaxies — radio continuum:
galaxies — galaxies: individual (Fornax A) .

1. INTRODUCTION

Inverse Compton (IC) X-ray emission associated with
the lobes of radio galaxies and quasars is a very use-
ful probe to investigate the energetics in jet-lobe sys-
tems, once the seed photon source is usually identified
with the cosmic microwave background (CMB) radiation
(Harris & Grindlay, 1979), or infra-red photons from the
nucleus (Brunetti et al., 1997). The recent detections
of the these lobe-IC X-rays with ASCA, Chandra and
XMM-Newton frequently claim an electrons dominance
of ue ∼ 10um in the lobes (Croston et al., 2005; Isobe et
al., 2005), where ue and um is energy density of electrons
and magnetic fields in the lobes, respectively.

The lobe-IC X-ray emission was originally discov-
ered from the nearby radio galaxy Fornax A. with
ROSAT (Feigelson et al., 1995) and ASCA (Kaneda et
al., 1995). Fornax A is the fourth brightest radio source
all over the sky in the GHz band, located at the south-
ern hemisphere. Although the radio images of Fornax
A show a prototypical double-lobe morphology (Ekers et
al., 1983), which naturally suggests a past activity of the
jets from the nucleus, recent X-ray observations indicate
a current dormancy of the nucleus (Iyomoto et al., 1998;
Kim & Fabianno, 2003). Therefore, Fornax A is one of
the most important target to study the evolution of ener-
getics in lobes of radio galaxies, associated with the ac-
tivity of the jets from the nucleus. Actually, the ASCA re-
sult (Kaneda et al., 1995; Tashiro et al., 2001) dose not
conflict with an equipartition between ue and um, though
with lightly large errors.

We report here, the XMM-Newton observation of Fornax
A, in which the IC X-ray emission from the east lobe
was confirmed with significantly improved signal statis-
tics. We adopted the distance to Fornax A to be 18.6 Mpc
(Madore et al., 1999), At the distance, 1

′ corresponds to
a physical size of 5.41 kpc.

2. OBSERVATION AND RESULTS

We conducted a 60 ksec observation of the east lobe of
Fornax A, and obtained about 26 ksec of good exposure
for the MOS camera. However, we diceded to reject all
the PN data, because the background was found to be un-
stable, even after we carefully removed so-called back-
ground flare periods. The details on the data reduction
and the background rejection will be presented elsewhere
(Isobe et al., submitted to ApJ).
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Figure 1. The 0.3 – 10 keV MOS image of the east lobe of Fornax A, smoothed with a two dimensional Gaussian of 5
′′

radius. The backgound is not subtracted. The 1.5 GHz VLA contour image (Fomalont et al., 1989) is overlaid. The center
of the host galaxy, NGC1316, is shown with the filled star at the edge of the MOS VOV. The east lobe is fully contained in
the MOS field of view.

2.1. X-ray Image

We show a raw 0.3 – 10 keV MOS image in the left panel
of Figure 1, The 1.5 GHz radio image (Fomalont et al.,
1989) is superposed with contours on the X-ray image,
to visualize that the east lobe is fully contained within the
MOS field of view (FOV). However, the center of the host
galaxy, NGC 1316, locates near the FOV edge. We have
detected, in total, 59 X-ray sources in this image, almost
all of which were not able to be resolved with the ASCA.

In order to search for the diffuse X-ray emission associ-
ated with the east lobe, we removed all the detected point
sources. The right panel of Figure 2 shows the source-
removed, background-subtracted MOS image in 0.3 – 10
keV. The image is heavily smoothed with a two dimen-
sional Gaussian of σ = 1

′, after the exposure correction
is performed. Diffuse X-ray emission has been clearly
detected almost all over the east lobe.

2.2. X-ray spectrum

The MOS spectrum of the east lobe, integrated within the
smaller circle (10

′ raduis) in the right panel of Figure 1,
is shown in Figure 3. The X-ray signals are highly sig-
nificant (about 24σ) in the 0.3 – 6 keV range. We re-

Table 1. The best-fit PL spectral parameters

Parameter Fit1 Fit2
NH(10

20 cm−2) 1.2 +5.5
−1.2 2.4 +2.8

−2.4

ΓX 1.62
+0.24
−0.15 1.68 (fix)

S1keV(nJy)a 86
+18
−9 90

+8
−9

FX(10
−13 erg cm−2 s−1)b 5.9 +0.6

−0.5

LX(10
40 erg s−1)c 2.4 +0.3

−0.2

χ2/d.o.f 26.5/29 26.7/30

aFlux density at 1 keV. bAbsorption-corrected flux in 0.5
– 5 keV. cAbsorption-corrected luminosity in 0.5 – 5 keV.

moved all the detected point sources in the same man-
ner as for the X-ray image. The spectrum appears rela-
tively featureless and hard. t is successfully reproduced
by a single power-law (PL) model modified with a free
absorption. The best-fit spectral parameteds are sum-
marised in Table 1 (Fit 1). The photon index becomes
ΓX = 1.62

+0.24
−0.15, which is consistent with the ASCA re-

sult (Kaneda et al., 1995). The flux density at 1 keV,
S1keV = 86

+18
−9 nJy, becomes slightly smaller than the

ASCA result of 110 ± 50 nJy. The absorption column
density coincides with the Galactic value toward Fornax
A, 2.06× 10

20 cm−2 (Stark et al., 1992), within the sta-
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Figure 2. The background-subtracted MOS image in 0.3 – 10 keV, which is heavily smoothed with a two dimensional
Gaussian of 1

′ radius. The exposure is corrected, after all the detected X-ray sources (circles of 36” radius) are rejected.
The two colid circles indicate the MOS FOV and the integration region of the spectrum of the east lobe. The same contour
radio image is overlaid.

tistical uncertainty. Thanks to the careful removal of con-
taminating point sources, these parameters can be consid-
ered to represent the “true” spectrum of the diffuse X-ray
emission of the east lobe.

3. DISCUSSION

We show the radio and X-ray spectral energy distribution
of Fornax A in Figure 4 (reference therein). The radio
spectrum between 29.9 MHz and 5 GHz is almost suc-
cessfully descrived by a PL model with a photon index of
ΓR = 1.68 ± 0.05. Although we have found only two
data points for the east lobe at 1.4 and 2.7 GHz, the in-
dex between the two data points agrees well with ΓR, as
shonw with the dashed line in Figure 4. Then, we think
that this ΓR also represents the radio spectrum of the east
lobe. The best-fit X-ray index ΓX of the east lobe is con-
sistent with ΓR, within the statistical uncertainty. There-
fore, we have concluded that the diffuse X-ray emission is
of IC origin, and the seed photon source is of no doubt the
CMB radiation, as already discussed in detail by KEA95.

According to Harris & Grindlay (1979), we estimated
the physical parameters in the east lobe of Fornax A. We
here, re-evaluated the X-ray flux density at 1 keV by the
PL fitting with a photon index fixed at ΓR = 1.68 (see Fit

2 in Table 1). The relevant parameters are summarised in
Table 2. We have safely rejected an energy equipartition
between the electrons and magnetic field, and instead, re-
vealed a moderate electron dominance of ue/um ∼ 5

in the east lobe. Correspondingly, the magnetic field
is found to be about 20% weaker than the equipartition
value Bme.

The ASCA value of the IC X-ray index of the west lobe,
ΓX = 1.74 ± 0.1 (Tashiro et al., 2001), well coincides
with the radio synchrotron index, ΓR = 1.68. But
Tashiro et al. (2001) adopted the radio index of ΓR =

1.9 ± 0.2, based only on three data points between 843
MHz and 2.7 GHz, in the evaluation of the energetics in
the west lobe. Therefore, we re-evaluated ue and um in
the west lobe of Fornax A, by using ΓR = 1.68. As
shown in Table 2, it is found that both lobes share similar
physical condition.

The nucleus of Fornax A is reported to have been already
faded out (Iyomoto et al., 1998; Kim & Fabianno, 2003).
This means that the electrons and magnetic field in the
lobes of Fornax A are thought to be no longer supplied
with sufficient energy by the jets from the nucleus. There-
fore, it reasonable that both ue and um in the lobes of For-
nax A is found to be lower than the typical values in the
lobes of radio galaxies; ue = 10

−12∼−9 erg cm−3 and
um = 10

−13∼−10 erg cm−3 (Croston et al., 2005; Isobe
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Figure 3. The background-subtracted MOS spectrum of the east lobe of Fornax A, in the 0.3 – 6 keV range. The data
between 1.4 and 1.8 keV are rejected, due to a severe contamination from a prominent instrumental background feature.
The histogram indicates the best-fit PL model spectrum modified with a free absorption (Fit1 in Table 1).

et al., 2005). However, we have confirmed the electron
dominance even in the lobes of Fornax A, with a rela-
tively moderate degree of ue/um ∼ 5. Because the elec-
trons in the lobes of Fornax A currently only lose their
energy continuously through IC X-ray and synchrotron
radio radiation, they will evolve to achieve the equiparti-
tion condition within a few Gyr, considering the cooling
time of electrons in the lobes.

The ASCA result (Tashiro et al., 2001) also indicated a
rim-strengthened magnetic field feature in the west lobe
of Fornax A, in spite of a nearly uniform distribution of
electrons. The same tendency was found in several lobes
of radio galaxies (Tashiro et al., 1998; Isobe et al., 2002;
Comastri et al., 2003). Figure 2 apparently shows the rel-
atively uniform brightness of the IC X-rays with a slight
brightening toward the host galaxy in the east lobe of For-
nax A, in contrast to the radio distribution. The X-ray and
radio distribution imply a slight discrepancy between the
spatial structures of the energy densities of electrons and
magnetic field in the lobe. However the limited statistics
of our XMM-Newton data prevent us from investigating
in detail.
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Table 2. Physical quantities in the lobes of Fornax A.

Parameters East lobe West lobea
Radius(arcmin) 10 11

SR(Jy)b 44 50

ΓR
c

1.68± 0.05

S1keV(nJy) 90
+8
−9 100± 10

Bme(µG)d 1.55 1.59

B(µG) 1.23
+0.08
−0.06 1.22± 0.07

um(10
−13 erg cm−3) 0.60

+0.08
−0.06 0.59

−0.08
−0.06

ue(10
−13 erg cm−3)e 3.0± 0.3 2.6+0.3

−0.2

ue/um 5.0 +1.1
−1.0 4.4+1.1

−0.9

aThe parameters re-evaluated after TEA01. bFlux den-
sity at 1.4 GHz. cEnergy index of synchrotron radio
emission. dMagnetic field calculated under the minimum
energy condition, excluding proton contribution (Miley,
1980). ecalculated for electrons with a Lorentz factor of
γe = 10

3 to 10
5.
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Figure 4. The spectral energy distribution of Fornax A. The diamonds and boxes refer to the data for the whole radio
structure and those for the east lobe, respectively. The dashed tie represents the best-fit X-ray PL model of the east lobe.
The solid line shows the best-fit PL model of Γ = 1.68 to the radio spectrum of the whole structure, and the dashed one
also shows the similar PL model, with the flux normalized by 0.36 to fit the east lobe spectrum. The radio data are taken
from Ekers (1969), Ekers et al. (1983), Finlay & Jones (1973), Jones & McAdam (1992), Kühr et al. (1981), Robertson
(1973), and Shimmins (1971)
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ABSTRACT

We present a compared analysis of a 23 ks XMM-Newton
and a 47 ksChandraobservation of the Ultraluminous
Infrared Galaxy Mrk 273. The hard X–ray spectrum can
be modelled by a highly absorbed (∼ 7 × 1023 cm−2)
power law plus a Fe Kα emission line. The Fe line is
broad (σ = 260+370

−170 eV), suggesting possible superposi-
tion of a neutral line at 6.4 keV and a blend of ionized iron
lines from Fe XXV and XXVI. The broad band spectrum
requires three collisionally ionized plasma components,
which may be associated with star–forming regions, hav-
ing temperatures of about 0.3, 0.8 and 5 keV. The ther-
mal emission at∼ 0.3 keV extends on∼ 45 kpc em-
bracing the long tidal tail of the merger. Interestingly,
thermal emission at∼ 0.7 keV seems to be ubiquitous
in ULIRGs, probably associated with circumnuclear star-
burst. A high temperature (kT > 5 keV) thermal com-
ponent is also detected in two other ULIRGs (namely
NGC 6240 and Arp 220). The absorption corrected X–
ray luminosity (L2−10 keV ∼ 7×1042 erg s−1) is∼ 0.2%
of the far–IR luminosity, similar to typical values found
in pure starbursts. The thermal contribution to the soft X–
ray luminosity is approximately0.2−0.7×1042 erg s−1,
comparable to those found in NGC 6240 and other star-
burst dominated ULIRGs.

Key words: galaxies: individual: Mrk 273 - galaxies: in-
dividual: Mrk 273x - galaxies: Seyfert - X-rays: galaxies.

1. XMM-NEWTON

The XMM-Newtonspectrum can be modelled by three
collisionally ionized plasma components, a highly ab-
sorbed (∼ 7 × 1023 cm−2) power law and a neutral Fe
Kα line (Fig. 1). The highest spectral resolution and
collecting area of XMM-Newtonhas allowed to resolve
the iron line complex profile, which may originate by
a superposition of two unresolved components: a neu-
tral Fe Kα line at 6.4 keV, probably associated with a
Compton–thick torus, and a blend of Fe XXV and XXVI
lines at 6.7 and 6.97 keV respectively. The ionized iron
lines can be, indeed, produced by an optically thin hot

Figure 1. The EPIC–PN spectrum of Mrk 273 fitted with
three different temperature thermal emission models, a
highly absorbed power law and a neutral Fe Kα line.
Each model component is displayed.

(kT > 5 keV) plasma, as observed at least in two other
ULIRGs: namely NGC 6240 (Boller et al., 2003) and
Arp 220 (Iwasawa et al., 2005). The best fit to the0.3−10
keV PN spectrum is obtained using three thermal plasma
components with temperatures of0.31+0.09

−0.07, 0.78± 0.08
and5.4+2.6

−1.3 keV, a highly absorbed power law and a neu-
tral Fe Kα line (Fig. 1). According to this model the
emission below about 4 keV is of thermal origin.

2. CHANDRA

From theChandraimage a soft, extended (∼ 45 kpc) X–
ray halo, surrounding the nucleus and embracing the long
tidal tail of the merger, is clearly apparent (Fig. 2). The
spectrum of the X–ray halo is that of a hot diffuse plasma
with a temperature of0.38 ± 0.04 keV (Fig. 3). While
the spectrum of the nuclear region (Fig. 4) is best fit-
ted by two thermal components, a highly absorbed power
law and a neutral Fe Kα line. For Mrk 237 the unob-
scured X–ray luminosity is a more modest fraction of
the bolometric luminosity than in typical AGNs, suggest-
ing additional star formation, in agreement with the de-
tection from mid–infrared spectroscopy of very powerful
star formation in this source.
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Figure 2. Adaptively smoothed0.3 − 10 keV Chandra
image of Mrk 273 with a smoothing scale of 2 pixels (∼
1′′). The circle has a radius of10′′ and is centered at the
peak of the hard X–ray emission. The ellipse has a size of
42′′ × 25′′.

Figure 3. The0.5 − 0.9 keV unbinned spectrum of the
extended hot gas halo. A single APEC model with a tem-
perature of0.38± 0.04 keV provides a satisfactory fit.

Figure 4. The0.3 − 8 keV ACIS–S spectrum of the inner
10′′ region fitted with two thermal plasma components, a
highly absorbed power law and a narrow Fe Kα line at
6.4 keV.

3. DISCUSSION AND CONCLUSIONS

The temperatures of the three plasma components found
in Mrk 273 are remarkably similar to those observed in
other ULIRGs (e.g. NGC 6240 and Arp 220) and in the
local starburst galaxy NGC 253 (Pietsch et al., 2001). The
thermal emission at∼ 0.3 keV, as clearly shown from
theChandraimage, extends on a large scale (∼ 45 kpc)
and embraces the long tidal tail of the merger. There-
fore, it must be associated with hot gas distributed in the
halo. Interestingly, thermal emission at∼ 0.7 keV seems
to be ubiquitous in the spectra of ULIRGs, probably be-
ing associated with a nuclear or circumnuclear starburst
(Franceschini et al., 2003). The presence of a high tem-
perature (> 5 keV) thermal component is less frequently
observed, but not so unusual, being also detected in the
XMM- Newtonspectra of NGC 6240 (Boller et al., 2003)
and Arp 220 (Iwasawa et al., 2005). The ratio of the
2 − 10 keV unabsorbed X–ray luminosity of the high-
est temperature thermal component to the bolometric lu-
minosity in Mrk 273 isL2−10 keV/LFIR ' 7 × 10−5

(LFIR = L(8− 1000 µm ∼ Lbol), a factor of 20 smaller
than in NGC 6240 and a factor of 5 larger than in Arp 220.

We analyzed the X–ray spectral properties of Mrk 273
combining the high throughput of XMM-Newtonwith the
high spatial resolution ofChandra.

Chandraspatial resolution allowed to study separately
the hot gas halo extended emission from the nuclear
one. The spectral analysis of the two regions has re-
vealed that the temperature of the extended hot gas halo is
0.38±0.04 keV and in very good agreement with XMM-
Newtonresults. From the XMM-Newtonspectrum we
found a broad Fe Kα emission line with a high statisti-
cal significance (>99% c.l.). We suggested the superpo-
sition of multiple unresolved iron line features: one from
neutral iron at 6.4 keV (EW ∼ 170 eV) and one from
a blend of Fe XXV at 6.7 keV (EW ∼ 120 eV) and Fe
XXVI at 6.97 keV (EW < 85 eV). The emission below
about 4 keV can be interpreted in terms of purely thermal
emission, therefore involving the presence of a hot gas
associated with regions of intense star formation.
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ABSTRACT

The discovery of relationships between the masses of the
local supermassive black holes and their spheroidal host
components has revealed a connection between the for-
mation and evolution of galaxies and the formation and
growth of supermassive black holes. To gain insight into
this process we have investigated the properties of a sam-
ple of X-ray selected active nuclei and of their host galax-
ies in the framework of the Great Observatory Origins
Deep Survey. Here we present the results of a morpholog-
ical and photometric analysis of the ACS-HST images in
four bands, based on bidimensional deconvolution. Our
findings on black hole masses, nuclear bolometric lumi-
nosities and Eddington ratios indicate that these systems
are already formed objects in which we see a renewal of
low level activity, in an environment poor of gas.

Key words: Active Galactic Nuclei; X-ray background.

1. INTRODUCTION AND SAMPLE SELECTION

Recent deep surveys have resolved most of the 2−10 keV
X-ray background (XRB), showing that it is produced
by a mixture of obscured and unobscured Active Galatic
Nuclei (AGNs) with a redshift distribution peaking at
z ∼ 0.7. To investigate the galaxy evolution in the red-
shift domain in which a major fraction of the black hole
(BH) mass observed in the local universe is expected to
be accreted, we began studying the nuclear activity of a
sample of AGNs at redshift between 0.4 and 1.
The starting point is the deep high-resolution optical
imaging performed in the F435W (B), F606W (V ),
F814W (i) and F850LP (z) bands with ACS onboard
HST in the framework of the GOODS program (Gi-
avalisco et al., 2004). X-ray sources are selected by
cross-correlating the GOODS optical catalogs with the
CDFS and the HDFN X-ray catalogs (Alexander et al.,
2003; Giacconi et al., 2002; Tozzi et al., 2005). To
bracket the bulk of the sources making the XRB and at

the same time to have a sufficient signal–to–noise ratio,
we pick out only sources with spectroscopic or photo-
metric redshift between 0.4 and 1 (Barger et al., 2003;
Szokoly et al., 2004; Zheng et al., 2004). Finally, bona
fide AGNs are selected by imposing a cut in X-ray lumi-
nosity, L 2-8 keV> 10

42 ergs s−1. This lead to an initial
sample of 74 sources.
To carry out a morphological analysis, the simultaneous
availability of high-quality, non-crowded B, V , i and z
ACS images is necessary. We further concentrate only on
X-ray sources with spectroscopic redshifts. Thus, the fi-
nal sample is made of 30 objects; taking into account their
redshift and the luminosity distributions, we can conclude
that our sample is representative of the AGNs contribut-
ing the XRB at z ≤ 1.

2. MORPHOLOGICAL ANALYSIS

To disentangle the main galactic components for the
AGNs in our sample, we carry out two-dimensional fits
to galaxy profiles (performed using the image decompo-
sition program GALFIT; Peng et al. 2002). We assume a
galaxy model composed by a bulge, a disk and a nuclear
source (described by a De Vaucouleur model, an expo-
nential function and a pointlike profile, respectively).
Having images in four bands, where the three model com-
ponents have different weight, we set up a three-step pro-
cedure (details will be reported in Ballo et al. 2005, in
prep.). The initial guesses for the parameters are drawn
from the GOODS ACS public catalog. Thus we derive
magnitudes in four bands for the three galactic compo-
nents.

3. AGN PROPERTIES

The information provided by the deconvolution allows us
to study the nuclear activity of the analysed galaxies. Us-
ing the magnitudes of the bulge component we can es-
timate the mass of the central BH. In order to use the
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Figure 1. Distributions of derived M BH, L bol and λ; stars refer to sources for which we are confident that the results
from the morphological deconvolution are reliable; filled squares and open circles mark nucleus–dominated and host–
dominated sources, for which we can provide only upper limits on M BH and L bol respectively. The error bars reported
represent the mean uncertainties in the derived quantities.

local MR, bulge–M BH relation found by McLure & Dun-
lop (2002), we fit an integrated Single Stellar Population
(SSP) spectrum at the redshift of the source to the decon-
volved bulge magnitudes. A template of local elliptical
galaxy, normalized from this fit, provides the rest-frame
evolved R-band bulge magnitude (assuming passive evo-
lution).
Fitting the nuclear SED (de-absorbed X-ray emis-
sion + deconvolved optical magnitudes) with a library of
templates of type 1 AGNs for a set of X-ray–to–optical
ratios (see Monaco & Fontanot, 2005) we draw the nu-
clear bolometric luminosity.

4. RESULTS

From the estimated black hole masses and nuclear bolo-
metric luminosities, and the consequent Eddington ra-
tios λ = L bol [ergs s−1

]/
(

1.3× 10
38M BH [M�]

)

, we
found that:

1. the ratios k X = L bol/L X are lower than previous
claims (Barger et al., 2005), but in agreement with
Fabian (2004); see Fig. 1, left panel;

2. the Eddington ratios are lower than at higher red-
shift; a similar trend is also suggested by observa-
tions (even if optically selected quasars show higher
mean values, see McLure & Dunlop 2004 – dots in
Fig. 1, central panel), and proposed by Shankar et
al. (2004) to match the accretion mass function and
the local supermassive BH mass function.

The wide range of M BH and the low values of λ (Fig. 1,
right panel) suggest that we are observing a renewal of
activity in previously formed objects. This finding is con-
sistent with the antihierarchical behaviour already found
in AGN evolution and expected on the basis of a bimodal

scenario for the cosmic mass accretion history (Cavaliere
& Vittorini, 2000; Granato et al., 2004).
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ABSTRACT

We apply Principal Component Analysis (PCA) to study
the variability of the X-ray continuum in the Seyfert 1
galaxy NGC 7469. The PCA technique is used to sep-
arate out linear components contributing to variability
between multiple datasets; the technique is often used
in analysis of optical spectra, but has rarely been ap-
plied to AGN X-ray spectroscopy. Running a PCA al-
gorithm on 0.3−10 keV EPIC data from a 150 ks XMM-
Newton observation of NGC 7469, we describe the spec-
tral components extracted and evaluate the usefulness of
the PCA technique for understanding the X-ray contin-
uum in AGN.

Key words: AGN; X-rays; PCA; spectroscopy.

1. INTRODUCTION AND METHODOLOGY

Principal Component Analysis (PCA) is a technique
which finds linear combinations of the spectral compo-
nents that produce most of the variability in a time se-
ries of spectra. Using only the first few of these compo-
nents (the ‘principal ones’) one can describe the time se-
ries with a greatly reduced number of parameters. These
components may correspond to physical parameters of
the system that are changing, so the method may be used
to discover how many parameters there are, and how they
change with time.

In order to calculate the components, first the mean of
each variable is subtracted. This corresponds to the
zeroth order component. Next, each variable is scaled by
its standard deviation. Generally, the correlation matrix
of these shifted, scaled variables is then obtained. The
mathematics is simplified, however, by using the method
of singular value decomposition to find the eigenvalues
and eigenvectors. With this technique, the correlation
matrix is not explicitly required, and the raw data matrix
is used instead (Mittaz et al., 1990). The output of the

PCA consists of a set of principal components, a matrix
of coefficients and a set of eigenvalues. Each input spec-
trum can be reconstructed from the components once they
have been multiplied by the appropriate set of coefficients
which determine how much of an effect each component
has in a given spectrum.

A problem with Principal Component Analysis is that
it strictly only works when the signal is a superposition
of linear components. If there is a non-linear interac-
tion between components then it will ‘incorrectly’ sep-
arate them. For example, if the time series consists of the
spectrum of a Gaussian line profile which changes width
over time, then the components will be similar to Fourier
modes. These modes can be combined to produce a line
of any width, but do not individually correspond to phys-
ical reality. If there is a combination of non-linear effects
operating simultaneously within the system, then inter-
pretation can be difficult. Statistical noise in the data is
another potential source of confusion. This introduces
extra principal components to describe the noise fluctua-
tions, which obviously need to be removed as they do not
describe physical processes of interest. This can be done
by truncating the list of components in the correct place,
by assuming that the weaker components (those with
smaller eigenvalues) correspond to the Fourier modes for
the broad-band noise.

NGC 7469 is a bright nearby Seyfert (z = 0.0164) which
was observed for 150 ks by XMM-Newton in Novem-
ber/December 2004. The total exposure time was split
into two parts over consecutive orbits. This long obser-
vation was obtained primarily for the purposes of high
resolution spectroscopy with the RGS; this spectrum con-
tains evidence of absorption by outflowing material with
at least two different levels of ionisation. In order to cor-
rectly model the soft X-ray spectral features, we need
to understand the continuum underlying them. Fig. 1
shows the EPIC-pn spectra from the whole of the obser-
vation and from both parts separately. The solid line is
a power-law model with galactic absorption fitted to the
3−5.5 keV and 7−10 keV ranges. The lower panel of
this plot shows the ratios of the three observed spectra to
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Figure 1. EPIC-pn spectrum of NGC 7469 from the first
and second part of the observation, and from the whole
observation combined. Also the ratios of these spec-
tra to a Galactic-absorbed power-law model fitted to the
3−5.5 keV and 7−10 keV ranges.

the power-law fit. The soft excess is clearly variable, so
we applied PCA to see if it could separate out different
varying components in the EPIC-pn spectrum (see e.g.
Vaughan & Fabian, 2004). We ran a PCA code (based
on that of Francis & Wills 1999) on a series of twelve
∼ 10 ks EPIC-pn spectra (six from each part of the ob-
servation). This exposure time was chosen as a compro-
mise between obtaining good time resolution to look for
changing components in the spectrum and having suffi-
cient signal-to-noise in each spectrum.

2. RESULTS AND DISCUSSION

The PCA code generates as many principal components
as there are input datasets, in this case twelve. The eigen-
values for each component indicate how much of the
spectral variability that particular component is respon-
sible for. In this case, the first two principal components
seem to be significant, being responsible for∼18% and
∼13% of the variability respectively. The other ten com-
ponents appear to be noise. Fig. 2 and 3 show compo-
nents 1 and 2 added to the mean spectrum (for clarity,
only the components plus mean showing the greatest ex-
tent of the variability are plotted). These plots indicate the
presence of a variable hard power-law and a variable soft
power-law, with the hard power-law being more variable
than the soft. The iron Kα line seems only to be present
in the constant mean spectrum but not in the individual
components, thus implying that it is not variable on these
timescales− or that any variability is below the level of
the statistical noise in the input spectra.

Since PCA will reduce a non-linear variability to a se-
ries of Fourier-type components, are these two compo-
nents genuinely physical or simply Fourier deconstruc-
tions of a much more complicated reality? A good sign
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Figure 2. Maximum and minimum spectra (added to the
mean) for the most variable component.
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Figure 3. Maximum and minimum spectra (added to the
mean) for the second most variable component.

may be that there are only two apparently non-noise com-
ponents; if the spectrum had been varying in a more com-
plicated way, a larger number of power-law type compo-
nents might have been generated than the two plausible
ones we see here. On the subject of whether PCA tells
us anything about the spectrum of NGC 7469 that we did
not already know via less sophisticated methods (there is
a soft and a hard component, varying in different ways),
we conclude that it does not provide us with new informa-
tion; the method does however give a model-independent
confirmation of current knowledge.
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ABSTRACT

We presentXMM-Newton EPIC and OM observations of
the Laor et al. sample of the Palomar Green quasars. A
power-law provides a reasonable fit to the 2–5 keV region
of the X-ray spectra; extrapolation of this power-law to
the full XMM/EPIC range reveals a soft excess below 2
keV in most objects. A single power-law provides a poor
fit to the full range and instead a broken power-law is
used. We show that the low- and high-energy components
of this broken power-law are tightly-correlated (r = 0.97,
to within 99% confidence), suggesting a common origin.
This result places important constraints on attempts to
fit the soft X-ray emission with a thermal model. Fi-
nally, preliminary study of the broad-band (optical–X-
ray) spectral energy distribution suggests that accretion
disc models are not able to represent the soft X-ray region
of the spectrum, adding support to the conclusion that the
soft X-ray emission may be non-thermal in origin.

Key words: Multiwavelength; Quasars; SED.

1. INTRODUCTION

The Laor et al. (1997) sample of PG quasars is a sub-
set of the optically-selected Bright Quasar Survey which,
in order to create a sample which is complete and repre-
sentative of most quasars in terms of their X-ray proper-
ties, has been further constrained by redshift (z ≤ 0.4)
and column density (nHGal < 1.9 × 1020). ROSAT ob-
servations in the 0.2–2.0 keV range were obtained and
presented by Laor et al. (1997). We have usedXMM-
Newton to update theROSAT observations, providing a
much wider X-ray spectral coverage (0.3–10.0 keV, al-
though we note that we were able to use only 0.7–10.0
keV for the MOS cameras due to calibration problems at
low energy), higher energy resolution and a high S/N ra-
tio, and also providing simultaneous optical and UV data
from the Optical Monitor.

We note that full details of the results of this study are

presented in Brocksopp et al. 2005.

2. RESULTS

We find that a simple absorbed power-law is a good fit
to the 2–5 keV region of the spectrum and that extrapo-
lation to low energies reveals the presence of a soft ex-
cess in most objects. Such a power-law provides a poor
fit to the full XMM/EPIC range (0.3–10.0 keV). Instead
we use a broken power-law plus Galactic absorption and
iron line, which is a successful fit to the spectra in most
cases. Four of the quasars show evidence for additional
(presumably intrinsic) absorption. Twelve of the sources
show evidence for an iron line, but with low significance
(< 2σ) in most cases. An example of one of the fits, for
PG 1115+407, is shown in the top left corner of Fig. 1.

We have plotted various combinations of spectral param-
eters and line and continuum luminosities for comparison
with the plots in Laor et al. (1997). We confirm the cor-
relations found by these authors. But our most significant
correlation is the extremely tight relationship (Spearman
rank correlation coefficient,r = 0.97 to > 99% confi-
dence) between the photon indices of the low- and high-
energy components of the broken power-law. There are
a number of discrepant points (labeled in the bottom left
panel of Fig. 1 but we find that these objects are atypical,
containing a warm absorber and/or are labelled as “X-ray
weak” by Laor et al. (1997). The bottom left panel of
Fig. 1 shows an expanded view of the same plot, with the
best-fit straight line drawn through the points.

In addition to the EPIC X-ray spectra, we have obtained
XMM/OM data for each of the Laor et al. quasars. All
optical–X-ray broad-band spectra have been plotted and a
sample plot (again for PG 1115+407) is shown in the top
right panel of Fig. 1. The spectrum is in the observed-
frame of the quasar, the vertical dotted line represents the
position of the Lyman break and all points have been cor-
rected for Galactic absorption.

Also plotted are four accretion disc models; best-fit
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ΓLowΓHigh = 0.39 + 0.63

ΓHigh = ΓLow

Figure 1. Top row: Sample EPIC (left) and OM–EPIC (right) spectra for one of the Laor et al. quasars, PG 1115+407.
Both are plotted inνFν-space (or equivalent) in the observed-frame of the quasar. The EPIC spectrum is over-plotted by
an absorbed broken power-law model. The broad-band spectrum is over-plotted by four accretion disc models: best-fit
Kerr (solid), best-fit Schwarzschild (dashed), published mass Kerr (dotted), published mass Schwarschild (dot-dashed),
all of which have been fit to the OM data-points. The vertical dotted line represents the Lyman limit. Bottom row: The
tight correlation (r = 0.97) between the high- and low-energy photon-indices of the broken power-law for each quasar in
the sample. The discrepant points in the left-hand plot are mainly those which contain warm absorbers and/or defined as
“X-ray weak” (Laor et al., 1997). The right-hand plot shows an expanded view of the same correlation and the equation
of the best-fit straight line through the points.

Kerr (solid line), best-fit Schwarzschild (dashed line),
best-fit Kerr using published mass estimate (dotted line)
and best-fit Schwarzschild using published mass estimate
(dot-dashed line). These models are modified Czerny &
Elvis (1989) accretion disc curves (Siemiginowska et al.
1995) and are parametrised in terms of black hole mass,
angle of inclination and mass accretion rate (Kerr mod-
els) or luminosity (Schwarzschild models). They have
been fit to the OM photometry alone and the best fit ob-
tained by minimisingχ2.

In all cases we find that the disc models which fit the
OM data most successfully are not able to represent the
soft X-ray excess. We also find that fitting the disc
model predicts masses which are significantly different
from the estimates published in the literature; indeed a
number of the published masses provide very poor fits to
the OM data. In general the Schwarzschild models pro-
vide better fits than the Kerr models. Furthermore some
of the Kerr models overpredict the soft-X-ray flux (e.g.
PG 1402+261).

3. CONCLUSIONS

By using simple phenomenological models to fit these
data, we are able to place important constraints on which
physical models are appropriate for describing the spec-

tra of the Laor et al. sample of quasars. The tight cor-
relation between the low- and high-energy components
of the broken power-law suggest that both components
are produced in the same region of the system and by
the same emission mechanism. This would appear to
rule out thermal disc emission, particularly given the fail-
ure of the disc models to represent the soft X-ray ex-
cess in the SEDs above. Instead models invoking non-
thermal mechanisms should be used. Detailed investiga-
tion of these alternative models will be the subject of fu-
ture work, including consideration of the radio emission
and jet models often used to describe the SEDs of black
hole X-ray binaries.
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ABSTRACT

Recent XMM-Newton and Chandra observations of the
gravitationally lensed BAL quasars PG 1115+080 and
APM 08279+5255 have provided new insights into the
structure of quasar outflows and the enrichment of the in-
tergalactic medium by quasar winds. The confirmation
of relativistic outflows in most quasars would imply that
these energetic winds have a significant impact in reg-
ulating the growth of the black hole, perhaps explain-
ing the MBH-σ relation, and halting star formation and
shaping the evolution of their host galaxies. We present
new results from multi-epoch spectral analysis of BAL
quasar PG 1115+080 with XMM-Newton. We find sig-
nificant variability in the properties of the outflowing ab-
sorbers. Relativistic outflow velocities are inferred from
the blueshifted highly ionized Fe lines detected in our
analysis of the EPIC spectra. The depths of the Fe X-ray
BALs in PG 1115+080 show a significant decrease be-
tween the first two observation epochs. We constrained
the fraction of the total bolometric energy released by
quasars PG 1115+080 and APM 08279+5255 into the
IGM in the form of kinetic energy to be εk= 0.3+0.1

−0.2, and
εk = 0.09

+0.03
−0.07, respectively. According to recent theoret-

ical studies this range of efficiencies is large enough to in-
fluence significantly the formation of the host galaxy and
regulate the growth of the central black hole. An analysis
of the RGS spectra indicates the possible presence of two
absorption lines at rest-frame energies of 3.36 keV and
3.73 keV.

Key words: Gravitational Lenses; X-rays; Quasar Out-
flows.

1. INTRODUCTION

In recent years there has been mounting evidence from
both theoretical and observational studies for the impor-
tance of quasar outflows in regulating the growth of the
supermassive black hole, controlling the formation of the
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Figure 1. (a) The top panel shows the PN spectrum of the
combined images of PG1115+080 for Epoch 1 fit with Galac-
tic absorption and a power-law model to events with energies
lying within the range of 5–10 keV. The lower panel shows the
residuals of the fit in units of 1σ deviations. Several absorption
features from 1.5–5.2 keV are noticeable in the residuals plot.
(b) Same as (a) for Epoch 2. (c) Same as (a) for Epoch 3.
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host galaxy, and enriching the intergalactic medium. Re-
cently, the potential importance of quasar outflows has
been explicitly demonstrated in theoretical models of
structure formation and galaxy mergers that incorporate
the effects of quasar outflows [e.g., Scannapieco & Oh
2004 (SO04); Granato et al. 2004 (G04); Springel, Di
Matteo, & Hernquist 2005 (SDH05)]. Recent X-ray ob-
servations of two BAL quasars have suggested the pres-
ence of relativistic outflows of X-ray absorbing mate-
rial with velocities of up to 0.4c (Chartas et al. 2002,
2003). The inferred hydrogen column densities of the
outflowing absorbers of about 1023 cm−2 and relativis-
tic velocities of these outflowing X-ray absorbers imply
mass-outflow rates that are comparable to the estimated
accretion rates of a few M� yr−1. Additional observa-
tional evidence to support the presence of quasar feed-
back came with the detection of high-velocity blueshifted
absorption-line features in the X-ray spectra of several
quasars and Narrow-Line Seyfert 1 galaxies (Reeves et
al. 2003; Pounds et al. 2003a, 2003b).

In this work we present recent results from monitoring
X-ray observations of the BAL quasar PG 1115+080 (z
= 1.72). The goal of these observations was to monitor
the time variability of the absorption features and thereby
constrain the kinematic, ionization, and absorbing prop-
erties of the quasar outflows in these X-ray-bright BAL
quasars. Throughout this paper we adopt a Λ-dominated
cosmology with H0 = 70 km s−1 Mpc−1, ΩΛ = 0.7, and
ΩM= 0.3.

2. OBSERVATIONS AND RESULTS

PG 1115+080 was observed with XMM-Newton on
2001 Nov 25 (Epoch 1), 2004 June 10 (Epoch 2), and
2004 June 26 (Epoch 3), for 62.9 ks, 81.2 ks and
86.3 ks, respectively. A variety of models were fit to
the spectra of PG 1115+080. For clarity we only show
the higher S/N ratio PN data in Figure 1; however,
all fits were performed simultaneously to the PN and
MOS1+2. High-energy X-ray absorption lines are de-
tected in three epochs of monitoring observations of BAL
quasar PG1115+080. The energies and inferred outflow
velocities of the lines are listed in Table 1. To quantify the
variability of the high-energy absorption features we took
ratios of the spectra. We find significant variability of
the X-ray BALs in PG1115+080 between epochs 1 and 2
separated by 0.92 yr (rest-frame) and marginal variability
of the X-ray BALs between epochs 2 and 3 separated by
5.9 d (rest-frame). Motivated by the apparent detection of
high-energy absorption lines in the EPIC spectra we in-
vestigated the presence of absorption lines in the RGS.
We report the possible detection of absorption lines at
3.36 keV and 3.73 keV (rest-frame) We caution that due
to the low S/N of the present RGS spectra the significance
of these features is relatively low and additional higher
quality data are required to confirm this result. A plau-
sible, but not unique, interpretation of these lines is that
they arise from blueshifted S XVI Lya absorption. We
have estimated the mass outflow rates and efficiency of

Table 1. Energies and Outflow Velocities of Absorption
Lines Detected in PG 1115+080 During Epoch 1

Line Eobs σrest vabs

(keV) (keV) (c)
Fe XXV 1s–2p 2.67

+0.14
−0.04 <0.44 0.09

+0.05
−0.02

Fe XXV 1s–2p 3.60
+0.29
−0.46 3.07+1.82

−0.83 0.40
+0.09
−0.11

S XVI Lyα 1.24
+0.02
−0.02 <0.024 0.26

+0.01
−0.01

S XVI Lyα 1.38
+0.07
−0.07 < 0.23 0.37

+0.01
−0.04

Table 2. Mass-Outflow Rates and Efficiencies of
PG 1115+080 and APM 08279+0552

Line Ṁ εk
(M� yr−1)

PG 1115+080 Outflow

Fe XXV 1s–2p 0.006
+0.004
−0.005 3.4+2.1

−2.8 × 10
−4

Fe XXV 1s–2p 0.27
+0.17
−0.22 3.0+1.9

−2.5 × 10
−1

S XVI Lyα 0.026
+0.016
−0.015 1.3+0.8

−0.7 × 10
−2

S XVI Lyα 0.025
+0.015
−0.014 2.4+1.5

−1.4 × 10
−2

APM 08279+5255 Outflow

Fe XXV 1s–2p 1.7+1.0
−1.0 0.9+0.6

−0.6 × 10
−2

Fe XXV 1s–2p 3.3+2.0
−2.4 0.8+0.5

−0.6 × 10
−1

the outflows in PG1115+080 and APM08279+5255 and
listed our results in Table 2. The systematic uncertain-
ties in estimating the outflow efficiencies are one sided in
the sense that they lead to underestimates of the outflow
efficiencies.
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ABSTRACT

We present INTEGRAL and quasi-simultaneous XMM-
Newton observations of 3C 273 during 2003 – 2005.
These data are part of a program meant to monitor the
high-energy emission of this bright quasar in order to
measure the different components contributing to the
emission above 0.2 keV and their respective variability.
3C 273 was found to be in a weak and rather soft state
compared to the historical record of high-energy obser-
vations. Here we describe our results and discuss their
possible physical interpretation.

Key words: X-rays, AGN:individual:3C 273.

1. INTRODUCTION

3C 273 is a radio loud quasar, with a jet showing su-
perluminal motion, discovered at the very beginning of
quasar research (see review by Courvoisier 1998). Be-
ing the brightest and the nearest (z=0.158) quasar, 3C
273 was intensively studied at different wavelengths. In
the current work we present the analysis of the quasi-
simultaneous INTEGRAL (Winkler et al. 2003) and
XMM-Newton observations in 2003 – 2005.

2. OBSERVATIONS

The details of the analysed data are given in Table 1. In
order to increase the statistics for INTEGRAL data we
have combined all data taken at appproximately the same
time. Analysis were done with OSA 5.0 (INTEGRAL)
and SAS 6.5 (XMM-Newton). JEM-X 2 and JEM-X 1
were alternatively operated during periods 1 – 3 , and 4 –
5, respectively. No simultaneous observations are avail-
able for the third period of INTEGRAL observations.

Table 1. Journal of INTEGRAL and XMM-Newton obser-
vations of 3C 273.

Period Observation Epoch ISGRI/JEMX
Exposure(ks)

1 2003-01-05 – 2003-01-18 182.5/12.4
2 2003-06-01 – 2003-07-23 308.9/40.3
3 2004-01-01 – 2004-01-02 15.2/13.8
4 2004-06-23– 2004-06-24 67.1/29.2
5 2005-05-28– 2005-07-11 269.1/68.7
XMM-Newton observations. PN Exp (ks)

1 2003-01-05 – 2003-01-07 5.97
2 2003-07-07 – 2003-07-08 40.60
4 2004-06-30 – 2004-06-30 13.93
5 2005-07-10 – 2005-07-10 19.33

3. SPECTRAL AND TIMING ANALYSIS

It has been found in previous X-ray observations that the
high energy continuum could be fitted by a hard power
law with a variable photon index. Observations by EX-
OSAT first indicated the existence of a soft excess, at en-
ergies < 1 keV (Turner et al. 1985). Using a model with
two power laws, modified by Galactic absorption, we ob-
tain good fit to the combined (0.2 – 100 keV) INTEGRAL
and XMM-Newton spectra of periods 1, 2, 4, and 5, see
Table 2.

The quality of the model fit for the second data set can be
improved by adding a Fe line at 5.72±0.06 keV (which
corresponds to the dereddened value of 6.622±0.07 keV)
with a half width of about 300 eV. This is the only obser-
vation where the Fe line is observed. Surprisingly enough
during this observation the flux in the 2 – 10 keV energy
band was the highest. As it is clearly seen from the Table
2 and Figure 1, the slope of the soft excess was found to
be more variable than the slope of the harder component.
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Table 2. Two power law fit to PN, JEM-X, and ISGRI 3C 273 spectra. The fit was done leaving free intercalibration
factors for ISGRI (Ci) and JEM-X (Cj) with respect to the PN camera. Flux is given in 10

−11erg cm−2 s−1 units.

Set NH (cm−2) Γ1 Γ2 F(0.1-2) F(2-10) F(20-60) Ci Cj chi2/dof(dof)
1 1.79e-20(fix) 2.79±0.06 1.66±0.03 9.47±1.08 8.76±0.53 6.53±0.40 0.6 1.09 0.98(1374)
2 1.79e-20(fix) 2.40±0.03 1.66±0.02 9.97±0.78 10.13±0.53 12.10±0.65 1.31 1.05 1.12(1984)
3 1.79e-20(fix) 1.57±0.1 13.3±5.64 1.(fix) 1.25 0.95(162)
4 1.79e-20(fix) 2.70±0.06 1.63±0.02 6.05±0.74 6.73±0.35 7.91±0.41 0.88 0.36 0.97(1627)
5 1.79e-20(fix) 2.88±0.04 1.57±0.01 6.87±0.43 8.46±0.18 13.92±0.30 1.06 0.68 1.07(2103)
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Figure 1. PN and ISGRI spectra at different epochs.
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Figure 2. Lightcurves in 0.2 – 2 keV (black, PN data), 2
– 10 keV (red, PN data), 20 – 60 keV (blue, ISGRI data),
and Johnson V-filter (green, OMC data) bands.

4. DISCUSSION

The overall spectra of blazars (plotted as νFν ) have two
pronounced continuum components: one peaking be-
tween infrared and X-rays, and the other in the γ-ray
regime. The radiation is emitted from a relativistic jet,
directed close to our line of sight. 3C 273 is not an ex-
ception to this picture, but an additional ’big blue bump’
dominates the optical emission. Although its origin is
far from being understood, it is believed that it could be
due to the thermal emission from the surface of the ac-
cretion disk, although the analysis of the blue bump vari-
ability supposes that two components, variable on differ-

Frequency, Hz

3C 273 

Period #4
Period #1

Figure 3. June 2004 broadband spectra of 3C 273 (red
triangles), along with the January 2003 data (blue trian-
gles) and various models, see text.

ent time scales, must contribute to the total emission at
these wavelengths (Paltani et al. 1998). The observed
soft excess is often explained as a hard tail of the blue
bump. To test it we have fitted the observed soft ex-
cess with simple model described above (Table 2). On
the Figure 3 the example of such a fit is shown for the
first (blue points) and fourth periods (red points), along
with the multiwavelength spectrum, almost simultaneous
to the period 4. Taking into account small variations in
the optical flux (Figure 2), it seems that it is not easy to
explain the observed variations of the soft excess if as
hard tail of the blue bump. For the illustration we have
fitted optical data with a standard E−1/3exp(−E) model
(green line), and a quadratic approximation (black line)
often used in literature.
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ABSTRACT

In the 2-10 keV range, the AGN continuum is generally
well represented by a single power law but at lower ener-
gies it displays an excess with respect to the extrapolation
of this power law, called the ”soft X-ray excess”; the na-
ture of this component is still under discussion. Until now
the soft X-ray excess was attributed either to the reflec-
tion of the hard X-rays on the accretion disk, or to the
presence of an additional Comptonizing medium. This
feature could also be due to the absorption of an intrinsi-
cally steep power law source (whose origin is not clear)
by a medium with a very large dispersion velocity (as a
relativistic wind). Understanding the nature of the soft
X-ray excess is essential for our knowledge of the Warm
Absorber, the primary spectrum, and the accretion flow
process. We have therefore examined the pros and cons
of the reflection and absorption models. The observed
soft X-ray spectra may probably be modeled by an “hy-
brid” model: absorption and reflection.

Key words: galaxies: active, Seyfert; X-rays: general.

1. INTRODUCTION

Now more than 50% of well studied Seyfert 1 (Sy1)
galaxies and many quasars are known to possess ab-
sorbers (e.g., Blustin et al. 2005). One main issue is
to explain the apparent change of slope in the overall X-
ray spectrum at ∼ 1 keV in Sy1s and QSOs. When fit-
ting an observed X-ray spectrum with a power law plus
absorption plus the Compton reflection component plus
the iron line and narrow spectral features, the model usu-
ally underpredicts the observed spectrum in the soft X-
ray range. An additional component – a soft X-ray ex-
cess – is needed (Wilkes & Elvis 1987). Apart from an
usual additional continuum or a strongly ionized reflec-
tion, this component is well modeled by absorption of an

originally rather soft power law intrinsic spectrum due
to an absorber having a random or bulk velocity of sev-
eral thousands of km s−1 (Gierliński & Done 2004). We
consider the advantages and drawbacks of the reflection
vs. absorption models (Chevallier et al. 2005), using our
code TITAN (Dumont et al. 2003).

2. RESULTS

Gierliński & Done (2004) modeled the X-ray spectrum
of the Narrow Line Sy1 PG 1211+143 by a steep power
law continuum between 0.1 and 20 keV, absorbed by an
ionized slab of constant density. Note that the observed
spectrum is smeared by a large (Gaussian) velocity dis-
persion v/c = 0.2 in order to get a “quasi-continuum”
without narrow features. This high velocity can be due to
an accelerated outflow, or to a disk wind with Keplerian
motion and produced very close to the black hole.

We have computed the absorption spectra (primary
source of radiation complete covered) for a grid of con-
stant density models. Any small variation of the column-
density N , the ionization parameter ξ = L/nHR2 , or the
slope α of the primary continuum, would induce a strong
variation on the shape of the X-ray spectrum.

Such a variation is not observed from one object to the
other. It is more appropriate to assume that the absorbing
medium is in total – gas and radiation – pressure equi-
librium owing to the short dynamical time scale needed
to reach again an equilibrium (less than one day, for
R ∼ 10 RG, where RG = GM/c2, and M ∼ 107 M�).
The thickness of the slab cannot then exceed a maxi-
mum value for a given ξ, due to thermal instabilities. A
consequence is the existence of a “maximum absorption
trough”, which cannot be exceeded.

Figure 1 shows as an exemple the comparison of the X-
ray spectrum of PG 1307+085 (Piconcelli et al. 2005)
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with that obtained with an absorbing slab of constant to-
tal pressure. This spectrum is well fitted, considering that
the narrow emission feature around 0.5 keV – the OVII
complex – must be provided by another emitting region.

1307+085
Γ=1.5

Pcst-a0.9x4c23.3

Figure 1. Comparison between the observed X-ray spec-
tra for PG 1307+085 (Piconcelli et al. 2005, Fig. 2) and
the computed spectrum (arbitrary units) of a power law
primary continuum α = 0.9 absorbed by a constant total
pressure slab (ξ = 104, N = 2 1023, v/c = 0.2, CGS
units). The observed and computed spectra have been
both divided by the observed power law of photon index
Γ = 1.5 over the 2–10 keV range.

Absorption models are not very satisfactory from a phys-
ical point of view. Owing to its large column density
(∼ 1023 cm−2), the wind implies too massive outflows
(near the Eddington limit). Both the wind and the ac-
cretion models require an additional UV emission, which
has to be provided by a geometrically thin accretion disk.
The coexistence of a spherical accretion flow at about
25 RG and a thin disk seems quite artificial. So we come
back now to the “traditional” reflection models, includ-
ing a “cold” accretion disk emitting the UV, surrounded
by a hot corona emitting X-rays which are reflected by the
disk (Haardt & Maraschi 1993). We notice that the soft
X-ray excess almost disappears when the reflection spec-
trum is added to the primary continuum. Either ξ is small
and the reflection spectrum displays a strong X-ray ex-
cess, but it is negligible as compared to the primary one;
or ξ is large, and the reflection spectrum is comparable in
flux to the primary one, but it has a small X-ray excess.
A strong excess requires to hide the primary continuum
(Fabian et al. 2002, Crummy et al. 2005).

Since both the absorption and the reflection models seem
inadequate, we propose an “hybrid model”, including the
traditional reflection model, plus a high velocity absorb-
ing medium with a modest thickness. The small soft X-
ray excess is increased when it is absorbed by such a wind
and becomes comparable to the observations. The mass
outflow rate is thus 30 times smaller than in the previous
absorption model.

3. CONCLUSION

Absorption models could account for some strong soft
X-ray excesses, but require a kind of “fine tuning” in or-
der to constrain the 1 keV trough, which otherwise could
have any strength (e.g., constant density models). We
have suggested a medium in total – gas and radiation –
pressure equilibrium, which leads to a maximum inten-
sity of the trough, as well as a “universal” shape of this
maximum trough, due to the thermal instability mecha-
nism. A complete grid of constant total pressure models,
very demanding in computation time, is necessary to pur-
sue this study. In the absorption model, either a thick
accretion flow, or a relativistic wind is required. None
of them seem realistic from a physical point of view,
and moreover both require an additional source of UV
emission, like a geometrically thin accretion disk. On
the other hand, the “traditional” reflection models cannot
account for the observations, unless the X-ray source is
hidden from our view. Therefore we favor an “hybrid”
model, where the primary UV-X source could be pro-
duced by a disk-corona system, and then absorbed by a
modest relativistic wind.
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ABSTRACT

We have performed an X-ray spectral stacking analysis
over the identified Active Galactic Nuclei (AGN) from
the XMM-Newton International Survey (AXIS). We have
processed the data for 22 of the 36 fields of the sample
( � 200 identified AGN) using the latest available XMM-
Newton software and calibration. Moreover, we opti-
mised the spectral source extraction to maximise the sig-
nal to noise ratio. We separated Broad Line Active Galac-
tic Nuclei (BLAGN) and Narrow Emission Line Galax-
ies (NELGs) spectra and constructed rest frame average
spectra for both types. In this way, we can examine the
overall spectra shape and features of both AGN types. We
obtained that the NELGs average spectrum shows a much
harder spectral slope than the BLAGN, likely due to a
major absorption. However, only in the NELG average
spectrum we can see a feature that could be the emission
line Fe K � . We also see a bump over 10keV, but it is
possibly caused by a normalisation effect.

Key words: galaxies:active; galaxies: Seyfert; X-rays:
galaxies.

1. INTRODUCTION

Attending to their optical characteristics, Active Galac-
tic Nuclei (AGN) are often separated in two groups, type
1 and 2 AGN. In a simple manner, for type 1 AGN we
usually see broad emission lines in their optical spectrum
and an unabsorbed X-ray spectrum. On the other side,
for type 2 AGN we only see narrow emission lines and
an absorbed X-ray spectrum. The Unified Model for AGN
considers both types to have the same basic structure but
they are observed through different amounts of absorb-
ing material due to different inclination angles. Follow-
ing this model, the observed X-ray Background (XRB)
have been reproduced using AGN spectra with different
absorptions, since it has been found that the major contri-
bution to the XRB at medium fluxes is due to a combina-
tion of type 1 and type 2 AGN. See for example Comastri
et al. (1995), Gilli et al. (2001) and Ueda et al. (2003).

Besides, the X-ray sources flux distribution shows that
most of the XRB is generated by medium flux sources.

We report here preliminary results on the construction of
an average spectrum of AGN over a well defined sam-
ple of the more representative sources in the XRB, the
medium flux sources of the AXIS sample.

2. X-RAY SPECTRAL EXTRACTION

We processed the data for 22 fields of the 36 fields
in the AXIS sample, but only considered in our anal-
ysis those AGN that are optically identified in these
fields (about 260 sources) and with fluxes above

���
���	��
������������
��������

. The good time intervals for the ob-
servations in these fields range from 10 to 100ks. In some
cases, there are more than one observation of the same
field, so we can obtain a rather good quality spectrum.

We processed the newest refinalised ODFs from the
XMM-Newton archive using the Science Analysis Soft-
ware (SAS) version 6.1.0, the latest software and cal-
ibration available at the time of our analysis. We pro-
cessed the ODFs in order to obtain the calibrate images
and event lists using the SAS pipeline chains emchain
and epchain for the MOS and pn data, respectively.
Then, we performed the source detection using the SAS
tasks eboxdetect and emldetect. For the fields
that have more than one observation, we use emosaic
to merge the images and optimise the source detection.

We extracted the source spectra in circular regions max-
imising the signal to noise ratio (SNR) for all detectors.
The background spectra were taken in annular regions
centred in the source position. If any other source falls
within this region, we excluded the source region from
the background region. If the resulting background was
statistically small or fell near bright sources, we substi-
tuted it by a circular source-free region. We merged the
MOS1 and MOS 2 spectra for each observation and the
spectra for the MOS and pn, separately, from different
observations to maximise the SNR.
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Table 1. Number of sources and redshift ranges

Source Type Number of sources Redshift range
BLAGN 168 0.17-2.99
NELGs 33 0.04-2.98

3. IDENTIFIED SAMPLE

After the spectral extraction, we selected only the sources
with more than 100 source MOS+pn counts. That re-
duced the sample to 201 sources. Using the optical identi-
fications from the AXIS programme, we divided the sam-
ple in two groups: BLAGN and NELGS in order to ob-
tain their spectral characteristics separately. The samples
characteristics are in Table 1.

4. STACKING PROCESS

At this point, we have the source and background spec-
tra and the response matrices for each source. To per-
form our analysis we needed the unfolded spectra, i.e.,
the source spectra before entering the detectors. To obtain
the unfolded spectrum for each source, we used XSPEC.
We set a single power law model with a fixed spectral
slope of 2. We applied this model to the non grouped
spectra so the model does not affect significantly the re-
sulting spectrum thanks to the narrow energy bins.

Then, we shifted each spectrum to the rest frame using
the redshifts given by the optical identifications from the
AXIS program. We need each spectrum to contribute in
the same manner to the final average spectrum, so we
need to normalise them. To achieve this, we forced the
2-10 keV fluxes to be the same for all the spectra. We ex-
cluded the 5-8 keV range in the 2-10 keV range because
the Fe K � line is expected to fall between these energies.

Since each spectrum has a different energy bins grid, we
constructed a new one for the final spectrum. To select
these new bins, we used the source spectra in counts, re-
binned them to the new bins and added them all together
without normalisation. Then, we chose the grid that dis-
tributes the counts in the most uniform way so as to assure
a minimum number of real source counts ( �

� � �
) in each

new bin. We used this method as a quality check of the
final grid.

Once we have the rest frame, normalised and rebinned
spectra, we simply averaged them in a simple manner.
Because of the quite large dispersion in the redshift dis-
tribution, some high energies could be reached only by
a few spectra. We have only taken into account those
spectral ranges to which at least 10 spectra contributed.
The error bars were computed as the standard deviation
of each bin divided by the square root of the number of
spectra that contributes to that bin.

Figure 1. Average BLAGN and NELGs spectra in the full
covered range

Figure 2. Average BLAGN and NELGs spectra in the 2-
10 keV range along with the power law fit

5. PRELIMINARY RESULTS

The optimisation of the stacking process is still in
progress. Our preliminary results are shown in Figure 1.
The BLAGN average spectra extends up to 28 keV but
NELGs spectrum only to 15 keV. This is due to the im-
posed restriction about the minimum number of spectra
that has to contribute to each energy bin. For BLAGN
we have many spectra with redshifts above 1, while most
NELGs have redshifts below 1.

For the BLAGN average spectrum we fit a power law in
the 2-10 keV obtaining an spectral slope of �

� � �
(see

Figure 2). We see no clear evidence of the Fe K � emis-
sion line. For the NELGs spectrum, we obtain a much
flatter spectral slope of �

� � � (see Figure 2) as expected
due to absorption if NELGs correspond to type 2 AGN ,
with absorbed X-ray spectrum. We see a feature around
6.4 keV that could correspond to the Fe K � line. In both
spectra we see a bump starting at �

���
keV in BLAGN

and at a little lower energy in NELGs. We have to test if
this is a real spectral feature.
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ABSTRACT

Most compact objects, in particular X-ray Binaries
(XRBs) and Active Galactic Nuclei (AGN), are charac-
terised by X and � -ray radiation, leading to investigate the
physical processes occurring in their high energy emis-
sion and how their properties scale with different observ-
ables like the accretion rate, presence/absence of jets...
We perform various studies on the high energy emission
of several Galactic and Extragalactic compact objects. In
particular, using the spectrometer SPI on board INTE-
GRAL, we detect for the first time an emission above 200
keV and even up to 350 keV for a neutron star binary, GS
1826-24, suggesting the presence of another contribution
to the classical thermal emission extending until � 150
keV. The processus associated can still have a thermal
origin but we favor a non thermal processus, similar to
that found in black hole candidates and AGNs. We thus
evoke the hypothesis that both thermal (corona) and non
thermal (jet or not) emission processes could be involved
ubiquitously in the high energy emission of Galactic and
extragalactic compact objects.

Key words: X-ray Binaries; Active Galactic Nuclei.

1. GALACTIC COMPACT OBJECTS:
X-RAY BINARIES

1.1. The neutron star binary GS 1826-24 with INTE-
GRAL/SPI: discovery of an emission above 200
keV

X-ray binaries present an emission extending up to X/ �
rays making them ideal candidates for the INTEGRAL
satellite. We analyzed one year of Galactic Centre Deep
Exposure (GCDE) by INTEGRAL, in particular with the
Spectrometer SPI (20 keV-8 MeV), giving the unique op-
portunity to study the hard tail of X-ray bursters like GS
1826-24. GS 1826-24 has been discovered with GINGA
while BeppoSAX revealed its neutron star nature show-
ing regular type I bursts.
The BeppoSAX satellite set the detection limit of GS
1826-24 at 150 keV (Di Salvo, 2002), with a cutoff en-

Figure 1. SPI Spectrum of GS 1826-24

ergy found at � 50 keV. The hard X-ray emission of a
neutron star system when a cutoff is detected is explained
by a thermal comptonisation of soft photons in a hot re-
gion (corona) probably placed between the neutron star
and the accretion disk.
With SPI, we reveal for the first time a significative emis-
sion extending up to 350 keV (Figure 1). The SPI spec-
trum still requires the classical thermal cutoff component
at 60 keV (Deluit et al. 2006), but the large extension of
the emission up to 350 keV, well reproduced by a power
law, suggests the presence of an additional contribution.
A thermal origin is possible but we favor a non thermal
emission since the radiation up to 350 keV would request
a hot plasma region, hardly compatible with the Compton
cooling expected to reproduce the soft X-ray emission.
The discovery of this new contribution to the classical
thermal emission up to 100-150 keV known for neutron
star binaries naturally leads to a comparison with other
types of compact objects.

1.2. Black Hole Candidates

The spectrum of GS 1826 revealed by SPI, for which sev-
eral components seem to be present, naturally reminds
the one found for BHCs in the hard X/ � ray domain. As
an example, Cyg X-1 presenting an emission at much
higher energies than for GS 1826-24, shows however
similarities with the state for which its emission extends
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Figure 2. IBIS and SPI spectra of Cyg X-1 in June 2003.
From Malzac et al. (2005)

far above the cutoff energy found in the X-ray domain and
is composed of both a thermal (cutoff) and non thermal
component (power law) extending up to the MeV domain
(Figure 2). The presence of a jet in Cyg X-1 makes it the
ideal candidate to produce the non thermal emission ob-
served in the � -ray domain. Moreover, a clear correlation
is found between the radio and hard X-ray/ � domain in
Cyg X-1, but also for most of BHCs in the low/hard state
where the jet is dominant.

2. EXTRAGALACTIC COMPACT OBJECTS:
ACTIVE GALACTIC NUCLEI

BHCs have often be compared to AGNs, and in the last
decade, an AGN/BHC binary paradigm has even emerged
(Figure 3).

Figure 3. Black Hole Grand Unification (Uttley, astro-
ph/0508060)

AGNs are composed of several classes, mainly radio
quiet (e.g. Seyfert) and radio loud (e.g. blazar) ob-
jects. Their emission extension differs following the class
considered, in particular if a jet is present. The Seyfert
galaxies emission is presumed to be due to a pure ther-
mal process with a cutoff detected between 100-300 keV,
whereas for blazars, a dominant non thermal emission
from the jet reaches MeV or GeV domains.
In Deluit et al. (2003) and Deluit (2004), we show that
Sy 1 and Sy 2 with Polarized Broad Lines (PBLs here-
after) present common properties with a clear detection of
a cutoff. On the other hand, Sy 2 without PBLs detected
do not seem to exhibit a cutoff, leading us the hypothe-
sis that another emission process, probably non thermal,
could occur in this kind of Sy 2 and in Sy in general.

Figure 4. Schematic view of 3C 273 X-ray spectrum in
June 2000 and 2001

Conversely, in Deluit et al. (2005), studying the 1996-
2004 X-ray emission of the quasar 3C 273, usually
largely dominated by the non thermal emission from the
jet, we constrain a thermal cutoff in June 2000 and June
2001 observations (Figure 4), corresponding (with June
2004) to the lowest X-ray flux and jet activity states ever
observed in the 3C 273 history. That proves that a ther-
mal process is involved in addition to the well known non
thermal emission from the jet.

3. DISCUSSION

Studying the high energy emission of different compact
objects like neutron star binaries, black hole candidate bi-
naries and AGNs, we emphasize the emergence of a more
complex picture of their emission, but also great similar-
ities between all these classes of compact objects.
Indeed, it appears that both thermal and non thermal pro-
cesses could occurred in their high energy emission. The
thermal component is well explained by the ”accretion
disk+hot corona” system. The non thermal component
is natural in the case of a jet presence, like e.g. for 3C
273. But for Seyfert galaxies and neutron star binaries
for which no jets are observed ? We evoke the possibility
that collimated outflows or more probably jets extended
in small distance scale (i.e. “mini-jet”) could be omni-
present in radio-quiet AGNs and X-ray binaries present-
ing an emission above 200 keV.
Our various investigations thus suggest that an ubiquitous
“thermal � non thermal” origin would be drawn for the
high energy emission of galactic and extragalactic com-
pact objects.
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ABSTRACT

Chandra observations of 3C 432, 3C 191 and
B2 0902+34 are presented as part of an ongoing
search for inverse-Compton scattering of the cosmic
microwave background (CMB) from high redshift radio
sources (Schwartz, 2000). The energy density of the
CMB increases with redshift, z, as (1 + z)

4, so the
relatively high redshift of these powerful radio galaxies
makes them good candidates for detecting extended
inverse-Compton scattering along the radio jet axis: we
do indeed detect radio-aligned X-ray emission.

Key words: inverse-Compton; powerful radio galaxies;
high redshift.

1. INTRODUCTION

Inverse-Compton scattering of the cosmic microwave
background (hereafter CMB) in high-redshift radio
sources should be detectable, since the energy density
of the CMB increases steeply with redshift, z, counter-
balancing surface brightness dimming (Schwartz, 2000).
Most high-redshift radio galaxies should therefore have
extended X-ray emission produced by inverse-Compton
scattering of the CMB, thus tracing an older relativistic
electron population (with Lorentz factor γ ∼ 10

3) com-
pared with those producing the radio synchrotron emis-
sion (γ ∼ 10

5
− 10

6). Several such sources have been
detected (Schwartz, 2000, Belsole et al., 2004, Overzier
et al., 2005, Scharf et al., 2003, Sambruna et al., 2004,
and Blundell et al., 2005).

Here, Chandra observations of three high-redshift radio
galaxies (3C 432, 3C 191 and B2 0902+34) are analysed
with the aim of detecting and characterising their ex-
tended X-ray emission.

21h22m46.0s21h22m46.5s

17:04:32

17:04:36

17:04:40

17:04:44

RA

DEC

Figure 1. Image of 3C 432, Gaussian-smoothed by 0.49”,
with 1.54 GHz radio contours overlaid (0.001, 0.003,
0.012, 0.042, 0.144, 0.5 Jy/beam).

2. 3C 432

A 19.77 ks-long observation of 3C 432 (z = 1.785, RA
21h22m46.2s Dec +17d04m38s) was taken by Chan-
dra on 2005 January 7 in VFAINT (very faint) mode.
Fig. 1 clearly shows extended X-ray emission lying
along the radio jet, not only in the lobes but also in
the bridge. Spectra were extracted from the nucleus;
the total extended X-ray emission (i.e. that within a
8
′′
× 18

′′ region aligned along the radio axis); the emis-
sion within the 1.54 GHz radio contours, excluding the
central source, and the background. The nucleus has a
photon index of Γ = 1.84

+0.09
−0.11 and intrinsic absorption

NH = 2.1+0.36
−0.21 × 10

21
cm

−2 assuming a Galactic ab-
sorption of 7.4×10

20
cm

−2. The total extended emission
has Γ = 1.57

+0.27
−0.36, and the extended emission within

the 1.54 GHz contours has Γ = 1.52
+0.27
−0.48. These values

were calculated using C-statistics, however χ2-statistics
gives consistent values.
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Figure 2. X-ray image of 3C 191 with 8.46 GHz ra-
dio contours overlaid (0.0005, 0.0012, 0.0029, 0.0069,
0.0167, 0.04 Jy/beam).
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Figure 3. X-ray image of B2 0902+34, overlaid with
8.09 GHz radio contours (0.00015, 0.00042, 0.0012,
0.0033, 0.0093, 0.26 Jy/beam) in dark grey and 4.54 GHz
radio contours (0.0003, 0.00088, 0.0026, 0.0076, 0.022,
0.065 Jy/beam) in light grey.

3. 3C 191

Two observations of 3C 191 have been analysed (z =

1.965, RA 08h04m47.9s Dec +10d15m23s): the first is
8.32 ks-long (Sambruna et al., 2004), taken with Chan-
dra in FAINT mode on 2001 March 7 and the sec-
ond is 19.77 ks-long, taken on 2004 December 12 in
VFAINT mode. Fig. 2 is the sum of the two ob-
servations and shows extended X-ray emission aligned
along the radio jet which appears to extend beyond the
radio emission to the south. The nucleus has an in-
trinsic absorbed power law with NH = 0.46

+0.29
−0.35 ×

10
22

cm
−2 and Γ = 1.79

+0.12
−0.12. The total extended emis-

sion (6.5′′ × 10.5′′ region excluding the central source)
has Γ = 1.66

+0.32
−0.29, and the emission within the contours

of the lowest 8.46 GHz radio contour, shown in Fig. 2,
has Γ = 1.95

+0.44
−0.20 (using C-statistics).

4. B2 0902+34

The Chandra image of B2 0902+34 (z = 3.382) is cen-
tred on the active nucleus. There are indications that the
X-ray emission is slightly extended along the radio jet to
the north (Fabian et al., 2002).
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ABSTRACT

The narrow line Seyfert 1 galaxy NGC 4051 is one of the
most variable Active Galactic Nuclei. During our 94 ks
Chandra LETGS observation, the source was first rapidly
variable at a high flux and then more quiescent when
at a low flux level. The spectrum is rich in absorption
and emission features some of which are significantly re-
sponding to the luminosity changes. In the high state we
resolve three X-ray absorption systems of photo-ionized
gas with different ionization states and outflow veloci-
ties. After the rapid (< 3 500 s) transition from the high
to the low flux level the emission spectrum shows Radia-
tive Recombination Continua (RRCs). The fast observed
response of the RRCs to the continuum flux change indi-
cates that they originate very close to the central source.

Key words: NGC 4051; warm absorber; Radiative Re-
combination Continuum.

1. INTRODUCTION

The stupendous amount of energy emitted by an Active
Galactic Nucleus (AGN) is released by gas that flows to-
wards a super–massive black hole in the center of the
galaxy. The structure and the size of the AGN environ-
ment are inferred through spectral emission features like
the relativistically broadened, “classical” broad and nar-
row emission lines and Radiative Recombination Con-
tinua (RRCs). In addition to the accretion flow into the
super–massive black hole, there is also gas flowing away
from it. The mass loss rate and the accretion/mass–loss
ratio play an important role in many processes (e.g. en-
richment of the intergalactic medium, evolution of the
host galaxy).
We present here the results of an observation of
the nearby (z=0.0023) narrow line Seyfert 1 galaxy
NGC 4051. The source was observed by Chandra
LETGS for 94 ks.
This results will be published in Feňovč́ık et al. (2006).

Figure 1. The light curve (upper panel) and hardness
ratio (lower panel) of NGC 4051. The hardness ratio is
defined as the ratio of 2—8 and 8—32Å count rate. The
upper panel has a bin size of 350 s and the bottom panel
has a bin size of 2 000 s. Dotted lines denote the different
flux states during the observation.

2. THE LIGHT CURVE

Looking at the light curve (Figure 1) we can distinguish
two different states. At the beginning of the observation
(65 ks) the source flux is characterized by a high flux
level and fast variability (part A). Then the flux rapidly
decreases (in< 3 500 s) by a factor of∼ 5 and on short
time scales stays almost constant (part B). At the end the
flux rises slowly again to the previous flux level.
The hardness ratio does not vary significantly throughout
the observation. This fact indicates that the soft and hard
energy spectral components respond to the flux change in
the same way.

3. WARM ABSORBER

Many absorption and emission lines from different ele-
ments in various ionization states are present in the spec-
trum (Figure 2).
In part A three absorption systems are evident: two low
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Figure 2. Chandra LETGS spectra of part A (top) and of part B (bottom). Note the strong Radiative Recombination
Continuum of C VI in the spectrum of part B.

velocity components at−400 km s−1 and−800 km s−1

and the highest velocity outflow ever detected in a
Seyfert 1 galaxy at−4810 km s−1 (van der Meer et al.,
2003). With increasing outflow velocity, the ionization
parameter and column density of individual components
are increasing as well (Table 1). In part B only one out-
flow component is clearly detected. It has similar physi-
cal parameters as the intermediately ionized system with
outflow velocity of−800 km s−1, detected in part A (Ta-
ble 1), except for a lower ionization parameter.
We note that in our data the absorption system with out-
flow velocity−2340 km s−1, observed by Collinge et al.
(2001), is not significantly detected. The presence of a
low velocity component was previously reported also by
Collinge et al. (2001) and later by Ogle et al. (2004).

4. RADIATIVE RECOMBINATION CONTINUA

In part B (Figure 1), where the flux decreased by a factor
of ∼ 5, strong narrow RRCs of C VI (25.39̊A) and C V
(31.64Å) appear in the spectrum. The inferred tempera-
ture of the recombining photo–ionized gas is∼ 5 eV. In
addition, the RRCs show a redshift of∼ 1 000 km s−1

with respect to the rest frame of the AGN. Interestingly,
the RRCs from other abundant ions such as O VII and
O VIII are not visible in the spectrum.
If we consider that the RRC is somehow linked to the
warm absorber, the most natural question is, to which
particular component? The best candidate is the second
absorption system in part A, with outflow velocity−820
km s−1 andNH = 1.9×1025m−2. With a fivefold drop in
the continuum, we expect alog ξ = 1.74, which is close
to the value observed in part B (Table1). Moreover, the
gas temperature will decrease from 21 eV to 6 eV which
is, within the error bars, the temperature of the gas pro-
ducing the C VI and C V RRC.
By taking log ξ = 1.54 we expect only a small fraction
of gas recombining to O VIII. On the contrary, for this
ionization parameter we expect a lot of gas producing an
O VII RRC at 16.77Å, but this feature is not clearly ob-

Table 1. Properties of the warm absorber in the high state
(part A) and in the low state (part B)

NH log ξ vout

(×1025 m−2) (×10−9 W m) (km s−1)

1 0.41± 0.04 0.74± 0.06 −420± 20
A 2 1.9± 1.0 2.44± 0.08 −820± 40

3 15+10
−6 3.2± 0.1 −4810± 120

B 2 3.5± 1.0 1.54± 0.10 −790± 40

served. However in this spectral region absorption from
Fe IX may mask the O VII RRC emission.
The fact that we see the fast response to the flux change
means that the distance of the gas from the central source
has to be less than1.5×1012 m. As a consequence, given
the mass of the black hole of NGC 4051 (3 × 105M�,
McHardy et al. (2004) ) we expect a keplerian velocity
broadening of at least5 200 km s−1 in the RRC, which is
not observed.
From the observed C VI RRC emission measure we can
derive a lower limit for the recombining gas column den-
sity: NH > 1026 m−2. This value is 3 – 5 times higher
than the column density of the warm absorber. Therefore
the hypothesis that the warm absorber and the RRC are
produced by the same gas is not straightforwardly con-
firmed. Other effects (e.g. geometry) may play an impor-
tant role in the emission/absorption process of the system.
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ABSTRACT

Notwithstanding the big efforts devoted to the investiga-
tion of the mechanisms responsible for the high-energy
(E > 100 MeV) γ−ray emission in active galactic nu-
clei (AGN), the definite answer is still missing. The X-
ray energy band (0.4 − 10 keV) is crucial for this type
of study, since both synchrotron and inverse Compton
emission can contribute to the formation of the contin-
uum. Within an ongoing project aimed at the investi-
gation of the γ−ray emission mechanism acting in the
AGN detected by the EGRET telescope onboard CGRO,
we firstly focused on the sources for which X-ray and
optical/UV data are available in the XMM-Newton public
archive. The preliminary results are outlined here.

Key words: Galaxies: active – BL Lacertae objects: gen-
eral – Quasars: general – X-rays: galaxies.

1. INTRODUCTION

The discovery of γ−ray loud AGN dates back to the
dawn of γ−ray astronomy, when the European satel-
lite COS-B (1975 − 1982) detected photons in the 50 −

500 MeV range from 3C273 (Swanenburg et al. 1978).
However, 3C273 remained the only AGN detected by
COS-B.

A breakthrough in this research field came later with the
Energetic Gamma Ray Experiment Telescope (EGRET)
on board the Compton Gamma-Ray Observatory (CGRO,
1991-2000). The third catalog of point sources contains
271 sources detected at energies greater than 100 MeV
and 93 of them are identified with blazars (66 at high con-
fidence and 27 at low confidence), and 1 with the nearby
radiogalaxy Centaurus A (Hartman et al. 1999). There-
fore, EGRET discovered that the blazar type AGN are
the primary source of high-energy cosmic γ−rays (von
Montigny et al. 1995).

Later on, Ghisellini et al. (1998) and Fossati et al. (1998)
proposed a unified scheme for γ−ray loud blazars, based
on their physical properties (see, however, Padovani et
al. 2003). Specifically, the blazars are classified accord-
ing to a sequence going from BL Lac to flat-spectrum
radio quasar depending on the increase of the observed
luminosity, which in turn leads to a decrease of the syn-
chrotron and inverse Compton peak frequencies, and an
increase of the ratio between the emitted radiation at low
and high frequencies. In other words, the spectral energy
distribution (SED) of blazars is typically composed of
two peaks, one due to synchrotron emission and the other
to inverse Compton radiation. Low luminosity blazars
have the synchrotron peak in the UV-soft X-ray energy
band and therefore are “high-energy peaked” (HBL). As
the synchrotron peak shifts to low energies (near infrared,
“low-energy peaked”, LBL), the luminosity increases and
the X-ray emission can be due to synchrotron or inverse
Compton or a mixture of both. For the Flat-Spectrum
Radio-Quasars (FSRQ), the blazars with the highest lu-
minosity, the synchrotron peak is in the far infrared and
the X-ray emission is due to inverse Compton.

Moreover, the two-peaks SED is a dynamic picture of the
blazar behaviour: indeed, these AGN are characterized
by strong flares during which the SED can change dra-
matically. The X-ray energy band can therefore be cru-
cial to understand the blazars behaviour and to improve
the knowledge of high-energy emission.

2. SAMPLE SELECTION AND DATA ANALYSIS

To investigate the X-ray and optical/UV characteristics
of γ−ray loud AGN in order to search for specific is-
sues conducive to the γ−ray loudness, we cross corre-
lated the 3

rd EGRET Catalog (Hartman et al. 1999), up-
dated with the identifications performed to date, with the
public observations available in the XMM-Newton Sci-
ence Archive to search for spatial coincidences within 10

′

of the boresight of the EPIC camera. Fourteen AGN have
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Table 1. Main characteristics of the observed AGN.
3EG Counterpart Type∗ Redshift
J0222 + 4253 0219 + 428 LBL 0.444

J0237 + 1635 AO 0235 + 164 LBL 0.94

J0530− 3626 PKS 0521− 365 FSRQ 0.05534

J0721 + 7120 S5 0716 + 714 LBL > 0.3
J0845 + 7049 S5 0836 + 710 FSRQ 2.172

J1104 + 3809 Mkn 421 HBL 0.03002

J1134− 1530 PKS 1127− 145 FSRQ 1.184

J1222 + 2841 ON 231 LBL 0.102

J1229 + 0210 3C 273 FSRQ 0.15834

J1324− 4314 Cen A RG 0.00182
∗∗

J1339− 1419 PKS 1334− 127 FSRQ 0.539

J1409− 0745 PKS 1406− 076 FSRQ 1.494

J1621 + 8203 NGC 6251 RG 0.0247

J2158− 3023 PKS 2155− 304 HBL 0.116

∗ LBL: low frequency peaked BL Lacertae Object; HBL: high fre-
quency peaked BL Lacertae Object; FSRQ: flat-spectrum radio
quasar; RG: radio galaxy.

∗∗ This redshift is not indicative and the distance of 3.84 Mpc is
adopted here.

been found (Table 1) as of April 14
th, 2005, for a total

of 43 observations. For three of them there are several
observations available: 15 for 3C 273, 6 for Mkn 421,
9 for PKS 2155 − 304. The data from 6 sources of the
present sample are analyzed here for the first time and,
among them, one has never been observed in X-rays be-
fore (PKS 1406− 706).

Data from the EPIC camera (MOS, Turner et al. 2001;
PN, Strüder et al. 2001) and the Optical Monitor (Mason
et al. 2001) have been analyzed with XMM SAS 6.1
and HEASoft 6.0, together with the latest calibration
files available at April 14

th, 2005, and by following the
standard procedures described in Snowden et al. (2004).
In addition, the Optical Monitor makes it possible to have
optical/UV data simultaneous to X-ray for most of the
selected sources, with the only exception of PKS 0521−

365, Mkn 421, and Cen A.

3. MAIN RESULTS

The main findings of this study can be summarized as
follows:

(i) the EGRET blazars studied here have spectral charac-
teristics in agreement with the unified sequence of Ghis-
ellini et al. (1998) and Fossati et al. (1998);

(ii) no evident characteristics conducive to the γ−ray
loudness have been found: the photon indices are gen-
erally consistent with what is expected for this type of
sources, with FSRQ that are harder than BL Lac; there
are hints of some differences in the photon indices when
compared with other larger catalogs (e.g. BeppoSAX
Giommi et al. 2002), particularly for FSRQ: the sources

best fit with a simple power law model show a harder
photon index (1.39± 0.09 vs 1.59 ± 0.05); however, the
statistics is too poor to make firm conclusions (3 sources
vs 26 in the BeppoSAX catalog);

(iii) three sources show Damped Lyman α systems along
the line of sight (AO 0235 + 164, PKS 1127 − 145,
S5 0836+710), but it is not clear if the intervening galax-
ies can generate gravitational effects altering the charac-
teristics of the blazars so to enhance the γ−ray loudness;

(iv) no evidence of peculiar X-ray spectral features has
been found, except for the emission lines of the iron com-
plex in Cen A.

More details of the analysis will be available in Foschini
et al. (2005).
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ABSTRACT

We present the log(N)-log(S) diagram and an angular
clustering analysis of point-like X-ray sources for the
XMM-Newton Large Scale Structure (XMM-LSS) Sur-
vey. Though designed to study the properties and evo-
lution of distant X-ray clusters up toz ∼ 1, the large
contiguous area planned for the full XMM-LSS survey
is ideal for studying X-ray-selected AGN and their clus-
tering properties. Our goal is to test the AGN unified
scheme paradigm by studying the clustering of X-ray
point-like sources. A clustering analysis of a 4.2deg2

contiguous region in the soft ([0.5-2] keV) and hard ([2-
10] keV) energy bands is presented here. The angular
correlation function and the nearest neighbour test have
been performed in each band. Both tests only reveal a
weak clustering in the soft X-ray band.

1. THE XMM-LSS SURVEY

The XMM-LSS observations consist presently of 51
overlapping pointings with exposure time between 10 and
20 ks, which cover a total contiguous area of 6deg2. Full
details of the detection pipeline and source classification
will be presented in Pacaud et al. (2005).

2. SELECTION OF POINT-LIKE SOURCES

Only those sources that lie within 10 arcmin of the opti-
cal axis centres of each pointing were retained. This was
done in order to minimize biases due to the PSF distor-
tion at large off-axis angles. Confirmed extended X-ray
sources were removed from the [0.5-2] keV (soft) sam-
ple, while for the [2-10] keV (hard) sample, every source
was considered as point-like. Finally, all samples in this
analysis have been defined withS/N > 3.

3. GENERATION OF RANDOM (UNCORRE-
LATED) CATALOGUES

Significant variation in sensitivity and irregular holes are
present in our survey. That is why it has been crucial to
simulate selection effects accurately. Due to mirror vi-
gnetting, the minimum detectable flux at an off-axis dis-
tance of 10 arcmin is higher by a factor of 2 as compared
to the optical-axis centre. We generated an ensemble of
random and initially uniform catalogues to correctly sim-
ulate the selection effects of the sample, each catalogue
containing the same number of sources as the parent data
sample. These random catalogues have been generated in
the following way : first, sky positions over the central in-
ner 10 arcmin regions of each pointing are randomly cho-
sen. Second, source flux are randomly chosen, according
to the logN-logS of the parent data sample. Finally, the
source flux at a given position is compared to the limiting
flux at that location. If the limiting flux at that position
is higher, the random source is discarded and another sky
position is again randomly chosen.

4. RESULTS

Results concerning the logN-logS are shown in Fig 1.
and Fig 2. for the soft and hard band, respectively.
We systematically find significantly less bright sources
(only shown for the hard band, compared to the HEL-
LAS2XMM). Clustering analysis results are gathered in
Fig 3. to Fig 6. Both tests (ACF and nearest neighbour
test) only reveal a weak clustering in the soft band, and
no hint for clustering in the hard band.

5. DISCUSSION AND CONCLUSION

We presented a clustering analysis over a region covering
4.2 deg2 in the soft and hard energy bands. In the soft
band, both the two-point angular correlation function and
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Figure 2. LogN-logS for the hard sample, in the [2-10]
keV band. The logN-logS is shown here for all sources.
The error bars denote 1σ Poisson uncertainties.

the nearest neighbour test show a positive clustering sig-
nal, though with low significance, around 2σ, which is
consistent with measurements of Basilakos (2005) within
the error bars. However, the results of the same analysis
in the hard band is consistent with a random and uniform
distribution, which is at odds with measurements of Basi-
lakos (2004). Full details of this clustering analysis are
presented in Gandhi et al. (2005).
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ABSTRACT

We have discovered a correlation between the X-ray ab-
sorbing column densities within Seyfert galaxies and the
relative alignment between the central engines and their
host galactic disks. This correlation carries several im-
plications for Seyfert unification models. (1) In addition
to small-scale circumnuclear absorbers, there are absorb-
ing systems associated with the host galactic plane that
are capable of obscuring the broad line region emission.
(2) The misalignment between the central engine axis
and that of the host galaxy arises on intermediate scales
between these absorbers. (3) The small-scale absorbers
have systematically higher column densities and may be
universally Compton-thick.

Key words: galaxies: active, galaxies: Seyferts.

1. THE DUAL-ABSORBER MODEL

Seyfert galaxies are generally subdivided into two spec-
troscopic classifications: type 1’s have extremely broad
permitted emission lines, less broad forbidden lines, and
strong non-thermal continua, while type 2 Seyferts ex-
hibit only the narrow forbidden lines. Unification models
assert that all Seyferts are intrinsically similar but have
different appearances in different directions. The canon-
ical model invokes a parsec-scale torus that hides the
innermost, energetic regions from some lines of sight.
Observers with an unimpeded view of the central re-
gion see a Seyfert 1 and those with line-of-sight obscu-
ration see a type 2. To hide the central continuum source
and the broad line region (BLR), the screen must have
NH > 1021 cm−2 to attenuate soft X-rays and be dusty
to effectively staunch IR/optical/UV continuum.

The distribution of host galaxy inclinations (i) amongst
Seyfert types indicates that a model consisting of a single
torus is incomplete. If such a torus is the universal source
of obscuration, then one of two scenarios are expected:
either it is aligned with the host galactic plane, causing

Seyfert 1’s to be found in face-on hosts and Seyfert 2’s in
edge-on galaxies, or it is misaligned with the galaxy, in
which case there would be no correlation between Seyfert
types andi. Neither is the case. Several studies have in-
stead established that type 2 Seyferts are found with any
i while type 1’s are not found in edge-on galaxies (e.g.,
Maiolino & Rieke, 1995). The distribution of Seyfert 2’s
suggests an obscuring medium that is misaligned with the
host galaxy, but the dearth of edge-on Seyfert 1 hosts
indicates that there is always sufficient material in the
galactic plane to hide the broad line region.

The distribution ofi values can be explained with the in-
troduction of a second absorber (Fig. 1). In this model,
the small-scale “nuclear absorber” or NA (presumably
the torus although other models are possible, e.g., Elvis,
2000) is randomly oriented with respect to the host
galaxy; the second absorber lies at larger scales and is
aligned with the galactic plane, hence the “galactic ab-
sorber” or GA. Such a model has been proposed by nu-
merous authors (e.g., McLeod & Rieke, 1995; Maiolino
& Rieke, 1995; Kinney et al., 2000). Several lines of ev-
idence suggest an absorbing medium on 100 pc scales,
including: missing edge-on Seyferts of any type from
optical, UV and soft X-ray selected surveys suggesting
a large-scale absorber that covers much of the narrow
line region (NLR; McLeod & Rieke, 1995); IR reprocess-
ing by dust (Granato et al., 1997); and direct imaging of
dust lanes on few-hundred pc scales (Malkan et al., 1998;
Pogge & Martini, 2002). The relative alignment of the
absorbers is an important parameter of this model. When
the absorbers are misaligned, the shadow of the NA cov-
ers less of the GA and the combined covering fraction
of the absorbers increases. Seyfert 1’s should tend to be
in well-aligned systems and Seyfert 2’s attenuated by the
GA and not the NA should prefer poorly-aligned ones.

The two absorbers should differ in their mean column
densities. A significant fraction of Seyfert 2 galaxies
exhibit Compton thick absorption (NH > 1024 cm−2).
To provide marginally Compton-thick absorption over a
covering fractionf requires109M�f(r100 pc)

2; a rea-
sonable quantity for the NA but an excessive amount for
the GA. Dynamical mass measurements of some nearby
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Figure 1. The dual absorber framework. One absorber
lies near the nucleus and may be identified with the puta-
tive torus, while the other is on much larger scales and is
aligned with the host galactic plane. A type 2 Seyfert is
observed if either lies along the line of sight to the BLR.

Seyferts can rule out any appreciable Compton-thick cov-
ering fraction at∼100 pc scales (e.g., Maiolino et al.,
1998). Thus, most if not all Compton thick Seyferts are
attenuated by their NA, and typical lines of sight through
the GA will have much lower column densities.

To test the dual-absorber model we combine measure-
ments of the line of sight attenuation with geometric con-
straints on the internal alignment. We divide the Seyferts
into three classes: unobscured (optically-defined Seyfert
1’s), modestly obscured (Compton-thin Seyfert 2’s), and
heavily obscured (Compton-thick or nearly so), with the
latter two differentiated by X-ray spectroscopy. We as-
sume that these respectively correspond to lines of sight
that are unobstructed, intercept only the GA, and inter-
cept the NA. Rather than modelNH values, we rely
upon the equivalent width (EW) of the Fe Kα line to
avoid an ambiguity of models fitted to low S/N data.
When the continuum around 6 keV is repressed (ifNH >
1023.5 cm−2) the EW of the 6.4 keV Fe line skyrockets,
providing a robust indicator of heavy obscuration. As an
alignment measure, we use published values ofδ, the an-
gle between the radio jet and the host galaxy major axis
(Kinney et al., 2000): misaligned systems have low val-
ues and perfectly aligned ones haveδ = 90◦.

2. RESULTS FROM THE ASCA SAMPLE

We analyzed all 31 Seyferts with ASCA detections and
publishedδ values, classifying each as heavily, modestly,
or not obscured (Fig. 2). We find that (1) modestly ob-
scured Seyfert 2’s all haveδ < 30◦; (2) unobscured sys-
tems prefer moderate-to-highδ values (δ > 30◦); (3)
heavily obscured systems have no strong correlation with
δ; and (4) when taken together, systems with modest or
no obscuration are uncorrelated withδ. These distribu-
tions all agree with the dual-absorber model (points 3 &
4 shouldbe independent ofδ because they depend only
upon whether our line of sight intercepts the NA). A KS

Figure 2. The distribution of the alignment parameterδ
amongst the Seyfert classes. Heavily obscured sources
are defined as those with Fe EW> 1 keV and modestly
obscured sources have EW< 400 eV. The preferences of
low-EW Seyfert 2’s for lowδ values and Seyfert 1’s for
high values is predicted by the dual-absorber model.

test shows theδ distributions of unobscured and modestly
obscured Seyferts to differ with 99.8% confidence. The
strength of the correlation of modestly obscured sources
and δ is surprising; we would expect some misaligned
systems to have lowδ values due to projection effects.

These observations allow us to make some inferences
about Seyfert structures. If the misalignment must be
severe before we see GA-only attenuation, then the GA
must have a much smaller covering fraction than the NA
(contrary to Fig. 1). The fact that we have any correla-
tions withδ means that the radio jet is a reliable indicator
of the direction of the NA. Thus, the misalignment be-
tween the central engine and the host galaxy must take
place on intermediate scales. The NA seldom if ever
has a column density below1023 cm−2. Otherwise some
fraction of modestly absorbed systems would be observed
through the NA and hence shouldn’t correlate withδ. The
strength of the correlation argues against this but needs to
be tested with a larger, more complete sample.
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SWIFT MULTI-WAVELENGTH OBSERVATIONS OF NGC5548 : A SEYFERT 1 IN A VEGETATIVE
LOW-STATE.

M.R. Goad, K.L. Page

Dept. of Physics and Astronomy, University of Leicester, UK

ABSTRACT

Swiftobserved the archetypal Seyfert 1 galaxy NGC5548
during April-May 2005, as an integral part of a co-
ordinated ground- and space-based multi-wavelength
monitoring campaign aimed at measuring the interband
continuum time-delays, and thereby the mass accre-
tion rate in a small sample of nearby, low-luminosity,
radio-quiet AGN. Here we report on the X-ray/ultra-
violet/optical temporal and spectral characteristics of this
source as observed bySwiftduring the course of this cam-
paign.

Key words: NGC5548; multi-wavelength monitoring.

1. NGC5548 : THE ARCHETYPAL SEYFERT 1

NGC5548 is by far the best observed of all nearby
AGN. In the ultra-violet and optical bands NGC5548 dis-
plays highly correlated continuum and broad emission-
line variations which may be used to map the spatial dis-
tribution and physical properties of the emission-line gas
on size scales (< a few microarcseconds) currently un-
achievable by more conventional means (ie. direct imag-
ing). In the 3-10 keV band, the high soft-state spec-

Figure 1. XRT 0.2-10.0 keV PC mode light-curve for
NGC5548.

trum of NGC5548 can be fitted with an absorbed power-
law of photon indexΓ = 1.75 together with reflection
(Pounds et al. 2003) and a weak narrow FeKα emission-
line (EW∼60 eV). Below 0.7 keV the X-ray spectrum
shows a clear soft-excess which can be best described
as either Comptonised thermal emission or enhanced re-
flection from a highly ionised accretion disc. The X-ray
spectral variations appear to be correlated with contin-
uum flux, with the X-ray spectrum being significantly
softer when brighter.

Figure 2. XRT PC mode spectrum of NGC5548. The
spectrum is well-fit by an absorbed power-lawΓ = 1.2,
nH = 1.69×1020 cm−2, a soft excess which we model as
a simple blackbody with temperaturekT = 0.1 keV and
an emission-line at 2.85 keV.

1.1. Swift XRT monitoring of NGC5548

SwiftXRT observed NGC5548 on 14 separate occasions
from April 8th to May 10th 2005, with a total on-source
exposure of 13 ks. The high count rate, a result of numer-
ous hot pixels, meant that some source on-time was lost
due to mode switching (Hill et al. 2004), with the ma-
jority of the observations in Photon Counting (PC) mode.
The cleaned event lists contain a total on-source exposure
of 9.385 ks (PC) and 3.646 ks in Windowed Timing (WT)
mode. Figure 1 shows the XRT PC mode 0.2-10 keV
light-curve of NGC5548. For clarity all counts in a single



2

observation have been grouped into one bin. The source
shows significant variability on timescales of a few hun-
dred seconds, with a mean observed count rate of 0.3
ct s−1 and variance 0.44 ct s−1. Figure 2 shows the best-
fit model to the PC mode data. The spectrum is well-fit by
a single absorbed power-law with photon indexΓ = 1.2,
nH fixed at the Galactic value of1.69×1020 cm−2, a soft
excess which we model as a blackbody with temperature
kT = 0.1 keV and an as yet unidentified emission-line at
2.85 keV. We find a mean 2.0-10.0 keV unabsorbed flux
of 1.6×10−11 erg cm−2 s−1, a factor of 3 lower that that
reported in Pounds et al. (2003) forXMM/EPIC MOS
observations of this source.

2. SWIFT UVOT GRISM OBSERVATIONS

SwiftUVOT grism observations of NGC5548 were taken
on 14 separate occasions constituting 8 distinct epochs
with a total on-source exposure time of 12 ks (U-
grism) and 7 ks (V-grism). The grism observations were
processed to remove the modulo-8 fixed pattern noise,
cleaned of hot pixels and flat-fielded. Source and back-
ground spectra were extracted using the widest possible
extraction slit (>35 pixels) avoiding where possible con-
tamination by other sources in the field. For the effec-
tive area curves we use those derived from model fits
to white dwarf spectra (Wayne Landsman, private com-
munication) taken as part of the UVOT calibration phase
verification. We note that individual spectra are affected
by 2nd order contamination at wavelengths>3600Å (U-
grism),>5600Å (V-grism).

Figure 3 shows the combined XRT/UVOT U-grism
multi-wavelength spectrum for NGC5548.

Figure 3. The combined XRT/UVOT U-grism spectrum of
NGC5548. The V-grism observations await further cali-
bration of the effective area file.

The Swift combined multi-wavelength spectrum of
NGC5548 is markedly different from that reported in
Walter et al. (1993), from simultaneous IUE, GINGA
and ROSAT observations, with a considerably harder X-
ray photon index (Γ = 1.2 c.f. 1.9). The X-ray spec-
trum is also much harder than that reported in Pounds
et al. (2003;Γ = 1.75). This startling result suggests that

Figure 4. A fit to the continuum and MgIIλ2800Å
emission-line of NGC5548. The line remains broad
(FWHM=4610 kms−1).

NGC5548 has undergone spectral evolution from a high
soft-state to a low hard-state. State changes of this nature
have been reported for other sources, notably the NLS1
NGC4051 (Pounds et al. 2004). Possible causes include
a reduction in the mass accretion rate, and/or obscuration
of the steep powerlaw X-ray continuum by intervening
gas.

We note that, while the X-ray continuum is rela-
tively weak, the strong UV low ionisation emission-line
MgIIλ2800Å remains broad with a FWHM of 44.6̊A
equivalent to a velocity of 4610 km s−1, broader than
that measured for the narrow line in the 1992HST/FOS
low-state spectrum (Crenshaw et al. 1993), and similar
in width to the semi-broad MgII component reported by
Goad et al. (1998). We further note that the MgII line
EW (58.2Å) is similar to that derived for the semi-broad
component (60.9̊A ; Goad et al. 1998). Interestingly, the
broad UV emission-lines of Lyα and CIVλ1550Å are to-
tally absent from an HST/STIS spectrum of NGC5548
taken in early 2004, when the UV continuum was in an
historical low-state. In fact the broad lines are so weak
that the narrow CIV doublet is clearly resolved. If the
frequency of changes in state are related to black hole
mass and/or accretion rate, then it is entirely possible
that NGC5548 will remain in this vegetative low-state for
many years.
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ABSTRACT

We report the results from an homogeneous analysis
of the X-ray (ACIS-S/Chandra) data available for a
sample of 52 LINER galaxies. The X-ray morphol-
ogy has been classified attending to their nuclear com-
pactness in the hard band (4.5–8.0 keV), into 2 cate-
gories: AGN-like nuclei (with a clearly identified unre-
solved nuclear source) and Starburst-like nuclei (with-
out a clear nuclear source). 60% of the total sample
are classified as AGNs, with a median luminosity of�������	��
����
	��
������������	��������
! #"$�&%('*)�+-,

, which is an
order of magnitud higher than that for SB-like nuclei. All
X-ray morphology, spectral fitting and Color-Color dia-
grams allow to conclude that a high percentage of LINER
galaxies host AGN nuclei.

Key words: galaxies, AGN, LINER, X-ray, Chandra.

1. INTRODUCTION

LINERs are very common in the nearby universe. Pi-
oneering works already estimate that at least 1/3 of all
the spiral galaxies are LINERs (Heckman et al. 1980).
More than two decades after they were clasified, there
is still an ongoing strong debate on the origin of the en-
ergy source in LINERs, with two main alternatives for
the ionizing source being explored: either a low lumi-
nosity AGN (Filippenko & Halpern, 1984), or a thermal
origin from massive star formation (Filippenko & Ter-
levich, 1992) and/or from shock heating mechanisms re-
sulting from the massive stars evolution (Fosbury et al.
1978 and Dopita 1976). The search for a compact X-Ray
nucleus in LINERs is indeed one of the most convincing
evidences about their AGN nature. The excellent reso-
lution of Chandra allows an investigation of the X-Ray
nuclear properties of these galaxies.

.
e-mail address: omaira@iaa.es

2. SAMPLE & DATA PROCESS

All the 476 LINER galaxies in the compilation by Car-
rillo et al. (1999) have been searched by coordinates in
Chandra archives. The final sample comprises 52 galax-
ies with high S/N ratio and optically reidentified.

The data products were analyzed in an uniform, self-
consistent, manner using CXC Chandra Interactive Anal-
ysis of Observations (CIAO ) software version 3.1. The
spectral analysis was done with XSPEC (version 11.3.2).
Level 2 event data from ACIS instrument have been ex-
tracted from Chandra archive. Time intervals with high
background levels have been excluded.

3. SPECTRAL FITTING & LUMINOSITIES

For the source selection, we made use of the nuclear po-
sitions from NVSS and 2MASS data base. Nuclear spec-
tra were extracted using regions defined to include as
many photons coming from the source as possible, but
at the same time minimizing contamination from nearby
sources and background. The background region was
defined as either a source-free circular annulus or sev-
eral circles surrounding each source, to take into account
the spatial variations of the diffuse emission and to min-
imize effects related to the spatial variation of the CCD
response. In order to use the /10 statistic, the data were
grouped to include at least 20 counts per spectral bin,
before background substraction. For the spectral fitting
any events with energies above 10.0 keV or below 0.5
keV have been excluded. The spectra in the 0.5-10.0
keV passband were modelled with a single [MEKAL
(ME), Raymond-Smith (RS) or Power Law (PL)] com-
ponent first and second with a two component [ME+PL
or RS+PL] model. Single models are representative for
sources dominated either by thermal emission, or non-
thermal emission, and two component models correspond
to composite objects. Note that number counts were suf-
ficient to employ detailed spectral fitting in 24 out of 52
objects.

The luminosities and fluxes of the individual nuclear



2

36 38 40 42 44
Log(Lx_fitting)

36

38

40

42

44

L
o

g
(L

x_
co

m
p

u
te

d
)

34 36 38 40 42 44
Log(Lx)

0

5

10

15

20

N
u

m
b

er
 o

f 
o

b
je

ct
s

median Lx          = 39.6

median Lx(SB)   = 39.2

median Lx(AGN)= 40.4

Figure 1. (left): Luminosity estimation versus real lumi-
nosity. (right): Luminosity histogram for the whole sam-
ple and clasified objects.

sources have been computed based on the best-fit model
for the 24 galaxies above. We have done an empirical cal-
ibration from these 24 objects with high signal-to-noise
ratio from flux estimation, assuming an intrinsic power
law slope of 1.8, corrected for Galactic absortion. In
Fig. 1 (left) our estimated luminosity is plotted versus
the value obtained from the direct integration of the spec-
tral energy distribution. The 2.0–10.0 keV luminosities
are therefore provided for the whole sample, using the
spectral energy distribution fit, when it is available, and
from this calibration otherwise.

4. MORPHOLOGICAL CLASSIFICATION

We have classified the nuclear morphology attending to
the compactness in the hard band (4.5 to 8.0 keV):

� AGN-like nuclei: Clearly identified unresolved
nuclear source in the hard band. 59.6%
(31/52) has been clasified as AGN-like nuclei
in our sample and their median luminosity is� � ��� � ��
 ������� � � � ��� ��
  (" �#%('*)�+-,

.

� Starburst-like nuclei (SBs): Objects with-
out a clear nuclear source in the hard band.
40.4% of the sample of LINERs fall in this
classification and their median luminosity is� ����� � ��
 ������� � � � 
�� ��
���� �#%('*)�+-,

.

5. COLOR-COLOR DIAGRAMS

The colors of the nuclear sources have been defined as the
ratio of counts observed in the following energy bands:
0.6 to 0.9, 0.9 to 1.2, 1.2 to 1.6, 1.6 to 2.0, 2.0 to 4.5,
and 4.5 to 8.0 keV. The bands were chosen in order to
maximize the detection as well as to obtain a good char-
acterization of the spectra. In the last energy band, the
range from 6.0 to 7.0 keV has been excluded to avoid
the possible contamination due to the FeK emission line.
Therefore, 3 colors has been defined (

���
,
�	�

and
��


) as
Q=(Hard-Soft)/(Hard+Soft). Sinthetic colors were com-
puted for PL, RS and PL+RS models (see Fig.2). We
have only considered the data with error less than 30%.
In the

�	�
versus

��

plot (Fig. 2, bottom) we can see that

Figure 2. Color-color diagrams for a RS model , PL
model and combinated model for �� � ��
 0 "���� + 0 (left)
and �� � ��
 0#0 ��� + 0 (right). QB versus QA (top) and
QC versus QB (bottom).

��

is a good AGN activity estimator. Objects classified

as AGN-like nulcei have high values of
� 


. However,
not only a few objects classified as SB-like have a high��


, but also most of the objects classified as SB are not
in the thermal model grid. Therefore, the use of Color-
Color diagrams allows to also analyze the properties of
the nuclear sources for which the spectral fitting is not
possible.

6. CONCLUSIONS

Morphologically, 60% of LINERs have been classified as
AGN-like candidates, with median luminosity 10 times
higher than that of SB-like objects (Fig. 1, right). Color-
Color diagrams are a valid tool to estimate physical pa-
rameters, specially interesting to be used when the spec-
tral fit is not possible. Both thermal and non-thermal con-
tributions are required for the spectral fitting of most of
the objects. Color-Color diagrams have confirmed this
result. An empirical calibration for estimating X-ray lu-
minosities (

������� ��
 ����
 ��
�� ���*�
) has been done based on

total counts, which allows a reliable estimation when the
spectral fitting is not possible.
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ABSTRACT

We present radiative transfer modeling of the X-ray emis-
sion from magnetic compact flares in Active Galactic Nu-
clei (AGN). In this model the hard X-ray primary radia-
tion coming directly from the flare source illuminates the
accretion disk, which is supposed to stay in hydrostatic
equilibrium. A Compton reflection/reprocessed compo-
nent coming from the disk surface is computed for sev-
eral flare locations and for different emission directions.
This modeling takes into account the variations of the in-
cident radiation across the hot-spot underneath the flare
source. Time-dependent spectra and light curves for or-
biting flares at various distances from the black hole are
computed using a full general relativity ray-tracing tech-
nique. The computations are carried out for black holes
of different masses and accretion rates. Rms-variability
spectra for large flare distributions across the disk are also
computed and compared to observed X-ray data of the
Seyfert-1 galaxy MCG-6-30-15.

Key words: active galactic nuclei; flares; X-rays.

1. INTRODUCTION

X-ray spectra of Active Galactic Nuclei (AGN) exhibit a
Compton reflection/reprocessed component due to hard
X-ray radiation illuminating an optically thick medium at
a temperature ofT = 105 K —106 K. This medium is
commonly identified with the accretion disk (e.g. Collin,
2001). One way to explain the incident hard X-rays is by
assuming the existence of magnetic flares similar to so-
lar flares. Due to reconnecting magnetic fields above the
disk, compact regions of optically thin plasma are cre-
ated. These plasma blobs emit the primary X-ray com-
ponent partly reaching the observer directly, and partly
shining toward the disk to form a hot-spot, which emits
the Compton reflection/reprocessed component.

We investigate time-dependent properties of the repro-
cessed spectrum of a hot-spot orbiting around the black
hole in Keplerian motion. We take into account the vary-
ing ionization profile across the spot and include relativis-
tic effects. Then we perform Monte-Carlo simulations of
spot distributions to model the variability spectra of the
Seyfert-1 galaxy MCG -6-30-15.

2. LOCAL REPROCESSED SPECTRA

We perform detailed radiative transfer simulations us-
ing the codes TITAN and NOAR (Dumont et al., 2000;
2003) to obtain the locally emitted Compton reflec-
tion/reprocessed spectra across the hot-spot. We assume
a plane-parallel atmosphere with the initial density struc-
ture of a non-irradiated disk in hydrostatic equilibrium
(Różańska et al., 1999). The incident flux spectrum is
modeled as a power-law with a photon index of 1.9 over
0.1 keV —100 keV. We limit the size of the hot-spot to
a flare half-opening angle of60◦. The main parameters
of the model are the Schwarzschild black hole massM ,
the Eddington accretion rate(dm/dt)disk, the distancer
of the spot to the disk center (inRg = GM/c2), and the
ratio between incident fluxFinc and disk fluxFdisk.
The reflection spectra contain typical features of Comp-
ton reflection and reprocessing, like an iron Kα-line and a
Compton hump. Seen face-on and at high energies, they
are similar for all rings. At low energies the spectrum
from the spot center is softer than from the limb. For
higher inclinations, significant changes in the hard X-rays
are observed, with the Compton hump being stronger in
the outer parts of the spot than closer-in.

3. SPECTRUM DURING THE ENTIRE ORBIT
OF A SPOT

We investigate the time evolution for a hot-spot com-
pleting a whole Keplerian orbit using the relativistic
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Figure 1. Profile of the iron line complex as a function
of the orbital phase; disk ati = 30◦; other parameters:
M = 108 M⊙, (dm/dt)disk = 0.001, r = 7Rg.

ray-tracing program KY (Dovčiak et al., 2004). Al-
though, the accretion disk atmosphere does not remain at
the same hydrostatic equilibrium during such a long time
scale, the case is instructive to understand the influence
of the relativistic effects at various orbital phases.

In Fig. 1 we show the evolution of the iron Kα-line com-
plex during one orbit in a disk seen at the viewing angle
i = 30◦. The relativistic effects have a strong impact on
the line profile, changing its strength by a factor of 2 and
shifting the centroid in a range of 1.5 keV. The differ-
ent line components can only be resolved at specific or-
bital phases, and the relative fluxes of these components
change with phase, indicating a predominance of highly
ionized iron when the spot is moving away from the ob-
server. The model assuming the Schwarzschild metric
cannot reproduce a broad red line wing as observed in
MCG -6-30-15. This would require a Kerr black hole.

4. LIGHT CURVES AND SPECTRAL EVOLU-
TION OF SHORT-LASTING FLARES

We also consider short lasting flares, having a duration
comparable to the light-crossing time of the hot-spot.
In this case, the varying ionization and temperature
structure across the spot becomes more important for
the variability. We investigate the resulting spectra
and light curves at two inclinations, a face-on view at
i = 0◦ and an intermediate viewing angle ati = 60◦. In
addition to the previous model withM = 108 M⊙ and
(dm/dt)disk = 0.001, we investigate a model with a
smaller black hole massM = 107M⊙, a higher accretion
rate (dm/dt)disk = 0.02, and a lower ratioFinc/Fdisk.
In Fig. 2, we show X-ray light curves, obtained over the
energy range of 1.3 keV —82.0 keV, for a short-lasting
hot-spot located at the distancer = 18Rg and moving
toward the observer. The light curves of the two models
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Figure 2. Light curves (top) and spectra (bottom) at the
maximum of the light curves for a short lasting hot-spot at
r = 18Rg moving toward the observer; disk inclination
i = 0◦ (solid lines), andi = 60◦ (dashed lines); models:
M = 108 M⊙, (dm/dt)disk = 0.001 (thin lines, offset),
andM = 107M⊙, (dm/dt)disk = 0.02 (thick lines).

differ mainly in normalization. Their shape depends
on the inclination - no symmetric shape of the light
curve can be obtained for a face-on viewing angle.
The components of the iron-line indicate a different
ionization state of the medium for the two models.

We attempt to model the variability of MCG -6-30-15
sampling random flare distributions across the disk and
including relativistic line tracing of the reflected photons.
The method is given by Czerny et al. (2004). A good fit
of the fast (point-to-point) variability around the iron line
can be obtained for 750 flares and a fast-rotating black
hole. The observed dip of the rms-spectrum around the
Kα-line is well reproduced (see Goosmann et al., 2005).
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X-RAY JETS AND HOTSPOTS IN EXTRAGALACTIC RADIO SOURCES
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ABSTRACT

X-ray emission has now been detected from a large num-
ber of jets and hotspots of radio galaxies and radio-loud
quasars. This paper asks, and attempts to provide answers
to, a fundamental question: what are the emission mech-
anisms for these X-rays, and how do we know?

1. LOW-POWER JETS

The X-ray emission from low-power jets in Fanaroff- Ri-
ley class I radio sources is thought to be synchrotron. The
primary motivation for this belief is the detection of op-
tical synchrotron emission at a level that allows a smooth
spectrum to be constructed through the radio, optical and
X-ray data (e.g. Hardcastle et al. 2001). Synchrotron X-
ray emission, in the typical fields estimated for a low-
power jet, implies very highenergy electrons ( ��������� )
and correspondingly short loss lifetimes (tens of years).
Thus X-ray synchrotron emission traces the current loca-
tion of high-energy particle acceleration. The fact that the
X-ray emission is often associated with the region where
the jet is decelerating suggests that the acceleration mech-
anism must involve the tapping of the jet kinetic energy.
In Cen A, the brightest compact X-ray regions are asso-
ciated with stationary radio knots, suggesting that we are
seeing small internal shocks in the jets (Hardcastle et al.
2003). A more diffuse particle acceleration process is
probably also required. There are still unanswered ques-
tions in this model: why do the overall spectra of jets
resemble one-zone synchrotron models, although the ac-
celeration mechanism must be very localized? And what
determines the characteristic steep high-energy spectral
index ( 	 = 1.0–1.5)? But the basic picture seems clear:
these low-power radio galaxies at least have synchrotron
jets.

2. HIGH-POWER JETS

The situation is less clear for the jets in powerful FRII
radio galaxies and quasars. The earliest new discoveries

of X-ray jets in this type of object (e.g. Schwartz et al.
2000) were unlike the FRI jets in that their radio through
X-ray spectra were not consistent with a one-zone syn-
chrotron model: where optical constraints existed, they
lay below a straight line connecting the radio and X-
ray fluxes. This led to the widespread adoption of the
beamed inverse Compton model for these jets (Tavecchio
et al. 2000; Celotti et al. 2001). In this model the jets are
travelling at highly relativistic speeds and the CMB’s en-
ergy density in the jet frame is boosted by a factor 
��� ,
where � is the bulk Lorentz factor. In this model the elec-
trons producing the X-rays by the inverse-Compton pro-
cess have very low energies, and the electron spectrum
must extend down to � 
 ��� . Typical bulk Lorentz fac-
tors needed to produce the X-rays are 
 ��� , similar to
what is observed on pc scales.

One problem with this model is that it is inconsistent with
the existing constraints on the bulk speeds of the kpc-
scale jets from beaming studies. These tend to give bulk
speeds of 
 ��� ��� (e.g. Wardle & Aaron 1997, Hardcas-
tle et al. 1999, Mullin et al. in prep.). The distribution of
observed jet parameters is inconsistent with even mod-
erately high jet speeds. If the core-dominated quasars
that show X-ray jets are the same objects as the lobe-
dominated radio galaxies that dominate the radio sam-
ples, then there must be some velocity structure in the
jets, e.g. a fast central spine with ��
 ��� and a slower
sheath with ��� ��� ��� . More recently some FRII sources
have been shown to have jet X-ray components that are
likely to be synchrotron in origin: examples include Pic-
tor A (Hardcastle & Croston 2005) and 3C403 (Kraft et
al. 2005). So it is clear that the X-ray emission in these
sources can be synchrotron emission. In the beamed
inverse-Compton model, perhaps the X-ray synchrotron
emission originates in the slow sheath.

Is there any way of testing the beamed inverse-Compton
model? One interesting approach comes from consider-
ing those jet X-ray sources that can be resolved into more
than one jet X-ray component. The bulk Lorentz fac-
tor can then be calculated for each X-ray region, allow-
ing us to plot quantities as a function of position along
the jet. I have carried out this analysis for a small sam-
ple of objects from the literature (Hardcastle, 2005, MN
submitted. Almost all of these show a systematic de-
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Figure 1. Bulk Lorentz factor as a function of projected distance for 9 X-ray jet sources, showing apparent jet deceleration.

crease in X-ray to radio ratio. It has already been pointed
out (e.g. Georganopoulos & Kazanas 2004) that this ob-
vious strong trend could be attributed to bulk decelera-
tion: however, this has so far not been tested quantita-
tively against real data until now. My analysis (Fig. 1)
shows that the required bulk Lorentz factor (for a fixed
but reasonable choice of angle to the line of sight, 4 � )
systematically decreases as a function of distance along
the source, not just in general, but also for most individ-
ual sources. The decrease in � is large, so that there are
some interesting physical problems involved in getting
the jet to decelerate (particularly as the deceleration must
happen on scales of 100 kpc–1 Mpc). More importantly,
there is no corresponding evidence for deceleration in the
jets in radio galaxies on these scales – if the spine-sheath
model discussed above were true, then we would expect
the sheath to decelerate, with observable changes in jet
prominence as a function of length, which are not seen.

If deceleration is not viable, what is? Possible ways to ex-
plain the radio/X-ray properties of these jets in the frame-
work of the beamed IC model include changing mag-
netic field strength as a function of length and/or a syn-
chrotron contribution to the inner part of the jet. Such a
synchrotron model would not be a one-zone model, but
we know (Jester et al. 2002) that the optical-UV spec-
trum of the best-studied object in this sample, 3C 273,
is not described by a one-zone model anyway. There
is some evidence for X-ray synchrotron emission in the
hotspots of powerful sources (Hardcastle et al. 2004) al-
though space restrictions preclude a detailed discussion
here. At present we have to conclude that the emission
mechanism for the jets in these sources is not clear, al-
though inverse-Compton is a required process that must
come to dominate at large redshifts. More work is needed
before inverse-Compton jet X-ray emission can reliably
used as a diagnostic of jet physical conditions.
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ABSTRACT

We refer on analysis of the ESA INTEGRAL satellite
data for blazars, promising sources to be observed dur-
ing their active states.

Key words: Active Galactic Nuclei, Blazars, INTE-
GRAL.

1. INTRODUCTION

Blazars represent the most extreme class of active galax-
ies. They are observed in all wavelength bands - from
radio through VHE gamma frequencies, with maximum
spectral output and largest variability often at gamma ray
energies. It is obvious that blazars represent suitable tar-
gets for INTEGRAL satellite (Winkler et al. 2003) espe-
cially during active states (flares).

2. INTEGRAL OBSERVATIONS

The INTEGRAL observations are divided into the fol-
lowing categories: (i) AO-1,2,3 Program (allocated
pointed observations), (ii) Core Program CP (Galactic
Plane Scans, Galactic Center Deep Exposure,...), and (iii)
Objects inside FOV of AO-1,2,3 observations. Blazars in
the INTEGRAL Galactic Plane Scans (GPS) represent a
promising group of objects for the study within the IN-
TEGRAL CP.

The GPS zone is usually neglected by extragalactic as-
tronomers due to heavy obscuration: in optical,∼20% of
the sky is obscured by our Galaxy, while the gamma–
ray telescopes on board INTEGRAL allow detectabil-
ity of up to few mCrabs in the most exposed GPS re-
gions. Seven optically bright (with V≤17 mag, to be
detected by the INTEGRAL OMC camera) blazars were

Figure 1. The IBIS INTEGRAL telescope total exposure
times for blazars, CP data, revolutions 1-250.

Figure 2. The IBIS INTEGRAL telescope total exposure
times for blazars, all data, revolution 1-250.
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identified within galactic scans of INTEGRAL, namely:
1ES 0647+250, PKS 0823-223 (no gamma from EGRET,
grav. lensing candidate), 1ES 2344+514 (TeV gamma ray
source, very close), 8C 0149+710 (BL Lac candidate?),
4C 47.08, 87GB 02109+5130 (poorly understood blazar,
TeV candidate), and BL Lac (the prototype). While the
prototype object BL Lac is well studied, most of the IN-
TEGRAL GPS blazars are poorly investigated and poorly
understood so far. The study with Sonneberg Observa-
tory Archival Plates reveals that most of these objects are
optically variable, hence a gamma ray variability can be
expected. Below the detection limit of the INTEGRAL
OMC on board camera is blazar NRAO530 (1730-130),
which is an example of blazar with violent optical activity
(4 mag within 1 month). In flare, the object is expected
to be much brighter also in gamma. This strengthens the
role of optical monitoring and ToO program - the flare can
be recognized by optical monitoring with small (D∼50
cm) telescopes. All the above mentioned blazars in IN-
TEGRAL GPS have been investigated with INTEGRAL
CP data (IBIS and JEM-X telescopes). We have no posi-
tive detection by high energy instruments on board INTE-
GRAL yet (except marginal detection of 1ES 0647+250).
The targets quiet level is still below the sensitivity thresh-
old of the instruments. However, the positive detection
may be possible in the future as (i) there will be more
cumulative time available and (ii) the probability to see a
blazar during a flare (and hence much brighter) will also
increase with time. Additional blazars have been identi-
fied in the fields represented by the AO-1 and AO-2 ob-
servations of other scheduled targets, covered by up to
400 ksec cumulative exposure time. The analysis of these
objects is in progress. There is a hope that one can de-
tect additional gamma-ray blazars (to the list detected by
EGRET) not detected by EGRET due to the fact that they
were inactive during the time period of EGRET observa-
tions but active during the INTEGRAL coverage.

Regarding the pointed observations of blazars by INTE-
GRAL, the AO-2 ToO blazar observation No. 220049
by Pian et al. (2005) has provided promising results.
This collaborative proposal was based on extended op-
tical and/or X-ray monitoring (RXTE ASM and others)
of flaring activity of a large list of blazars and, alter-
natively, on soft gamma-ray monitoring by INTEGRAL
itself (serendipitous detection of a flaring blazar in the
IBIS FOV). Then ToO INTEGRAL observation was ac-
tivated meeting the trigger criteria (major flaring event).
Blazar S5 0716+714 was the target of this ToO observa-
tion. This is a BL Lac object, intensively monitored at
radio and optical wavelengths. The ToO was triggered
by optical activity - 2 outbursts up to the extreme level
of R = 12.1 mag (historical maximum, light increase by
1 mag in 2 weeks and 2 magnitudes in 4 months) and,
consequently, the INTEGRAL ToO observation was per-
formed in the time interval 2004 April 2–7 (Pian et al.
2005). More recently, an INTEGRAL AO-3 ToO obser-
vation of 3C454.3 (z=0.859) was performed, with prelim-
inary results given by L. Foschini et al. 2005 (PI E. Pian
with a large collaboration). This ToO was triggered by
high optical (T. Balonek, VSNET alert) and X-ray (BAT
Swift) activity of the source. The INTEGRAL observa-

Figure 3. The optical light curve of 3C454.3 around the
time of the INTEGRAL AO–3 ToO observation

tion started 2005 May 15, at 18:40 UT, with exposure of
200 ksec. The source was clearly detected by IBIS/ISGRI
in the 20-40 and 40-100 keV energy bands, with a signifi-
cance of 20 and 15 sigma. This confirm the importance of
blazar observations by INTEGRAL of blazars in flaring
state (ToO observations).
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ABSTRACT

In the history of X–ray astronomy, astronomical archival
plates, mostly those from two major plate collections
(Harvard and Sonneberg) helped to identify and to
analyse first stellar X–ray sources. Novaday, there are
efforts to digitise the astronomical plate archives and to
use these data for various scientific projects. These data
may easily provide monitoring over very extended time
intervals (up to more than 100 years) with limiting mag-
nitudes up to 23 and are expected to provide very valuable
supplementary information to recent and even to future
satellite data from various spectral bands.

Key words: Astronomical archives, astronomical plates,
astronomical photography.

1. INTRODUCTION

At the early stages of stellar X–ray astronomy, astronom-
ical archival plates helped to identify and to analyse op-
tical counterparts of celestial X–ray sources such as Sco
X-1/V 818 Sco, Her X-1/HZ Her, and others (e.g. Hudec
and Wenzel, 1976, 1986, Hudec and Meinunger, 1977).
The nearly 3 millions astronomical archival plates lo-
cated at different observatories (Hudec, 1999) still rep-
resent a unique database for various scientific projects
including X–ray astronomy as well as satellite experi-
ments. The plates represent thousands of exposures for
any celestial position, reaching monitoring intervals of
up to few years of continuous monitoring - i.e. tens of
thousands of hours. Each of the plates cointains valu-
able information about thousands and often even tens of
thousands star images recorded on the plate. The pho-
tographic sky monitoring is available for more than 100
years and some of the archives have very high quality
plates with limiting magnitudes of up to 20 ... 23 (direct
imaging) and /or 17....19 (spectral with objective prism).
However, only the recent development of photographic
scanners and powerful computers allows an efficient ex-

traction of scientific data. Some of the archives already
have devices for digitisation of plates and few of them
have already started extended digitisation of the plates
(e.g. Sonneberg Observatory - about 180 000 plates al-
ready scanned). There are attempts to create an European
Plate Centre in Brussels, Belgium (the UDAPAC project,
see de Cuyper et al., 2001). Analogous efforts exist also
in the US (Castelaz and Cline, 2005).

2. THE SCIENCE WITH ASTRONOMICAL
PLATES

Archival and sky patrol plates represent a valuable tool in
investigations and identifications of various types of high
energy sources such as blazars/quasars, X-ray binaries,
X- and gamma-ray transients, cataclysmic variables, etc.
Many of X-ray sources emit also optical light and can
be hence analysed on archival plates. It is obvious that
the automated evaluation of sky patrol plates has large
potential in: (i) providing extended (more than 10 years)
monitoring intervals with good (daily or weekly measure-
ments) sampling, (ii) allowing long-term evolution and
changes to be studied, (iii) searching for optically vari-
able AGNs-QSOs-blazars and other objects, (iv) provid-
ing their light curves with good sampling, (v) searching
for their flares, (vi) providing simultaneous and quasi-
simultaneous optical data for satellite campaigns, even
back in time, (vii) monitoring of objects as base for pro-
posals for ToO (Target of Opportunity) for satellite high
energy observations, and (viii) providing extended data-
base for identification and classification of sources.

The detection and investigation of very large amplitude
flares from AGNs may serve as an example. There is in-
creasing evidence that some AGNs may exhibit very large
amplitude flares exceeding mag 10 (Hudec et al. 1999).
These large flares are however rare so very large fractions
of monitoring times (of order of thousands hrs or more)
are required to detect them. This can be accessed easily
on plates but hardly by other methods.

Identification of high-energy sources is another example



2

of use of archival plates. The recent high-energy satel-
lites, especially those observing in X-rays, provide a large
number of detected sources. The identification of them
is an important but not easy task. Astronomical plate
archives can help essentially. Some of the X-ray objects
detected by recent analyses can be very easily rediscov-
ered and further studied - even back in the history - on
high quality direct and spectral archival plates.

3. THE SOFTWARE FOR PLATE ARCHIVES

Until recently, the data recorded on archival plates were
accessible only by special procedures. The recent wide
digitisation of plate collections offers significantly easier
access by computers. However, there is still a gap be-
tween the digitised archive and the scientific use. Special
software is required to fill this gap. The robust program
able to provide realiable and automated astrometry and
photometry of all objects on the plates is a difficult tasks
and still a matter of further development.

The second type of plate software is specific to particu-
lar plate type and particular project. For example, if we
search for optical prompt emission (including orphans)
from GRBs, we need to look for short-living transient
phenomena lasting minutes or less, analogous to the event
observed for the GRB990123. However, on long-exposed
deep images and plates, it is very difficult to look for
brief transients since the OT image is hidden by typi-
cally tens to hundreds of thousands stellar images with
similar appearance. The methods of comparing plates
and/or comparison with catalogues is still not very effec-
tive and reliable. We have developed novel method using
multiply exposed astronomical plates and based solely on
the information recorded in the plate itself. Such plates
are available and are relatively numerous in various sky
plate archives, e.g. at the Royal Observatory Brussels.
These plates contain several (typically 2 to 10) identical
star field images on the same plate. This means, each
star inside the FOV of the telescope, is represented sev-
eral times. Such plates have been obtained by multiple
exposures on the same plate with tiny shifts between the
exposures. It is difficult to find transient objects on these
plates by classical methods. However, using digitisation,
dedicated novel algorithms and software programs, and
powerful computers, it is relatively easy, effective and re-
liable to identify the OT candidates.

4. SEARCHES FOR SUPERMASSIVE BLACK
HOLE BINARIES

The project of searches for supermassive black hole bina-
ries represent another example of an dedicated scientific
project of recent astrophysics based on the astronomical
plates. In this project, we have gathered data from the lit-
erature and observational campaigns in order to establish
long-term optical light curves of the selected blazars - bi-
nary black hole candidates - to study periodic behavior in

their light curves and other interesting features (intense
outbursts, flares, quiescent level behavior). However,
there are several crucial data gaps that disable to confirm
periodicity or a BBH model (that has already been built
up for several of these blazars). Therefore we intend to go
to databases of astronomical plates (e.g. Sonneberg Ob-
servatory, Germany (about 280,000 plates), Harvard Col-
lege Observatory, USA (about 500,000 plates),UKSTU
plate collection ROE Edinburgh, UK (18,000 very deep
plates), and Observatory Leiden, NL (40,000 plates)) to
fill in these gaps. Within this project, we intend to reach
the following results: (i) improve historical light curves
of candidates, (ii) periodicity and light curve analysis,
(ii) confront the new light curve of the selected blazars
with the corresponding theories, (iii) establish a detailed
model at least of one of the candidates, (iv) draw sta-
tistical conclusions, (v) provide the data to wide scien-
tific community. The nature of the project requires the
availability of data sets covering very long time intervals,
hence digitized archival plates are the obvious choice
(Hudec, 1999).

5. CONCLUSION

The astronomical plate archives represent a very impor-
tant data source for various aspects of astrophysics in
general and for X–ray astronomy in particular. The re-
cent efforts to scan the plates and to develop related soft-
ware packages for scientific evaluation of plates represent
a promising basis for future computer-based analyses.
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ABSTRACT

We examine a systematic comparison of jet-knots,
hotspots and radio lobes recently observed with
������� and ����. The data was compiled at ra-
dio (5 GHz) and X-ray frequencies (1keV) for more than
40 radio galaxies. We examined three models for the
X-ray production: synchrotron (SYN), synchrotron self-
Compton (SSC) and external Compton on CMB photons
(EC). For the SYN sources, X-ray photons are produced
by ultrarelativistic electrons with energies 10�100 TeV
that must be accelerated in situ. For the other objects, a
simple formulation of calculating the “expected” SSC or
EC fluxes under an equipartition hypothesis is presented.
We confirmed that the observed X-ray fluxes are close to
the expected ones for non-relativis tic emitting plasma ve-
locities in the case of radio lobes and majority of hotspots,
whereas considerable fraction of jet-knots is too bright at
X-rays to be explained in this way. We concluded, if the
inverse-Compton model is the case, the X-ray bright jet-
knots are most likely far from the minimum-power con-
dition. We however prefer the other possibility, namely
that the observed X-ray emission from all of the jet-knots
is synchrotron in origin.

Key words: galaxies: jets — magnetic fields — radiation
mechanism: non-thermal.

1. INTRODUCTION

The excellent spatial resolution of ������� X-ray Ob-
servatory has opened a new era to study the large scale
jets in powerful extragalactic radio sources. More than
40 radio-loud AGNs are known to possess X-ray coun-
terparts of radio jets on kpc to Mpc scales (Harris &
Krawczynski 2002, Kataoka & Stawarz 2005). Bright X-
ray knots are most often detected, but the X-ray emissions
from the hotspots and radio lobes are also reported in a
number of FR II radio galaxies and quasars. It is believed
that the relativistic jet is decelerated in a hotspot convert-
ing part of its energy into relativistic electrons and part

in magnetic field. Then the shocked plasma moves inside
the head region just behind the hotspot, and expands al-
most adiabatically to form diffuse, extended radio lobes.
Even though this picture appears to be simple, much of
the fundamental physics behind it remains unclear (see,
e.g., recent monograph by de Young 2002).

Unfortunately, present radio-to-X-ray observations are
not sufficient to discriminate conclusively between dif-
ferent models proposed in order to explain multiwave-
length emission of the large-scale structures of power-
ful radio sources, and of their kpc/Mpc jets in particu-
lar. However, we believe that a systematic comparison
between jet-knots, hotspots, and lobes will provide im-
portant clues to dynamics and the physics of large scale
jets, and to put some constraints on the theoretical mod-
els.

2. DATA AND MODEL APPLICATION

We collected all existing data of “X-ray jet sources”
at well sampled radio (5 GHz) and X-ray (1 keV) fre-
quencies and analyzed them in a systematic manner (see
Kataoka & Stawarz 2005). This gives a large number of
objects known to us as of 2004 June, which contains 44
X-ray jet sources (56 jet-knots, 24 hotspots, and 18 ra-
dio lobes). Fig 1 presents the correlation between radio
and X-ray luminosities, in two dimensional space. One
finds several important tendencies which cannot be ac-
counted by the sampling bias effect. First, hotspots and
radio lobes occupy only the high-luminosity part of the
plot, namely � 10�� erg s��. Secondly, low-luminosity
hotspots tend to be brighter in X-ray, as has been pointed
out by Hardcastle et al. (2004). Thirdly, �� � �� for
most of the hotspots and radio lobes, but most of the jet-
knots show an opposite trend.

In order to determine the X-ray emission properties of
large scale jets, we first derive a simple formulation of
computing an equipartition magnetic field strength 	��

from an observed radio flux 
� measured at a radio fre-
quency ��. Next, we calculate the “expected” inverse
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Figure 1. Relation between ���	
 and �����

Compton luminosities for 	��, to compare them with
the observed X-ray luminosities. In the analysis, we in-
clude possible relativistic bulk velocity of the jet plasma.
Taking the obtained results into account, and analyzing
additionally the observed broad-band spectral properties
of the compiled sources, we follow the “conservative”
classification of the compiled X-ray sources into three
groups, namely (i) synchrotron involving single/broken
power-law electron energy distribution (SYN), (ii) syn-
chrotron self-Compton (SSC) and (iii) external Compton
of CMB photons (EC). Full details are given in Kataoka
& Stawarz (2005).

3. DISCUSSION

One formal possibility of understanding extremely bright
jet-knots is that equipartition hypothesis may not be valid
in the considered jet-knots. For a given synchrotron lu-
minosity ���� � ���� and for a given emitting region
volume  , an expected SSC luminosity is ���� � ��.
We therefore expect ratio ���� � ������ � ��. Simi-
larly, for the EC case, ��� � ����� � �� . Hence, in both
models, the expected X-ray luminosity will be increased
by decreasing the magnetic field strength. Fig 2 shows
the ratio of 	 to the equipartition value. Interestingly, 	
in the lobe and most of the hotspots are almost consis-
tent with the equipartition (	/	���Æ�� � 1), whereas that
of the non-SYN jet-knots and of some of the hotspots
is much weaker from what is expected (	/	���Æ�� �
0.01�0.1). It must be noted, however, that the idea of
sub-equipartition magnetic field is often rejected since it
implies a very high kinetic power of the jets.

As an alternative, we also consider a case when the dif-
ference between the “expected” and “observed” X-ray
fluxes is due to the relativistic beaming effect, and the
minimum-power condition is fulfilled. Again, the lobes
and the hotspots exhibit relatively narrow distribution at
Æ � 1, whereas for most of the jet-knots large beaming

Figure 2. Distribution of the ratio between the magnetic
field 	 (for Æ = 1) and the equipartition value 	��� Æ��.

factors of � 10 are required. Such a large beaming fac-
tor is indeed expected for some of blaza-type objects,
but is very unlikely for most of the radio galaxies ob-
served with �������. Furthermore, it is well known
that the  �� studies of the large-scale jets in quasars
and FR IIs indicate that bulk Lorentz factors of the radio-
emitting plasma in these sources cannot be much greater
than ���� � 3 (Wardle & Aaron 1997). If one insists on
applying the homogeneous one-zone model (as a zero-
order approximation), as presented in this paper, self-
consistency requires a consideration of ���� � 5. In
such a case, a departure from the minimum power condi-
tions within the non-SYN X-ray jets is ����������.

We have discussed two different versions of the EC
model to account for extremely bright X-ray jet-knots:
(1) non-equipartition case and (2) significant relativistic
beaming case. Both of these options are in many ways
problematic. We may therefore suggest a new idea that
the X-ray photons from the powerful quasar jets are not
inverse-Compton, but the synchrotron emission in ori-
gin. Recent detailed re-analysis of the ������� data
for 3C 120, again “conservatively” classified as an EC
source, strongly support this idea (Harris et al. 2004).
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ABSTRACT

We present the results of optical observations of BL Lac-
ertae from August 1997 to May 2002 carried out with ST-
6 CCD Camera attached to the Newtonian focus of the
70-cm meniscus telescope of Abastumani Observatory.

The long-term, intraday and intrahour variabilities of BL
Lacertae were studied on the bases of 600 and 440 nights,
respectively. The variability patterns showed by BL Lac-
ertae are very complex.

The maximum amplitude of the long-term variability in
B band equals to 3

m
. 0 (rms=0.03), while the variation in

V and R bands are within 2
m
. 71 (0.02) and 2

m
. 53 (0.01),

respectively. This means that variations are larger at
shorter wavelength or the object become bluer in the ac-
tive phase.

It were also demonstrated that BL Lacertae shows intra-
day variability within 0

m
. 30 (0.02), while intrahour vari-

ability within 0
m
. 10 (0.01) magnitudes.

Key words: BL Lacertae; CCD Photometry; Variability.

1. INTRODUCTION

BL Lacertae is the prototype of one of the most extreme
subclass of AGNs. It was discovered in 1929 by Guno
Hoffmeister, who found it to vary by more than a factor
two in one week and classified it as a short period variable
star (Hoffmeister, 1990). Since its identification as an ex-
tragalactic source it was the subject of numerous studies
in many frequency bands.

Historically, BL Lac is known to show 5
m
. 0 variation in

optical band with episodic outbursts (Fan (1998), Webb
(1988), Maesano (1997)). Maximum variation in the in-
frared K band is 3

m
. 0 (Fan, 1999). During the summer

1997 outburst it showed a very strong activity including
intranight ones (Nesci (1998), Clements (2001)). The
strong activity was also detected in the radio, X-ray and
γ-ray bands (Bloom (1997), Sambruna (1999), Madejiski
(1999), Tanihata (2000), Bottcher (2000)).

Observational Periods Nightsδm(R)

Aug 1997 - May 1998 74 2.53
May 1998 - Aug 1998 39 1.10
Aug 1998 - Jan 1999 50 0.80
July 1999 - Aug 1999 78 0.90
Aug 1999 - June 2000 72 1.85
June 2000 - Nov 2000 69 1.40
May 2001 - Nov 2001 83 1.80

2. OBSERVATION AND DATA REDUCTION

We are intensively monitoring BL Lacertae at Abastu-
mani Observatory since Aug 1997, when it remained
in a high state for more than two months. Rapid and
large amplitude flux variations characterized the source
during this period. Here we present observations car-
ried out from Aug 1997 to Nov 2001. All observa-
tions were carried out with 70-cm meniscus telescope
and ccd camera ST-6 attached to the Newtonian focus
(1/3). To study the long-term variability we observed BL
Lacertae during 317 nights, collected 320 frames in ev-
ery of the BVI bands and 465 frames in R band. More
than 16 000 frames were obtained in R band during 259
nights to study intraday variability (Wagner (1995), Wag-
ner (2001)) and intrahour variability ( (Miller, 1989)).

The duration of observational runs varied from two hours
to six hours. The exposure times varied from 60 to 180
sec depending on the brightness of the object and the
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filter used. Instrumental differential magnitudes were
calculated relative comparison stars C and H, that have
nearly the same colours as the object under study (Smith
et al. 1985). The images are reduced using Daophot-
II (Stetson, 1987). The highest differential photometric
accuracy reached in R band is 0

m
. 005 (rms) magnitude

at mr=14
m
. 00 during 180 sec. Magnitudes are calcu-

lated relative comparison stars C and H, that have nearly
the same colours as the object under study (Smith et al.
1985). To eliminate the effects of seeing induced spirious
IDV and IHV (Cellone, 2000) the apertures are taken to
include the whole host galaxy.

3. RESULTS AND CONCLUSIONS

The constructed long-term variability lightcurves have
shown that maximum variation in B band was observed
during August 1997 and equals to 3

m
. 0 (rms=0.03), while

the maximum amplitude in R band equals to 2
m
. 53 (0.01).

The amplitudes of variation in R band of the other observ-
ing seasons are presented in the table.

The results of optical observations of BL Lacertae dur-
ing great summer 1997 outburst are presented by different
blazar monitoring groups (Webb (1998), Sobrito (1999),
Speziali (2000), Fan (2001), Clements (2001), Villata
(2002), Villata (2003), Villata (2004)). On the basis of
observations of BL Lacertae during the period from Au-
gust 1997 to November 2001 it was clearly demonstrated
that variations are larger in B band or the object become
bluer in the active phase (Nikolashvili (1999), Kurtanidze
(2001), Nesci (2001)), that were also confirmed by other
groups (Clements (2001), Fan (2001)).

The significant statistical evidences of intraday and in-
trahour variabilities are found during many nights of ob-
servations. The typical intraday and intrahour variability
amplitudes in R band are within 0

m
. 30 (0.02) and 0

m
. 10

(0.01) magnitudes, respectively. Detailed study of BL
Lacertae during multiwavelength campains carried out
in the frame of WEBT collaboration are most extensive
study of this prototype source ever conducted (Villata
(2003), Villata (2004)).
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ABSTRACT

We present optical R band photometry of nine X-ray se-
lected BL Lac objects: 1ES 0229+200, 1ES 0323+022,
1ES 502+675, 1ES 0647+250, 1ES 0806+524, 1ES
0927+500, 1ES 1028+511, 1ES 1959+650, 1ES
2344+514. Variability on long time scales within one
magnitude in R band was found for all of the observed ob-
jects, except 1ES 0229+200 and 1ES0927+500. Largest
variation was detected for 1ES 0502+675 and equals to
1

m
. 07. Only few objects show statistically significant

variation on Intraday scale.

Key words: X-Ray Blazars; CCD Photometry; Variabil-
ity.

1. OBSERVATION AND DATA REDUCTION

Blazar Monitoring Program at Abastumani Observatory
was started in the May 1997 and is carried out with ST-
6 CCD Camera attached to the Newtonian focus of the
70-cm meniscus telescope (1/3, 14.9x10.7 sq. arcmin).
All observations are performed using combined filters of
glasses that match the standard B, V (Johnson) and Rc,
Ic (Cousins) bands well (Kurtanidze, et al., 1999). Ref-
erence sequences in the blazar fields are calibrated using
the equatorial standard stars (Landolt, 1992).

List of target objects was compiled from Einshtein Slew
survey Sample of BL Lacertae objects (Perlman, et al.,
1996). During more than 200 nights about 1400 ccd
frames were obtained in R band to study long-term and
intraday variability of selected objects. In the Table the
list of the target X-ray BL Lacertae objects, along with
the number of nights observed and frames obtained in R
band are given. Last column shows the number of frames
obtained to study the intraday (IDV) variability. Most
frequently observed object, as on long-term as well as on

intraday scales, is 1ES 1959+650. The duration of obser-
vational runs varied from two hours to six hours and ex-
posure times varied from 60 to 180 sec depending on the
brightness of the object and the filter used. The images
are reduced using Daophot-II (Stetson, et al., 1987). To
eliminate the effects of seeing induced spirious IDV and
IHV varianility (Cellone, et al., 2000) the apertures are
taken to include the whole host galaxy.

2. RESULTS AND CONCLUSIONS

2.1. 1ES 0323+022 and 1ES 0502+675

1ES 0323+022 is the most frequently studied object.
Brightest state R=15

m
. 0. 62 was detected in Dec 1982

(Feigelson, et al., 1986). Largest amplitude 0
m
. 67 in

R band was detected during three years (23.10.1996-
23.01.1999) of observation by Torino group with a max-
imum R = 16

m
. 60 (Villata, et al., 2000). Our observa-

tions include the period from 04 Oct 1997 to 04 Feb 2002.
There were two dramatic changes of brightness: first, up
to 0

m
. 43 from 31 Aug 1998 to 23 Nov 1998 and second

one from 12 Sept 1999 to 23 July 2000 about 0
m
. 26, while

the maximum amplitude was∆R0
m
. 45.

Early observations of 1ES 0502+675 (31.10.1996-
22.02.1997) show that maximum amplitude in R band
equals to 0

m
. 58 (Raiteri,et al., 1998). Our observations

include the period from 09 Nov 1997 to 12 Feb 2000.
Dramatic chages R=15

m
. 67-16

m
. 74 was detected before

23 Nov 1998 with an amplitude 1
m
. 07. After the min-

imum it rapidly increases again and reach a mean state
characterised by R=16

m
. 40 and∆R=0

m
. 36.
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Table 1. A list of X-Ray selected blazars

Source RA2000 DEC2000 NNights
LTV NFrames

LTV NNights
IDV NFrames

IDV ∆R
1ES 0229+200 02 32 48.6 20 17 17 13 23 0

m
. 00

1ES 0323+022 03 26 13.9 02 25 15 27 37 0
m
. 45

1ES 0502+675 05 07 56.2 67 37 24 32 37 1
m
. 07

1ES 0647+250 06 50 46.5 25 03 00 09 13 0
m
. 30

1ES 0806+524 08 09 49.2 52 18 58 33 36 0
m
. 88

1ES 0927+500 09 30 37.6 49 50 26 06 07 0
m
. 00

1ES 1028+511 10 31 18.5 50 53 36 28 32 0
m
. 60

1ES 1959+650 19 59 59.9 65 08 55 43 48 23 732 0
m
. 40

1ES 2344+514 23 47 04.8 51 42 18 13 25 10 373 0
m
. 10

2.2. ES 0647+250, 1ES 0806+524 and 1ES 1028+511

The previous observation of 1ES 1028+511 during Dec
3,1996 - May 8, 1997 revealed variation∆R=0

m
. 18 and

maximum brightness R=16
m
. 53 (Villata, et al., 2000).

Our observations of these objects include the period from
25 Nov 1997 to 25 Jan 2002. All three objects show sig-
nificant light variations that are equal to 0

m
. 37 (25Nov

1997-13 Dec 1998), 0
m
. 88 (28 Dec 1997-06 June 2000)

and 0
m
. 60 (28 Jan 1998-25 Jan 2002), respectively.

2.3. 1ES 1959+650 and 1ES 2344+514

Observations of 1ES 1959+650 from February 29,1996
to May 30, 1997 shows that the light curve in the R band
is characterized by rapid flickering, a decrease of 0

m
. 28

in 4 days ( (Villata, et al., 2000). Both objects during
our observations show light variations bellow 0

m
. 4 in R

band. Largest one is observed for 1ES 1959+650 Kur-
tanidze (et al.). 1ES 2344+514 show obvious long-term
variability trend over the observing period at∆R=0

m
. 1

level (Fan, et al., 2004). Consequently, the intraday vari-
ability is very week bellow 0

m
. 05 and may only be de-

tected in exceptional cases of very high photometric ac-
curacy. More higher level activity of 1ES 1959+650 in
comparison with 1ES 2344+514 may be attributed to its
higher radio luminosity (Raiteri,et al., 1998).

2.4. Conclusion

Seven of the nine X-Ray BL Lacertae object studied show
variability on long-term scale. Three of them show vari-
ation over 0

m
. 5 (1ES 0502+675, 1ES 0806+524 and 1ES

1028+511), while other four bellow 0
m
. 5 (1ES 0323+022,

1ES 0647+250, 1ES 1959+650 and 1ES 2344+514).
Long-term variability was not detected for two BL Lac-
ertae 1ES 0229+200 and 1ES 0927+500.

Intraday variability of 1ES 1959+650 and 1ES 2344+514

is bellow 0
m
. 05. In general, X-ray selected blazars show

week optical variability in comparison with radio selected
blazars.
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ABSTRACT

We give a brief summary of the ongoing Abastumani Ac-
tive Galactic Nuclei Monitoring Program started in the
May of 1997. More than 110 000 frames are obtained
during more than 1300 nights of observation for about
50 target objects, among them γ-ray, X-ray and optical
blazars. All observations were done in the BVRI bands
using ST-6 CCD based Photometer attached to the New-
tonian focus of 70-cm meniscus telescope.

Key words: Blazars; CCD Photometry; Variability.

1. INTRODUCTION

Among active galactic nuclei (AGNs), blazars are ob-
jects most dominated by non thermal continuum emis-
sion, which extends from radio to γ-rays, and whose
properties are best explained by emitting plasma in rela-
tivistic motion towards the observer, closely aligned with
the line of sight (Urry, 1995). One of the distinguish-
ing characteristics of the blazars which includes BL Lac-
ertae type objects, high polarization quasars (HPQ) and
optical violently variable (OVV) quasars is that their flux
densities are highly variable at all wavelength from ra-
dio to γ-rays. Therefore the optical multiband monitor-
ing along with other ones gives unique clues into the size
and structure of the radiating region. Variability time
scales have been derived for many blazars from moni-
toring programs which attain a time resolution of days
and to years (Wagner, 1995). Unfortunately, existing
multiwavelength data are not adequate yet to permit def-
inite conclusions to be drawn about the nature of blazars
due to the optical coverage in the previous campaigns
has been much too sparse. We started systematic multi-
band optical monitoring of blazars at Abastumani Obser-
vatory in the May of 1997. In the late of October 1997
we joined the Whole Earth Blazar Telescope (WEBT,

http://www.to.astro.it/blazars/webt). The aim of the pro-
gramme is to study short-term and long-term variability
of blazars and their correlations with that in radio, X-ray
and γ-ray bands.

2. OBSERVATION AND DATA REDUCTION

Abastumani Observatory is located in the South-Western
part of Georgia at a latitude of 41

o
.8 and a longitude of

42
o
.8 on the top of the Mt. Kanobili at 1700 m above

mean sea level. The weather and seeing are very good
in Abastumani (150 nights per year, 1/3 with seeing <1
arcsec). The mean values of the night sky brightness are
B=22

m
. 0, V=21

m
. 2, R=20

m
. 6 and I=19

m
. 8. Blazar Moni-

toring Program at Abastumani Observatory was started in
the May 1997 and is carried out with Peltier cooled ST-6
CCD Imaging Camera attached to the Newtonian focus
of the 70-cm meniscus telescope (1/3). The pointing ac-
curacy of the meniscus telescope is one-two arcminutes
and it is good enough to locate target object inside of the
full frame field of view 14.9x10.7 sq. arcminute. The ST-
6 Imaging Camera uses the TC241 chip (375x242, 23x27
sq.micron) with a maximum quantum efficiency 0.7 at
675 nm. All observations are performed using combined
filters of glasses which match the standard B, V (Johnson)
and Rc, Ic (Cousins) bands well. Reference sequences in
the blazar fields are calibrated using the Landolt’s equato-
rial standard stars (Landolt, 1992). In photometric nights
at least one equatorial field is observed with different ex-
posures. Because of the scale of CCD and resolution of
the meniscus telescope are equal to 2.3x2.7 sq. arcsec
per pixel and 1.5 arcsec respectively, the images are un-
dersampled, therefore to improve sampling it is needed
to defocus frames slightly. Unfortunately, the high dark
current limits the exposure time to 900 sec. The images
are reduced using Daophot-II (Stetson, 1987). The high-
est differential photometric accuracy reached in R band
is 0

m
. 005 (rms) magnitude at mr=14

m
. 00 during 180 sec.
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RA DEC Name Nights Observations
(2000) (2000) NB NV NR NI NIDV,Nights

01 12 05.7 22 44 38 S2 0109+22 88 107 87 198 83 602, 11
02 19 42.8 02 19 42 3C 66A 137 129 111 284 85 1443, 17
02 38 38.8 16 36 59 AO 0235+164 147 71 81 683 52 1102, 15
07 21 53.4 71 20 36 S5 0716+714 440 390 323 1300 600 15470, 360
08 54 48.9 20 06 31 OJ 287 135 111 103 196 92 647, 18
09 58 47.2 65 33 55 S4 0954+658 89 65 79 132 88 249, 14
11 04 27.3 38 12 32 MKR421 156 192 180 647 163 3906, 79
11 59 32.1 29 14 42 4C 29.45 91 85 85 218 112 380, 12
12 21 31.7 28 13 58 ON 231, W Com 142 135 193 495 160
12 56 11.2 -05 47 22 3C 279 96 120 98 196 85 332, 9
16 42 58.8 39 48 37 3C 345 96 87 95 178 106 600, 19
16 53 52.1 39 45 36 MRK 501 93 143 105 185 91 373, 12
17 28 18.5 50 13 11 I ZW 187 83 76 85 179 96
18 00 45.7 78 28 04 S5 1803+784 147 78 74 500 57
18 06 50.7 69 49 28 3C 371 120 137 99 164 118
19 59 59.9 65 08 55 1ES1959+650 160 142 175 275 194 1790, 38
22 02 43.2 42 16 40 BL Lacertae 600 583 1189 1700 453 28227, 439
22 57 17.3 07 43 12 S2 2254+074 110 65 68 193 74
23 47 04.8 51 42 18 1ES2344+514 147 124 156 242 95 467, 12

3. RESULTS AND CONCLUSIONS

List of target objects was compiled using two Catalogues
of AGNs (Padovani (1996), Perlman (1996)). In the pe-
riod from May 1997 to September 2005, during about
1300 observing nights, more than 110 000 frames were
obtained. In the Table the list of the target objects along
with the number of nights observed and frames obtained
in every of the BVRI bands in excess of one hundred
fifty in R band are given. Last column shows the num-
ber of frames obtained to study the intraday and intra-
hour variability. Among most frequently observed ob-
jects are BL Lacertae, S5 0716+714, AO 0235+164 and
Mkr 421. So far we took part in many international mul-
tiwavelength campaigns conducted during outburst and
post-outburst era of BL Lacertae, S5 0716+71, 3C 279,
Mrk 241, AO 0235+164, 4C 29.45, OJ 287, S4 0954+65
and ON 231. The main part of the results are already pub-
lished (Hartmann (2001), Raiteri (2003), Massaro (2003),
Osterman (2003), Villata (2004), Krawczynski (2004),
Jorstad (2004), Raiteri (2005), Bottcher (2005)). Most
objects under study show light variations over one mag-
nitude in the optical band. Largest one was observed
for AO 0235+164 and equals to 4

m
. 0 in R band. A few

faint variable stars (B∼16
m
. 5) with amplitude 0

m
. 3-0

m
. 4

and periods 3-5 hours were also identified.
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ABSTRACT

We report on observations of the large separation gravi-
tational quasar lens SDSS J1004+4112 obtained simulta-
neously with XMM-Newton and the integral field specto-
graph PMAS at Calar Alto observatory. The XMM X-ray
and UV images show that the 4 lens images differ signif-
icantly in their spectral energy distributions. The optical
spectra of the 2 brightest lens components show a reap-
pearance of a previously observed excess in the blue wing
of the C IV emission line. We discuss microlensing and
intrinsic variability as causes for these unusual observa-
tions. The extended emission of the lensing cluster of
galaxies is clearly detected in the EPIC images, provid-
ing an estimate of its X-ray luminosity and mass.

Key words: gravitational lensing; quasars; X-rays.

1. INTRODUCTION

The lensed quasar SDSS J1004+4112 (RBS 825,
Schwope et al. 2000) has been found by Inada et al.
(2004) in a survey of large separation lenses using the
Sloan Digital Sky Survey (SDSS). Optical imaging re-
vealed 4 images of the quasar, with a maximum separa-
tion of 14.6” it is the largest separation gravitational lens
known so far. The lensing object is a cluster of galax-
ies at z=0.68, the quasar itself has a redshift of z=1.73.
SDSS J1004+4112 is the first multiple quasar, where the
lensing gravitational potential is dominated by a cluster
of galaxies, and not a single galaxy. Modelling of the
lensing potential gives only a rough estimate of the clus-
ter mass (M ≥ 10

14h−1M�, Oguri et al. 2004) . The
predictions for the time delays between the images are
similarly uncertain, the delay between the closest com-
ponents A and B can be up to 37h−1 days, the largest
delay C-D could be up to 3000h−1 days (Oguri et al.
2004). Optical spectroscopy of the individual compo-
nents has revealed significant differences in the emission
line profiles of the components (Richards et al. 2004),
which have been attributed to microlensing of lens im-
age A. Specifically, the blue wings of the emission lines

Figure 1. Optical spectra of SDSS J1004+4112 A and
B taken almost simultaneously with the XMM data on
19/04/2004. The lower line is the difference spectrum (A
- 1.57 · B) and shows that the blue wings of the emission
lines are enhanced in component A.

are enhanced in the spectra of component A. This feature
has been observed in May 2003 and then disappeared.
The blue line wing excess has again been observed in our
PMAS spectra of SDSS J1004+4112 which were taken
simultaneously with the XMM-Newton data (Fig. 1).

2. XMM-NEWTON RESULTS

We observed SDSS J1004+4112 for 60 ksec with the
XMM EPIC and OM instruments. Inspection of the EPIC
images reveals that lens image A appears much fainter in
X-rays than expected from its optical brightness (Figs. 2,
3 ). A deconvolution using PSF fitting with the SAS task
emldetect results in a flux ratio B/A ∼ 2, component A
is more than 3 times weaker than expected from the op-
tical/UV fluxes. The flux deficit of component A is con-
stant over the XMM EPIC energy range, hence we can
exclude that it is caused by photoelectric absorption. The
simultaneous UV imaging of the XMM Optical Monitor
(OM) shows that the UV continuum of the close compo-
nents A and B is much brighter and harder than in images
C and D (Fig. 4).
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Figure 2. U-band image of SDSS J1004+4112 from the
XMM optical monitor on 20/04/2004. Here the order of
the components in brightness is the same as in previous
optical observations.

Figure 3. EPIC MOS image of SDSS J1004+4112 on
20/04/2004. It is obvious that the optically brightest com-
ponent A is significantly fainter in X-rays than expected.
Sources X1 and X2 are not related to the lensed quasar.

The following scenario could explain both the variable
line profiles in image A and the unusual SEDs in the
UV/X-ray wavebands: The UV and X-ray continuum of
the lensed quasar is intrinsically very variable, during
the time of the XMM observations the close images A
and B were very bright. The variable continuum gives
rise to variability of the optical lines, image A is prob-
ably affected by microlensing, which amplifies parts of
the broad line region and causes the selective, repeated
brightening of the blue line wing. The X-ray deficit of
image A is still puzzling. Intrinsic variability is an un-
likely cause, since the time lag to component B is rela-
tively small. If caused by microlensing, this would be an
extreme case of flux attenuation induced by microlens-
ing. Repeated X-ray observations of SDSS J1004+4112
are needed to clarify this case.

Multiple PSF fitting with the XMM SAS emldetect task
yielded a significant detection of the extended emission
of the lensing cluster. We measure a 0.5-2.0 keV lumi-
nosity of 1.4 · 10

44
erg/s, and from the count rates in

the 5 standard EPIC energy bands a gas temperature of

Figure 4. Relative spectral energy distributions of the
lens components, normalized to image C. The SEDs in-
clude (non-simultaneous) optical Subaru data and XMM-
OM and EPIC data.

Figure 5. X-ray contours after subtraction of the point
sources plotted over a Subaru I-band image. The ex-
tended emission of the cluster is clearly detected.

T = 4.3+2.1
−1.0 could be derived. With the scaling relations

for clusters of this redshift (Kotov & Vikhlinin 2005) this
puts the cluster in the mass range 3 − 6 · 10

14
M�, con-

sistent with, and improving the estimates from lensing
models. Fig. 2b shows, that the extended cluster emis-
sion is asymmetric with respect to the brightest cluster
galaxy and the lensing centre, tracing the distribution of
cluster galaxies.
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ABSTRACT

We present results from four recentChandramonitoring
observations of the jet in 3C 273 using the ACIS detec-
tor, obtained between November 2003 and July 2004. We
find that the X-ray emission comes in two components:
unresolved knots that are smaller than the corresponding
optically emitting knots and a broad channel that is about
the same width as the optical interknot region. We com-
pute the jet speed under the assumption that the X-ray
emission is due to inverse Compton scattering of the cos-
mic microwave background, finding that the dimming of
the jet X-ray emission to the jet termination relative to the
radio emission may be due to bulk deceleration.

Key words: X-rays; quasars, jets; 3C 273.

1. INTRODUCTION

Marshall et al. (2001) showed that X-rays from the
3C 273 jet follow the optical emission fairly well. How-
ever, the X-ray emission is significantly brighter at the
beginning of the jet than at the end while the optical
knots are of similar brightness along the jet. Optically,
the width of the jet is well resolved at the 0.1′′ level
using the Hubble Space Telescope (HST) and we find
that it is now resolved in the X-ray band in the cross-
jet direction. Assuming that the X-ray emission arises
from inverse Compton scattering of cosmic microwave
background photons (IC-CMB) (Tavecchio et al., 2000;
Celotti et al., 2002), we can compute the jet speed for a
given (small) angle to the line of sight that is approxi-
mately constant along the jet.

2. CROSS-JET PROFILE

Results from fits of Gaussians to the X-ray cross-jet pro-
files are shown in Fig. 1. The profiles are adaptively

binned to maintain> 15 counts per bin so there are 7-
30 bins per profile. For comparison, the ACIS readout
streak from the quasar core was fit to a Gaussian, provid-
ing a good value for the Gaussian width,σ = 0.34

′′ (or
FWHM = 0.80′′), of a point source. Except in the centers
of knots A and B (about 13′′ and 15.5′′ from the core),
the jet is resolved. The reducedχ2 is near unity except
at the positions of the X-ray bright knots because the 1D
profile of a point source does not match a Gaussian func-
tion. The residuals of the Gaussian fits are very similar
to those of unresolved sources, confirming that knots A
and B are point-like. The size of knot A’s X-ray emission
region (< 0.2′′ FWHM) is distinctly smaller than found
optically, where knot A was easily resolved using HST to
be about 0.4′′ across and 0.7′′ long (Bahcall et al., 1995).
The physical size differences between optical and X-ray
emission regions are not expected in the IC-CMB model.

For an average observedσ of 0.45′′ and the value for a
point source of 0.35′′, the inferred intrinsic FWHM of
the X-ray emission outside knots A and B is 0.62′′. This
width is comparable to that of the optical emission be-
tween knots (Bahcall et al., 1995). Thus, the X-ray emis-
sion comes in two components: unresolved knots that are
smaller than the corresponding optically emitting knots
and a broad channel that is about the same size as the
optical interknot region.

3. JET SPEED

We use the profile of the X-ray emission from the jet,
which we compare to the radio profile to obtain the flow
speed along the jet if we accept the hypothesis that the X-
rays are produced by inverse Compton scattering of mi-
crowave background photons in a relativistic jet. Follow-
ing Harris & Krawczynski (2002), Marshall et al. (2005)
showed that the beaming parameters - the cosine of the
angle to the line of sightcos θ = µ and the jet speedβc -
are related to a function,K, of the observables. See Mar-
shall et al. (2005) for details. We can solve their Equa-
tion 4 forβ, giving
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Figure 1. Results from fitting Gaussians to the X-ray cross-jet profiles. From the top, the panels are: Gaussian normal-
ization (counts per 0.1′′ bin), angular deviation from PA=-137.5◦, the Gaussian dispersion parameter (σ ≡ FWHM/2),
and the reducedχ2. The dotted line in the width panel shows the Gaussian dispersion obtained for an unresolved source.
Except at 13′′ and 15.5′′ from the core (knots A and B), the jet is resolved in the cross-jet direction.

Figure 2. Jet beaming factor assuming the IC-CMB
model of the X-ray emission. The X-ray to radio flux ra-
tio is used as in the anaysis by Marshall et al. (2005) but
using equation 1 to compute the jet speed and Lorentz
factor. In this model, the jet dimming results from bulk
deceleration.

β =
−1 − µ + 2Kµ ± (1 + 2µ − 4Kµ + µ2

+ 4Kµ3
)
1/2

2Kµ2

(1)

Using the ratio of the X-ray and radio fluxes as a function
of position along the jet and Equation 1 above, we com-
pute the jetΓ = (1 − β2

)
(−1/2) upon setting the angle to

the line of sight and using the magnetic field from Jester
et al. (2002), which seems to be nearly constant along the
jet. We find a good solution for a very small angle to the
line of sight, 2.5◦, where the jet bulkΓ drops from a max-
imum of 18 down to 2 at the terminal hotspot. Thus, the
dimming of the jet to the end relative to the radio emis-
sion may be due to bulk deceleration.
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ABSTRACT

X-ray emission from the eastern radio lobe of the FRII
Radio Galaxy Pictor A was serendipitously discovered
by a short observation of XMM-Newton in 2001. The
X-ray spectrum, accumulated on a region covering about
half of the entire radio lobe, was well described by both
a thermal model and a power law, making non-univocal
the physical interpretation. A new XMM-Newton obser-
vation performed in 2005 has allowed the detection of the
X-ray emission from both radio lobes and unambiguously
revealed its non-thermal origin. The X-ray emission is
due to Inverse Compton (IC) of the cosmic microwave
background photons by relativistic electrons in the lobe.
We confirm the discrepancy between the magnetic field,
as deduced from the comparison of the IC X-ray and ra-
dio fluxes, and the equipartition value.

Key words: Radio-galaxies - radio lobes - radiation
mechanism.

1. INTRODUCTION

Pictor A is a nearby (z=0.035) double lobe radio source
with a Fanaroff Riley II (FRII) morphology. VLA ob-
servations (Perley et al. 1997) show two nearly circular
radio lobes with hot spots and a faint radio jet connect-
ing the nucleus to the west hot spot. The spectral indices
are fairly uniform throughout each lobe < αR >= 0.8.
XMM-Newton discovered X-ray radiation associated to
the extended radio lobes (Grandi et al. 2003). In spite
of the relatively short exposure time (∼ 15 ks), and the
very high background, a quite good spectrum was ob-
tained from a circular region centered on the east lobe.
However, the data interpretation was not univocal, as the
X-ray spectrum could be described by both a power law
(αX = 0.6 ± 0.2) and a thermal model (kT ∼ 5 keV).
The presence of an extended emission, most likely to
be ascribed to non-thermal processes, has been recently
confirmed (Hardcastle & Croston 2005). To definitely
solve the ambiguity on the nature of the radio-lobes X-
ray emission, a new XMM-Newton 50 ks observationwas

performed on 14 January 2005. Here we present the pre-
liminary results.

Figure 1. XMM/MOS1 image (0.2-10 keV) of Pictor A
observed on 14 January 2005. Several components are
visible: the bright nucleus, the west hot spot, the jet, and
the two lobes. The green and the pink circles (exclud-
ing the nuclear and the jet contributions), represent the
extraction regions of the east and west lobe spectra, re-
spectively.

2. SPECTRAL ANALYSIS

Figure 1 shows the observed MOS1 image (0.2-10 keV)
of Pictor A. The X-ray counterparts of radio lobes are
clearly visible as asymmetric diffuse emission around the
bright nucleus. Unlike the previous XMM-Newton ob-
servation, performed in 2001, spectra of good quality can
be extracted from both lobes. This has allowed a spa-
tially resolved X–ray spectral analysis. The green circle
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Table 1. East lobe spectral fit results

Power Law Thermal Emission

Γ 1.80+0.17
−0.14 kT (keV) 4.94+3.01

−1.47

F (a) 1.09+0.21
−0.12 F (a) 1.00+0.01

−0.01

χ2/dof 19/23 χ2/dof 28/23

(a): 2–10 keV flux in 10−13 erg cm−2 s−1

Table 2. West lobe spectral fit results

Power Law Thermal Emission

Γ 1.75+0.17
−0.17 kT(keV ) 5.59+3.18

−1.62

F (a) 1.58+0.16
−0.16 F (a) 1.48+0.12

−0.12

χ2/dof 34/30 χ2/dof 42/30

(a): 2–10 keV flux in 10−13 erg cm−2 s−1

indicated in Figure 1 represents the selected accumula-
tion region for the east lobe spectrum. The spectrum of
the west lobe was instead extracted from the pink circle,
after subtraction of the nuclear and the jet contributions
(black circle and rectangle, respectively).

Following the previous work (Grandi et al. 2003) we
tested both a power law and a thermal model to fit the
data. For both lobes, a non-thermal emission is preferred
to a thermal process, as shown in Tables 1 and 2. This
appears also evident in Figure 2 where the two spectral
models to the east lobe data are compared. The residuals
result clearly larger for the thermal model fit. The com-
parison between Table 1 and 2 indicates that the X-ray
photon index value is Γ ∼ 1.8 (αX = 0.8) independently
of the position of the extraction region. The X-ray spec-
tral index, αX is thus in very good agreement with the
radio slope (αR ∼ 0.8). Moreover, the non-thermal X-
ray flux of the east lobe is in agreement with the previous
value reported in Grandi et al. (2003).

3. DISCUSSION

This new observation solves the ambiguity on the na-
ture of the extended X-ray emission. Radio emitting
electrons in the lobes upscatter local cosmic microwave
background, producing the observed X-ray emission. We
assume k = 1, where k is the ratio between electron
and proton energy density in the lobes, and an electron
spectrum N(γ) ∝ γ−(2αR+1), with a low energy cut-off

Figure 2. XMM/MOS1 spectrum of the east lobe: a power
law (upper panel) is clearly preferred to a thermal model
(bottom panel).

γmin = 50. Following Brunetti et al. (1997) and Blumen-
thal & Gould (1970), we find BEQ/BIC � 2.7, which
implies a ratio between the particle and magnetic field
energy density equal to (Brunetti 2004): (ω (e+p)/ωB) ∼
[2/(αR + 1)](BEQ/BIC)(3+αR) ∼ 50, thus showing a
strong particle dominance in the radio lobes.
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ABSTRACT

In contradiction to the simple AGN unification schemes,
there exists a significant population of broad line, z ∼ 2

QSOs which have heavily absorbed X-ray spectra. These
objects have luminosities and redshifts characteristic of
the sources that produce the bulk of the QSO luminosity
in the universe. Our follow up observations in the submil-
limetre show that these QSOs are embedded in ultralumi-
nous starburst galaxies, unlike most unabsorbed QSOs at
the same redshifts and luminosities. The radically differ-
ent star formation properties between the absorbed and
unabsorbed QSOs implies that the X-ray absorption is un-
related to the torus invoked in AGN unification schemes.
The most puzzling question about these objects is the na-
ture of the X-ray absorber. We present our study of the X-
ray absorbers based on deep (50–100ks) XMM-Newton
spectroscopy. The hypothesis of a normal QSO contin-
uum, coupled with a neutral absorber is strongly rejected.
We consider the alternative hypotheses for the absorber,
originating either in the QSO or in the surrounding star-
burst. Finally we discuss the implications for QSO/host
galaxy formation, in terms of an evolutionary sequence
of star formation and black hole growth. We propose
that both processes occur simultaneously in the gas-and-
dust-rich heavily obscured centres of young galaxies, and
that absorbed QSOs form a transitional stage, between
the main obscured growth phase, and the luminous QSO.

Key words: X-rays; submillimetre; galaxies: active.

1. INTRODUCTION

The prevalence of black holes in present day galaxy
bulges, and the proportionality between black hole and
spheroid mass (Merritt & Ferrarese, 2001) implies that
the formation of the two components are intimately
linked. One way to probe star formation in distant QSOs
is to observe them at submillimetre wavelengths, and so
measure the amount of radiation from young stars which
is absorbed and re-emitted by dust in the far infrared.

With this in mind, we have observed matched samples
of X-ray absorbed and unabsorbed QSOs at 850µm with
SCUBA. These observations revealed a remarkable di-
chotomy in the submillimetre properties of these two
groups of sources: X-ray absorbed QSOs are often ul-
traluminous infrared galaxies, while X-ray unabsorbed
QSOs are not. This suggests that the two types are linked
by an evolutionary sequence, whereby the QSO emerges
at the end of the main star-forming phase of a massive
galaxy (Page et al., 2004; Stevens et al., 2005, Carrera
et al. 2006, this volume).

However, the nature of the X-ray absorption remains
puzzling. It could be due to gas located within the
AGN structure, or from more distant material in the host
galaxy. These objects are characterised by hard, ab-
sorbed X-ray spectra, but they have optical/UV spectra
which are typical for QSOs, with broad emission lines
and blue continua. Assuming that their hard X-ray spec-
tral shapes result from photoelectric absorption from cold
material with solar abundances, the column densities are
∼ 10

22 cm−2. These properties are surprising: for a
Galactic gas/dust ratio, the restframe ultraviolet spec-
tra would be heavily attenuated by such large columns
of material. Therefore in order to investigate the X-ray
absorption, we have obtained deep (50–100ks) XMM-
Newton observations of three submillimetre bright, X-ray
absorbed QSOs from our sample of hard-spectrum Rosat
sources (Page, Mittaz & Carrera, 2001).

2. RESULTS

The XMM-Newton spectra were first fitted with a power
law and fixed Galactic absorption. Surprisingly, the
power law produces reasonable χ2 values. However, the
photon indices are unusually hard for QSOs, and the data
show a deficit of counts relative to the model at the softest
energies, indicating that absorption is present. The orig-
inal Rosat PSPC spectra and the XMM-Newton spectra
show excellent agreement (see Fig. 1).

The hypothesis of a normal (Γ = 2) AGN X-ray spectrum
and a cold absorber is strongly rejected for RXJ121803
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RX J094144

RX J124913

RX J121803

Figure 1. XMM-Newton EPIC spectra (black) and Rosat
PSPC spectra (grey) of three X-ray absorbed QSOs. The
model is a simple power law with fixed Galactic ab-
sorption. The best-fit power law photon indices Γ are
1.3 ± 0.1, 1.4 ± 0.1 and 1.4 ± 0.1 for RX J094144,
RX J121803, and RX J124913 respectively. Such pho-
ton indices are unusually hard for radio-quiet AGN. In
all three objects there is a deficit of counts at the lowest
energy, indicating that absorption is responsible for the
hard spectral shape; this is also seen in the Rosat data.
Furthermore, RX J094144 and RX J124913 show some
systematic curvature relative to the power law model.

and RXJ124913. Therefore we considered ionised ab-
sorber models for the X-ray absorption, using the ‘xabs’
model in SPEX, which includes both photoelectric and
line absorption. For all three AGN an acceptable fit can
be obtained with a Γ = 2 power law and an absorber
with an ionisation parameter log ξ ∼ 2 and column
densities of 10

22.5–10
23.5 cm−2. These absorbers have

similar properties to the high-ionisation absorber phases
seen as outflows in some nearby Seyfert 1 galaxies and
QSOs such as NGC3783 and PG1114+445 (Ashton et al.,
2004).

At these ionisation parameters and column densities, the
absorbers are likely to originate in the AGN themselves,
rather than in the host galaxies. This solution is attractive,
because it is compatible with the lack of optical extinction
in these objects: if the absorber is driven as a wind, either
from the accretion disc or from evaporation of the inner
edge of the molecular torus, then dust will be sublimated
before (or as) it enters the flow.

3. IMPLICATIONS FOR AGN AND GALAXY
EVOLUTION

The low space density of X-ray absorbed QSOs relative
to unabsorbed QSOs and to distant ultraluminous galax-
ies detected in blank field SCUBA surveys, implies that
the X-ray absorbed QSOs are caught during a short-lived
transitional phase. Before this brief phase, AGN must be
weak, and heavily obscured (Alexander et al., 2005); af-
ter this phase the host galaxy is essentially fully formed,
and the naked QSO shines brightly until its fuel is con-
sumed. A number of theoretical models predict a very
similar evolutionary pattern. In many of these models,
the QSO terminates the star formation in the host galaxy
by driving a powerful wind (e.g. Fabian, 1999; Di Matteo
Springel & Hernquist, 2005). The EPIC spectra of our X-
ray absorbed QSOs suggest that the absorbers are ionised
winds driven by the AGN, and therefore that the transi-
tion between buried AGN and naked QSO is mediated by
a radiatively driven wind from the AGN, as predicted by
these models.
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ABSTRACT

Results obtained from an X-ray survey of a complete
sample of Seyfert galaxies using XMM-Newton and
Chandra are reported. The sample, which has been se-
lected from the Palomar optical spectroscopic survey of
nearby galaxies (Ho et al. 1997), covers a wide range
of nuclear power from

���������
	�����
10 � � erg/s down

to very low luminosities (
���������
	�������������

erg/s). A
high fraction of Compton thick sources has been iden-
tified ( � 30%), confirming previous studies. After tak-
ing into account the effect of heavy absorption, we have
found that the X-ray and multiwavelength properties of
our sources are consistent between type 1 and type 2
Seyferts, as expected from ’unified models’, and consis-
tent with those of brigther AGNs, with exceptions at a

�
10% level. However, when we consider black hole mass
estimates, it appears that Seyferts are accreting at very
low Eddington ratios which are more typical of ADAF-
like regimes, rather than of radiative efficient accretion.

Key words: X-rays:galaxies; galaxies: Seyfert.

1. INTRODUCTION

The fundamental paradigm on which our understanding
of AGN activity is based is the accretion onto a supermas-
sive black hole. In the last decades, unification of differ-
ent classes of AGN has been based on orientation of the
line of sight. It has been shown that X-ray observations
of Seyfert galaxies are key to verifying the predictions
and, thus, the validity of unified models of AGN. Several
studies seem to suggest that the standard unified model
for Seyfert galaxies (Antonucci 1993) may not hold down
to very low luminosities (Ho et al. 2001, Panessa & Bas-
sani 2002). Fundamental parameters, such as black hole
mass, Eddington ratio, and perhaps the black hole spin,
might help in the comprehension of the whole AGN phe-
nomenon. By studying the X-ray properties, their corre-
lation to other wavebands and to black hole masses of a
sample of nearby Seyfert galaxies, we aim at testing the

applicability of unification models and verifying standard
accretion disk theories down to the lowest (L � =10 � -10

���
L � ) nuclear luminosities.

2. STARTING POINT: XMM-NEWTON SURVEY
OF A DISTANCE LIMITED SAMPLE OF 27
SEYFERT GALAXIES

An X-ray spectral survey has been performed on a well
defined sample of Seyfert galaxies taken from Ho, Filip-
penko & Sargent (1997, hereafter HFS97) using XMM–
Newton (Cappi et al. 2005). The optically selected sam-
ple is complete in B magnitude and distance limited: it
consists of the nearest (D �! " Mpc) 27 Seyfert galaxies
(9 of type 1, 18 of type 2). Hard X-ray nuclear spec-
tra have been assembled for all the sources except two
Seyfert 2s which are not detected between 2 and 10 keV.
Nuclear luminosities reach values down to 10

� � erg s
�#�

.
A high fraction of Compton-thick (CT) objects ( $ 30%
among type 2s) affects the shape of the distribution of
X-ray parameters. CT sources have been identified ei-
ther directly from their intense FeK line and flat X-ray
spectra, or indirectly with flux diagnostic diagrams which
use isotropic indicators. A correction factor has been ap-
plied to the column density and X-ray luminosity values
of the identified CT ’candidates’. After taking into ac-
count these highly absorbed sources, we find that the in-
trinsic X-ray spectral properties (i.e., spectral shapes and
luminosities above 2 keV) are consistent between type 1
and type 2 Seyferts, as expected from “unified models”.
The column density distribution (see Fig.1) shows that
Seyfert galaxies as a whole are distributed fairly contin-
uously over the entire range of %'& , between 10

���
and

10
��(

cm
�)�

, and while Seyfert 1s tend to have lower %'&
and Seyfert 2s tend to have the highest, we find 30% and
10% exceptions, respectively.

With the exception of a few cases, the average instrinsic
properties of nearby Seyfert galaxies are consistent with
predictions of ’unified models’ of Seyfert galaxies and
extend their validity down to low luminosities.
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Figure 1. Column density distribution after correction
for Compton thick candidates (Cappi et al. 2005). Upper
and lower limits are indicated with arrows.

3. EXTENDED SAMPLE: XMM-NEWTON &
CHANDRA SURVEY OF A COMPLETE SAM-
PLE OF 60 SEYFERT GALAXIES

The X-ray spectral analysis has also been performed on
the extended version of the Cappi et al. (2005) Seyfert
sample: all the sources classified as Seyferts galaxies in
the HFS97 sample have been selected without limitations
in distance. The total sample of 60 Seyfert galaxies in-
cludes, 39 type 2 (type 2, 1.8 and 1.9), 13 type 1 (type
1.0, 1.2, 1.5) and 8 ”dim Seyferts”1. Nuclear X-ray spec-
tra have been obtained using both Chandra and XMM–
Newton observations. Similarly to Cappi et al. (2005),
we have investigated the issue related to the distribution
of the absorption among objects in our sample. The frac-
tion of identified CT ’candidate’ objects ranges from 20%
up to 50% in good agreement with Cappi et al (2005).

To verify the physical continuity between our sample and
bright AGNs, the X-ray luminosities have been correlated
with the H * and the [OIII] + 5007 luminosities, which are
both often considered to be absorption independent quan-
tities and good tracers of the nuclear emission. Both ,.-
vs. ,0/21 and ,0- vs. ,43 5768686�9 correlations are highly sig-
nificant in our sample (see Fig.2), expecially when the
Cappi et al. (2005) correction factor is applied to the
X-ray luminosities of Compton thick ’candidates’, indi-
cating that a common nuclear process is involved in the
production of multi-wavelength radiation. Both correla-
tions scale with luminosity, i.e. they have similar slopes
to those of more powerful objects (Ho et al. 2001). It is
therefore likely that low-luminosity Seyfert galaxies are
powered by the same physical processes which operates
in brighter AGNs such as QSOs.

Black hole masses estimates are available for 44 objects
from literature. They have been obtained from gas, stel-
lar and maser kinematics, or from reverberation mapping.

1Objects in which the Seyfert classification was not dominant but
still present (L2/S2, H/S2 or T2/S2) have been included in the present
sample.

Figure 2. 2-10 keV luminosity versus [OIII] luminosity
corrected for Galactic and NLR extinction. The solid line
shows the best fit linear regression line (Panessa et al. in
prep.)

Figure 3. Distribution of the bolometric luminosity (de-
rived using the conservative assumption that ,�:<;>=@?A, -B 30) over the Eddington luminosity. Type 1 Seyfert’s
distribution is marked with a shaded area.

No correlation is found between X-ray or optical emis-
sion and black hole masses. A large range of accretion
rates is present (see Fig.3). Surprisingly, these sources are
accreting at very low accretion rates (down to B�C�DFEHG )
which are more typical of ADAF-like regimes than of
Standard Accretion Disk regime. Possible explanations
will be discussed in a forthcoming paper, Panessa el al.
in prep.
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ABSTRACT

Mkn 841 has been observed during 3 different periods
(January 2001, January 2005 and July 2005) by XMM-
Newton for a total cumulated exposure time of∼108
ks. In January 2001, the iron line in this source was
rapidly variable, the variability being interpreted either
by a change in line flux (Petrucci et al., 2002) or by a
change in line width (Longinotti et al., 2004). Here we
present preliminary results of the whole XMM-Newton
data concerning this source, focusing on the line complex
and the broad-band continuum.

Key words: LATEX; ESA; X-rays; Galaxies: Mkn 841.

1. THE DATA

Mkn 841 has been observed 5 times by XMM-Newton.
The date and exposure time of the different observations
are summarized below: We have divided the observation

Obs. Date Duration 3-10 keV Flux
(ks) (10−11 erg.s−1.cm−2)

1 13 Jan. 2001 8.5 1.05
2 13 Jan. 2001 10.9 1.17
3 14 Jan. 2001 13.3 1.24
4 16 Jan. 2005 46.0 0.85
5 17 Jul. 2005 29.1 0.95

done in Jan. 2005 in 3 sub-observations of∼ 15 ks so
that we have 7 spectra with about the same exposure.

Figure 1. Ratios of the different PN spectra to the first
XMM observation. The dashed line indicates the 6.4 keV
position in source frame.

2. FLUX CONTINUUM VARIABILITY

During each observation, the flux smoothly varies, with
a maximum amplitude (between min and max) of∼40%
in Jan 2005. From January 2001 to July 2005, the flux of
the source has decreased by a factor 3. We have reported
in Fig. 1 the ratios of the different PN observations to the
first XMM pointing of Jan 13th. We clearly see strong
spectral variability between January 2001 and the others,
especially below 5 keV and around 6.4 keV.
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Figure 2. χ2 distributions when fitting the different observations with a power law between 3 and 10 keV but excluding
the data between 4 and 7 keV.

3. LINE VARIABILITY

We have plotted in Fig. 2 the contribution to theχ2 dis-
tributions (positive and negative values ofχ2 correspond
to positive and negative residuals of the best fit) when fit-
ting the different observations with a power law between
3 and 10 keV but excluding the data between 4 and 7 keV.
Data have been rebinned to reach a significance of at least
15σ per bin. The line complex variability is clearly visi-
ble especially on short (∼10-15 ks) time scale.

4. PCA ANALYSIS

We use a principal component analysis (PCA) to seek for
variability patterns. As shown in Fig 3, most of the vari-
ability (>99% for the broad band continuum and>80%
for the iron line complex) is explained by the two first
components. The first one (PC 1) consists in a variabil-
ity mode dominated by flux variations in the soft energy
range. It seems also to explain part of the line wings vari-
ability. The second PCA component (PC 2) can be de-
scribed roughly as a pivoting of the spectrum around 1-2
keV. It should be noticed that most of the (neutral) line
core variability is also explained by this component.
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Figure 3. The 2 first principal components of variability.
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on the shape and normalisation of the spectrum: time av-
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ABSTRACT

We present a spectral analysis of the Seyfert 1.8 ESO
113-G010 observed with XMM-Newton for 4 ks. The
spectrum shows a soft excess below 0.7 keV and more
interestingly a narrow emission Gaussian line at 5.4 keV
(in its rest-frame), most probably originating from a red-
shifted iron Kα line. No significant line at or above
6.4 keV is found contrary to other objects showing red-
shifted lines, ruling out a strong blue-wing to the line
profile. The line is detected at 99% confidence, from per-
forming Monte Carlo simulations which fully account for
the range of energies where a narrow iron line is likely
to occur. The energy of the line could indicate emis-
sion from relativistic (0.17–0.23c) ejected matter mov-
ing away from the observer, as proposed for Mrk 766 by
Turner et al. (2004). Alternatively, the emission from a
narrow annulus at the surface of the accretion disk is un-
likely due to the very small inclination angle (i.e. less
than 10 degrees) required to explain the narrow, red-
shifted line in this intermediate Seyfert galaxy. However
emission from a small, localized hot-spot on the disk, oc-
curring within a fraction of a complete disk orbit, could
also explain the redshifted line. This scenario would be
directly testable in a longer observation, as one would
see significant variations in the energy and intensity of
the line within an orbital timescale.

Key words: X-rays; Seyfert; Emission line.

1. INTRODUCTION

In Active Galactic Nuclei (AGN), from Seyfert galaxies
to quasars, the analysis of several X-ray features can help
us to understand the central region of these powerful ob-
jects. Especially in the hard X-ray band, the Fe Kα line
complex observed in the 6–7 keV range is an important
spectral diagnostic tool to probe dense matter from the
inner disk out to the Broad Line Region and the molec-
ular torus (see review Reynolds & Nowak 2003; Fabian

& Miniutti 2005). Recently, narrow spectral features in
the 5–6 keV energy range were discovered withXMM-
Newton andChandra in a few AGN: NGC 3516 (Turner
et al., 2002); NGC 7314 (Yaqoob et al., 2003); Mrk
766 (Turner et al., 2004, 2005); IC 4329A (McKernan &
Yaqoob, 2004); AX J0447-0627 (Della Ceca et al., 2005).
Localized spots or narrow annuli which occur on the sur-
face of an accretion disk following its illumination by
flares has been proposed to explain these features (e.g.,
Nayakshin & Kazanas 2001; Turner et al. 2002; Dovčiak
et al. 2004). An alternative scenario has been proposed
by Turner et al. (2004) for Mrk 766 for which the first evi-
dence for a significant line energy shift has been observed
over a few tens of ks. They proposed that this shift could
be also interpreted as deceleration of an ejected blob of
gas traveling close to the escape velocity.

2. THE CASE OF ESO 113-G010

This intermediate Seyfert 1.8 has been observed for the
first time above 2 keV by XMM-Newton on May 2001
during a PN net exposure of 4 ks (Porquet et al., 2004).
The spectrum shows a significant positive deviation near
5.4 keV (Fig. 1). The line is detected at 99% confidence
from performing Monte Carlo simulations which fully
account for the range of energies where a narrow iron
line is likely to occur. For our null hypothesis, we as-
sumed that the spectrum is simply an absorbed power-
law continuum, with the same parameters as the absorbed
power-law model fitted to the real data. We used the
XSPEC FAKEIT command to create 1000 fake EPIC-pn
spectra corresponding to this model, with photon statis-
tics expected from the 4 ks exposure, and grouped each
spectrum to a maximum of 20 counts per bin. Follow-
ing the procedure used to test the real data for the pres-
ence of a narrow line, we fitted each fake spectrum with
an absorbed power-law (absorption fixed at Galactic, but
power-law photon index and normalisation left free to
vary), to obtain aχ2 value. We then added a narrow line
(σ = 0.1 keV) to the fit, restricting the line energy to be
between 4–7 keV. Furthermore we stepped the line over
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Figure 1. PN spectrum of ESO 113-G010 (observer
frame). A power-law has been fitted to the 1–4 keV en-
ergy band and extrapolated to lower and higher energies.
A soft X-ray excess is clearly seen extending to about 0.7
keV, as well as a positive deviation near 5.4 keV (quasar
frame).

the 4–7 keV energy range in increments of 0.1 keV, whilst
fitting separately each time to ensure the lowestχ2 value
was found. We then recorded the minimumχ2 obtained
from these multiple line fits for each fake spectrum, and
compared with the correspondingχ2 of the null hypoth-
esis fits, to obtain 1000 simulated values of the∆χ2,
which we used to construct a cumulative frequency distri-
bution of the∆χ2 expected for a blind line search in the
4–7 keV range, assuming the null hypothesis of a sim-
ple power-law with no line is correct. We find only 1.4%
of fake power-law spectra fitted with a line show a larger
∆χ2 than observed in the real data, implying that the line
detection is significant at approximately 99% confidence
(see Fig. 4. in Porquet et al. 2004).

Fitting the data above 1 keV with a Gaussian line
(σ=0.1 keV) we obtain a good fit for the feature with:
E=5.38±0.11 keV and EW=265+147

−145 eV. Figure 2 shows
the confidence contour plot for the rest-energy of the line.

2.1. Possible origins for this highly red-shifted Fe Kα
line

• Emission from relativistic (v∼ 0.17–0.23c) ejected
matter moving away from the observer.

• Emission from an annulus at the surface of the ac-
cretion disk BUT a very small inclination angle, less
than 10 degrees, is required to explain the line in this
intermediate Seyfert galaxy !

• Emission from a small, localized hot-spot of the disk,
occurring within a fraction of a complete disk orbit (see
modelisation e.g., by Nayakshin & Kazanas 2001 and
Dovčiak et al. 2004).

Figure 2. Contour plot showing the 68%, 90% and 95%
(from the inner to outer curves) confidence level for val-
ues of line rest-energy (keV) and line flux.

• A longer X-ray observation is necessary to disentangle
between these possible origins of this highly red-shifted
line. This will be done with a 103 ks XMM-Newton ob-
servation (AO4, PI: D. Porquet) in order to perform time-
resolved spectroscopy.
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ABSTRACT

We present multiple Chandra and XMM-Newton obser-
vations revealing extreme X-ray absorption properties in
the Seyfert Galaxy NGC 1365. We observe changes from
reflection-dominated (NH > 1024 cm−2) to transmission
- dominated (NH ∼ 1023 cm−2) states in time scales
as short as three weeks; moreover, we clearly measure
column density variations in the Compton thin states of
∼ 1023 cm−2 in time scales of∼ 20, 000 sec.

Key words: Galaxies: X-rays.

1. INTRODUCTION

NGC 1365 (z=0.0055) is an optically type 1.8, X-ray ab-
sorbed, Seyfert Galaxy, which has shown in the past ex-
treme variations of its spectral state: it was observed in a
reflected-dominated state by ASCA in 1995 (Iyomoto et
al. 1995), then in a Compton-thin state by BeppoSAX in
1998 (Risaliti et al. 2000).

Given the long time interval between the two observa-
tions, it was not possible to understand whether the vari-
ations were due to switching on and off of the cen-
tral source, or to column density variations∆(NH) >

1024 cm−2 (Guainazzi et al. 2005).

In order to further investigate this issue, NGC 1365 has
been the targetChandraand XMM-Netwonobservational
campaign during the years 2002-2004. The source was
caught in a Compton-thick state by Chandra, then in a
Compton-thin state by XMM-Newtonthree weeks later,
and again in a Compton-thick state three more weeks
later. This rapid variability implies the presence of a
clumpy absorber on a smaller scale (of the order of that
of the Broad Line Region or slightly larger) than usu-
ally assumed for the circumnuclear torus (a few par-
secs). These results are discussed in detail in Risaliti et

al. 2005a. These three observations are all relatively short
(∼ 10 ksec), therefore a variability analysis of the single
observations is not possible. Two, longer (∼ 60 ksec)
XMM observations were obtained in 2004, allowing an
analysis of the intra-day variability. Here we summarize
the results regarding the variability studies. Another in-
teresting result obtained from these two observations is
the detection of four strong absorption lines in the 6.7-
8.3 keV spectral range, identified as FeXXV and FeXXVI
Kα andKβ. These lines imply the presence of a highly
ionized, compact absorber with a column density of sev-
eral 1023 cm−2, and are discussed in Risaliti et al. 2005b.

2. ANALYSIS OF THE ABSORPTION VARI-
ABILITY

In order to search for column density variations within
the single observations, we performed a two-steps analy-
sis. We first calculated a hardness-ratio (HR) light curve,
which is sensitive to variations in spectral shape. A non-
constant HR light curve can be due to several different
phenomena: column density variations, changes in the
continuum slope, flux variability of a spectral component
in a multi-component spectrum. As a second step, a com-
plete spectral analysis of the single HR states is needed
in order to distinguish between these cases. We show in
Fig. 1 the HR light curve for the first of our two long
XMM observations. Three different spectral states are
clearly present. We extracted the spectrum from each of
these three intervals, and performed three fits to a multi-
component model, consisting of an absorbed power law,
a cold reflection component, an iron emission line, and
a soft thermal component. In each fit all the parameters
were left free, therefore any of the above-mentioned vari-
ation mechanisms could be investigated. We obtained a
good fit for all the single spectra, with all the parame-
ters compatible with a constant value, except for the col-
umn density, which was found to vary with a significance
higher than 99% (Fig. 2).
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Figure 1. Left panel: hardness ratio light curve for a 60 ksecXMM observation of NGC 1365. The three intervals labeled
with the three horizontal lines have been separately analyzed. The best fit column density values for the three spectra are
shown in the right panel.

Our results put strong constraints on the location of
the X-ray absorber. Assuming that the absorption is
due to clouds moving with Keplerian velocity,vK =
√

GMBH/R, we can derive a relation between the cloud
densityρ and its distanceR from the central source sim-
ply identifying the linear dimension of the cloud,D =
NH/ρ, with the distance covered by the cloud in the typ-
ical variation time scale,∆(T ). The limits put by our
observations are shown in Fig. 2. A parsec scale torus is
completely ruled out, unless unphysically high densities
(ρ > 1012 cm−3) are allowed.

Figure 2. Distance of the absorber from the central
source versus its density. Our observations exclude a
parsec-scale torus, and suggest that the absorber is lo-
cated at the Broad Line Region scale.

This result is in agreement with the studies performed

by our group on other bright Seyfert Galaxies, such as
NGC 4151 (Puccetti et al. 2004) and NGC 4388 (Elvis et
al. 2004) and suggests that the X-ray absorber is located
as close to the center as the Broad Line Region.
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ABSTRACT

INTEGRAL and RXTE performed three simultaneous
observations of the nearby radio galaxy Centaurus A in
March, 2003, January, 2004 and February, 2004. When
combined with earlier archival RXTE results, we find the
power law continuum flux and the line-of-sight column
depth varied independently by 60% between 2000 Jan-
uary and 2003 March. Taking X-ray spectral measure-
ments from satellite missions since 1970 into account,
we discover a variability in the column depth between (1
and 1.5)×10

23 cm−2, and suggest that variations in the
edge of a warped accretion disk viewed nearly edge-on
might be the cause. Direct comparison of INTEGRAL
and RXTE results finds that all instruments agree, except
for INTEGRAL /ISGRI which consistently finds a power
law index greater by ∼0.2.

Key words: Radio galaxies; Centaurus A; X-rays.

1. INTRODUCTION

The three RXTE observations of Cen A — the nearest ra-
dio galaxy — in 1996, 1998, and 2000 (Rothschild et al.,
1999; Benlloch et al., 2001) and five from BeppoSAX
in 1997-2000 (Grandi et al., 2003) found the spectrum
to be characterized by an absorbed (NH ∼1023 cm−2)
power law (Γ ∼1.80) with Fe line emission and no evi-
dence for a reflection component. These multiple obser-
vations yielded evidence for ∼50% flux variations from
one observation to the next with little if any spectral shape
changes.

2. OBSERVATIONS AND RESULTS

INTEGRAL and RXTE observed Cen A three times as
part of the INTEGRAL AO-1 and RXTE AO-7 proposal
cycles in March, 2003 and early 2004 with the goal of
intercalibration and extension of the measurement of the
continuum beyond 200 keV. The INTEGRAL analysis
was based upon release OSA 4.2 from the INTEGRAL
Science Data Center. Approximately 20% systematics
errors have been added to the JEM-X data and 3–9% sys-
tematics have been added to ISGRI data to represent the
level of understanding of the instrument response, while
none have been added to SPI. PCA data for all observa-
tions were limited to PCU2. Systematic errors of 0.3%
have been included in the PCA data along with additions
to the spectral model for known systematic effects. None
have been added to the HEXTE data.

Table 1: Mean Cen A Spectral Parameters

PCU2 HEXTE JEM-X ISGRI
〈NH〉 15.9+0.3

−0.2
13.8+5.5

−4.6

〈Γ〉 1.83±0.01 1.83±0.07 1.80±0.17 2.01±0.09
SPI RXTE INTEGRAL

〈NH〉 15.8±0.2 17.7+3.6

−3.3

〈Γ〉 1.78±0.17 1.82±0.01 1.94±0.07
〈NH〉 in units of 1022 cm−2

The two missions’ data sets were fit separately to the
spectral model const*phabs*(power + gauss). JEM-X
did not detect the iron line whereas PCA did. Fig. 1
shows the best fit spectral histograms for the two RXTE
and three INTEGRAL instruments, and Table 1 gives the
mean best fit values for NH and Γ. We have observed
factor of two flux variability in Cen A without correlated
spectral changes. The column density varied by 50% in-
dependently of the flux or power law index. No break
in the power law continuum is detected below ∼140 keV.



2

Figure 1. The March 2003 Cen A counts histograms from
RXTE (Left) with PCA in black and HEXTE in red, and
INTEGRAL (Right) with JEM-X in black, ISGRI in red,
and SPI in green. The chi per energy bin versus energy
for fitting to an absorbed power law is displayed below
each histogram. The relative normalizations are with re-
spect to PCA and JEM-X, respectively.

The ISGRI best fit power law indices were 0.2±0.1 larger
than the indices found by the RXTE instruments.

3. VARIABLE OBSCURATION

Over the last 3 decades, Cen A has been observed from
space by nearly all X-ray and gamma ray missions. Fig. 2
shows the measured values of the inferred column den-
sity, NH, since 1975 (see also Risaliti, Elvis, & Nicastro,
2002). The lower value of ∼10×10

22 cm−2 is seen to
occur twice in this time period, with the higher value of
∼15×10

22 cm−2 seen the rest of the time. The first oc-
currence of the lower value was detected by only HEAO-
1 in 1978, while the second was was seen by RXTE,
Chandra, and BeppoSAX. The range of high values of NH

seen from ∼(13.5 to 17)×10
22 cm−2 is broader than the

range of lower values, (9.5 to 10.2)×10
22 cm−2, and this

might indicate that the lower values represent the baseline
for judging variations in column depth. The times of in-
creased absorption could represent dense (∼ 10

22 cm−2)
clouds transiting the line of sight, or variable structure in
the outer edges of the obscuring accretion disk or molec-
ular torus.

If the ∼9 year duration of the higher level of absorption
seen in the center of Fig. 2 represents a cloud, and if, as
discussed by Wang et al. (1986), it resides in the broad
line region at 1017 cm from the central object and has ve-
locity of 500–1000 km/s, its diameter would be ∼1017

cm — the size of the entire broad line region. If we as-
sume a more reasonable cloud of diameter of 1013 cm
and NH = 5 × 10

22 cm−2, then its velocity would be a
meager 0.3 km/s and would place the cloud far beyond
the core region. A cloud-based explanation appears to be
untenable.

The second possibility is variable structure in the outer
edge of the disk. This could be characterized as a non-
uniform edge structure that rotated through the line of
sight as the outer disk rotated or just stochastic varia-
tions in disk structure. Assuming a 2×10

8
M� black hole

(Silge et al. , 2005), 20 pc radius accretion disk (Schreier
et al., 1998), and Kelperian motion, the velocity of the
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Figure 2. History of line of sight column depth to
Cen A from 1975 to the present utilizing Ariel-V, OSO-8,
HEAO-1, EXOSAT, Tenma, Ginga, ASCA, BeppoSAX
(Grandi et al., 2003), RXTE (present paper), Chandra,
and XMM-Newton.

outer edge of the disk is ∼ 7 × 10
6 cm s−1 and the cir-

cumference is ∼ 4 × 10
21 cm. A point on the edge will

travel 2×10
15 cm in 8 years, or less than a millionth of

the circumference. Thus, the required structure is quite
small with respect to the disk, and is not out of the ques-
tion.

Another possible explanation is precession of the warped
accretion disk (Schreier et al., 1998) creating a variable
absorption. The lower column depth would represent the
time when the edge of the disk raised or lowered to allow
a more direct view of the emission region, and the higher
values could be associated with the edge of the disk re-
turning to attenuate the X-ray emission.
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ABSTRACT

We have selected a sample of Hyper-Luminous In-
frared Galaxies (HLIRGs) with public observations in the
XMM-Newton archive. This is the first time that a sys-
tematic study of this type of objects is carried out in this
spectral band. Their X-ray spectra are characterized by
the presence of a power-law continuum, associated to the
AGN, and, in a few cases, of a thermal component prob-
ably associated to the starburst (SB). We have looked up
for relationship between the X-ray and far-IR luminosi-
ties. We find that most HLIRGs are “mixed” sources:
their X-ray luminosity is too high to be produced by a
SB, and their infrared luminosity is too high to be pro-
duced by an AGN, assuming a standard SED for QSOs
as in Elvis et al. (1994). The X-ray to IR luminosity ratio
is constant with redshift, indicating that their respective
power sources could be physically related.

Key words: galaxies:infrared; galaxies:starburst; galax-
ies:evolution; galaxies:active; HLIRG.

1. INTRODUCTION

Hyper-Luminous Infrared Galaxies (HLIRGs, L �����
���	��


L � ) are the most luminous objects in the Universe.
They exhibit extremely high star formation rates, and
most of them seem also to harbour an AGN. HLIRGs are
strong candidates for being primeval galaxies (Rowan-
Robinson, 2000), in the process of a major episode of
star formation. As they represent the most vigorous stage
of galaxy formation, they are unique laboratories to in-
vestigate extremely high star formation, and its connec-
tion to supermassive black hole growth. X-ray studies of
HLIRGs have the potential to unravel the AGN contribu-
tion to the bolometric output from these bright objects.

The main objective of this study is to determine the rela-
tive contribution of starburst (SB) and AGN emission to
the bolometric luminosity and their interplay. The depen-
dence of the SB versus AGN contribution with cosmic
time has been investigated. We have also studied the re-
lation of HLIRGs with their lower IR luminosity version,

Figure 1. 2-10 keV L  of the power-law component ver-
sus L ��� . The top grey area indicates the L ��� expected
(at 90% of confidence) for an AGN with the correspond-
ing L  (Elvis et al., 1994). The bottom grey area indi-
cates the L  expected for a SB with the corresponding
L ��� (Persic et al., 2004; Kennicutt, 1998). IRAS F00235
X-ray data are upper limits from Wilman et al. (2003).

Ultra-Luminous Infrared Galaxies (ULIRGs) (Frances-
chini et al., 2003).

2. SAMPLE AND RESULTS

Our sample has been selected from Rowan-Robinson
(2000) sample of HLIRGs with redshift between � 0.3
and � 1.5, and with public data in XMM-Newton archive.
The EPIC spectra extracted from this data have been
modelled, revealing an heterogeneous spectral properties
for this objects.

All the sources present a power-law continuum, probably
associated to the AGN. We have included a thermal (two
sources), reflection (one source) and/or absorption (one
source) component where it was needed. In two spectra
we have also found K � iron lines. A detailed description
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Figure 2. Top: SFR derived from L ��� (Kennicutt, 1998),
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sponding to the HLIRGs definition. The solid line is the
SFR for a source with IRAS fluxes equals to the IRAS FSC
sensitivity limits (Moshir et al., 1990). Bottom: 2-10 keV
X-ray to IR luminosities ratio versus z.

of the sample and data analysis will be presented in Ruiz
et al.(in prep.).

We have calculated the X-ray luminosities (L  ), using
XMM-Newton data, and far-IR (8-1000 � m) luminosities
(L ��� ), using IRAS fluxes (Pérault, 1987). We have also
estimated the star formation rate (SFR) for each source
using its far-IR luminosity (Kennicutt, 1998).

2.1. X-ray PL vs Far-Infrared: Starburst or AGN?

In Fig. 1 HLIRGs seem to follow the same tendency as
AGN-dominated ULIRGs, although no significant cor-
relation is observed. Most of HLIRGs and all AGN-
dominated ULIRGs seem to be “mixed” sources: their
X-ray luminosity is too high to be produced only by a SB,
and their infrared luminosity is too high to be produced
by only an AGN. Note that IRAS 18216+6418 is the only
source that clearly shows AGN-dominated properties.

Compton thick obscuration could in principle move up
some HLIRGs from the “mixed zone” to the “AGN zone”
(see Wilman et al. 2003, Iwasawa et al. 2006, this vol-
ume).

2.2. Redshift evolution?

Higher SFR at higher redshift is observed in upper plot
of Fig. 2. However this could be due to a selection ef-
fect. We can see in bottom plot that the ratio of hard X-
ray to IR luminosity remains constant with z, suggesting
that AGN and SB are physically connected at least below
z � 1.5. A sample at higher z is needed to check this issue.
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Figure 3. L  (0.5-10 keV) of the thermal component ver-
sus L  (2-10 keV) of the power-law component. The dot-
ted line is a correlation obtained by Franceschini et al.
(2003) for SB-dominated ULIRGs. IRAS F00235 X-ray
data are upper limits from Wilman et al. (2003).

2.3. X-ray thermal vs PL: Where is thermal emis-
sion?

As shown in Fig. 3, only two HLIRGs present intrinsic
thermal emission, while in all ULIRGs a thermal compo-
nent has been observed. Also, IRAS 18216+6418, whose
emission is clearly AGN-dominated, follows the same
correlation as starburst-dominated ULIRGs (Frances-
chini et al., 2003), but the limited statistics of the samples
prevent from further discussion.
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ABSTRACT

We present a study of high resolution HST images of
the Seyfert 1 galaxy NGC 4151 in the emission lines
[OII]

�
3727Å and [OIII]

�
5007Å. These images were

used to study the ionization structure of the gas in the
Narrow Line Region (NLR), through the emission line ra-
tio [OIII]/[OII]. We find that gas located along the region
perpendicular to the torus axis has much lower ioniza-
tion than the gas located along the torus axis. This result,
indicates that the gas along the torus equator is being ion-
ized by radiation filtered through its outer regions. This
scenario is consistent with the detection, by X-ray obser-
vations, of a high column density along the line of sight,
corroborating the previously suggested nuclear geometry
of this AGN.

Key words: Emission Lines; Seyfert; NGC 4151.

1. INTRODUCTION

NGC 4151 is a nearby Seyfert 1 galaxy that has been
extensively studied throughout the electromagnetic spec-
trum. Narrow band images of this galaxy (Evans et al. ,
1993) show that the [OIII] emission has the shape of a bi-
cone with the axis aligned along PA ������� . The bi-cone
is caused by the shadowing of the nuclear radiation by
the circumnuclear torus, postulated by the unified scheme
Antonucci (1993). Based on the orientation of the NLR
relative to the host galaxy and the radio jet, Evans et al.
(1993) suggested a geometry where the nucleus of this
AGN is observed through the torus wall. Although this
geometry would suggest that NGC 4151 should be clas-
sified as a Seyfert 2 object, our line of sight to the nu-
cleus may pass only through regions of the torus that are
mostly ionized, or have a small dust content. Support
for this interpretation comes from previous X-ray studies
with ASCA and Chandra (e.g. George et al. 1998), which

Figure 1. The [OIII]/[OII] ratio image of NGC 4151.
The solid lines highlight the ionization bi-cone described
by Evans et al. (1993), which has a projected open-
ing angle of 75 � , aligned along PA �����	� . The range of
values covered by the image goes from [OIII]/[OII]=0.5
in the lighter regions, low ionization, to 8 in the darker
ones, high ionization. The contour levels correspond to
[OIII]/[OII]=0.5, 1, 2, 4 and 8.

detected a high column density of ionized gas in front of
the nucleus of this galaxy, with column densities in the
range 
������������� cm ��� .

Here we present further evidence in favor of the geometry
proposed by Evans et al. (1993), based on high resolu-
tion HST images. We used narrow-band images centered
on the emission lines [OIII] and [OII], observed with the
planetary camera on WPFC2. The images were reduced,
calibrated and continuum subtracted using standard pro-
cedures. In order to study the ionization of the NLR gas
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we clipped the continuum free images at the 3 � level
and created a [OIII]/[OII] image (Figure 1). This image
shows the ionization bi-cone seen in the single emission
line images, with the high ionization gas located along
the bi-cone axis. A feature of particular interest in this
Figure is the wedge of low ionization gas along the direc-
tion perpendicular to the bi-cone axis (PA 150).

The difference in the ionization state of the gas along the
bi-cone axis and in the perpendicular direction can be
seen better in the radial profiles presented in Figure 2. In
the case of the profile along PA � 
�
 � � , we can do a direct
comparison to the STIS long slit spectrum presented by
Nelson et al. (2000). We find a good agreement between
the two measurements, with the strongest [OIII]/[OII] lo-
cated close to the nucleus, indicating higher excitation,
decreasing toward to outer regions of the NLR. On the
other hand, the profile along the direction perpendicular
to the bi-cone axis (PA � � ��	� ) confirms that [OIII]/[OII]
is lower along this direction, particularly toward the SE,
where it reaches a factor of � 5 lower than along the bi-
cone axis. The emission toward the NW has slightly
higher values, but still lower then the ones seen in the
cone. Notice that this ratio should actually be considered
an upper limit, since the effect of reddening is strong in
[OII], which suggests that the excitation of the gas can be
even lower along this direction.

The result presented in Figures 1 and 2 can be under-
stood in the geometry proposed by Evans et al. (1993).
A natural consequence of this scenario is that the torus
filters part of the ionizing radiation, resulting in the low
[OIII]/[OII] seen along PA � �  ��� (torus equator). Fur-
ther confirmation of this model comes from the compari-
son between the predictions from simple photo-ionization
models with the [OIII]/[OII] along this direction. We find
that the observed line ratios can be explained if the con-
tinuum ionizing this gas is first absorbed by a column
density of � ��� �

�
cm ��� .
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ABSTRACT

We present XMM-Newton data along with optical and
near-infrared photometric properties of one of the X-ray
emitting EROs (XBS J0216-0435) with the highest F(2-
10 keV)/F(R) ratio ( � 200) among those present in the
literature. This ERO has been discovered in the XMM-
Newton Bright Serendipitous Survey and it is an excellent
candidate to be a high redshift (z � 0.6, possibly z � 2) X–
ray obscured and optical type 2 QSO.

Key words: Extremely Red Objects - Active Galactic Nu-
clei - QSO.

1. INTRODUCTION

X-ray obscured (NH � 10
���

cm � � ) and optically absorbed
QSOs (hereafter QSO2) represent an important ingredi-
ent for the X-ray Cosmic Background (Gilli et al. 2001,
Ueda et al. 2003) and many efforts have been made so
far by the scientific community to find them and to study
their properties. Extremely red objects (R-K � 5, EROs)
with X-ray fluxes Fx � 5 � 10 � ��� erg s � � cm � � and with
X-ray-to-optical flux ratios equal or larger than 10 are
among the best candidates to host QSO2. Indeed, in these
latter sources, the UV and optical emission could be to-
tally suppressed by the large amount of dust producing
red optical-NIR colors, while the X-ray emission is less
affected by the absorbing medium producing high F(2-10
keV)/F(opt). We present here recent results obtained for
an X-ray emitting ERO (XBS J0216-0435) discovered in
the XMM-BSS survey and characterized by an extremely
high X-ray-to-optical flux ratio. Hereafter, we assume
H 	 =65 km s � � Mpc � � and 
�� =0.3, 
� =0.7. All the
magnitudes are in Vega system.

Figure 1. R–band image (30 � ��� 30 � � , left panel) and K–
band image (30 � ��� 30 � � , right panel) of XBS J0216-0435.
North is up and east to the left. The circle of 4 � � of radius
marks the X–ray position of XBS J0216–0435.

2. XBS J0216-0435

Broad-band properties – The XMM-BSS (XMM-
Newton Bright Serendipitous Survey) is a project carried
out by the XMM-Newton Survey Science Center (Watson
et al. 2001). The source sample is composed by two sub-
samples of high Galactic latitude ( � bII � � 20 � ) and bright
(Fx � 10 � ��� erg cm � � s � � ) serendipitous XMM sources
selected in two complementary energy bands: 0.5-4.5 and
4.5-7.5 keV (see Della Ceca et al. 2004 and Caccianiga
et al. 2004). Here we focus on the optical, near-infrared
and X-ray properties of one of these sources: XBS J0216-
0435 (Fx � 10 � ��� erg cm � � s � � ).
Our own R–band and K–band photometric observations
have been performed at the ESO New Technology Tele-
scope (NTT) using the ESO Multi-Mode Instrument
(EMMI, 1 hour of exposure time) and at the Telescopio
Nazionale Galileo (TNG) using the Near Infrared Cam-
era Spectrometer (NICS, 15 minutes of exposure) respec-
tively (see Fig. 1). A weak (R � 24.5 mag) optical coun-
terpart is visible within 4 � � from the X-ray position of
XBS J0216-0435 (see the circle in Fig. 1, left panel).
Within the same distance from the X-ray position two
possible weak near-infrared objects are visible (K’ � 19.5
mag, Fig. 1, right panel). All the sources appear ex-
tended in the optical and NIR images. We find that the
optical source is spatially coincident with the southern
near-infrared source. This latter is also the near-infrared
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Figure 2. R–magnitude vs. 2–10 keV flux for XBS J0416–
0435 (filled circle) and for other X–ray emitting EROs
(empty circles) taken from the literature (see Severgnini
et al. 2005, Brusa et al. 2005). Upper and lower limits
of the 2–10 keV fluxes and R magnitudes are marked with
arrows. The two dashed lines define the region where
unobscured type 1 AGN typically lie.

source closest to the X-ray position (less than 1 � � ). Given
the colour of the two sources (R-K’ � 5 for the southern
source and R-K’ � 6 for the northern one) XBS J0216–
0435 turn out to be an ERO.

XBS J0216-0435 is the X-ray source with the highest
F(2-10 keV)/F(R) ( � � 220) among the XMM-BSS objects.
Moreover, it is one of the X-ray emitting EROs in the lit-
erature with the highest X-ray flux among those with the
highest F(2-10 keV)/F(R) ratio. This is shown in Fig. 2
where R–magnitudes are reported as a function of 2-10
keV flux for XBS J0216-0435 (filled circle) and for other
X–ray emitting EROs (empty circles) taken from the lit-
erature (see Severgnini et al. 2005, Brusa et al. 2005).

X-ray spectral analysis – A single absorbed power-law
model (typical of obscured AGN) gives a good descrip-
tion of the overall X-ray spectrum of XBS J0216-0435
( �
�
/dof � 1, see Fig. 3). Under the hypothesis that the ob-

ject lies at z � 0.6, i.e. the minimum z for extra-Galactic
EROs with such high F(2-10 keV)/F(opt) and F(2-10
keV)/F(K), we find an intrinsic NH � 10

� �
cm � � and a

de-absorbed rest–frame L(2-10 keV) � 10
���

erg s � � . If
we associate the 2 keV excess shown in Fig. 3 to the neu-
tral iron K � line at 6.4 keV rest-frame the source is placed
at z � 2 with an intrinsic L(2-10 keV) � 6 � 10

� �
erg s � � .

Conclusion – The X-ray spectral analysis of the XMM–
BSS X-ray emitting EROs (XBS J0216-0435) suggests
the presence of an high redshift (z � 0.6, possibly z � 2)
obscured QSOs in this source. The extended appearance
in the optical and near-infrared bands along with the ex-
tremely high X-ray to optical and X–ray to near-infrared
flux ratios support the idea that the host galaxy dominates

Figure 3. Mos+pn folded X–ray spectra of XBS J0216-
0435 (upper panel, solid points) and the best–fit model
(single absorbed power–law model at z=0.6, continuous
lines). Ratio between data and model is plotted in the
lower panel as a function of energy.

the emission at these wavelengths and that this QSO is
heavily absorbed also in the optical band.

Our result suggests that relatively bright X-ray emitting
EROs with high X-ray to optical and X–ray to near-
infrared flux ratios are very good candidates to be QSO2.
This scenario is also supported by the few examples al-
ready present in the literature of X-ray emitting EROs
with high F(2-10 keV)/F(opt) ratios and with an estimate
of the spectroscopic redshift (i.e. Severgnini et al. 2005,
Maiolino et al. 2005).
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OUTFLOWS FROM HIGH ACCRETION RATE AGN
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ABSTRACT

X-ray spectral analysis for three high accretion rate AGN,
observed by XMM-Newton, has been carried out to deter-
mine whether they contain evidence for highly-ionised,
high-velocity outflows, like that of PDS 456. The re-
sults from this analysis is that there are no such outflows
present in the three objects. However, there is evidence of
absorption from a warm absorber along the line of sight,
in one of the objects, with the others being modelled well
with a standard power law and blackbody emission to de-
scribe the soft excess found.

Key words: AGN; outflows, high-accretion rate.

1. INTRODUCTION

The discovery of high-mass, high-velocity outflows from
active galactic nuclei (AGN) in recent years has been a
source of great dicussion. The well known target PDS
456 (Reeves et al. 2003) is the best known candidate to
exhibit such an outflow. It shows clear evidence for out
flowing material in both x-rays and the ultraviolet. Along
with PDS 456 there are a small number of other targets
that also appear to manifest this type of outflow. Some
examples are: PG 1211+143 (Pounds et al. 2003a),
APM 08279+5255 (Chartes et al. 2002), PG 0844+349
(Pounds et al. 2003b), PG 1115+080 (Chartes et al.
2003), IRAS 13197-1627 (Dadina & Cappi 2004) and
RXJ0136.9-3510 (Ghosh et al. 2004); all appear to be
high accretion rate objects.

The signatures of these outflows within the x-ray spec-
trum of the object, are in the form of absorption due to
ionised atoms, H- and He-like in some cases, that have
been blue shifted relative to the rest frame of the object.
The main absorption features are in the Fe K band, with
other prominent absorption features being produced by
ionised Mg, O, C, Ne and S. However, the mechanisms
behind this phenomenon are unclear.

In an attempt to better constrain the characteristics of the
outflow phenomena, and with the assumption that they

are found in high accretion rate AGN, a sample of three
high accretion rate (super-Eddington) objects were ob-
served with XMM-Newton. The three targets are MS
2254.9-3712, PG 1351+640 and QSO 0204+292. All are
local

���������
	�	�
, radio quiet AGN. The three targets were

taken from a paper by Wang (2003), in which author de-
rives a limit realtionship between the black hole mass and
the H � line width that is being emitted from the broad-
line region. It is concluded that the three targets are all
supper-Eddington accretors.

2. SPECTRAL ANALYSIS

Spectral analysis was performed using XSPEC version
11.3. An inital absorbed powerlaw was simultaneously
fitted to the hard band, 2.0-10.0 keV, of the spectra from
the EPIC cameras, then extended across the whole band-
pass, 0.3-10.0 keV. The ratio of the EPIC pn and MOS
data sets to the model fit are shown in Fig.’s 1 to 3, for
MS 2254.9-3712, PG 1351+640 and QSO 0204+292 re-
spectively.

In the case of MS 2254.9-3712, the intial absorbed pow-
erlaw fit (Fig. 1) shows a clear soft excess below 2 keV
and excess around 6.2 keV (observed) but no obvious ab-
sorption lines or edges due to the Fe K band. Further
modelling resulted in a best fit model of two black body
components with temperatures of � ��� ���

keV and � ���
	��
keV to descibe the soft excess, a gaussian emission line
at ��� � ���

keV (rest-frame) from neutral iron, and an un-
derlying power-law with ����� � ���

.

For PG 1351+640, as with MS 2254.9-3712, soft excess
can seen from the inital absorbed powerlaw fit (Fig. 2)
and there are no obvious absorption or emission features
in the hard band. The best model fit comprised of a black
body component with a temperature of � ����	��

keV, a
powerlaw with ��� 	�� ���

and an aborption edge at � ��� �!	
keV with an optical depth, "#� ��� � �

.

Finally, the initial fit to QSO 0204+292 (Fig. 3) revealed
that there is absorption of the powerlaw that the Galactic
absorption cannot account for between 0.6 and 1.4 keV,
suggesting the presence of absorbing material intrinsic to
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the object. This absorption is modelled well using the
ABSORI model. The final model has an absorbing mate-
rial with a column denisty of ����� � � � � x

	����	�
cm 
 �

and ionisation parameter, � � ��� � � , an aborption edge
at � ��� ��

keV with " � ��� ���
, an undying powerlaw of��� 	�� ��� and guassian emission at � � � � � (rest-frame)

from a Fe K � transition. The inclusion of an aborption
edge is needed to model further absorption believed to be
associated with the unresolved transmition array (UTA)
of ionised iron.

3. DISCUSSION

The best fit models for the three data sets do not show
evidence for high-mass, high velocity outflows, e.g. Fe
K-band absorption. MS 2254.9-3712 and PG 1351+640
show emmision common to type 1 AGN. Whereas the
third target QSO 0204+292 exhibits the presence of a
warm absorbing material along the line of sight. The lack
of any outflow poses some questions. Are the three tar-
gets really accreting above the Eddington limit?; Could
the outflow have become completely ionised, such that
we can no longer see the absorbing column?; Is having a
high accretion rate the only pre-requisit?

4. CONCLUSIONS

The analysis of the x-ray spectra from three suspected
high accretion objects was carried out to determine the
presence of (or lack of), a high-mass, high-velocity out-
low. No clear evidence for such outflows were found us-
ing EPIC data.

Figure 1. Ratio plot of EPIC spectral data for MS 2254.9-
3712 to a simple power-law fit between 2-10keV, extended
down to 0.3keV. It clearly shows strong soft excess below
2 keV.
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Figure 2. Ratio plot of EPIC spectral data for PG
1351+640 to a simple power-law fit between 2-10keV, ex-
tended down to 0.3keV. It clearly shows strong soft excess
below 2 keV.

Figure 3. Ratio plot of EPIC spectral data for QSO
0204+292 to a simple power-law fit between 2-10keV, ex-
tended down to 0.3keV. It reveals absorption between 0.6
and 1.4 keV.
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ABSTRACT

We present results on one year of INTEGRAL observa-
tions of six AGN detected during the regular scans of
the Galactic Plane. The sample is composed by five
Seyfert 2 objects (MCG –05–23–16, NGC 4945, the
Circinus galaxy, NGC 6300, ESO 103–G35) and the
radio galaxy Centaurus A. The continuum emission of
these sources is well represented by a highly absorbed
(NH > 10

22
cm

−2) power law, with average spectral in-
dex Γ = 1.9 ± 0.3. The Circinus Galaxy presents a high
energy exponential cut-off at Ec ∼ 50 keV whereas a
lower limit of 130 keV has been found for NGC 4945
and no cut-off has been detected for NGC 6300. A factor
2 of variability in the flux of Centaurus A is accompa-
nied by a spectral change, which can be modelled equally
well by an increase of the absorption (NH from 17 to
33× 10

22
cm

−2) or by the presence of a cut-off at ≥ 120
keV in the low state spectrum. A comparison with re-
cently reprocessed BeppoSAX/PDS data shows a general
agreement with INTEGRAL results.

Key words: Galaxies: active – Galaxies: Seyfert –
Gamma rays: observations – X-rays: galaxies.

1. INTRODUCTION

X-ray and γ-ray emission in AGN comes from the re-
gions close to the nucleus and its study enables us to con-
strain the geometry and the state of the matter in the heart
of an AGN. The emission in the soft X-ray domain is
rather well known (up to ≤ 10 keV), whereas many ques-
tions are still open for the hard X-rays/soft γ-ray range.

For many objects, a high-energy cut-off is required to re-
produce the data between 60 and 300 keV, but the shape
and the energy of this feature is not yet well known.
The sources in this sample were selected from among the
10 previously known AGN detected during the first year
of Core Program observations performed by INTEGRAL
(Bassani et al. 2004). We focussed our attention on the 6
AGN (MCG –05–23–16, NGC 4945, Centaurus A, Circi-
nus galaxy, NGC 6300, ESO 103–G35) which were pre-
viously studied by different hard X-ray missions, in par-
ticular by BeppoSAX, allowing us to compare the INTE-
GRAL results with previous ones.

2. OBSERVATIONS AND DATA ANALYSIS

Each source of this sample was first detected during
the INTEGRAL Core Program observations performed
between 2003 February 28 and October 10, by the
IBIS/ISGRI instrument. In order to perform a detailed
analysis, we used all the data that were public at the time
of this study, specifically all the data in revolutions 1–
136 (October 2002–November 2003) and 142–149 (De-
cember 2003–January 2004) and we analysed them using
the version 4.2 of the ISDC’s Offline Science Analysis
(OSA) package. Extraction of ISGRI spectra has been
performed for all sources but MCG –05–23–16 because
of a low detection significance (2.4σ, F < 1.9 erg cm−2

s−1 in the 20-100 keV range). For NGC 4945, Cen-
taurus A and Circinus SPI spectra have been extracted
and Centaurus A and Circinus have been detected also by
JEM-X. Within 10 months, the hard X-ray flux of Centau-
rus A has changed by a factor of ∼ 2 in INTEGRAL data.
We split our data set according to the flux level, choosing
three main periods: high state (March 7–9, 2003), inter-
mediate state (July 18 – August 22, 2003) and low state
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(January 2–4, 2004), and we analysed them separately.

3. INTEGRAL RESULTS

Due to the lack of INTEGRAL data below 20 keV, with
the exception of Centaurus A, during our analysis NH

was fixed to the values found in the literature.
A single power law corrected by photoelectric absorp-
tion is the best fit model for the INTEGRAL spectra of
NGC 6300, ESO 103–G35 and NGC 4945, with photon
indices Γ = 2.2±0.5, 1.4±0.4 and 1.9±0.1, respectively.
The introduction of a high energy cut-off component does
not improve the quality of the fit for NGC 4945 and a
lower limit of Ec ∼ 130 keV can be given at 1 σ level, in
agreement with previous studies which have found Ec in
the 100-300 keV range (Madejski et al. 2000).
The INTEGRAL spectrum of Circinus is best fitted with
a high absorbed power law with Γ = 1.8+0.4

−0.5 and a high
energy exponential cut-off at 50

+51
−18 keV. A high energy

cut-off at Ec ∼ 35–55 keV, required in both INTEGRAL
and BeppoSAX data (Matt et al. 1999, Soldi et al. 2005),
results in a temperature of T ∼ 4−6×10

8
K for the distri-

bution of thermal electrons in the Comptonizing medium.
The presence of a cut-off supports the scenario in which
the X-ray emission of Seyfert galaxies originates where
soft photons emitted by a cold optically thick disk are
Comptonized in a hot region (Haardt & Maraschi 1993).
A Compton reflection component observed in the broad
band BeppoSAX data (Matt et al. 1999) has not been de-
tected by INTEGRAL because of the lack of data below
20 keV.
Centaurus A is known to be a highly variable object on
both long and short time scales. The flux variation by a
factor of 2 in INTEGRAL data is associated with spec-
tral variation, which can be modelled equally well by an
increase by a factor of 2 of the absorption (NH from 17
to 33 × 10

22
cm

−2) with flux decrease or by the pres-
ence of a high energy cut-off at Ec ≥ 120 keV in the low
state spectrum. Variations of the absorption are a com-
mon characteristic in Seyfert 2 galaxies, with changes of
20–80% on a one year time scales. Hints for a break or a
cut-off in the hard X-ray and soft γ-ray spectra have been
found by OSSE, BeppoSAX, and RXTE data (Steinle et
al. 1998, Grandi et al. 2003, Benlloch et al. 2001), but
these studies place this feature in the 300–700 keV range.
INTEGRAL observations confirm the lack of a Compton
reflection (Rothschild et al. 1999, Grandi et al. 2003), as
adding this component does not improve the fits and re-
sults in a reflection fraction <0.1. Only a 3σ upper limit
of fKα = 3.0 and 5.5×10

−3 ph cm−2 s−1 (high and low
state) can be derived for the fluorescence iron line.

4. CONCLUSIONS

The spectral characteristics of our INTEGRAL sample
can be generally summarized as follows: a hard X-ray
continuum emission described by a power law with a

wide range of photon indices (Γ ∼ 1.4 − 2.3) and, in the
case of Circinus and Centaurus A the presence of a high
energy cut-off. The average photon index Γ = 1.9 ± 0.3
obtained from INTEGRAL spectra is consistent with the
values found for other samples of Seyfert 2 galaxies in
BeppoSAX (Malizia et al. 2003), OSSE (Zdziarski et al.
2000) and Ginga (Smith & Done 1996) data.
Studies of single objects confirm that the cut-off in the
100–300 keV range is not a universal characteristic of all
Seyfert 2, and the results for our sample support these
findings. INTEGRAL confirms the presence of a cut-off
at ∼50 keV for the Circinus galaxy, a lower limit of 130
keV for NGC 4945 and the lack of this feature for NGC
6300, in agreement with what has been found in PDS
spectra. A poorly constrained cut-off at ≥ 120 keV has
been detected for Centaurus A during the INTEGRAL low
state, but this feature has not been seen in the other INTE-
GRAL observations reported in this work and in the PDS
spectrum. Cut-offs below 100 keV have been found for
MCG –05–23–16 and ESO 103–G35 by PDS, but could
not be studied by INTEGRAL because of the short expo-
sure time of those observations.
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ABSTRACT

We have studied the X-ray luminosity of the nuclear
SMBH of a sample of quiescent early-type galaxies, and
the inflow rate of the hot gas, feeding the SMBH. We
have also studied the additional contribution of warm gas
from stellar winds. Assuming an ADAF-like radiative ef-
ficiency, we find that only a fraction ∼ 1–10% of the gas
is accreted onto the SMBH; the rest must be removed or
used to form new stars. Self-regulated feedback from the
SMBH can provide the power necessary to remove the
gas. Slow outflows can remove most of the mass, while a
fast jet can carry out most of the accretion power.

Key words: galaxies: nuclei — X-rays: galaxies.

1. NUCLEAR X-RAY EMISSION FROM QUIES-
CENT EARLY-TYPE GALAXIES

Most of the galaxies in the nearby universe have inactive
nuclei (X-ray luminosities <

∼ 10
40 erg s−1). This may

be due to an interplay of different factors: low rate of
gas injection/inflow inside the “sphere of influence” of
the supermassive black hole (SMBH); low fraction of the
available gas being accreted onto the SMBH; low radia-
tive efficiency of accretion, with the rest of the accretion
power being advected, or carried out as mechanical lumi-
nosity by a jet or an outflow. Our goal is to estimate these
factors quantitatively, to discriminate between different
radiatively-inefficient scenarios, and to outline the power
and mass budget inside the sphere of influence. To do
so, we have selected a sample of six quiescent early-type
galaxies with known SMBH mass (Table 1). Using new
Chandra data, we have determined: the X-ray luminosity
of the nuclear sources; the radial profile, average tem-
perature and central density of the surrounding hot inter-
stellar medium (ISM); and the classical Bondi rate (ṀB)
of inflow of the hot ISM into the SMBH sphere of influ-
ence (Soria et al. 2006a, 2006b). Typical hot-gas den-
sities are ∼ 0.01–0.03 cm−3. The other main results are

summarized in Table 1. We found that the nuclear sources
are much fainter than predicted by the standard-disk sce-
nario (which is also ruled out by other theoretical consid-
erations at such low accretion rates). However, they are
brighter than predicted by radiatively-inefficient models,
in particular by the advection-dominated accretion flow
(ADAF) model. This suggests that, when we take into
account only the X-ray emitting gas, we are underesti-
mating the true accretion rate Ṁ (Soria et al. 2006a). We
then considered another eighteen galaxies for which the
SMBH X-ray luminosity and the Bondi inflow rate have
been calculated or constrained from previous work (Pel-
legrini 2005, and references therein). For most of these
galaxies, the SMBH X-ray luminosity is lower than pre-
dicted by the standard ADAF model, suggesting that the
true accretion rate Ṁ � ṀB. Overall, there is little or
no correlation between Bondi rate and X-ray luminosity
of the SMBH (Fig. 14 in Soria et al. 2006a).

2. HOW MUCH OF THE GAS AVAILABLE IS AC-
CRETED?

To make sense of these contradictory findings, we need to
keep in mind that the hot, X-ray emitting ISM may repre-
sent only a small fraction of the gas fuelling the SMBH.
That can be the case in systems where gas can cool ef-
ficiently (cooling timescale < accretion timescale), or,
vice versa, if gas is injected into the inner regions in a
cool or warm phase and is accreted before it has time
to virialize. We use optical brightness profiles to ob-
tain a complementary estimate of the gas injection rate
into the SMBH sphere of influence (Soria et al. 2006b).
The stellar contribution can be estimated by deproject-
ing the optical brightness profiles to obtain the volumetric
luminosity densities, and applying standard relations be-
tween optical luminosity, stellar densities and ages, and
mass loss rates. We found typical stellar mass loss rates
∼ 10

−4–10
−3M� yr−1; on the other hand, the hot gas

content varies greatly, leading to X-ray-estimated Bondi
rates from <

∼ 10
−5 to ∼ 10

−2M� yr−1 over the full sam-
ple of galaxies.
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Table 1. Mass accretion rate and X-ray luminosity of the SMBH in our target galaxies.

Galaxy Distance MBH log(ṀB/ṀEdd) log LX log(LX/LEdd) Ṁ∗/ṀB log LA
X Ṁ/Ṁt

(Mpc) (M�) (erg s−1) (erg s−1)
(1) (2) (3) (4) (5) (6) (7) (8) (9)

N821 24.1 0.85
+0.35
−0.35 −4.7 < 38.7 < −7.3 19 41.3 < 7%

N3377 11.2 1.0+0.9
−0.1 −4.9 38.5 −7.6 93 42.5 2%

N4486B 16.9 0.5+0.5
−0.2 < −5.0 38.4 −7.4 > 2 39.0 50%

N4564 15.0 0.56
+0.03
−0.08 −5.4 38.9 −7.0 74 41.0 12%

N4697 11.7 1.7+0.2
−0.1 −4.4 38.6 −7.7 6 41.2 7%

N5845 25.9 2.4+0.4
−1.4 −4.7 39.4 −7.0 31 42.1 7%

Notes: Col. 4: ṀB is the classical Bondi inflow rate estimated from BH mass, density and temperature of the X-ray
emitting gas; Col. 5: 0.3–10 keV luminosity of the nuclear source; Col. 7: Ṁ∗ is the estimated warm gas inflow rate
from stellar winds, inside the SMBH sphere of influence; Col. 8: predicted X-ray luminosity if all the inflowing hot and
warm gas were accreted at ADAF efficiency; Col. 9: fraction of the inflowing gas that has to be accreted, assuming ADAF
efficiency, to reproduce the observed SMBH X-ray luminosity. See details in Soria et al. (2006a, 2006b).

We have added these two components (ṀB and Ṁ∗) to
estimate the total mass injection rate Ṁt. Only an a pri-
ori unknown fraction of this gas reaches the SMBH (the
rest being re-ejected, stored, or turned into new stars),
which adds another parameter to the model. And only an
a priori unknown fraction of the accretion power is re-
leased as X-ray flux (the rest being advected or carried
out as mechanical luminosity, in a radio jet or a wind).
Various accretion flow solutions (standard disk, ADAF,
etc.) have different predictions for the fraction of gas ac-
creted by the BH, and for its radiative efficiency. Assum-
ing the ADAF radiative efficiency η ≈ 10Ṁ/ṀEdd, the
observed X-ray luminosities imply that, for most galax-
ies, only ∼ 1–10% of the inflowing gas is accreting onto
their SMBHs (Table 1, Col. 9). We suggest that the intrin-
sic scatter in Ṁ∗ and in the accretion fraction is the main
reason for the lack of correlation between the Bondi rate
and the X-ray luminosity of the SMBH.

3. MASS AND ENERGY BUDGET OF THE NU-
CLEAR SMBH

What are the conditions for mass equilibrium inside the
SMBH sphere of influence, and the fate of the gas that
does not sink into the SMBH? It is possible that in some
cases (most notably in NGC 5845), part of the excess
gas may cool down, settle into a dusty/stellar disk, and
eventually form new stars, even inside the Bondi accre-
tion radius. In our current work (Soria et al. 2006b),
we have used the simplifying assumption that star for-
mation is negligible, and most of the gas is removed from
the nuclear region by slow, massive outflows. Soria et
al. (2006b) discuss possible sources of energy that can re-

move that amount of gas. To reach a steady state, avoid-
ing an implausible degree of fine-tuning between injec-
tion, accretion, and outflow rates, both the accretion rate
and the outflow rate must be self-regulating. This hap-
pens, for example, if the accretion rate is proportional to
the gas density or total mass inside the sphere of influ-
ence of the SMBH, and the power carried by the outflow
is proportional to the accretion power. In this case, the
system can reach an asymptotic equilibrium; this mecha-
nism relies on the idea of SMBH feedback.

We have estimated what fraction of the accretion power
has to be used to drive away the excess gas. Pure ADAF
solutions require a highly efficient feedback coupling,
essentially because most of the accretion power is lost
into the BH. Other radiatively inefficient solutions (e.g.,
the ADIOS model) only require that <

∼ 1% of the avail-
able accretion power be used for the feedback. Hence, a
fast jet may still carry outwards >

∼ 99% of the accretion
power. If the jet is fully relativistic, it can carry outwards
∼ 0.1% of the inflowing mass, with the rest being either
accreted or removed by feedback-driven, slow outflows.
If the jet is only midly relativistic (vw

<
∼ 0.5c), it can

carry away an amount of mass comparable to what sinks
into the SMB, ∼ 10% of the inflowing gas, with the dif-
ference being removed by a slower outflow component.
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ABSTRACT

We present the results from our 140 ks XMM-Newton and
500 ks Chandra observation of NGC 5548. The velocity
structure of the X-ray absorber is consistent with the ve-
locity structure measured in the simultaneous UV spec-
tra. In the X-rays we can separate the highest outflow ve-
locity component, � 1040 km s �

�

, from the other veloc-
ity components. This velocity component spans at least
three orders of magnitude in ionization parameter, pro-
ducing both highly ionized X-ray absorption lines (Mg
XII, Si XIV) and UV absorption lines. A similar conclu-
sion is very probable for the other four velocity compo-
nents. We show that the lower ionized absorbers are not
in pressure equilibrium with the rest of the absorbers. In-
stead, a model with a continuous distribution of column
density versus ionization parameter gives an excellent fit
to our data.

Key words: AGN, Seyfert 1, NGC 5548, X-ray spec-
troscopy.

1. INTRODUCTION

Over half of all Seyfert 1 galaxies exhibit signatures of
photoionized outflowing gas in their X-ray and UV spec-
tra. Studying these outflows is important for a better
understanding of the enrichment of the Inter Galactic
Medium (IGM) as well as the physics of accretion of gas
onto a super-massive black hole. Arav et al. (Arav et al.,

2003) and Steenbrugge et al. (Steenbrugge et al., 2003)
concluded that there is substantially more lowly ionized
gas than has been claimed from previous UV observa-
tions. It was concluded that the X-ray and UV warm
absorbers are different manifestations of the same phe-
nomenon.

2. OBSERVATION AND DATA REDUCTION

The XMM-Newton RGS data was reduced using the stan-
dard threads of the SAS version 5.3. For the Chandra
HETGS data we used the threats in CIAO version 2.2. For
the LETGS the 1.5 event file was obtained using CIAO
version 2.2, but further data reduction was done using the
pipeline described by Kaastra et al. (2002a), which in-
cludes an empirical correction for the known wavelength
problem in the LETGS and fitted it with responses that
include the first 10 positive and negative orders. The data
were analyzed using the spex package (Kaastra et al., in
press).

3. VELOCITY STRUCTURE

The five velocity components measured in the UV (Cren-
shaw et al., 2003) are listed in Table 1. Each velocity
component can have a different ionization parameter and
hydrogen column density. Also the variability detected in
the ionization parameter is different for the five outflow
velocities. Using the MEG, HEG and LETGS data we
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Table 1. The outflow velocity, the velocity broadening
and ionization parameter as measured for the five com-
ponents detected in the UV (Crenshaw et al., 2003).

Outflow broadening U N �
km s �

�

km s �
�

log m ���
� 1040 94 0.03 22.8
� 667 18 0.03 22.6
� 530 68 0.24 24.3
� 336 62 0.03 23.3
� 160 90 0.03 22.6

Figure 1. The MEG (open circles) and LETGS (filled
squares) data for the O VIII Ly � , O VII resonance, O V
and C VI Ly � lines. The dotted lines indicate the outflow
velocity measured from UV spectra.

were able to resolve the -1040 km s �
�

component from
the 4 other velocity components in the 6 strongest lines
(see Fig 1). This clearly indicates that this velocity com-
ponent spans an ionization range of at least 3 orders of
magnitude, from low ionization UV lines to Si XIV.

4. IONIZATION STRUCTURE

Fig. 2 shows the S-curve, with superimposed the five ion-
ization parameters measured from the RGS spectra. The
two lowest ionized components measured from the X-ray
spectra cannot be in pressure equilibrium with the higher
ionized components. This means that if the absorber is
due to clouds in an outflow, they need to be magnetically
confined. An equally good fit to the spectra is obtained
with a continuous ionization parameter distribution, i.e.
an outflow with a density gradient (Steenbrugge et al.,
2005). The lowest ionization component measured in the
X-rays has a very similar ionization parameter as the ion-
ization parameter measured from UV spectra: log

���
���
	��

= � 0.03 versus log
����

= 0.05. However, most of the
gas is highly ionized. Assuming a continuous outflow-
ing stream, we derive a power law slope for the column
density of 0.4 with ionization parameter.

Figure 2. The temperature versus ionization parameter
for constant pressure. Points: the ionization paramters
measured from the RGS spectra. The ionization parame-
ter

�
for the spectral energy distribution (SED) assumed

in the upper curve is indicated on the top x-axis. The
dotted and dashed lines indicate the boundaries for the
marginally stable branch for the two different SEDs as-
sumed.
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ABSTRACT

We study the X-ray properties of 39 AGN (24 radio-
quiet [RQ] and 15 radio-loud [RL]) with double-peaked
Balmer emission lines. 28 of them are Sloan Digital
Sky Survey (SDSS) AGN serendipitously observed with
ROSAT, XMM-Newton, orChandra; an additional 11 pre-
viously studied double-peaked RL AGN are considered
for comparison purposes. Double-peaked Balmer lines
originate in the accretion disk and are an important di-
agnostic of the accretion flow. We find that the ratio of
UV-to-X-ray emission,αox, of RQ double-peaked AGN
are similar to those of normal RQ AGN with comparable
UV luminosities. Most RL double-peaked AGN are more
X-ray luminous than normal RQ AGN, as expected for
RL objects. For both RL and RQ double-peaked AGN
a few notable exceptions appear X-ray underluminous
for their UV luminosity. The spectral shapes of double-
peaked AGN are also consistent with those of other ob-
jects with similar radio properties.

Key words: active galaxies; X-ray and UV emission;
disk-emission AGN.

1. INTRODUCTION

A small fraction of active galaxies (∼3% of optically se-
lected AGN and up to∼20% of broad line radio galax-
ies [BLRGs]) have double-peaked Balmer-line shapes in-
dicative of accretion-disk line emission. The class of
disk-emission AGN is rather heterogeneous – it includes
BLRGs, LINERs (low-ionization nuclear emission-line
region galaxies), and luminous Seyferts, spanning a range
of radio-loudness, luminosity, black-hole mass, and ac-
cretion rate. It is clear that the association of Balmer line
disk-emission in AGN with a subsample of radiatively
inefficient accretion-flow AGN is not sufficient to explain
all double-peaked AGN. Since most of the double-peaked
AGN have strong Balmer-line emission, which could not
have been produced by the release of gravitational energy
locally without invoking unrealistic radiative efficiency,
X-ray illumination from the inner thick disk is deemed
necessary to produce the observed signatures. In search

Figure 1. αox vs. L2500Å for disk-emission AGN in com-
parison with normal AGN from [St06]. The solid line
is the best-fit bisector and the dashed lines connect the
25th- and 75th-percentiles estimated for each magnitude
bin by [St06].

of clues to the nature of the luminous double-peaked
AGN, we embarked on a detailed study of the 0.5–10 keV
X-ray properties of this class.

2. SAMPLE

We selected a new sample of double-peaked AGN from
SDSS areas with overlappingROSATPSPC,Chandra, or
XMM-Newtonarchival exposures. Our main sample con-
sists of 28 double-peaked Hα-line AGN, 80% of which
lie in pointings with effective exposure times of> 2 ks.
Using a variety of statistical tests (on the redshift, lumi-
nosity, radio-loudness, Hα-line width, and centroid dis-
tributions) we confirmed that this sample is representative
of the sample of disk-emission AGN presented in Strat-
eva et al. (2003) [hereafter the S03 sample]. We also con-
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Figure 2. αox residual distributions, after subtraction of
the best-fitαox–log[L2500Å] relation from St06.

sider 11 previously studied double-peaked BLRGs and
LINERs with high-quality UV and X-ray data (the auxil-
iary sample), which are at lower luminosity and redshift
than the S03 sample and are all RL. The full sample con-
sists of 39 double-peaked AGN, 24 radio quiet (RQ) and
15 RL. Since RL AGN are known to differ in their X-ray
properties from RQ AGN (with flatter power-law photon
indices,Γ, and higher X-ray fluxes), we study the X-ray
properties of RL and RQ double-peaked AGN separately.

3. X-RAY PROPERTIES OF DISK-EMISSION
AGN

Figure 1 presents the ratio of UV-to-X-ray luminosity
densities,αox ≡ −0.384 log[L2500Å/L2 keV], as a func-
tion of the UV monochromatic luminosity,L2500Å . A
strong correlation exists betweenαox andL2500Å in opti-
cally selected RQ AGN samples (e.g., Steffen et al., 2006,
hereafter St06), and RQ disk-emission AGN also follow
this correlation. The apparent lack of high-luminosity
objects with double-peaked lines in Figure 1 is prob-
ably a result of the selection procedure, which is vol-
ume limited to SDSS AGN withz < 0.33. The dis-
tribution of αox residuals for RQ disk-emission AGN
(obtained by subtracting the best fit relation from St06,
αox = −0.137 log[L2500Å ] + 2.637) is presented in Fig-
ure 2. It is statistically consistent with the distributions
of the full St06 sample and a luminosity matched St06
subsample (e.g., a Kuiper test returnsD = 0.27, with
a 49% probability that the two distributions are indis-
tinguishable). The Kaplan-Meier estimated mean of the
RQ subsample residuals for the disk-emission AGN is
〈αox − αox(L2500Å)〉 = −0.07 ± 0.06, consistent within
the errors with that of the St06 luminosity matched sub-
sample,〈αox − αox(L2500Å)〉 = −0.01 ± 0.02. The RL
disk-emission AGN haveαox residuals1 which are sta-

1Note in Figure 1 that theαox(L2500Å) relation is not well defined
for log(L2500Å) < 27.5, rendering theαox residuals of the lowest

Figure 3. Power-law photon indices for simple absorbed
power-law fits of the RQ double-peaked AGN in the
0.1–2 keV band (left) and the RL double-peaked AGN in
the 2.0–10.0 keV band in comparison with appropriate
normal AGN samples.

tistically different from those of both RQ disk-emission
AGN and normal AGN. As expected for RL AGN, the
majority of RL disk-emission AGN are more X-ray lu-
minous relative to their UV emission. Despite the agree-
ment of the overall RQ distributions ofαox residuals for
double-peaked and normal AGN, a few RQ and RL disk-
emission AGN are clearly X-ray weak relative to their
UV emission. Figure 3 shows the power-law photon in-
dices, Γ, for the RQ disk-emission AGN measured in
the 0.1–2.0 keV band and the RL disk-emission AGN
measured in the 2.0–10.0 keV in comparison with care-
fully matched normal AGN samples. TheΓ’s of the
RQ disk-emission AGN, all but two of which were ob-
served in the soft band only, were estimated using the
standardROSAThardness ratio, HR1, assuming no in-
trinsic absorption above Galactic. TheΓ’s of the RL disk-
emission AGN were obtained using direct 2.0–10.0 keV
spectral fits. With the exception of the two SDSS RQ
disk-emission AGN whose very flatΓ’s suggest the pres-
ence of absorption above Galactic, theΓ’s of both RL and
RQ AGN agree well with those of normal AGN.

We conclude that the soft X-ray emission of double-
peaked AGN as a class does not differ substantially from
that of other AGN with comparable radio and UV emis-
sion and is thus unlikely provide a simple explanation for
the incidence of disk-emission in AGN.
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ABSTRACT

We compiled a relatively homogeneous sample of 332
optically-selected, radio-quiet, unabsorbed AGN with
the largest redshift range coverage (0 < z < 6) and
X-ray detection fraction to date (88%). Using partial-
correlation analysis, we confirm that the soft X-ray
emission from AGN is strongly correlated with their
UV emission (partial Kendall’sτ = 0.52 at 15.4σ)
despite the dependence of luminosity on redshift in
flux-limited samples. The UV-to-X-ray emission ratio,
αox ≡ −0.384 log[L2500Å/L2 keV], is related to the AGN
luminosity (in the sense that less luminous AGN emit
more soft X-rays per unit UV), but remains unchanged
with cosmic time.

Key words: active galactic nuclei; X-ray/UV/optical
emission of AGN; AGN evolution.

1. INTRODUCTION

Precise knowledge of the relationship between UV and
X-ray emission in Active Galactic Nuclei (AGN) is im-
portant for testing energy generation models of AGN,
deriving bolometric corrections, identifying X-ray weak
AGN, and for proper comparison between the AGN evo-
lution scenarios derived independently in the UV and
X-ray bands.

1.1. Sample

We assembled a sample of 332 optically-selected, radio-
quiet (RQ) AGN with correspondingly deep soft X-ray
coverage. The largest subsample (155 objects) con-
tains Sloan Digital Sky Survey (SDSS) AGN serendip-
itously observed in medium-deepROSATPSPC expo-
sures. In order to increase the coverage of the luminosity-

redshift plane without sacrificing X-ray detection frac-
tion, which is crucial for determining the relation be-
tween UV and X-ray emission, we include subsamples of
52 COMBO-17 AGN withR < 23 (Wolf et al., 2003;
Steffen et al., 2006), 46 BQS AGN withMB < −23

(Brandt et al., 2000), 25 Seyfert 1 galaxies from Wal-
ter & Fink (1993), and 54 high-redshift AGN (Steffen et
al., 2006). Optical/UV spectra were used, when avail-
able, to subtract the host-galaxy continua and to iden-
tify and remove AGN with broad UV absorption lines
(BALs). We explored the effect of any remaining BALs
through Monte-Carlo simulations and found it statisti-
cally insignificant. By removing the radio-loud (RL) and
BAL AGN we ensure that our observations measure the
intrinsic rest-frame UV and soft X-ray emission of AGN,
unaffected by nuclear absorption or jet emission. Figure 1
shows the luminosity-redshift plane coverage of the full
sample. To our knowledge, this is the cleanest (control-
ling for RL, BAL, host-galaxy contribution, etc.) large
sample of optically-selected AGN with the highest X-ray
detection fraction (88%) to date.

1.2. Statistical Methods

While our sample provides good coverage of the
luminosity-redshift plane, both the UV and X-ray lumi-
nosities are still correlated with redshift. To measure the
strengths of correlations betweenL2500Å , L2keV, αox, and
redshift, we use partial-correlation methods, which allow
us to determine the correlation between any two vari-
ables while controlling for the effects of a third variable.
We use rank-correlation coefficient analysis, developed
by Akritas & Siebert (1996), which also accounts for the
presence of upper/lower limits.

To obtain the linear-regression parameters of the correla-
tions, we use the Astronomy Survival Analysis package
(ASURV; Isobe et al., 1986). We used Monte Carlo sim-
ulations to confirm the robustness of the present correla-
tions (see La Franca et al., 1995; Strateva et al., 2005).
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Figure 1. Distribution of rest-frame UV monochromatic
luminosity with redshift. The inclusion of both large-
area and deep, pencil-beam samples allows us to break
the strong dependence of luminosity on redshift, charac-
teristic of flux-limited samples without compromising the
X-ray detection fraction. X-ray upper limits are indicated
with solid symbols in this plot only.

Figure 2. The soft X-ray and UV monochromatic
luminosities are strongly correlated (partial Kendall’s
τ = 0.52 with 15.4σ significance) with slope less than
one. Symbols are as in Figure 1, except for the X-ray up-
per limits which are indicated with arrows. The solid line
is the best-fit bisector line, with parameters given above
and residuals plotted below; the two dashed lines are
the best-fit linear regressions minimizing the x- or y-axis
residuals.

2. RESULTS

– We confirm that rest-frame soft X-ray and UV emis-
sion of AGN are strongly correlated (partial Kendall’s
τ = 0.52, significant at 15.4σ, see Figure 2).

– The slope of thelog(L2500Å)–log(L2 keV) correlation is
less than one, which means that less luminous AGN emit
relatively more X-ray emission (in comparison with their
UV emission) than their more luminous counterparts.
The best bisector line fit for thelog(L2500Å)–log(L2 keV)

relation is: log(L2 keV) = 0.73 log(L2500Å) + 4.40. To
estimate the X-ray emission from the UV emission, the
linear regression minimizing the X-ray residuals must be
used:log(L2 keV) = 0.64 log(L2500Å)+6.87. Conversely
to obtain the best UV emission estimate from X-ray data,
the linear regression minimizing the UV residuals must
be used:log(L2 keV) = 0.82 log(L2500Å) + 1.71.

– The primary dependence ofαox is on log(L2500Å):
αox = −0.14 log(L2500Å) + 2.64, significant at 13.6σ.
There is no dependence on redshift (1.2σ).

– We find a weaker, but significant (3.1σ) correlation be-
tweenαox andlog(L2 keV).

– Using theαox residuals as a function of redshift, we
estimate that the ratio of UV to soft X-ray emission of
AGN has not changed by more than 30% since the Uni-
verse was∼1 Gyr old.

For more detailed results, we refer the reader to Steffen
et al. (2006) and Strateva et al. (2005).
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ABSTRACT

Broad band X-ray observations of HBL sources (e.g.
Mkn 421 and Mkn 501) were found well described by a
log-parabolic law in which the second degree term mea-
sures the curvature. Log-parabolic energy spectra of rel-
ativistic electrons can be obtained by means of a statisti-
cal acceleration mechanism having an energy dependent
probability of acceleration. We compute by means of an
accurate numerical code, the spectra radiated by an elec-
tron population via synchrotron and synchro-self Comp-
ton (SSC) processes to derive the relations between the
log-parabolic parameters. We applied our results to the
simultaneous X and TeV spectra of Mkn 501 during the
large outburst of April 1997 and found that SSC emission
from an electron population with a log-parabolic distribu-
tion is able to reproduce the observed synchrotron X-ray
and inverse Compton TeV spectra with the proper cur-
vatures. This implies that pair production absorption of
very energetic gamma rays against the extragalactic back-
ground can be lower that usually modelled.

Key words: radiation mechanisms: non-thermal - galax-
ies: active - galaxies: BL Lacertae objects, X-rays: galax-
ies: individual: Mkn 501.

1. INTRODUCTION

Log-parabola represents in a natural way the spectral
shape with a mild curvature symmetric around the maxi-
mum. A log-parabolic spectrum can be written as

F (E) = K(E/E1)
−(a + b Log(E/E1)) (1)

and needs just one parameter (b) to represent the curva-
ture around the peak, while in other models, like the con-
tinuous combination of power laws, it is a function of
more parameters. Massaro et al. (2004a, 2004b) have
shown that log-parabolic spectra can describe very well
observational data, and that in a statistical acceleration

process where the probability of energetic gain is not con-
stant but a function decreasing with energy the resulting
electron distribution can be described by:

N(> γ) = N0(γ/γ0)
−[s−1+rLog(γ/γ0)] (2)

where γ0 is the initial electron Lorentz factor. The pa-
rameter r is the curvature term, and both r and s are
linked to the statistic of acceleration precess (see Mas-
saro et al (2004) for further details). In this paper we
will evaluate the relations between the curvature param-
eters, not by analytical δ approximation, but numerically
and using the exact spectral distribution, and will extend
this study to Inverse Compton (IC) emission. We con-
sider two electron distributions: a log-parabola (LP) and
a mixed distribution (LPPL), where the probability of en-
ergy gain is constant up to a critical energy corresponding
to a Lorentz factor γa, and for γ > γa decreases with en-
ergy. The resulting electron distribution can be described
by:

N(γ) = N0 (γ/γ0)
−s0 γ ≤ γ0

N(γ) = N0 (γ/γ0)
−(s0+r Log(γ/γ0)) γ > γ0. (3)

where we take γ0=γa.

2. NUMERICAL CALCULATION OF b − r RE-
LATION FOR SYNCHROTRON AND IC

The b − r relation for synchrotron radiation (SR) emis-
sion, evaluated numerically using the exact SR spectral
frequency distribution and in frequency intervals higher
then the peak is linear with b/r ' 0.22, while around
the peak it is b/r ' 0.18 for the both LP and LPPL cases.
Both ratios are smaller than that of δ approximation equal
to 0.25
IC spectra were evaluated using the exact Klein-Nishina
(KN) cross section, in the approximation of isotropic
photon seed distribution (Blumenthal & Gould 1970).
The relations between SR and IC peak frequencies shows
the transition between Thomson (TH) and Klein-Nishina
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Figure 1. Two SED of Mkn 501 during the low and high
states observed on 7 and 16 April 1997, respectively. X-
ray points are from Massaro et al. (2004a), TeV points
are simultaneous CAT data (Djannati-Atai et al. 1999).
Solid lines are the spectra computed in a 1-zone SSC
model for the SR and IC components. In the upper panel
IC spectra have been absorbed (dashed lines) by inter-
action with infrared EBL photons according to the LLL
model by Dwek & Krennich (2005). In the lower panel
EBL absorption was neglected. Details about the model
parameters can be found in Massaro et al. (2005)

(KN) regime: IC peak frequency increases slower and
slower as we increase the peak electron energy. IC cur-
vature (bIC) has a more complex behaviour and there is
not a univoque relation between r and bIC . This is due
mainly to the fact that the shape is log-parabolic, only
over limited ranges, and the resulting curvatures depend
both on seed SR photons and electron distributions. Our
computations show that bIC values are close to bSR or
lower in TH regime, and approach to r values as the dif-
fusion enters in KN regime. A detailed description of
these results is given in Massaro et al. (2005).

3. THE LARGE FLARE OF MKN 501 DURING
APRIL 1997

We applied results found above to study the evolution of
SED of Mkn 501 during the large flare of April 1997.
In reproducing TeV spectra we took into account the
photon-photon interaction with the photons of the dif-
fuse infrared extragalactic background (EBL). We con-
sidered first a single zone SSC model. The spectrum of
the emitting electrons was chosen with a curvature pa-
rameter r = b/0.22 ' 0.75. The TeV curvature mea-
sured around the peak was about 0.4 for the low state and
0.45 for the high state (Djannati-Atai et al. 1999) and, for
γ0 of the order of 10

4 and even higher, we expect a value

of r in the range 0.5-0.8. The EBL model used was the
LLL model by Dwek and Krennich (2005). In both cases
TeV data were well fitted in both the peak position and
spectral curvature. This suggests that this curvature could
be partly intrinsic rather then to be entirely produced by
EBL absorption. Another possibility is that of two zone
SSC model which gives again spectra in a good agree-
ment with data. More details can be found in Massaro et
al. (2005).

4. DISCUSSION

A log-parabolic law reproduces well the SED of blazars
over several frequency decades. We present the exact
relations, computed using a precise numerical code, be-
tween the spectral parameters of the energy distributions
of relativistic electrons and their SR and IC emission. We
also calculate SR and IC spectra of Mkn 501 observed
by Beppo Sax and CAT during the large outburst of April
1997. We found a spectral curvature at TeV energies con-
sistent with that observed in X-ray range and therefore it
can be mostly intrinsic. This interpretation is in agree-
ment with a previous work by Krawczynski et al. (2000)
and is also supported by a recent paper by H.E.S.S. team
(Aharonian et al. 2005a), who found that the time av-
eraged cut-off energy of Mkn 421 is at about 3.1 TeV,
lower than Mkn 501 (about 6.2 TeV). Considering the
nearly equal redshifts of the these two blazars, they con-
clude that the cut-off is not due to EBL attenuation but
it is intrinsic to the sources, in agreement with our con-
clusion about the IC curvature. The extragalactic space is
likely more transparent to TeV photons than previously
assumed and more blazars could be detected in this range
at redshifts higher than previously thought, in agreement
with recent detection of 1ES 1101-232 at z=0.186 (Aha-
ronian et al. (2005b).
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ABSTRACT 
 
We investigate the reported correlation of emission 
line luminosity with redshift in radio-loud FR II 
elliptical galaxies.  This is with a view to testing if 
this relationship is real or merely an artefact of 
luminosity selection effects, since the condition is 
ubiquitously absent in the lower redshift, FR I 
elliptical galaxies.  
 
1. INTRODUCTION 
 
Most classes of Active Galactive Nuclei (AGNs) 
exhibit strong emission lines which are photonoized 
by  the UV continuum of the central continuum 
source which is probably powered by accretion of 
matter into a massive balckhole.  Current 
classification groups objects with strong broad 
permitted lines as belonging to type I AGNs while 
those with narrow emission lines are designated as 
type II AGNs.  While the type I AGNs have both 
broad permitted and narrow forbidden lines, type II 
AGNs have only narrow forbidden lines in their 
spectra.  The emission line width is also used to 
classify these objects into broad line radio galaxies 
(BLRGs) and narrow line radio galaxies (NLRGs).  
The radio loud type II AGNs (i.e. NLRGs) include 
two distinct morphological types: the low luminosity 
FR I (Fanaroff and Riley, 1974) type radio galaxies 
and their high luminosity FR II counterparts.  
Generally, there exists a strong correlation between 
luminosity (P) and redshift (z) in extragalactic 
sources at both high and low z.  However, for the 
emission-line luminosity (Lline) data, while the P-z 
correlationship is observed for the high luminosity 
FR II radio-loud elliptical galaxies, it is absent in the 
low z, FR I counterparts.  In the subsequent analysis, 
we estimate the contribution of luminosity selection 
effects to the observed strong Lline-z correlation for 
the FR II galaxies in our sample to check if this 
correlation is significant or merely artificial.  Our 
data is taken from Zirbel and Baum (1995) and 
contains 136 FR II galaxies but we excluded those 
sources without spectral index (α) and/or Lline values 
in our analysis.  
 
2. ANALYSIS AND RESULT  
 
Previous investigations of radio loud objects have 
revealed a flattening of their spectral  slopes with 
increasing z for both radio-loud and radio-quiet 
types up to z ≤ 2 (Schartel et al.,1996).  Studies of 
the variation of α with z independent of P is 

normally performed using samples of sources which 
have  approximately the same median P but a wide 
range in z (Ubachukwu et al., 1996).  This 
arrangement will enable some quantitative 
assessments to be provided for the contribution of 
luminosity selection effects in the observed α-z 
relationship.  Ubachukwu et al. (1996) have shown 
that if α correlates with both z and P (here emission-
line luminosity, Lline) the functional relationship can 
be parametized respectively as, 
 

α (z) = a1 + m log (1+z)          (1) 
α (Lline) = a2 + n log (Lline)                (2) 

 
However, it has further been shown that a power-
law variation of P with z exists (which is only 
applicable above some z cut-off; Ubachukwu et al. 
(1993)) of the sort, 
 

Lline = Lline(o) (1+z)β        (3) 
 
where β is a constant arising largely as a 
consequences of luminosity selection effects (if the 
P-z relation is entirely attributable to it).  Hence, 
incorporating Eq. (3) into Eq. (2) we have, 
 
    α(Lline, z) = a2 + nβ log (1+z)+ n logline (o)        (4) 

      = a3 + nβ log (1+z)                     (5) 
 
where Lline(o)= Lline (z = 0) and a3=a2+nlog Lline(o). 
Eqs. (1) and (2) will enable us to estimate the 
contribution of luminosity selection effects in the 
source sample since if the observed Lline-z 
correlation is attributable to it, then m ≈nβ; else the 
residual z dependence, x can be estimated as 
 

x = m - n β          (6) 
 
We analyze the emission-line fluxes for a large 
sample of radio-loud, high z (z > 0.5) type II AGNs 
as compiled by Zirbel and Baum (1995).  The 
sample consists of narrow emission-line luminosities 
measured in Hα + (N II) λλ 6584, 6548 and 
excludes all measurements of broad emission-lines.  
This implies that for the BLRGs we only considered 
their narrow emission fluxes and for those sources 
measured at (O II) λ 3727 or in (O III) λ 
4959/λ5005 their fluxes were converted to Hα flux 
by using the empirical relation Hα/(O II) = 4.0 and 
Hα(O III) = 1.1 (McCarthy, 1987).  Our analysis is 
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carried out using the steep radio spectra (α > 0.5) 
components since inclusion of the flat spectra 
(α<0.5) components is likely to complicate 
interpretation of the resultant numerical results 
(Kapahi and Kulkari ,1990).  We have adopted Ho = 
50 Km/h/Mpc, qo = 0.0 and Sν = Soν-α where So is 
the monochromatic flux.  We shall first investigate 
the dependence of α on z and Lline independent of 
each other by fitting the observed data to Eqs. (1) 
and (2).  This produced the following empirical 
relationships,   
 

α (z) = - 0.17 + 0.26 log (1+z)         (7) 
α (LLine) = 0.26 + 0.06 log Lline         (8) 

 
with correlation coefficients, γ = 0.6 and 0.66, 
respectively.  These correlations are significant.  
However, to investigate the effect of luminosity, on 
the above relationships we fitted the observed log 
Lline – log (1+z) data into Eq. (3) and obtained, 
 

α(z) = 34.2 + 3.80 log (1+z)         (9) 
 
Eq.(9) implies that β = 3.8, agreeing closely with β 
4.0 found by Ubachukwu et al. (1996).  Therefore, 
using β = 3.8 plus m = 0.26 and n = 0.06 (from Eqs. 
(8) and (9) respectively) Eq. (6) which expresses the 
expected redshift dependence, x yields, 
 

x = 0.26-0.06 x 3.80~ 0.032       (10)  
 
Equation (10) is expected to give a null result if m = 
n β.  This condition is virtually true here as the 
difference is negligible and indicates that only ~12% 
of the observed α - z correlation is intrinsic with the 
rest contributed by luminosity selection effects. 
  In conclusion, we have demonstrated in the 
foregoing analysis that the reported (artificial) 
correlation in emission-line luminosity with redshift 
for FR II radio-loud elliptical galaxies is not true but 
is merely an artefact induced by luminosity selection 
effects in the sample.  It seems rather more correct 
that there is no correlation in the emission-line 
luminosity with z for both the FR II and FR I radio-
loud elliptical galaxy types. 
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ABSTRACT

BALQ X-ray absorption features provide an important op-
portunity to study powerful gas outflows from quasars.
Recently, Chartas et al. (2002) and Hasinger, Schartel &
Komossa (2002) have reported the detections of a deep
X-ray absorption trough at a centroid ofE = 1.67 keV
(corresponding to a rest-frame energy ofE = 8.1 keV)
in both theChandraandXMM-Newtonobservations of
BALQ APM 08279+5255 at a redshiftz = 3.91. Our
analysis of both theChandraandXMM-Newtonspectra
of APM 08279+5255 is consistent with a model in which
either Fe XXVI or Fe XXV outflowing with relativistic
velocities which range from0.15 c to 0.19 c, in agree-
ment with the conclusions of Chartas et al. (2002). The
presence of a highly ionized iron implies the existence of
other ions, including Ni XXVI, Ni XXVII, Ni XXVIII,
Ca XX and Ar XVIII that also absorb in the observed
X-ray band pass, and thus suggests a high mass-loss rate
which can be used to estimate the launch radius of X-ray
BAL gas. Our best-fit model yields a total iron column
density of∼ 1018 cm−2. Over a period of18 months
covered by these observations, the data do not exhibit
significant variability in the structure of the absorption
troughs, which suggests that the jets are launched from
relatively large radius.

Key words:BALQ; APM 08279+5255; Absorption lines;
Outflows; X-rays.

INTRODUCTION

Broad absorption lines are observed in approximately
20% of radio-quiet quasars (Hewett & Foltz, 2003;
Reichard et al., 2003). These are interpreted as signs
of large mass outflow with speeds∼ 0.03c from the
accretion disks orbiting massive black holes. As such,
they provide insight into the fueling mechanisms in
quasars and its interaction with the host galaxy, e.g.
(Scannapieco & Oh, 2004; Springl et al., 2005; Pounds
et al., 2003; Reeves et al., 2003).

Recently, broad X-ray absorption features have been
seen with velocities of∼ 0.2c, suggesting that these
outflows may be even more powerful than estimated
from optical observations and may provide active
feedback to the surrounding gas e.g. (Chartas et al.,
2002; Reeves et al., 2003; Pounds et al., 2003). As
both the velocities and the level of ionization is higher,
the X-ray absorbing gas is expected to originate from
smaller radii than UV-absorbing gas. Detailed study of
this gas may therefore be quite prescriptive concerning
the outflow acceleration mechanism. These outflows are
generally believed to be accelerated through resonance
scattering ofUV continuum photons by highly ionized
ions e.g. (Arav & Li, 1994; Murray et al., 1995; Proga
et al., 2000; Chelouche & Netzer, 2001). Many of
these models predict theBAL clouds to be launched
near the supermassive black hole atrlaunch ≈ 1016 cm
(Murray et al., 1995). However, one problem with this
model is that the outflows might be expected to vary on
timescales of order the orbital period at the launch radius,
∼ 0.1(Mhole/108M¯)−1/2(R/100AU)3/2(1 + z) yr.
Such variations appear to be rare in optical observations
(Weymann, 1997). There is therefore considerable
interest in the variability of the X-ray lines.

We have independently analyzed data of
APM 08279+5255 from theChandra observations
on 2000 October 11 and 2002 February 24 (Chartas
et al., 2002) and those byXMM-Newtonon 2001 October
30 and 2002 April 28-29 (Hasinger et al., 2002), and
have searched for spectral variability of the X-rayBALs
in APM 08279+5255 among these epochs. We chose
this source because it has a large gravitational lensing
magnification of 100 and high redshift ofz = 3.91,
which makes it a unique object with high signal-to-noise
X-ray spectra. Chartas et al. (2002) modeled theChan-
dra data ofAPM 08279+5255 using gaussian absorption
lines and interpreted it as due to a blueshifted absorption
line from either Fe XXV Kα or Fe XXVI K α , which
requires a presence of a relativistic outflow. On the other
hand, Hasinger et al. (2002) interpreted this feature as an
absorption edge from Fe XV - Fe XVIII with zero bulk
velocity in the quasar’s frame.
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SPECTRAL ANALYSIS

We studied both theChandraandXMM-Newtonspectra
using spectral/atomic models, which contain line and
continuum absorption that are computed with the Flex-
ible Atomic Code (Gu, 2003) in the low-density limit.
The detection of a deep resolved discrete feature at a
centroid ofE = 1.67 keV (corresponding to a rest-frame
energy ofE = 8.1 keV) in APM 08279+5255 is sta-
tistically significant and strongly suggests the presence
of highly ionized iron (Fe XXVI and/or Fe XXV). To
model the spectra, we assumed a uniform absorber with
ionization parameter in the rangelog ξ ∼ 3 − 5. Other
ions are likely to be present, such as Ni XXVIII, Ni
XXVII, Ni XXVI, Ca XX, Ar XVIII and contribute
to the total absorption. In addition, we included cold
local and Galactic absorption components and a single
power-law continuum. During the fitting, the intrinsic
absorption column density, the normalization and the
slope of the power-law component, the column densities
of ions, the turbulent velocity and the outflow velocity of
the absorber were allowed to vary and the bulk velocities
of the individual ions were assumed to be identical to
each other.

This model provides a reasonable fit to the data from
both ChandraandXMM-Newton. The results reveal a
detection of1 ∼ 2 × 1018 cm−2 of either Fe XXVI or
Fe XXV and other elements with column densities that
are an order of magnitude or more lower, which are more
or less consistent with solar abundances. The outflow
velocities are estimated to be either0.15 c or 0.18 c
for Chandra and 0.17 c or 0.19 c for XMM-Newton
observations, in agreement with Chartas et al. (2002).
The ambiguity in the redshift is a result of whether
the single absorption trough is interpreted as either Fe
XXV or Fe XXVI. Contributions from other lines, like
Ni XXVII and Ni XXVIII, are expected as well, as
predicted for example by Monte Carlo radiative transfer
calculations of Sim (2005). The relative strength of the
iron feature to the other lines can be used to constrain
both the mass-loss rate and opening angle of the outflow.
Based on the computed spectra by Sim (2005), the
appearance of Ar XVIII and Ca XX in the hard X-ray
band suggests a mass-loss rate near or higher than
6M¯/yr. Adopting the best-fit hydrogen column density
of NH ∼ 5 × 1022 cm−2, a global covering factor
of 0.2, a outflow velocity of0.2 c and the ratio of the
distance to the absorber thicknessR/∆R ∼ 1 (Chartas
et al., 2002), the launch radius of the X-rayBAL gas
would be larger than3 × 1017 cm, which corresponds
to a variability time scale of roughly four months in the
source frame. We have searched for spectral variability
in observations ofAPM 08279+5255 separated by2− 18
months, which correspond to timescales of a few weeks
to three months in the quasar’s rest frame. All of the data
are consistent with the same spectral model suggesting
that the the variability is not significant over timescales
of ∼ 3 months in the quasar’s rest frame.
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