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Abstract

In this paper I review the current observational status of X-ray-based measurements allowing us to
constrain the location of absorbing and optically-thick reprocessing clouds in the innermost region of
Active Galactic Nuclei (AGN). As a conclusion of the review, I hint at the impact that the most recent
measurements may have on our interpretation of the AGN Unified Scenarios.
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1. The AGN Unified Scenario revisited

The AGN Unified Model will be 30 years old next year.
It was originally proposed by Antonucci & Miller (1985)
to explain the emergence of broad (several thousands
kilometers per seconds) emission lines in spectropolari-
metric observations of “narrow line” AGN, i.e of those
AGN exhibiting only “narrow lines” (width smaller than
1000 km s−1). The fundamental ingredient of the Unified
Model (Antonucci 1993) is an azimuthally homogeneous
symmetric distribution of dust and cold gas surround-
ing the AGN central engine (dubbed “torus”). The ob-
served ratio of “narrow-” versus “broad-line” AGN sug-
gests that this torus should cover a threatening large
covering fraction (Maiolino & Rieke 1995). The incli-
nation of our line-of-sight with respect to the symmetry
axis of this matter distribution would determine at 0th-
order most of the AGN observed phenomenology. To
explain their discovery, Antonucci & Miller (1985) pos-
tulated that broad emission lines in “narrow line” ob-
jects would be completely obscured by the torus, and
a reflected image thereof would be visible in polarized
light if the emission coming from the Broad Line Region
(BLR) cloud of these can escape through the symmetry
axis of the torus, and can be scattered by hot electrons
above the rim of the torus.
This scenario has offered a natural explanation also

for X-ray obscuration in AGN. The X-ray spectrum of
about three quarters of AGN in the local Universe is
seen through a large column density (NH > 1022 cm−2)
of photoelectrically-absorbing cold gas (in this context
“cold” means that metals are not ionised)1 A correlation
between “broad-line” (“narrow-line”) and X-ray unob-

*1 One of the most confusing aspects of modern AGN nomencla-
ture, more than a half of “X-ray unobscured” AGN are still
obscured by “warm” outflowing gas (Reynolds 1997; George et
al. 1998; Piconcelli et al. 2005).

scured (X-ray obscured) AGN was established since the
dawn of X-ray extragalactic spectroscopy (Awaki et al.
1991), and it is now confirmed at the >70% level by the
deepest current AGN X-ray spectroscopic surveys (see,
e.g., Merloni et al. 2014). An inescapable consequence of
the Unified Scenarios is that the gas covering the BLR
should also cover the significantly more compact high-
energy emitting region. In the standard 0th-order Uni-
fied Scenario the torus is therefore also responsible for
X-ray obscuration.

This basic picture has received a formidable observa-
tional support by the recent measurement of compact
distribution on dust on scales 0.1–10 pc in a number of
nearby AGN through MIR interferometric imaging ob-
servations (see Burtscher et al. 2013 for a review of these
recent measurements). On the other hand, evidence has
been mounting in the last decade against a compact
torus. The dust in the torus must be clumpy because:
a) an homogeneous distribution on scales probed by the
MIR interferometric images would exceed the dynamical
mass of the black hole (Nenkova et al. 2008); b) smooth
distributions of dust do not reproduce the 10µm Silicate
feature in IR AGN spectra (Hao et al. 2007); c) AGN
MIR emission is more isotropic than X-ray obscuration
(Lutz et al. 2004); d) cool dust temperature close to the
AGN (Poncelet et al. 2006, Tristram et al. 2007) cannot
be explained by a smooth distribution, while and can be
easily accounted for by a large number of clouds with
a temperature gradient between their AGN-illuminated
and the shielded side.

All the aforementioned IR pieces of evidence do not
probe the dust-free phase of the obscuring matter. Only
X-rays can do this. They may allow us to probe directly
the geometry and the physical conditions of matter on
scales smaller than the dust sublimation radius in AGN.
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In this contribution I will briefly review the observational
evidence in this field (Sect. 2., 3.). The allow us to put
further constraints on the scale of gas surrounding the
AGN through X-ray variability and direct imaging. I will
only hint to the consequences that these measurements
may have on our view of the AGN structure model and
the Unified Scenarios (Sect. 4.).

2. Constraining the location of the X-ray cold gas through

variability

When a number of sufficient observations covering a suf-
ficiently long baseline is available, AGN in exhibit strong
X-ray spectral variability, in particular with respect to
the physical properties of the X-ray absorbers are con-
cerned. A recent example is H0557-358 (Coffey et al.,
submitted). This otherwise standard broad-line AGN
transited from a moderately obscured (NH ≃ 1022 cm−2)
X-ray status in 1995, to an X-ray unobscured status be-
tween 2000 and 2002, to an extremely obscured state
(NH≥1023 cm−2) as of 2006, when the X-ray emission
below 10 keV. Unfortunately, the exact time of these
transition can be only very loosely constrained in this
source due to the sparse sampling of the X-ray obser-
vations. Assuming clouds orbiting in Keplerian veloc-
ity around the black hole, the observations indicate that
these clouds probably belong to the BLR, and are located
at a distance lower than or at most consistent with the
dust sublimation radius in this object. This conclusion
would be consistent with the idea that the outer radius
of the BLRs is bound by the dust sublimation radius
(Netzer & Laor 1993).

In other objects the constraints on the location of
the absorbing matter are tighter, because it has been
possible to follow in better details the timescale of the
state transition. In ESO323-G77 (Miniutti et al. 2014)
variations of the column density by about one order of
magnitude in one month were associated to a clumpy
torus with (NH≃4× 1022 cm−2), with an opening angle
of ≃47◦. An even more extreme variability of the col-
umn density (almost two order of magnitudes within 15
months) was associated to thicker (NH≃1023−24 cm−2)
BLR clouds. The fact that the Balmer Decrement (mea-
suring the reddening of the optical broad lines) corre-
sponds to a column density two order of magnitudes
lower that that measured through X-ray variability sug-
gests that most of the gas in the BLR is dust-free. Sim-
ilar conclusions were drawn by Sanfrutos et al. (2013)
following the the discovery of a one-day long eclipse of
the X-ray source by a low-ionisation cloud in a deep
XMM-Newton observation of SwiftJ2127.4+5654. This
is one of the few known examples of X-ray source occul-
tation events, where it is possible to follow the ingress
and egress of the occultation light curve. In NGC1365
(Risaliti et al. 2007), the best known and intensively

Fig. 1. Historical light curves of Markarian 3 in the 4–5 keV en-
ergy band (filled circles) against the Swift/BAT light curve in
the 15–150 keV energy band (empty squares). Both curves are
normalized to their respective mean for direct comparison.

studied of the sources where X-ray occultation events
occur, the shape of the covering fraction light curves at
egress allowed to discover the “cometary” nature of the
obscuring clouds (Maiolino et al. 2010).

ESO323-G77 is, as far as we know, we only known ex-
ample of an AGN for which evidence of a clumpy BLR
and torus have been unveiled in X-rays. If X-ray obscu-
ration occurs through a clumpy medium, a hard X-ray
scattering component may be leaking provided that the
covering fraction is not too large. Such a component has
been indeed discovered in ESO323-G77, as well as in two
other AGN whose X-ray emission is covered by clumpy
BLR gas (NGC3227, Lamer et al. 2003; NGC7582, Pi-
concelli et al. 2007).

3. Constraining the location of the X-ray cold gas through

reflection

The presence of optically thick gas in the AGN environ-
ment can be also unveiled and studies through its repro-
cessing of the nuclear emission. The study of the vari-
ability of this component can therefore also provide con-
straints on the location of optically thick gas in the AGN
environment. Results obtained with this techniques were
discussed already in the 80s (Perola et al. 1986; Taka-
hashi et al. 2002). We show in this contribution as a
token of example recent results obtained from the re-
analysis of the historical X-ray light curve of Markar-
ian 3 over the last 15 years (Guainazzi et al. 2012; see
Fig. 1). Markarian 3 is one of the X-ray brightest AGN
whose X-ray emission is covered by almost Compton-
thick gas (NH ≃ 7 × 1023 cm−3; Cappi et al. 1999).
The comparative study of the historical EPIC-pn light
curve in the 3–5 keV energy band (dominated by repro-
cessing of the primary continuum) and of the Swift/BAT
curve in the 15–150 keV energy range (dominated by pri-
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mary continuum), led us to the following conclusions: a)
the AGN primary emission in Markarian 3 is variable on
time-scales as short as ∼

<2 weeks; b) the flux of spec-
tral components associated to optically-thick Compton-
reprocessing is variable on time scales as low as≃64 days.
The upper limit is, however, primarily driven by the ran-
dom pattern of the existing observations, which were not
designed to probe any specific time-scale; c) assuming
that the light curve of the Compton-reflection-dominated
energy band and that of the 15–150 keV energy band are
correlated, with the former lagging behind the latter, we
measure a peak in the delay of ∼>1200 days. These re-
sults suggest that reprocessing may occur in small (linear
size ∼

<0.05 pc) sub-pc clouds, covering a small solid an-
gle (opening angle, θ∼>71◦). This inference is, however,
challenged by the emission in the Compton-reflection
dominated energy band being extended along a direc-
tion perpendicular to the NLR axis over a linear scale
up to ≃300 pc (Guainazzi et al. 2012). Reprocessing
by optically thick matter on similar spatial scales has
been directly imaged by the Chandra/ACIS thanks its
superb sub-arcminutes resolution. Recently Marinucci
et al. (2013) imaged (for the first time in X-rays) the
clumpy nature of the optical-thick reprocessing in the
Circinus Galaxy (the closest Compton-thick AGN in the
Universe) on scales as large as ≃30 pc by studying the
ratio of the image in the 6.3–6.4 keV to that in the 4–
6 keV energy band. The former is dominated by Kα

fluorescence by neutral iron, the latter by the Compton-
reflection continuum. If the two physical processes oc-
cur in the same gas, the variation of their intensity ratio
trace the gas column density. The same mechanism ex-
plains the lack of correlation between the intensity of
the Fe Kα line and the Compton-reflection continuum in
Markarian 3 (Guainazzi et al. 2012).

4. Synopsis of the AGN nuclear gas scales

In Fig. 2 the location of the gas responsible for X-ray ab-
sorption and optically-thick reflection derived from the
observations described in Sect. 2. and Sect. 3. is sum-
marised. This plot is admittedly misleading, because it
does not directly compare the location of different astro-
physical systems in the same source. It rather represents
for each astrophysical system the typical range of scales
measured through different techniques. Bearing this im-
portant caveat in mind, X-ray absorbing clouds are found
on the whole range of distances from the black holes
from a few thousands to tens of millions of gravitational
radii; X-ray reflecting clouds are found from tens of thou-
sands to a billion of gravitational radii. They substan-
tially overlap with the location of BLRs and the torus.
This simple evidence supports a picture whereby the phe-
nomenological variety under which gas and dust mani-
fest themselves in the innermost regions of AGN conceal

the same underlying astrophysical systems. Recent pa-
pers discussing in details this scenarios are: Elitzur 2012,
Kazanas et al. 2010; Miniutti et al. 2014.
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Fig. 2. Range of distances from the black hole for the X-ray absorbing (green bar) and reflecting (cyan) compared with the scale of other
astrophysical systems in the AGN environment: corona (magenta; Chen et al. 2012; Chartas et al. 2009); disk-corona reverberation scale
(blue, de Marco et al. 2012); X-ray warm absorbers (red, Tombesi et al. 2010; Kaastra et al. 2012; Detmers et al. 2009)). The purple

bar indicates the range of distance derived by a systematic search for occultation episodes in the RXTE light curve of nearby AGN recently
published by Markowitz et al. (2014). Units are in gravitational radii
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