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ABSTRACT
In this paper, we present the results obtained with a monitoring programme (23 days long)
performed with Swift-XRT on the local Seyfert galaxy Mrk 915. The light-curve analysis
shows a significant count rate variation (about a factor of 2–3) on a time-scale of a few days,
while the X-ray colours show a change in the spectral curvature below 2 keV and the presence
of two main spectral states. From the spectral analysis we find that the observed variations can
be explained by the change of the intrinsic nuclear power (about a factor of 1.5) coupled with
a change of the properties of an ionized absorber. The quality of the data prevents us from
firmly establishing if the spectral variation is due to a change in the ionization state and/or
in the covering factor of the absorbing medium. The latter scenario would imply a clumpy
structure of the ionized medium. By combining the information provided by the light curve
and the spectral analyses, we can derive some constraints on the location of the absorber under
the hypotheses of either homogeneous or clumpy medium. In both cases, we find that the
absorber should be located inside the outer edge of an extended torus and, in particular, under
the clumpy hypothesis, it should be located near, or just outside, to the broad emission line
region.
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1 IN T RO D U C T I O N

There is now a general consensus that active galactic nuclei
(AGN) are powered by accretion of matter on to a supermassive
(>106 M�) black hole (SMBH). According to the unified model
of AGN (Antonucci 1993), an obscuring optically thick medium
composed by dust and gas arranged in a torus-like geometry is
present around the nuclear engine. However, the structure, size and
composition of this circumnuclear medium are still matter of debate
and are topics of several studies carried out at different wavelengths
(Bianchi, Maiolino & Risaliti 2012). Important constraints on the
physical properties of the circumnuclear medium have been re-
cently provided by the study of the absorption variability, which is
almost ubiquitous in bright absorbed AGN (Risaliti, Elvis & Nicas-
tro 2002). X-ray absorbing column density (NH) has been observed
to vary by a factor of 10 or more over a few years. The observed NH

variability on this scale ruled out the simplest physical configura-
tion of a homogeneous absorber, giving upper limits on the distance
of the latter by the central SMBH. Subsequent X-ray observational
campaigns detected significant variability on a handful of AGN on
very short time-scale (day or week) giving the possibility to in-

� E-mail: paola.severgnini@brera.inaf.it

vestigate the X–ray properties of the circumnuclear medium down
to sub-parsec scale. The emerging picture is that multiple neutral
and ionized absorbers co-exist around the central SMBH, located
at different distances from it. So far the best characterization of the
physical parameters of the X-ray absorbers has been possible for
the AGN in NGC 1365, which has been monitored several times
in the last few years with Chandra, XMM–Newton and Suzaku.
This source changes from Compton-thick (NH ≥ 1024 cm−2) to
Compton-thin (NH ∼ 1023 cm−2) state on time-scales from weeks
(Risaliti et al. 2005) to hours or days (Risaliti et al. 2007, 2009).
One of the main results is that the X-ray absorber has the physical
properties typical of the clouds responsible for the emission of the
broad lines in the optical/UV spectrum, i.e. the broad-line emission
region (BLR), located at a distance of hundreds of gravitational
radii from the central SMBH. Recently it has been proposed that
the long-term variability of the X-ray absorber in NGC 1365 could
be due to the variation of the ionized X–ray wind, that is responding
to the changes in the accretion rate (Connolly, McHardy & Dwelly
2014). High spectral resolution data show that this wind is located
within the variable soft X-ray absorber and is composed by two
(or even three) zones with different ionization levels. In particular,
the lowest ionization zone of this wind could be responsible for the
absorption variability that is observed in this source below 2 keV
(Braito et al. 2014).

C© 2015 The Authors
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By exploiting the Swift X-ray Telescope (hereafter XRT; Burrows
et al. 2005) archive, we recently started a project aimed at studying,
on a larger statistical basis, the physical properties of the X-ray
absorbers in AGN. We started from the 70 months all-sky survey
Swift-BAT catalogue (Baumgartner et al. 2013) in the 20–150 keV
and the 66-month Palermo BAT Catalogue1 (see also Cusumano
et al. 2010). We considered only those sources with a secure optical
AGN counterpart and with XRT observations already available be-
fore the end of 2012. For each source, we adopted a daily binning of
the XRT data and we searched for statistically significant variations
of the X–ray colours on different time-scales (from months to years,
see Ballo et al. 2015). Following this method, we selected five new
candidates for variable absorbers. One of the most interesting is the
local Seyfert galaxy Mrk 915. The archival XRT data used to select
this source unveiled a dramatic count rate and ‘X–ray colour’ vari-
ability on a minimum time-scale of 1 month. The 0.3–10 keV count
rate increases by a factor of 3 and, at the same time, the spectral
shape becomes dramatically softer, showing a variability of a factor
of 2.4 and 3 in the [2–10 keV]/[0.3–2 keV] and [4–10 keV]/[0.3–
4 keV] count rate ratios, respectively. As discussed in Ballo et al.
(2015), this behaviour suggests that a change in the properties of
the X–ray obscuring circumnuclear medium (i.e. column density,
covering factor or ionization state) probably occurred between the
archival XRT observations. However, the low statistical quality of
these data prevented us from performing a proper spectral analysis
and to discern among the possible causes of the observed varia-
tion. With the goal of obtaining higher quality data on a shorter
time-scale, we performed a daily XRT monitoring on this source
during a period of ∼3 weeks. This paper aims at providing a first
characterization of the putative variable absorber.

The paper is structured in the following way: the main optical
properties of Mrk 915 are reported in Section 2, while the analysis
of the XRT data obtained during the daily monitoring are presented
in Section 3 (light-curve analysis and spectral analysis, Sections 3.1
and 3.2, respectively). The main results obtained are discussed in
Section 4 and the conclusions are summarized in Section 5.

Throughout the paper we assume a flat �CDM cosmology with
H0 = 71 km s−1 Mpc−1, �� = 0.7 and �M = 0.3.

2 M R K 9 1 5

Mrk 915 is a local (z= 0.024) spiral galaxy (PA ∼ 166◦) with evident
dust lane structures seen crossing the central source in its WFPC2
image (Malkan, Gorjian & Tam 1998) and hosting an SMBH of
MBH = (0.6–1.8) × 108 M� (Bennert et al. 2006). The value of the
axis ratio (0.54 and 0.83 reported by Keel 1996 and Muñoz Marı́n
et al. 2007, respectively) indicates that the disc of the galaxy is
inclined with respect to the line of sight by about 35◦–57◦. Assuming
both galaxy’s disc and AGN’s torus to be co–planar and an half-
opening angle of the torus of about 60◦, our line of sight intercepts
or grazes the low-density outer regions of the torus.

From the optical point of view, Mrk 915 has been spectroscopi-
cally classified as an intermediate Seyfert2 galaxy showing signifi-
cant spectral variations. In particular, the broad components of the
H α and H β emission lines are clearly detected in some observa-
tions, while they are completely absent in others. As a consequence,
the source has been classified in different ways, from Seyfert 1.5 to

1 http://bat.ifc.inaf.it/bat_catalog_web/66m_bat_catalog.html
2 A Seyfert galaxy with broad emission line components weaker than those
usually observed in Seyfert 1 galaxies (Whittle 1992).

Table 1. Mrk 915: XRT monitoring observation log. The observations are
ordered on the basis of the observation start date.

Obs. ID Obs. start date Net counts Net exp. time
[0.3–10 keV] [s]

00 035 169 003 2014-09-10 638 7367
00 035 169 004 2014-09-11 621 7060
00 035 169 005 2014-09-15 344 4453
00 035 169 006 2014-09-17 1359 13 130
00 035 169 007 2014-09-18 437 3629
00 035 169 008 2014-09-21 2563 13 190
00 035 169 009 2014-09-23 693 4105
00 035 169 013 2014-09-27 160 1171
00 035 169 014 2014-09-27 61 719
00 035 169 011 2014-09-29 935 10 280
00 035 169 015 2014-10-02 993 5369
00 035 169 016 2014-10-02 1216 5314

Seyfert 1.9, depending on the presence/intensity of the broad com-
ponents at the time of the observations (Goodrich 1995; Bennert
et al. 2006; Trippe et al. 2010). The origin of this spectral variabil-
ity is still unclear. Goodrich (1995) tentatively suggested that the
observed variation was due to a change in reddening (�EB−V ≥
0.53 mag, derived by comparing the H α fluxes in the two observa-
tions) produced by dusty clouds passing close, but outside, the bulk
of the BLR. Alternatively, the observed spectral variability could
be due either to a change in the nuclear photoionizing continuum or
to a combination of continuum and reddening variation. At the mo-
ment, it is not possible to discriminate among the various scenarios
(Trippe et al. 2010).

Independently of the origin of this spectral variability, a reddening
of the order of EB−V ∼ 0.3–0.5 mag seems to be always present and
it affects both the kpc-distance regions, i.e. the narrow-line emission
regions (NLR), and the innermost nucleus. This reddening is most
probably attributed to the presence of dust lanes as seen crossing
the central source in its WFPC2 image (Muñoz Marı́n et al. 2007).

3 DA I LY / W E E K LY X - R AY M O N I TO R I N G

The data presented here are relative to a monitoring program com-
posed by 12 new XRT observations awarded during fall 2014 (Swift
Cycle–10 and ToO observations, P.I. Severgnini). These observa-
tions, covering ∼23 days, for a total on source exposure time of
∼76 ks, were performed with XRT in the standard PC-mode. The
observation log is reported in Table 1. The source appears point–
like in the XRT image and we do not find any significant evidence
of pile-up.

3.1 Light curves

Each light curve, described below, has been created by using the
Swift-XRT data products generator3 developed by the UK Swift
Science Data Centre and based on the Swift software and FTOOLS

guide. The effects of the damage to the CCD and automatic readout-
mode switching are appropriately handled; details on the light-curve
code can be found in Evans et al. (2007) and Evans et al. (2009).

Figs 1 and 2 show the XRT light curves in five different energy
bands (0.3–10, 0.3–2, 0.3–4, 2–10 and 4–10 keV). We choose to

3 http://www.swift.ac.uk/user_objects/
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The X-ray absorber in Mrk 915: Swift data 3613

Figure 1. XRT light curve in the total 0.3–10 keV band, obtained by binning the data per snapshot (small dots, grey in the electronic version) and per
observation (big dots, red in the electronic version). With respect to the observed net counts reported in Table 1, data points are corrected for technical issues
(i.e. bad pixels/columns, field of view effects, pile-up and source counts landing outside the extraction region) following the receipts discussed by Evans et al.
(2007) and Evans et al. (2009). Numbers mark the one/two last digital numbers of the relevant observation ID (see Table 1). Error bars mark 1σ uncertainties.
The light curve is divided in time intervals marked by different boxes and capital letters (see Section. 3.2). We note that the only point in the B time range with
a count rate lower than 0.2 has a very short exposure time (∼180 s). Although it is above the minimum exposure time considered here (i.e. 150 s), this point
has a signal–to–noise ratio lower than 5.

Figure 2. Left panels, from top to bottom: 0.3–2 keV and 2–10 keV count rates and [2–10 keV]/[0.3–2 keV] ratio. Right panels, from top to bottom: 0.3–4 keV
and 4–10 keV count rates and [4–10 keV]/[0.3–4 keV] ratio. Dashed lines represent the ratios normalized to the first observation. Symbols are the same as
those used in Fig. 1 and data points are corrected for the same technical issues.

bin the data per spacecraft orbit (i.e snapshot, grey small dots in
Figs 1 and 2). We considered only those snapshots longer than
150 seconds, which guarantee a signal-to-noise ratio on each point
equal or greater than 5. In each panel, we plot also the light curves
obtained by binning the data per observation (i.e. obs. ID, big red
dots in Figs 1 and 2). Over the length of the observing monitoring
program (∼23 days), the light curves are not constant at 99.9 per cent
confidence level (χ2 test).

During the first three observations, spanning ∼3.6 × 105 s (i.e.
4.2 days), the snapshot 0.3–10 keV count rates are randomly dis-
tributed around ∼0.12 counts s−1. Later, a clear increase in the
count rate is visible, reaching its maximum in about 3.5 × 105 s
(i.e. ∼4 days). In these four days, the count rate increased by a fac-

tor ∼2–3 when we consider the obs. ID time binning. About 2 days
later, the count rate decreased by the same amount and then imme-
diately increased again, reaching the highest intensities observed
during this monitoring (∼0.3 counts s−1).

The increasing/decreasing factor is not the same in all bands: in
the softer bands (0.3–2 keV and 0.3–4 keV) the count rate variation
is higher with respect to that in the complementary harder bands
(2–10 keV and 4–10 keV, respectively). This is visible also in-
specting the flux ratios ([2–10 keV/0.3–2 keV] and [4–10 keV/0.3–
4 keV]) reported in the bottom panels of Fig. 2. In these panels, the
dashed lines are normalized to the first observation. This behaviour
suggests that, besides the possible flux variation of the primary
emission, there could be another mechanism producing different

MNRAS 453, 3611–3618 (2015)
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3614 P. Severgnini et al.

Figure 3. XRT spectra relevant to the time binning defined in Fig. 1. In the
electronic version, the spectra are colour-coded as the boxes in Fig. 1.

intensity variations in different energy bands. This mechanism
should affect mainly the softer energy ranges.

3.2 X-ray spectral analysis

The aim of this section is to investigate, from a spectral point of
view, the changes observed in the light curves of Mrk 915 during
the X–ray monitoring. To this end, following the total (0.3–10 keV)
light curve, we divided the XRT data in four main time bins on the
basis of the average count rate value of each observation. They are
shown in Fig. 1, where we mark each bin with boxes and capital
letters. The A and C bins are composed by observations with a net
count rate lower than ∼0.2 counts s−1, while B and D correspond
to observations with a net count rate higher than ∼0.2 counts s−1.
For each bin, we extracted the spectrum by using circular regions
centred on the X–ray source position with a radius ∼50 arcsec (i.e.
∼20 pixel, which corresponds to an Encircled Energy Fraction of
∼90 per cent; Moretti et al. 2005). The background spectra have
been extracted from source-free circular regions close to the object
with an area about 9 times larger. Spectral reduction was performed
using the standard software (HEADAS software, v6.15 and the most
updated CALDB version4) and following the procedures described
in the instrument user guide.5 The spectra have been binned in
order to have at least 20 counts per energy channel (see Fig. 3) and
analysed using the XSPEC 12.8.1 package.

As evident from Fig. 3, the data have two by two (A with C and B
with D) very similar spectral shape, confirming the presence of two
different spectral states of the source, as already highlighted by the
light curve and X–ray colours. A visual inspection of the figure is
sufficient to notice that most of the spectral variation among these
two states is below 2–3 keV. In order to improve the statistics, we
combined the data sets with similar spectral shape (A with C and
B with D) by obtaining a low- and a high-state spectrum (hereafter
called AC and BD, respectively).

We also considered the Swift-BAT spectrum of Mrk 915 retrieved
by the 70 month Swift-BAT Catalogue6 (Baumgartner et al. 2013).
This spectrum provides the average spectral properties of the source

4 http://heasarc.gsfc.nasa.gov/FTP/caldb
5 http://heasarc.nasa.gov/docs/swift/analysis/documentation
6 http://swift.gsfc.nasa.gov/results/bs70mon/

Figure 4. Residuals, plotted in terms of sigmas with error bars of size one,
obtained by fitting the low- (AC) and high-state (BD) spectra of Mrk 915
with the following model: phabs × (zphabs × zpcfabs × zpowerlw).

above ∼15 keV. Due to the significant variability of Mrk 915, we
did not fit the XRT and BAT spectra simultaneously. We used the
BAT spectrum to derive the average value of the spectral slope of
the primary AGN emission. By fitting the BAT data with a simple
power-law component, we found a best-fitting value of 
 = 1.7 ±
0.2. In the spectral analysis of the XRT data (described in details
below), we first fitted simultaneously the two main states keeping

 tied. Also in this case we found: 
 = 1.7 ± 0.2. The same value
and uncertainties are obtained when 
 is allowed to vary between
the states. Thus, considering the statistic of the present data, we
decided to keep it fixed to the best-fitting value while investigating
the origin of the variability.

As a starting point, we assumed the presence of three absorbing
components. The first one (phabs component in XSPEC) refers to the
Galactic hydrogen column density along the line of sight (Kalberla
et al. 2005). The second one (zphabs component in XSPEC) accounts
for the absorption due to the dust lane structures at the redshift of the
source. Indeed, as discussed in Section 2, the primary emission from
the Mrk 915 nucleus intercepts dust lane structures that produce an
optical extinction of EB−V = 0.3–0.5 mag (Bennert et al. 2006;
Trippe et al. 2010). The presence of these structures is expected to
affect also the X–ray emission with a column density of the order
of 1021 cm−2, assuming a Galactic dust-to-gas ratio of EB−V/NH =
1.7 × 10−22 mag cm2 (Bohlin, Savage & Drake 1978). In the fitting
procedure, we allowed this component to vary in the range of 0.5–
5 × 1021 cm−2. The third component is a neutral absorber partially
covering the central source (zpcfabs model in XSPEC), associated
with material on the torus distance scale. The full parametrization
adopted is the following one: phabs × (zphabs × zpcfabs × zpow-
erlw). We allowed to vary the intrinsic power-law normalization
and both the intrinsic column density and the covering factor of the
partial covering absorber. The residuals between the data and the
best-fitting model for the two states are shown in Fig. 4.

Although this model can account for most of the data, it leaves ev-
ident and systematical residuals in the softer part of the spectra: by
considering the data in the 0.3–1 keV range we found χ2/ d.o.f. =
55.42/37 (corresponding to a null hypothesis probability of ∼3 per
cent). Thus, this model cannot be considered a good representation
of the global spectral properties of the source. In particular, the

MNRAS 453, 3611–3618 (2015)
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Table 2. Best-fitting values obtained by applying to the low- and high-state spectra of Mrk 915 the following model:
phabs × (zphabs × zxipcf × zpowerlw) with 
 fixed to 1.7 (χ2/d.o.f. = 362.99/403).

State NH
a
neutral NH

b
ionized CFc log(ξ )d Ae

p F(2-10 keV)
f L(2-10keV)

g

AC 0.08+0.03
−0.06 1.86 ± 0.20 0.96 ± 0.03 0.68 ± 0.13 1.98 ± 0.01 0.67 0.98

BD 0.08h 2.09 ± 0.35 0.86+0.07
−0.05 1.14+0.14

−0.24 3.06 ± 0.01 1.07 1.52

Notes. The uncertainties, reported at the 90 per cent confidence level for one parameter of interest, have been estimated by freezing the
NHneutral to the best-fitting value.
aColumn density of the neutral absorber associated with dust lane structures, in units of 1022 cm−2. This parameter is forced to be equal
in both states. bColumn density of the ionized absorber, in units of 1022 cm−2. cCovering factor of the neutral absorber. dLogarithm value
of the ionization parameter (see Section 3.2). eNormalization of the power-law component, in units of 10−3 photons s−1 cm−2 keV−1.
fFlux in the 2–10 keV energy range, corrected for the Galactic absorption, in units of 10−11 erg cm−2 s−1. gIntrinsic 2–10 keV luminosity,
in units of 1043 erg s−1. hThis parameter was kept tied in the two states.

Figure 5. Upper panel: The model including an ionized absorber partially
covering the source (phabs × (zphabs × zxipcf × zpowerlw)) is overplotted
on the low- (AC) and high-state (BD) unfolded spectra of Mrk 915. Lower
panel: Relevant residuals, plotted in terms of sigmas with error bars of size
one.

shape of the residuals in Fig. 4 suggests the presence of an absorp-
tion trough at ∼0.78 keV (observed frame); at the redshift of the
source, this feature could be associated with Fe XVII– XVIII, typically
observed in nearby bright AGN with warm absorbers (Crenshaw,
Kraemer & George 2003; Porquet et al. 2004). Prompted by these
considerations, we replaced the neutral partial covering compo-
nent with an ionized one, modelled in XSPEC with zxipcf (Reeves
et al. 2008). In this case, the full parametrization is the following:
phabs × (zphabs × zxipcf × zpowerlw). As a first step, in the fit-
ting procedure, we left the intrinsic NH, the ionization parameter ξ 7

and the covering factor (CF) of the ionized medium free to vary,
along with the intrinsic power-law normalizations (Ap). The best-
fitting values obtained in the presence of an ionized absorber are
reported in Table 2, where the uncertainties are given at the 90 per
cent confidence level for one parameter of interest (Avni 1976). The
unfolded spectra and the ratio between data and best-fitting models
are shown in Fig. 5; it is evident that this second model provides a
better characterization of the spectra of Mrk 915, also in the softer

7 The ionization parameter is defined as ξ [erg cm s−1] = Lion/nR2 (Tarter,
Tucker & Salpeter 1969), where Lion is the ionization luminosity obtained
by integrating the X–ray intrinsic luminosity between 0.013 and 13 keV, n
is the average absorber number density [part cm3] of the illuminated slab,
and R is the distance of the absorber from the central source.

energy range (χ2/d.o.f. = 22.42/35 in the 0.3–1 keV range, cor-
responding to a null hypothesis probability of ∼95 per cent). Also
the residuals at E ∼ 0.78 keV are now well reproduced. We note
that, with the present data, we cannot investigate the presence of a
possible outflow velocity. Thus, the redshift of the ionized absorber
was fixed to the same z of the source.

The confidence contour plots of the joint errors for different pa-
rameters of interest (log(ξ ), CF and Ap), obtained with the same
choices of fixed parameters as quoted in Table 2, are shown in
Fig. 6. The emerging scenario is that, in both states, the nucleus is
obscured by a variable ionized medium with an NH of the order of
2 × 1022 cm−2 and a significant increase in the power-law normal-
ization by a factor of ∼1.5 from the low- (AC) to the high-state (BD)
is also required (see Table 2). We note that, this increase is required
also in the case of neutral partial covering absorber. In combination
with an intrinsic fading/increasing of the power–law normaliza-
tion, Fig. 6 suggests also a marginally evidence for a change of the
ionization state and of the CF, albeit with low significance. In par-
ticular, when the source gets brighter the ionization state tentatively
increases (90 per cent confidence level, see Fig. 6, top panel) and
the CF slightly decreases (68 per cent confidence level, see Fig. 6,
middle panel).

In the bottom panel of Fig. 6, we report the confidence contour
plot of the joint errors of the CF versus the ionization parameter.
This plot indicates that our spectra could be equally reproduced by
assuming that only one of these two parameters is changing. Thus,
we re-fitted the data twice, forcing the two spectral states to have:
(1) the same ionization parameter, allowing the CF to be free to vary,
and, (2) the same CF, allowing the ionization parameter to be free to
vary. As expected, in both the cases we were able to reproduce our
spectra with a statistical quality similar to that reported in Table 2
and showed in Fig. 5. In both cases, the intrinsic column density for
the ionized medium (NH ∼ 2 × 1022 cm−2) and the change in the
power-law normalization (by a factor of 1.5) are consistent with the
values previously obtained.

In the case in which the two ionization parameters were tied
together (log(ξ ) = 0.63 ± 0.15), the spectral shape variation could
be completely ascribed to a change in the CF from ∼0.97 in the
low–spectral state to ∼0.85 in the high spectral state (χ2/d.o.f. =
365.33/404). In the case with the two covering factors tied together
(CF = 0.95 ± 0.03), the spectral shape variation could be completely
ascribed to a change in the log(ξ ) from ∼0.77 in the low-spectral
state to ∼1.35 in the high spectral state (χ2/d.o.f. = 363.5/404).

Finally, we tested the picture discussed above fitting our final
model, with both hypotheses of constant ξ or constant CF, to the
single spectra showed in Fig. 3 (i.e. A, B, C, and D spectra spaced by
about 5 × 105 s, see Fig. 1). We found results consistent with those

MNRAS 453, 3611–3618 (2015)
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Figure 6. 68 per cent, 90 per cent and 99 per cent confidence contours
for the AC state and BC states for different parameters of interest ob-
tained by using the model reported in Table 2. Top panel: ionization state
versus the power–law normalization (Ap). Middle panel: Covering fac-
tor versus the power–law normalization (Ap). Bottom panel: Covering
factor versus the ionization state.

previously described. In spite of the lower statistics of the data
with respect to the combined spectra, the variations in the ξ and
CF parameters still remains statistically significant (68–90 per cent
confidence level) as the change in the power-law normalizations
(more than 99 per cent confidence level).

4 D I SCUSSI ON

The spectral analysis performed on the XRT monitoring data of
Mrk 915 unveiled the presence of an ionized absorber with NH of
the order of 2 × 1022 cm−2 and allowed us to detect a variability
of the intrinsic power of the central source of a factor of ∼1.5 on
a time-scale of a few days. The possibility that the source could
intrinsically decrease/increase its power was already suggested
from observations in the optical domain (see Section 2 for relevant
references).

As for the spectral variation observed in the X–ray domain, we
found that it could be due to a change in the ionization state of
the circumnuclear medium and/or to a change of the covering of
absorbing medium along the line of sight. Higher quality data are
needed to understand if only one or both these parameters actually
vary. If the variation of the covering factor will be confirmed, this
implies a clumpy structure of the absorber. Since our X–ray data
cannot firmly confirm or discard this hypothesis, in the following
we discuss some constraints on the location of the absorber by
assuming both a homogeneous and a clumpy medium.

Homogeneous medium. Under the hypothesis of homogeneous
medium, we can place an upper limit on the location of this absorber
by using the relation between the intrinsic continuum luminosity, the
ionization and the density of the medium: ξ = Lion/nR2. Assuming
that the thickness of the absorber is less than the distance from the
central SMBH (�R/R < 1), this relation provides an upper limit
on its distance: R < Lion/NHξ . From the X–ray spectral analysis
we derived: NH ∼ 2 × 1022 cm−2 and Lion = (2.4–3.7) × 1043

erg s−1 (low–high state, respectively; Lion is the intrinsic X–ray
luminosity, corrected for absorption, and integrated between 0.013
and 13 keV, see also footnote 7). By considering the minimum value
of ξ obtained under the hypothesis of no covering factor variation,
we obtain R < (2–3) × 1020 cm, i.e. lower than (0.8–3) × 107

Rg (Rg = GMBH/c2 is the gravitational radius, where MBH is the
SMBH mass equal to 0.6–1.8 × 108 M�; Bennert et al. 2006). This
estimate corresponds to a location inside the outer edge of the torus.

Clumpy medium. Under the hypothesis of a clumpy medium and
assuming that the absorber is composed by spherical gas clouds
moving around the central source with Keplerian velocity (e.g.
Risaliti et al. 2002; Elvis et al. 2004; Risaliti et al. 2005), the
variability time-scale between the two maxima (B and D) detected
in Fig. 1 and Fig. 2, 〈t〉 = 106 s, at the first order, is equal to the
crossing time for a single cloud through the source.

The distance Rc of the absorber from the central source is given
by: Rc = GMBH tc

2 / (Ds+Dc)2 where tc is the variability time and
Dc and Ds are the cloud and central source linear size, respectively.
Under the hypothesis that the linear size of a single cloud is of
the same order of that of the emitting central source, and taking
into account that Dc = NH,c/nc, we can re-write the distance Rc in
the following way: Rc = 0.25 GMBH tc

2nc
2 NH,c

−2, i.e., for NH,c =
2 × 1022 cm−2:

Rc ∼ 5 − 15n2
ccm. (1)

The range of values reported in equation (1) is due to the uncertainty
in the MBH (0.6–1.8 × 108 M�, see Section 2).

A conceptually different estimate of Rc can be derived from
the relation quoted above between the intrinsic continuum lumi-
nosity, the ionization parameter and the density of the absorber
(ξ = Lion/ncR

2
c ). By considering an average value of the ξ

parameter of 10 erg cm s−1 and of the intrinsic ionization lumi-
nosity of Lion ∼ 3 × 1043 erg s−1, we can derive:

Rc = (3 × 1042n−1
c )1/2 cm. (2)
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By combining the results reported in (1) and (2), we find that, under
the hypothesis of absorbing clouds with linear dimension similar to
that of the central source, the clumpy medium should be located at
a distance Rc = (1.4–1.7) × 1017 cm (i.e. ∼104Rg), with an average
cloud density of nc ∼ (1–1.7) × 108 cm−3 and an average linear
dimension of Dc ∼ Ds ∼ (1–1.2) × 1014 cm (i.e. ∼7Rg).

We repeated the estimates discussed above by taking into account
that the linear size of the single cloud could indeed be smaller (e.g.
Dc ∼ 0.5 Ds) or greater (Dc 	 Ds) with respect to that of the
central source. We found that Rc could vary between ∼1017 cm
and 2.2 × 1017 cm with a density nc between 2.2 × 108 cm−3 and
6 × 107 cm−3, respectively.

By considering the 5100 Å luminosity estimated by Bennert et al.
(2006) for this source (λLλ ∼ 1.68 × 1044 erg s−1) and the relation
found by Bentz et al. (2009) between the BLR size and the 5100
Å luminosity, the BLR in Mrk 915 is expected to be located at a
distance from the centre SMBH of the order of 1016–1017 cm. If
confirmed, the short time-scale variation of the CF would imply
that the ionized absorber clouds should be located near, or just
outside, to the bulk of the BLR with a density between 6 × 107 and
2.2 × 108 cm−3. This range of densities would indeed be consistent
with the expected lower limit of the electron density for the BLR
(nc(BLR) > 108 cm−3; Osterbrock 1989). We note that this scenario
is very similar to that proposed by Goodrich (1995), see Section 2,
to explain the optical variability of this source.

5 SU M M A RY A N D C O N C L U S I O N S

From the optical point of view, Mrk 915 is a spiral galaxy hosting an
intermediate (type 1.5–1.9) AGN with evident dust lane structures
crossing the central source. Significant variability (about a factor
of 2.5–3) in the intensity of both the broad component of the H α

emission line and the underlying continuum has been observed and
reported in the literature on time-scale of few years. The analyses
carried out by different authors suggest that this change could be
due to an increasing of the reddening along the line of sight, to a
fading of the central source, or to a combination of them. Thanks to
the unique capabilities of XRT on-board the Swift satellite, it was
possible to investigate the daily time-scale variation of the X–ray
absorber.

As discussed in Section 1, Mrk 915 was selected as a good
candidate for a variable absorber on the basis of the X–ray colour
analysis on archival XRT data. The analysis of these observations
(Ballo et al. 2015), which caught the source in two different states,
suggested that this could be associated with a variable absorber.

With the aim at obtaining higher quality data on shorter time-
scale, we performed a XRT monitoring covering ∼3 weeks and
sampling days time-scale. During these new observations the source
was caught again in two main different count rate and spectral
states. We investigated the nature of the variable absorber testing
two partial covering models: in the first one the absorber is neutral,
while in the second one it is ionized. In both cases, we added a
neutral absorber (NH ∼ 1021 cm−2) associated with the dust lanes
structures seen crossing the central source. We find that, while the
first model (neutral absorber) is not able to reproduce the data
below 1 keV, the second one (ionized absorber) provides a good
characterization of the data in the full energy range considered
here. Furthermore, we detect a significant variation of the intrinsic
power of the nuclear source. The quality of the present data prevents
us from firmly establishing if the observed spectral variations were
due to a change in the ionization state of the circumnuclear medium
and/or to its covering factor. Higher quality data are needed to

establish if only one or both of these parameters change in this
source. By combining the information provided by the X–ray light
curve and by the spectral analysis, we derived some constraints on
the absorber location under the hypothesis of a homogeneous and
a clumpy medium. In both cases, the absorber should be located
inside the outer edge of an extended torus and, in particular, under
the clumpy hypothesis, it should be located close, or just outside,
to the BLR zone.
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